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< Level 3 Pre-Release took place in January 2009

{ Release L2 & L3 CO, Products & Docs at GES DISC

< December 2009
< HDF-EOS format
< Latitude range: 60°S to 90°N

< New Level 3 Products (2° lat x 2.5° lon)
< Daily
< Multi-day (8-day)

< Calendar Monthly
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< Level 2 Product Content

(individual retrievals, 100km x 100km at nadir)

< Latitude, Longitude, Date (yr,mon,day), UT (hr,min,sec)
< Land fraction, Solar Zenith Angle

< Mid-tropospheric CO, (mole fraction)

< €O, 1x1 error matrix (mole fraction)

< CO, Averaging Kernel Profile (100 level, TOA to Surface)

< Level 3 Product Content

(average over time period, 2° lat x 2.5° lon)

< Latitude, Longitude [144,91] grid points

< Mid-tropospheric CO, (mole fraction), [144,91] array
< €O, 1x1 error matrix (mole fraction), [144,91] array

< Count of number of samples averaged, [144,91] array



National Aeronautics and
Space Administration

Jet Propulsion Laboratory

Propusin Representative AIRS Mid-Trop
Pasadena, California ¥ COZ Averaging Kernels

Atmospheric Infrared Sounder

AIRS Sensitivity - Assuming 370 ppm CO
cee s . . Tropical_Kernel
‘Peak sensitivity altitude varies 10 MidLat_Summer_Kernel

slightly with latitude and = MidLat_Winter_Kernel
gnty “ SubPolar_Summer_Kernel

season: =—SubPolar_Winter_Kernel
* Tropics: 285 hPa \ = US_Std_Kerne
* Poles: 425 hPa -

‘Width at half-maximum is
~ 400 hPa, spanning:
* Tropics: 120 hPa to 515 hPa
* Poles: 235 hPa to 640 hPa

100

pressure, hPa

*Tails of averaging kernels intrude
into stratosphere, where air is
older than in troposphere by
an amount that varies with -
latitude 1000 [

(~ 1 yrin tropics; ~5 yrs at poles). 001 o oo ooz oos  oo4

* Impact: ~3 ppm Increase m_retr_leved AIRS CO_Averaging Kernel, 8X'/6X
CO, near the poles if correction is 2

applied. 4
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Atmospheric Infrared Sounder algorithm are Very conservative

A solution is reached when the partial derivatives individually vanish

1. Uniqueness

+ We track the variations of residuals with iterations and only
accept solutions whose residuals decrease monotonically with
iterations; i.e., we seek solutions having a single minimum

2. Accuracy:

* We require that a cluster of four adjacent CO, retrievals
(2x2 array covering a 90x90 km area at nadir) agree to within
2 ppmv in an RMS sense (spatial coherence of retrievals
over 1° x 1°).

+ We find that the errors in the retrieved CO, mixing ratios are
uncorrelated, allowing reduction of errors by averaging of
retrievals.
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resulting
from
iteration
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Iterate T
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YES, pass on new T
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Iterate q

YES, passonnew T, q

Iterate O3

?1

YES, pass 03 new T,q,03

Iterate
Cc02

—

YES

v

YES, pass on| CO2 solution

VPD Algorithm Block Diagram

YES, pass on CO2 solution

CO2 for Single

AMSU FOV

Assemble VPD CO2
results for 2x2 array of
adjacent AMSU FOVs

15,000/Day
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AIRS Daily CO, Yield AIRS Monthly CO, Yield
1°x1° Spatial Resolution 1°x1° Spatial Resolution

AIRS V5CO2: Day 2003 7 15x30

15,000 CO, Soundings

365 370 375 380 365 370 375 380

AIRS Level 2 Mid-Tropospheric CO, retrieval yield is controlled by requirement for highest quality
temperature and water vapor AIRS Level 2 products in 2x2 array of adjacent FOVs

Day/Night, Pole-to-Pole, Land/Oceanl/Ice, Cloudy/Clear
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Atoseric';;s;:ae:zsaggzzder May and JUIy — 2003 through 2009

AIRS Mid-Tropospheric CO2 AIRS Mid-Tropospheric CO2
May 2003 July 2003

CO2 (ppm) CO2 (ppm)



Retrieved CO2 (ppm)

for starting point = 380 or 390 ppm
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380 |r—r—r—r

375 |

] Initial CO2 =373 or 380

/N Initial CO2 =373 or 390

370

365

360

355

N
350

350

355 360 365 370
Retrieved CO2 (ppm)

for starting point = 373 ppm

37

'S

380

Count in 0.25 ppm bin

Count in 0.25 ppm bin

VPD CO, Solution
to Variation of Iteration Starting Point

40

40

30

s Stable

-4 -2 0 2 4
CO2ret(380 start) - CO2ret(373 start) (ppm)

6

-4 -2 0 2 4
CO2ret(390 start) - CO2ret(373 start) (ppm)
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Example for latitude band 30N to 40N during January, 2003

CO,and T CO,and O, CO,and H,O

January 2003 January 2003 January 2003
Scatterplot of V2 VPD CO2 vs Tair@500 hPa Scatterplot of V2 VPD CO2 vs 03@300 hPa Scatterplot of V2 VPD CO2 vs q@500 hPa
within latitude range +30° < lat < +40° within latitude range +30° < lat < +40° within latitude range +30° < lat < +40°
24,635 Retrievals 24,635 Retrievals 24,635 Retrievals
400 1 1 1 1 1 1 L 400 1 1 1 1 400 |} 1 1 1 1 1
—y = 389.46 - 0.05874x R= 0.084249 : —y = 375.63 - 0.014893x R=0.085796 —y = 374.46 + 1.6447x R=0.024956

390 . e e . 4

£ i € £
4 o

& 3ol ] e g i
oN - oN oN
o o o
] g H
g | g
£ 370 | - E £ -
& 1 o &

360 |- ST e T ] ]

350 A " e A PR
350 i i L) 350 eded Rt Ak Ak kol Ak Ak bl
230 235 200 205 200 285 200 285 270 50 160 150 200 250 0 (X 02 03 0.4 0.5 0.6
Tair @ 500hPa, K 03 @ 300hPa, DU Precipitable WV @ 500hPa, mm

R=0.0842 R=0.0857 R=0.0249

Correlations are seen when there is a physical mechanism,
e.g., stratospheric intrusion

10
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. Pasadena, California 1.6X10% byl Ll L L L 1.6 X 10% byl L L L L L
Atmospheric Infrared Sounder : cozet | ] _ - cozret| ]
4 F Minimum 353.16 | 4 + F Minimum 360.64 | 4
1.4x10 5 Maximum 387.5 | 1.4x 10 5 Maximum [ 390.13 |7}
NPts| 38864 | [ NPts| 83411
' 3 Mean 373.46 | 4 Mean 374.34 | 1
1.2x10° |- Vedian| a7353]] X0 F Median| 374.47 |
Std Dev 2.70 | 4 : Std Dev 2.91 1
.E 1x10* [ Variance 7.29 | 1x10* [ mm Variance 8.44 | ]
= I Std Error|  0.014 | 4 [ Std Error|  0.010 | 4
g_- [ Skewness 0.102 Skewness 0.012 :
2003 - 8x10° | - Kurtosis 0.466 | 8x10° | - Kurtosis 0.126 |
f=4 o L L
£ . ] . A :
8 6x1o3_. . sx1o3_. N - .
ax10® [ ]l ax1w0ef ]
2x10° | ] 2x10°f ]
(| P - 0 b ]
rrrrrrrrrruria LI I I I I I I I I 1 I I I I rrrrrruoTria I I 1 I rrrrrroTria
360 362 364 366 368 370 372 374 376 378 380 382 384 386 388 390 361 363 365 367 369 371 373 375 377 379 381 383 385 387 389 391
1.6 X 10* byl bl L L L 1.6 X10% byl L L
CO2ret | | COzret | ]
F Minimum| 369.84 | 4 F Minimum |  369.95 |
1.4x10 5 Maximum | 401.43 |"] 1.4x10 5 Maximum |  405.33 |]
NPts| 58235 X NPts| 71932
a4 Mean 384.85 | 1 4 I Mean 386.52 | 1
1.2x10 3 Median| 384.89 | ] 1.2x10 3 Median| 386.52 | ]
Std Dev 2.94 | 4 : Std Dev 2.94 |
__g 1x10* [ Variance 8.64 | ] 1x10* [ [ Variance 8.62 | ]
£ Std Error 0.012 | 4 L Std Error 0.011 | 4
% [ im Skewness -0.105 Skewness -0.288
2009 : 8x10° | | Kurtosis -0.111 | ] 8x10° | _— Kurtosis 0.018 | |
2 6x10° | - 6x10° | 4
[3) [ - - ] I - - |
4x10° | 1 axiw | ]
2x10° [ 1 2x1w0° | ]
0 .IlllllJ_.—-—‘_‘-I-I- 0 A Y .|-|-|.|.|.| |.|.|.|.|.].|. 0 | T | i |.|.|-|.|.|. Alalalalgly .|.|.| | | I |.|.|.|.|.
372374 376 378 380 382 384 386 388 390 392 394 396 398 400 402 373 375 377 379 381 383 385 387 389 391 393 395 397 399 401 403

CO, (ppm) CO, (ppm) 11
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< Aircraft profiles of CO, concentration
= Direct validation of satellite retrievals
< ldeal Characteristics
< Spiral flight path
< Altitude range from near surface to 150 hPa (13.5 km)
< Coincident with the satellite overpass

< CONTRAIL CO, samples at altitudes 10.5 km to 12.5 km
= Validate amplitude, phase of seasonal variations
and interannual trends as function of latitude

< TCCON daytime cloud-free column average CO, measurements
= Validate phase of seasonal variations and interannual
trends; allows estimation of drawdown in PBL

< Surface stations
= Estimate differences between free troposphere and
planetary boundary layer; compare interannual trends
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Contours are NCEP 500 mb
geopotential height.
Arrows are NCEP 500 mb
wind.

Comparison of
AIRS CO, Collocated with 3%y
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Numbers in parentheses are
number of same-day AIRS
retrievals collocated within
a radius of 500 km which are
averaged for comparison to
convolved aircraft profile.
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ACO, (ppm)

ACO, (ppm)
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ACO2 = <AIRS CO,> - CONTRAIL CO,

AIRS Data collocated within 500 km radius and * 4 hours
california Institute of Technology@l@ averaged to compare to the 911 CONTRAIL measurements
taken while aircraft cruised at altitude 2 10.5 km

CONTRAIL CO2 Airborne Flask Measurements
(altitude 2 10.5 km )
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Collocated AIRS Mid-Trop CO, and Park Falls FTS

Pasadena, California 390  r—r—rydyypy—d
Atmospheric Infrared Sounder [ i
385 | 2
AIRS and Park Falls Time Series § 30 [ ‘.’ -
. o -
AIRS 7-Day avg and PF !)a_lly < “.'.";""3} ]
AIRS data collocated within Q55 | W o g h
Radius 500 km and Time % 2 hr - St N ® /
<& :
370 o < 2
: ® AIRS daytime mid-trop CO2 ]
L ® Park Falls column average CO2
O 05003 5ob4 3005 2006 3007 2008 2005 3010
15 1 1 1 1 1
. DATE
10 ' . Summer CO, Drawdown in PBL
. K e T Lat: 45.9N; Lon: 90.3W
5 s 5 g % =%
STV P Y S, AIRS-Park Falls
B A LI I S L) Both daily averages
o b Y i TeeralaT T e i s
R A £ Tl o = AIRS data collocated within
v i . Radius 500 km and Time * 2 hr
-5 L M
ACO2 = <AIRS> - Park Falls
10 [ . . . . . . ; ; ;
2004 2005 2006 2007 2008 2009 Park Falls Data courtesy of 15

DATE

Paul Wennberg & Gretchen Aleks



CO2 (ppm)

CO2 (ppm)

Monthly Average Time Series for AIRS CO, Collocated within 500km
and Surface Stations

Northern Hemisphere

Monthly Average CO2

Mauna Loa Station and AIRS mid-Tropospheric Retrievals

AIRS Retrievals Collocated within 500 km radius
(lat; 19.54 N ; lon: 155.58 W ; alt: 3307 m)

400 1 L 4

- CO2 = a + b*(t-2003)
395 [ || Instrument AIRS Mauna Loa

F a(ppm)| 373.3+0.3| 3752 0.5
390 E T (ppmlyr) | 1.97 £0.08 | 1.84 £ 0.15
385 |
380 |
a5 |
370 |

: —e—AIRS
365 ~ —e— Mauna Loa
360 F

2002 2003 2004 2005 2006 2007 2008 2009
DATE
Monthly Average CO2
Cold Bay Ground Station and AIRS mid-Tropospheric Retrievals
AIRS Retrievals Collocated within 500 km radius

400 . (Igt: 55.20 N ; lon: 162.72 W ; alt: 25 m) . .

F CO2 = a + b*(t-2003)
395 [ |[ Instrument AIRS Cold Bay

F a(ppm)| 375.2+0.5| 376.9+1.4
390 E b (ppmlyr) | 2.06 +0.14 | 1.74 £ 0.49
385 |
380 E
a5 |
370 |
365 |
360 F

2002 2003 2004 2005 2006 2007 2008 2009

CO2 (ppm)

o2 (ppm)

Southern Hemisphere

Monthly Average CO2
American Samoa Ground Station and AIRS mid-Tropospheric Retrievals
AIRS Retrievals Collocated within 500 km radius
(lat: 14.24 S ; lon: 170.57 W ; alt: 10 m)

400 i

: CO2 = a + b*(t-2003)
395 [ || Instrument AIRS Am Samoa

F a(ppm)| 373.8%0.1| 373.2%0.1
390 F " (ppmiyr) | 1.97£0.04| 1.940.03
385 E
380 F
375 |
370 |

E —eo— AIRS
365 - —e— Am Samoa
360 F

2002 2003 2004 2005 2006 2007 2008 2009
DATE
Monthly Average CO2
Cape Grim Ground Station and AIRS mid-Tropospheric Retrievals
AIRS Retrievals Collocated within 500 km radius

400 . (Iat: 40.68 S ; lon: 144.68 E ; alt: 94 m) .

F €02 = a + b¥(t-2003) E
395 [ || Instrument AIRS Cape Grim -

F a(ppm) | 373.320.2| 371.8 0.1 E
390 E ™y (ppmiyr) [ 2.20 £0.05 | 1.97 £ 0.04 -
385 | E
380 | 3
375 | 3
370 | E

: —e—AIRS E
365 - —e— Cape Grim -]
360 E 3

2002 2003 2004 2005 2006 2007 2008 2009

DATE

LI 4
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—0— dCO2_71N
Monthly Average (AIRS-Surface) —&— dC0O2-55N
For 1/03 through 12/07 —o— dg85-4aN
AIRS Collocated within 500 km of Surface Station —— %87 28N
15 —— e, 1 —— dC0O220N
. —eo— dC02-10N
" NH PBL —— dCO2-05N
C Drawdown ::x:: ggg%—%gg
10 |- ---0--- dC0230S
- --4-- d02-355
o = SR
B Seasonal - —
—_ S |- Variation --dC02_54S
E : ..... = SEEm=s s
g L FEEE "
= o — -
N B ~——
Q [
o -
< 5 kK
10
" NH PBL NH PBL
B Respiration Respiration
15 b — — — — — —
0 2 .1 3 8 10 12 14

Month
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<> We have received funding from NASA HQ to retrieve near-
surface CO2 using AIRS spectra

<> We have initiated tradeoff studies to optimize the set of
channels used in the retrieval

< Account for the surface emissivity and surface temperature

< Retrievals over oceans (September 2010)

< Retrievals over land (June 2011)

18
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THANK YOU !
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