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backscatter ratio and impacts on calculated The HSRL acquired data along the CALIPSO ground track over land as well as over the water. The HSRL data are used to examine the AOT derived from both the Aqua and Terra MODIS sensorsbackscatter ratio and impacts on calculated The HSRL acquired data along the CALIPSO ground track over land as well as over the water.  The HSRL data are used to examine the AOT derived from both the Aqua and Terra MODIS sensors 
and as well as to develop and test algorithms used to derive aerosol extinction profiles. These algorithms will then be applied to the CALIOP data. p

aerosol extinction profiles
p g p g pp

We have developed and implemented retrievals that combine airborne lidar and MODIS aerosol extinction profiles
measurements to derive aerosol extinction profiles. We use the airborne data acquired by the

p
Aqua MODISnew Langley High Spectral Resolution Lidar (HSRL). In addition to measuring aerosol

b k tt d d l i ti t 532 d 1064 thi lid t i i i th t it di tl
Aqua MODIS
Aug 4 2007

Aqua MODIS AOT 
(18:25 UT)backscatter and depolarization at 532 and 1064 nm, this lidar system is unique in that it directly

measures aerosol extinction at 532 nm without additional information or assumptions about
Techniques for improving aerosol backscattering and extinction retrievals rely on spatial Aug. 4 2007

18 25 UT
(18:25 UT) 

Constrained Retrieval over landmeasures aerosol extinction at 532 nm without additional information or assumptions about
aerosol properties These measurements are initially used to directly validate the aerosol

homogeneity of the aerosol extinction-to-backscatter ratio, Sa, through a layer.  We examined the 
ti l i bilit f S i th HSRL t i d d i b t 240 h f

18:25 UT Constrained Retrieval over land aerosol properties. These measurements are initially used to directly validate the aerosol
extinction profiles derived using aerosol backscattering profiles and MODIS retrievals.

vertical variability of Sa using the HSRL measurements acquired during about 240 hours of 
operations over approximately 80 flights that occurred during four field campaigns in 2006 and (August 4 Aqua MODIS AOT)p g g p operations over approximately 80 flights that occurred during four field campaigns in 2006 and 
2007 Extinction profiles were derived using a standard backscatter lidar retrieval technique

(August 4 ‐ Aqua MODIS AOT)
2007.  Extinction profiles were derived using a standard backscatter lidar retrieval technique 
constrained by the AOT derived from the HSRL extinction measurement in the layer between 0-6 B200/

S E ti ti fil f t i d
constrained by the AOT derived from the HSRL extinction measurement in the layer between 0 6 
km.  These calculated extinction profiles were then compared with the extinction profiles obtained  HSRL 

flight
Extinction profiles from constrained 

i l i hi 5 10% f HSRLMethodology
p p p

from the HSRL direct measurement of extinction. Layer averaged extinction-to-backscatter ratios 
flight 
track retrieval are within 5-10% of HSRLMethodology that were calculated using the backscatter lidar retrieval technique constrained by the HSRL layer 

AOT l d ith th ti ti t b k tt ti bt i d di tl f th HSRL
Retrievals of aerosol backscatter and extinction profiles from backscatter lidars (e g CALIOP)

AOT were also compared with the extinction-to-backscatter ratios obtained directly from the HSRL 
extinction and backscatter profiles These results indicate that S is relatively constant about 60%

HSRL technique
Retrievals of aerosol backscatter and extinction profiles from backscatter lidars (e.g. CALIOP)
rely on linking aerosol extinction and backscatter (e.g., that the aerosol extinction-to-backscatter

extinction and backscatter profiles.  These results indicate that Sa is relatively constant about 60% 
of the time over the 0-6 km layer and the aerosol extinction derived using the layer AOT constraintrely on linking aerosol extinction and backscatter (e.g., that the aerosol extinction to backscatter

ratio, Sa, is reasonably spatially constant through a solution layer) and require an additional
of the time over the 0 6 km layer, and the aerosol extinction derived using the layer AOT constraint 
is within +/15% of the aerosol extinction derived directly from the HSRL molecular channel about a y p y g y ) q

boundary value or parameter specification information (e.g., a known layer optical depth or
% y

60% of the time. 
specification of a value for Sa). Uncertainties in the lidar ratio can be the largest source of error

d h th li iti f t i th t i land hence the limiting factor in these retrievals. Terra MODIS AOT 
(16:45 UT)

Moderate-resolution Imaging Spectroradiometer (MODIS) measurements of aerosol optical
(16:45 UT) 

Moderate resolution Imaging Spectroradiometer (MODIS) measurements of aerosol optical
thickness (AOT) are used to constrain the total transmission through the atmosphere and so

HSRL technique
Constrained retrieval

Constrained Retrievalt c ess ( O ) a e used to co st a t e tota t a s ss o t oug t e at osp e e a d so
derive a mean value of the lidar ratio (Sa ) through the layer. This approach of using aerosol

Constrained retrieval

( a ) g y g
optical thickness as an external constraint has been successfully used to derive aerosol
extinction profiles using airborne and ground based backscatter lidar data and AOT provided by

d b d S h t t d MODIS tground-based Sun photometers and MODIS measurements.

MeasurementsMeasurements 
The primary data that are described here to develop evaluate and validate these techniques areThe primary data that are described here to develop, evaluate, and validate these techniques are 
the aerosol backscatter and extinction profiles measured by the NASA Langley airborne High t e ae oso bac scatte a d e t ct o p o es easu ed by t e S a g ey a bo e g
Spectral Resolution Lidar (HSRL).  This lidar is ideally suited for such activities, since it can Constrained Retrieval over water( ) y
directly measure both aerosol extinction and backscattering simultaneously at 532 nm, and so Constrained Retrieval over water 
does not require external information or assumptions about the aerosol extinction-to-backscatter 

ti Thi t l b k tt t 1064 d d l i ti t b th (August 4 ‐ Aqua MODIS AOT)ratio. This system also measures backscatter at 1064 nm and depolarization at both 
wavelengths

(August 4  Aqua MODIS AOT)
wavelengths. 

Extinction profiles from constrained p
retrieval are 20-30% lower than HSRLretrieval are 20 30% lower than HSRL 
due to low bias of Aqua MODIS AOT

HSRL technique

due to low bias of Aqua MODIS AOT

These figures show the Aqua MODIS true color image (top left) the Aqua and Terra MODIS AOT (550 nm) imagesThese figures show the Aqua MODIS true color image (top left), the Aqua and Terra MODIS AOT (550 nm) images 
(top right) the B200/HSRL flight tack color coded by AOT (532 nm) derived from the HSRL data (bottom left) and a(top right), the B200/HSRL flight tack color coded by AOT (532 nm) derived from the HSRL data (bottom left), and a 
pseudo-3d image of aerosol backscatter along the B200/HSRL track (bottom right). p g g ( g )

Constrained Retrieval

HSRL techniqueq
Constrained retrieval

Constrained Retrieval over waterConstrained Retrieval over water 
(August 4 PARASOL AOT)(August 4 – PARASOL AOT)

Extinction profiles from constrainedThe HSRL technique Extinction profiles from constrained 
retrieval are within 10% of HSRL

• independently measures aerosol and molecular backscatter
retrieval are within 10% of HSRL 
using PARASOL AOT

• can be internally calibrated 
using PARASOL AOT

• provides intensive optical data from which to infer aerosol type HSRL techniquep p yp
• provides more accurate aerosol layer top/base heightsp y p g

CALIPSO k d MODIS S Gli M kCALIPSO track and MODIS Sun Glint Mask 

l d Constrained Retrieval
HSRL technique

CALIPSO track is within MODIS operational sun glint mask region over Northern Hemisphere during  waterland
HSRL technique
Constrained retrievalsummer 

I th MODIS AOT t il bl t t i t i l t• In these cases, MODIS AOT not available to constrain retrievals over water.
• This hampers efforts to use HSRL data to evaluate MODIS CALIPSO constrained retrievals off the• This hampers efforts to use HSRL data to evaluate MODIS‐CALIPSO constrained retrievals off the 
east coast of the U.S. during summer when high AOT is present.east coast of the U.S. during summer when high AOT is present. 

This figure shows the AOT derived from: 1) HSRL molecular channel data along the flight track, 2) 
i t l ti th A d T MODIS t t th B200/HSRL t k 3) i t l tiinterpolating the Aqua and Terra MODIS measurements to the B200/HSRL track, 3)  interpolating 
PARASOL measurements to the B200/HSRL track and 4) AERONET Cimel Sun photometerPARASOL measurements to the B200/HSRL track, and 4) AERONET Cimel Sun photometer 
measurements (courtesy of Brent Holben) at the surface along the B200/HSRL track All AOT valuesmeasurements (courtesy of Brent Holben) at the surface along the B200/HSRL track.  All AOT values 
correspond to 550 nm. There is excellent agreement among the measurements over land, however,CALIPSO track within MODIS  correspond to 550 nm.  There is excellent agreement among the measurements over land, however, 
over water, Aqua MODIS AOT measurements appear to be about 0.15-0.2 (25-30%) too low.  glint region q pp ( )

MODIS PARASOL AOTMODIS vs. PARASOL AOT
C i f MODIS AOT (860 )k f SummaryComparison of MODIS AOT (860 nm) vs. 
PARASOL AOT (865 nm)

CALIPSO track out of MODIS 
glint region

Summary
PARASOL AOT (865 nm)glint region

• Global data
• June 15, 2006 – July 14, 20060.2 difference
• Cloud fraction < 30%

This figure shows the excellent agreement among aerosol extinction profiles derived fromThis figure shows the excellent agreement among aerosol extinction profiles derived from 
coincident measurements from the HSRL, NASA Ames Airborne Tracking Sun photometer

Aqua MODIS AOT is often considerably lower

coincident measurements from the HSRL, NASA Ames Airborne Tracking Sun photometer 
(AATS-14),  and Hawaii Group for Environmental Aerosol Research (HiGEAR) in situ Aqua MODIS AOT is often considerably  lower 

than PARASOL AOT

( ) p ( )
instrumentation (scattering + absorption) (courtesy of Tony Clarke, Univ. of Hawaii).   These 
profiles were acquired over the Gulf of Mexico between approximately 16:45-17:00 UT on 
M h 10 2006March 10, 2006. 

PARASOL AOT (865 nm)( )


