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Observed Increase in Earth’s Energy Imbalance
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Energy Balance Equation
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Top-of-Atmosphere
CERES Radiative Flux Anomalies
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Top-of-Atmosphere
CERES Radiative Flux Anomalies
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Top-of-Atmosphere
CERES Radiative Flux Anomalies
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Reversal of Global Aerosol Forcing Trends

Temporal Regional Mean Net Effective Radiative Forcing
due to Aerosols
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Local Trends in Shortwave Radiative Forcing

Shortwave Radiative Forcing Trends
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Local Trends in Shortwave Radiative Forcing
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Top-of-Atmosphere
CERES Radiative Flux Anomalies
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Top-of-Atmosphere
CERES Radiative Flux Anomalies
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Aerosol-Cloud Radiative Forcing

J Raghuraman et al. 2023
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vent-Based Monitoring of the Energy Budget
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Conclusions

Considerable growth in Earth’s radiative energy imbalance as observed
from space

o Largely being driven by increasing Shortwave absorption with strong global and
regional contributions from changing aerosol emissions

Evidence suggests aerosol reductions are now a net heating effect on
global climate

Increasing role for “real time” detection and attribution of Radiation
Budget Changes associated with individual climate events
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Local Trends in Shortwave Radiative Forcing

Shortwave Radiative Forcing Trends MODIS Aerosol Optical Depth Trends
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Global mean surface mole fraction

Connecting Changing Atmospheric
Composition to Rising Temperatures

Last 2000 years of greenhouse gas concentrations
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Top-of-Atmosphere

CERES Radiative Flux Anomalies
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Observed Radiative Forcing

a) Total Radiative Forcing
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racking our Impact on the Climate
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Why measure radiative fluxes? Solar radiation (sunlight) drives weather
and climate. The net radiation from
at the surface provides the energy for SE, LE, and GH,

and subsequent turbulence, vertical mixing, and cloud formation, with
feedbacks on the radiative fluxes.
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Long-record allows correlation between decadal
trends in shortwave radiation seen across the U.S. and

connection with SST. (Augustine & Hodges, 2021)
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