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Abstract

Concurrent tropospheric ;0and CO vertical profiles from the Tropospheric Esion
Spectrometer (TES) during the MILAGRO/INTEX-B amftr campaigns over the Mexico City
Metropolitan Area (MCMA) allow us to characterizeega-city pollution. Outflow from the

MCMA occurred predominantly at 600-800 hPa, evidenD;, CO, and N@ enhancements in

the in sSitu observations. We examined;,GCO, and their correlation at 600-800 hPa from TES

retrievals, aircraft measurements, and GEOS-Chememesults over the aircraft coverage
(within a radius of ~700 km around MCMA). The enbaments in @and CO seen in tha situ

measurements are not apparent in TES data, dusettack of TES coverage during several

strong pollution events. However, TES; @nd CO data are consistent with the aircraft

observations on a daily mean basis (50 — 60 ppliy H)0 — 130 ppbv for Dand CO
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respectively). The ©@CO correlation coefficients and enhancement rafi3;/ACO) derived
from TES data are in good agreements with thosaveterfrom the aircraft observations and
GEOS-Chem model results: (0.5-0.9; AO3/ACO: 0.3-0.4), reflecting significant springtime

photochemical production over MCMA and the surrangdegion.

Keyword: Mega-city pollution, TES, $£CO correlation, INTEX-B, Mexico city

1. Introduction

Pollution in mega-cities (urban agglomerations withre than 10 million inhabitants) is a
major environmental problem in the world (Fuchslet 1994) with consequences of air quality,
climate change, and human health (Mage et al.,;198@na and Molina, 2004). The air quality
in the Mexico City Metropolitan Area (MCMA: ~19°N;99°W, ~750 hPa) has become a top
environmental concern. The MCMA has a populatiooadr 18 million within an area of ~1500
km? located in a basin at an elevation of 2.2 km (~B@). At such altitude the low partial
pressure of oxygen leads to incomplete combustgntd large emissions of air pollutants from
the MCMA. For example, in 1998, CO and VOCs emissifsfom the MCMA were ~1.8 Tg yr
and ~0.48 Tg C VI, respectively (CAM, 2001). In addition, the sumding mountains and
boundary layer thermal inversions often trap pa@lutwithin the basin (Molina and Molina
2002).

CO is a good tracer for industrial and biomass iogrpollution (Logan et al., 1981). The
0O3-CO relationship, among other tracer-tracer cotigla, has been used for ozone source
attribution. For example, it has been well esthielisthat positive ©@CO correlations provide a

reliable characterization of continental pollutioantflow (Fishman an&eiler, 1983; Chameides
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et al, 1987; Parrish et al.,, 1993). The-OO correlation also provides a way to evaluate the
photochemical @production in chemistry transport models (Chinlgtl®94).

The Tropospheric Emission Spectrometer (TES) abadwel Aura satellite provides
concurrent mapping of global tropospherig @nd CO (Beer, 2006). Zhang et al. (2006)
compared global TES L&CO correlations at 618 hPa with GEOS-Chem modslilte in an
attempt to map the summertime continental pollubaitflow. They showed that the TES data

and GEOS-Chem results show consistent positiy€O correlations andhOsz/ACO over the

continental outflow regions.

In the present study we examine TESand CO and their correlations over the MCMA and
surrounding regions during the MILAGRO/ INTEX-B cpaigns in March 2006 (Singh et al.,
2006). The results are then compared with airerefasurements from the same campaigns. We
intend to identify characteristics of the MCMA pdibn outflow on a regional to continental
scale with TES data. Taking advantage of airboreasurements over MCMA, we first evaluate
TES data to capture the regional pollution outflaith in situ measurements. The GEOS-Chem
results are also compared with the aforementiora¢d. #Ve describe the aircraft measurements,
TES retrievals, and GEOS-Chem model in section ati&l distributions and temporal
variations of @, CO and @CO correlations from those data over MCMA and sunding

region are shown in section 3. Conclusions arerginesection 4.

2. Methodology
2.1. Aircraft measurements

The MILAGRO (www.joss.ucar.edu/milagrp/and INTEX-B (Singh et al., 2006) aircraft

campaigns in March 2006 focused on understandiageiport and physiochemical evolution
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and removal of pollutants from the MCMA. A suiteafemical tracers includings0CO, NQ,
and VOCs (e.g., iso-pentane) were measured onltbadSF C-130 and NASA DC-8 aircrafts
over the MCMA. Figure 1 shows the flight tracks@f30 and DC8 during the campaigns. We
focus our analysis on{and CO measurements during Maréh-4March 3% The Q and CO
data from C130 are measured by ChemiLuminescentecide (CLD) and Tunable Diode Laser
(TDL) respectively (Madronich et al., 2004). Thatsta from DC8 are measured by Langley in
situ fast response ozone measurement (FASTOZ, Aateay., 2001) and differential absorption
CO measurement (DACOM, Novelli et al., 1994).
2.2. TES Data

The TES sensor onboard the Aura satellite provigasal three-dimensional mapping of O
and CO among other trace gases (Beer, 2006). kumes infrared emissions with high spectral
resolution (0.1 cm) and a wide spectral range (measurements taken @0 — 2260 cih)
(Beer et al., 2001). The ascending node of the Aatellite passes the equator at 01:45 and
13:45 local time in a polar sun-synchronous orbif@ km altitude. In the nadir-viewing mode,
TES has a nadir footprint of ~5x8 km, about 180 &part between consecutive measurements
along the orbital track and takes 16 days for dlab&erage (global survey). The TES special
observation modes including the so-called “Step &tade” with denser nadir spatial coverage,
about 40 km apart along the orbit, and typicallyars a 60° latitudinal range (Beer et al., 2006).
We use here ©and CO data from 11 Step and Stares and five bkvaeys for March 2006
(Figure 2).

TES optimal retrieval method for;Gand CO profiles is based drRodgers (2000). The
retrieved profile Xe) may be expressed as the linear combination ofvhghted true profilex)

and thea priori profile (xa),
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Xt = AX+ (I = A)Xa + Ge (1)

where A is the averaging kernel (sensitivity of tie¢rieved profile to the perturbations of the
true state), G is the gain matrix converting thesedo spectral measurement, ands the
radiance measurement noise. Bhariori profile (x;) is constrained from monthly mean profiles
of MOZART model (Brasseur et al., 1998). The dstalii the retrieval algorithms fors@nd CO
are described in Worden et al. (2004), Bowman.gR806), and Luo et al. (2007a). Here we use
the version 2 data (V002, FO3_03) (Osterman et2806). The degrees of freedom for signal
(DOFS) for Q and CO in this study are about 1.6 and 1.2, reésede (Worden et al., 2004;
Bowman et al., 2006).

The typical averaging kernels for;@dCO from TES Step & Stare observations over the
MCMA are shown in Figure 3. Both show significaptsitivities to 600 — 800 hPa, roughly the
pressure level of the MCMA. Thus the TES data aresisive to the pollution outflow over this
region.

2.3. GEOS-Chem

GEOS-Chem is a global 3-D chemical transport madekn by assimilated meteorological
data from NASA Global Modeling Assimilation OfficgsMAQO) (Bey et al. 2001). We use
version 7-04-10 with a horizontal resolution dfx2.5 and 30 vertical layers of GEOS-4

(http://www.as.harvard.edu/chemistry/trop/geo¥he 3-D meteorological fields are updated

every six hours, and the surface fields and mixiegths are updated every three hours. GEOS-

Chem includes a comprehensive troposphegitNO4-VOC chemistry mechanism.
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Climatological monthly mean biomass burning emissiare from Duncan et al. (2003). The
fossil fuel emissions are from the Emission Datalfas Global Atmospheric Research inventory
(EDGAR) for NQ,, CO, and S@and from the Global Emission Inventory Activity EG\) for
other chemical compounds (Benkovitz et al., 199byi€ et al., 2001). These emissions are
updated with particular national emission invergsrand fuel use data: the Big Bend Regional
Aerosol and Visibility Observational Study (BRAV@®)ventory for Mexico (Kuhns et al., 2005)
and U.S. EPA NEI 99 inventory (National Emissionsdntory, base year 1999, version 3) for
the continental U.S. (EPA, 2004). The biogenic VO#psissions are based on the Model of
Emissions of Gases and Aerosols from Nature (MEGH&Mgntory (Guenther et al., 2006). The
lightning NO, emissions use the parameterization based on olel ¢bp height and regionally
scaled to the climatological Optical Transient R&te-Lightning Imaging Sensor (OTD-LIS)
satellite observations of flash rates (Hudman et 2007). We conducted GEOS-Chem
simulations for September 2005-March 2006 withfitg six months for initialization. We focus
our analysis on March 2006. For direct comparisnoglel results are sampled along the aircraft
flight tracks as well as TES orbital tracks.

In order to compare GEOS-Chem with the TES rest&evthe model profiles of £and CO
are convoluted with TES averaging kernels to actéamthe different sensitivities aralpriori
information of TES retrievals to different pressuesels (Jones et al., 2003; Richards et al.,
2007). The resulting transformed model profile d@en be directly compared with TES
retrievals without bias associated with the T&®riori information and vertical resolution
(Zhang et al., 2006; Jourdain et al., 2007; Woreleal., 2007). TES averaging kernels were not
applied to the aircraft profiles due to the scgraf temporal and spatial coincidence between

TES and aircraft measurements (Luo et al., 2007b).
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139 3. Results and discussions

140 3.1. Mexico City pollution outflow

141 The vertical profiles of @ CO, and N mixing ratios from the aircraft measurements
142  during MILAGRO/INTEX-B are shown in Figure 4. Thesee generally higher concentrations in
143 the C130 measurements than those in the DC8 daisisTdue largely to the closer proximity of
144  the C130 flights to the MCMA (Figure 1). Pollutieutflow from the MCMA occurs mainly at
145 600 — 800 hPa, as indicated by the enhancgdGD, and NQ levels, reflecting the high
146 elevation of the region (~750 hPa). Since TESee#tli over this region has maximum sensitivity
147 around 600 — 800 hPa (see section 2.2), TES trtweospQ and CO profiles thus provide
148 unique insight into the emissions, chemistry, aadgport around the MCMA.

149 3.2. Spatial distributions of tropospheric Q and CO over the MCMA

150 Figure 5 shows the meary @oncentrations at three pressure bins (>800 HFa-@B00 hPa,
151 and 400 — 600 hPa) during the MILAGRO/INTEX-B cangpes. We do not include the upper
152 troposphere (< 400 hPa) in our analysis since tivere no measurements by C130 above ~350
153 hPa. The aircraft data are averaged oritell grids to account for finer temporal and spatial
154 scales of aircraft observations (left panel, Figije TES retrievals are selected when aircraft

155 measurements are available on a daily basis anth@neaveraged ontd22.5° grids to compare

156 with GEOS-Chem results (middle panel, Figure 5 GEOS-Chem model results are sampled
157 along TES orbital tracks with TES averaging kerregiplied (right panel, Figure 5). Typical

158 error due to the spatial and temporal differend&vben TES and GEOS-Chem model profiles is
159 about 5% (Zhang et al., 2006). Theg Goncentrations from the aircraft measurements, TES

160 retrievals, and GEOS-Chem results are fairly complarat >800 and 400 — 600 hPa (40 — 50



161 ppbv). However, the significants@&nhancement (> 60 ppbv) seen in the aircraft da&00 —
162 800 hPa is not apparent in either TES or GEOS-Ohexfiles (middle left panel, Figure 5). As
163 explained in section 2.3, TES averaging kernelsewwt applied to aircraft measurements for
164 the comparison; that sharp enhancement of air@attould be smeared or reduced if the TES
165 averaging kernel were applied to aircraft measuresn&Ve will further discuss this discrepancy
166 in section 3.3.

167 Figure 6 shows the mean CO mixing ratios at thresgure bins (>800 hPa, 600 — 800 hPa,
168 and 400 — 600 hPa) during the MILAGRO/INTEX-B camgus. TES CO concentrations show
169 no bias compared with aircraft measurements at 40800 hPa. However, the large CO
170 enhancements (> 120 ppbv) at surface — 600 hPa isethe in situ measurements are not
171 apparent in the TES data. GEOS-Chem results, whamotuted with TES averaging kernels
172 underestimate the aircraft measurements by 10 pp®l.. We will also further discuss this
173 discrepancy in section 3.3.

174  3.3. Daily variabilities of O; and CO over the MCMA

175 The time series of daily means@nd CO of aircraft measurements, TES retrievals an
176 GEOS-Chem results at 600 — 800 hPa over the dircoakrage (within a radius of ~700 km,
177 middle left panel, Figure 5) are shown in figure These comparisons are of particular
178 importance since most of the emissions of air patits are from the high-elevation Mexico City
179 basin, and the discrepancies of monthly averagegelea the three data sets are largest. Clearly
180 there are five high-pollution days: B769" 75", 81 and 88' Julian day when daily meansO
181 and CO concentrations are higher than 60 ppbv &dpbv, respectively. Figure 7 shows daily
182 mean TES retrievals over the regions covered bhalkircraft measurements during the aircraft

183 campaigns (middle left panel, Figure 5, green diaasowith standard deviation) and shows
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daily mean TES retrievals only co-located with tlaély aircraft coverage (red crosses). The red
crosses represent more direct comparison withadirareasurements. As shown in figure 7, TES
coverage is limited missing the three severe poliutlays (67, 81, and 88), which leads to
negative bias of monthly mean TES &d CO during this campaign.(-4.4 ppbv (Figurariy -
20 ppbv (Figure 6) respectively). However, the TE8an values on the days of coincident
measurement with aircraft data are in better ageeerf+0.3 ppbv for @and -14 ppbv for CO).
Considering the standard deviations of daily me&® TO (x 17 ppbv) and that of daily aircraft
CO (> = 20 ppbv), TES CO is still comparable wiitfceaft measurements. Daily GEOS-Chem
O3 and CO without applying TES averaging kernel agaicantly underestimated by ~ 29% (-
13 ppbv) and ~ 45% (-51 ppbv), respectively and shaulated temporal variation is not
consistent with TES.
3.4. The @ — CO relationship over the MCMA

We estimate the £CO correlations derived from aircraft measuremenEssS retrievals, and
GEOS-Chem with TES averaging kernels applied dutvegMILAGRO/INTEX-B experiments.
All the data for @Q-CO correlations are gridded onto 2° x2.5° gridsdonsistency with GEOS-
Chem results. The correlations are estimated dweeflights coverage (14N35°N and 90W-
103’W, colored area at left panels, Figure 5). We caeg@-CO linear regressions using the
reduced major axis method taking account of botialsées’ error estimates (Hirsh and Gilroy,
1984). The resulting slope represent3;/ACO enhancement ratio. Figure 8 shows theCO

correlation at the three pressure bins (>800 hB@,-6800 hPa, and 400 — 600 hPa) and those
results are compared with other observations irelr'ab

Below 800 hPa, the correlation coefficient (R =71).4ndAOs/ACO enhancement ratio (0.38

+ 0.13 mol mot) derived from TES tropospheric retrievals arelase agreement with those for
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aircraft measurements (R = 0.53 ak@;/ACO = 0.36 + 0.09 mol md). GEOS-Chem results
show similarAOs/ACO enhancement ratio of 0.3 + 0.05 mol fdbut with higher correlation

coefficient (R=0.72). The lower correlation coeiifict of TES data than that of model can be
partly attributed to the spectral measurement arnrdfES retrievals, which reduces thg-CO
correlation in TES data (Zhang et al., 2006).

At 600 — 800 hPa, TES results show lower correfatoefficient (R = 0.50) and higher

AO3/ACO enhancement ratio (0.43 + 0.09 mol Mahan those of aircraft measurements (R =
0.78 andAOs/ACO = 0.28 + 0.07 mol md). The higher TES\Os/ACO enhancement ratio is

due in part to the relatively negative bias in TE® retrievals as explained in section 3.3
However, TES results are roughly in good agreemwtit the aircraft measurement. Those
values are close to those derived from summertimsgu measurements over the Eastern U.S. at
surface and lower troposphere: R = 0.7 — 0.94BgACO = 0.2 — 0.4 mol mdl(Parrish et al.,
1993; Chin et al., 1994); and those from the Imetinental Chemical Transport Experiment -
North America (INTEX-NA) experiments (July — Auguad04, surface — 600 hPa): R = 0.5 —

0.67 andAOs/ACO = 0.31 — 0.44 mol mol GEOS-Chem results shows closer values to those of
aircraft measurements (R = 0.58 an@®s/ACO = 0.25 + 0.06 mol md) as well. These
similarities imply that substantial springtime paibns and photochemical production over the
elevated MCMA (600 — 800 hPa) and surrounding megigmiddle left, Figure 5) in the lower
latitude (14°N — 35°N). The correlation of GEOS-@heesults without TES averaging kernel is
shown in Table 1 to see the influence of TES avagakernel on the correlation. TRe&3;/ACO
enhancement ratio is comparabd)¢/ACO = 0.3 + 0.15 mol md) to reflect photochemical O

productions in the model. However, there is muclakee correlation (R = 0.26), which imply

10
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the emission inventories ofs@recursors over MCMA are largely underestimatethen model

(Figure 7). TheAOs/ACO enhancement ratio for the Transport and Cherfigalution over the
Pacific (TRACE-P, March — April 2001) aircraft migs is smaller £Os/ACO = ~0.15, surface —

600 hPa) than that of MILAGRO/INTEX-B, likely due tless active photochemistry over
springtime middle latitudes over the western Pagifacob et al., 2003).
At 400 — 600 hPa in the middle to upper troposphbogh TES and aircraft data show

relatively high CO-Q@ correlation coefficient (R = 0.59 and 0.86, respety) and AOs/ACO
enhancement ratio (0.37 0.08 mol mof and 0.44+ 0.04 mol mot, respectively). The higher

enhancement ratio and correlation coefficient &yt due to a larger dynamic range of @
the middle to upper troposphere. However, thesamsdgment ratios are smaller than thatnof

situ measurements from TES results (July 2005, 618 hRgACO = 0.81 mol mal) and the
ICARTT aircraft campaign (July - Aug 2004, 600 —06BPa, AOyACO = 0.72 mol mat)

reported by Zhang et al. (2006). The higher slgpessibly reflect different photochemical and

dynamic environments of free troposphere in diffiéseasons.

4. Conclusions

We examined g CO, and their relationships from TES tropospheeitrievals, aircrafts
observations, and GEOS-Chem model results oveMBMA and surrounding region (14N
35°N and 90W-103’W) during MILAGRO/INTEX-B (March 2006). The typicallES

averaging kernels of £and CO over the MCMA have high sensitivity at 60800 hPa. Given
the high altiiude of the MCMA (~750 hPa), TES dat® thus suitable for analyzing the

pollution outflow from this region.
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We first evaluated TES tropospherig @nd CO mixing ratio profiles and their correlason
against those from then situ aircraft measurements. Several of the main poluutflow
events observed by aircrafts did not have collatateS overpasses. There are good agreements
between collocated TES and aircraft measuremen® ahd CO mixing ratios on a daily mean
basis during MILAGRO/INTEX-B. GEOS-Chem results @ and CO mixing ratios are
significantly lower than then situ values.

The correlation coefficients amtDz/ACO enhancement ratios from the three data sets,(TES
in situ, GEOS-Chem) show comparable values=(0.5 — 0.9,A03/ACO = 0.3 — 0.4) at three
pressure bins (>800 hPa, 800 — 600 hPa, and 400 -hPa). TES correlation coefficients for all
three pressure bins are in the range of 0.47 — 0BOAO;/ACO enhancement ratio of 0.3 — 0.4

mol mol* from this study is consistent with that of sumrimeet values at surface over the eastern
US (Parrish et al., 1993; Chin et al., 1994). TheQO relationships during MILAGRO/INTEX-
B therefore imply vigorous springtime photochemi€x production over the MCMA and
surrounding region. The results presented hereesidgat TES tropospheric;@nd CO profile

retrievals can be used to characterize mega-cltytmn outflow on a regional to global scale.
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Table

Table 1.0; — CO correlation coefficients and slopa©E/ACO)

Location Time period Pressure r AO5/ACO
in situ 0.78 0.28+0.07
MCMA TES 0.5 0.43+0.09
March 2006 600 — 800 hPa
GC/AK? 0.58 0.25+0.06
GC-raw 0.26 0.3+0.15
Zhang et
Eastern U.S. (TE® July 2005 618 hPa 0.53 0.81 al., (2006)
Eastern U.S. J“'y'zggfmber' 600 hPa—surface 0.5-0.7 0.31—0.44 ICARTT
Western Pacific Feb”rzac%'l'\"amh’ 600 hPa — surface 0.6 0.15 TRACE-P
June — August, Chin et al.
Eastern U.S. 1988 - 1991 surface 0.7-0.9 0.2-04 (1994)
July —September, N Parrish et
Sable Island 1991 surface 0.82 0.3 al. (1993)

3GEOS-Chem results with TES averaging kernels agplie
YGEOS-Chem results without applying TES averagingéis.

All MCMA data were averaged ontd#2.5° grids over the aircraft coverage (coloredaleft panels in Figure 5).

°TES version 1(V001) data averaged onto 10°x10° grid

Figures

45°N

30°N

15°N

Figure 1. The flight tracks of the C130 (orange) and DC8uébl aircrafts during the

MILAGRO/INTEX-B (phase 1) campaigns in March 2006.
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Figure 2. Orbital tracks of 11 TES Step and Stares (leftefaand five Global Surveys (right
panel) over the MILAGRO/INTEX-B (Phase ) regionNtarch 2006.
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Figure 3. Typical averaging kernels ofs@dmiddle panel) and CO (right panel) for TES Stad a
Stares between 15-30°N (left panel) on March 1R62@veraging kernels for different pressure

levels are shown (color-coded).
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Figure 4. The mean vertical profiles of ;(Jleft panel), CO (middle panel), and NOx (right
panel) from the C130 (black) and DC8 (green) duNHgAGRO/INTEX-B (Phase I). Standard
deviations are shown for each pressure level.
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Figure 5. Mean Q mixing ratios at 400 — 600 hPa, 600 — 800 hPa,ksmiolw 800 hPa during
MILAGRO/INTEX-B (Phase 1). The aircraft measuren®are averaged ontd1° grids (left
panel). TES data are sampled on the days withadirfiights and averaged ontd>2.5° grids
(middle panel). GEOS-Chem results are sampled abtveg TES orbital tracks with TES
averaging kernels applied (right panel).
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Figure 7. Time series of daily meansQupper panel) and CO (lower panel) at 600-800 hPa
during MILAGRO/INTEX-B (Phase I). Black solid lines aircraft measurements; blue solid
lines - GEOS-Chem results without applying TES agerg kernels; green diamonds - mean
TES retrievals over the aircraft coverage at 60048Pa; red crosses - mean TES retrievals that
have colocated aircraft measurements.
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Figure 8. CO-G; relationships at three pressure bins, below 8G9 BPO — 800 hPa, and 400 —
600 hPa during MILAGRO/INTEX-B (Phase 1). Data weneeraged onto°X2.5° grids over the
aircraft coverage. Black diamonds - aircraft measants; red crosses - TES retrievals on the
days of the aircraft measurements; blue rectangl®SOS-Chem results sampled along the TES
orbital tracks with TES averaging kernels applied.
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List of Figure Captions:

Figure 1. The flight tracks of the C130 (orange) and DC&#éblduring the MILAGRO/INTEX-

B (phase 1) campaigns in March 2006.

Figure 2. Orbital tracks of 11 TES Step and Stares (leftefaand five Global Surveys (right

panel) over the MILAGRO/INTEX-B (Phase ) regionNarch 2006.

Figure 3. Typical averaging kernels ofs@dmiddle panel) and CO (right panel) for TES Stad a
Stares between 15-30°N (left panel) on March 1R62@veraging kernels for different pressure

levels are shown (color-coded).

Figure 4. The mean vertical profiles ofs(left panel), CO (middle panel), and NOx (right
panel) from the C130 (black) and DC8 (green) duNHgAGRO/INTEX-B (Phase I). Standard

deviations are shown for each pressure level.

Figure 5. Mean Q mixing ratios at 400 — 600 hPa, 600 — 800 hPa,etolw 800 hPa during
MILAGRO/INTEX-B (Phase 1). The aircraft measuren®are averaged ontd1° grids (left
panel). TES data are sampled on the days withaftiritights and averaged ontG>2.5° grids

(middle panel). GEOS-Chem results are sampled abtveg TES orbital tracks with TES

averaging kernels applied (right panel).

Figure 6. Same as Figure 5, but for CO.
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Figure 7. Time series of daily meansQupper panel) and CO (lower panel) at 600-800 hPa
during MILAGRO/INTEX-B (Phase I). Black solid lines aircraft measurements; blue solid
lines - GEOS-Chem results without applying TES agerg kernels; green diamonds - mean
TES retrievals over the aircraft coverage at 60048Pa; red crosses - mean TES retrievals that

have colocated aircraft measurements

Figure 8. CO-G; relationships at three pressure bins, below 8Gf) BBO — 800 hPa, and 400 —
600 hPa during MILAGRO/INTEX-B (Phase 1). Data wereraged onto°X2.5° grids over the
aircraft coverage. Black diamonds - aircraft measnts; red crosses - TES retrievals on the
days of the aircraft measurements; blue rectangl®SOS-Chem results sampled along the TES

orbital tracks with TES averaging kernels applied.
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