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Figure 1: Regional sea-level change patterns of sea-level contributions.
(a) Projected relative sea-level change patterns (m) including the global mean
over the period from 1986–2005 to 2081–2100. The field is being constructed
from the ensemble mean (21 climate models) CMIP5-RCP4.5 glaciers, land ice,
groundwater and GIA (Slangen et al., 2014). (b) Time interval required before
the measured trend passes a 90% CL test. The degrees of freedom are adjusted
by the historical data’s integral time scale, which therefore tests against internal
variability. Shown is the ensemble average of the time intervals, which are cal-
culated on per-model basis. Time series’ intervals tested all start from 2006 for
the full RSL projection, the di�erence change of which is shown in panel (a).
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Regional	  Sea	  Level	  

                           
                          
                            

•  is one of the climate 
parameters with immediate 
societal relevance 

•  is affected by all climate 
components: its changes are 
an integral measue of 
climate change 

•  has also strong contributions 
not related to climate (not 
covered by WCRP) 

Dealing with sea level requires interaction with many communities 



Some	  History	  

                           
                          
                            

2006: Understanding Sea Level Rise and Variability 
A WCRP (World Climate Research Programme) workshop in support of the  
WCRP's strategy 2005-2015 and a WCRP contribution to the GEOSS  
 
Outcome 
WCRP report summarizing the at that time current state of the state, an outline of future 
research requirements for improving our understanding of sea-level rise and variability 
and a description of the observational requirements (both experimental and sustained 
systematic observations).  
 
The report contains sections on requirements for improving present estimates and 
future projections of: 
•  sea-level rise and variability, 
•  ocean thermal expansion, 
•  non-polar glacier contributions, 
•  ice sheet contributions, 
•  vertical motion due to glacial isostatic adjustments and tectonic motions, 
•  terrestrial (including anthropogenic) water storage contributions, 
changes in the frequency/intensity of extremes sea level events and waves 
 
The final outcome of the workshop was published by Wiley-
Blackwells 



The	  Joint	  WCRP/IOC	  Task	  Group	  on	  	  
Sea-‐Level	  Variability	  and	  Change	  

                           
                          
                            

 
2009:  WCRP and IOC (Intergovernmental Oceanographic 
Commission of UNESCO) established the WCRP-IOC Task Group on 
Sea-Level Variability and Change.  
 
The decision was made by the 30th Session of the WCRP Joint 
Scientific Committee (6-9 April 2009) and it was endorsed by the 25th 
Assembly of IOC (16-25 June 2009) 



The Joint WCRP/IOC Task Group on  
Sea-Level Variability and Change	  

                           
                          
                            

 
Task Group Activities 
24 March 2010 1st session of the Executive  
Committee of the Task Group,  
Bern, SWITZERLAND 
 
Relevant Activities 
•  21-24 June 2010 IPCC workshop  

on Sea-Level Rise and Ice Sheet Instabilities,  
Kuala-Lumpur, MALAYSIA 

•  29 Sept.-1 October 2010 Conference on  
Deltas in Times of Climate Change,  
Rotterdam, THE NETHERLANDS 

•  7-9 February 2011 WCRP/IOC Workshop  
on Regional Sea-Level Change,  
Paris, FRANCE 

Members of the Executive 
Committee 
•  John Church (co-Chair), CSIRO 

Marine and Atmospheric Research, 
Hobart, AUSTRALIA 

•  Konrad Steffen (co-Chair), CIRES, 
Boulder, Colorado, USA 

•  Anny Cazenave, LEGOS, Toulouse, 
FRANCE 

•  Jonathan Gregory, NCAS and UK 
MetOffice, Reading UK 

•  Philip Woodworth, Permanent 
Service for Mean Seal Levl POL, 
Liverpool, UK 

•  Stanley Wilson, U.S. National 
Oceanic and Atmospheric 
Administration, USA 

•  Vladimir Ryabinin (WCRP rep.), 
WMO Geneva, SWITZERLAND 

•  Thorkild Aarup (IOC rep.), UNESCO, 
Paris, FRANCE 

The WCRP/IOC task group still exists in some stage of activeness and in 
parallel to GC Sea Level. Why did it not become the GC team?  



WCRP	  Grand	  Challenges	  



Global	  Mean	  Sea	  Level	  is	  Rising	  	  	  

Church and White, 2011, A. Cazenave 

20th-century: 
    ~ 1.7 mm/yr 
 
Altimetry (since 1993): 
    ~ 3.2 mm/yr 
 
 
Causes (last 20 yrs): 
 
-  ocean warming 
               ~ 30-40 % 
- glaciers melting 
               ~ 30% 
-  ice sheets:  
      recent increase 
            to >25% 

Present-day global mean sea level rise:
Observations and causes

a brief review

Anny Cazenave
-------

Collège de France & LEGOS, Toulouse

with contributions from E. Berthier, H. Boubacar Dieng, O. Henry, B. Meyssignac, H. Palanisamy – LEGOS-
&  W. Llovel (JPL), J. Wahr (Univ. Colorado)

Since the early 1990s, sea level is precisely
and globally measured by altimeter satellites
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2 causes …
 
-Ocean thermal
expansion changes

-Ocean mass changes
!!Glaciers
!Ice sheets
!Land waters
!Atmospheric water
   vapour

5

Since 1-2 decades, different observing systems for estimating these contributions

Radar & laser altimetry

Antarctique

            
      

since 2002

Radar interferometry

Argo
since 2003

Thermal 
expansion
changes

Space Gravimetry

Ice sheet
5Radar and laser altimetry

Satellite imagery

Mass changes

XBT
(last decades)

Ocean thermal expansion (0-700 m)
1960-2010

Ocean temperature data from :
Levitus et al. (2012)

Ishii & Kimoto (2012)

Source : W. Llovel



ContribuFons	  to	  global	  Sea	  Level	  Change	  

K. v. 
Schuckmann 
A. Cazenave 



Figure 3: Observed present-day regional sea-level changes. Inner panel
Satellite altimetry sea surface height trend, 1993-2012, in mm yr�1 (cm
decade�1). Outer panels Time series of satellite altimetry (purple), tide gauges
(gold), and the CW04 updated sea suface height reconstruction (black; updated,
and extended to 2009) in cm. Locations are labeled in the panel titles. Tide
gauges are unprocessed, so land motions due to GIA or subsidence are retained,
whereas the altimetry and reconstruction products are not corrected for GIA, nor
for water extraction subsidence, and do not contain those signals. This empha-
sizes where these processes, not normally included in global climate models, are
important, and how much they contribute to local RSL change.
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Strong	  SpaFal	  Inhomogeneity	  	  	  

Altimetry 
1993-2012 

•  Tide gauges 
•  Reconstruct. 
•  Altimetry 

GIA not 
removed 



ReconstrucFons	  suggest	  (1950	  –	  2009):	  	  
	  

Becker et al.  
    (2012) 



ReconstrucFons	  suggest:	  	  
	  

        Schwarzkopf  
       & Böning (2011) 
 

altimeter 

model 
hindcast 

cm 

Becker et al.  
    (2012) 



ReconstrucFons	  suggest:	  	  
	  

  
•  non stationarity of spatial trend patterns 
 
•  linkage to natural climate modes (ENSO, PDO, NAO,..) 

•  for many regions: natural variability > anthropogenic   
                                                                    trend 

        Schwarzkopf  
       & Böning (2011) 
 

altimeter 

model 
hindcast 

cm 



	  	  	  	  	  Main	  factor	  on	  interannual-‐decadal	  Fme	  scales:	  
	  	  	  	  	  	   	  adiaba&c	  re-‐distribu&on	  of	  upper-‐layer	  water:	  

	  wind-‐driven	  currents	  associated	  with	  climate	  modes	  

Sea Surface Height 
 
 
Pycnocline 
 
          
          

first baroclinic mode(s) 
dominate: 
 
close link between SL 
and pycnocline depth; 
 
pressure gradients do 
not extend to the bottom   

… commonly described as: „steric“ 
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Figure 1 | Tide-gauge-observed and HYCOM-simulated annual mean sea level anomalies (SLAs) and their Kendall Theil trends26 during 1961–2008. The
10 tide-gauge stations with records longer than 30 years (20 years for Zanzibar) are shown. All trends exceed 95% significance except for stations 6 and 9
tide-gauge data. The middle colour panel shows the Kendall Theil trend of HYCOM SLA for 1961–2008. The light blue/green regions are below and the rest
are above 95% significance. Tide-gauge locations are marked 1–10. The rectangles labelled A–D mark regions discussed in Fig. 2.
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Figure 2 | Time series of annual mean SLA from HYCOM during 1961–2008 and from satellite-observed sea level for 1993–2008. SLA averaged for four
representative regions of the Indian Ocean marked A–D in Fig. 1. Data–model correlations are 0.85, 0.93, 0.97 and 0.71, respectively, and are above
95% significance.

much longer records are needed to detect anthropogenic sea-level
change14. These goodmodel–data agreements suggest thatHYCOM
has captured some major physical processes that determine the
Indian Ocean sea-level change. Freshwater input frommelting land

ice, however, is not included in any of ourmodels or reanalysis data.
It has been estimated to contribute 6.9±7.1 cm per century (ref. 1)
(or higher15) to global mean sea-level rise. If uniformly distributed
this would enhance the Indian Ocean sea-level rise and compensate
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HYCOM, tide gauge SSH changes 1961 - 2008 

(Han et al., 2010)  
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Figure 4 |A schematic diagram showing the mechanisms for the
Indo-Pacific warm-pool warming to cause the Indian Ocean sea-level
change.Warming enhances the Indian Ocean regional Hadley andWalker
cells (a); the two enhanced cells combine to form a specific pattern of
surface wind change (surface arrows in a and b) together with the Ekman
pumping velocity (positive—circle with dot; negative—circle with x), which
drive the distinct sea-level pattern (colour contours in b).

of the seasonally reversing monsoons; reanalysis wind changes
enhance only the winter monsoon. The upward trend of this
ICOADS inconsistency could result from the increased heights of
observational platforms22. Otherwise the consistencies of all wind
products and of changes in sea level demonstrate that signals of both
atmospheric circulation and sea-level change exceed cross-model
and cross-sampling differences.

Observed trends in surface wind stress and�e are similar to those
from the 60-member ensemble of idealized experiments (Fig. 3a–c)
using two state-of-the-art AGCMs forced by the sea surface
temperature (SST) trend of the Indo-Pacific warm-pool region
(defined in Supplementary Fig. S6). The patterns of associated local
Hadley and Walker cells bear similar resemblance (Supplementary
Fig. S4). The SST warming trend in the Indo-Pacific warm pool
during the past few decades is caused primarily by anthropogenic
forcing, because the natural forcing runs show no trend, as
suggested by two Intergovernmental Panel on Climate Change
Fourth Assessment Report climate-model solutions (Fig. 3d).
(See Supplementary S2 for more analysis and discussion of
climate-model solutions.)

The consistent changes of observed/simulated sea level and
atmospheric circulation demonstrate that the signals discovered
here far exceed model and data uncertainties. Our new re-
sults show that human-caused atmospheric–oceanic circulation
changes over the Indian Ocean—which have not been stud-
ied previously—contribute to the regional variability of sea-level
change. This mechanism is summarized in Fig. 4. The caveats are
that there are quantitative differences between the observed and
AGCM-simulated winds (Fig. 3), which may indicate the role of
multi-decadal natural (forced or internal) variability. It is proba-
ble that anthropogenic forcing combined with natural variability
explains the observed wind and sea-level changes.

These results show the patterns of atmospheric circulation
and sea-level change expected if future anthropogenic warming
effects in the Indo-Pacific warm pool dominate natural variability.
Mid-ocean islands such as the Mascarenhas archipelago, coasts of
Indonesia, Sumatra and the north IndianOceanmay experience sig-
nificantly more sea-level rise than the global mean. Conversely, the
Seychelles islands, and the east coasts of Kenya and Tanzania may
see little or no sea-level rise. Interestingly, on the basis of all-season
records, there is no significant sea-level rise around the Maldives

(Fig. 1, Supplementary Fig. S3). However, statistically significant
sea-level rise is shown during winter in both ocean general circula-
tionmodels and SimpleOceanData Assimilation data (Supplemen-
tary Fig. S2), which could have significant impacts on the Maldives
because of its low elevation. Our results indicate that warming-
induced regional atmospheric circulation changes—although chal-
lenging for climate models, especially over the Indian monsoon
region—should be considered seriously, together with thermal ex-
pansion, melting land ice and natural variability, to achieve reliable
regional sea-level and climate prediction. Thewarming-induced In-
dian Ocean Hadley and Walker circulation enhancement can have
far-reaching impacts on Asian–Australian monsoons, Indonesian
floods, African drought and theNorthAtlanticOscillation23–25.
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Strong coupling between climate modes and sea level.  
 
Question: what caused this change in the atmospheric circulation?   

HYCOM, tide gauge SSH changes 1961 - 2008 



Other	  processes	  become	  important:	  
(1)	  when	  considering	  longer	  &me	  scales:	  
	  
	  	  	  	  -‐	  changes	  in	  heat	  and	  fw	  uptake	  (changes	  in	  water	  masses)	  	  	  	  	  
	  	  	  	  	  

Basin means of SL rise (mm/yr) since 1990 due to observed abyssal warming  
                       (>4000m depth) and in the Southern Ocean from 1000-4000m       
                                                                               (Purkey & Johnson, 2010) 



(1)	  when	  considering	  longer	  &me	  scales:	  
	  	  	  	  -‐	  changes	  in	  heat	  and	  freshwater	  uptake	  
	  	  	  	  	  
	  	  	  	  -‐	  future:	  addiFonal	  fw	  input	  from	  glaciers	  and	  ice	  sheets	  
	  
	  	  	  	  	  	  	  	  	  	  à	  non-‐uniform	  distribuFon	  due	  to	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  	  ocean	  dynamics	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐	  	  gravitaFonal	  effects:	  SL	  drops	  near	  the	  ice	  edge	  ...	  
	  

Slangen et al. 
  (2014) 

… will become 
a major factor: 
 
here: ensemble- 
Mean RCP 4.5 
change 
2100-2000 

Final Draft (7 June 2013) Chapter 13 IPCC WGI Fifth Assessment Report 
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Figure 13.18: Ensemble mean regional contributions to sea level change (m) from (a) GIA, (b) glaciers and (c) ice-
sheet SMB. Panels (b) and (c) are based on information available from scenario RCP4.5. All panels represent changes 
between the periods 1986U2000 and 2081U2100. 
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	  	  	  	  -‐	  changes	  in	  heat	  and	  freshwater	  uptake	  
	  	  	  	  	  
	  	  	  	  -‐	  future:	  addiFonal	  fw	  input	  from	  glaciers	  and	  ice	  sheets	  
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Figure 13.19: (a) Ensemble mean net regional sea level change (m) evaluated from 21 models of the CMIP5 scenario 
RCP4.5, including atmospheric loading, plus land-ice, GIA and terrestrial water sources, between 1986S2005 and 
2081S2100. Global mean is 0.50 ± 0.13 m, with a total range of S1.71 to +0.83 m. (b) Lower 90% CL uncertainty 
bound (p = 0.05) for RCP4.5 scenario sea level rise (plus non-scenario components). (c) Upper 90% CL uncertainty 
bound (p = 0.95) for RCP4.5 scenario sea level rise (plus non-scenario components).  
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Figure 13.19: (a) Ensemble mean net regional sea level change (m) evaluated from 21 models of the CMIP5 scenario 
RCP4.5, including atmospheric loading, plus land-ice, GIA and terrestrial water sources, between 1986S2005 and 
2081S2100. Global mean is 0.50 ± 0.13 m, with a total range of S1.71 to +0.83 m. (b) Lower 90% CL uncertainty 
bound (p = 0.05) for RCP4.5 scenario sea level rise (plus non-scenario components). (c) Upper 90% CL uncertainty 
bound (p = 0.95) for RCP4.5 scenario sea level rise (plus non-scenario components).  
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Slangen et al.(2014) 



Figure 5: Coastal sea level: relative to global mean, and by component.
Coastal values of relative sea level (RSL) rise by 2100, in m, with the central
value of the colorbar being the global mean RSL rise. Therefore, redder regions
correspond to coasts projected to have higher RSL rise, and bluer regions to
have less RSL rise, than the global average. Inset boxes show a set of selected
locations along with the size of the contributions to RSL at that location, in m.

14

Coastal sea level:  
relative to global mean, and by component. 

(Carson et al., 2014) 



	  
(2)	  	  when	  considering	  shelf	  regions:	  	  
	  
	  	  	  	  -‐	  coastal	  sea	  level	  can	  be	  decoupled	  from	  deep	  ocean	  

	  through	  shelf	  sea	  and	  coastal	  dynamics	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	   	  Bingham	  and	  Hughes	  2012;	  Calafat	  et	  al.	  2013	  

	  
	  
	  	  	  	  -‐	  mass	  redistribuFon	  (shelf	  mass	  loading)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Landerer	  et	  al.	  2007;	  Richter	  et	  al.	  2013	  	  	  	  	  	  

Other	  processes	  become	  important:	  
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Figure 13.20: Ensemble mean net regional sea level change (m) evaluated from 21 CMIP5 models for the RCP 

scenarios (a) 2.6, (b) 4.5, (c) 6.0 and (d) 8.5 between 1986S2005 and 2081S2100. Each map includes effects of 

atmospheric loading, plus land-ice, GIA and terrestrial water sources. 

  

(1)	  Scenario	  uncertainty	  /	  global	  mean	  SL	  



We find that 7 of these 9 projections are remarkably

close together, within ±10 cm (mean values). This is
despite rather different values of a and b found for the JE08
data as compared to the others. The reason here is the

larger range of variability in the JE08 data which gives
more weight to the b-term. However, this is compensated

for in the a-term to give approximately the same overall

twentieth century and twentyfirst century rise as in the

other data sets. To understand this it should be realised that
in case of a temperature rise that is exponential in time,

T * dT/dt and there is no distinction between the a-term
and the b-term in Eq. 2. The b-term thus only measures
deviations from a general exponential-type warming, i.e.,

the multi-decadal temperature variability seen in Fig. 6f.

For the future response, the a- and b-terms can partly
cancel to give a similar projection, as long as the warming

scenario is approximately of exponential shape. Note that
the RCP 4.5 temperature scenario used here (Fig. 4)

involves a slowing down of the warming during the last

30 years; it is thus not an exponential rise and therefore
distinguishes between the a- and b-terms. Larger differ-

ences for different combinations of a and b will arise for

more complex temperature scenarios, e.g., those with a
peaking and subsequent decline in global temperature.

Scenarios with a greater, unmitigated global warming (like

RCP 8.5) will be closer to exponential shape and hence less
sensitive to this.

The remarkable agreement between these seven pro-

jections is due to the very similar values of T0 obtained in
each case. T0 sets the baseline temperature (here given

relative to the mean temperature for 1951–1980) at which

sea level is stable. Once this baseline is fixed, the overall
observed sea level rise as compared to the overall warming

tightly constrain the sensitivity of sea level to temperature

and hence the future sea level projection. It is clear that the
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Fig. 8 Sea level hindcasts and projections driven by the temperature
scenario shown in Fig. 4 for different models calibrated with different
temperature and sea level data. The error bars on the right indicate
90% confidence intervals (5–95 percentile, using the GISS temper-
ature dataset); for the proxy-based projection the uncertainty is as
presented in Kemp et al. (2011)
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To (90% range)Fig. 9 Summary of sea level
projections for 2000–2100 for
the RCP 4.5 warming scenario
and of the best-fit baseline
temperature T0 for all the model
versions described in this paper.
The 90% uncertainty ranges
(5–95 percentile) shown
describe the parameter
uncertainty for the mean sea-
level projections (excluding
random short-term variability)
as described in the text, except
for the VR09 case where the
same approach has been taken
as in that paper
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Semi-empirical models:  
 
dH/dt = a(T(t) – T0) + b dT/dt   

 + .... 

Difference	  Process-‐oriented	  vs.	  
Semi-‐empirical	  Sea	  Level	  ProjecFons	  

The gap between 
climate models and 
semi-empirical 
projections reduced 
but remains! 



Figure 4: Individual coastal stations. Observed and projected relative sea
level change near nine representative coastal locations for which also long-term
tide-gauge measurements are available. The observed in situ sea-level from tide
gauges (since 1970) is plotted in yellow, and the satellite record (since 1993)
in purple. The projected range from 21 CMPI5 RCP 4.5 scenario runs (90%
uncertainty) are shown by the shaded region for the period 2006–2100; the black
line is the ensemble mean. Colored lines represent individual climate model real-
izations drawn randomly from three di�erent climate models. Station locations
(of tide gauges) are: San Francisco: 37.8 N, 122.5 W; New York: 40.7 N, 74.0
W; Ijmuiden: 52.5 N, 4.6 E; Haldia: 22.0 N, 88.1 E; Diamond Harbour: 22.2
N, 88.2 E; Kanmen, China: 28.1 N, 121.3 E; Brest: 48.4 N, 4.5 W; Mar del
Plata, Argentina: 38.0 S, 57.5 W; Fremantle: 32.1 S, 115.7 E; Pago Pago: 14.3
S, 170.7 W. Vertical bars at the right sides represent the ensemble mean and
spread of sea level change at each location in year 2100 for the RCPs 2.6 (dark
blue), 4.5 (light blue) and 8.5 (red).
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(2)	  Variability	  uncertainty	  /	  climate	  modes	  

(Carson et al., 2014) 



(2)	  Variability	  uncertainty	  /	  climate	  modes	  

Figure 1: Regional sea-level change patterns of sea-level contributions.
(a) Projected relative sea-level change patterns (m) including the global mean
over the period from 1986–2005 to 2081–2100. The field is being constructed
from the ensemble mean (21 climate models) CMIP5-RCP4.5 glaciers, land ice,
groundwater and GIA (Slangen et al., 2014). (b) Time interval required before
the measured trend passes a 90% CL test. The degrees of freedom are adjusted
by the historical data’s integral time scale, which therefore tests against internal
variability. Shown is the ensemble average of the time intervals, which are cal-
culated on per-model basis. Time series’ intervals tested all start from 2006 for
the full RSL projection, the di�erence change of which is shown in panel (a).

10

(Carson et al., 2014) 



(3)	  Uncertainty: 
Inter-‐model	  spread	  
	  
	  …	  reflec&ng	  strong	  differences	  	  
	  	  	  	  	  in	  ocean	  circula&on	  changes	  	  
	  	  	  	  	  (steric	  changes)	  	  
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Figure 13.24: Projected relative sea level change (in m) from the combined global steric plus dynamic topography and 
glacier contributions for the RCP4.5 scenario over the period from 1986Q2005 to 2081Q2100 for each individual 
climate model used in the production of Figure 13.16a. 
  

Slangen et al. (2014) 



GC:	  	  
Sea-‐Level	  Rise	  and	  Regional	  Impacts	  

Figure 1: Regional sea-level change patterns of sea-level contributions.
(a) Projected relative sea-level change patterns (m) including the global mean
over the period from 1986–2005 to 2081–2100. The field is being constructed
from the ensemble mean (21 climate models) CMIP5-RCP4.5 glaciers, land ice,
groundwater and GIA (Slangen et al., 2014). (b) Time interval required before
the measured trend passes a 90% CL test. The degrees of freedom are adjusted
by the historical data’s integral time scale, which therefore tests against internal
variability. Shown is the ensemble average of the time intervals, which are cal-
culated on per-model basis. Time series’ intervals tested all start from 2006 for
the full RSL projection, the di�erence change of which is shown in panel (a).
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GC	  Sea	  Level	  Scoping	  Team	  	  



Overarching	  Goal	  

•  Establish	  a	  quan%ta%ve	  understanding	  of	  the	  natural	  and	  
anthropogenic	  mechanisms	  of	  regional	  to	  local	  sea	  level	  variability;	  	  

•  Promote	  advances	  in	  observing	  systems	  required	  for	  an	  integrated	  
SL	  monitoring;	  	  

•  Foster	  the	  development	  of	  SL	  predicFons	  and	  projecFons	  that	  are	  
of	  increasing	  benefit	  for	  coastal	  zone	  management.	  	  

•  To	  meet	  this	  challenge,	  the	  scoping	  team	  has	  developed	  an	  
integrated	  interdisciplinary	  program	  on	  SL	  research	  reaching	  from	  
the	  global	  to	  the	  regional	  and	  local	  scales.	  	  

•  Program	  aims	  for	  close	  interac%on	  with	  coastal	  communi%es	  to	  
assure	  that	  results	  of	  the	  proposed	  scienFfic	  research	  are	  
incorporated	  into	  pracFces	  of	  coastal	  zone	  management,	  and	  
impacts	  and	  adapta%on	  efforts.	  	  



•  The	  GC	  effort	  will	  focus	  on	  all	  components	  of	  global	  to	  local	  sea	  
level	  changes	  and	  will	  consider	  the	  necessary	  analyses	  on	  global	  
and	  regional	  climate	  change	  data	  and	  simula%ons,	  extreme	  events	  	  	  
and	  potenFal	  impacts,	  including	  the	  evaluaFon	  of	  sea	  level	  rise	  
impacts	  for	  coastal	  zones.	  	  

•  Studies	  related	  to	  detailed	  impact	  assessments	  and	  the	  
development	  of	  adaptaFon	  plans	  cannot	  be	  performed	  as	  part	  of	  
this	  WCRP	  GC	  on	  SL.	  	  

•  There	  is	  presently	  a	  lack	  of	  evidence	  regarding	  the	  role	  of	  
contemporary	  sea	  level	  rise	  in	  coastal	  erosion,	  submersion	  and	  
saline	  intrusions	  in	  aquifers	  (IPCC	  WG2	  Ch.	  18)	  and	  this	  requires	  
aaenFon	  in	  future	  studies.	  

	  
	  	  	  

Overarching	  Goal	  



Structure	  of	  the	  GC	  Sea	  Level	  	  

•  The	  structure	  of	  the	  GC	  Sea	  Level	  effort	  will	  consist	  of	  a	  GC	  execu%ve	  
team	  and	  working	  groups	  (WG)	  underneath,	  focusing	  on	  individual	  
subjects.	  	  

•  In	  each	  working	  group,	  led	  by	  up	  to	  three	  co-‐chairs	  represenFng	  different	  
core	  disciplines,	  an	  integrated	  approach	  is	  envisioned,	  involving	  
theoreFcal	  concepts,	  observaFons	  and	  models.	  	  

•  Jointly	  with	  two	  co-‐chairs,	  the	  WG	  leadership	  would	  make	  up	  the	  GC	  Sea	  
Level	  execu%ve	  membership.	  	  

•  GC	  Sea	  Level	  chairs	  will	  involve	  natural	  and	  coastal	  sciences.	  	  

•  Membership	  within	  each	  WG	  will	  involve	  members	  from	  joint	  CLIVAR/
CLIC/GEWEX/SPARC,	  modeling	  groups,	  but	  also	  from	  other	  relevant	  
programs	  (e.g,	  PAGES,	  IAG).	  	  

•  GC	  Sea	  level	  co-‐chairs	  will	  report	  to	  the	  WCRP	  JSC	  and	  the	  CLIVAR	  SSG.	  



Work	  Programm	  
Five	  parallel,	  but	  interconnected,	  working	  groups:	  	  
	  
1)  An	  integrated	  approach	  to	  historic	  sea	  level	  es%mates	  (paleo	  %me	  scale)	  
2)  Process	  understanding	  of	  fast	  ice	  sheet	  dynamics	  (contemporary)	  
3)  Causes	  for	  contemporary	  regional	  sea	  level	  variability	  and	  change	  	  
4)  Predictability	  of	  regional	  sea	  level	  
5)  Sea	  level	  science	  for	  coastal	  zone	  management	  
	  	  
•  The	  GC	  team	  will	  provide	  an	  assessment	  of	  the	  state	  of	  affairs	  of	  sea	  level	  

research	  every	  2	  years	  and	  will	  use	  the	  resulFng	  informaFon	  to	  make	  
adjustments	  of	  its	  science	  plan	  and	  recommendaFons	  for	  internaFonal	  sea	  
level	  research	  efforts.	  	  

•  It	  is	  also	  planned	  that	  the	  GC	  team	  will	  write	  summaries	  on	  data	  and	  modeling	  
issues,	  bringing	  together	  informaFon	  and	  recommendaFons	  from	  all	  working	  
groups.	  	  



WP	  I:	  An	  integrated	  approach	  to	  historic	  sea	  level	  
esFmates	  (paleo	  &me	  scale)	  	  

Poten%al	  lead:	  Natalya	  Gomez,	  Roderik	  van	  de	  Wal,	  Mark,	  Tamisiea	  	  
Challenges:	  
•  GeneraFng	  a	  consistent	  sea	  level	  budget	  for	  different	  Fme	  periods:	  

–  Last	  Glacial	  Maximum	  –	  far-‐field	  sea	  level	  indicators	  in	  agreement	  with	  total	  ice	  volume	  
–  The	  Eemian	  interglacial	  and	  other	  warm	  periods	  (e.g.	  Mid-‐Pliocene)	  in	  the	  past,	  when	  

temperatures	  were	  only	  slightly	  higher	  than	  today	  but	  sea	  levels	  were	  much	  higher	  
–  The	  20th	  century	  and	  recent	  budgets	  considered	  in	  WP	  3.	  	  

•  Self-‐consistent	  interacFon	  between	  the	  models	  of	  ice,	  land,	  ocean,	  and	  atmosphere	  
•  Understanding	  ice	  and	  sea	  level	  histories	  over	  Holocene	  
•  Assessing	  the	  effects	  of	  a	  lateral	  variaFons	  in	  earth	  structure	  and	  non-‐Maxwell	  rheologies	  
•  SupplemenFng	  geologic	  sea	  level	  indicators	  with	  geodeFc	  data,	  while	  accounFng	  for	  other	  

contributors	  to	  these	  observaFons	  	  
•  IdenFfying	  weaknesses	  in	  the	  observaFonal	  data	  set	  of	  paleo	  sea	  level	  change	  

Fields	  involved:	  geodesists,	  glaciologists,	  geophysicists,	  geologists	  and	  geomorphologists.	  	  



WP	  2:	  Process	  understanding	  of	  fast	  ice	  sheet	  dynamics	  
(contemporary)	  (CliC)	  

Poten%al	  lead:	  Tony	  Payne,	  David	  Holland,	  Fiamma	  Straneo	  	  
	  
Challenges:	  
•  Process	  understanding	  of	  ocean	  ice	  interacFon	  
•  Downscaling	  sea	  level	  informaFon	  along	  ice-‐ocean	  interface.	  
•  Mass	  transfer	  form	  ice	  sheets	  to	  ocean	  
•  Regional	  coupled	  ocean/glacier	  intercomparison;	  Later	  enFre	  coupled	  ice	  

sheet/ocean	  intercomparison	  study	  

Fields	  involved:	  ocean,	  glaciologists,	  atmospheric	  sciences	  	  

	  



WP	  3:	  Causes	  for	  contemporary	  regional	  sea	  level	  
variability	  and	  change	  	  

Poten%al	  lead:	  Rui	  Ponte,	  Ca%a	  Domingues,	  Benoit	  Meyssignac	  	  
	  
Challenges:	  
•  Understanding	  and	  reducing	  uncertainFes	  in	  individual	  contribuFons	  to	  

contemporary	  sea	  level	  budgets	  at	  global,	  regional	  and	  local	  spaFal	  scales.	  	  
•  Role	  of	  climate	  (ocean	  coupled)	  modes	  of	  variability	  	  (e.g.,	  ENSO,	  IOD,	  PDO,	  SAM,	  

NAO,	  AMO).	  
•  Role	  of	  coastal	  and	  ocean	  interior	  processes	  (e.g.,	  shelf	  sea	  dynamics,	  ocean	  

mixing,	  freshwater	  input,	  etc).	  
•  AaribuFon	  	  of	  regional	  sea	  level	  change	  to	  natural	  (e.g.,	  solar,	  volcanic)	  and	  

anthropogenic	  (e.g.,	  tropospheric	  aerosols,	  greenhouse	  gases)	  radiaFve	  forcing	  
agents.	  

•  Requirements	  for	  an	  opFmal	  and	  integrated	  (satellite	  and	  groundbased)	  sea	  level	  
observing	  system.	  

	  
Fields	  involved:	  oceanography,	  terrestrial	  hydrology,	  glaciology,	  geodesy,	  
atmospheric	  science	  	  
	  



WP	  4:	  Predictability	  of	  regional	  sea	  level	  

Poten%al	  lead:	  Jonathan	  Gregory,	  Jianjun	  Yin,	  Tony	  Payne	  	  
	  
Challenges:	  
•  Determining	  limits	  of	  predictability	  of	  sea	  level	  as	  funcFon	  of	  space	  and	  Fme	  scale	  	  

and	  the	  role	  of	  changing	  climate	  modes	  for	  sea	  level	  predicFons.	  	  
•  Understanding	  and	  reducing	  regional	  inter-‐model	  sea	  level	  spread	  in	  predicted	  sea	  

level	  due	  to	  change	  in	  ocean	  properFes	  (temperature,	  salinity,	  circulaFon,	  mass	  
distribuFon).	  	  

•  Provide	  reliable	  uncertainFes	  for	  sea	  level	  predicFons	  and	  projecFons,	  including	  
those	  for	  ice	  sheets	  and	  glacier	  projecFons.	  	  

•  Incorporate	  processes	  relevant	  for	  sea	  level	  change	  in	  AOGCMs,	  especially	  glaciers,	  
ice-‐sheets	  and	  terrestrial	  hydrology	  .	  	  Including	  ice-‐sheets	  will	  place	  a	  focus	  on	  a	  
beaer	  representaFon	  of	  polar	  regions	  in	  climate	  models.	  

•  Tipping	  points	  for	  Greenland	  and	  western	  AntarcFca	  ice	  sheets	  (CliC).	  

Fields	  involved:	  ocean,	  terrestrial	  hydrology,	  glaciology,	  geodesy,	  atmosphere,	  climate	  	  
	  



WP	  5:	  Sea	  level	  science	  for	  coastal	  zone	  
management	  

Poten%al	  lead:	  Goneri	  Le	  Cozannet,	  S.Unnikrishnan,	  Kathy	  McInnes,	  Kevin	  Horsburgh	  	  
	  
Challenges:	  
•  Sea	  level	  informaFon	  potenFally	  useful	  for	  coastal	  community	  	  
•  TransiFoning	  sea	  level	  variability	  and	  uncertainFes	  from	  regional	  to	  local	  

coastal	  scale,	  	  
•  ProbabilisFc	  informaFon	  and	  return-‐period	  from	  combined	  	  effects	  of	  sea	  

level	  rise	  	  and	  changes	  in	  extremes	  (e.g.,	  storm	  surges).	  	  
•  Pilot	  studies	  for	  	  mega	  city,	  delta,	  island	  state,	  etc.	  using	  	  accurate	  sea	  

level	  products	  from	  working	  groups	  1-‐4.	  	  

Fields	  involved:	  geodesy,	  geophysics,	  geologist,	  geomorphologists,	  coastal	  
oceanography,	  social,	  environments	  and	  economic	  sciences,	  coastal	  engineers,	  
atmospheric	  scien%sts	  	  



!Expertise) Name) Country) Partner)Organization)
Geodesy/)
Geophysics)

Natalya!Gomez! Harvard,!USA! IAG!
Mark!Tamisiea! NOC,!UK! IAG!

Glaciology/)
Ice)sheets)

Roderik!van!de!Wal! U.! Utrecht,! The!
Netherlands!

IPCC!

Tony!Payne! U.!Bristol,!UK! CliC!
Fiamma!Straneo! ! CliC!

Regional)
processes,)
Reconstrcutions)
Climate)modes)
Climate)
modeling)

David!Holland! Courant,!USA! CliC!
Rui!Ponte! AER,!USA! !
Detlef!Stammer! CEN,!Germany! CLIVAR!
Catia!Domingues! U.! Tasmania,!

Australia!
CLIVAR!!

Benoit!Meyssignac! LEGOS,!France! !
Jianjun!Yin! U.!Arizona,!USA! !
Jonathan!Gregory! U.!Reading,!UK! IPCC!

Extremes,)storm)
surges,) waves)
and) coastal)
impacts)

A.S.!Unnikrishnan! NIO,!India! IPCC!
Gonéri!Le!Cozannet! BRGM,!France! !

Kathy!McInnes! CSIRO,!AU! !

Kevin!Horsburgh! NOC! IOC/WMO!JCOMM!

R.!Nicholls! NOC! !

PotenFal	  GC	  Sea	  Level	  Team	  	  



Time	  Line	  

1)	  PresentaFon	  of	  draf	  science	  plan	  at	  JSC	  

2)	  Discussion	  of	  draf	  science	  plan	  at	  pan-‐CLIVAR	  meeFng	  in	  The	  
Hague	  (July	  2014)	  

3)	  ConsultaFon	  with	  communiFes	  outside	  WCRP	  

4)	  Revision	  of	  science	  plan	  jointly	  with	  CliC	  and	  GEWEX	  (?)	  

5)	  PresentaFon	  to	  CLIVAR	  SSG,	  Nov.	  2014	  

6)	  Start	  of	  work	  before	  end	  of	  2014	  


