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Outline

« DOE ARM SGP CRF Raman Lidar System

e Aerosol and Water Vapor M easurements

« AEROCOM comparisons of aerosol extinction, RH
* In Situ Aerosol Profiling (IAP) comparisons

e Airbornelidar comparisons

Acronyms
DOE = Department of Energy
ARM = Atmospheric Radiation M easur ement
SGP = Southern Great Plains
CRF = Climate Resear ch Facility
CARL = CRF Raman Lidar




CART Raman Lidar (CARL

DOE ARM SGP CF site
(Lamont , Oklahoma)
(36°37' N, 97°30"' W)
Nd:YAG (355 nm) (day/night)
Wavelengths
— Rayleigh/Mie (355 nm)
— Depolarization (355 nm)
— Raman water vapor (408 nm)
— Raman nitrogen (387 nm) - mm Tt e
39 meter rangeresolution 1995 199 2000 2001 . 2002 . 2003

water vapor and aerosol profiles [
precipitable water vapor and

aer osol optical thickness

aer osol and cloud depolarization
designed for continuous,
autonomous oper ation

Data: availablevia ftp from
ARM (http://www.arm.gov)

Additional information: http://www.ar m.gov/docs/instruments/static/rl.html
(Turner et al., JAOT, 2002)




CARL Aeosol Extinction Profile Evaluation

 CARL extinction profileswere evaluated
using airborneremote sensing and in situ

measur ements acquired during May 2003
Aerosol IOP

 CARL extinction values generally larger (20-
30 Mm-1) than values from other sensors

o Largest differences werefound for low (<50
Mm-1) aer osol extinction values and were
significantly less (~10%) for higher (150-

300 km-1) values of aerosol extinction.

 Larger differences were dueto impacts of
loss of sensitivity of CARL since early 2002

» Absolute differences (~30 M m-1) between the
CARL aerosol extinction values and values
from the other instruments are within the
range deemed acceptable (larger of 50 Mm-1
or 20%) when evaluating the lidarswithin the
EARLINET project [Pappalardo et al., 2004]

« Water vapor measurementsin low-mid
troposphere are within 5% of other
measur ements
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Continuousvs. Periodic M easur ements

CARL —continuous

EARLINET —periodic 3times/week (Monday 13:00 UT; Monday, Thursday 1 hour after sunset)
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Average Diurnal Variation of Aerosol
Extinction Profilesand AOT

e Large changesin vertical profile
« Smaller changesin AOT
(st. dev ~10%)
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Continuousvs. Periodic M easur ements

CARL —continuous
EARLINET — 3 times/week (Mon. 13:00 UT; Mon., Thurs. 1 hour after sunset)

June 2000

CARL

— Al times

EARLINET

June 2000 times




Measured vs. Modeled M onthly Average Aerosol Extinction Profiles




Measured versus Modeled Yearly Average Aerosol Extinction Profiles

e Largevariability in modeled vertical distributions and aer osol components
* Profile behavior of various aer osol constituents may give indication of model

strengths and weaknesses
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M easur ed ver sus Modeled Aerosol Optical Thickness

 Although models may agree in total AOT, significant differences can exist in
vertical distributions and contributionsto AOT from various aerosol components
» Averaging on larger temporal and/or spatial scales gives better agreement

 Deviations between mean aerosol extinction profiles are generally small (~20-
30%) for altitudes above 2 km, and grow considerably larger below 2 km
» Models generally have lower aerosol extinction near the surface; perhaps due to
e too little vertical mixing
 not enough humidification of aerosol
o potential high bias of lidar measurements near surface
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Measured versus Modeled Aerosol Optical Thickness

* Seasonal variation of total AOT varies among the models
* Proportion of AOT dueto various aerosol components varies among the models
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In Situ Aerosol Profiling (IAP) - 2000

(Andrews et al., JGR, 2004) Daytime measur ements 2-3 times/week
Primary M easur ements
\ I - Aerosol scattering (3A) (dry)
-L,_\&: Aerosol - Aerosol absorption (1 A) (dry)
Extinction (550 nm) - Hemispheric backscatter fraction (dry)
Derived Parameters
— Aerosol single scatter albedo
— Aerosol optical thickness
— Angstrom exponents

Converted to ambient humidity using f(RH)
measured at surface

Applied super micron scattering correction
derived from surface
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In Situ Aerosol Profiling (IAP) —2000-2003

M easur ements suggest small decrease
in absor ption and increasein single
scatter albedo with time

Aerosol M easur ements show decreasein
Extinction (550 nm) - single scatter albedo with altitude
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Correlation between Aerosol Extinction and Relative Humidity

 CARL aerosol extinction profiles averaged over 946 days (Mar. 1, 1998 — Dec. 31, 2001)
* Higher extinction concentrated over smaller vertical extent at night
* Highest aerosol extinction and RH found near surface at night

Aerosol Extinction Relative Humidity
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Relative Humidity Profile Comparisons

CARL integrated water vapor measurements calibrated to match

microwave radiometer total column water

CARL water vapor measurements acquired during clear skiesand so
annual average dightly drier than radiosonde average

SouthGreatPlaing (36.62N ; 97.50 W ; 317m)
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Aerosol Extinction Regression Results

Regressions computed using monthly averages from 0-8 km
Slopes 0.4-1.0, indicative of differencesin the lowest few km
Corréeation coefficients 0.7-0.9; Bias differences 0-30 Mm-1

INCA = R GOCART




Aerosol Extinction Regression Results

 Regressionscomputed using monthly averages from 0-8 km

« Usingdataat all timesand not just at EARLINET times, reducesbiaserrors,

Increases correlation, and increases slopes
CARL data at all times
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Relative Humidity Regr ession Results

 Regressionscomputed using monthly averages from 0-3 km
 Slopes0.6-1.0; Correlation coefficients 0.4-0.8; Biasdifferences 4-8 %




New and Improved CARL

» Since late 2001, CARL Signal Strengths had decr eased Aerosol Backacatter Coefiicient Random Error
. |mpacts: 0 e
- Occasional misalignments—biaserrors
- Reduction in max range
- Larger random error

Major modifications/'upgrades implemented in 2004 sy R

dramatically improved CARL measurements /928 1398 2000 2001 2002 2008 20od
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March 24, 2001 Airborne Lidar M easurements

TerraMODIS
| -:MOT (555 nm) |




Airborne Lidar Comparison with GOCART

 TRACE-P NASA DC-8 Hight 14 March 23-24, 2001

 Attenuated aerosol scattering ratio from UV DIAL System
GOCART UV DIAL
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Airborne Lidar Comparison with GOCART

* TRACE-P NASA DC-8 Flight 14 March 23-24, 2001
o Lidar aerosol retrievals constrained using MODIS AOT

e Aerosol Extinction Coefficient
GOCART UV DIAL
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« CARL routinely provides continuous pr ofiles of aer osol
backscattering and extinction, depolarization, RH

Diurnal variability
— Largechangesin vertical profile, smaller changesin integrated values
— Corréationsin aerosol extinction, relative humidity

M odel mean aerosol profilestypically show smaller vertical
variability than the mean CARL observations

Average model profiles of aerosol extinction are generally smaller
than CARL measurements, especially in lower levels

Average model profiles of relative humidity arein better
agreement with CARL measur ements than aer osol extinction

|n situ aer osol measurements on periodic small aircraft flights
suggest that models under estimate aer osol absor ption

Airborne profiles provide additional, periodic dataset to evaluate
model performance over a widerange of locations and aer osol

types
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Aerosol Extinction Regression Results

Regressions computed using monthly

SouthGraatPlaine (36.82M ; 97.50 W ; 317m) 2000 aver ageS from 0'8 km
x Slopes 0.4-1.0, indicative of differences
In the lowest few km
Correlation coefficients 0.7-0.9
Bias differences 0-30 Mm-1
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Relative Humidity Regression Results

Regressions computed using monthly
averagesfrom 0-3 km

Slopes 0.6-1.0

Corredation coefficients 0.4-0.8
Bias differences 4-8 %

Correlation Coefficient
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CARL Aerosol and Water Vapor Profiles

Automated algorithmsfor routineretrievals of water vapor and aer osol profiles
(Turner et al., J. Atmos. Oceanic Tech., 19, 2002)

Data: availableviaftp from ARM Experiment Center (http://www.arm.gov)
Color images at: http://playground.arm.gov/~tur ner/raman_lidar _quicklooks.html
December 3, 1998
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Airborne Lidar Comparison with GOCART

* TRACE-P NASA DC-8 Flight 14 March 23-24, 2001
o Lidar aerosol retrievals constrained using MODIS AOT
» Aerosol Backscatter Coefficient

GOCART UV DIAL
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Measured versus Modeled Aerosol Optical Thickness

* Seasonal variation of total AOT varies among the models
* Proportion of AOT dueto various aerosol components varies among the models
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Measured vs. Modeled M onthly Average Aerosol Extinction Profiles

d GOCART




Measured versus Modeled Yearly Average Aerosol Extinction Profiles

 Largevariability in modeled vertical distributions and aer osol components
* Profile behavior of various aer osol constituents may give indication of model
strengths and weaknesses
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Relative Humidity Regr ession Results
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Relative Humidity Regr ession Results

UIO CTM B UlO GCM




Measured vs. Modeled M onthly Average Aerosol Extinction Profiles




Measured vs. Modeled M onthly Average Aerosol Extinction Profiles




Measured versus Modeled Yearly Average Aerosol Extinction Profiles

 Largevariability in modeled vertical distributions and aer osol components
* Profile behavior of various aer osol constituents may give indication of model

strengths and weaknesses
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Measured versus Modeled Aerosol Optical Thickness

* Seasonal variation of total AOT varies among the models
* Proportion of AOT dueto various aerosol components varies among the models
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Aerosol Extinction Regression Results
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Aerosol Extinction Regression Results
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