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Focusing NASA Earth Science Assets 
on Answering Specific Questions

• How is atmospheric 
composition changing?C C & composition changing?
• What chemical & 
physical processes are 
important for air quality, 

di ti t f d

Carbon Cycle & 
Ecosystems ( CO2, CH4)

Climate Variability 

At h i

radiative transfer and 
climate?
• What trends in 
atmospheric

y
& Change (atmospheric 
constituent effects on climate)

Atmospheric 
Composition

atmospheric 
constituents and solar 
radiation are driving 
global climate?

H d t h i• How do atmospheric 
trace constituents 
respond to and affect 
global environmental

Water &Energy 
Cycle (atmospheric 
water vapor)

global environmental 
change?
• How will changes in 
atmospheric 

iti ff t

Earth Surface & 
Interior (volcanic 
effects on atmosphere)

composition affect 
ozone and regional-
global climate?

Weather ( effects on air 
quality)



NASAʼs Existing Earth Science Fleet



NASA  Earth Science satellite observations

R.I.P.



NASA Earth Science 
Pl d Mi i  (2013 2023)Planned Missions (2013-2023)

OCO‐2
2014

SAGE‐III
(on ISS) 2014

Grace‐FO
2017

OCO‐3
(on ISS) 2017

(NOTIONAL)

CLARREO
NET 2022

(NOTIONAL)

L‐Band SAR
NET 2021

EVM 2

EVI‐3
2022

SWOT
2020

PACE
2020

GPM
2014

CYGNSS
EVM‐1, 2017

TEMPO
EVI‐1, 2019

EVI‐2
2020

EVM‐2
2021

SMAP
2014

ICESat‐2
2016

LDCM
2013

EVM 1, 2017



Terrestrial Ecology MissionsTerrestrial Ecology Missions
Mission Point of Contact Status

SNPP‐VIIRS Chris Justice, James 
Gleason

Current

LDCM Jeff Masek James Irons CurrentLDCM Jeff Masek, James Irons Current

ICESAT‐II,  Amy Neuenschwander,
Mark Caroll

Phase A‐D

SMAP Eni Njoku Phase A‐D

OCO‐2 David Crisp Phase A‐D

BIOMASS S S t hi Ph ABIOMASS Sassan Saatchi Phase A

L‐Band‐SAR (formerly DesDynI‐R) Ralph Dubayah, Paul 
Rosen

Pre‐Phase A

HyspIRI Simon Hook, Rob Green Pre‐Phase A



OCO‐2 Key Science Objectives
• OCO‐2 is the first NASA mission designed to make space‐based measurements of atmospheric 

carbon dioxide (CO2) with the precision, coverage, and resolution needed to:
Quantify CO emissions on the scale of a large U S state or average sized country– Quantify CO2 emissions on the scale of a large U.S. state or average‐sized country

– Find the natural “sinks” that are absorbing over half of the CO2 emitted by human activities

• To accomplish these objectives, OCO‐2 will: 

R t i i ti i th• Record spectra of CO V lid• Retrieve variations in the 
column averaged CO2 dry 
air mole fraction, XCO2
over the sunlit 
h i h

• Record spectra of CO2
& O2 absorption in 
reflected sunlight

• Validatemeasurements to 
ensure XCO2 accuracy of 1 ‐ 2 
ppm (0.3 ‐ 0.5%)
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OCO‐2 Mission Concept
Payload
Science Instruments:

Mission Architecture
• Orbit: A‐Train 705 km Sun‐Synchronous, 1:30pm LTDNScience Instruments: 

• The single instrument incorporates three 
co-bore-sighted, high resolution, imaging 
grating spectrometers

• O2 A-band @ 760 nm
W k CO b d @ 1610

• Repeat: 16 day nadir + 16 day glint
• Downlink: Alaska Satellite Facility (2 downlinks/day)
• Science Data: 92 Gbits/day
• Launch Vehicle: ULA Delta‐II 7320‐10

OCO 2 Instrument• Weak CO2 band @ 1610 nm
• Strong CO2 band @ 2060 nm

• Resolving Power ~20,000
• High Signal-to-Noise Ratio
• Collects 8 cross-track soundings at 3 Hz

OCO‐2 Instrument
OCO‐2 in the A‐Train

• Collects 8 cross-track soundings at 3 Hz 
across a narrow  (10.6 km wide) swath

OCO‐2 Optical Schematic

Implementation
Spacecraft
L h M CBE 495 k JPL DP M i 10%

OCO‐2 Spacecraft

Implementation
Launch Date: Late 2014
Lifetime: 2 years (consumables for 5 years)
Mission Cost :$438M (reserve incl.)
Payload Cost :$140M + 30% reserve

Launch Mass CBE:  495 kg, JPL DP Margin: 10%
Required Power CBE: 587 W, (815 W capability)
P/L Data Rate: 3 Mbps
Downlink Data Rate: 150 Mbps X-band

3 iPayload Cost :$140M + 30% reserve
Partners: JPL
Mission Class: C, with selected redundancy 

Stabilization: 3-axis
System Pointing: Control = 6 mrad, 3σ/axis

Knowledge = 1.7 mrad, 3σ/axis
8

Delta II Launch
Vehicle



OCO‐3* Project Overview

• OCO-3 will collect the space-based measurements needed to quantify variations in the 
l d t h i b di id (CO ) d i l f ti X ith th

OCO-3 is a NASA-directed Climate Mission on the International Space 
Station

column averaged atmospheric carbon dioxide (CO2) dry air mole fraction, XCO2, with the 
precision, resolution, and coverage needed to improve our understanding of surface CO2
sources and sinks (fluxes) on regional scales (≥1000 km). 

• Measurement precision and accuracy requirements same as OCO-2p y q
• Operation on ISS allows latitudinal coverage from 51 deg S to 51 deg N
• Additional pointing mirror assembly allows for glint and nadir data collection, and enhanced 

target
Salient Features:
• High‐resolution, three‐channel grating 

spectrometer (JPL)
• Deployed on the International Space Station
• Payload Delivery Date: Sep 2016 at KSCPayload Delivery Date: Sep 2016 at KSC

*Proposed Mission



ASCENDS Mission/Measurement Quad ChartASCENDS Mission/Measurement Quad Chart
Science Objectives Modeling Support

Coverage
Observational System Simulation 
Experiments (OSSEs) 
• Relate science objectives to

Sensitivity

Relate science objectives to 
measurement requirements

• Provide information needed for 
instrument and mission design 
trade studies
D t t th

CO2 Flux 
Uncertainty
Reduction

• Demonstrate the 
complementarity of space-based 
active and passive greenhouse 
gas capabilities

These objectives have 
not changed since the 
Decadal Survey was 
published.

Mission DevelopmentAircraft/Technology Development
Mission Studies confirm that 
plausible candidate instruments 
can be accommodated oncan be accommodated on 
RSDO spacecraft with 
•Total mass: ~1600 kg
•Payload mass: < 500 kg
•Total power: < 2000 W
P l d < 1100 W

• ESTO investments continue to expand the 
options for achieving ASCENDS objectives

•Payload power < 1100 W

This system can be launched 
into a 450 km circular orbit by 
•A dedicated Falcon 9 or 

10

options for achieving ASCENDS objectives
• Aircraft flights advance technology readiness of 

candidate ASCENDS instrument concepts

•as part of a dual spacecraft 
launch on an Atlas V. 



Winter 2013 ASCENDS DC-8 Airborne Campaign
(19 February – 7 March 2013)

Objectives
• Advance testing of CO2 & O2

t d d d

JPL/LMCT Lidar 

measurements under day and 
night conditions.

• Assess CO2 & O2 measurements 
over Railroad Valley (RRV) with

GSFC CO2 Lidar Sounder  LaRC/Exelis Lidar  GSFC Broadband CO2 Lidar 

over Railroad Valley (RRV) with 
GOSAT overpass.

• Obtain reflectance and CO2 & O2
measurements over fresh andmeasurements over fresh and 
aged snow surfaces.

• Evaluate CO2 & O2 measurement 
performance in presence of thin 

Implementation
• Flight Test Candidate ASCENDS Instruments: 

LaRC/Exelis IM-CW CO2 Lidar (MFLL); GSFC CO2 p p
cirrus clouds.

• Obtain reflectance data from 
ocean surface with high wind 

Lidar Sounder; JPL CO2 LAS; GSFC Broadband CO2
Lidar (shown above installed on DC-8)

• Conduct Eight DC-8 Flight Tests from NASA 
Dryden Palmdale Base:

2011 ASCENDS 
Airborne  Campaign

speeds (~10 m/s) and assess CO2
& O2 performance over tall coastal 
forest conditions.

• E l t d i ti f XCO f

Dryden Palmdale Base:
• Engineering Flight; CA Central Valley Flights 

(day & night); RRV Flight
• Three long-range flights over snow surfaces • Evaluate derivation of XCO2 from 

combination of CO2 & O2
measurements.

Three long range flights over snow surfaces 
east of Rocky Mountains

• Long-range flight over Pacific with sampling 
over CA/OR coastal forest



TeamTeam’’s Proposed FY2013/FY2014 s Proposed FY2013/FY2014 
PlansPlans

h d f h d h• Write the draft ASCENDS White Paper and vet with community.
• HQ evolve thinking on how to implement the mission.
• Evolve candidate ASCENDS instruments toward Phase AEvolve candidate ASCENDS instruments toward Phase A

– Early technology maturation funding will reduce implementation risk
• Refine ASCENDS mission design studies (To support future AO process)
• Conduct independent cost analyses for instrument candidates
• Continue ASCENDS Science Working Group activities to support white 

paper reviewpaper review 
– Hold public workshop to review/vet White Paper
– Development of Level 1 requirementsp q

• Prepare for ASCENDS future release of AO (in what ever form that ends up 
being)

12



Earth Science Decadal Survey 
Venture Line

EV‐Instrument:
EVS:
Sustained Sub‐
Orbital

EVM: 
Complete, self‐

Full function, facility‐
class instrumentsOrbital 

Investigations
Every 4 years

contained,  
small missions, 
Every 4 years

class instruments 
Missions of 

Opportunity (MoO)
Every 18 months

• Regular frequent EVI solicitations specifically allow NASA’s ESD to develop• Regular, frequent EVI solicitations specifically allow NASA s ESD to develop 
capable instruments for flights on NASA or partner missions



Facts about Selected Investigation
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Recapp

• NASA is currently operating and developing many missions 
relevant to Greenhouse Gases, Atmospheric processes, and 
Carbon Cycle processesCarbon Cycle processes

• There are still many missions NASA, and the US Earth Science 
research community would like NASA to do faster Givenresearch community would like NASA to do faster.  Given 
current available budgets, this is not possible.

• The primary route right now to get new mission concepts p y g g p
developed is through the Venture Class solicitations.
– There is little guarantee that this avenue will get YOUR favorite 

measurement done from space any time soon either.


