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Sea Level Budget (SLB)

▪ Sea Level Rise (SLR)

▪ Total SLR = Mass + steric + ocean bottom shape 

▪ Mass : addition of freshwater.

▪ Steric: temperature and salinity driven.

▪ Assuming: changes to the ocean bottom considered
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Conventional SLB (1990s)
▪ SLR  ≈ 

Why?

▪ Ocean bottom changes → GIA + elastic deformation

due to loading

▪ GIA → modelled and removed.

▪ Early 2000: mass contribution small. 

Mass → Loading → Solid Earth deformation, hence

Ocean Bottom Deformation (OBD) negligible.

Altimeter

steric + mass.
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Contemporary SLR

▪ Mass change has accelerated, and

Mass → Loading → Solid Earth deformation,

▪ hence solid Earth deformation not negligible.

▪ OBD as large as deep-steric

▪ Acknowledged in the community, but a 

mathematical derivation was missing!

(Kuo et al., 2008; Ray et al.,2013;Frederikse et al., 2017)
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OBD term in the budget

▪ We derive the sea level budget equation

▪ show: 

OBD should be a part of the SLB,

which assumption can lead to its omission,

a consistent SLB equation:
𝑑𝑚

𝑑𝑡
= 𝑓 𝑆𝑆𝐻, 𝑠𝑡𝑒𝑟𝑖𝑐, 𝑂𝐵𝐷 .

ℎ𝑠 (𝑡)

ℎ𝑏 (𝑡)
𝜌𝑙

𝜌𝑜(𝑡, ℎ)
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We updated the SLB

▪ Dedicated OBD term in the SLB:

SLR = mass + steric + OBD.

▪ Show that updated SLB = conventional SLB 

(for constant ocean bottom ℎ𝑏 (𝑡))

▪ Updated equation represents physical processes better.
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Computing OBD

▪ Get Mass redistribution from GRACE

▪ Already corrected for GIA (using ICE-6G)

▪ Using mass redistribution and Love load numbers, we estimate 
elastic deformation of solid Earth
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Results: global mean OBD
▪ Using JPL GRACE data: −0.11 ± 0.01 mm/yr.

▪ Frederikse et al., 2017: −0.13 ± 0.01 mm/yr.

▪ Deep-steric: 0.11 mm/yr.

▪ OBD has implications for regional SLB.

(regional signal nearly 10 time higher than global mean)

▪ Including OBD increases the gap in SLB.
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Time-series
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Conclusions

▪ Physical processes in SLB: mass, steric, and elastic OBD

▪ Conventional equation does not represents all the processes

▪ We derived and updated the SLB using volume-mass relation
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Thank you
Please follow 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019GL086492
for the published article

contact: bd.vishwakarma@bristol.ac.uk
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