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Motivation: The story of Earth’s Energy Imbalance (EEI)

3 Ocean 0-300 m

400 @ Ocean 0-700m
@ Ocean 700-2000 m
@ Ocean below 2000 m
@ Land

Ice
@ Atmosphere
HEE Uncertainty

+ 1Wm--2global EEI

Energy change (Z))

SORCE & TSIS

= %20X Human Energy
consumption in 1:year

2006-2020 (1971-2020) Year
von Schuckmann et al. 2023

EEI can be constrained by heat ~90% of the energy imbalance is
. . absorbed by the ocean, so EEI
Inventory analysis (of ocean, estimates largely hinge on ocean

land, cryosphere, heat uptake.
atmosphere).

Ocean heat content/uptake from satellites: prior work
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Blue/Orange: From satellite altimetry - GRACE
Ocean’s “effective” thermal expansion efficiency

/ Time mean (2006-2017)

AR oric ™ Z ~ aefff AT dz Compute ¢ by linear regression (Ahgeric/H)dT

dT is T anom relative to reference mean (2006-2017) Aeff =
Satellites o depends f End ] AT 2
provide  onT,S,p What  goal Computed a.¢r [10* °C-]
this and varies we 60°E 120°E 180° 120°W 60°W  0° 60°E 120°E 180° 120°W 60°W  ©°
with depth need ' T & - o 30
Estimates of a.¢; can differ by >40% ‘ 3
across different hydrographic products NASA ECMWF =/ L
ECCO v4r4 ORAS5 |
| - .
and models! state ocean P o T s - 15
estimate reanalysis so-s\ My e | T
“Effective” expansion efficiency is NOT S sl G e
just vertical mean a — it depends on S Ny PR s i~ Io-s
where the heat goes
By combining equations above and Contributions to a.¢r, as computed from various products (“ensemble members”)
decomposing a and dT into vertical (SIO Argo gridded, EN.4.2.2 and NCEI hydrography, ECCO state estimate, ORASS reanalysis)
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Note: 2" GEWEX Earth’s Energy Imbalance Assessment Workshop
June 1-5, 2026 in Pasadena:
https://climatesciences.jpl.nasa.gov/events/20260601-workshop/index.html
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