RAPCD

Ozone Lidar Observations for Air Quality Studies

egional Atmospheric Profiling Center for Discovery

Lihua Wang?, Mike Newchurch?, Shi Kuang?, John F. Burris?, Guanyu Huang?3, Arastoo Pour-Biazar?,

Trolp?e!;'}!ﬂm oo et VAl William Koshak?, Melanie B. Follette-Cook®, Kenneth E. Pickering?, Thomas J. McGee?, John T.

JPL ¥ %S

T, .

Al L i Sullivan%8, Andrew O. Langford®, Christoph J. Senff®?, Raul Alvarez®, Edwin Eloranta’,Alan Brewer®
1UAH, °NASA/GSFC, 3Harvard-SAO, “NASA/MSFC, °Morgan State University, °NOAA/ESRL, "UW-Madison, 3ORAU, °CU-Boulder

THE UNIVERSITY OF
ALABAMA IN HUNTSVILLE

Tropospheric ozone lidars are well suited to : .
o the hich tioot | i bilit A Complicated Case from June 29, 2013- Affected by both stratospheric source and smoke transport
measuring the high spatio-temporal variability
« . . > See nextpage for detail— Ozonesonde—— MOZART CO flre tracer at 900hPa 20130629 00Z ,
of this important trace gas. Furthermore, lidar | =& A R - A Closer Look of the 03 Profiling by Multiple Sensors Collocated O3 DIAL and HSRL observations
® ® ) ) {EE - == 330 Sp.-.arkman i'_'J.'.r-.I'u"u'.. 1l r\D un B =S o | T:Z X P3 ZZOOLjT |
measurements in conjunction with balloon LSS < = . J o o
R ; Sess L 4 s Lm Directions: To hiere - Eroi — ' i . agohsr ac scatter Cross. section 28-Jun-2013 — . agohsrl bac satterros sectlon .. un-2013 _
° o o o 3 TR T L R — o i ;
soundings, aircraft, and satellite observations | [¢Ega e S . K skmast [
provide substantial information about a variety o e R e s E' : o]
° ° ° ’,(?T Sca")g:a / s £ .. . oo e = T EF ins_ufficient mixing - ;TE z - b
of atmospheric chemical and physical e — - e e
. \\\“\“\‘_ __ % y
processes. Examples of processes elucidated by B I [ al" TN R T
(5 P o Time (UT) ain Time (UT)
° ‘“ﬂ_) Note the near-surface O3 changing with ML height evolution
ozone-lidar measurements are presented, and Sl o
d I, d, . WRF Ch RA MS JOES7Oum m|d trop morst 20130629 00Z Affected by both i
modeling studies using -Chem, RAQMS, i V-2 - ™ | §
. | 8 O3 digital data = Ju_sca"i‘%r SN | = 3
and DALES/LES models illustrate our current TR TRy from llana / ot SR ; - . T ;...., i
N untsville AI_ 358054 USA o - —
d t d' d h t 1 f th S j Pollack and M tsville LN WA e i e el i D IR S EESE B Ei
u n ers a n Ing a n s Or com I ngs O ese ’ -‘w 2 - “ g’ Thomas I - - T il ‘% : — L L : N ‘ 20 21 22 23 00 01 0z 03 : 3 13 14 ’
o ‘ - : 1 Rye rson’- CO i : - .nf-lt‘l - ” ':= o - ‘;f:-ir‘_ = ! ".ﬁv\ -:uu., ___ e ” J“r?-.‘ff 1[?!'11?] Bgili:uftﬁroclf
processes' et ] gtg from John [ e L NI S ST Comparison of the UAH O3 lidar, UAH ozonesonde, and NOAA P3 a|rcraft measurements
S Holloway
Lightning-induced tropospheric ozone Influence of the Smoke Transport on the Surface, June 12, 2013 PBL/FT O3 diurnal variations
lear and EPA obs. at Huntsville on June 10-12, 2013
enhancements (Wang et al., 2015) v e O AENE RS, £ :
Modeled and lidar-measured O3 Model-simulated O3 enhancement o wang paTo zzS_S T ﬁ i I} ‘“w | !m“ | ||I ' l é
i T — - dgl;e to ||ghtn|ng | e o SRS 48 99 ° ) . _ Fm ' i rqu _ i'. i __|| L) e ‘ % N Lidar
CNTRL: ° \ LGT-CNTRL EW' _iM i _{'_' I n...;." il ¥ N il \ Suggesting the ozone
] El gl f 3 | ¥ g diurnal variation on Sept.
b di JUL.\: o % 10:_ Y 1R o SO “hri II—“ﬁ __ il o ,W IIIIIIIIIIIIIIIII 3!?’ IIIIIIIIIIIII . ‘Z‘c‘_ 5 p
g E bB 0B WYY Imu (oL 0508 07081011 121314150617 oy o UREUBEHBEELULEEKELDERDL ' 6' 2013 at HUﬂtSVllle IS
IGT = sf .3 : T g largely controlled by local
— na [ Toe [ e .. .
uly 140 July 18 v . Lf}ul_ 27 00 : ‘O -5 2-0 2-5 " _ O <75ppbv 80 | LES With Chemistry em|SS|OnS and Chemlcal
‘. Lidar : 1 1 . > v 0.5 .
B P — o3 diterence (ppor) ,f i : O production (Huang et al.,
Lidar ; f —_— —eceeec.monthly mean, CONUS ot 19 ‘1111;718; ey Date: 2013/6/12 EAPRN — 5 A /A‘*‘-‘-‘\ o2 1o L 15 18 17 18 1o 20 in prep )
s NN | S— - _ —re e 11 to 17 LT, July27; HSV a ﬂ \.‘ 25 ' . . . ! ' ' ' *
SRR R 0 P 2 40 J/‘-\\ : "\ / \ .|
% 50 5 0 66 70 75 00 60 00 66 100 15 120 230 300 o0 0 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100125150200 O 3 -
. | (Left) GEOS-5 900-hPa CO analysis field at 00Z and (right) the EPA daily maximum
Daily lidar-model comparisons Lightning events 8-hr average on June 12, 2013 showing the impact of smoke transport on eastern 6l LES without chemistry
ulyl4; 10 to 1711 July18; 10 to 17 11 July27; 11 to 17 1T  Lidar occurring within upwind U.S. ¢9°/¢9° .(/\"QQ @‘90 & {5-@ $ PSS @'-@ 7»& Nv@o @90 \3590 ,9-@,9'90 N I Py 0.:0/1%90 \3590 4\'-@ @'90 %»'90 ,3590 $ $ T
15 ] - ] 15 ] sl ) . 6/10 6/11 _— L —
5 regions resulted in an Tire o et 5
2 2 ozone enhancement of "
g g - = S TR S e —————— -
é E 28 ppr at 7..5 km AGL l ] _: High Upper-trOp 03 due tO upper antl_ _ n- B0 B85 30 345 40 45 S50 55 60 BS YO mﬂ _
3 __ONTRL | : - over Huntsville on July i 1 «—oOzonesonde - cyclone and low PBL O3 due to surface
| :f;ar | j?d; ;g’lg?ll (Wang et al., z o - i e e — ;[h e, wn o L2 - gre-frontal system ] _ _
4n 60 ar;}én(nplpebm}mmman 40 60 anoén{oplpzngdmﬁman 40 ﬁn anoén{nprngn]mlenmn 40326?10;2311150;;;&3?150 K / n__ﬁ-l 1'5“ Fujl 2 e wa - f“- N -.1,_......., (Left) Ozone lear & 5 5
8/ 8 Zunterille 0, DIAL Retrievel . 8/ 9 Funisiille 0, D S E_ E
\\\\\\\\\\\\ j Cloudyand | Enhanced 03 [ Iﬂl W‘ Ozonesonde Obs. at = :
=] LD © i ‘moist PBL; | after cold, front . ik . . . E E
\‘iig\:]i—l S @f (T ed upper-, |passing : (! 3 HuntS\""e for SEAC4RS N g 3 3
:::: S\\ f:‘ -r“j | \La; %DEE = Im r Hm)gﬁh-, l ||III Jll -II' III. mwmlllllﬂ - ,I . M‘iﬂl |I|| - ! . E Aug. 2013 %‘D
\ﬁ L i il 8/12 8/13 LB &as 3
\i \\ \ . ‘r\‘ﬂ HSEE T v : , S ¢ 0y DIAL R _Huntsvi rieval e sville 0y DIAL Retrievel
NRLEOL O B O B B B e peecipitation (i g ot 7200 A, 251 ’ s , al 4R|smg PBL helght H i _’
| Iso P/T) aft ik i . .
Total CG flashes (top-left) and total precipitation (top-right) ending at 1200 UTC, J ’ | om 'll 1 Ih" L I8 ;/;2 fr/onta aesla £l -' (nght) Ozone lidar
July 14, 2011. | Vj ﬂfm - .
v T i [ AR |‘r“°'st e il S (6 ﬂ-ﬁ i 18 measurements in the | et
" - 13*@8,&“/19 ” 8/2@ TA;S[ACZl S 8/22 12 13 14 15 16 17 18 19 20 21 22 23
Backward trajectories calculated using WRF 36 SaNae & BT A R T - ?gher PBL 03 - boundary |ayer (Kuang et | 'Local time, 30 June 2012
km wind fields, starting from 18 UTC, July 14, ! foad high r’rgh breaking | 2013 anne lidar retrievals (Channel 1 — bottorrm, Channel 2 -
2011, at Huntsville, AL, backward for 24 hours. 4 I - sarfacelT | . jwave al., ) middle, and Channel 3 - top) compared with ozonesonde
Backward trajectories at 9000, 8000, 7000, £ B Ed | _[ | (marked by the black triangle at 13:10 launch time) and EPA
6000, 5000, 4500, 4000, 3500, and 3000 meters H R T e T I e A . PR M (~ 16 km away from lidar station) hourly surface
AGL. 8/27 b 8/28 = o 8/30 - measurements (Kuang et al., 2013).
synoptic-scale recirculation of pollutants (Sullivan et al., in prep.)
_Ft_Collins, GSFC TROPOZ DIAL - Ft. Collins, CO
Topography and Wind Flow Surface Ozone Concentrations (1-hr Avg) GS;ES Eg? ggf4D1IE:L30F-t4?§g|GSTcCD o 22 July 2014 18:30—4:(?0|8'5rc TO LN et' http' { 'WWW
— 10[] T 17T 1T 1T 1T T 11 I T 17T 1T 1T 1T T 11 T 1T 1T 1T 171 [ 1 r . [ [ ) -
- 3 9ol | | —— Ft. Collins—West|] Eﬁﬁ{m Ozonesonde ™o = = Obs. 56500 aca
L _ Fi:.I |Cul.1J.J|IE: IEllml.reld'.l14::r|1:1 ?rnflle (Lat = 4(|.‘r .6 H ) % 8[]__ = = =BAQ Tawer ; NW E Aircraft Obs. ey 125 % . , ; K \ ° I ° °
|‘ E o b  NREL-Goiden | Siv & 5000tttk by 1w | g 5000 - [ Both TROPOZ ozone lidar and alr. arc.nasa.gOV/mISSIonS[
T gol - = —AspenPark || - e e - HSRL aerosol lidar indicate .
Downsloping oc 60 - T N R i I A4 %
e . e 1 R e N 8 BEEEEEF . NI1FL |8 « || polluted air mass aloft. TOLNet/Index.htmI
TROPOZ S s o M BT ITIE S N £ 3500 I g 0000
[ — E -—-.—H .............. H Cpeaal AEASETERT R F 40 H 0 : ™
_ © 22_ ______________________ L D = E """ i 2 E . | M || HRDL wind lidar data helps to Llhua Wang-
-105.75 —1t1|5_.:_[5I__—_1§5I.1:25{1 _—_1_;':::5[.} g—lﬂ_m!_._?_lfi_—lﬂﬂl.ﬁ_ —104.25 —1%: § 10 __!} ..................... ........................ f ....................... ...................... | 2000 F -y g o s i el ol T[[L 20005 r g PN el N N : ] ] determine ozone transport_ I. h t h d
ongitude [Degrees - T 7 21 00 m:r IDD (}3:[)(} (PPbv] 21:00 00:00 03:00 [PPR¥
1200 18:00 00:00 06:00 12:00 6500F 11 Nora EsrL Torz. o ower 11 IR csool U, Wisconsi - I uawang@nss C.uah.eau
Time [UTC] ) [ C. Senff, A. Langford, R. Alvarez P ] ) Nl Lower level flow convergence 7th I t t. I
. T . n . T I i P, i ' n erna Iona
Climatology of the region indicates Ozone profiles % i | ¢ |Arcraftobs. | i i1 0] < 41 1., || associated with a 20-30 ppb
R R A 100 5000 . .
 Downsloping winds typically before 5:00 MDT o £ 5000 Y ouuE ] . | increase in ozone. . .
e Upsloping winds begin near 8:00 MDT due to convective effects - Standard Both TROPOZ and TOPAZ 2 A L éuﬁa{;eabs 1 ™™ E TS WOrkShOp for Alr Quallty
* Deep upslope flow has developed near 12:00 MDT in the domain (Possibly & . D 3500 el I ] T ~_ 1" |Aloft winds indicate .
affecting high mountain elevation sites) < Recirculation ozone lidars shaw less 3 . 0 E AT TGA AL ' ;o T southeasterly flow, while less FO reca Stlng Resea rCh)
: : _ ™ and increase polluted conditions after £ | 300 m.Jower Obs. < 5000 T T VT T
e Return to downsloping winds near 16:00 MDT < f - g 2 20 R USRI (o1 ARG 1 s \polluted at surface. / S t b 1 3 2015
near surface e : : s [im ar] -
i | i B 21:00 TIMEDﬂ[BDT'C] 03:00 ep em er )



http://www-air.larc.nasa.gov/missions/TOLNet/index.html
http://www-air.larc.nasa.gov/missions/TOLNet/index.html
http://www-air.larc.nasa.gov/missions/TOLNet/index.html
http://www-air.larc.nasa.gov/missions/TOLNet/index.html
http://www-air.larc.nasa.gov/missions/TOLNet/index.html
mailto:lihuawang@nsstc.uah.edu

	Slide Number 1

