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A national observatory is needed to measure carbon changes around the globe as 
they happen. Humanity relies on carbon uptake by natural ecosystems to o!set human-
generated emissions. As ecosystems warm and disturbance events increase, the processes 
responsible for maintaining this carbon balance will change. 

CarbonFOX will measure terrestrial carbon sources and sinks with high sensitivity, 
resolution, and coverage, enabling us to understand and predict ecosystem 
carbon processes and their response to human activities and climate change.

CarbonFOX’s Science Objectives meet decadal priorities including “Most 
Important” E-2a & E-3 and “Very Important” C-3 (a,b,c,e) to understand 
changing carbon !uxes, and “Important” E-5 to answer the question, 
“Are carbon sinks stable, are they changing, and why?”

Understanding carbon dynamics at scales from neighborhoods to continents

Measure changes in carbon 
dynamics over natural 
terrestrial ecosystems (boreal 
and tropical forests, grasslands 
and vegetated wetlands).

Determine how disturbances 
(e.g., hurricanes, "res, and !oods) 
impact carbon dynamics of 
terrestrial ecosystems, including 
those managed for agriculture 
and undergoing large-scale land-
use change.

CarbonFOX’s Application Program 
will engage Communities of Practice 
and Potential, to inform climate 
policy and management decisions 
worldwide on local, state, and 
national levels, and enable quick 
integration of CarbonFOX data into 
decision-making processes and 
operational tools.

Early Adopters:
EPA, NIST
NYSERDA

NIWA
Permafrost Pathways

Quantify natural and anthropogenic 
drivers of carbon dynamics of 
coastal and inland urban area 
at inter-annual, seasonal, and sub-
seasonal temporal scales.

SCIENCE TEAM

Validation Program & Flux Team: Lead: Amin Nehrir; Glenn Wolfe, K. Lee Thornhill, Maryann Sargent, Rory Barton-Grimley, Joshua DiGangi
*Indicates International Collaborator

Senior Advisors: David Crisp, Steven C. Wofsy

Natural Ecosystems:
Lead: Ben Poulter
Jennifer D. Watts

Susan Natali

Disturbed Ecosystems:
Lead: Sparkle Malone

Benjamin Runkle
Beata Bukosa*

Urban Ecosystems:
Lead: Róisín Commane

Debra Wunch*
Jia Chen*

Applications Program:
Lead: Maria Tzortziou 

Joshua Benmergui
Jonathan Franklin

Sara Mikalo!-Fletcher*

Science Data Team:
Lead: Sean Crowell

Can Li
Lok Lamsal
Peter Somkuti 
Yasuko Yoshida

Christopher O’Dell
Luis Guanter*
Sourish Basu
Lesley Ott

*Precision of column CO2 and CH4 at 2km x 2km

High Precision Data for
Global Terrestrial Ecosystems

Wide Swath for 
Single-Pass Regional Coverage

Superior Resolution for
Heterogeneous Areas

0.25-0.5% Precision*

Amazonia

250-km Swath 0.13km x 0.38km

High Precision CO2, CH4 and SIF
- Beyond plume mapping to quantify 

di!use sources and sinks of carbon 
for global terrestrial ecosystems

Wide Swath
- Single pass regional coverage 

to image whole cities and 
area !uxes

Fine Spatial Resolution
- CO2 and CH4 within neighborhoods
- Detailed Solar-induced Fluorescence 

(SIF) to track urban CO2 uptake
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BOREAL FOREST TROPICAL AGRICULTURAL URBAN COASTAL 
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SCHEDULE

ROBUST MISSION DESIGN & FLEXIBLE ARCHITECTURE
LABELED STOWED VIEW

MANAGEMENT & ORGANIZATION

Science Team

Validation Program
Amin Nehrir

PMO Resources
FM, Schedule, CM, EVM,

Risks, IT Security

Project Systems Engineer

Project Manager
PM, DPM, DPMR

Instrument Scientist
Jonathan Franklin

Project Scientist
Ben Poulter

Deputy Project Scientist
Lesley Ott

Chief SMA O!cer (CSO)

Principal Investigator
Róisín Commane

Deputy PI
(Science)

Sparkle Malone

Deputy PI
(Mission)

Sean Crowell

Project Advisory Board
Deputy Center Director, NASA’s GSFC

S. Hamburg, MethaneSAT LLC
A. Conti, Ball Aerospace

J. Burch, SwRI
J. Powell, Columbia

Ground Segment Manager

Mission Operations Science Operations 

Spacecraft System I&T Launch Services

Columbia U

Yale

Harvard

NASA’s GSFC

Ball Aero

LaRC

SwRI

Legend

NASA HQ
Earth Science

Explorer

VariousInstrument
Manager

Brian Pramann
Engineer

Thomas Kampe

CarbonFOX is a pushbroom imaging 
spectrometer with high spatial 
resolution (to understand sources) 
and high sensitivity (to quantify 
sinks) to illuminate the carbon 
processes. CarbonFOX studies the 
full globe with the range to see entire 
cities and the precision to resolve 
neighborhoods. The CarbonFOX instrument 
is based on MethaneSat heritage and is 
built by the same Ball Aerospace team 
using processes successfully used to deliver 
OMPS, OLI, TEMPO, and CALIPSO.

CarbonFOX is led by a diverse group of Atmospheric Carbon 
Scientists with deep technical, operational and scienti!c 
experience. The CarbonFOX instrument is implemented 
by the same engineering team that e"ectively delivered 
MethaneSAT & TEMPO and a spacecraft team that 
successfully delivered PUNCH and CYGNSS. 

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Phase A Phase B Phase C Phase D Phase E
KDP A KDP B KDP C KDP-E KDP-FLaunch

M-SRR M-PDR M-CDR
I-SRR
S-SRR

M-SIR M-PER
I-PDR I-SIR
S-PDR

KDP D
Phase F

I-PSR
M-PSR

I-CDR
S-CDR

Instrument Milestones
Mission Milestones

Spacecraft Milestones

GPS Ant, S-Band Ant.,
Sun Sensor

Ka-band MGA
Antenna

Tower
Inst

Electronics
Solar Array

Assembly

S/C Baseplate
Lightband LV Interface
Antenna deck (S-band, GPS)

Propulsion Module Structure

S/C Closeout Panel
Star Trackers (x2)

Inst. Radiator
Earth Shield

Filter Wheel Assembly

Instrument Ba!es

Uncomplicated three axis stabilized spacecraft with single axis 
S/A and body mounted instrument and subsystems

Flexible resolution to satisfy science objectivesTECHNICAL
PERFORMANCE MARGINS

Observatory Resource MEV Margin

Mass (dry) - ΔV limit 373.6 kg 30.1%

Safe Mode Power (Deployed) 317.7 W 92%

Science Mode Power (Nadir) 279 W 38%

Sci Downlink Power (Ka-band) 4.3 dB 1.3 dB

Sci Data Peak Storage Power (S/C) 420 GB 138%

Pointing Knowledge (Sci 3σ 3-axis) 73 ‘’ 105%

Pointing Stability (Sci 3σ RSS, 30s) 138 ‘’ 70%

Pointing Control (Comm 3σ RSS) 0.12˚ 733%

Propellant (ΔV) 77 m/s 31%

Fore Ba!es
Solar Di"users

Carbon Dioxide
and Methane
Absorption Band
Sensor (C-sensor)

Oxygen Absorption
Band Sensor

(O-sensor)

SCIENCE IMPLEMENTATION APPROACH OFFERS GREATEST SCIENTIFIC RETURN AT LOWEST RISK

*Variance due to rounding

(4 Design Reference Mission orbits over North America)

Downlink
504 m x 382 m
252 m x 382 m
126 m x 382 m

CarbonFOX leverages MethaneSAT heritage

CARBONFOX COST A-D TOTAL A-F TOTAL
$M(FY24$) $M(FY24$)

PI-Managed Mission Cost  $245.79  $303.01 
Contributions Total:  $0.10  $0.14 

Environmental Defense Fund $0.02 $0.02 
Harvard University $0.02 $0.02 
University of Toronto $0.02 $0.02 
University of Munich $0.02 $0.02 
National Institute of Water & 
Atmospheric Research $0.03 $0.05 

Total Mission Cost *  $245.88  $303.16 
Adjusted AO Cost Cap  $245.79  $303.01 
NSN  per-minute/per-pass  $---  $6.99 

 AO Cost Cap  $245.79  $310.00 
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