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Aerosol Robotic NETwork (1] Airborne High Spectral Resolution Lidar (4]

GOAL CALIOP AERONET HSRL MODIS and POLDER

CALIPSO ==X

Help identify potential shortcomings in MODIS on AQUA  POLDER-3 on PARASOL

the Version 2 level 2 aerosol extinction
product

Passive “MODerate resolution Passive “POLarization and Directionality of

Definition : . ” ; »
/i Imaging Spectroradiometer Earth's Reflectance

Active period Apr 2002- today Dec 2004 — Dec 2009

Level 2 products

1vati - , » Resoluti
[llustrate  motivation for changes “Direct solar- ,4 = Resolution for

introduced in next version of CALIOP " smn B(z) = B(z) x T(z,,2) B ERS™ AOD (Aerosol Optical Depth, 2340 scence ighaon _ Channels for 466, 553, 644, 855, 1243, 490, 670 and 865 nm (all polarized)

. : *Active downward pointing elastic lidar _ : i o o0
data (VCI’SIOI] 3, released 1n May 201 ()) P g 0: height of CALIOP LIDAR 2u, BOF B B B _®_B_® uncertainty ~0.01-0.02, [2]) and aerosols 1632 and 2119 nm

*Flies at ~7km/s at an altitude of 705 km Coso — E=nlll 7: hcight of scattering layer Angstrom exponent *Measures directly acrosol extinction and S,, .
. : *90 m diameter foot print every 333m ot |10 e0t0T po) 0-z,: height where there are no aerosol without ancillary aerosol measurements or Main asset
Will help understand and interpret 1 o ™ °Almucantar: assumptions on acrosol type

. : : . “No daily global coverage (same region, 16 days) B': Attenuated backscatter coefficient (directly linked to lidar signal) ; . - :
results obtained in previous studies ye g glon, Y B: total backscatter coefficient (molecular + aerosol) Sesee Aerosol volume size *Systematic error on 532 nm extinction < Expected uncertainty on MODIS AOD over dark land surfaces:

*Vertical distribution, shape and size of aerosols Il T2(2): Atmospheric two-way transmittance (signal attenuation). distribution, SSA, etc...[3] 0.01 km™! for typical aerosol loading [4] AAOD=+ 0.05 + 0.15A0D [5]

Horizontal 10 x 10 Km Horizontal 20 x 20 Km

High spectral/ spatial Directional and polarized properties of
resolution reflected solar radiation

CALIOP 08-04-2007

MODIS versus CALIPSO AOD CTLNEET o | MODIS and CALIOP Multi-sensor case study

Cloud screening;:

Ty —— E— data are re-mapped on _ . AUQUS + 4 20 07[6] _k = [MODIS (0.67), PARASQL (0.58) All CALIOP B s;,@1/3km .deleted underneath
R B e 12x12 km grid. & ‘ and HSRL (0.52)] are contained in the . the highest detected cloud in cloud@1/3km
| _ ———\ | ( ~ Dense haze over the East | AERONET AOD envelope within % “
il O (Communty Mulscee A Coast: e =g . . Differences between HSRL and CALIOP SNR
e - Quality) : “ hour around the A-Train overpass |
== : 1. Smoke from fires in Ll R (0.48 t0 0.73 at 532 nm)
S - * MODIS ?OD Cguld be blas.ed by .1 . the North, ‘ : Two separate and
: wrong surface retlectance, cirrus clou L 2. Resi : 1 spatially homogeneous
| 'R ’ i} UL A . Regional pollution s patially g
2| I .| - | contamination... | 08 '_\’\" => Not the case for CALIOP V2 AOD = stronger regions in the
oy e i B . e L . ; (0.32) -
- l (30 nm) o e MobisaoD [ ongitude>-100° * CALIPSO AOD could be biased by: el Aerogol plumT q z o \’W EIEI\{,I;“ECS;% niensity on
irst principal component regression method (red line) leads to . . . : T | predominantlv comnose g o >
AOD 3100 = 0.31(0.02) AOD yopys + 0.14(+0.01), R=0.34, RMSD= 0.27, N=2791 for entire U~ WIONE extinction to backscatter lidar /\ CATZ-Sanders 1; f el VB, ? O asmover-ar ¢ : ) ] -
AOD ¢y 10p = 0.34(£0.03) AOD 0,5 + 0.17(£0.01), R=0.43, RMSD= 0.26, N=807 for Eastern US  ratios over land (here US), very little o A OL Hhe particles - " | N Dnfanee B CAT2, Santrs| HSRL trak [ CALIOP rak [CALIOV Mo sop - === == CATZ-Sanders 0 Region with cloud contamination
* The standard V2 CALIPSO extinction product seems detection of tenuous aerosol layers by / \\ e ]‘;V ith S%gnlﬁcant light A T L e —— m— : Closest point to CATZ-Sanders on the HSRL track fairly
. 0 o~ S CMAQ cell with CALIOP/ MODIS AOD |5.809 5.315 5.680 - o .
to underestimate MODIS AOD (by 66%, Eastern US) day due to low SNR... apbsorption Time (UTC) CMAG cllwith POLDERAOD 177105 {17339 750 [ize7 representative of the rest of the 40 km “curtain scene”
CALIOP versus HSRL[6] 7 CALIOP smaller range of S, s;,@40km S I " —— *Cloud cleared CALIOP profile closer to HSRL CALIOP version 3 ’ Improvements
Fairly good agreement, except for strong i e , (from 56 to 70 sr) compared to HSRL S sy - *Two factors need to be considered when 1. Level 1 data
- peak around 2.2 km (cloud contamination) di ¢ (from 29 to 83 sr). (I - ~,, comparing HSRL and CALIOP: ++ Improved daytime calibration procedures [7]
sl - HSRL ;532 ] £ a N ““ o 113 . . . . . .
I Extinetion * g o I = N N o 1. Different atmospheric attenuation of each 2. Spatial location of layers (base and top altitudes)
- 2 4 o < 4r c .
3o g i .gqack %fzcjk?nLIOdP values below ~1.4 km and | SSUE ’ 1 1id 5 tI')O fn lat y | lidar signal (CALIOP from 30km and HSRL ++ Layer base extended close to the ground
i 2 * above ~3. an A erroneous assumed lidar extinction-to- A from ~7.5kmis normalized) 3. Layer type (cloud/ aerosol and subtypes)
1 e * it backscatter ratio value per detected " : C :
g . . o e Lo EE : : : : ++ CAD now uses integrated volume depolarization ratio and
. I ——— Issue #1: CALIOP’s failed detection of e R e w aerosol layer bt e 2. Different calibration techniques/ :
il TEe . : ) , Attenuated backscatter coefficient (532 nm, km st X 10 blggel’ set Of PDF
. PR tenuous aerosol layers and its signal not . o : , ) , accuracy (here, CALIOP seems well 4+ Eliminati fbue in cloud cleari d
| e W OFE M O0E i L ceachine down to the eround An alternative CALIOP extinction profile was computed by applying a B 532 @40km” = average (B s, @1/3km) calibrated but not in general) imination of bug in cloud clearing code [§]
5 & newly devised extinction retrieval to all previously cloud-screened CALIOP P 530, @40km™ = 5 555 . @40km” with cloud-screening ++ Improved separation ice/ water clouds
. : - - - B €535 @40km™ normalized by mean (HSRL [,/ Cs;, . @40km”) over H, . . -
Integration of the HSRL a, 53, profile on H; (AOD of 0.23 from a few hundred meters attenuated backscatter profiles in the 40 km region of interest using the HSRL ’ : 4. Derived optical properties
to 1.5 km), and on H, (AOD of 0.01 from 3 km to the top) ... adds a total of 0.24 Sa profile ... adds 0.12 to the standard CALIOP AOD of 0.32 (less effect Issue #3: CALIOP’s cloud clearing, averaging and calibration of the attenuated ++ Optical depth now “provisional” (before: “beta quality™)
to the standard CALIOP AOD of 0.32. than issue #1) backscatter coefficient profile

CALIOP applica*ion = Air‘ qua|i1-Y[9] CALIOP application - AOC: Wherle . k January 2007 IAOC'Jo:(lJﬂ(%) . .APrﬂ.ZOQ7 4 'Aoi::t(%) | k J.uly.ZO(.)7 IAOCcount(%) | October 201()71‘ IAoi’::t(%)

e . * Good agreement PARASOL - AERONET AOD Aerlosol Overi C loud ( AOC)
Winter case = Summer case and Whg"’
Bl<ikm = 1<Bl<2km  *AOD MODIS (total) > AOD PARASOL (fine) - - 5
S - o | -+ Lower PARASOL AOD in Winter case for same PM Main project: “Combined use of CALIPSO, MODIS and OMI level 2 e N
‘ ( ] R - Smaller particles in Summer but ~ same optical properties aerosol products for calculating direct aerosql radiative effects
o abstract # 237 Jens Redemann —see presentation on Tuesday October 20,
Summen 06/29/06 and Winten 0312007  Anticyclonic conditions (>1013 hPA, good mixing in BL) 2010, 15:10-15:30
Lille Parameter Summer | Winter Lille ease | 'case . c § . i : i . i i . ; ‘ . . . . ‘ v . .
PM, 5 (Hg/m’) Aosz(i;Eg:m) 1061'29018 1061'159: A“::tgégg‘;g’é:nj%?m) g?‘)‘% g%g ‘ Lower BL in Wlnter casc Over Cloud? Biomass bumlng aerosols usually StI’OIlgly I80°W 135°W 90°W 45°W 0° 4°E 90°E I35°E 180°W I80°W 135°W 90°W 45°W 0° 4°E 90°E 135°E 180°W 180°W 135°W 90°W 45°W  0°  4S'E 90°F 135°E 180°W 180°W 135°W 90°W 45°W  0°  4S'E 90°F 135°E 180°W
umber of pixe o (440 nm) 0,92 0,89 ° ° . o o . . . MODIS Rapid Response Active Fire Detections for 2007 MODIS Rapid Response Active Fire Detections for 2007 MODIS Rapid Response Active Fire Detections for 2007 MODIS Rapid Response Active Fire Detections for 2007
S — e i o | =Lower AOD in Winter mostly due to lower BL. absorbing, may cause local positive radiative forcing
AERONET Number of daily inversion 2 10 Atmos:fl‘aetrii‘::e;:::::ri:y(h?a) fg;/; fg;/; o . . o oo Y
naiop e | 1z | L& e Small icl Use of CALIOP BL Height information to constrain the when over clouds o e wesa © | N & e
MODIS-AQUA Numb(er of?)li’;f)al é6 25 ma er partlc es i o 80 % ‘ ¥ ‘” “,,.‘J i v B - 3_:;.;7’& —? : (Yff:‘ e a0 e
—_ Sostial S 0.09 0.03  Same optical ptes . _ : : o M , e | J o
PM; 5: Particulate matter with d,<2.5 ug/nt PEEE SRS (01D - N IO ElnE Preliminary results using CALIPSO Skm layer... s ol D, o T & ot m;
; «6 e i ‘:, : P wi‘ ; = \ﬁg
T 5 }' ; ¥ ke
: - : 3
AOC: Optical Depth and layer thickness: Eval CALIOP AOC d ° °
va uaTe eteCt|on us ' ng‘.. ( 7 Jvary Fobuay Mach Apd Moy me iy Aluit Seplember Ociober MNovember December , Feb varch Aol Vay s Wy At Seotember  October  November  Decemh January February March  April  May June July August September October November December

AOC: summﬂf‘Y _ *NASA Ames Airborne Tracking Sunphotometer, AATS-14 retrieved
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*90% of upper aerosol layer thickness 1s 0-1.5km .
*80% of distance [aerosol base-cloud top] 0-1.5km *Combined aerosol retrieval over clouds: OMI-CALIOP-AIRS [7orres, . Vaughan et al., 25¢th International Laser Radar Conference (ILRC), appointment to the NASA Postdoctoral
St. Petersburg, Russia, in Press Program at the Ames Research Center,

personal com.] 0f POLDER-MODIS [Waquet et al., 2009] 9. Kacenelenbogen et al., Atmos. Chem. Phys., 6, 4851-4866 , 2006 administered by Oak Ridge

AOD (when AOC) during ARCTAS field campaign (April 19t 2008,
plane under CALIOP track)
*Considerable correlative EARLINET-CALIPSO database that

includes aerosol layer properties [Mona, personal com.; Pappalardo et al., 2010]

*Above 40% of AOC in July-October 2007

*80-85% of AOD 1n [0-0.1] and 10-15% 1n [0.1-0.2]
*Above 45% of upper aerosol layer altitude at
1.5-4.5km (mostly 1.5-2.5km)
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