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Overview

What role(s) can/should observations play in carbon markets?
— Informing C-market development ' A Ve,
— Use during market-implem '
— Evaluating efficacy

Reconciling bottom-up and tg _____-_,gb’vxﬁmﬁs'timates of carbon emissions

Th__e_.capébii_itiés of current and future observing systems to attribute
. and quantify carbon emissions and uncertainties
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The Role of Observations in Carbon Markets JPL

7
&> Depends on What Question Is Posed T e,

Example use-case scenarios:

Are the actual Are Country-X’s Does the actual carbon
emissions from actual emissions stock match the reported
individual point exceeding their- baseline for a forest
sources in Country-X  reported (national carbon offset credit by
exceeding their inventory) emissions?  Country-X or Project-Y?
reported emissions?

Are policies meeting Are disturbances
How are individual the desired objective occurring in Country-X or
point source (limiting GHG Project-Y that impact the
emitters being concentrations)? claimed carbon credit (is
operated (dynamic the offset permanent)?

behavior)?

|. Point Source
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S The Key Challenge: Disentangling JPL
QC/O Natural & Anthropogenic CO2 Emissions =z,
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Current Understanding (2008):
Global Trends in CO2 Emissions

JPLU

Jet Propulsion Laboratory
California Inztitute of Technology

Fossil fuel CO, emissions
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Bottom-Up vs Top-Down Estimates of JPL
Global CO2 Sources and Sinks (2008) AT

 FF + LUC — Land — Ocean = Atmosphere

* Bottom-up: (8.7 =05 +(1.2x0.7)- (4.7 £12)- (23 £ 04)=29
1.6

* Top-Down: Actual measured atmospheric growth = 3.9 = 0.1
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@C-O Full Carbon Accounting Requires Geospatially JPL
k_/ Resolved Emissions Inventories Moy

* Inter-regional fluxes of CO2 emissions due to trade (MtCO2 yr1)

Davis & Caldeira, PNAS (2010)
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Evolution of CO2 Flux Inversions from
Research to Policy-relevant Spatial Scales
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Geospatially-resolved Observations are JPL
Needed to Identify Inventory Discrepancies =iz

TRACE-P MOPITT
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Figure 2. Mean CO observations during the TRACE-P mission (26 February to 9 April 2001) averaged
over the 2° x 2.5% grid of the GEOS-CHEM CTM. TRACE-P aircraft concentrations averaged over all
altitudes are shown on the left. The MOPITT CO columns (morning overpasses only) are shown on the
right. See color version of this figure at back of this issue.
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Chinese CO Emissions Inventory Revised JPL
+40% After Trace-P Field Campaign T i

Table 1. Estimates of China’s and Asian Annual CO Emissions®

Year of China
Study Estimate FF + BF BB FF + BF + BB
Emission inventory methods
EDGAR V2.0 1990 T0° 20° o0°
EDGAR V3.2 1990 84 | 85
EDGAR V3.2 1995 88 0 88
EDGAR V3.2 2000 89 I.Dre.-Trac.:e-P CO_ 8
Streets and Waldhoff [2000] 1990 94 6 100° emissions inventories S
Streets and Waldhoff [2000] 1995 109 6 115 for Chi 9\
Tonooka et al. [2001] mid-1990s 87 or Lhina -
Nakicenovic et al. [2000] 1990 D:
Nakicenovic et al. [2000] 2000 (Q
Streets et gl 120033l TRACE-P 2000 100 16 116 .
S e o = ReY|Sed (pOSt'Tr_aC_e'P) 0
This study 2001 142 16 158 Chinese CO emissions ®
IMYATSE T e nmar . )
Palmer et al. [2003] 2001 168 12 180 inventory ©
Pétron et al. [2002) 19901996 §2
Kasibhatla et al. [2002] 1994 . L. 4]
Arellano et al. [2004] 2000 Chinese CO emissions g
Heald et al [2004] 2001 i
Wang et al. [2004c] 2001 166 _ from _a synthesis of _ 2
Pétron et al. [2004] 2000-2001 inventories, atmospheric
Forward modeling i i
Heald et al [2003b] 2001 181 mOdeIIng & Observatlons
Tan et al [2004] 2001 174
Allen et al [2004] 2001 145
Carmichael et al. [2003] 2001 163-210

*Units are in Tg/yr. FF, fossil fuel; BF, biofuel combustion; and BB, open biomass burning.
"Definition of region varies slightly across studies, but China dominates in all cases.

“Estimated by scaling the EDGAR value for China+ region to just China using TRACE-P national values.
dAgricultural waste buming only; no forest or savanna buming included.
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High Resolution Emissions Inventories JPL
Are Being Developed D

Gurney et al., Env Sci Tech (2009)
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Night Lights in North America: The JPL

Fingerprint of Anthropogenic CO2 Emissions == -
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High-Resolution Satellite Derived Biomass

Maps Will be Critical for Assessing Offsets JPL

Jet Propulsion Laboratory
California Inztitute of Technology
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*MODIS-derived above ground biomass map for tropical Africa; 1 km resolution
for 2002-2003

Baccini et al., Env Res Lett (2008)
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Science & the C Market - NAS, 11 May 2010 13



N

)
@O Existing remote-sensing (space & air) assets -JFPL

Jet Propulsion Laboratory
California Inzstitute of Technology

GHG atmospheric concentrations: g4 “;-ﬁ“"h -
- Satellite: AIRS*, TES, /“7 7 e A
SCIAMACHY, IASI, GOSAT (o & g (,\\“3
- Aircraft: MAMAP RN A
(s R
\“‘. ;(J ~ { ] ':a - -';:’?"#;
Vegetation greenness, health and ‘g’f 4 I,
productivity: Landsat*, MODIS”, . N P a
AVHRR?*, EO-1* el
__:; 385 386 387 328 _3;;3-

Ecosystem Structure/biomass: AIRS mid-troposphere CO2 monthly average

- Satellite: ICESAT-1 (GLAS L g AR 7
Lidar)*, ALOS PALSAR

- Aircraft: UAVSAR*, LVIS*,
GEOSAR*

Ocean color/photosynthetic
activity: MODIS*, SeaWIFS

*US assets

Pantropical biomass (Saatchi, et al) - using MODIS, SRTM, ICESAT GLAS, QSCAT & ground

mappi

Tl 1 " Science & the C Market - NAS, 11 May 2010 14
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Complementary Benefits of Satellite and JPL
Surface Observations of Atmospheric GHGs =i,

SURFACE SATELLITES

high accuracy (“gold standard”) sustained global sampling with
-cal/val of space data moderate/high spatio-temporal resolution
saccess to data only available with *high measurement densities reduce
in-situ samples ('#C/C ratios, other sensitivities to transport model errors
gases) - ST

90N . i . . NOAHE.hnL”:”.[:_:.f_ Cycle - SO'N
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NOAA surface network

(~100 samples/wk globally, 7/hr for CONUS)
0CO-2 CO2 sounding coverage

(~1E6 samples per day globally)
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Jet Propulsion Laboratory
California Inzstitute of Technology

bO The Orbiting Carbon Observatory (0CO-2) -JPL
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C@O Regional CO2 Distributions from JPL
SCIAMACHY Satellite Observations R e e

Carbon Dioxide SCIAMACHY/ENVISAT 2003-2005
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Berlin
Bremen <>

Cologne

Frankfurt
Brussels

Munich IS
‘ u
I )

Number of CO, molecules per million air molecules
C L U
370.0 372.0 374.0 376.0 378.0
Observations quantify the expected
correlation between urban centers and
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Regional CH4 Distributions from JPL
SCIMACHY Satellite Observations SR oo
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Tracer-Tracer Correlations Provide Powerful JPL
Constraints on Source Attribution L s

@o

CO2/CO Correlation Coefflc:lents

—  HE : : : : : .
-1.0 -08 D06 -04 -02 0.0 02 04 0.6 0.8 1.0

Wang et al., ACPD (2010)
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Constraints on Source Attribution from JPL

non-CO2 Proxy Observations S e

OMI NOZ2 retrievals
reveal power plant

emissions in Inner

Mongolia

OMI = Refelcted UV —

& 18 20 250 450 BA) EN) TR MO0 E+idroeciesE 00 88 90 1E 14 1818

Zhang et al., GRL (2009)
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Future satellite assets critical to providing
JPL
global coverage for key C-cycle parameters o=z

Surface CO2 Fluxes: Orbiting
Carbon Observatory
replacement mission (OCO-2)*

Vegetation greenness, health and
productivity: HysplIRI*,
LDCM*, NPOESS (VIIRS)*, Sentinel-2

Ecosystem Structure & Biomass:
DESDynl*, ICESAT-II*, Sentinel-1

Ocean color/photosynthetic activity:
GEOCAPE*

Freeze-Thaw/Land Photosynthetic
activity : SMAP*

*US assets

g% i Science & the C Market - NAS, 11 May 2010 | 21
8 ca Ubservator Copyright 2009 California Institute of Technology. Government sponsorship acknowledged.



&

Constellations of Multiple OCOs Reduce Flux JPL
Uncertainties on Market-relevant Spatial Scales A Y ey

NADIR, 4 satellites, 1x2.5 deg lat/lon
| I T AT R BT A

GLINT, 4 satellites, 1x2.5 deg lat/lon
L | I T TR R B B

0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85
Fractional Error Reduction

* Flux error reductions scale with the number of satellites involved in the constellation
* More clear sky scenes obtained by avoiding clouds with 4-day revisit

Miller and Baker, unpublished
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CarbonSat — A Wide-swath Mapper JPL

to Detect CO2 Point Sources BT
. - Eaﬁrnun&ar OI‘IHIIE 21 .EHS.E'III;I&E- - s

CarbonSat 1-day coverage:
*500 km swath
2 km resolution

—h
o

CarbonSat feasibility
demonstration with MAMAP
— detecting emissions from a

Distance [km]
=
Distance [km]

Bovensmann et al., AMTD (2010)

Simulated CO5 plume

] 20 [ ]
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Summary

Observation-based evaluations provide independent top-down
estimates of CO2 emissions to compare with mVentory bgsed
bottom-up estimates . | \s

sed re .sensung of
se @ases, surface imagery, and

NASA has a long history o
atmospheric CO2 and Gre

[~

other paramet_e_r_s.txatﬁpsupportxcarbon markets
Current and future cap"' bilities will extend this global, long-term

-~ measurement record

Questions for Discussion
What level of CO2 emission

What actions or beh
carbon

f. pe ma‘ﬁ“éntly removmg 1 tonne of

: ad —h. o

’ *’*f._ ;ﬁ&




Jet Propulsion Laboratory

@o OCO Reflight Highlighted in JPL
President’s 2011 Budget Proposal L

 “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.”

« “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”

http://www.nasa.gov/news/budget/fy11_oco.html

The funding profile
« Supports the fastest possible OCO-2 launch

« Includes funding for a complete set of parts for a 2" instrument
(OCO-3)

Science & the C Market - NAS, 11 May 2010 25
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The Modern Atmospheric CO2 Record JPL

California Inztitute of Technology

Mauna Loa Monthly Mean Carbon Dioxide

NOAA ESRL GMD Carbon Cycle

390 |||||||| [rrrrrrrrr [rrrrrrrrr [rrrrrrrrr Trrrrrrrrr [rrrrrrrr

380

340
330
320
B
;
310
1955 1965 1975 1985 1995 2005 2015
TEAR

Atmospharic carbon dicxide monthly maan mixng ratios. Data pror to May 1974 are from the Scnipps Institution of Oceanography {510, blus), data since
May 1974 are from the Mational Oceanic and Atmospheric Administration (MOAA, red). A long-tesm trend curve i fitted to the monthdy mean values. Contact:
Dr. Pieter Tans, NOAA ESAL GMD Carbon Cycle, Boulder, Colorado, (303) 497-6878, pieler lansmnoaa qov, and Dr, Ralph Keeling, 310 GRO, La Jolla,
Caldarnia, (B58) 534-7502, rkealing@uesd.edu.

Mauna Loa Observatory
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Carbon Dioxide and the
Global Carbon Cycle Science

JPLU

Jet Propulsion Laboratory
California Inzstitute of Technology

Human activities currently add ~10 Gt of
carbon to the atmosphere each year

Less than half of this CO, stays in the
atmosphere. The rest is absorbed by
natural “sinks” at the Earth’s surface

Current measurement networks

« Can quantify the atmospheric CO,
buildup on global scales

* Provide insufficient coverage and
resolution to accurately quantify
sources and sinks of CO,

Fundamental questions:

* Where is the missing sink? land / ocean

« Why does the sink strength vary dramatically from
year to year?

 Will the nature, location and strength of CO, sinks
change in the future?

Fossil Fuel Emissions of CO2 and Atmospheric Buildup, 1958-2008

| Total Emissions
[ Amount in Atmosphere
8 El Nino Event

7

I w o
T T T
|
|

Gigatons Carbon/Year
|
]

w
T

AL

1960 1970 1980 1990 2000
Year

L)

=

(=]

Annual fossil fuel emissions, the major
anthropogenic CO, source, increase
smoothly over time.

The accumulation rate of atmospheric CO,
varies dramatically from year to year due to
variation in the fundamental processes
responsible for land and ocean sinks.
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