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Instrument Overview CERES Flight Calibration Systems

& Broadband scanning Radiometers designed for long-term monitoring of Earth’s Radiation Energy Budget. | Internal Calibration Module (ICM) Mirror Attenuator Mosaic (MAM)

Two components of Earth Radiation Budget - Reflected Solar and Emitted Longwave Radiation — are e
measured by CERES sensors.

Solar Diffuser Plate

Total & Window: Anodized Aluminum Blackbody

Nickel substrate with Aluminum coated spherical

Shortwave : Shortwave Internal Calibration Source cavities or divots

(SWICS) Evacuated Tungsten Lamp

& Six CERES Instruments built by Northrop Grumman Aerospace Systems (NGAS) at Redondo Beach, CA.

Provides relative calibration for the SW sensor and SW

& Three sensor assemblies with cassegrain optics and thermistor bolometer detectors
portion of the Total sensor

Total: 0.3 - >100 micron, Shortwave: 0.3 — 5.0 micron, Window: 8.0 — 12.0 micron

SWICS Monitor: Silicon Photodiode

Total Longwave Shortwave
Blackbody Blackbody Source

@ Pre-launch Calibration Accuracy Requirements
+/- 0.5% Longwave, +/-1.0% Shortwave

Sensor Response Results

. o NPP Flight model 5 solar calibration
In-Flight Internal Calibration SW SWICS Results In-Flight Internal Calibration Silicon Photodiode Output Results 9

CERES Instruments Flight Schedule
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Orbit Ascent: 1:30 PM equatorial crossing ) P P P PR P P PR P P P P P P P P PR P PR PR PR PR PR PR PP H avetength (e Q@ The performance of CERES sensors are within the expected range of +/- 0.5%
Altitude: 825 KM Over 75 years of CERES instrument flight experience | Spectral Response Function of CERES Sensors | Q) The Silicon photodiode (SiPD) monitor for the shortwave tungsten lamp source has shown a drop on-orbit which is due to radiation and is observed in all CERES instruments.

Tropical Mean (TM) Study CERES 3-Channel Comparison S-NPP, Terra & Aqua Compare

TARGET: Tropical Ocean (20°N - 20°S) TARGET: Deep Convective Clouds TARGET: Flux Differences between instruments
Q@ Monthly Average of All-sky Tropical Ocean Longwave Radiance measurements. @ Nadir measurement comparison of the three CERES sensors viewing the Deep Convective Clouds (DCC). @ SW and LW-Day Flux anomalies from the 3 instruments show similar trends.
Tropical Mean Day and Night Trends highlight the total sensor performance. - . . . . . . . . . .
Q P y & gnlis P Q In addition to measured LW radiance, LW radiance is also derived from trained Window sensor. Q Flux differences between the instruments on different spacecraft were trended to evaluate the varia-
_ tions over time. SW Flux difference is stable through the period. LW-Day Flux difference between in-
G ok N e FMS Edition1-CV DCC struments show slight rising trend for ocean scenes in FM5 instrument.
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The slope of the difference in derived and measured daytime LW radiances and the SW radiance is monitored over time.
2. LONGWAVE/WINDOW SENSOR
DN, = TM(day, LW) - TM(night, LW)
3. (DN_, - DN ) highlights any trends occurring in the Shortwave region of the Total sensor FM5 3 Channel Comparison - Deep Convective Cloud Target LW Day Comparlson
Nadir Tropical Mean FS Edition1 e Anomaly of Terra/Aque/SNPP LW Flux (Day/ ED4 /Giobal / All Sky) LW (Day) Flux Difference (SNPP - Terra, Aqua) (Global / All Sky )
—&@— Editionl & Editionl-CV ~ 4 ocean Aqua ' 2| OCEAN SNPP-Aqua |
2 (’E - [ SNPP-Terra |
g E K
-8 TOT-SW -® LW_regr -®Difference -o-Editionl-CV ° ; 0.03 > E 0 |
o ! - : ,WMWW“*’”*
@ ' E F S '2_slopemercbcads)= 1.80001 slope (perdecade) = 216630  slope (perdecade) = 3.02546 | T '1__ 7
- Pal ~ O qS%conf= 06336  9%conf= 0694 %co= 062283 | 2L ]
& nt ® ° ® R o At % *e iz 9©.02 — 2012 2013 2014 2015 2016 2017 2018 2012 2013 2014 2015 2016 2017 2018
g ® e N o® | T oo ® N oo 7 - o © =~ 9 ' < LA ]
£ © o PO, L it leime LY PIOLR iy | B o » "% = Q o P 3 < 7
= TSR NI SN LR SRR AN L I SRR Y ISR = oo TN AR 7 R N W/ AWATY/ P e iy
: o e NPl e L e @8 LTS ee ee %eetet T = ol o ; & T TMAGA SN AN SN
= & o L% ® o iif] \ ® o o ; . - h i ]
3. ® oo 6 0o ¢ ° ¥ oy oe iy % ® 25 — g | 20 ]
s o @ ® il eee o o *_ed doo® T e _o® o v % o 0.00 * ! 2012 2013 2014 2015 2016 2017 2018
g Qe oo Ceo sy Teeoa® o e® o = ] : ~ 4 27 AL scenes ]
® .-'@"a'- FHg s o e Er o® c0®ege® o® ® £ T 1
@ & ® ® ® °® P e % o e =
..-E’iOi.i‘! '2'-:" .'t"..... o%%e @ Ceee®,® seote® o - 0.01 § i § oaww \M e :‘hé: WA w A
L T2 -0. / B
¢ Oct-11 Oct-12 Oct-13 Oct-14 Oct-15 Oct-16 Oct-17 S "2 dope (per decade) = 1.37983 slope (per decads) = 202052 slope (per decade) = 267938 it Bl
1 q%%conf= 063 %conf= 05851 S%conf= 063115 | 2L o e ]
Oct-11 Oct-12 Oct-13 Oct-14 Oct-15 Oct-16 Oct-17 2012 2013 2014 ?gfﬁ 2016 2017 2018 212 2013 2014 %ER 2016 2017 2018

Summary References

[1] Wielicki, B. A., B. R. Barkstrom, E. F. Harrison, R. B. Lee lll, G. L. Smith and J. E. Cooper: Clouds and the Earth’s Radiant Energy System (CERES): An Earth Observing System Experiment,
Bull. Amer. Met. Soc., 77, 853-868, 1996.

S-N PP/ CERES FMS sensor performances based on in-ﬂight calibraﬁon results with on-board targets (ICM and solar) show Sensor stability is within the pre-launch accuracy goals. [2] R. B. Lee I, B. R. Barkstrom, H. C. Bitting, D. H. Crommelynck, J. Paden, D. K. Pandey, K. J. Priestley, G. L. Smith, S. Thomas, K. L. Thornhill, R. S. Wilson, “Prelaunch calibrations of the

Clouds and the Earth’s Radiant Energy System (CERES) Tropical Rainfall Measuring Mission and Earth Observing System Morning (EOS-AM1) spacecraft thermistor bolometer sensors”,
IEEE Transactions on Geoscience and Remote Sensing, Vol 36, No. 4, 1173 - 1185, July 1998.

Validation results With Tropical Ocea n and Deep Convective CIouds have Shown that SW po rtion of Total sensor is relaﬁvely Sta ble over timE. [3] Thomas, S., Lee llI, R. B., Priestley, K. J., Barkstrom, B. R., Al-Hajjah, A., Wilson, R. S., Paden, J., and Pandey, D. K., “Early Trends on the Clouds and the Earth’s Radiant Energy System

(CERES) instruments’ performances using in- flight calibration sources, for Earth Science Enterprise (ESE) TERRA mission”, Proc. SPIE, v. 4030, 21-30, (2000)
[4] Wilson, R. S., Lee lll, R. B., Barkstrom, B. R., Bitting, H. C. Paden, J., Pandey, D. K., Priestley, K. J., Smith, G. L., Thomas, S., and Thornhill, K. L., “On-Orbit solar calibrations using the

Shortwave (SW) and Lo ngwave (LW) measu rements from the 3 CERES spacecraft show similar trends over mission pe riod. TRMM Clouds and the Earth’s Radiant Energy System (CERES) in-flight calibration system”, Proc. SPIE, v. 3439, 325 - 334, July, 1998.

[5] Thomas, S., Priestley, K. J., and Spence, P. L., “Performance results of CERES instrument sensors aboard EOS Terra and Aqua spacecraft using tropical ocean measurements”, Proc.
SPIE, v. 5542, 65-73, (2004)

CERES FMS Ediﬁonl data prOdUCtS are rEIeaSEd through NASA Langley DiStributEd ACtive ArChive Center (DAAC). The data periOd cover frOm MarCh 2012 - April 2018. [6] K. J. Priestley, B. R. Barkstrom, R. B. Lee IlI, R. N. Green, S. Thomas, R. S. Wilson, P. L. Spence, J. Paden, D. K. Pandey, A. Al-Hajjah, “Postlaunch Radiometric Validation of the Clouds

and the Earth’s Radiant Energy System (CERES) Proto-flight model on the Tropical Rainfall Measuring Mission (TRMM) spacecraft through 1999”, Jour. of Applied Meteorology, Vol. 39,
No. 12, Part 1, Dec. 2000

© 0 0 ¢



