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Trend (Wm-2 dec-1)

CERES EBAF Ed4.2 0.46 ± 0.33

In-Situ 0.38 ± 0.31

Difference 0.084 ± 0.24

R^2 0.54

(Schmidt et al., 2023)

Annual Mean Net TOA Radiation & In-Situ Planetary Heat Uptake (07/2005-06/2022)
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• A rise in Earth’s surface temperature and atmospheric moisture
• Shifts in atmospheric circulation patterns, leading to more extreme weather (⇒ flooding, drought)
• Increase in ocean heat content and decrease in snow and ice over land (⇒ sea-level rise)

“Symptoms” of a Positive Earth Energy Imbalance

von Schuckmann et a. (2016)

A positive EEI leads to:



Science Addressed by CERES Observations 
CERES observations provide critical data for:
1) Quantifying how the heat uptake of the planet changes on monthly to 

decadal timescales.

2) Constraining climate model projections of future warming by narrowing 
uncertainty in cloud feedback. 

3) Quantifying Aerosol Radiative Forcing.

CERES is the only dedicated global satellite observing system of Earth’s Energy 
Budget in the world



- Currently, 6 CERES instruments fly on 4 satellites: Terra (L1999), Aqua (L2002), SNPP(L2011), NOAA-20 (L2017)
- Libera scheduled for launch in 2027 on JPSS-4 



• Goal is to estimate of the probability that a data gap will occur in the Earth Radiation Budget 
climate data record given the ERB instrument flight schedule and historical spacecraft and 
instrument survival rates

• Period considered: present to 2035

• We assume that a mission terminates if either the ERB instrument, imager it flies with, or 
spacecraft fails. 

• A further assumption is that an ERB instrument can bridge a data gap and maintain 
radiometric continuity of the ERB CDR even if its orbit drifts in mean local time (MLT) past its 
nominal mission requirement.

Gap Risk Analysis



• Probability of a data gap reaches 28% by 2028 and increases to 60% by 2035.

Probability of a Data Gap Through Jan 1 of Year N
(Assumed Current Situation)



Probability of a Data Gap Through Jan 1 of Year N
(Impact of a New Launch in 2025) 
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• Probability of a data gap remains < 20% through 2035.



Probability of a Data Gap Through Jan 1 of Year N
(Impact of a New Launch in 2028) 
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• Flying an ERB instrument after Libera flattens gap probability following loss 
of NOAA-20.



Goal: Examine the feasibility of using less-accurate imager retrievals to compute radiative 
fluxes and tie the time series before and after a data gap together.

Bridging a Data Gap in the ERB CDR

Global Annual Mean SW TOA Flux



Bridging a Data Gap in the ERB CDR

• Assumes imager remains healthy and perfectly stable across the data gap. The longer the gap, the 
greater the risk.

• The resulting uncertainty is too large to enable decade-to-decade changes in EEI to be resolved. 
• Time to detect a real trend above uncertainty would increase substantially.
• A gap would require considerable extra post-processing effort, thereby delaying release of the ERB data 

products.



Next Generation Earth Radiation Budget Observations
DEMETER (DEMonstrating the Emerging Technology for measuring the Earth’s Radiation)

• Free-flying sensorcraft (small satellite)

• Can host both ERB sensor and imager

• Reduces mass, power and cost by an order-of-
magnitude over current state-of-the-art approach 
(e.g., CERES/Libera on JPSS)

• Can be ready by late 2025 if given the opportunity

DEMETER CERES

Payload Mass (kg) ~20 50

S/C Mass (kg) 150 ~2,500





• Global warming is a consequence of a positive Earth energy imbalance (EEI)
 CERES has observed a doubling in EEI since 2000
 It is imperative that we continue to monitor EEI from satellite

• A data gap would significantly increase uncertainties in observed trends in EEI and 
cloud and aerosol radiative effects
 If S-NPP does not overlap with Libera, and no other ERB instrument is launched, 

there is a 28% probability of a data gap by 2028
 Gap probability increases to 60% by 2035 

• The technology exists to significantly reduce the risk of a data gap at a lower cost
 An ERB instrument launch in 2025 ensures the gap probability remains < 20% through 2035
 DEMETER can be ready by late 2025
 Overlap with existing instruments is critical

Conclusions
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