
Estimation of the radiative effect of stratospheric 
aerosols using a new set of radiative kernels

Qiurun Yu and Yi Huang
Department of Atmospheric & Oceanic Sciences, McGill University

EGU 2026, Session AS3.23
Vienna

2026.05.07

Acknowledgement:
McGill/AtmRad Group
HAWC Science Team

Funding acknowledgements:



Stratospheric aerosols • Increasing perturbations 
in changing climate
• High spatiotemporal 

inhomogeneity

Geo-engineeringCb and Pyro-CbVolcano



(Ke et al., 2025)

Radiative effect

• Radiative effect (PRP concept)
 Δ𝑅 = 𝑅 𝜏! + ∆𝜏 − 𝑅(𝜏!) 

•Method I:  Model radiative transfer
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•Method II: Estimate it by scaling
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7 ∆𝜏 

  

Radiative effect: TOA 
radiation flux changes

Radiative kernel: 𝐾123

AOD



Stratospheric kernels

• Global mean radiative effect:

Δ𝑅 = [%𝐾! 𝒓, 𝑡 * ∆𝜏! 𝒓, 𝑡 𝑑𝒓𝑑𝑡 +…

%𝐾" 𝒓, 𝑡 * ∆𝜏" 𝒓, 𝑡 𝑑𝒓𝑑𝑡]	/%𝑑𝒓𝑑𝑡

Stratospheric scat. kernels 
(Yu & Huang 2026) G.M.= -20.0 Units: 

W/(m2 AOD)
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Spatiotemporally varying, accounting for adjustment

• Kernel production
 Model: RRTMG SW + LW
 Atmos data: MERRA2 + OMPS-LP 
aerosols (3-hourly profiles)
 Scattering AOD kernel: 𝜕𝑅/𝜕(𝑆𝐴𝑂𝐷) , 
SSA = 1
 Absorptive AOD kernel: 𝜕𝑅/𝜕(𝑆𝐴𝑂𝐷) , 
SSA = 0

G.M.= 301.9
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Stratos kernels including adjustments

• SAOD kernel: little 
difference.

• AAOD kernel: 
adjustment can 
lead to sign 
change!

AAOD kernel

Stratospheric kernels: instant vs. adjusted 
(Yu & Huang 2026)

SAOD kernel

Inst.

Adj.



Application: Hunga volcano

• Kernel estimation:

Δ𝑅 = 	

<
∬𝐾123 𝑥, 𝑦 7 𝐴𝑂𝐷 𝑥, 𝑦 𝑑𝑥𝑑𝑦

∬𝑑𝑥𝑑𝑦

• Cooling in the Southern 
Hemisphere: –0.4 W/m²

• Band-by-band aerosol kernels 
utilize more spectral information 
and achieve best estimation
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(a) Strato AOD 600nm Anomaly
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(b) Strato AOD 745nm Anomaly
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(c) Strato AOD 869nm Anomaly
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(d) Strato AOD 997nm Anomaly

0

0.02

0.04

0.06

400 500 600 700 800 900 1000 1100
Wavelength (nm)

0

0.005

0.01

0.015

Ex
t C

of
 (1

/k
m

)

(e) Zonal & Annual Mean Ext Coef at -25S and 17.5km
from 869nm (AE=1)
OMPS

Satellite (OMPS)-measured AOD anomalies

Kernel-estimated ADRE vs RTM-modelled truth

(Yu & Huang 2026 JGR)



• Instantaneous ADRE: +0.3 W/m² 
• Adjusted ADRE: -0.04 W/m² 
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Application: Australian bushfires

(Yu & Huang 2026 JGR)



Take-home messages

• Theoretic basis – non-constant radiative sensitivity

Δ𝑅 = [A𝐾4 𝒓, 𝑡 7 ∆𝜏4 𝒓, 𝑡 𝑑𝒓𝑑𝑡 +A𝐾5 𝒓, 𝑡 7 ∆𝜏5 𝒓, 𝑡 𝑑𝒓𝑑𝑡]	/A𝑑𝒓𝑑𝑡

• Practical use –  <New satellite measurements of stratospheric aerosol 
distribution> + <Kernels> = <Better climate assessments>
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HAWC satellite
ALI: Aerosol Limb Imager
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