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Outline ~

NUCAPS and Trace Gases Retrieval from AIRS, 1ASI
and CrlS

L1 Requirement of Trace Gases in JPSS-1 and status of
CH, and N,O retrieval from S-NPP

Some Results of N,O Retrieval using AIRS

AIRS CH,: Validation and Applications

1. CH,Plume over South Asia during Monsoon Season;
2. CH, depletion during stratospheric Intrusion;

3. Arctic CH, monitoring;

summary



NUCAPS and Trace Gases Retrieval using Hyper Spectral Infrared
Sounders: AIRS, IASI, CriIS

AIRS on NASA/Aqua 1:30 pm
orbit (May 4, 2002)

IASI on METOP-A(Oct. 19,
2006) METOP-B(Sept
27,2012) 9:30 am orbit

CrlS on NPP 1:30 pm orbit
(Oct.28,2011) and JPSS .




AIRS Trace Gases Products
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JPSS-1 Requirements

EDR Attribute co, CH,

Vertical Coverage Total Column Total Column Total Column
Horizontal Resolution 100 km 100 km 100 km

Mapping Uncertainty, 3 25 km 25 km 25 km

sigma

Measurement Range 0 - 200 ppbv 300 - 500 ppmv 1100 — 2250 ppbv
Measurement Precision 35% 0.5% (2 ppmv) 1% (~20 ppbv)
Measurement Accuracy +25% +1% (4 ppmv) +4% (~80 ppbv)
Refresh 24 h 24 h 24 h

Note
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NUCAPS Sounding Products Released at
NOAA CLASS since April 8, 2014

Atmospheric Vertical Temperature Profile
Atmospheric Vertical Moisture Profile
Infrared Ozone Profile

(requirement: total column)

Vertical CO Profile

Vertical CO, Profile

Vertical CH, Profile

Outgoing Longwave Radiation (OLR)

(new)

Vertical HNO, Profile

Vertical N,O Profile

Vertical SO, Profile

A flag indicating the presence of dust and volcanic emissions
Cloud-Cleared Radiances



Set-up of CH, and N, O retrieval

First guess of CH, and N,O is updated

N,O from Model N,O firstguess
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CH, Firstguss and its Comparison with
HIPPO data

CH, firstguess profiles
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Comparison of CH, from CrIS and AIRS

10% change in CH,( N =39 cris )
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Radiance from CriS (W/m?/sr/m™)

Pressure (hPa)

March 12, 2013
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*Full spectrum data from CrlS
on NPP and JPSS can be used
to obtain similar N,O and CH,
products like AIRS

AIRS-CH,
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Monitor global
Why Is it important ? w

»One important greenhouse gases:
life time 120 years,

»Warming potential is 300 times of
CO,;

»has a nearly linear increase of
0.26% yr over the last three
decades [IPCC, 2007].

»N,0O Is recognized as the single
most important anthropogenically

(NpO) Nitrous Oxide (nmol mol®f)

emitted stratospheric ozone N

depleting substance [Ravihsankara
et al., 2009].

N,O trend

Mauna Loa, Hawaii, United States (MLO)

=
(=7
T

=
=
T

| ! | ! | ! | ! | ! | | !
¥ * MLOMAO Carbon Cycle Surfzca Flasks

d

1998 2000 2002 2004 2006 2008 010 012

Graph created ESRL/GMD - 2013-July-13 04:31 am




Advantage of TIR in N,O Observation

T A B o e T 2% change in N,O ( N =46 ARS )
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Pressure (hPa)

Mezart N20 at 271 HPa(May)
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Presenter
Presentation Notes
Mozart data is more uniform.


Monitor the N,O trend using TIR
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Xiong, X. et al., 2014, Retrieval of Nitrous Oxide from Atmospheric Infrared Sounder:
Characterization and Validation, JGR-atmosphere (under revision).



A larger variation of N,O in the
mid-upper troposphere from AIRS
than aircraft measurment

HIPPO N, O Proﬁles (N 585)
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Validation is important

L ocations of Validation Profiles




AIRS CH, (ppb)
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Validation Results : AIRS-V6 CH,
(paper is to be submitted to AMT, 2014)
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More Applications

-- Transport or Emission



Total Ozone
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Presenter
Presentation Notes
Distribution of CH4 from AIRS at 407 hPa and the contour of tropopause (left panels) and total ozone amount from AIRS (overlaid with wind vectors at 400 hPa, right panels) for three days on 3/25, 3/27, and 3/29/2010.  Dark blue regions in the left panels are air masses with low CH4 impacted by stratospheric intrusion, and the enhancement of ozone is evident in the corresponding regions in the right panels[Xiong et al., GRL, 2013].


Huang et al. 2006 (Ggq CH4 per cell)
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Xiong et al., Methane Plume over South Asia during the
Monsoon Season: Satellite Observation and Model 20
Simulation, ACP,, 9, 783-794, 2009 .


Presenter
Presentation Notes
From here and following slides we show the results from AIRS version 5. IASI  data are old version developed in 2009. First, let’s look at the Ch4 plume over South Asia during the Monsoon Season. 


Methane_ppbv

Methane_ppbv

Agree with AIRS data, CARIBIC aircraft measurement also
showed significant increase of CH4 during the monsoon season
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Presentation Notes
Increase starts from June and reach the maximum in the end of August to early September; and magnitude is about 100 ppb. Both agree with AIRS observation. 


Monitor CH, emissions in the Arcticv

»Supporting the climate change study:

CH, emissions from permafrost and
hydrate leakage under the impact
of global warming

Ground-based observation network

IS sparse;
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Summary

Hyperspectral IR sounders from AIRS provide over 12
years data since 2002; Continued measurement will be made
using CrlS on S-NPP and J-1, -2, as well as 1ASI.

The peak sensitivity of TIR is in the mid-upper troposphere
with low sensitivity near the surface, so it is hard to

distinguish the impact of transport or emission based on
TIR products.

But, it is promising to monitor the trend of N,O in the mid-
upper troposphere;

23



We may provide valuable long-term measurement of CH,
over the Arctic regions where no sensors available to make
good measurements in the near future;

More validation and improvement to algorithm need to be
done, especially for trend analysis;

— depending on the funding

24
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