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The Earth Climate Observatory (ECO)
observation concept
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The imbalance has annual and diurnal cycles
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The imbalance has annual and diurnal cycles

(a) Annual cycle

We consider orbit
inclinations so that
precession gives an
integer number of
diurnal cycles per year
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(b) Diurnal cycle
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Anomalies to sample
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Simulation framework

Constellation orbit simulator
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Lambertian reflection
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Annual global sampling error below 0.10 Wm
(Two-satellite constellation that has polar coverage)

12 different orbital planes

20-year simulations for each satellit ‘What about anisotropy?’

(GEWEX workshop 2023)

Hocking et al. (2024)



Anisotropy implementation: angular dependence
models from ERBE

Components for determining anisotropic shortwave reflection

ERBE Surface type CERES Cloud cover CERES TOA reflected shortwave radiation
(a) (constant) (b) (snapshot 2001-01-01 00:30:00) (c) (snapshot 2001-01-01 00:30:00)

Anisotropic reflection

Land Desert Snow Ocean 0 20 40 60 80 100 O 200 400

Cloud area fraction Reflected shortwave radiation at TOA
[percent] [Wm~2]

Hocking et al. (2026)



Anisotropy only has a small impact on the annual

global mean

(a)
Anisotropic reflection

Reflected shortwave radiation at satellite level
Snapshot at 2001-01-01 00:30:00

Lambertian reflection (b) Anisotropic reflection (c) Difference (Anisotropic - Lambertian)

12 different orbital planes
5-year simulations for each satellite

Hocking et al. (2026)
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The annual global sampling error
only changed by ~0.01 Wm™=

2x82° Earth sampling error in total 9
outgoing radiation: 0.13 Wm™=




The angular parameter space Is covered on an
annual basis

1.0
- = B I . I
0.8 ‘
o
=
o
o
% 0.6 1 Annual ‘
S overlap
oy Monthly
= overlap
Q
3 0.4
()]
>
o]
0.2 +
(a) (b) (c)
Viewing Relative Solar
zenith azimuth zenith (d)
angle angle angle Combined
0.0
Satellite inclination [Degrees]
— 73 82 — 00 — 08

Gristey et al. (2021)
82° satellite orbits result in
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Concluding remarks

* The Earth Climate Observatory (ECO)
orbits are chosen to ensure good
sampling of the Earth’s energy imbalance

* Reflected shortwave anisotropy only has
a small impact on the global annual mean /

* The 2x82° ECO constellation can achieve
an Earth sampling error of 0.13 Wm~=
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