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Abstract Interannual Summertime Variability Aura Satellite Comparisons
Since the summer of 2004, over 200 ozonesondes have been launched from the campuses . OMI
of Rice University or the University of Houston (29.7 N, 95.3 W), each about 3 miles from Houston Mean Profiles: J/A 2004 - 2007 o | . |
downtown Houston. These sounding launches have been sponsored by NASA, the Shell | - ) The Ozone Monltorlng Instrument (OMI) is a nadw-wgwmg, hypc_erspectrgl 'magef_that _
Center for Sustainability of Rice University, and the Texas Commissions for Environmental 20 — produces dalily, global maps of total column ozone with & 3 km field of view. Binning results in
Quality as part of a large effort to understand Houston’s ozone problem. Data from these e _ an effective 13 [¥] 24 km horizontal resolution. The data shown here employ the TOMS
. . . . . . . g — e /‘_'_— .
soundings have provided valuable insight into the seasonal and diurnal variations of the = 15 = - Version 8 retrieval (Bhartia, 2007)
vertical ozone distribution and their relationship ’_[O qhan_ges In atmosphe.ric copditions. In this X 7 o"j} OMI & Sonde Column Ozone
presentation, we show annual and seasonal variability in the ozone profile, evidence for the 10 = b Figure 8 (right). OMI and Sonde ozone Houston. TX
impact of meteorological factors on the ozone profile, and comparisons of the ozonesonde = ? 7 2004 (24) columns over Houston for the period July 400 ouston,
data with TES and OMI retrievals. < 5 < F 2006 (29 2004 through August 2007 show similar = :
magnitudes and seasonal variability. The 3 399 = ‘L. o i %_ .
0 53 | show column 2 : ¥ B
i 0 50 100 150 200 differences for the 88 close coincidences.  ® 200 ow
PrO]eCt BaC kg rou nd O, (ppbv) Sondes that fail to reach 30 mb are not = Sonde
used in this study. The McPeters et al. S 100
_ _ . o Figure 5 (above). July and August ozone means (thick) and standard deviations (thin). 2004 (1997) balloon burst climatology is added S
Since the project’s inception in July 2004, more than 20 surface pollution was the worst of the 4 years, in part due to the impact on two days of Alaskan to Sonde columns above the burst 0 i
undergraduate students from Rice, the Univ. of forest fire smoke (Morris et al., 2006), but mainly due to meteorological differences (see altitude. 1600 1800 2000 2200 2400 2600 2800
Houston, and Valparaiso Univ. have launched over 200 below). During TexAQS Il (2006), ozone levels were unusually low from the surface to ~5 km. nay (since January 1, 2000
ozonesondes in Houston. Students are responsible for
instrument preparation, calibration, and launches, and GEOS-4 North Wind  Launch North Wing TES
participate in data reduction and analysis. J/A 04-05-06-07 J/A 04-05-06-07 The Tropospheric Emission Spectrometer (TES) was designed to measure the global, vertical
Each launch includes a 2Z-ECC ozonesonde from En- N ny distribution of tropospheric ozone and ozone precursors. TES is a nadir and limb viewing
Sci Corporation (Komhyr, 1986) and an RS80-15N g % g L infrared Fourier transform spectrometer (FTS). The data here are TES nadir measurements of
radiosonde for measurements of temperature, § 10 g 10 ozone (footprint of 5km {¥]} 8 km) taken while in the standard measurement mode (called a
pressure, and humidity. Since 2006, most launches < s 4 < 5 et "Global Survey") and have been screened on the TES "master" quality flag. The tropospheric
also have included a GPS that provides wind speed OIS OLoxd. 2L column is calculated using a tropopause height (pressure) from the GMAO GEOS-5 analyses.
and direction data. Profiles extend from the surface to North Wind (%) North Wind (%) TES ozone measurements have been thoroughly validated, and biases relative to other ozone
- 1 Rice Univ. student 20-35 km altitude, depending on the balloon size (300 - GEOS-4 West Wind  Launch West Wind GEOS-4CamWind  Launch CamWind|  GEOS.4 East Win | ounch East Wind measurements characterized (Nassar et al., 2007, Osterman et al., 2007, Richards et al.,
'gure 1. Rice Lniv. z J f ents 1200 g). Most launches occur around 13:00 local solar J/A 04-05-06-07 J/A 04-05-06-07 J/A 04-05-06-07 J/A 04-05-06-07 J/A 04-05-06-07 J/A 04-05-06-07 2007). TES has been seen to have a high bias relative to sondes (as seen also in this study,
lpreparr]e dan_ ozE[)rr]\esSon © or2005 time to coincide with Aura satellite overpasses. 20 l 207 20 204 20 20 ‘ particularly in the upper troposphere; however, data users should feel confident in using the
aunch during the summer ' £° £"° K g ?/ £"° <’ £ 15 £ 15 data in scientific analyses.
g v g g 102\ g \ ;gm gro TES & Sonde Tropospheric Columns
] o < 5 < 5 et < 5 (» < 5 2&\ s | | T s < 5 g ol Figure 9 (right). Tropospheric 150
Seasonal Var|ab|||t ol f of 0 S , 0 0 & = ozone columns over Houston for the =
0 20 40 60 80100 0 20 40 60 80100 0 20 40 60 80100 0 20 40 60 80100 0 20 40 60 80100 0 20 40 60 80100 _ -
West Wind (%) West Wind (%) Calm Wind (%) Calm Wind (%) East Wind (%) East Wind (%) penod JUly 2004 through August e
- - - - - - . g C |
standard deviations (thin) of ozonesonde 20 - ﬁ o o variability. The = | K !
profiles over Houston separated by season. < - 15 s R are coincidences that have been 3 L e .hfl by v, ;}‘.
Summer (JAS) ShOWS enhanced Ozone In N 15 = - =~ - z.; ‘0 i;, 0 § Integrated tO the Same Vertlcal |eve| d_ !' ! ' "', ' ‘H' ""él l"' §.|"|'1’ . i ”l:: :"
the surface layer, indicative of local E [ = 2 2 20087 i the gtmosphere. TES shows a = TES48+-12DU)  Sonde (43 +- 10 DU)
oroduction. shows a nearly = ° ° 0519 high bias relative to the Sondes, as
constant profile in the first 5 km, with a 3 10 p J/FM (20) "0 20 4 60 80100 5 20 40 60 80100 has been seen in other studies. 1600 1800 2000 2200 2400 2600 2800
secondary peak in surface ozone pollution = IAS (109) e S Day (since January 1, 2000)
5 JIA/S (109
this time of year. and winter < Figure 6 (above). Using GEOS-4 analyses, we investigated annual differences of numerous
(JFM) means show lower ozone levels from o | meteorological fgctors, iIncluding potential v_orticity, potential temperature, and Wihdg, In an Funding for this research has been provided by:
the surface to 10 km. 0 50 100 150 200 attempt to _e>.<pla|n the year-to-year ozone differences. Of. these factors, or_1|y the wind direction The Shell Center for Sustainability at Rice University; The Texas Commission for Environmental
O, (ppbv) varlded S|92n|f|ca/ntly. AEove ar?r Elo’rtefd the flrequencr:]y of WIEdS from eac? dlrecrll?J?Aagd of calrr:] Quality; The NASA Earth Science Division; and The Indiana Space Grant Consortium
winds (< 2.5 m/s) each year. The left panel in each pair shows means from a ays eac
JIFIM A/ JIA/S O/N/D (< S) y P P . Y
year while the right panel shows the means only on launch days. During 2004, launch days
20 K‘I 20 20 37 20 . . .
| ' were dominated by more frequent east and north surface winds, brining elevated background
= 15 |\ 15 15 15 | levels off the continental U.S. and pollution from the industrial sector east of the launch site. References
< | | During 2006 and , southerly winds prevailed, bringing relative clean air from the Gulf of
g 10 | 10 10 10 Mexico into the Houston area, suppressing pollution levels. Bhartia, P.K. (2007), Algorithm Theoretical Basis Document, http:/toms.gsfc.nasa.gov/version8/v8toms_atbd.pdf.
g 5 galrrt?] 5 gam 5 galrrtfrl] 5 galrrt?] Bloom, S., A. da Silva, D. Dee, M. Bosilovich, J.-D. Chern, S. Pawson, S. Schubert, M. Sienkiewicz, |. Stajner, W.-W. Tan,
; 0 0 0 Fiaure 7 (riaht). Annual ozone profile means M.-L. Wu (2005), Documentation and validation of the Goddard Earth Observing System (GEOS) data assimilation
/]\\/ South 4\ > South Q South South dugring the( ngy-)August-Septembgr perio d 10 JIAIS 2004’(‘/ 101 JIA/S 2085 system — version 4, Tech. Report Series on Global Modeling and Data Assimilation 104606, 26.
0L 0 0 0L/ db ind di : h| | ’ 8 : 8 Komhyr, W.D. (1986), Operations Handbook: Ozone measurements to 40 km altitude with mode 4A electrochemical
0 20 40 60 80 JOO 0 20 40 60 80 ;'00 0 20 40 60 80 ;'00 0 20 40 60 80100 separate y win Irection at each level, as E concentration cell (ECC) ozonesondes (used with 1680-Mhz radiosondes), NOAA Technical Memorandum
Wind Direction (%) Wind Direction (%) Wind Direction (%) Wind Direction (%) indicated by interpolated GEOS-4 analyses. > 6 5 6 ERLARL-140.
Figure 3.(above). GEOS-4 model winds (Bloom et al., 2005) interpolated onto ozonesonde Below 4 k_m, W_indS from the and North %33 : ‘S.’\ : > MCPe]’Eetrs:.[, IR. ||3., G. J. Labo:;v, gnd I??. J. i_:’)hns?(r; 2(1 [?37)é£7s5a:t8eggg-derived ozone climatology for balloonsonde estimation
profiles reveal dominate aloft In all seasons but summet, when are tend to brmg-hlgh-er 0zone amounts 1o 0 I 0. S 2 Morr?s éiCc;tu;rlln(;g(c))g)e,Al.aski\Onpai\/Z Cae:;dian iore);t fires\exace.rbate ozone pollution over Houston, Texas, on 19 and 20
frequent. Near the surface, Southerly winds dominate in spring, while Northerly and Houston, while winds form the South tend to O 20 40 60 80 100 O 20 40 60 80 100 A ’ > pofit Hton, ’
_ _ _ _ _ _ S _ Ozone (ppby) 0zone (ppby) July 2004, J. Geophys. Res., 111, D24S03, doi:10.1029/2006JD007090.
winds dominate in fall and winter. During summer, surface winds from the North, bring in Iowe_r levels _Of ozone. Again, _ Nassar, R., et al. (2007), Validation of Tropospheric Emission Spectrometer (TES) Nadir Ozone Profiles Using Ozonesonde
3 and SOUth OCcCur I’egulaﬂy GEOS-4 Wind Speed Diff NOI‘ther|y W|ndS dunng summer can bl’lng 10 J/A/S 2006 ‘ 10 J/A/S 2007 . Measurements, J. Geophys_ Res., (in press).
o "0 elevated background ozone levels to Houston _ 4 g North 3 5 Osterman, G.B., et al. (2007), Validation of Tropospheric Emission Spectrometer (TES) Measurements of the Total,
Figure 4 (right). Seasonal, mean GEOS-4 wind from the continental US. winds bring I s South —?/ Stratospheric and Tropospheric Column Abundance of Ozone, J. Geophys. Res., in press.
speeds for all days (left plot) and differences with 3 1o 3 19 pollution from the industrial ship channel into 8, 3 ) Richards, N. et al. (2007), Validation of Tropospheric Emission Spectrometer (TES) Ozone Profiles with Aircraft
means on launch days only. During Summer, launch g 10 g 10 | the city. Southerly winds bring in clean air off = , { \-:\ ) Observations During INTEX-B, J. Geophys. Res., in press).
days are representative of general conditions. In < s 2 5\ Jumui the Gulf of Mexico. Mixing ratios below 4 km 0 I5 0. | All data can be found at http:/www.rice.edu/ozone.
other sSeasons, launch dayS favor weaker WindS, when 0 0 are consistent year-to_year The impact of 0 200230 60 80 100 O 20 40 60 80 100
. . . ‘ . (ppbv) O (ppbv) . . .
launching is far easer. e oW o - o9 forest fires is seen in the 2004 data (~2km). R o Email questions to Gary.Morris @valpo.edu.
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