Langley
Research

CERES-Like Global and Regional Top-of-
Atmosphere Radiative Fluxes Using Machine
Learning Techniques

B. Lin!, B.V. Thampi?, N. Loeb?, and D. Doelling?

INASA Langley Research Center, Hampton, Virginia
2Analytical Mechanics Associates (AMA), Hampton, Virginia

45t CERES Science Team Meeting
NASA Langley Research Center, Hampton, Virginia
October 27-29, 2026



ey, Introduction

Center

* Current CERES products: EBAF and SSF1deg fluxes rely on CERES radiances plus imager

cloud properties, various ancillary data, and angular dependent models (ADMs), which may

introduce ancillary-data impacts and data gaps.

* Independent CERES-like fluxes: Develop a flux product strictly from CERES footprint

radiances independent of any other inputs to assess CERES calibration/performance.
 Similar to ERBE-like: Products can be quickly processed to provide long-term flux
variability
* Machine learning (ML) approach: Use ML (ANN and Random Forests) and CERES

climatology observations to establish ADMs, directional models, and scene identification,

enabling fine-resolution CERES data processing and long-term data records. 2
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CERES-like Data Processing Flow Chart
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Research All-sky SW flux comparison: SSFldeg vs MLFldeg (January 2010)
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Research  All-sky LW flux comparison: SSF1ldeg vs MLF1ldeg (January 2010)
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Aqua SSFldeg
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All-sky NET flux comparison: SSFldeg vs MLFldeg (January 2010)
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@”ﬁ‘l‘?ﬂ?& Global monthly mean AQUA SW flux difference
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@’k"éﬂlﬁ’& Global monthly mean AQUA LW flux difference
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Monthly mean Flux Climatology: MLF1deg vs SSFldeg
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E-f:;’c'h Global mean MLF1deg TOA flux anomalies and trends
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E-%%?c'h Global mean MLF1ldeg TOA flux anomalies and trends
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This compares well with results from Loeb et al., (2021) which show similar trend in absorbed solar radiation and
downward radiation due to an increase in OLR and a net downward radiation trend of 0.41+0.22 Wm= decade 1
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* The MLR/MLF/MLF1ldeg are new CERES products based on strictly CERES footprint

observed radiances using a machine-learning methodology.

* Daily mean all-sky TISA fluxes derived from CERES instantaneous radiances show generally
good agreement with SSFl1deg, despite differences in the underlying data-processing

procedures.

* For monthly mean all-sky fluxes, the mean differences between MLF1deg and SSFldeg are

within £0.5 W m~2, while the standard differences are generally < 5 W m™.

 Future work:

* Deliver the MLF TISA algorithm to CERES DMT for production.
* Develop a 0.25 deg gridded CERES-like flux product suite.
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Research SW/LW/NET anomalies and trends

2 2 2

_15@ | - 15(0) - 15 |

q‘E 4] | 1. ] g | “ I 1- |

2 05 L 05, ||, I 05

g o 01 e ot

§ 05| L 05] I'l' 1) N oos]

é A4 | L -1 - | l', | L -1 - |
1.5/ - 1.5 | - 1.5

-2 : : : : -2 : ; : : -2 ; . , .
2002 2006 2010 2014 2018 2022 2002 2006 2010 2014 2018 2022 2002 2006 2010 2014 2018 2022
A Year A Year A Year

10/29/26



Langley

Research  CERES-like instantaneous footprint ML SW flux (Wm=2), April 2010
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SSF All-sky LW Flux, 04/2010
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Research CERES-only TISA Clear-sky SW flux : SSF vs MLF (January 2010)
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hoson  CERES-like TISA Clear-sky LW flux : SSF vs MLF (January 2010)
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gt TISA All-sky flux difference: ERBElike vs MLF (JAN-2010)
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