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Global Mean Sea Level Anomaly

Jason 3
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Expectation of Acceleration : AR5 Chapter 13

paleo gauge altimeter

↑GHG⇒ 
↑∆OHC+ 
↑Melt(Ts)

∴↑∆GMSL
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Motivation
• Because of the lifespan of 

infrastructure (30+ yr), 
projections of sea level rise 
have major implications for 
policy today. 

• There is strong resistance in 
some regions to projections of 
acceleration (building cost). 

• Unanticipated acceleration 
also has major costs.

Sandy : $50B, Katrina $128B ($2015)
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Yet altimetry reports a deceleration. Why?
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1993-2002 mean rate > 2003-2012 mean rate by 7 mm/decade for 3 products 
Some dataset dependence and endpoint sensitivity exists yet extending to 2015 
yields similar interdecadal change.
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Hypotheses for 
Deceleration

• Increases in terrestrial water 
storage in the past decade 
(Cazenave et al. 2014,NCC) We 
have found this result to likely 
be spurious : arises from the 
forcing datasets used. 

• Revisions to altimeter bias-drift 
corrections enabled by GPS. 
Particularly important from 
1993-1998 (Watson et al. 2015, 
NCC) Large uncertainty in 
magnitude.
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The 1991 Eruption of Mt Pinatubo
• June 15, 1991

• 2nd largest eruption of the 
20th Century 

• ~25 Tg of stratospheric 
aerosol loading  

• Global cooling of ~0.5 C, 
substantial ozone depletion, 
weakening water cycle 

What role did Pinatubo play in 
sea level rise of the 1990’s?



Fasullo: Is Detection of Accelerated Sea Level Rise Imminent? Climate Variability and Change Working Group Meeting; 9 Feb 2016

The NCAR Large Ensemble
• Motivation: separating forced-

response from internal variability. As 
variance of internal variability scales 
as 1/√(N-1), in the ensemble mean it 
is << forced response. 

• 40 members: using the CESM-
CAM1 from 1920-2100: no ice sheet 
contributions 

• Fixed volume ocean - Church 
conversion between OHC and GMSL 
(3e22 J=5 mm)  

• TWS = ∫SOILLIQ+SOILICE+WA
+H2OSNO+H2OCAN+VOLR 

• Also using 4 “all-but-one(volc)” 
members of CESM1-CAM5 (run@ 
NERSC) to isolate volcanic effects. Yellowstone, Wyoming Supercomputing Center
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The 1991 Eruption of Mt Pinatubo 
in the Large Ensemble: GMSL Budget

• Ensemble-mean clear sky albedo anomaly is a useful diagnostic for the eruption
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The 1991 Eruption of Mt Pinatubo 
in the Large Ensemble: GMSL Budget

• Atmospheric PW DECREASES, contributing to an INCREASE in GMSL

decreasing
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The 1991 Eruption of Mt Pinatubo 
in the Large Ensemble: GMSL Budget

• Terrestrial water also DECREASES, contributing to an INCREASE in GMSL
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The 1991 Eruption of Mt Pinatubo 
in the Large Ensemble: GMSL Budget

• Ocean heat content drops substantially due to the radiative forcing of the eruption
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The 1991 Eruption of Mt Pinatubo 
in the Large Ensemble: GMSL Budget

• The ensemble mean GMSL deficit reaches a minimum in 1993 of 5-7 mm

TOPEX/Poseidon
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Validation of CESM with CERES

• LE Net TOA flux anomaly matches CERES’ blended ERBS-CERES data
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Removing Pinatubo’s GMSL Influence

LE* GMSL

*Using AR5 simulated ice sheet contributions (lower bound, Ch 13)

Pinatubo
removed
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Detecting and Projecting Acceleration

*Using AR5 simulated ice sheet contributions (lower bound, Ch 13)
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Conclusions
• Altimetry products robustly report GMSL deceleration 

(1993-2002 vs 2003–2012). 

• The 1991 eruption of Mt. Pinatubo significantly lowered OHC 
and GMSL - reaching a minimum in 1993, the start of the altimeter 
era, recovered gradually through the 1990s 

• An anomalous GMSL↑ of 5-7 mm in the decade following 1993 
is estimated by the LE - dominant driver of observed deceleration. 

• Removing this signal from altimetry substantially reduces observed 
decadal variability and suggests that acceleration should be 
evident within the next decade (during Jason3), barring another 
major volcanic eruption.
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Jason-3 launch vehicle’s failed 
landing

https://youtu.be/c5qEJncn8Ms?t=29

a reminder that the best laid plans (and predictions) 
sometimes go awry…

https://youtu.be/c5qEJncn8Ms?t=29

