Variability of Aerosol Properties and Mixing-layer Heights from Airborne High Spectral Resolution Lidar,
Ground-based Measurements, and the WRF-Chem Model During CARES
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CalNex Deployment May 2010 Summary

NASA HSRL data products being used for:
* model comparisons
* vertical context of in situ measurements

Background
The NASA airborne High Spectral Resolution Lidar (HSRL) was deployed on board the | | " Ontario, California
NASA Langley Research Center’s B200 aircraft to California in May and June of 2010to | | " May 13-25
aid in characterizing aerosol properties during the CalNex (Research at the Nexus of Air | | = 8 science flights (28.5 hours)
Quality and Climate Change) and CARES (Carbonaceous Aerosols and Radiative Effects " 6 with CIRPAS Twin Otter

Study) field missions. Measurements of aerosol extinction (at 532 nm), backscatter (at "2 W.ith NOAA P-3 . 1 R & (S e aerosol typing
532 and 1064 nm), and depolarization (at 532 and 1064 nm) during over 30 flights "6 with MODIS and/or MISR satellite overpasses « partitioning of AOD above/below mixed layer
across more than 100 hours, many in coordination with other participating research CARES Dep|oyment June 2010

aircraft, satellites, and ground sites, constitute a diverse data set for use in
characterizing the spatial and temporal distribution of aerosols, as well as properties
and variability of the Mixing Layer (ML). This work examines the temporal and spatial
variability of the ML and aerosol properties within and nearby the Sacramento region.
ML heights derived from HSRL measurements are compared with those produced by
radiosondes and the Weather Research and Forecasting (WRF) model. Backscatter and
extinction comparisons are made between the WRF-Chem model and HSRL
measurements. Differences between the model and measurements are explored.

Comparisons with WRF-Chem ML heights, backscatter, and
extinction currently underway

= Sacramento, California

" June 3 -28

" 23 science flights (72.3 hours)
= 19 with DOE G1
= 1 with NOAA R/V Atlantis
= 2 with NOAA P3

" 6 with NOAA Twin Otter HSRL will deploy on summer portion of TCAP campaign
= 11 with MODIS and/or MISR satellite overpasses

HSRL mixed layer heights are also available for CHAPS, RACORO,
CalNex, and CARES

Comparison of Aerosol Properties from the WRF-Chem model and HSRL Mixing Layer Height Methodology
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* ML heights derived from cloud-screened HSRL aerosol backscatter profile and automated technique using Haar wavelet
covariance transform with multiple wavelet dilations to identify sharp gradients in aerosol backscatter at top of the ML

Bisector Slope = 0.71

200 M SR s o o Bias Diff = 56.5439 (7.5120%)
1150 | Bisector Intercept = 292 : : : : :

* HSRL ML heights and radiosonde-derived ML

—
4y
=
L=

I=
<
g 0 . (Brooks, JAOT, 2003), modified to handle complex situations with elevated aerosol layers
2 o1 g0/ Potential reasons Radiosonde Potential Temperature
e o Boundary conditions from MOZART 9 1300 * ML heights derived from radiosondes launched at the TO and T1 sites during CARES
% bias loading high in free troposphere e Automated technique uses a modified Heffter method to determine the inversion in the potential temperature profile
LU - 40  ° Size distribution may not be (Heffter, 1980; Hayden, 1997) ; o Heffter & Hayden Technique _
o r6presentatlve - 1200 ° Lapse Rate- AG o, 7 e m e s mm me—me— o TO site T1site
N L - 27 K e R e o I U AR AR 2.5
© 0.05 30 . pust not included in model Az =000 i SR o =
2 20  * Emissions may be inaccurate 100 * Inversion Strength: G, —G,... =1°K gz-: e W— : 2 1-5
~ 10 WRF-Chem LIS g
% - = 0 Not§: \.NRF-C.hem results are ] ML heights estimated by potential j: W & Ly ? | = N | |
L - e 0.1 0.15 predllmlnary; improvements are : 2 : temperature and relative humidity TR R T °o'.o""o:s."'a:a"a:.r;"'zra"'2:5""3.:15"'3:5" 0'0 ( T ste elvation: 0454
i} i} - un erwa . _ - - . -116.91  -117.09 11728 1747 767 -17.87 -118.1 -118.31 ELon Aerosol Backscatter (Mm-sr)” . . . .
WRF-Chem AerOSOI EthnCtlon (Km 1) Y WRF-Chem Aerosol Backscatter (Mm Sr ) . grad|ent5 295 Poi(;itials':esmng:ratuigik) 315
4000 e P T . 0.32 __4000 .
PR I01 2 2000 . I 18 Comparison of ML heights from PNNL radiosondes and HSRL during CARES
25 m7 208 229 23 234 232 233 234 235 - 0.032 25 226 227 28 28 23 2.1 232 233 234 235 g —Least-square bisector - 15km/30min
HSRL Aerosol Extinction (Km'1) HSRL Aerosol Backscatter (Mm " sr ') - 10.56 E“' o1 T S S -'-I-Least_square_ 15km/30min
4000 : : : :
2 0.1 £ b |l = ® TO Sonde - 15km/30min
£ 2000 S 2000 O ® T1Sonde - 15km/30min
£ = 2000 b ' . i
< < . — e A : : : 15 km/30 min. Constraints (27 pts)
5 226 227 228 2 232 233 234 235 5 226 227 228 229 2 233 234 235 O i _
WRF-Chem Aerosol Extinction (Km™) - 0001 WRF-Chem Aerosol BacKSeatter (Mm™ sr”') 01 = Least-sq Slope = 0.9219
L N S Least-sq Intercept = 4.4608
. . - - i - - - 2 —
Comparison of ML heights from the WRF-Chem model and HSRL = : : R"=0.8626
© 1000k i /4 Bisector Slope = 0.9925
2500 250 : ] HSRL/B200 Time(UT) 15-Jun-2010 —— : _ . a
ML height comparison 22 22.5 23 23.5 24 24.5 25 - : : Bisector Intercept = -50.6581
. HSRL Mixed Layer Height _
2000 200 aCFOSS a" CARES fllghtS: . WRF-Chem Mi:ed Layger Height — Aerosol Gradient -g RMS Error - 157'1020 (20'8713%)
T
_—
—
=

R%=0.37

Altitude(km)

HSRL ML Height (meters AGL)

U = = = = = .
1000 - . 0 =00 1000 1500 2000 2500 3000 hglghts show good agre.ement when HSRL W.aS
* Some differences due to HSRL ML (m, AGL) within 15 km and 30 minutes of the launch site
500 s, differences in backscatter !
. tA|s|§>/| ihhowshctjuffelrerlmc:s due”” 18 T, Distribution and Transport of aerosols during CARES - June 19, Flight 2 Case
O%VRF-é(I)]Oem “‘;I?_()(I)_Ieig1lfi?(()met290'95()AGi?_5)00 0 O d d felgt Calcuiation 120.9 121.6 121.54 122.02 121.33 120.79 121.36 ELon HSRL 532nm BaCkscatter WRF'Chem 532nm Backscatter
* Preliminary comparisons of WRF- a 2e_8|n|_ S S * Observed and 4090 Flow-perpendicular averaged
Chem and HSRL ML height shows 5.4 ] observed- HSRL simulated mixing layer o 3000

g - simulated - WRF-Chem depth a|ong the B-200

gradient along the flow direction

O

-
flight paths over and 5 2000 .
around Sacramento <

=
. BJ_ .ii &QE e
(Fast, et al., ACP, 2012) 1000 M"’h :
in terms of percentiles

-121.6 -121.4 -121.2 -121.0 -120.8 -120.6 -120.4

rough agreement between the
model output and the airborne
measurements across most flights

* Some differences due to difference
between model and measurements

1.6 —

1.2 —

0.8 —

-121.6 -121.4 -121.2 -121.0 -120.8 -120.6 -120.4

boundary layer depth (km AGL)

for each hour of the

* The influence of differences due to 043 B _ ‘0 Flox-X (rotated degrees) Backscatter (kmsr)  Flox-X (rotated degrees)

ML height calculation methods is °04———F—F—7——7———7— day over the entire I .

being explored 8 9 10 11 ti:nze (L1S:‘3r) 14 15 16 17 campaign 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012

Acknowledgements % on of * 532 nm Backscatter from HSRL and the WRF-Chem were averaged

The authors thank the NASA Langley B200 King Air flight crew for their outstanding work supporting these flights and fFI)i(;LtKiqua(Zk perpendicular to direction of ﬂOW for region inside. box at left
measurements. Support for the HSRL and analyses was provided by the Office of Science (BER), Department of Energy, ASR . chown in * WRF-Chem somewhat underestimates HSRL for this case, but
program, Interagency Agreement No. DE-AI02-05ER63985, the NASA Science Mission Directorate, and the NASA CALIPSO project. W, average show similar trend along flow direction
Logistics and data collection during CARES were supported by DOE's ARM Climate Research Facility. ;g;;?de-m-s 1299




