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EEI (W. m™2)

Earth Energy Imbalance
Average: 420 Trillion Watts
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Space geodetic trend: 0.03 [0.00; 0.06] W.m™“. yr— Earth Energy Storage
—— CERES Trend: 0.04 W.m=2. yr~!

2]
1.

01
_1.

- 1996 2000 2004 2008 2012 2016 2020

Period: 01/1993 - 05/2022 © ESA, CNES, CNRS-LEGOS, Magellium, 2023

Confidence level at [5%; 95%]
Updated from Figure 3 of Marti et al, ESSD (2022)
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EmissiofVaries Spatially : S“éctral\y

Earth’s emission varies Reflected Shortwave Radiation
spatially, temporally, and o
spectrally. PREFIRE seeks
to map near-complete
spectra and their temporal \
evolution, anchored by ) Solee Envorming Biniton
CERES (and Libera) - 3 : 712005812013
broadband OLR.

Outgoing Longwave Radiation
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Conventional
IR Sensors

Surface

PREFIRE

Surface emissivity
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14°C Earth surface

Clouds
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Different surfaces, atmospheric gases, and clouds all exhibit unique
spectral signatures across the full spectrum

Far-infrared wavelengths longer than 15 um constitute more than half of
global emission but were not spectrally resolved prior to PREFIRE
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PREFIRE utilizes measured spectra to isolate the factors influence Earth’s emission and their space-time variations.




PREFIRE fills the far-infrared observing gap by documenting variability
in spectral fluxes from 5-53 um on hourly to seasonal timescales.

Total Lifecycle Cost through Prime Mission: $40M

Prime Mission: July 2024—April 2025
Extended Mission: May 2025—present

Nominal Operations

Continuous global data collection

Downlink (S-band) up to 4x daily to KSAT Lite
Stations at Punta Arenas and Puertollano

L’Ecuyer et al., BAMS (2021)
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Thermal InfraRed Spectrometer (TIRS)
5 to 53 um spectral range
0.86 um sampling
8x64 spatial x spectral channels
Size:<32U Mass: 2.7kg Power: 4.3 W Overlapping
P it ? Measurements
TIRS Spectrum :‘Sat§ ﬂy .a‘n dls oth{ 530/ kr Co-located ground scenes
(fe near—polar\@S ir IEVI . separated by 1-12 hours
S each carry lia Prime Mission
e Altitude® 530 km
$ . Inclination 98°
\ Duration 10 months
PREFIRE Science \\ S * At launch. CubeSat altitude
PREFIRE connects observations, analyses, and models to improve polar predlctlon decreases over time.
including Arctic temperatures,sea ice cover, and ice sheet processes
Two 6U CubeSatsin
orbits at 3:45 and 8:00
reveal the fingerprints
OBSERVE ANALYZE PREDICT of polar processes
\ u SNSE ¢ o



Padmanabhan et al., IGARS 2022
Drouin et al., IEEE Proc. 2026

* PREFIRE stimulated technological innovations in low-
power, miniaturized optical components and detectors

* PREFIRE is pioneering scientific measurements from
low-cost, commercial off the shelf (CoTS) platforms

* PREFIRE has supported industry initiatives to improve
CubeSat technology and demonstrate new commercial
launch capabilities

* PREFIRE uses interpretable machine-learning methods
to keep computational costs low and data yields high

Two 6U CubeSats
(1U = 10x10x10cm) 7
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Conventional | Uniquely Measured by PREFIRE
IR Sensors | (50% of global emission)
g 4] |
ic | W PREFIRE’s Thermal
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PREFIRE OFbit Bvolution

d The PREFIRE CubeSats are sIowa drifting to lower altitudes due to drag

d Drag is now considerably less than after launch due to reduced solar activity
Q SAT-1 is experiencing more drag than SAT-2 due to its 3:45 am/pm orbit

d Both satellites are projected to remain viable through at least 2030
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Emission Spectra Spanning ~100°C in One Orbit

2——y=a . '
= | *¥1°C 1| o Southwestern US Heatwave
)l ! o 1| * Antarctic Ice Sheet
'.—; : (o) O“ :
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PREFIRE has collected > 1.4 billion spectra ...

wavelength (pm)

and counting

Cold Winter Temperatures
in Antarctica
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Product Contact Details Examples
LO (telemetry+ instrument) B. Drouin Time-stamped instrument and spacecraft data
L1B Radiances/ Fluxes B. Drouin Instrument model R = O
L2B Flux X. Huang 3% accuracy (8 W/m? for total and 4 W/m? for
FIR)
L2B Surface Emissivity X. Huang 1% accuracy spectral emissivity
L2B Cloud Mask B. Kahn Detect 80-90% of clear-sky occurrences;
and C. confidence flags; MODIS and AIRS heritage
Bertossa
L2B Atmospheric Properties A. Merrelli T/q profiles; 10% accuracy for column water
vapor
L2B Cloud Properties N. Miller Cloud top pressure, cloud optical thickness,
effective cloud fraction
Cloud phase, ice particle size
L3 Gridded Climatology N. Vos Daily and monthly gridded products for each
CubeSat
12
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Annual.Gycles o Polar Em|SS|on (JuI ’24 Aug 126)

Wenyuan Du
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Avg 10.59um Mean Brightness Temperature 1 1 "’lm Avg 10.59um Mean Brightness Temperature
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Two.AnnualiCyclesiof Arctic Emission (Jul 24 — Aug*26)

Wenyuan Du

10.6 um 20.7 um 25.7 um 27.4 um

Avg 10.59um Mean Brightness Temperature Avg 20.71pm Mean Brightness Temperature Avg 25.7um Mean Brightness Temperature Avg 27.41pm Mean Brightness Temperature

North Pole - Jul 2024 North Pole - Jul 2024 North Pole - Jul 2024 North Pole - Jul 2024
180° 180° 180° 180°

UNIVERSITY of WISCONSIN-MADISON htt ps //p refire.ssec.wisc.edu

PREFIRE

Polar Radiant Energy in the Far Inf

riment (Q = ]

Overview Instrument Data  Quicklooks Gallery @ PREFIRETeam  Publications  News Archive
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Spectrally Resolvmg Earth’s OLR

Xianglei Huang and Xiuhong Chen

CERES EBAF4.2 OLR PREFIRE OLR
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CERESANCHOrS'PREFIRE

Broadband OLR
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Comparisons with Collocated CERES FM6 SSF

(a) SAT-2,clear-sky, Arctic (b) SAT-2,clear-sky, Antarctic

350 350 45
o 40
" 300! 300 | - . . .
2 L Temporal Monitoring Over the Arctic
@ 250 - ; 250 |
L 25
L -
E 200 - 200 | i o J 20 240 T T T T T T T T T T T T T T T T T
£ r 7 230 —e—PREFIRE SAT2
< 150 Mean=22Wm™ | 1507 F&F  mMean=2 9wm? 10 oS
= RMSE=7.2Wm™ : 2 c ——CrlS
] N : ¥ RMSE=6.1Wm 5 (qo] 220 - ——EBAF4.2
100 R?=0.97 1 100 | R?=0.98 v
- - 0
100 150 200 250 300 350 100 150 200 250 300 350 2 é 210 -
OLR from CERES FM6 (Wm™) OLR from CERES FM6 (Wm™) i~
O 200
- - H - - P
350 (d) SAT-2,cloudy-sky, Arctic 350 (e) SAT 2,cloqdy-sky, Antarctic i O o 190 -
'isoo 300 35 < 1801
u.l 30 170 1 | | | | 1 1 1 | | | 1 1 I | L | 1
= 250 =50 25 R G RO T A S g P S SR AN
: > PP PP PP PP PGP G 0P 0P 9P P o2 o
& 200 200 o E MGG NG MGG NG SIS N Sl S NG Nl S Nl N
S . 15 Time
< 150 Mean=34Wm™ | 1501 S Mean=1.7Wm? 10
g i # RmsE=6.8Wm?
100+ R?=0.95 {100} # R2=0.96 i
100 150 200 250 300 350 100 150 200 250 300 350
OLR from CERES FM6 (Wm™) OLR from CERES FM6 (Wm)

18



Measured Far—lnfrared Contr|but|on to OLR

Hamish Prince

2025 Annual Mean
(from PREFIRE 2B-FLX)

All data
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L'Ecuyer et al., in preparation 19
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SAT1+2 Arctic . L August 2024

Poy(clear) = 0.95
Poy(cloud) = 0.05

Bertossa et al., J. Tech. (2021)

PREFIRE’s cloud detection product (2B-MSK)

uses machine learning trained on collocated ﬂﬂdem‘vdw C°“ﬁde"t'vd°ud_—>
VIIRS visible and infrared cloud retrievals

Bertossa et al., J. Tech (2023) 21



Surface Emissivity at 22.8um (Dec. 2024 — Nov. 2025)

Fine-tuned model (cloud probability < 0.4)

a SON 2024 b DJF 2024/25 c MAM 2025 d JJA 2025
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PREFIRE-SAT2 19.4 um gridded mean radiance
July 2024

s Ty @ Moon ARE =0
SR y Realized Emission to Space
1 sorbs

PREFIRE-SAT2 19.4 um gridded mean emissivity
July 2024
i e 1.0
L g % & 4 . o \‘\"-- I' .
NS R 7 )
Sl ARE = Surface Emission — Top of Atmosphere Emission

19.4 pm Top of
Atmosphere
Emission

[3%]
[Wm™ sr™* um™*]

19.4 um

Surface :
Emissivity ARE = ;B (Tsf.) — R} 104
2B-SFC 2B-FLX
0.9

The PREFIRE products reveal how the atmosphere influences outgoing longwave radiation in all spectral bands

24



First Estimatesiofi ARE((July 2024

Hamish Prince
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ReanalysisiFeatlre Matching

Caden Schmear and Kyle Vlattingly

Uses MERRA-2 and ERAS reanalysis inputs to

identify and match synoptic-scale features to
PREFIRE orbits

o Anticyclones
" Zonal 500hPa geopotential height anomalies, Loikith et al. 2022

o  Atmospheric rivers

" Mattingly et al. 2018
. tARget, v4

o Cold Air Masses

" Developed from He et al. 2023 and Lillo et al. 2021

180° 120°W 60°W 0° 60°E 120°E 180°

Emm Anticyclones Bl Mattingly Atm. Rivers B tARget Atm. Rivers - Cold Air Masses (Daily) mmm No Match

Water Vapor

e Demonstrates spatial variation of
spectral signatures associated AC

with synoptic features
o Land/sea differences
o Consistent across spectral
bands
o Decrease in anomaly strength
towards the poles 0 :

Mean DJF Brightness Temperature Anomaly (K)

mAR

180°

Schmear et al., in preparation 27
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Subdaily PREFIRE
Orbit Resampling for
Polar Process Science,

Vos et al. 2026

Intersections between two satellites offer much better geographic coverage than a single satellite. 28
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Constrained SAT1-SAT?2 intersection pixels
At < 30 mins, Southern Hemisphere

ATsiin < 0.1 K; ATCWV < 0.01 kg m™?; Aelevation < 3 m SAT1-SAT2 RO2 beta intersection pixels
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Goali Quant|fy Process Slgnatures

Natasha Vos

Subdaily differences in brightness temperatures captured by polar Subdaily differences in brightness temperatures captured by polar
(> 60°N/S) PREFIRE-SAT?2 self-intersections, Aug 2024—-Dec 2024 (> 60°N/S) PREFIRE-SAT?2 self-intersections, Aug 2024—-Dec 2024
MIR channel FIR1 channel
2 ‘ [0,3) 3 ‘ [0,3)
égS %20
61 11 um 530 61 19 um : 1165
H 3, 6) H 3, 6)
3 & 3 i
/. 2;38 ':)_4‘ !"//. %3523;(17
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[0, 3) 3, 6) [6, 9) [9, 12) [0, 3) [3, 6) (6, 9) [9, 12)
time bin [hrs] time bin [hrs]
Subdaily differences in brightness temperatures captured by polar
(> 60°N/S) PREFIRE-SAT?2 self-intersections, Aug 2024—-Dec 2024
. . FIR2 channel .
Preliminary analyses of 9 i ., Both scenarios where AR
180
intersections where AR g L. presence changes suggest
27 um ..
reanalysis feature mask 3] | b ARs reduce emission
. . . ) ! 12347 . . .
indicates change in AR = > (especially in window
= 16,9 .
presence s | \ % channels) likely due to
—3 1 903 .
- increased cloud cover/depth
_6- 1 398
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Wenyuan Du

El NiRo.@nset insthe Pacific

30°N

15°N

15°S

30°S

30°N

15°N

15°S

30°S

Avg 10.59um Mean Brightness Temperature
Jul 2024

90°E 120°E 150°E 180° 150°W

220 240 260 280 300

Brightness temperature (K)

90°E 120°E

150°E 180°

150°W 120°wW 90°W

220.0 232.5 245.0 257.5 270.0

Brightness temperature (K)

15°N

0°

15°S

30°S

30°N

15°N

0°

15°S

30°S

Avg 20.71um Mean Brightness Temperature

Jul 2024
90°E 120°E 150°E 180° 150°W 120°wW 90°W
220.0 237.5 255.0 272.5 290.0
Brightness temperature (K)
90°E 120°E 150°E 180° 150°W 120°W 90°W

220

230

240 250 260

Brightness temperature (K) 32



El Nino'siSpectral Fingerprints Are Already Emerging

Carolyn Bean.and. Jim.JMichaels.. — e - ————

AUG 2025

NOAA High-resolution Blended Analysis

Monthly Monthly Mean Surface Sea Surface Temperature degC
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Jonah Shaw

Evaluating Models: G@OSP-RTTOV TIRS Simulator

Climate model
supplies
instantaneous
gridcell-average
cloud, temperature
and trace gas profiles

User supplies output
variables, channels,
and viewing
geometry for each
instrument simulated
using RTTOV.

Optionally mask data
using supplied
overpass times and
swath widths for
each simulated
instrument.

User optionally
supplies satellite
orbit (overpass local
time and swath
widths) for each
instrument.

RTTOV radiative
transfer calculations
simulate spectral
radiances, brightness
temperatures, and

reflectances. COSP outputs for

definition-aware
comparisons with
observations

COSP2 subgrid
sampling and
instrument
simulators

Grey: New functionality in COSP-RTTOV



Output: “PREFIRE-like™ spectra 1979 to present /=

PREMEE

e G .. T e

BO 100 -

Q

g BO 55.0 -

0 80 52.5 =

B 60+ 60 -

x L] L] L] L] L] L] L] L] Bo " L] L] L] L] w.o L L] L] L] L]

1984 1992 2000 2008 1984 1992 2000 2008 1984 1992 2000 2008 1984 1992 2000 2008
Year Year Year Year

e Y — 000 [ —
30 40 50 60 70 BO - ) 100 110 120

PREFIRE Radiance (mWm~2cm~1sr-1) 197901

PREFIRE interfaces with models through a COSP-compatible RTTOV simulator 35



EvaluatingiaWina- Nudged CESI\/IZ Simulation

Jonah Shaw

BT Anomaly (K)

Seasonal Cycle
Amplitude (K)

5.9 um

(a)

-50 0 50
Latitude

(d)

~50 0 50
Latitude

11.8 pm

(e)

24.5 pm

10 A (c)

L) ¥

~50 0 50
Latitude

(f)

-50 0 50
Latitude
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PREFIRE Overpass of METEOSAT-10 observations

BT [K]

radiance [mW m-2 sr-1 (cm-1)-1]

GEOS-16 ABI band 13 mean

30°w 29°w 28°W 27°wW 26°W 25°W

31w

25°W

27°wW 26°W

28°W

174 182 190 198 206 214 222 230 238 246 261 281 301

GOES, MeteoSat, HIMAWARI

38

JPSS CrIS / Metop-C IASI / Aqua AIRS



Implemented D rodﬂgc_t“ g

e P s

LEO

a JPSS VIIRS, CrlS,
ATMS, CERES

d Aqua AIRS, CERES

Q EarthCARE ATLID,
CPR, BBR

d GPM IMERG

GEO

d GOES-16/18/19 ABI
d Himawari-9 AHI
ad MSG SEVERI

Future Wish List

a MTG IRS

Q Aqua/Terra MODIS
Q EarthCARE MSI

3 Libera

Q INCUS

Q PolSIR

O CLARREO-Pathfinder

39



Active Sensors

Potential Synergy With
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May 25, 2024 7:41 pm NZST



Nov. 222024

Brian Kahn
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Ross|Ice Shelf :
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Prior-Results from CloudSat and CALIPSO
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