Earth’s East-West Albedo Symmetry

Jianhao Zhang'-?, Jake Gristey'%:3, Graham Feingold?

TCIRES, University of Colorado Boulder
2NOAA Chemical Sciences Laboratory (CSL)
SLASP, University of Colorado Boulder

CERES STM, May 13, 2026

o)))))) RefleCt|Ve Zhang, Gristey, Feingold (2026), Nature, in press




Measurements of the Earth’s Radiation Budget from Satellites During
a Five-Year Period. Part I: Extended Time and Space Means

TuoMmas H. VoNDER HaaRr! aND VERNER E. Svomr

Dept. of Meteorology, The University of Wisconsin, Madison
(Manuscript received 20 May 1970, in revised form 28 December 1970)

Planetary albedo

(%)
Northern Southern
Hemi~-  Hemi-
sphere  sphere  Global

First generation
satellites*

Second generation
satellites**

Vonder Haar & Suomi (1971), JAS




Zhang et al. (2026), Nature, in press




trivial or non-trivial?
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Voigt et al. (2013), J Clim; Rugenstein & Hakuba (2023), GRL

trivial or non-trivial?
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A remarkable yet puzzling observation
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Strong asymmetries in clear-sky and CRE yield the all-sky symmetry

Stephens et al. (2015), Rev Geophys



A remarkable yet puzzling observation
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Strong asymmetries in clear-sky and CRE yield the all-sky symmetry

Whether and how the symmetry is maintained? ... remain unresolved

CMIP6 models disagree on local

vs remote mechanisms (CO, x4) _
Observed natural “experiments” produce null results

Number of consecutive months averaged
-0.01 0.00 0.01

Aagff Diamond et al. (2024), GRL

Jonsson & Bender (2023), ESD

Stephens et al. (2015), Rev Geophys; Jonsson & Bender (2023), ESD; Diamond et al. (2024), GRL



A remarkable yet puzzling observation

NH-SH Flux Wm*

Strong asymmetries in clear-sky and CRE yield the all-sky symmetry

Whether and how the symmetry is maintained remain unresolved

Singer & Pincus (2026), GRL
Oreopoulos et al. (2025), J Clim
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An emerging departure from symmetry, hinting at its transient (coincidental) nature (?)

Stephens et al. (2015), Rev Geophys; Jonsson & Bender (2023), ESD; Diamond et al. (2024), GRL; Loeb et al. (2025), PNAS; Oreopoulos et al. (2025), J Clim; Singer & Pincus (2026), GRL 7



What about the other pairs?
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CERES record (2001-2025)
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25 years (2001-2025), Ed4 (downloaded April 8, 2026)
R: all-sky SW (0.3-5 um) reflection at TOA

R.i: TOA SW reflection assuming clear-sky
CRE: Cloud Radiative effect, CRE=R - R

CERES EBAF & FBCT products
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R = R, + CRE

U

FBCT (2003-2022): F/, 714, CFc,, and FJ o4
7 P bins and 6 t;4bins = 9 cloud types (ct)
Rossow & Schiffer (1999), BAMS

U

Q EBAF (2001-2025): F,}, 104, Fioa, Flir.spes and Fopp .
Q Single-layer atmosphere model
Donohoe & Battisti (2011), J Clim



A unique “triple-symmetry” in the East-West (E-W)

CERES EBAF Ed4.2.1 (2001-2025)
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A unique “triple-symmetry” in the East-West (E-W)

CERES EBAF Ed4.2.1 (2001-2025)
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A unique “triple-symmetry” in the East-West (E-W)

CERES EBAF Ed4.2.1 (2001-2025)
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The two hemispheres contain very different clouds

Western Hemisphere Eastern Hemisphere
120°W 30°W 30°E 180°

30°N

30°S

60°S

120°W 30°W WH: 98.8 W m~2 30°E 180° EH: 98.9 W m™2

60°S

CERES EBAF Ed4.2.1 (2001-2025)
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A remarkable compensation between low and high clouds
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Earth is darkening, but at different rate between the EH and WH

EH-WH AR trend: 0.15+0.23 W m-2decade
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CMIP6 models do not capture the observed E-W symmetry

different climates
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at 27E is overall captured, suggesting couplings among symmetry are non-stationary

Earth system components is not well represented.

CMIP6 models



Moreover, models do not capture the “triple-symmetry”
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O Unlike the N-S symmetry, we can identify
E-W all-sky R symmetry in each model’s
realization (ranging from 8 to 131 E!)

O CRE differs between EH and WH, again,
points to potential deficiencies in Earth
system couplings



Whether and how the symmetry is maintained?

r = -0.69, p-value = 0.0001

ONI monthly [°C]

El Nino = ONI| annual mean [°C]
La Nifa = E-W AR at 27°E [W m~2]
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Interannual variability in E-W symmetry is connected to ENSO variability

CERES EBAF Ed4.2.1 (2001-2025); NOAA ONI index 19



Hypothesis: Oscillating overturning circulation is responsible
for maintaining the E-W symmetry at 27E

ELNino ., which is subject to change under warming
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The discovery.

0 We discovered a unigue and persistent East-West albedo symmetry
at 27 E, with a “triple symmetry” feature.

Why should we care?

0 Modelimprovements. It’s a powerful way to evaluate Earth system
models (ESMs), with the “triple symmetry” serving as a reduced
degree-of-freedom constraint on system couplings.

O Fundamental understanding of the Earth system. ENSO and EEI

O Implication for SRM (Solar Radiation Management). The impacts
of SRM cascade through Earth system couplings.

New Avenue, More Questions.

O Are albedo symmetry pairs fundamentally connected, or do they
emerge independently? (E-W and N-S do not appear connected)

O Is ocean fraction essential for a symmetry?

We need continued ERB measurements!

Jianhao.zhang@noaa.gov
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