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Background
• The CERES instruments onboard the Terra, Aqua, SNPP and NOAA-20 
satellites need to be inter-calibrated to provide a seamless and consistent 
TOA flux product using multiple overlapping CERES records
•  This was achieved by using simultaneous nadir overpasses (SNO) between 
Aqua-CERES with Terra-CERES, SNPP-CERES, and NOAA20 CERES
• The Terra and Aqua orbits have started to drift towards the terminator, and 
both will be deorbited in 2027
• Aqua-CERES SNOs can no longer be used to tie multiple CERES 
instruments to the same radiometric scale
• The SNPP-CERES, NOAA-20-CERES, and the future NOAA-22-Libera 
sensors will be in the same 16-day repeat cycle orbit, but spaced 4 days 
apart; thus, preventing any coincident collocations or SNOs
• Inter-calibrate NOAA-20 and NPP using geostationary imagers as transfer 
radiometers as proxy for CERES and Libera broadband sensors



GEOscan methodology
• Inter-calibrate the N20 and NPP CERES instrument SW and LW radiances with angle and time 

matched GEO derived broadband radiances
• Assume that the GEO calibration does not change in 4 days
• Any residual angle matching, NB to BB biases will be similar for NPP and N20 dataset since 

the satellites are in the same orbit but spaced 4 days apart

• Perform narrowband to broadband (NB to BB) on GEO NB radiances using multilinear 
regression trained on NOAA20-CERES (in GEO scan mode to match the angles of the GEO)
• Aggregated regression using all pairs

• Apply the N20 NB to BB coefficients to the GEO 4 days later to compare with NPP-CERES

• A daytime bright cloud Indonesian (Papua-Day), daytime clear-sky Libyan desert (Sahara-Day), 
and nighttime East Pacific (Peru-Night) stratus cloud sites have been selected
• The sites have unique spectral signatures and provide temporally consistent scenes

• Analyzed May 2025 - January 2026 N20 vs. NPP GEOscans using the CERES-like footprint 
machine learning radiance (MLR) product
• The official N20 SSF L2 Ed1C dataset has typical 1.5-month latency
• The NPP SSF L2 Ed2 dataset in production is not in forward processing mode
• Compared N20 SSF with MLR radiances and they are very close



Inter-calibration approach
• Inter-calibrate the CERES SW channel instrument pairs 

during the day
• Daytime Saharan Desert

• Inter-calibrate the CERES TOTAL channel instrument pairs 
at night
• Nighttime Peruvian Stratus

• Adjust the NPP spectral response functions gains with 
above factors and rerun machine learning radiances for 
closure of LW-Day (TOTAL-SW)
• Compare over both Sahara Desert and Papua
• Iterate NPP SRF gain adjustment as needed



Processed up to Jan 24, 2026

2025 GEOscan schedule

Notes
HIM9 started having problems on Oct 11, HIM8 thru Nov 17
HIM8 on Oct 12 at 04:00 GMT has bad scans for bands 8-16 onward
MET12 ~24-hour data gap starting late Sep 23
MET12 data gap on Oct 14
MET12 data gap on  Jan 18

HIM-8

HIM-8

HIM-8



Site Selection Process

Papua-Day, 4.5°S; 139.5°WPeruvian Stratus, 15.5°S; 92.5°W



Footprint Distribution of 2025 GEOscans

CERES NOAA-20 and NPP footprints angle-matched with GEO during 
GEOscan operations between 5 May 2025 – 24 January 2026

Sahara-Day                   Peru-Night              Papua-Day

MET12 ch. > 5 (< 5) µm for LW (SW) NB to BB
KDTree with 0.5° radial search and >= 10 neighbors
Matched within 2.0° VZA and (5.0° scattering angle)
cos(sza) adjustment for SW

G19 ch.  > 5 µm for LW NB to BB
KDTree with 0.25° radial search and >= 10 
neighbors. Matched within 2.0° VZA
Cirrus filtering (10.4 - 12.3 BTD < 3 K)

As Sahara but using HIM-9



Peru-Night

Use 8 GOES-19 IR channels to derive record multilinear regression coefficients with 
angle-matched NOAA-20 radiances for Nb2Bb, then apply to GOES-19 to predict NPP

GOES-19 NB to BB regression with N20 CERES MLR GOES-19 BB radiances using N20 regression and 
compare with NPP CERES MLR

Pred-NPP (%)
0.23%



Peru-Night-Total



Sahara-Day

Use 7 MET12 VIS channels to derive record multilinear regression coefficients with 
angle-matched NOAA-20 radiances for Nb2Bb, then apply to MET12 to predict NPP

MET12  NB to BB regression with N20 CERES MLR MET12 BB radiances using N20 regression and 
compare with NPP CERES MLR

Pred-NPP (%)
-0.53%



Sahara-Day

Sahara Day SW



Channel Location & Scene Type
Number of 
GEOscan 

Pairs

Rel Diff 
(%)

Rel Std 
Error 
(%)

Total Error
(%)

SW Saharan Desert 11 -0.39 0.08 -0.39

TOT (Night) Peruvian Stratus 14 0.14 0.04 0.14

LW (Day) Indonesian Convection 14 1.46 0.17 1.46

LW (Day) Saharan Desert 12 0.36 0.09 0.36

NOAA-20  SNPP Difference Using GEO as Transfer Radiometer
(Before Adjustment to SNPP; updated through Jan. 24, 2026)



Channel Location & Scene Type
Number of 
GEOscan 

Pairs

Rel Diff 
(%)

Rel Std 
Error 
(%)

Total Error
(%)

SW Sahara-Day 11 0.0 0.07 0.0

TOT (Night) Peru-Night 14 0.0 0.04 0.0

LW (Day) Papua-Day 14 0.49 0.16 0.49

LW (Day) Sahara-Day 12 -0.45 0.07 -0.45

NOAA-20  SNPP Difference Using GEO as Transfer Radiometer
(After Adjustment to SNPP; updated through Jan. 24, 2026)

Both Daytime LW regions are inter-calibrated within 0.5% after NPP SRF adjustment



Takeaways
• The GEO scan methodology can inter-calibrate CERES pairs that are placed in the 

same orbit when no coincident observations are available
• The GEO scan analysis reveals a -0.39% NOAA20 minus NPP SW channel bias with 

an uncertainty of 0.08% (11 pairs)
• The GEO scan analysis reveals a 0.14% NOAA20 minus NPP total channel bias with 

an uncertainty of 0.04% (14 pairs)
• Adjusting the NPP SRF by the SW and TOTAL factors from above improves Daytime 

LW inter-calibration over an independent region
• NPP and NOAA-20 daytime LW agree to within 0.5% after GEOscan-derived NPP SRF adjustment
• Additional iterations of SRF adjustment within uncertainty ranges
• Additional independent sites to test closure (clear-sky ocean)

• The future NOAA-22 Libera broadband instrument can be intercalibrated with the 
NOAA-20 CERES instrument using GEO scan
• Methodology has potential for further optimization 

• e.g., better scene type filtering, rolling windows of aggregated NOAA-20 regressions



Backup Slides



Sahara-Day LW

Pred-NPP (%)
0.4%

NOAA20 vs. MET12 GEOscans
NPP vs. MET12 GEOscans

MET12 NB to BB regression with N20 CERES MLR MET12 BB radiances using N20 regression and 
compare with NPP CERES MLR



Sahara-Day LW



Pred-NPP (%)
1.55%

NOAA20 vs HIM9 GEOscans NPP vs. HIM9 GEOscans

Papua-Day LW
MET12 BB radiances using N20 regression and 
compare with NPP CERES MLR

MET12 NB to BB regression with N20 CERES MLR



Papua-Day LW



Adjusting the NPP SRF with the SW and TOTAL GEOscan-derived 
adjustment factors produces perfect agreement between NOAA-20 

and NPP SW and night TOTAL



• Static 0.5-km NPP point spread function weights
• project window of 2-deg. longitude by 1-deg. 

latitude at 2-km res. around footprint center 
• Compute along-track (𝝏) and cross-track 

(𝜷) angles 
• restrict to 95% energy FOV

• 2-km weights and time/position written for each 
footprint (see plot)

• PSF weighting applied to GEO radiances 
• GEO convolved to CERES footprint

• Compared with 30 km2 fixed aggregation
• PSF weighting improved results

Radfootprint = Sum[ Radpixel*weightpixel ] / sum (weightpixel)

Convolution of GEO Narrowband Radiances to CERES Footprint





NPP SRF adjustment notes

• Given NPP correction factors from GEOscan for SW and total 
channel and applied it to the gain
• More accurate than linear adjustment of filtered radiances by factor
• 1-to-1 for SW and total at night
• Day LW = total – SW (not a 1-to-1, a little higher, ~1.25)

• NPP and N20 not expected to have the same radiometric scale, 
originally intercalibrated then let it run and adjusted 
independently using Aqua

• Remaining will be to look at longwave daytime 



Region Selection Criteria

• Region has small SW and LW flux temporal variability
• Temporally invariant and spatially homogeneous surfaces
• Include regions with distinct TOA spectra

• clear-sky deserts, land, and oceans
• consistent land afternoon convection and maritime stratus
• Avoid regions along coastlines or mixed surface types

• Best if both SW and LW fluxes are temporally invariant
• allow the total, SW, and LW channel to be intercalibrated in tandem between CERES and 

Libera

• Low GEO VZA - Regions near sub-satellite point
• for VZA=60° the footprint size ~48km

• Find the repeat cycle day where the GEO and CERES footprint are 
within 2° VZA and 5° RAZ  over the selected site
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