
Relative Sea Level	


 
•   ΔRSL = ΔOSL + ΔGIA+ ΔVCM   
 
• ΔVCM 

- largest probable signals on 100-year timescale 
- areas of large ΔVCM 
- California ΔVCM = earthquake cycle + crustal fluids 
- Many coastal cities have large VCM 
 

RSL - relative sea level"
OSL - ocean sea level"
GIA - glacial isostatic adjustment"
VCM - vertical crustal motion	





vertical surface deformation  
from glacial isostatic 

adjustment"



Great Circle Distances from Hudson Bay to Near and Far Field Tide Gauges 

Miller L , and Douglas B C Phil. Trans. R. Soc. A 
2006;364:805-820 



Relative Sea Level Trends and Distance from Hudson Bay 

-10

-8

-6

-4

-2

0

2

4

6

0 1000 2000 3000 4000 5000 6000 7000

R
el

at
iv

e 
Se

a 
Le

ve
l R

is
e,

 M
M

/Y
r

Great Circle Distance from Churchill (Hudson Bay), KM

Churchill

Portland, ME

Hampton Roads, VA

Halifax, NS Balboa HonoluluKey WestBermuda

San Diego

Pensacola, FL

New York

Miller L , and Douglas B C Phil. Trans. R. Soc. A 
2006;364:805-820 



R
S

L 
R

is
e 

in
 E

ur
op

e 



Miller L , and Douglas B C Phil. Trans. R. Soc. A 
2006;364:805-820 



vertical crustal motion  
from earthquakes"



Great Sumatra Earthquake, 2004	





Great Sumatra Earthquake, 2004	





Sieh et al., Science, 2008"



Engdahl et al., 1997	





California Earthquakes	



[Smith & Sandwell, JGR 2006]	





Vertical motion	


due to San Andreas	


Fault, earthquake 	


cycle	
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[Smith-Konter et al., 2014] 



vertical surface deformation  
from withdrawal of crustal 

fluids - water and oil"



Annual groundwater recharge in LA Basin"
(Watson et al., JGR 2001) 

(Watson et al., JGR 2001) 



Groundwater in LA Basin"

(Watson et al., JGR 2001) 

subsidence = 8 mm/yr"
annual 10-30 mm	





Berman, 2005	


maximum subsidence rate = 40 mm/yr	





Berman, 2005	



maximum subsidence rate = 100 mm/yr	





Subsiding Cities" Nelson 2009	





Vertical Crustal Motions can dominate RSL"
Earthquakes"

"Sumatra subduction - 1000 mm"
"California strike-slip - 200 mm"

"
Interseismic"

"Sumatra - 10 mm/yr"
"California - 1.5 mm/yr"

"
Groundwater"

"LA - secular - 3 mm/yr (Long Beach)"
"LA - annual - 10-30 mm/yr"
"Houston - secular - 40 mm/yr"
"New Orleans - secular - 8 mm/yr"

"
OIL"

"Houston (1920s) - 100 mm/yr"


