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GeoCarb
Mission	Status	Update



Principal
Investigator Berrien	Moore,	University	of	Oklahoma

Technology
Development

Lockheed	Martin	Advanced Technology	
Center

Host Spacecraft	
&	Mission	Ops SES	Government	Solutions

Instrument Single	slit,	4-Channel IR	Scanning	Littrow	
Spectrometer		

Bands 0.76𝜇m,	1.61𝜇m,	2.06𝜇m and	2.32𝜇m
Measurements O2,	CO2,	CO,	CH4		&	Solar	Induced	Fluorescence

Mass 158 kg	(CBE)

Dimensions 1.3 m	x	1.14	m	x	1.3	m

Power 128W	(CBE)

Data	Rate 10-100	Mbps

Daily	Soundings ~10,000,000	soundings	per	day	

The	 Mission:	
Measuring	Carbon	Trace	Gases	and	Vegetation	Health	from	Space



Mission Phasing

Preliminary	Design
Nov	2017	– August	2018

Instrument	Build/Test
Sept	2018	– Jun	2020

System	Integration
Jun	2020	– Jun	2022

Launch	and	Orbit	Raising
Jun	2022	– Mar	2023

Operations
Mar	2023	– Mar	2026*

Gratings
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2.32	μm
FPA

Littrow

Littrow
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Cold	Bench	
Aperture	Window

North/South	&	
East/West
Scan	Mirrors

TMA	1

TMA	3

Light	enters	from	the	
direction	of	 the	viewer

Spacecraft	Build	and	Test
Oct	2018	– Jun	2020
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The test lab has experienced personnel 
available to provide instrumentation installa-
tion services prior to or after the UUT arrives 
at the lab. The labs and facilities have support-
ed many NASA missions including IRIS, AIA, 
HMI, SUVI, GLM, NIRCAM, and many oth-
ers. 
Assembly Integration and Test 

Electronics boards are assembled and 
cleaned, and components mounted, and in-
spected at the LMATC (Fig. J.10-33). 

LMATC has over 50 years of successfully 
performing assembly, integration, and test 
(AI&T) of spaceflight instrumentation includ-
ing the recently launched AIA, HMI, and IRIS, 
along spaceflight qualification of NIRCam, 
SUVI, and GLM missions (Fig. J.10-34). The 
AI&T strategy focuses on early verification of 
critical performance capabilities, early verifi-
cation of interfaces, use of prototypes to verify 
critical assemblies and interfaces, and the use 
of test beds for hardware and software development and testing (Fig. J.10-35). 

AI&T is performed by LM personnel with all employees trained to the appropriate level for 
the task in hand. Electronics and critical assembly activities are performed by NASA/LM-
certified personnel. For verification tests, staff includes LM Certified Test Conductors (CTC), 
Certified Principle Engineer (CPE), Mission Assurance (MA), contamination control engineering 
and other engineering skills as needed with the oversight of the Project Systems Engineer (PSE) 
and the Instrument Scientist, and managed by the Program Manager. The CPE is responsible for 
all technical aspects of the subsystems for which they are assigned. The Performance Assurance 
Implementation Plan (PAIP) defines the required involvement by our independent MA personnel 
and by NASA or other customer agents. Mission Assurance verifies that all personnel certifica-
tions and training is up to date prior to the 
start of any critical operation or test. 
 
Contamination Control 

LM has well established processes for 
control of particulate and molecular con-
tamination throughout the fabrication, as-
sembly, test and verification of flight in-
struments. Contamination control strategies 
begin with the instrument design. Cleanli-
ness is driven into the design through mate-
rials selection, vacuum bake-out, provision 
of outgassing paths, venting control, miti-
gating plume contamination, and with the 
inclusion of focal plane decontamination 
heaters. As used on prior missions, such as 

Fig. J.10-32 Thermal Vacuum Testing. 
LMATC Rocket Chamber Attributes SUVI 

prepped for testing. 

Fig. J.10-33 LMATC Board Assembly. LMATC 
technicians mount components to, assemble, 

clean and inspect circuit boards. 
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AIA and IRIS, the decontamination heaters 
are used during the coast and initial cool-
down phases to ensure that molecular water 
does not condense on the focal planes. On-
orbit cleanliness is normally verified through 
contamination analysis using various model-
ing tools. During AI&T, cleanliness is 
achieved through environmental controls (on 
facilities, personnel and operations), protec-
tion (covering or bagging), purging, cleaning, 
cleanliness inspection, monitoring, and veri-
fication through spacecraft and components 
fabrication, assembly, integration, and test. 
These protocols are also employed during 
integration of the flight instrument into the 
spacecraft. Contamination during launch 
preparation and orbit insertion are primarily 
governed by the launch system, thus a budget is developed to determine allowable contamina-
tion. On-orbit analysis results, along with contamination allocations for the preceding mission 
phases, are used to verify that the design of the spacecraft is compatible with limiting contamina-
tion to the required levels and to identify modifications if necessary. The contamination control 
process has been successfully employed on many NASA missions including the highly sensitive 
AIA and IRIS missions. 

Process control of contamination is supported by monitoring with quartz crystal microbal-
ances (QCM). Both thermoelectric cooled and cryogenic QCMs are used; with analysis support-
ed by a Vacuum Outgassing/Deposition Kinetics Apparatus (VODKA, shown in Fig. J.10-36). 
An Extrel Mass Spectrometer is used for qualitative identification of contaminants (2 to 600 

Fig. J.10-34 NIRCam Integration and Test. 
Collage showing the building and testing of the 
NIRCam instrument for JWST. 

Fig. J.10-35 LMATC focal plane testing. LMATC optical engineers test focal planes under vac-
uum with an integrating sphere. 

Passed	into	Phase	B	in	November	2017!
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Pre-flight Calibration
• Many	of	the	pre-flight	calibration	and	characterization	activities	for	
GeoCarb	will	be	similar	to	what	was	performed	for	OCO-2

• E.g.,	ILS,	gain	and	offset,	integrated	radiometric	efficiency	similar	to	OCO-2

• The	LMATC	thermal	vacuum	chamber	is	located	next	to	a	heliostat
• Has	been	used	to	test	IRIS,	HMI,	SUVI

N15097_084

• 5 foot ID X 18 foot length chamber
• Gaseous helium (Ghe) shroud
• Liquid Nitrogen (I, N2) Continuous flooded shroud at 

80K
• Closed loop GHe refrigerator of 250 Watts at 20K
• 18 foot 30 inch wide rail system
• 12 inch port can be window, 5 inch window, five 7 inch 

windows, 16 inch window
• Controlled heating hot box and panels to +100 C
• Class 1000 clean room surrounding the Rocket 

Chamber Integrating	sphere	with	Geostationary	
Lightning	Mapper	at	LMSAL



On Orbit Calibration

6PM	viewing	with	Secondary	Diffuser6AM	viewing	with	Primary	Diffuser

GeoCarb	will	maintain	a	
primary	radiometric	
calibration	via	solar	
measurements	through	a	
diffuser.		We	will	also	
view	the	moon	~8	times	
per	year,	and	use	lamps	
for	flat	fields.

Door	Assembly	and	
primary	diffuser

Entrance	Baffle

Star	Trackers

Spectrograph

Z (nadir)

X

Y

E
W
N

S

Geometric	calibration	will	use	star	observations	
from	the	slit	to	calibrate	the	scan	mirror	
positions	relative	to	the	star	tracker	
observations	on	the	instrument.

Polarization	will	be	monitored	using	sun	glint	
measurements	taken	at	various	solar	zenith	
angles.





Automating Scanning Strategies
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TCCON

TCCON

Dallas
Barnett	Shale

2	power	plants

cropland forest

Varying	size	cities:
Oklahoma	City,	OK
Wichita,	Kansas
Dallas	,	Texas
Corpus	Christi,	Texas

Amazon

Sao	Paolo

Caracas

Yucatan
Veracruz

Varying	size	cities:
Lake	Parchartrain,	LA
Jackson,	MI
Memphis,	TN
St.	Louis,	MO
Davenport,	IA
Dubuque,	IA

Stripes	are	(left	to	right):
1.4,	1,	1,	1.2	degrees	wide

Total	time	for	observing	above:		10.33	minutes
3	extra	times	per	day:	33	minutes

Intensive Scans Multiple Times per Day



Multi-Sounding Accuracy
• CO2 : 0.3% (1.2 ppm)
• CH4 : 0.6% (10 ppb)
• CO   : 10% or 12 ppb, 

whichever is greater

Single-Sounding Precision
• SIF   : 0.75 W m-2 μm-1 sr-1

Solar	Induced	
Fluorescence	(SIF),	
O2,	Clouds,	Aerosol

CO2

CO2,	H2O,	Clouds,	
Aerosol

CH4,	CO,	H2O

GeoCarb Bands	&	PLRA	L1	Requirements



• From	Polonsky et	al.	2014	and	O’Brien	
et	al,	2016,	synthetic	retrievals	showed	
good	performance	for	all	gases	in	clear	
and	polluted	atmospheres

• Accuracy	requirements	met	or	nearly	
met	for	CO2,	CH4	and	CO

• In	addition,	ability	to	capture	power-
plant	plumes	in	the	presence	of	
imperfect	aerosols

Level	1	Requirements

Retrieval	of	XCO2,	XCH4,	and	XCO

Atmos. Meas. Tech., 9, 4633–4654, 2016
www.atmos-meas-tech.net/9/4633/2016/
doi:10.5194/amt-9-4633-2016
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Abstract. This paper describes a numerical experiment to
test the ability of the proposed geoCARB satellite to esti-
mate emissions of trace gases (CO2, CH4 and CO) in the
polluted urban environment of Shanghai. The meteorology
over Shanghai is simulated with the Weather Research and
Forecasting (WRF) model for a 9-day period in August 2010.
The meteorology includes water and ice clouds. The chem-
istry version of WRF (WRF-Chem V3.6.1) is used to predict
the chemical composition, mass density and number density
of aerosol species. Spectra in the bands measured by geo-
CARB are calculated, including the effects of polarisation
and multiple scattering of radiation by clouds, aerosols and
molecules. Instrument noise is added, and column-averaged
trace-gas mole fractions are estimated from the noisy spec-
tra using an algorithm based on that for the Greenhouse
Gases Observing Satellite (GOSAT) and the Orbiting Car-
bon Observatory-2 (OCO-2) but adapted to geoCARB. As
expected, the high aerosol loadings are challenging. How-
ever, when the retrieval algorithm is provided with regionally
adjusted aerosol optical properties, as might be determined
from observations of dark targets within the field of regard,
the accuracies of retrieved concentrations are comparable to
those reported earlier for geoCARB. Statistics of the errors
in the retrieved column-averaged concentrations are used to
predict the reduction in uncertainty of surface emissions pos-
sible with remotely sensed data.

1 Introduction

Emissions of CO2, CH4 and CO from cities and power plants
potentially may be monitored from space, using column-
averaged concentrations of the gases inferred from high-
resolution spectra of reflected sunlight in absorption bands of
CO2, CH4, CO and O2. Bovensmann et al. (2010b) examined
CarbonSat (Bovensmann et al., 2010a), an instrument pro-
posed to the European Space Agency, that would make spa-
tially dense observations over power plants and cities from
sun-synchronous orbit, and they found that the observations
could provide valuable emission estimates, especially under
conditions of low wind speed. Polonsky et al. (2014) exam-
ined geoCARB (Sawyer et al., 2013; Mobilia et al., 2013;
Kumer et al., 2013b; Rayner et al., 2014), which would pro-
vide wall-to-wall coverage of continents with high spatial
and temporal resolution, again with encouraging results. Ger-
ilowski et al. (2011) flew an airborne CH4 and CO2 map-
per over a German power plant and successfully estimated
emissions from the plant. Kort et al. (2012) estimated emis-
sions from megacities using data from Japan’s Greenhouse
Gases Observing Satellite (GOSAT), even though GOSAT
only provides sparse spatial and temporal coverage.

The ability to measure emissions relies on many factors:

1. the concentration measurements must be precise be-
cause local sources generally will make only small per-
turbations to the column-averaged concentrations;

2. the observations must be spatially dense and highly re-
solved to capture plumes from local sources;

Published by Copernicus Publications on behalf of the European Geosciences Union.
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GeoCarb is an International Partnership!

We’d	love	to	collaborate!		berrien@ou.edu (or	scrowell@ou.edu)



Scene Inhomogeneity Induced Error
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Impact on Level-2: Methane 
Hu et al.: The operational methane retrieval algorithm for TROPOMI, 
Atmos. Meas. Tech., 9, 5423-5440, 2016 
 
 

•  Simulation of XCH4 retrievals over highly non-uniform scenes (Siberian swamps) 
•  Pseudo-random bias of +/- 0.4% (~ +/- 10 ppb XCH4) 
•  Averages out over larger areas (~ 100 x 100 km) 
•  Would be super-imposed over maps of point sources 
•  Impact on XCO2 to be studied… 

Sentinel	5	found	significant	
retrieval	bias	resulting	
brightness	variations	
smaller	than	the	slit	width.		

gdimola | 15/06/2016 | Slide  7 ESA UNCLASSIFIED - For Official Use 

…but not for other bands/missions 

•  The “OMI fix” was possible, because in the VIS band, the ISRF distortion affects all 
spectral channels almost equally 

•  ISRF barycenter shift results in general shift of spectral scale 
•  However, the effect depends on radiometric contrast 
•  If contrast changes spectrally (strong absorption features), so does ISRF distortion  

NIR band: Strong  
spectral contrast 

(and	Bernd	Sierk)



Summary

• GeoCarb is the first Earth Science hosted payload making carbon 
gas measurements from GEO

• GeoCarb is in Preliminary Design, preparing for PDR in August 
and Confirmation in October.

• GeoCarb instrument design, calibration planning, algorithms, and 
validation strongly leverage OCO-2 experience, with appropriate 
modifications

• Scanning strategies to balance minimizing sampling bias for 
regional flux estimation and targeting point sources

• Resolving known sources of bias (e.g. non-uniform slit 
illumination) 

• We are working closely with the OCO-2 applications lead to 
develop stakeholder input for SIF data usage

• We’d love to collaborate: urban scale modeling, multi-tracer 
studies, validation opportunities, ...



Backup



Mitigating Inhomogeneity Induced Errors

Non-uniformity scatter and bias versus coefficient of variation —
down-linked samples
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With a continuous scan and
downloading multiple frames
(rather than the co-added data), we
might be able to estimate the
distorted ILS function using a
weighting of sub-slit ILS functions
measured during thermal vacuum
testing.

No	ILS	Correction

With	ILS	Correction

Courtesy:	Denis	O
’Brien
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Figure 12: ISRF with and w/o SH at � = 2312nm for heterogeneous calibration scene.

Figure 13: ISRF with and w/o SH at � = 500nm for heterogeneous calibration scene.

Again the smaller the wavelength the better the ability to homogenize. It should be noted that a real input scene
observed by the satellite is by far not as heterogeneous as the CAL scene. A high contrast on Earth ground
is soft-focused by atmosphere and is smeared by time since the satellite’s swath moves across the Earth with a
speed of 6 � 7 km/s . Quantitatively speaking the few current known real scenes from Earth7 behave roughly
97% as a homogeneous scene and only 3% as the CAL scene above.

For the last result we come back to formula (1). Because of the simple derivation it is not obvious that this
formula shall hold when diffraction is considered. Fixing l and b as above the formula states that the design is
optimal if F# = l/(2bn), n = 1, 2, . . ., i.e. F# = 19.98, 9.99, 6.66, . . .. A simulation of ISRF shape error under

7Provided by ESA and not described in detail here.
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Modelling: mirror sources and interferences 

Modelling%principle%
•  One%elementary%sUmulus%is%considered%at%SH%input%:%MonochromaUc%+%Source%point%%
•  Due%to%mulUple%reflecUons,%several%opUcal%paths%are%reaching%the%same%output%point.%In%the%output%

plane%an%interference%paZern%is%created.%
•  Slit%homogeniser%models%are%using%the%concept%of%mirror%sources%(=%mirror%images%of%the%input%point).%

Transfer%funcUon%
•  For%a%given%slit%homogenizer%design,%the%intensity%at%output%(e.g.%with%sampling%N=1000%points)%is%

calculated%for%each%posiUon%at%input%(with%sampling%N=1000%points).%
•  The%resulUng%N*N%matrix%is%called%a%transfer%funcUon.%

%

n=0 reflections 
n=1 

n=2 

Mirror%sources%
Telescope%pupil%

input output 

Pursuing	Both	Avenues	Will	Yield	the	Lowest	Bias
Courtesy:	Bernd	Sierk

1D	Slit	
Homogenizer


