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An emerging challenge )
for US and world

® Society Is going to be making efforts to reduce
CO, emissions — probably sooner than later

® These efforts will be regional & sectoral in nature,
and diverse in their approach

® No large-scale emission reduction effort has
succeeded without verification

» Stratospheric Ozone
» Acid Rain
» Regional Air Quality

® The complexity & variability of the carbon cycle
make this a challenging issue
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プレゼンター
プレゼンテーションのノート
This emerging challenge is very real and is getting attention at White House and Congressional Levels.  See the backup slides at the end of this presentation under 2015 and beyond for information on how this is proceeding today..
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Societal Benefit What knowledge of CO2 sources

= and sinks, including industrial
Decision emissions, land use changes
TOpiC and climate change feedbacks is

necessary to ensure effective
policy decisions by individual
nations?
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= High resolution atmospheric

Science Knowledge transport models T
= Ensemble biospheric modules CarbonTracker and
and Models = Fossil fuel emission inventories other Reanalysis

Products

= Surface fluxes optimized using
surface-based and remote
measurements.

Relevant GEO Tasks and CEOS Actions*

¢ CL-09-03 Global Carbon Observation and 3 -
Analysis System Satellites, Aircraft,

a) Integrated Global Carbon Observation Ground-based, Towers
(IGCO) (former EC-06-01)
b) Forest Carbon Tracking \
¢) Global Monitoring of Greenhouse Gases

Measurements

from Space
» AR-09-03 Advocating for Sustained Observing
Systems OCO, GOSAT, IASI, AIRS,
AR-09-03a_11* Global carbon dataset ASCENDS
Contacts: Goldberg, Butler, Barnet (NOAA), Moriyama ]
(JAXA), Blriggs (ESA),kHusbﬁmd((EUM|)5T3AT),kBerrien Surface and aircraft flasks ~a| Instruments
Moore, Hilsenrath Jucks, Miller (NASA) Per Eri Carbon flux towers iSSi
Skrovseth (NSC), Alex Held (CSIRO), Simmons Solar occultation FTS and Missions
(ECMWEF), Denning , GCOS (Bojinski) instruments 3




arbonTracker
(carbontracker.noaa.gov)
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For Regional Scale Resolution and Lower ‘@’
Uncertainty . . .

® More Observations (x 10?)~

» Atmosphere

» Ocean QA/QC, Data
» Terrestrial > Management
» Satellites

» Improved Instrumentation

® Improved Modeling to Serve Smaller Footprints
» Transport (= 10?)
» Assimilation, Inversion, Diagnosis
» Prediction

® Enhanced Computing Capacity
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プレゼンター
プレゼンテーションのノート
Bottom line – more observations, higher resolution transport in models, improved reanalyses to capture the biospheric contribution and to begin to provide actionable information for informing greenhouse gas management strategies, including emissions reduction.



Initially this calls for a scientific effort to begin development and make the improvements necessary to frame the observation/analysis system

Ultimately the fully scaled system should become operational with a research component to seek continued improvement and relevance

See Marquis and Tans (2008), Science 320:460-61, 25 April, www.sciencemag.org for explanation of need for a global verification system.
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プレゼンター
プレゼンテーションのノート
Even if laws are passed quickly and international agreements are strong, not much will happen in the way of Emission reductions for ~10 years.  After that, systems will go into place, strategies will be applied, and, whether driven by taxes or markets, policies will be adjusted as needed.  To do this effectively, a greenhouse gas information system must be in place to inform society of which approaches are meeting success and which are less effective and where things are working and where they are not.  This will be a globally integrated system, involving nations around the world.  The US is particularly well positioned to address this with its strong capabilities, particularly in DOC/NOAA.



During the rapid drawdown in emissions, the effort could easily go off track.  It will be most important here (~2020-2060) to have a functioning verification and evaluation system.




Initiate Partnering 12 NOAA 24 NOAA 15 Partner 36 NOAA 30 Partner
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プレゼンター
プレゼンテーションのノート
Although this is still being worked on, this is how we at NOAA see our activities and milestones for surface-based and aircraft-based measurements falling into place during the next decade if we are to develop such a coordinated, interagency system.  Similar efforts are being looked at for other NOAA contributions.
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GCOS-IP 2010 for CO2 and CH4

Satellite measurements are emerging as an important component of the overall observing system for
CO, and CH,. The SCIAMACHY instrument made the first global measurements of CH,, and its data
are being used in inverse modelling studies to quantify CH, emissions. The AIRS and IASI high-
resolution IR sounders are providing information on both CO, and CH,, though with limited vertical
range, and their data too have been used in flux inversions via data assimilation. The recently
launched GOSAT mission is starting to provide more complete information. Experience with the use of
the data from GOSAT will guide the development of the space-based component of the observing
system for these two majors GHGs.

Action A28

Action: Assess the value of the data provided by current space-based measurements of CO,
and CH., and develop and implement proposals for follow-on missions accordingly.

Who: Parties’ research institutions and Space agencies

Time-Frame: Urgent, to minimise data gap following GOSAT

Performance Indicator: Assessment and proposal documents; approval of consequent
missions

Annual Cost Implications: 1-10M USD initially, increasing with implementation (10% in non-
Annex-| Parties).
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NESDIS: Key area is validation, error characterization
For more information:
http://www.star.nesdis.noaa.gov/smcd/spb/iosspdt/iosspdt.php

¥) NOAA/NESDIS/ORA/SPB/IOSSPDT Home Page --- JAN 22, 2010 - 11:26:55 AM - Mozilla Firefox
Fle Edit View History Bookmarks Tools Help

@ A c (gt @ http: /. star. nesdis.noaa.gov/smed/spb losspdtfiosspdt. php oWt ".l' )

18] Most Visited 4 Getting Started m Services & Partnerships 5 | Latest Headlines \j Netflix: §4.99/mo. Mo

A e e e  Trace GAS web-pages

| allow a quick look at the
— MODI3 - Cola ANMET

ST trace gas products dsS d

AIRS NRT Processing at NESDIS

Channel Monitoring

-
Channel Statistic The Atmospheric Infrared Sounder (4 the first high spectral resolution infrared sounder data to be routinely distributed to Numenical Weather Prediction (NWP) Centers in near real-time; generally within 3 hours from f n I n f r h
observation time. AIRS is a cooled grating array spectrometer. Spectral coverage 3.7 to 13.4 microns in 17 arrays with 2378 spectral channels. Spectral resolution #/'Dn=1200, 15 km FOV from 723km orbit. AQUA was y
Documentations launched May 4, 2002.

Global Radiance

The primary AIRS level 2 products include: temperature profile ( 1 K accuracy), moisture profile ( 13%), ozone ( 13 % (layers) and 3 % total). Accoracy is achieved in clear, cloud cleared, or above clouds. Algorithms - -
L1 Daily Animation developed by AIRS science team. Details can be obtained from team v e I I I l e a n C o I I l ar I S o n S
]

L1Data Compression NESDIS AIRS NRT Processing system has been running soon after the launch of the instrument. Here is a brief description of the changes of the system since then. Daily products from NESDIS AIRS NRT system
inctuding Thinned Radiance files (HDF and BUFR):

et A i oy o A, 5 AR B0 5 1 with in-situ datasets.

) 281 AIRS channels + AMSU and HSB (8 MB per orbit) using same thinning as a)
<) Same as 2) but with all 3% 3 AIRS fovs

d) Full resolution AMSU and HSB

2) 200 principal component scores using same thinning 2s a)

* all include cloud indicator

L1 Time Series

L2 Mopitadg

Re-Processing

L2 Trace Gas

System Updates

Near Real Time $02/Voleano Monitoring

Transfer Time
Validation

S02Nolcano Monitoring

USERID & PASSWORD

Please refer comments or questions to the webmaster. This page was last modified on 01/20/2010 03:20:18

Request via e-mail:

Products in 3°%3° Xiaozhen.xiong@noaa.gov

javascript:submit_form1(1, 10) 1 1




Validation

Thermal sounders, such as AIRS, |ASI, and CrlS,
measure traces in a thick tropospheric column '

averages.

The vertical region sounded is a function
of the atmospheric state as shown at right for CO2

The best in-situ validation products are gas flask
samples taken during aircraft flights. The
NOAA/ESRL monitoring network provides high
precision vertical profiles for a number of locations
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arison of AIRS Retrievals (+0.64 ppmv/yr correction) w/ NOAA/ESRL/GMD Alrcraft
and CarbonTracker (Model) CO2 k
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プレゼンター
プレゼンテーションのノート
CarbonTracker 2009 release: AIRS retrievals (Maddy, JGR, 2008) vs. NO AVERAGING KERNEL has been applied to model or pre-processed aircraft profiles.



These data are from the 3x3 deg. grids where I’ve matched the average accepted AIRS CO2 retrievals within +/-7.5 days of the aircraft measurement time and +/-1000km of the aircraft measurement location. The figure shows the validation results of the AIRS CO2 product using NOAA/ESRL/GMD CarbonTracker 2009 model and pre-processed aircraft profiles at 22 ESRL/GMD aircraft sites.  The left panel shows the correlation between AIRS retrievals and CarbonTracker 2009 preprocessed observations (solid) and model profiles (dashed).  Also shown on the left panel is number of profiles as a function of altitude in cyan.  The right panel shows the Bias (red) and Standard Deviation indicated by S. Dev (blue) for the comparison of AIRS retrievals to the preprocessed aircraft observations (solid) and model profiles (dashed). 



I would not say all of this, but the differences above 8 km are due to a combination of the following effect and low statistics.

Above 8 km there is a large bias in the comparisons.  We’ve found that the matchups above 8 km are mostly for the site VAA and that there are significant differences between VAA aircraft pre-processed observations and CarbonTracker model profiles at these altitudes.  For this reason we’ve restricted comparisons plotted in Figure 3 such that points where the CarbonTracker model and CarbonTracker pre-processed observations differ by more than 5 ppmv have been excluded.  The remaining bias between the AIRS retrievals and correlative profiles is due to strong CO2 gradients present in some correlative profiles (model and pre-processed observations) at VAA that are absent from our first guess and hence retrieval profiles. 






AIRS Provides Middle/Upper Tropospheric
CH4 Information

CH, (150—250 hPa), Aug.2004
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Most sensitive layers of AIRS to CH4

(mapping based on area of averaging kernels)

ATRS Sensitivity

o

AIRS CH,
DOF = 1

~»Thermal Tropopause

“Effective Layers”

50 ~ 250 hPa

below Tropopause
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Xiong, X., C. Barnet, J. Wei, and E. Maddy, Inforpmatiorg-l?;?sed Mid-Upper Troppgpheric Methane Derived
from Atmospheric Infrared Sounder (AIRS) and ItsgVaﬂciatlon, ACPD, V9, 4, 2009, pp.16331-16360



® Enhancement in AIRS methane
product is seen in summer

months over Asia.

» Green points is the AIRS methane product

» Red points are TM3 model provided by
Sander Houweling, SRON

® Model agreement suggests
methane is transport of local
emissions during monsoon
season.

® Evidence of strong transport from
surface to mid-troposphere.
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NOAA Proposal to JAXA Second Research
Announcement

® To provide cross-validation of GOSAT/TANSO
products with NOAA/NESDIS/STAR operational AIRS
and IASI products

® To improve the retrieval of total column of CH.and CO.
based solely on TIR measurements.

® To enable a better understanding of the strengths and
weaknesses of TIR, SWIR and combined TIR/SWIR
retrieval strategies in determining the spatial-temporal
variation of CO.and CH.in the atmosphere.



Altitude (Kim)
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10— Thermal Emission

AIRS/IASI/CrIS thermal IR measurements complement the
solar/passive measurements by providing an independent
upper boundary condition

— NIR Absorption AIRS/IASI/
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® Thermal instruments (e.qg.,
AIRS, IASI, CrlS) measure
mid-tropospheric column

—Peak of vertical weighting is a
function of T profile and water
profile and ozone profile.

—Age of air is on the order of
weeks or months.

—Significant horizontal and vertical
displacements of the trace gases
from the sources and sinks.

® Solar/Passive instruments
(e.g., SCIAMACHY, OCO I,
GOSAT) & laser approaches
measure a lower troposphere
weighted total column
average.

—Mixture of surface and near-
surface atmospheric contribution

—Age of air varies vertically.
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