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Figure 7. Box plots of steric sea‐level trends over the full ocean column for three coastal  locations. 
Notches from top to bottom represent 95% quantile, 75% quantile, median, 25% quantile, 5% quantile. 
Latitude and Longitudes used to calculate each set are as follows: London: 45–49° N, 346–6° E; Tokyo: 
30–40° N, 134–145° E; New York City: 33–46° N, 280–290° E. 

 

Figure 8. CESM ensemble spread of the total steric sea‐level rise from 1850–2100 over the northeastern 
United States. The global mean total rise by this year is plotted as a dashed green line, northeastern 
ensemble mean as a black dashed line, and the upper bound of sea‐level rise due to internal variability 
by the solid red line. 

4. Conclusions 

This study uses  two  types of Earth System Model ensembles,  to quantify steric sea‐level rise 
uncertainties  in  climate model  ensembles due  to  internal  ocean variability  and  structural model 
differences. The first (CESM) isolates the effect of internal variability of the coupled system (including 
the full ocean), and the second (CMIP5) samples the combined effect of structural model differences 
and internal variability. While CMIP5 displays larger ranges of steric sea‐level rise than CESM at all 
depths and over all time periods considered, the internal variability exhibited by the CESM model 
contributes significantly to uncertainties in the total trends for both decadal and interdecadal time 
scales. On a global scale, variability in CMIP5 dominates, while on regional scales at important coastal 
locations, the magnitude of uncertainty due to internal variability in CESM is of a similar magnitude 
to the multi‐model ensemble. These results have important implications for adaptation planning and 
coastal  resource management, as  region‐specific  sea‐level change provides more decision‐relative 
information  than global mean values. Here we show  that uncertainties surrounding both  internal 
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Figure 7. Box plots of steric sea-level trends over the full ocean column for three coastal locations.
Notches from top to bottom represent 95% quantile, 75% quantile, median, 25% quantile, 5% quantile.
Latitude and Longitudes used to calculate each set are as follows: London: 45–49� N, 346–6� E; Tokyo:
30–40� N, 134–145� E; New York City: 33–46� N, 280–290� E.
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Figure 8. CESM ensemble spread of the total steric sea-level rise from 1850–2100 over the northeastern
United States. The global mean total rise by this year is plotted as a dashed green line, northeastern
ensemble mean as a black dashed line, and the upper bound of sea-level rise due to internal variability
by the solid red line.

4. Conclusions

This study uses two types of Earth System Model ensembles, to quantify steric sea-level rise
uncertainties in climate model ensembles due to internal ocean variability and structural model
differences. The first (CESM) isolates the effect of internal variability of the coupled system (including
the full ocean), and the second (CMIP5) samples the combined effect of structural model differences and
internal variability. While CMIP5 displays larger ranges of steric sea-level rise than CESM at all depths
and over all time periods considered, the internal variability exhibited by the CESM model contributes
significantly to uncertainties in the total trends for both decadal and interdecadal time scales. On a
global scale, variability in CMIP5 dominates, while on regional scales at important coastal locations,
the magnitude of uncertainty due to internal variability in CESM is of a similar magnitude to the
multi-model ensemble. These results have important implications for adaptation planning and coastal

Above: Timeseries of 95% model ensemble range of steric sea-level 
change over different ocean depths. 

Below: 2100 steric sea-level rise estimates from CESM, highlighting 
effects of regional variability and internal ocean variability on upper 
bound estimates

Impact
Analysis shows that both internal “natural” variability and model 
uncertainties contribute substantially to spread in multi-decadal 
steric sea-level trends.

Results provide useful constraints on estimations of global and 
regional sea-level variability, in particular for upper bound 
estimates relevant to coastal flood risk assessments. 

Effect of ocean internal variability on modeled steric 
sea-level rise

Objective

Comprehensive global climate model ensembles 
are used to evaluate uncertainties surrounding 
decadal trends in depth-integrated steric sea-
level rise due to thermal expansion of the ocean 

Approach
We analyze multiple sources of uncertainties 
influencing sea-level rise estimates, including:

• model uncertainties using the Coupled 
Model Intercomparison Phase 5 (CMIP5)

• “natural” variability using low-resolution 
CESM ensemble accounting for joint 
internal variability (including the deep 
ocean)
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