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-- STERIC STERIC seasea levellevel change : change inchange : change in WaterWater DensityDensity

-- EUSTATIC EUSTATIC seasea levellevel change:  change  inchange:  change  in OceanOcean Mass Mass 

TemperatureTemperature SalinitySalinity

Water mass exchange with Water mass exchange with 
continental reservoirs, mountain glacierscontinental reservoirs, mountain glaciers

and ice sheetsand ice sheets



STERICSTERIC
SEA LEVEL RISESEA LEVEL RISE

(Thermal Expansion)(Thermal Expansion)



World Ocean Temperature Data Bases
‘ Global ’ time series of ocean temperature data

at different depths:

1.  Levitus et al. (2000)
0-500 m : global yearly grids for 1945-1998
0-3000 m : global 5-year grids for 1945-1995

2. Ishii et al. (2003)
0-500 m : global monthly grids for 1945-1998

3. In situ hydrographic profiles from various sources
(WOCE, ARGO, etc.) since 1993

World Ocean Temperature Data Bases
‘ Global ’ time series of ocean temperature data

at different depths:

1.  Levitus et al. (2000)
00--500 m : global 500 m : global yearlyyearly gridsgrids for 1945for 1945--19981998
00--3000 m : global 53000 m : global 5--year year gridsgrids for 1945for 1945--19951995

2. Ishii et al. (2003)
00--500 m : global 500 m : global monthlymonthly gridsgrids for 1945for 1945--19981998

3. In situ hydrographic profiles from various sources
(WOCE, ARGO, etc.) (WOCE, ARGO, etc.) sincesince 19931993



Steric Sea Level Trends (1950-1990) (0-500 m)

(1990-1998) (0-500 m)

Ishii et al., 2003 Levitus et al., 2000

Lombard et Lombard et alal., 2003., 2003
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ThermostericThermosteric
seasea levellevel trendstrends

(1993(1993--1998)1998)
basedbased on on LevitusLevitus

datadata

SeaSea levellevel trendstrends
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fromfrom
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Cabanes, 2002Cabanes, 2002

--20 mm/20 mm/yryr +20 mm/+20 mm/yryr



ThermostericThermosteric
seasea levellevel trendstrends

(1993(1993--1998)1998)
basedbased on on IshiiIshii datadata

SeaSea levellevel trendstrends
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TOPEX (3.15 +/TOPEX (3.15 +/-- 0.4 mm/0.4 mm/yryr))

LEVITUS (3.1 +/LEVITUS (3.1 +/-- 0.6 mm/0.6 mm/yryr))

RESIDUALRESIDUAL

ISHII (1.7 +/ISHII (1.7 +/-- 0.45 mm/0.45 mm/yryr))

1993      1998

SEA LEVEL CURVESSEA LEVEL CURVES

Lombard et Lombard et alal., 2003., 2003



CoverageCoverage ofof in situ profiles  (1993in situ profiles  (1993--20022002)

FromFrom D. ChambersD. Chambers



Thermosteric MSL

Thermosteric MSL from an independent analysis of in 
situ temperature profiles at depths of 300m or greater by 

D. Chambers, Basin-scale thermosteric sea level 
variations: 1993-2002, presented at EGS-AGU-EUG 

Joint Assembly, Nice, France, April, 2003
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FromFrom Don CHAMBERS (Don CHAMBERS (UnivUniv. TEXAS). TEXAS)

Topex: 2.8 +/- 0.4 mm/yr

Steric : 3.7 +/- 1.5 mm/yr



Sampling Error

Standard deviation between “truth” and 
sampled = 5 mm
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Topex sea level
(2.8 mm/yr)

Steric sea level
from Johs Willis (1.8+/- 0.3 mm/yr)  

StericSteric SeaSea LevelLevel fromfrom ARGO data (J. Willis, 2003)ARGO data (J. Willis, 2003)



In situ data In situ data fromfrom SismerSismer/Coriolis (WOCE, etc.) : 2.5 mm//Coriolis (WOCE, etc.) : 2.5 mm/yryr
Satellite data Satellite data interpolatedinterpolated atat in situ stations : 2.3 mm/in situ stations : 2.3 mm/yryr
Satellite data Satellite data -- global  global  meanmean : 2.5 mm/: 2.5 mm/yryr

SEA LEVEL CHANGE   SEA LEVEL CHANGE   
(1993(1993--2001)2001)

Lombard et al., 2003Lombard et al., 2003



StericSteric seasea levellevel riserise
basedbased on on in situin situ hydrographichydrographic datadata

--------
D. Chambers; D. Chambers; 19931993--2002 2002 :    :    3.7 +/3.7 +/-- 1.5 mm/1.5 mm/yryr

J. Willis;J. Willis; 19931993--2002 2002 :: 1.8 +/1.8 +/-- 0.3 mm/0.3 mm/yryr

•• A. Lombard; A. Lombard; 19931993--20012001 (0(0--500 m): 500 m): 2.3 mm/2.3 mm/yryr
(0(0--700 m): 700 m): 2.5 mm/2.5 mm/yryr

----------------------------------------------------------------------------------------------

TopexTopex (1993(1993--2002): 2002): 2.8 +/2.8 +/-- 0.40.4 mm/mm/yryr



GLOBAL STERIC AND EUSTATIC 
SEA LEVEL RISE 1993-2001

Jens Schröter, Manfred Wenzel, Joanna Staneva

Kuo,
Shum,2003



Data assimilation Data:

T/P SSH anomalies 

SST, WOA98

Method:

4DVAR

Control:

Forcing,

Initial conditions

J. Schroeter



sea level trends

OCEAN MODEL:

2° x 2 ° in the 
horizontal, 

23 vertical layers

4DVAR assimilation

Conserves SALT

J. Schroeter



sea level trends
J. Schroeter et al.



temporal evolution of area mean sea level

J. Schroeter



Question:
What are the respective contributions

of
thermal expansion and water mass change

to last decade sea level rise?

Question:Question:
WhatWhat are are thethe respective contributionsrespective contributions

ofof
thermal expansion thermal expansion andand waterwater massmass changechange

to to lastlast decadedecade seasea levellevel riserise??



EUSTATIC CONTRIBUTIONS 
From

LAND WATERS,
MOUNTAIN GLACIERS 

AND ICE SHEETS
Recent results

EUSTATIC CONTRIBUTIONS EUSTATIC CONTRIBUTIONS 
FromFrom

LAND WATERS,LAND WATERS,
MOUNTAIN GLACIERS MOUNTAIN GLACIERS 

AND ICE SHEETSAND ICE SHEETS
RecentRecent resultsresults



EustaticEustatic Contributions of Land Contributions of Land IceIce andand Waters Waters 
((lastlast decadedecade))

MOUNTAIN GLACIERSMOUNTAIN GLACIERS : : >> 0.5 mm/0.5 mm/yryr
(Meier (Meier andand DyurgerovDyurgerov, 2002; Arendt et , 2002; Arendt et alal., 2002; ., 2002; RignotRignot et et alal., 2003)., 2003)

ICE SHEETSICE SHEETS :  :  
GreenlandGreenland : +0.13 mm/: +0.13 mm/yryr ((KrabillKrabill et al., 2000)et al., 2000)

AntarcticaAntarctica : +0.16 +/: +0.16 +/-- 0.05 mm/0.05 mm/yryr (WA) (WA) 
0 +/0 +/-- 0.07 mm/0.07 mm/yryr (EA)(EA)

Total (G+A):         Total (G+A):         + 0.3 mm/+ 0.3 mm/yryr ((RignotRignot and Thomas, 2002)and Thomas, 2002)

LAND WATERLAND WATER : : +0.2 mm/+0.2 mm/yryr ((MillyMilly et al., 2003)et al., 2003)

TOTAL : ~1 mm/TOTAL : ~1 mm/yryr



WHAT ABOUTWHAT ABOUT
THE PAST FEW DECADES?THE PAST FEW DECADES?



20th Century Sea Level Rise:

Tide gauges vs. Dynamic Height (0/1000 m)

Miller and Douglas, 2003

Pacific Atlantic

0.5 mm/yr 0.2 mm/yr

2.0 mm/yr 2.0 mm/yr



Distribution Distribution 
of of 

SalinitySalinity data data 
atat 500 m 500 m depthdepth

Antonov et al., 2002

SeaSea LevelLevel RiseRise (1995(1995--1995)1995)

Contribution Contribution ofof salinitysalinity::
0.05 mm/0.05 mm/yryr

(thermal expansion: 0.5 mm/y)(thermal expansion: 0.5 mm/y)



W. Munk (Science, 2003):W. Munk (Science, 2003):
OceanOcean FresheningFreshening, , SeaSea LevelLevel RisingRising

-- SalinitySalinity--inducedinduced stericsteric seasea levellevel riserise : : 0.05 +/0.05 +/-- 0.02 mm/0.02 mm/yryr
(Antonov et (Antonov et alal., 2002)., 2002)

-- Corresponds to Corresponds to 650 +/650 +/-- 250 km250 km33//yryr freshfresh waterwater input (Munk, 2003)input (Munk, 2003)

-- Equivalent to Equivalent to 1.8  +/1.8  +/-- 0.7 mm/0.7 mm/yryr eustaticeustatic seasea levellevel riserise
if if seasea iceice meltingmelting isis neglectedneglected

-- Rate Rate ofof seasea iceice meltingmelting stillstill poorlypoorly knownknown: : 
estimatesestimates varyvary fromfrom 60 km60 km33//yryr ((JohanessenJohanessen et et alal., 2003)., 2003)
to to 600 km600 km33//yryr ((WadhamsWadhams, 2000) , 2000) ofof equivalentequivalent freshfresh waterwater

-- EitherEither case corresponds to case corresponds to 1.5 mm/1.5 mm/yryr or or almostalmost zerozero
eustaticeustatic seasea levellevel contributioncontribution

Melting Sea Ice is important!



AnthropogenicAnthropogenic contributions contributions 
to to seasea levellevel change (mm/change (mm/yryr))

GroundGround waterwater miningmining (G)                    0.2 +/(G)                    0.2 +/-- 0.10.1
UrbanizationUrbanization (U)                                  0.34 +/(U)                                  0.34 +/-- 0.040.04
Combustion of Combustion of fossilfossil fuels (C)             0.01 +/fuels (C)             0.01 +/-- 0.060.06
DeforestationDeforestation (D)                                  0.09 +/(D)                                  0.09 +/-- 0.020.02

ReservoirsReservoirs and dams (R)                     and dams (R)                     -- 0.98 +/0.98 +/-- 0.20.2
Irrigation (I)                                         Irrigation (I)                                         -- 0.56 +/0.56 +/-- 0.060.06

TOTAL : TOTAL : -- 0.91 +/0.91 +/-- 0.45 mm/0.45 mm/yryr

FromFrom GornitzGornitz, 2001, 2001



UnsolvedUnsolved ProblemsProblems & & RemainingRemaining QuestionsQuestions

•• IsIs seasea levellevel riserise acceleratingaccelerating??
•• NeedNeed for for improvedimproved estimatesestimates ofof thermal thermal 

expansionexpansion
•• Causes of Causes of regionalregional variabilityvariability of thermal of thermal 

expansion?expansion?
•• SalinitySalinity change change andand amountamount of of freshfresh waterwater

addedadded to the to the oceansoceans??
•• NeedNeed for for improvedimproved estimatesestimates of of terrestrialterrestrial

waterwater storagestorage due to due to anthropogenicanthropogenic activitiesactivities


