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• 10-day repeat, near-global (±66°)!

• Seasonal variations removed!

• 60-day smoothing!

• Rate = 3.1 ± 0.4 mm/year!
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[Velicogna, 2011]!

[Nerem and Wahr, 2011]!

0

5

10

15

20

25

1960 1970 1980 1990 2000 2010
!

M
S

L
 (

m
m

)

Year

[Dyurgerov and Meier, 2005] 

1961-1993: 0.5 mm/year 

1993-2003: 0.9 mm/year 
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Rate (1993) ~ 0.1 mm/yr

Avg Rate (2002-2011) ~ 1.1 mm/yr

Acceleration ~ 0.08 ± 0.02 mm/yr
2

[Church and White, 2011]!
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Acceleration (1880-2009): 0.009 mm/year
2

Acceleration (1950-2009): 0.02 mm/year
2
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Rate = 3.1 mm/year 
Acceleration = -0.06 ± 0.04 mm/yr2 

Rate = 1.1 mm/year 
Acceleration = +0.08 mm/yr2 

TOPEX Tide Gauge Calibration 

[Mitchum, 2006]!



Jason 1 & 2 Tide Gauge Calibration 

[Mitchum, 2006]!

-40

-20

0

20

40

60

1990 1995 2000 2005 2010 2015

Nominal GMSL

w/ Jason-2 TG Correction

!
M

S
L

 (
m

m
)

Year

Acceleration = -0.06 ± 0.04 mm/year
2

Acceleration = -0.045 ± 0.04 mm/year
2
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Rate = 2.3 mm/year

[Wolter and Timlin, 1993; 1998]!
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YR   JAN     FEB    MAR   APR   MAY    JUN    JUL    AUG     SEP    OCT    NOV   DEC!

1992 !60 !60 !60 !60 !60 !59 !54 !42 !42 !44 !42 !44!

1993 !48 !54 !55 !58 !58 !58 !56 !54 !54 !54 !47 !43!

1994 !40 !36 !39 !45 !45 !46 !50 !48 !53 !57 !56 !54!

1995 !55 !53 !52 !44 !44 !41 !34 !25 !23 !19 !19 !21!

1996 !17 !21 !23 !19 !24 !31 !22 !20 !21 !20 !29 !25!

1997 !24 !19 !25 !48 !57 !62 !62 !62 !62 !61 !61 !60!

1998 !61 !61 !61 !61 !61 !55 !36 !18 !14 !14 !11 !13!

1999 !8 !9 !13 !9 !12 !17 !16 !12 !12 !13 !14 !8!

2000 !6 !8 !10 !18 !34 !23 !23 !29 !27 !22 !16 !20!

2001 !23 !17 !20 !26 !35 !28 !35 !40 !28 !25 !26 !32!

2002 !34 !30 !27 !41 !53 !50 !44 !52 !51 !49 !51 !52!

2003 !54 !52 !50 !39 !29 !32 !33 !36 !41 !42 !40 !36!

2004 !39 !39 !28 !34 !42 !35 !41 !46 !43 !40 !46 !45!

2005 !37 !48 !56 !51 !51 !43 !43 !38 !36 !26 !22 !19!

2006 !26 !24 !21 !16 !28 !45 !46 !49 !50 !47 !57 !49!

2007 !51 !44 !34 !28 !36 !18 !20 !17 !10 !10 !10 !9!

2008 !12 !5 !3 !13 !17 !34 !30 !22 !15 !15 !18 !16!

2009 !15 !16 !18 !25 !39 !52 !52 !53 !46 !53 !52 !51!

2010 !53 !59 !58 !55 !47 !16 !7 !2 !1 !2 !3 !4!

2011 !2 !2 !4 !4 !19 !22 !28 !16 !13!
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Updated from Nerem et al. [1999]!

• Determine regression of MEI against!

   sea level during 1993-present!

• Use simulated MEI-based sea level time series from!

   1900-present to test recovery of sea level acceleration!



GRACE:!

Greenland + Antarctica!

Ocean Measurements (Argo)!

Thermosteric sea level!

Meehl et al., 2011, Nature Climate Change, Model-based evidence of 

deep-ocean heat uptake during surface-temperature hiatus periods!

Merrifield (2010)!
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Rate = 3.1 mm/year 
Acceleration = -0.06 mm/year2 


