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13.1.3 Processes Affecting Sea Level 

This chapter focusses on processes within the ocean, atmosphere, land 
ice, and hydrological cycle that are climate sensitive and are expected 
to contribute to sea level change at regional to global scales in the 
coming decades to centuries (Figure 13.1). Figure 13.2 is a navigation 
aid for the different sections of this chapter and sections of other chap-
ters that are relevant to sea level change.

Changes in ocean currents, ocean density and sea level are all tightly 
coupled such that changes at one location impact local sea level and 
sea level far from the location of the initial change, including changes 
in sea level at the coast in response to changes in open-ocean tem-
perature (Landerer et al., 2007; Yin et al., 2010). Although both tem-
perature and salinity changes can contribute significantly to region-
al sea level change (Church et al., 2010), only temperature change 
produces a significant contribution to global average ocean volume 
change due to thermal expansion or contraction (Gregory and Lowe, 
2000). Regional atmospheric pressure anomalies also cause sea level 
to vary through atmospheric loading (Wunsch and Stammer, 1997). All 
of these climate-sensitive processes cause sea level to vary on a broad 
range of space and time scales from relatively short-lived events, such 
as waves and storm surges, to sustained changes over several decades 
or centuries that are associated with atmospheric and ocean modes of 
climate variability (White et al., 2005; Miller and Douglas, 2007; Zhang 
and Church, 2012).

Water and ice mass exchange between the land and the oceans leads 
to a change in GMSL. A signal of added mass to the ocean propagates 
rapidly around the globe such that all regions experience a sea level 
change within days of the mass being added (Lorbacher et al., 2012). 
In addition, an influx of freshwater changes ocean temperature and 
salinity and thus changes ocean currents and local sea level  (Stammer, 
2008; Yin et al., 2009), with signals taking decades to propagate around 

Figure 13.1 |  Climate-sensitive processes and components that can influence global and regional sea level and are considered in this chapter. Changes in any one of the com-
ponents or processes shown will result in a sea level change. The term ‘ocean properties’ refers to ocean temperature, salinity and density, which influence and are dependent on 
ocean circulation. Both relative and geocentric sea level vary with position. Note that the geocenter is not shown.

the global ocean. The coupled atmosphere–ocean system can also 
adjust to temperature anomalies associated with surface freshwater 
anomalies through air–sea feedbacks, resulting in dynamical adjust-
ments of sea level (Okumura et al., 2009; Stammer et al., 2011). Water 
mass exchange between land and the ocean also results in patterns 
of sea level change called ‘sea level fingerprints’ (Clark and Lingle, 
1977; Conrad and Hager, 1997; Mitrovica et al., 2001) due to change in 
the gravity field and vertical movement of the ocean floor associated 
with visco-elastic Earth deformation (Farrell and Clark, 1976). These 
changes in mass distribution also affect the Earth’s inertia tensor and 
therefore rotation, which produces an additional sea level response 
(Milne and Mitrovica, 1998). 

There are other processes that affect sea level but are not associated 
with contemporary climate change. Some of these result in changes 
that are large enough to influence the interpretation of observational 
records and sea level projections at regional and global scales. In par-
ticular, surface mass transfer from land ice to oceans during the last 
deglaciation contributes significantly to present-day sea level change 
due to the ongoing visco-elastic deformation of the Earth and the cor-
responding changes of the ocean floor height and gravity (referred to 
as glacial isostatic adjustment (GIA)) (Lambeck and Nakiboglu, 1984; 
Peltier and Tushingham, 1991). Ice sheets also have long response 
times and so continue to respond to past climate change (Section 
13.1.5).

Anthropogenic processes that influence the amount of water stored in 
the ground or on its surface in lakes and reservoirs, or cause changes in 
land surface characteristics that influence runoff or evapotranspiration 
rates, will perturb the hydrological cycle and cause sea level change 
(Sahagian, 2000; Wada et al., 2010). Such processes include water 
impoundment (dams, reservoirs), irrigation schemes, and groundwater 
depletion (Section 13.4.5). 

(Church et al., 2013, IPCC 5th AR) 
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mean sea level = steric sea level + ocean mass 
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[1993-2010] 

ARGO 

Courtesy: NASA 

Radar 
altimetry GRACE 

mean sea level = steric sea level + ocean mass 
3.4+0.4 mm/y	
 0.8+0.2 mm/y	
 1.8+0.3 mm/y	


(NASA sea level change portal) 	
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•  1.08 ± 0.3 mm/y  2002-2014    
(Rietbroek et al., 2016) 
•  1.7 ± 0.13 mm/y  2003-2012  
(Johnson and Chambers 2013) 
•  2.11 ± 0.3 mm/y  2005-2013   
(Dieng et al. 2015)  
•  1.9 ± 0.3 mm/y    2005-2014   
(Feng et al., 2015) 
 
 

GFZ	
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GRAE L2	

Post-processing	


Degree-1 added 

C20 replaced 

GIA corrected 

DDK filtering 

L3 grids 	


Land: TWS	


Ocean: OBP 

Barystatic sea level change 

GFZ Level-3 post-processing 	


… 

… 
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GRACE SC Barystatic SL 
variations 

Geocenter             
position only 
from GRACE 

In-line processing 
of GRACE data 

Bergmann-Wolf et al. (2014): Global eustatic sea level variations for 
the approximation of geocenter motion from GRACE [J. Geod. Sci.] 

(Swenson et al., 2008) 

Barystatic SL  
- Continental leakage corrected 
- DDK2 filtering 
- GAD added back 
- Mean atmospheric pressure 
removed 
- 200km coastal buffer zone 
 

D-1 terms and barystatic SL Iteration 	

GFZ RL05a 
- Time period: 04/2002 – 
08/2016 
- Up to d/o=90 

GRACE SC+ 
D1 



Gridded TWS	
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Standard deviation	
 Trend	


cm	
 cm/y	
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Standard deviation	
 Trend	


Gridded OBP	


hPa	
 hPa/y	




Ocean mass trend uncertainties	
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GFZ RL05a 
- Time period: 04/2002 – 
12/2014 

Reference 
1.44+0.3 mm/y	

No Degree1 
1.29+0.3 mm/y	


No GIA correction 
0.30+0.3 mm/y	

No C20 replacement 
0.88+0.3 mm/y	


DDK5 
1.66+0.3 mm/y	


m
m
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Land contribution 
- Gridded TWS 

Ocean mass trend comparison	


Land 1.43+0.3 mm/y	

Reference 1.44+0.3 mm/y	


m
m
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Land contribution 
-Gridded TWS 

Ocean mass trend comparison	


Land 1.43+0.3 mm/y	

Reference 1.44+0.3 mm/y	


JPL mascon 1.62+0.3 mm/y	

1.08+0.3 mm/y	

(Rietbroek et al., 2016) 

m
m
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GFZ RL05 
- Time period: 04/2002 
– 08/2016 

JPL mascon 1.79+0.3 mm/y	

Acceleration: 
0.25+0.12 mm/y^2 
0.20+0.12 mm/y^2 

Ocean mass trend comparison	


Acceleration 
(2002-2014): 
0.15+0.12 mm/y^2 
0.20+0.12 mm/y^2 

Land 1.71+0.3 mm/y	

Reference 1.72+0.3 mm/y	


m
m
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Summary	

•  GFZ is now preparing to routinely process GRACE Level-3 data:  
     -TWS grids 
     -OBP grids	

     -barystatic sea-level  

 
•  Post-processing choices critically affect sea-level results: 

particularly important are GIA and C20 
 

•  GFZ RL05a L2 data provides slightly smaller sea-level rates than 
the JPL mascon solutions, but substantially lager rates than 
Rietbroek et al. (2016) 

 
 
	


Thank you very much!	



