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• Accurately Estimate Ocean heat content/thermal expansion
• critical element of keeping track of climate change and understanding the Earth’s energy 

and sea level budgets
• Argo, repeat sections, deep Argo, marginal seas, under ice, continental shelves

• Robustly attribute response to GHG and aerosol forcing, constrain projections
• Observed changes, multi-model ensembles, accurate forcing estimates.

• Determine Threshold for melting of the Greenland Ice sheet
• Multi-model simulations, SMB and ice sheet dynamics, paleo observations

• Determine Antarctic Contribution
• Understanding, observations, high resolution ocean and ice sheet models

• High resolution models
• Representing climate processes, ocean-ice shelf/sheet interactions, understanding 

impacts, projection evaluation

• Extreme events
• Global storm surge changes, changes in climate variability, atmospheric forcing, Surface 

waves

• Support for mitigation of impacts
• Sea level forecasts, storm surge warning

Challenges (J. Church)



Rate of GMSLR greater since the mid-19th century

Fig 13.3e

during the last two millennia was of order a few tenths of mm yr-1.

Rate during 1901-1990 was 
1.5 [1.3 to 1.7] mm yr-1.

Hay et al. & Dangendorf et 
al. estimates 20% smaller. 

1901-1990

Rate during 1993-2010 was 
3.2 [2.8 to 3.6] mm yr-1, but 
also high rates in 1920-1950

1993-2010

Kopp et al. 2016

Hay et al. 2015



Satellite data underpins progress
Need to continue evaluating. Bias in Topex record - confirms increased rate, has 

smaller trend and a positive acceleration 

Watson et al. 2015



Glaciers a Major Contribution to sea level 
change during the 20th and 21st centuries

Marzeion & LeClercq



“Reanalysed” altimeter observations and sum of 
terms indicate a further acceleration in GMSL
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Unadjusted altimeter data

Adjusted altimeter data

Chen et al. 2017
Dieng et al. 2017



Improved ability to 
simulate historical 
sea-level change

Church et al. 2013
Slangen et al. 2017 Meyssignac et al. 2017, TUESDAY PM



Projections of 21st-century GMSLR under RCPs
Medium  confidence in likely ranges. Very likely that the 21st-century mean rate of 
GMSLR will exceed that of 1971-2010 under all RCPs. 

RCP8.5 
0.53–0.98 m by 2100
8-16 mm yr-1 during 2081-2100
RCP 2.6
0.28–0.61 m by 2100

Antarctic dynamics/ land water storage scenario independent
Potentially larger rise from Antarctica
Multi-century commitment (underestimated)



De Conto and Pollard (2016)

How large/rapid will Antarctic contributions be?
Ice sheet, ocean, atmosphere interactions; additional 
physics, paleo observations, 20th century simulations

10-20 m Pliocine target 5-15 m Pliocine target

Ritz et al. (2015)



Finer resolution for ocean/atmosphere and 
ice sheet interactions, understanding 

impacts, and evaluation



• Phase 1 (CMIP-3) inter-comparison 
provided first community projection of 
global wave climate change. 

• Ensemble of opportunity had little 
overlap in sample space

• high – unquantifiable – uncertainty in 
projected wave conditions.

• Motivated large growth in wave climate 
projections studies (19 global, 68 
regional; Morim et al. in prep)

• Phase 2 (CMIP-5) COWCliP (model 
intercomparison) experiment is 
designed to overcome phase-1 
shortcomings and resolve sources of 
uncertainty (For 2017 completion).

• Increase focus on extreme waves 

COWCLIP Phase 1 (Hemer et al., 2013)

RCP4.5 RCP8.5

... Dt > se

Projected percentage change in annual mean HS between 
historical (1980-2000 ) and projected future (2080-2100). 

COWCLIP Phase 2 (In Prep)

Improve Projections of Extreme Events
Global Wave Projections and Global Changes in Storm 

Surges





The CONFERENCE VISION was 

that the collective expertise of the international sea level community would:   

• Address existing challenges in describing and projecting regional and coastal 
sea level changes, and quantify intrinsic uncertainties.

• Review the state of the science, by prioritizing international research plans 
and by initiating new collaborations.

• First time combination of physical sea level science and coastal adaptation 
science. 



• Provide a comprehensive summary of the state of climate-related 
large scale down to coastal sea level change knowledge.

• Define future research requirements for sea level rise and a 
description of the observational and modeling requirements. 

• Identify stakeholder needs for sea-level information for coastal 
planning and management purposes. 

• Shape ideas to meet emerging sea level science challenges

• Engage with the future generation of sea level scientists

• Develop and strengthen collaborations across nations, disciplines 
and age groups, promote interdisciplinary  sea level studies. 

CONFERENCE OBJECTIVES
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• Our understanding of mean sea-level rise and its closure over the last century has 
improved substantially with nearly a quarter of a century of altimetry data, Argo 
and GRACE being major contributions. 

• A question about contribution from deep ocean remains open. But there is now the 
potential for estimating the Arctic contribution to global mean sea-level rise. 

• We still lack information on sea level change in global coastal zones. 
• On paleo time scales the closure is less good and it is recognized that Earth dynamic 

topography is more important than previously thought.
• Physical understanding of the ice sheets has improved, but ice-ocean interaction 

remains poorly constrained.
• Our understanding of extreme sea levels is also improving. Trends in extremes 

largely follow mean sea-level changes. 
• Elevated local sea level often can be related to climate modes (NAO, PDO, El Nino). 

But further research is needed to understand regional patterns in sea level. 

General Conference Outcome



• Impact and adaptation assessments and planning require a range of different 
drivers -- subsidence, mean changes, extremes and waves. There are encouraging 
signs that these can be provided. 

• Global scale modeling of storm surges has made great steps forward, though 
representing the effects of tropical storms remain challenging. For waves progress is 
limited, among others due to a lack of validation. 

• Human-induced land subsidence is a major problem in some coastal areas, such as 
China’s coastal cities.

• The availability of high resolution regional sea level projections and high-end 
projections are important for science and decision makers alike. 

• Probabilistic descriptions of sea-level rise incorporating regional details combined 
with information about flood recurrence frequencies are useful tools to 
communicate expected changes to stakeholders. 

• Scenarios at the high end attract significant interest and clarification on what they 
mean, and how they might be used is a important matter of debate.

General Conference Outcome



• Stakeholders require diverse sea-level rise information and they may not always 
receive the type of information that is required. This is an important lesson that we 
need to heed. There is a real opportunity to co-produce the information that is 
needed with relevant stakeholders.

• Reflections on the science-policy interface for sea-level rise will continue.

The conference recognizes the need for an enhanced and internationally coordinated 
sea level change program, including the provision of appropriate sea-level change 
services as part of a wider sea-level rise impact and adaptation effort. 

This program should be designed to serve the needs of local to national stakeholders, 
and the global community to cope with present and future sea-level change risks.

General Conference Outcome



• Commitment to sustained and systematic global and regional sea-level 
observations, including the different components of sea-level changes (cryosphere, 
ocean heat content , land hydrology).

• Implementation of  new observations where necessary, making use of both 
remotely-sensed and in-situ observations; Special emphasis should be given to the 
monitoring of coastal regions worldwide where a variety of climate and non climate-
related processes interact. 

• Need to recognize and evaluate non-climate components of sea-level change as 
human-induced changes could exceed climate-induced changes in some locations.

• Open climate model development effort, using and linking a range of models, 
process insights, and observations to produce improved regional to coastal sea level 
information including storm surges, waves, subsidence and landwater storage at 
high resolution to support the needs of coastal stakeholders. Projections need to 
include improved physics of ice sheets.

Requirements called for :



• Development of improved sea level forecasts for planning, early warning, 
adaptation and mitigation.

• Recognition that without urgent and significant mitigation, greenhouse gas 
emissions will commit the world to several meters of sea-level rise in the next few 
centuries.

• Strong dialogue between sea-level scientists and the impact and adaptation 
community to ensure that appropriate information is provided, such as present and 
projected changes in future mean and extreme sea levels, wave conditions and 
potential impacts such as coastal erosion.

• Impact and adaptation assessments across vulnerable coastal areas, such as major 
cities, deltas and islands.

• Projections should exist going beyond 2100 to highlight the evolution of sea level 
and address the sea-level commitment.

Requirements called for :



High-level Conference Statement 
published in July 2017:



High-End Sea Level Rise

Can we create useful high-end estimates of 
future sea-level rise? 



Background

• Sea-level rise due to both climate change and non-climatic factors 
threatens coastal settlements, infrastructure, and ecosystems. 

• Evolving science provides new information that can increase clarity 
about the nature of projected sea level rise. 

• But also in many ways it increases uncertainty about how decision 
makers, planners, and engineers should adopt the latest science in 
adaptation efforts.

• Projections of mean global sea-level 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. 

• Stakeholders have the strong need for information on high-end or 
upper bound scenarios.  However, different perspectives on high-
end scenarios exist. 


