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Science Objectives

Goal: to enhance understanding of the role of CO, in the global carbon cycle.

ACTIVE SENSING OF CO, EMISSIONS OVER
NIGHTS, DAYS, AND SEASONS (ASCENDS)

Launch: 2013-2016 Mission Size: Medium Science Objectives:

— (1) quantify global spatial distribution

CO, measuremeants:

day and night, all of atmospheric CO, on scales of

Soasansy Al latuden l weather models in the 2010-2020 era
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climate and CO; Identification of human- grids at Week|y resolution

exchange
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and sinks to enable

affective carbon trading (3) prOVide a scientific basis for future
projections of CO, sources and sinks
ek v et through data-driven enhancements of
policy and prediction Earth-system process modeling.

Closing of the carbon
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Instrument Suite

1) Laser remote sensing of CO, and O,
2) Ideally complemented by a CO sensor

Why lasers ?

e Measures at night & at all times of day

e Continuous “glint” measurements over oceans
e Measures at high latitudes

e |llumination path = observation path

* Small measurement footprint, see between
clouds

* Minimize effect of atmospheric scattering

* Possible to resolve vertical profile information

March 16, 2010

“Mixing ratio (CO,) needs to be measured to a
precision of 0.5 percent of background
(slightly less than 2 ppm) at 100-km
horizontal length scale over land and at 200-
km scale over open oceans.”
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Development Status

 Multiple groups have been developing technologies and
methods for CO, space lidar for more than 10 years.

e Several airborne prototypes are currently in development and
testing under NASA Instrument Incubator Program, Airborne
Technology Transition, and ASCENDS flight project support.

e ASCENDS community workshop held in July 2008 to refine
science goals, objectives, and requirements
(http://cce.nasa.gov/ascends/index.htm).

March 16, 2010
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06 10. 2008

GSFC Airborne CO, lidar instrument in JPL Airborne CO, lidar instrument in Twin
NASA Lear-25, Jim Abshire, Team Leader Otter, Gary Spiers, Team Leader
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Ponca City OK, Airport
July 2009



Presenter
Presentation Notes
Most significant activity is flight testing of candidate instrument approaches.
Cessna DOE in situ mmts, Twin Otter JPL Spiers laser, Lear GSFC Abshire laser, UC-12 ITT/LaRC Browell laser
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Future Activities, Events

* Flight instrument tests this summer with 3 CO, lidars on DC-8.
— First test of O, lidar

e ASCENDS modeling activity ongoing, CO, observing system
simulations in 2010.

e Next workshop being considered for late 2010/early 2011.
* Space mission design study pending.

e EU A-SCOPE (Advanced Space Carbon and Climate
Observation of Planet Earth) mission definition study
complete, mission development under consideration
(http://www.esa.int/esalLP/LPfuturemis.html).

March 16, 2010
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 (incl. in situ CO2)
Design study=cost estimate
Targeted tech development to be consistent with decisions on implementation schedule.


Mission Simulation
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" Deformation, Ecosystem Structure, and Dynamics of Ice

+ Recommended by National Research Council Decadal
Survey to measure changes in land, ice and vegetation
structure

®QOutline

+ Mission Science Goals and Objectives
+ Instrument Suite

+ Measurement Approach

+ Current Status

| Deformation, Ecosystem Structure
and Dynamics of Ice




DESDynl Scientific Focus Areas @
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DESDynl addresses a broad-based range of the science questions

Deformation Ecosystems Ice Masses Subsurface
Reservoirs

Earthquakes

Probability,
aftershocks, stress
transfer

Aboveground
biomass

Carbon storage in
vegetation

Ice Sheet Flow Aquifers

Response of ice sheets | Withdrawal and
and shelves to ocean Recharge
and atmosphere Subsidence

Volcanoes Changes in Mtn glaciers & ice | CO,

Volume, depth, and | carbon stocks caps Sequestration
migration of magma § Carbon sources and | Response to climate Subsurface
chamber sinks trends migration
Landslides Habitat Structure | Sea Ice Oil Reservoirs
Detect preslip Biodiversity assess- J Interaction between Subsidence, pipe

ment, ecosystem
processes

ocean and atmosphere | breakage

Key Challenges Additional Science Benefits




Science Objectives @

CHARACTERIZE THE EFFECTS OF CHANGING CLIMATE AND
LAND USE ON TERRESTRIAL CARBON CYCLE, ATMOSPHERIC
CO,, AND SPECIES HABITATS

T Characterize global
> distribution of aboveground
vegetation biomass

| Quantify changes in terrestrial
v biomass resulting from
disturbance and recovery

]
\ 4

Characterize habitat structure
for biodiversity assessments




Science Objective 1: Biomass @/
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Characterize global distribution of aboveground
vegetation biomass

Desired Global biomass at 250 m with accuracy of 10
> Final Data MgC/ha (or 20%, not to exceed 50 Mg/ha) at
- Products 5 years. Resolution increased to 100 m for

low biomass areas (<100 Mg/ha)
| Measurement Forest canopy height and profiles, spatial and
Objectives vertical structure, biomass from SAR

Instruments Multi-beam lidar, polarimetric L-band SAR




Science Objective 2: Biomass Change

S

Quantify changes in terrestrial biomass resulting from
disturbance and recovery

Desired
Final Data

Measurement
Objectives

Instruments

Annual map of global biomass disturbances
at 1 ha resolution, and subsequent regrowth to
an accuracy of 4 MgC/halyr (for recently
disturbed areas)

Same as for biomass stocks. Additionally,
require 100 m tracking of deforestation,
recovery over 5 year epoch. Observe biomass
changes from extreme events

Multi-beam lidar, polarimetric L-band SAR,



Science Objective 3: Habitat Structure
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Characterize habitat structure for biodiversity
assessments

Desired Various_forest s_,tructure produc?s, iIncluding
sy Final Data veget_atlon vertlf:al canopy profiles at 25 m
2 Products spatial resolution, 30 m along-transect
posting, with a maximum of 250 m across-
. transect posting globally, and 1 m vertical
resolution (99% canopy cover).

Measurement Forest canopy structure including height,
Objectives canopy profile, canopy cover, canopy
roughness, biomass, vertical diversity

Instruments Multi-beam lidar, polarimetric L-band SAR




DESDynl Instruments

. L-Band Synthetic Aperture Radar Multi-beam Lidar

Laser

Interferometric SAR : )
- 4% Radiators

Dual-Pol 3-Beams
Quad-Pol 6-Beams
Right or Left Point

Beam Spacing
1 km




Lidar
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L-band Measurement of Structure @
T ———
Polarimetric Image of La Selva

LHH, LHV, LVV Image Segmentation




Forest Structure from Lidar @
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*Tree height

Crown volume

Incident Vertical foliage

'&‘I"" s profile
pulse

Canopy cover
profile

*Biomass
*Tree density

Basal area

LAl




Biomass Estimation Using Radar and Lidar @

' _»| LOw or no sensitivity
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=) Fusion with lidar
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Current Status and Science Activities @
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®Science Definition Activities
+ Measurement requirements and science traceability

" Algorithm Development
+ LIDAR/SAR Fusion
+ Sampling Strategies
+ 3D radiative transfer
"Field Studies

+ Ongoing data collection and analysis at legacy West Coast,
East Coast, Boreal, Tropical sites

®"Ecosystem Modeling Studies
+ Modeling requirements for biomass, flux & habitat

®"Mission Concept Review (soon...)
®Science Definition Team (soon...)
"Posters at this meeting cover many of these




NRC Decadal Survey HysplIRI

Visible ShortWave InfraRed (VSWIR) Imaging Spectrometer
Multispectral Thermal InfraRed (TIR) Scanner
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VSWIR: Plant Physiology and
Function Types (PPFT)

W SpruceFir
[ White Fins

L - Red Maple
‘-.,_‘ ] Caner Mixed HW

Red tide algal bloom in Monterey Bay, CA

Multispectral
TIR Scanner

ALEXI
{uognjosed e O}
|EIUBLILUS

[un g
jeuaiGeay

ALEXI
(GOES Imager) (GOES Scund

DizALEXI

landsat

=% 2. Eoor

= — -

E.E £ .= Ba

R z 2t

68 & =% 7%
— ﬁ = dﬂ



HysplIRI Imaging

Imaging spectrometer: 66kg / 41W
Schedule: 4 year phase A-D, 3 years operations

All components have flown in space

Science Measurements

Spectroscopy

Science Questions:

 What is the composition, function, and health of
land and water ecosystems?

 How are these ecosystems being altered by
human activities and natural causes?

 How do these changes affect fundamental
ecosystem processes upon which life on Earth
depends?

Measurement:

» 380 to 2500 nm in 10nm channels
» Accurate 60 m sampling

* 19 days revisit mapping mission
* Global land and shallow water
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Red tide algal bloom in Monterey Bay, CA



VSWIR Overarching Science
Questions

VQ1. Pattern and Spatial Distribution of Ecosystems and their Components, (EM,JG)
— What is the pattern of ecosystem distribution and how do ecosystems differ in their composition or biodiversity? [DS 195]

VQ2. Ecosystem Function, Physiology and Seasonal Activity, (EM,JG)

— What are the seasonal expressions and cycles for terrestrial and aquatic ecosystems, functional groups and diagnostic
species? How are these being altered by changes in climate, land use, and disturbances? [DS 191, 195, 203]

VQ3. Biogeochemical Cycles (SO, SU)

— How are biogeochemical cycles for carbon, water and nutrients being altered by natural and human-induced
environmental changes?

VQ4. Changes in Disturbance Activity (RK,GA)

— How are disturbance regimes changing and how do these changes affect the ecosystem processes that support life on
Earth?

VQ5. Ecosystem and Human Health, (PT,GG)
— How do changes in ecosystem composition and function affect human health, resource use, and resource management?

VQ6. Land Surface and Shallow Water Substrate Composition (RG, HD)
— What is the land surface soil/rock and shallow water substrate composition?



Basis for Continuous Spectral Measurement

« Plant and phytoplankton functional types and species have biochemical and biophysical properties that
are expressed as reflectance and absorption features spanning the spectral region from 380 to 2500

nm.

* Individual bands do not capture the diversity of biochemical and biophysical signatures of plant

functional types or species.

 Changes in the chemical and physical configuration of ecosystems are often expressed as changes in
the contiguous spectral signatures that relate directly to plant functional types, vegetation health, and

species distribution.

»  Other constituents of the Earth system (Minerals, Soils, Snow, etc) have spectral characteristics allow
use of this spectroscopic measurement approach for corresponding science questions.

 Important atmospheric correction information and calibration feedback is contained within the spectral

measurement.
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Vegetation Functional Type Analysis, Santa Barbara, CA
Dar Roberts, t I, UCSB MESMA Species Type 90% accurate
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Dennison, P.E., and Roberts, D.A.,2003 Endmember Selection for Multiple Endmember Spectral Mixture Analysis using Endmember Average RSME, *Remote Sens. Environ*., 87(2-3), 123-135.

Roberts, D.A., Dennison, P., Ustin, S.L., Reith, E., and Morais, M., 1999, Development of a Regionally Specific Library for the Santa Monica Mountains using High Resolution AVIRIS Data, Proc. 8th AVIRIS
Earth Science Workshop, JPL, Pasadena, CA 349-354., Feb 8-11, 1999.



Response to Disturbance

Non o+ 800
photosynthetic 8¢
Vegetation [ 700 1y ¢ DS98-597
m u DS95-597
600
8 500
& ]
_?3 wf*® m %= - .
Green T . .
vegetation 3 3007 *e .
200 1 ¢ o
* *
100 1 ¢
0 ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60
Stand Age (97)
Canopy
Liquid Water Interannual changes in canopy moisture
show significant stand age differences up to
30 years (shown as the difference in canopy
moisture between spring98 and spring 97 —blue, and
spring97 and spring 95 - green). These results
indicate that seasonal drought response is age
dependent in shrublands, with older stands less
Post-fire response to three different fires, two in 1993 and one in 1996. impacted by drought. These results require seasonal
Canopy moisture is the most sensitive measure of change, as shown by imaging spectroscopy observations.

overlap between the 1996 and 1993 Calabasas and Topanga fires. High
fire return intervals in Southern California are impacting ecosystems,
eliminating some shrub species.

Roberts D.A., 2000, Remotely Sensed Analysis of Successional Patterns following Wildfire in the Santa Monica Mountains, presented at the
First Center for Environmental Analysis (CEA-CREST) symposium, Pasadena, CA, May 19, 2000.



Imaging Spectrometer Measurement brown fleshy olgae | [green fleshy algoe [ red fleshy aigoe
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Spectral Measurements of Shallow Water Benthic Composition (E. Hochberg, Nova
Southeastern University, FL)
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Multispectral Scanner

Schedule: 4 year phase A-D, 3 years
operations

High Heritage

HyspIRI Thermal Infrared Multispectral
(TIR) Science Measurements

Science Questions:
TQ1. Volcanoes/Earthquakes (MA,FF)

— How can we help predict and mitigate earthquake and volcanic hazards through
detection of transient thermal phenomena?

* TQ2. Wildfires (LG,DR)

— What is the impact of global biomass burning on the terrestrial biosphere and
atmosphere, and how is this impact changing over time?

* TQ3. Water Use and Availability, (MA,RA)

— How is consumptive use of global freshwater supplies responding to changes in climate
and demand, and what are the implications for sustainable management of water
resources?

¢ TQ4. Urbanization/Human Health, (DQ,GG)

— How does urbanization affect the local, regional and global environment? Can we
characterize this effect to help mitigate its impact on human health and welfare?

« TQ5. Earth surface composition and change, (AP,JC)

— What is the composition and temperature of the exposed surface of the Earth? How do
these factors change over time and affect land use and habitability?

Measurement:
. 7 bands between 7.5-12 ym and 1 band
at4 um
. 60 m resolution, 5 days revisit
. Global land and shallow water
1 M i [
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High resolution
thermal instrument
can distinguish
between the forest
and non-forest parts
of the flaming front
allowing the fire
type, intensity, etc.,
to be determined
which indicates fire
regime.

White squares show
fire pixels detected by
MODIS. Insufficient
information to detect
fire type

MIR band provides
radiant flux to estimate
rate at which biomass
combusted and
instantaneous emission
estimate

Wildfires:

How are global fire regimes changing?

30 m ASTER
scene with
MODIS pixels
superimposed
(black squares)

Central Siberia
30 May 2001

HyspIRI will provide
high spatial resolution
mid to thermal
infrared data for
determining the fire
regime and allowing
flux estimation on a
weekly basis
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With high resolution thermal instrument we can distinguish between the forest and non-forest parts of the flaming front (point is that we can readily discern fire type, intensity, etc., which indicates fire regime).

Blob of five white squares show corresponding MODIS fire pixels.  These are so course that fire type cannot be discerned.
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TQ3a: How is climate variability impacting the evaporative

component of the global water cycle over natural and managed
landscapes?

(DS 166, 196, 203, 257, 368; WGA)
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Science Issue:

» Based on principles of surface energy balance, the land-surface
temperature signal conveys valuable information about the evaporative
component of the hydrologic cycle and its response to varying climatic
drivers. If we can accurately monitor this response in relationship to
land-use and land-cover conditions, we will improve our ability to
forecast water consumption and demand and to develop effective
climate adaptation strategies for our water systems.

Tools:

* HysplIRI TIR observations of surface brightness temperature at
<100m resolution to resolve field-scale land use, preferably with 3+
bands in the 8-12um region for atmospheric and emissivity
corrections. The weekly revisit of HyspIRI will improve accuracy of
seasonally integrated ET estimates.

* Collocated/contemporaneous maps of vegetation index and landuse.
* Insolation data to estimate net radiation.

* Regional scale ET maps using coarser resolution TIR imagery from
geostationary satellites and MODIS/VIIRS provide spatial context for
local assessments.

Approach:

* Periodic maps of instantaneous clear-sky ET from a TIR-based
surface energy balance algorithm can be interpolated to produce daily
ET maps using time-continuous observations of reference ET or

available energy from met stations or geostationary satellites.
* Record of daily ET at scales resolving major land use patterns can be
analyzed in conjunction with gridded climate data.

Multi-scale ET maps for 1 July 2002 produced using surface temperature data
from aircraft (30-m resolution), Landsat-7 ETM+ (60-m), Terra MODIS (1-km),
and GOES Imager (5-km) instruments (Anderson and Kustas (2008), Eos, 89,
233-234)



Summary

We have developed a sets of science questions that are well aligned with the

HyspIRI Mission called for in the NASA Earth Science and Applications Decadal
Survey.

We have reviewed and refined these questions that relate to both science and

applications objectives and developed traceability to a set of science
measurements.

We have established a high heritage and low risk approach for acquiring the
HyspIRlI VSWIR and TIR science measurements

Upcoming Events
HyspIRI Symposium
May 4-5, Goddard Space Flight Center, Md

HyspIRI Workshop
Aug 24-26, Pasadena, CA



ICESat-Z Iy Decadal Survey call for ICESat-2

/

“Given the rapidity of the change in polar sea ice and ice
sheets and the limited remaining lifetime of ICESat, a
critical gap would arise if new measurements were not
made prior to ...2015.”

(ICESat fired its last laser pulse on October 11, 2009)

| ICESat-2 Scientific Objectives from Decadal Survey

1) Determine mass balance of ice sheets and their
contribution to sea level
. How and why is it changing, how will it change in the future
2) Repeat measurements of sea ice freeboard, enabling
estimates of sea ice thickness change

. What controls ice growth and shrinkage? What are implications
for global climate of changing sea ice cover

3) Measuring canopy depth to support estimating
changes in terrestrial biomass

J How much carbon is stored in above-ground biomass
(complement to DESDynl)




ICESat-2 Level-1 Science Requirements

e |CESAT-2 shall measure ice-sheet elevation changes to 0.2 cm/yr accuracy on an
annual basis.

e |CESAT-2 shall measure ice-sheet annual surface elevation change rates on outlet
glaciers to an accuracy of better than 0.25 m/yr over areas of 100 km?2 for year-to-
year averages, and along linear distances of 1 km along-track.

e |CESAT-2 shall resolve winter (accumulation) and summer (ablation) ice-sheet
elevation change to 2.5 cm at 25 km x25 km spatial scales.

e |CESAT-2 shall provide monthly near-repeat coverage of sea-ice freeboard to an
uncertainty of 3 cm at 25 km x25 km spatial scales for the Arctic Ocean and
Southern Oceans.

e |CESAT-2 shall make measurements for a minimum five-year duration.

e ICESAT-2 shall produce a global vegetation height surface with 3-m accuracy at 1-
km resolution?.

1- ICESat-2 will not achieve the vegetation science objectives specified by DESDynl Science Study Group
(SSG), but rather will support them to the extent possible with complementary data without
compromising ice science objectives.
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Development of a vegetation height model with 1-m accuracy at 1-ha resolution has been identified as a science requirement by the ecosystem structure subgroup of the DESDynI Science Study Group (SSG). ICESat-2 will not achieve the vegetation science objectives, but rather will support them to the extent possible without compromising ice science objectives. 

Results from the ICESat-I mission suggest that ICESat-2 will be capable of producing a height surface with 3-m accuracy at 1-km spatial resolution, assuming that off-nadir pointing can be used to increase the spatial distribution of observations over terrestrial surfaces assuming that off-nadir pointing can be used to increase the spatial distribution of observations over terrestrial surfaces



ICESat-2 Mission Concept

In contrast to ICESat design, prekminary from ATLAS Tach. Tag p 11-23
|ICESat-2 will use micro-pulse T gbeums okmukmbax S
multi-beam photon counting 0 ¢ 0 B
approach e e
¢ o6 o e

Motivation: o R e SO
Dense cross-track sampling to 9 on () oo @ E et
resolve surface slope on an oy -
orbit basis. Total of 15 datector cr “pal” meend; O~ %ﬂ detectors

e Tl

High repetition rate (10 kHz)
generates dense along-track
sampling (~70 cm).

Detector readiness requires use of
green laser instead of NIR.

Estimated Launch Date of 2016.



What’s New with ICESat-2

Original Concept “Analog” Pulsed Laser = Now = MicroPulsed Laser
10 KHz laser repetition rate

50 Hz laser repetition rate
70 m footprint 1+ photon from 10 m footprint
140 m between footprints 70 cm between adjacent footprints
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Is ICESat-2 capable of generating a usable
Vegetation Product for the Science Community?

SDT members working on vegetation structure have expressed concerns
about whether the approach will enable a vegetation height product to be
produced for multi-layered or moderate- to full-volume canopies where it
may be possible that insufficient photons will be detected to distinguish a
ground return from one within the canopy, sub-canopy, or shrub layers.

SDT is conducting tests and simulations to assess whether ICESat-2 will meet
the ecosystem requirements.

1) Conducted low altitude airborne Photon Counting flights over Pine
Barrens and SERC in October 2009

A.  Sigma Space system flown at 2000 ft AGL at 20 kHz laser repetition rate
B. 14 deg conical scanning system, 532 nm laser wavelength
C. Data flown at dusk to reduce solar background noise

2) Photon Counting Simulator is being developed at GSFC
3) High altitude flights (MABEL) are planned for Spring/Summer 2011



SERC — 10 kHz

: i. ‘ || .Iill\ .:':]
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Limitations — these are aircraft data; not a
space simulation

- Data range-gated above and below forest, no
atmospheric contamination.

- Probability of detection/shot = 0.3 (controversial, 0.1-
0.2 may be more realistic).

Initial Ground Detection Assessment

Reference ground surface
was generated based on full
resolution Photon Counting
Data.

Estimates of ground surface
were computed from down-
sampled data*.

* Down-sampled only at ICESat-2 rep rate

and along-track spacing (10 kHz with 70 cm
spacing)

Reference

Amy

Ross

Guoging

10 kHz results - 70 cm along-track, n = 115:

Amy
Ross
Guogqing

Mean Difference (m) Std Dev (m)

-2.05 4.12
-1.59 4.43
1.71 5.29



Photon Counting Desigh Case Results

ICESat-2 Instrument engineering team modeled estimates on the number of returned photons
per laser shot as a function of laser energy, surface reflectance, canopy cover, surface roughness,
surface topography, and solar background noise. SDT provided parameters for design cases of
Tropical, Temperate, and Boreal forests.

Mean Returned Photoelectrons per 1 laser shot, Center Beam

@532 PMT, soil 10% cover

2 35 W 532 PMT, soil 99% cover
; 3 532 PMT, veg 10% cover
§ B 532 PMT, veg 99% cover
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Tropical Temperate Boreal
5.0 MHz Background 2.99 MHz Background 2.99 MHz Background



Preliminary Photon Canopy Penetration

Max cover to find ground, 100 shots

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Maximum Canopy Cover to Find Ground

532 PMT, center spot
W 532 PMT, side spot

W 532 PMT, corner spot

Tropical flat Tropical hilly Tropical Temperate Temperate Temperate Boreal flat Boreal hilly
montane flat hilly montane

Boreal
montane




Simulation of ICESat-2 Data

. . . ) SERC Cdp1r2p9 shl—4.dot_wnoise? 992+06
SERC — Smithsonian Environmental Research Center A T Y T :

2.99 MHz atmosphere background noise applied

elevation (m)

3 different values used for mean number of photons
returned per shot
2.92001 — center beam
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ICESat-2 Instrument engineering team modeled estimates on the number of returned photons

per laser shot as a function of surface reflectance, canopy cover, surface roughness, surface
topography, and solar background noise.




@ ICESat-2 Role for Terrestrial Vegetation

e Members of SDT is assessing the potential of ICESat-2
for providing complementary data for the ecosystem
community.

e Looks promising for areas with light canopy cover, but
could be limited in ecosystems with dense vegetation
or poor atmospheric conditions

e Will perform better on night passes instead of
daytime passes
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NASA’s Orbiting Carbbon Observatory (OCO-2).
Remote Sensing of Atmospheric Carbbon Dioxide
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NASA Orbiting Carbon Observatory. (OCO-2)

OCO was selected by NASA in 2002 as an Earth System Science
Pathfinder designed to detect small changes in the spatléLdlstrlbutlon
of atmospheric CO, : - ?

— The design was optimi

. : aWal a_pprodéh for improving
regional scale source/sigk ategGver the globe

* The OCO spacecraft wa ost on 24 February 2009 due to a launch
vehlcle malfunctlon

‘F

1.

"(;)CO—Z e‘nté’red into a tailored formulation phase on 1 March 2010
- — The Whitehouse highlighted funding for OCO-2 in its FY.11.bt

—
) — -—--'1-_'|I | == e,

.— The President’s funding profile suppe DC AU -_'-"'- ainess no later
than Feb 2013 (assuming ans@€tober 1, 2 2010 authorization fbﬂp_r eed) - e
_ 0CO-2 will be aceatBion copy: withe> eptlons forvﬂme

the basic instpumentandeSamaling strategies. ain ur
— 0CO-2w __,:'_ unprecedented spacezba: s”@f:-‘-;',_-w{ﬁ;w ~ iti iy
; abilities are still state of the art TN
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Jet Propulsion Laboratory

@GO The Orbiting Carbon Observatory (OCO-2): oL

Science Objectives

NASA'’s Orbiting Carbon Observatory
(OCO) was designed to return space-
based measurements of atmospheric
carbon dioxide (CO,) with the sensitivity,

accuracy and sampling density needed
to quantify regional scale carbon
sources and sinks and characterize their
variability.

» High precision is essential to resolve
spatial variations in X.g, of 1-2 ppm
against a ~390 ppm background

- =
3 e
@ i @i”
c
o | ]
o 10 30 80 200 800 1800
= Flux Uncertainty (gC m=2 yr1)
i)
®) ] :

. Miller et al. (2007)
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» 3 co-boresighted, grating
spectrometers record high
resolution spectra of reflected
sunlight in the 1.61 and 2.06
um CO, bands and in the

0.765 um O, band

« Each channel records spectra
in 4 to 8 footprints @ 3 Hz,
yielding 12 -24 soundings/sec

@ The OCO Instrument B

Jet Propulsion Laboratory
Califomia Institute of Technology

| ventPipe |}

Primary Instrument

Assembly (PIA)

Telescope
Opening

Baffle/Calibration

Assembly (BCA)

Optical Bench

Assembly (OBA)

Remote

Telescope

Electronics Modulel
(REM)

NNNANNNNNNN

FPA]
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b(OC ;‘O. Measuring CO, from Space ooy

e Collect NIR spectra
of CO, and O,
absorption in
reflected sunlight

(T ™

JP0L

* Retrieve variations in « Validate measurements
the column averaged to ensure X, accuracy
CO, dry air mole of 1 -2 ppm (0.3 - 0.5%)

fraction, Xsq, Over
sunlit hemisphere

Initial = \
S g;:;ﬁi &)(--ZE)/AI%IQS/GOSAT
SIEIE Spectrum
N2
Instrument
New Model

Slate Y : i'i"fJ1 i B
=0 M
£z Spectra L fll :
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C(Gcl.o On-orbit Measurement Strategy: JPL

3 Observation Modes i
Nadir Observations: Glint Observations: Target Observations:
+ Small footprint (< 3 km?) + Improves Signal/Noise « Validation over ground
— Low Signal/Noise over dark over oceans based FTS sites, field
surfaces (ocean, ice) — More cloud interference campaigns, other targets

o i w—

%

Streng CO,

.:-:-. I. ’. ..I. I;:.-.._ : .
v+~ Local Nagif: iz -~ TP |
. 3 IR Park Falls, WI
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 The 14.6 orbit have tracks that

are separated by ~24° longitude

Routine Global Sampling Strategy

JPL

Jet Propulsion Laboratory
Califomia Institute of Technology

OCO Sampling Rate/Coverage
12 to 24 soundings/second
010% Soundings/day

~20% of all
soundings
expected to be
cloud free (global
average).

3-Days

Data are downlinked
once or twice each

 ~7% of the Earth covered on 16- day over a high |
day each repeat cycle latitude ground Chevallier et al. 2006
station
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AN Jp
b@o Future Activities and Upcoming Events i

Califomia Institute of Technology

o 14-16 April 2010: ACOS/OCO-2 Science Meeting — Pasadena, CA
o 2-7 May 2010: EGU Sessions on CO2 and CH4 remote sensing

e June 2010: OCO-GOSAT TIM and Railroad Valley, NV Vicarious
Calibration campaign

 Dec 2010: OCO-GOSAT Joint Meeting (@ AGU)
« Launch Readiness: no later than February 2013

.
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QC;O Science Justification for an OCO Reflight H'i':

California Institute of Technology

e Scientific rationale provi ded The Need for Atmospheric Carbon Dioxide
; : ; Measurements from Space:
for the essential Cq ntributions Contributions from a Rapid Reflight of the
that OCO observations could Orbiting Carbon Observatory

make to carbon cycle science
even with multi-year records

from AIRS, SCIAMACHY, TES, & i
IASI and GOSAT o

May 31, 2009

Infe of
1 Cl Eht#tdﬁ-lEn.-' nne; _uLIP‘]_ France

‘alifornialistitice of Technology
* Report submitted to NASA HQ
In April 2009

 Reviewed by the National
Academy of Sciences
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Lesttes Flepon on the Orbit
g Peearw . echulcatalkog

Carbon
T2 hired

NATIONAL RESEARCH COUNCIL

OF THE MNATIOMNAL ACADEMIES

EBoard on Atmospheric Sciences and Climate
it i, nas. etubanss
SO0 FiFm Streel, MW Kok WSE03

Washingion, [.C. 20001
Phone: H02-334-3512
Fao: 3003043005

July 28, 2009

Major General Charles F. Bolden. Jr.
Adnunistrator

National Aeronautics and Space Administration
300 E Street, 5W

Washington, DC 20546

Dear General Bolden:

A National Research Council committee is conducting a study on how well greenhouse gas
emssions can be measured for treaty momtormg and venfication. The commitiee’s analyss
suggests that NASA's Orbiting Carbon Observatory (OC0), which failed on lannch in Febrary
2009, would have provided proof of concept for spacebome technologies w monitor greenhouse
gas emissions, as well as baseline emissions data. This letter focuses on the capabilities of an
OCO and currently deploved sarellites that measure ammospheric carbon dioxide (CO2) and their
potential role in monitoring and verifying a greenhouse gas eaty.

The commmttee’s study 15 focused on ennssion estimates of the greenhouse gases resulting
from human activities (e.g.. fossil fuel buming. deforestation. agriculture) that have the greatest
potential to warm the planct and in particular on CO: (see Attachment B for the commiitee
charge). The committee is currently in the analysis and writing phase. with the expectation that
its report will be delivered in December 2009, We are writing you now because a decision on
replacing OCO will be made in the coming months,” before our final report is completed.
Current proposals for an OCO reflight focus on the oniginal scientific objectives of studying
namral CO; sources and sinks.” In addition. it is important to consider the potential contribution
of an OCO-like instrument for treaty monitoring and verification. Such capabilities may be an
important consideration in treaty discussions at the December 2009 Copenhagen meeting of the
United Nations Framework Convention on Climate Change.

National Academy of Sciences
Advocates OCO Reflight

EDITORIALS

JPL

Jet Propulsion Laboratory

Califomia Institute of Technology

MATURE|Val 45023 July 2009

The carbon count

Scientists need better Earth-monitoringtools to see
whather climate policies are working.

hen the world's nations meet In Copenhagen this
Descemnberti try to construct a successor tothe 1957 Kyato
Protocol on climate changs, one major polnt of discus-
sonwill be ‘offsets’ These are deals that could help countries meet
‘theedr targets for reducing emissions by paying for others to sbsorb
greenhotise gases (n natural carbon sinks such as rainforests, or by
otherwise reducing the threat of global warming,
Ariy new agreement would presurmnably build on the existing Kyoto
framewnork that allows certified credits from cffsetting projects, such
s planting trees, to be traded on the International emisslons mar-

ket Valuntary carbon offsets are also becaming ncreasingly popular
among businessas and air travellers who want to compensate for the
carbon footprint of their activities.

Asthings dand unforbunately, the success or fallure of any such
palicy s largety a matter of guesswark: thers bas never been a global
chservation network capable of vertfying whether the carbon dioxide
emissions and offsets reportad by individual countries make amy sense.
Carbon-cyclesclantists estimate, for exarnple, that arind one-third
ofthe 00y, fromifassil fisels burmed ghbally s taken up by land vegeta-
tlom. But they have no Idea what the precise fraction is, or where the
carbom actually goes: & sl measuements of blirsphere-to-atmas-
phere carbon flunes ave scarce, and ecosystem imventory data are often
unavalbble, Inaddition, monttoring efforts suffered a diresetback on
24 February when MASAS Usi27s-milllon Orbiting Carbon Observa-
tary (o0 crashed into the ocean minutes after launch.

436
@ 200

Any new Imternational climate agreement, whether it emerges at
Capenhagen or later, must therefore provide for 8 much-improved
carbon -monttoring infrastrictire forvertfying s sfectivensss. One
ke element will be satellite ohservations, which provide large-scale
‘mapping of green house-gasemissions and land-cover changes. NASA.
shiould get the support it needs to builda cheaper copy af C Oy which
could belaunched as earty as 2011 (see Muwre 458, & 2009),

But equallycructal will be -precision, i sifu measirement
of carbon flues between solls, vegetation and the stmosphere, The
many International sgencles that make up the Integrated Global
‘Obsarving strategy partnership shouwld mplement, without further
delay, their 5-year-old plan for an Integrated Global Carbon Obser-
vatlon programme. A good placeto start would beto sxpand FLUX-
MET, an existing surface network ofsome 400 carban-measurement
‘toowers that still bas huge gaps, particularly in the tropics.

At the same time, the agencies that com prise the Intargovernmental
‘Group on Earth Observations (GEO) could almto produce globally
harmonized data sets on global, national and local scales, using com-
‘mon algoritims, variables and units, GEO, which coordinates efforts
‘to create the Global Earth Observation System of Systems, should alsa
commisslon sclentists to developan ntegrated model that stitchesall
carban observations together. 1t should then make these availabls far
useat all levels by scientists and palicy-makers alike.

A global carbon-measurement system along thess lines should
‘make nternational climate palicies much mome solid than they have
been In the past. It might revesl that what we are dolng 1s not encugh,
and that mamy offset projects fall to deliver. It might axpose swin-
dlers and profit-makers in the carbon business. Or it might prove
‘that nature 1s a stronger ally than we have dared to hope. Whatevar
‘the outcome, a serous Investment in carbon montoring will be
‘maney well spent. ]

'I':I;_IH WALL STREET JOURNAL

Scientists to NASA: We Need A Reliable Way to Track

Global Emissions

Forge? all tha haggiing with China, india, and paris of the U5, Congress—ihe real obsincle io a global
climate-change treaty might be accurately measufing greenhouse-gas emissions in ihe first place

That's M waming from the National Academy of Science’s Mational Research Council to the haad of NASA.
Thi upshal T Wilthoul 8 sophisticalad satelite thal can trakk glcbad emisaions, it will Be hard 10 Kndw whal
everybody i really up b Clurment mathods. for estimating greenholuse gas emissions have Emitatiors for

mionitedng & climate reaty

MNASA had such a sophisicaled salelle—mMe Oiblting Carcon Dbssnvaicry—which Eaed fo reach oribil in

February, The space agency B considering irying again-—thus e letter from e NAS poinfing out just how

usaful such satalites can be

OCO-2 Summary — NASA TE Meeting 16 Mar 2010
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Jet Propulsion Laboratory

C@CO OCO Reflight Highlighted in JPL

President’s 2011 Budget Proposal e

“Enhances the Nation’s global climate
change research and monitoring
system, including reflight of a satellite
that will help identify global carbon
sources and sinks”

“The Budget provides funds for NASA
to develop and fly a replacement for the
Orbiting Carbon Observatory, a mission
designed to identify global carbon
sources and sinks that was lost when
its launch vehicle failed in 2009.”

http://www.nasa.gov/news/budget/fyll oco.html

The President’s funding profile supports the fastest possible OCO-2 launch:
LRD as soon as Feb 2013

OCO-2 Summary — NASA TE Meeting 16 Mar 2010 12
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Government sponsorship acknowledged.

The Soil Moisture
Active/Passive Mission
(SMAP)

Global measurement of
surface soil moisture and freeze-
thaw state

Kyle C. McDonald*
K. Kellogg! (Project Manager)
E. Njoku?! (Project Scientist)
P. O'Neill? (Deputy Project Scientist)
D. Entekhabi® (Science Team Lead)

1Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA
°2NASA Goddard Space Flight Center
Greenbelt, MD
3Massachusetts Institute of Technology
Cambridge, MA

NASA Terrestrial Ecology Science Team Meeting
March 15-17, 2010
La Jolla, California



& SMAP Mission Context
i

SMAP is one of four Tier-1 missions
recommended by the U.S. NRC Soil Moisture Active Passive (SMAP)
Earth Science Decadal Survey ICESAT I
DESDyn!
CLARREO
“Earth Science and Applications Tier 2:
from Space: National Imperatives SWOT
for the next Decade and Beyond” HYSPIRI
Eﬂiﬁgﬁ‘?‘_""‘” (National Research Council, QSEZE:ESE
2007) http://mww.nap.edu :
ACE
oo o Tier 3:
« SMAP was initiated by NASA as a new start mission ST
in February 2008 PATH
« SMAP transitioned to Phase B in February 2010 GRACEI
. SCLP
« The target launch date for SMAP is May 2015 (could vy
be accelerated to November 2014) D WINDS

N




SMAP Science Objectives

e Provide high-resolution, frequent-revisit
global maps of soil moisture and
freeze/thaw state to enable science and
applications users to:

Near surface soil moisture

Understand processes that link the terrestrial
water, energy and carbon cycles

Estimate global water and energy fluxes at the

J ok A % =
! T g . T ' Gy~ i
oy Sl T Y )
i+ " J

land surface
Quantify net carbon flux in boreal landscapes
Enhance weather and climate forecast skill

Develop improved flood prediction and drought
monitoring capability




L

@ Mission Concept Overview

* Orbit:  Planned Mission Development
» Sun-synchronous, 6 am/pm orbit Schedule (subject to budget)
> 680 km altitude, 8-day exact repeat > Phase A start: September 2008
> Phase B start: February 2010
e Instruments: > PDR: March 2011
> CDR: June 2012

> L-band (1.26 GHz) radar _
— High resolution, moderate accuracy soil > Instrument Delivery: September 2013
moisture > Target Launch Date: May 2015

— Freeze/thaw state detection ~« Mission operations duration: 3 years
— SAR mode (non-imaging): 3 km resolution

— Real-aperture mode: 30 x 6 km resolution

> L-band (1.4 GHz) radiometer

— Moderate resolution, high accuracy soll
moisture

— 40 km resolution

» Shared instrument antenna
— 6-m diameter deployable mesh antenna
— Conical scan at 14.6 rpm
— incidence angle: 40 degrees
o Creates contiguous 1000 km swath
o Swath and orbit enable 2-3 day revisit




SMAP Data Products Table

%?]t:rtpll;?:r:gt Short Description Re?s%?lt;;:)n S;‘gﬁ]g Latency*
L1A Radar Radar raw data in time order NA NA 12 hours
L1A Radiometer | Radiometer raw data in time order NA NA 12 hours
L1B SO _LoRes Low resolution radar ¢, in time order 5x30 km NA 12 hours
L1B_TB Radiometer T in time order 40 km NA 12 hours
L1C SO HiRes High resolution radar e, (half orbit, gridded) 11><X13I(<)n£r;o 1 km 12 hours
L1C_TB Radiometer T, (half orbit, gridded) 40 km 36 km 12 hours
L2 SM_A** Soil moisture (radar, half orbit) 3 km 3 km 24 hours
L2 SM P Soil moisture (radiometer, half orbit) 40 km 36 km 24 hours
L2 SM_A/P Soil moisture (radar/radiometer, half orbit) 9 km 9 km 24 hours
L3 FIT_A Freeze/thaw state (radar, daily composite) 3 km 3 km 36 hours
L3 SM_A** Soil moisture (radar, daily composite) 3 km 3 km 36 hours
L3 SM P Soil moisture (radiometer, daily composite) 40 km 36 km 36 hours
L3 SM_A/P Soil moisture (radar/radiometer, daily composite) 9 km 9 km 36 hours
L4 SM Soil moisture (surface & root zone) 9 km 9 km 7 days
L4 C Carbon net ecosystem exchange (NEE) 9 km 1 km 14 days

* SMAP L2 science requirements. Mean latency under normal operating conditions. The SMAP project will
make a best effort to reduce these latencies
** Research products (archival at discretion of project)




- SMAP Science Obijectives

Soil moisture and freeze/thaw state are primary environmental controls on water
mobility and associated constraints to evaporation and Net Primary Productivity

[] [] [ Snow Accumatio

I Frozen

Freeze - Thaw
cycles

Surface Resistance

Low -
Low Landscape Water Content High

Primary Environmental Controls on NPP and Evaporation

I I I I I 1 I I I I I I I I I I I I
160 140 120 100 =] &0 40 20 0 20 40 g0 =) 100 120 140 160 180

e “?—“H.‘—v

Surface {soil water) Surface (freeze-thaw)

Atmosphere (radiation)

SMAP measurements of soil moisture and freeze-thaw cycles will provide an integrated measure of critical
controls on surface water mobility and associated constraints to ecosystem processes. Decreasing water
content imposes increasing constraints to CO, exchange, as do seasonal and episodic freezing. These
temperature and moisture controls relate directly to land-atmosphere latent energy and water exchange,
vegetation productivity, and sequestration of atmospheric CO,




Mean daily NEE (g C m2 day?)

Audubon Research Ranch, AZ FLux Tower L4 Data
Mean Daily Values, July & August, 2002-2005

®  Soil Water Content vs Net Ecosystem Exchange

P Error Bars +/- 15D
. . oe =87 p<.01

3

Maonthly
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- 18

= 16
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.....
" esese hean SWC
Cumulative Mean NEE

[
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Mean daily soil water content (% Vol.)

Source: http://public.ornl.gov/ameriflux/index.html

Soil moisture sustains vegetation net primary productivity and
atmospheric carbon (CO,) uptake in water limiting ecosystems.
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Presenter
Presentation Notes
Relationship between mean daily soil water content (15 cm depth; % Vol.) and mean daily net ecosystem exchange of CO2 (NEE) derived from tower eddy covariance measurements over a desert grassland site. NEE represents the difference between vegetation net primary production (NPP) and soil heterotrophic respiration. Negative NEE values denote net C uptake by the ecosystem, while positive NEE values denote net ecosystem C loss to the atmosphere. The graphic captures the onset of the summer monsoon and vegetation growing season, where vegetation NPP increases with increasing soil moisture, resulting in net C uptake by the ecosystem; the inset graphic shows the mean monthly progression of cumulative NEE and surface soil water content over the full annual cycle. The convex-parabolic relationship represents the best-fit least-squares regression relationship between soil moisture and NEE. Note that NEE is not only sensitive to soil moisture, but to other factors, including soil and air temperature, humidity, light availability etc..); It's not possible to distinguish these individual relationships with tower data; we would need modeling and/or controlled experiments to do this. Relations between soil moisture and the GPP and respiration components of NEE are non-linear and vary seasonally and for different biome types. The figure shows the relationship between soil moisture and NEE during the transition from vegetation dormancy (under seasonal dry conditions) to active photosynthesis and CO2 uptake with the onset of the summer monsoon wet period; this accounts for the convex parabolic shape of the curve. These data were obtained from the Audubon Research Ranch Ameriflux site (http://public.ornl.gov/ameriflux/Site_Info/siteInfo.cfm?KEYID=us.audubon.01) near Tucson AZ (31.59N, 110.51W). The accompanying picture shows vegetation conditions within the tower footprint for August 5th, near the peak of the vegetation growing season. 
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S
F SMAP Science Objectives: Freeze/Thaw and CO,

Spring Thaw Timing Regulates Annual Drawdown of Atmospheric CO, by Boreal Ecosystems

NOAA CMDL Observatory at Barrow 8 25
; E— Earlier thaw & larger CO, drawdown (- sign)
6 | Later thaw & smaller CO, drawdown (+ sign) T 2
R =0.63, p =0.015 115
4 .
+ 1
2- INTA
- + 05

0 - Y \j-—o

Thaw Anomaly (days)
Atm. COzanomaly (ppm)

Mean Thaw Date 2] + -05
(SSM/I, 1988-2001) ]
: 4
+-15
6 - L5
'8 T T T T T T '25

1988 1990 1992 1994 1996 1998 2000

=C=Spring Thaw Timing (SSM/) =0—Max. Annual CO2 drawdown
Source: McDonald et al., Earth Interactions 8(20)

Freezel/thaw link to carbon source-sink activity: Early thaw years
enhance growing season uptake (drawdown) of atmospheric CO,
by NPP; Later thaw years reduce NPP and CO, drawdown.



Presenter
Presentation Notes
Relationship between the mean annual timing of the primary spring thaw event over the pan-Arctic basin and Alaska defined by the SSM/I, and corresponding mean annual minimum atmospheric CO2 concentrations from NOAA CMDL northern (>/=50N) monitoring sites. Each year northern high latitude (>/=50N) atmospheric CO2 concentrations decline with the onset of the growing season and vegetation net primary production (NPP). The boreal growing season onset corresponds closely with the timing of the primary seasonal thaw event defined from the SSM/I. Years with relatively early thaw events and growing season onset yield generally greater annual NPP and greater CO2 drawdown; conversely, years with relatively late thaw and growing season onset yield the opposite response. Both the SSM/I thaw and CO2 time series show significant temporal trends, so the thaw and CO2 anomalies are expressed as annual differences from the linear trend line. An advancing trend (~4-6 days per decade) was detected in the SSM/I derived timing of spring thaw and growing season onset between 1988 and 2001; this temporal advance is sufficient to explain recent trends in vegetation greening and enhanced productivity over the northern land areas (Nemani et al. Science 300). 


SN

- SMAP Calibration and Validation activities

&

Pre-launch (2009-2015): Pre-launch L4_C Test using MODIS & AMSR-E Inputs
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algorithms; di g 3'% BE s #”‘%W

- Development of algorithm software test-bed for | < 1= ‘
algorithm testing & sensitivity studies; ' b }1‘ B

- Verify algorithm sensitivity & accuracy [ R _
requirements using available satellite, in situ i ;‘L-i f
and model based data & targeted field

Kimball et al. TGARS 2009 — TCF —BIOME-BGC =, + Tower Obs

campaigns;
Global Biophysical Station Networks

- Initialization/calibration/optimization of algorithm
parameters

Post-launch (2015-2018):

- Verify product accuracy through focused field
campaigns and global observation networks;

- Model assimilation based value assessment
(GMAO, TOPS, CarbonTracker);



Presenter
Presentation Notes
Lower right figure shows global observational station network of potential cal/val sites; for Northern latitudes (>45N) there are approximately 342 Snotel sites; 4,876 WMO stations; 19 SCAN sites; 215 FLUXNET site years. Figure at upper right shows an example validation of L4_C outputs (derived from MODIS and AMSR-E inputs) using representative boreal forest, grassland and tundra tower sites. The scales of the tower C-flux measurements are generally consistent with the planned L4_C resolution. Additional scaling can be accomplished using site based ecosystem process model simulations as is shown here using Biome-BGC (Source: Kimball et al. TGARS-09).
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Climate Change:
Monitoring of patterns, variations & anomalies in CO, source/sink

activity; vegetation, moisture & temperature effects on carbon
uptake and release.

Potential Applications

Forestry and Agriculture:

Carbon sequestration assessment and monitoring; net productivity;
drought impacts, disturbance & recovery; Spatial-temporal

extrapolation of in situ observations.

Environmental Policy:
Regional carbon budgets; carbon accounting and vulnerability
assessments.
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