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trivial or non-trivial?
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hemispheric difference in SW reflection 

Earth’s North-South difference

Voigt et al. (2013), J Clim 3

…



trivial or non-trivial?

Voigt et al. (2013), J Clim; Rugenstein & Hakuba (2023), GRL 4

…



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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Whether and how the symmetry is maintained?

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

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

Jönsson & Bender (2023), ESD 
Diamond et al. (2024), GRL

… remain unresolved
CMIP6 models disagree on local 
vs remote mechanisms (CO2 x4)

Observed natural “experiments” produce null results



A remarkable yet puzzling observation 
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Whether and how the symmetry is maintained remain unresolved

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

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

Loeb et al. (2025), PNAS
Oreopoulos et al. (2025), J Clim

Singer & Pincus (2026), GRL

An emerging departure from symmetry, hinting at its transient (coincidental) nature (?)
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Voigt et al. (2013), J Clim 8
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What about the other pairs?
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CERES record (2001-2025)

Earth’s E-W albedo symmetry at 27° E (153° W)



CERES EBAF & FBCT products

10

q 25 years (2001-2025), Ed4 (downloaded April 8, 2026)
q R: all-sky SW (0.3-5 µm) reflection at TOA
q Rclr: TOA SW reflection assuming clear-sky 
q CRE: Cloud Radiative effect, CRE = R - Rclr

R    =    Rclr    +   CRE

Ratm  +    Rsfc

q EBAF (2001-2025): 𝐹!"#,%&'↑ , 𝐹%&'↓ , 𝐹!"#,*+!↑ , and 𝐹!"#,*+!↓

q Single-layer atmosphere model 
      Donohoe & Battisti (2011), J Clim

q FBCT (2003-2022): 𝐹!,,%&'↑ , CFct, and 𝐹!"#,%&'↑

q 7 Peff bins and 6 𝜏!"-bins à 9 cloud types (ct) 
Rossow & Schiffer (1999), BAMS

∑CREct  = ∑ CFct (𝑭𝒄𝒕,𝑻𝑶𝑨↑ −	𝑭𝒄𝒍𝒓,𝑻𝑶𝑨↑ )



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



The two hemispheres contain very different clouds
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Western Hemisphere Eastern Hemisphere

CERES EBAF Ed4.2.1 (2001-2025)



A remarkable compensation between low and high clouds
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High clouds 

Mid clouds

Low clouds 

deep clouds shallow clouds
Waterfall plot following Diamond et al. (2024), GRL
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values = EH minus WH

CERES FBCT Ed4.1 (2003-2022)
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Earth is darkening, but at different rate between the EH and WH 

ifo: ice-free ocean
ifl: ice-free land
ice: ice-covered
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cloud
reflection 

clear-sky 
surface

reflection 
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atmosphere
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CERES EBAF Ed4.2.1 (2001-2025)

EH-WH ΔR trend: 0.15±0.23 W m-2 decade-1
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CMIP6 models do not capture the observed E-W symmetry

q ΔO (ocean fraction; determined by sea-ice variability ) 
at 27E is overall captured, suggesting couplings among 
Earth system components is not well represented.
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present day (PD)
different climates

CMIP6 models

q Models suggests Earth’s albedo 
symmetry are non-stationary

observed ΔO 



Moreover, models do not capture the “triple-symmetry”

q 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!)

q CRE differs between EH and WH, again, 
points to potential deficiencies in Earth 
system couplings
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CMIP6 models

CERES
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Whether and how the symmetry is maintained?

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

Interannual variability in E-W symmetry is connected to ENSO variability



Bjerknes (1969), MWR

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

E-W symmetry

The Walker circulation

The Walker circulation
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153 W27 E

El Niño 

La Niña

…, which is subject to change under warming



The discovery.

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

Why should we care?

q Model improvements. 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.

q Fundamental understanding of the Earth system. ENSO and EEI 
q Implication for SRM (Solar Radiation Management). The impacts 

of SRM cascade through Earth system couplings.

New Avenue, More Questions.

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

q Is ocean fraction essential for a symmetry?

We need continued ERB measurements!

21Zhang et al. (2026) Earth’s East-West Albedo Symmetry, Nature, in pressJianhao.zhang@noaa.gov


