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Abstract. The Mexico City Metropolitan Area (MCMA) has 1 Introduction
presented severe pollution problems for many years. There

are several point and mobile emission sources inside and outrhe Tyla industrial complex is located northwest of the Mex-
side the MCMA which are known to affect air quality in j¢q City Metropolitan Area (MCMA), in the State of Hi-
the area. In particular, speculation has risen as to Whethe(ga|90, Mexico. It is close to a number of other industries
the Tula industrial complex, located 60 km northwest of the j, the Tula-Vito-Apasco industrial corridor (Fig. 1). Accord-
MCMA has any influence on high SQevels occurring on  ing to the latest information from the federal environmen-
the northern part of the city, in the winter season mainly. Asig| authority 323 ktons per year (ktpy) of S@nd 44 ktpy

part of the MILAGRO Field Campaign, from 24 Marchto 17 ¢ NO, are released in this region. The main emitters are
April 2006, the differential vertical columns of sulfur diox- pe Miguel Hidalgo Refinery (MHR) and the Francisderéz

ide (S@) and nitrogen dioxide (N&) were measured during - Rjos Power Plant (FPRPP) (SEMARNAT, 2002). Other in-
plume transects in the neighborhood of the Tula industrialy,stries such as cement plants, open-sky mines and agri-
complex using mobile mini-DOAS instruments. Vertical pro- cyjtyral activities are also responsible of important particle
files of wind speed and direction obtained from pilot balloons yyatter emissions into the atmosphere and for soil degrada-
and radiosondes were used to calculate 80 NG emis-  tjon of the area. The MHR processes 296 thousand barrels
sior_15._ According to our mea_suremer_lts, calculaf[ed averagger day (TBD) of crude oil, representing 20% of the total
emissions of S@and NG during the field campaign were  refining capacity in the country. Final products are mainly
384+103 and 24:7tonsday ™, respectively. The standard gasoline, diesel, turbosine, kerosene, and other subproducts
deviation of these estimations is due to actual variations inyged to improve fuel specifications. To satisfy internal en-
the observed emissions from the refinery and power plant, agrgy demand, the refinery consumes gas and liquid residuals
well as to the uncertainty in the wind fields at the exact time of the refining processes, often of poor quality (3.8% weight
of the measurements. Reported values in recent inventoriegf syifur content). The FPRPP has an installed capacity of
were found to be in good agreement with calculated emis2000 megawatt (MW), distributed in 9 units combining vapor
sions during the field campaign. Our measurements wergfie) and combined cycle (four) technologies. These two in-
also found to be in good agreement with simulated plumes. qystries contribute almost 90% of $@nd 80% of NQ of

the total emission in Hidalgo State (IMP, 2006).

NO; is of special interest due to its potential for un-
dergoing photochemical reactions and producing, together
with volatile organic compounds; ozone, peroxyacetyl ni-
trate, nitric acid, formaldehyde and formic acid, among oth-

Correspondence tC. Rivera ers (Finlayson-Pitts and Pitts, 2000). Long term exposure
m (claudia.rivera@chalmers.se) of humans to NG has negative health effects such as lung
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De Foy et al. (2007) used Concentration Field Analysis us-
\ ing backward trajectories during the MCMA-2003 field cam-

Tula
00N Igtil:rsi»;rcl)a:l &27 (] ]Paign to identify possible source regions ofzs'whese'werg
ound to be to the northwest of the MCMA, in the direction
of the Tula industrial zone. Forward modeling using mea-
sured emissions from the complex showed that these could

r@ E) account for the large S{peaks observed in the MCMA, but
that they only contribute 20% of the long term average con-
\ 2500 centration. Local sources are the dominant cause of baseline
A <O SO, levels. The Popocéapetl volcano is another large point

source that affects the MCMA and leads to increased sulfate
aerosol production in the city (Raga et al., 1999) even though

impacts during MCMA-2003 were shown to be possible but
could not be differentiated from the local levels (de Foy et

195 N

al., 2007).

To address the issue of emissions from the refinery and
the power plant, the total fluxes of 3@nd NG were deter-
Popocatepetl mined by measurements of their respective integrated verti-
100 NPT TN B 2ooo Volcano cal columns in the neighborhood of the Tula industrial zone.

N m" \ / The importance of this study relies on the possibility to verify
- published emission inventories and provide detailed emission
99.5 W 99.0° W 98.5 W . . . .
information for modeling studies.

8000’\_\

J

Fig. 1. Location of the Tula industrial corridor, urban area of the
MCMA in beige. Terrain contours every 500 m.
2 Methods

2.1 Mobile mini-DOAS

function decrease and higher risk of respiratory symptoms.
SO, was shown to lead to reductions in FEV1 (Forced EXpi' SO and NG emissions have been determined using Differ-
ratory Volume in 1s) and other indices of ventilatory capac- ential Optical Absorption Spectroscopy (DOAS). DOAS is a
ity, as well as to increased mortality and hospital emergencyspectroscopic technique based on the absorption of electro-
admissions for total respiratory cases and chronic obstructivenagnetic radiation by matter, allowing the remote detection
pulmonary disease at lower levels of exposure (WHO, 2000) of trace gases. DOAS instruments have been developed in a
In addition to their negative effects on human health2 SO \ide variety of designs and measurements can be performed
and NG tend to form sulfuric and nitric acids respectively, ysing several experimental setups (Platt and Stutz, 2008).
which through dry and wet deposition contribute to damage |, this field campaign, scattered UV sunlight in the zenith
of plants and buildings. position was collected by mobile mini-DOAS instruments

Because of its large emissions, the Tula industrial com-installed on a car, while traversing underneath the plumes
plex is thought to affect air quality in the MCMA. Since of the industrial sites. Sfoand NG emissions were deter-
the early 2000's, the atmospheric monitoring network of themined by integrating the total number of molecules in a ver-
MCMA, has been reporting unusual high S€ncentrations tical cross-section of the gas plume, and multiplying them by
during night time at the northern part of the MCMA. Accord- the wind speed at plume height. The instrument is referred
ing to a 2003 report of the “Program to Improve Air Qual- to as mini-DOAS due to its small size and low weight. The
ity in Mexico City Metropolitan Area 2002-2010" (CAM, mobile mini-DOAS collects scattered ultraviolet sunlight us-
2003) in some occasions 3@oncentrations in the north ing a telescope equipped with a quartz lens; the light enters
part of the city have exceeded the Mexican Air Quality Stan-a spectrometer through an optical fiber (Galle et al., 2002).
dard (0.13 ppm 24 h-average). It has not been possible t@he spectrometers used in this study have a spectral resolu-
attribute this to irregular operations of industries located intion of about 0.6 nanometers (hm) and spectral range of 280—
the surrounding area. For this reason, it has been questionet20 nm for SQ and 336—480 nm for N® Similar equip-
whether the Tula industrial zone is responsible for worsen-ments have been successfully used to quantify 8@is-
ing air quality in the MCMA. Mexican Petroleum (PEMEX) sions from volcanoes (Bobrowski et al., 2003; Edmonds et
and Federal Commission of Electricity (CFE) companies lo-al., 2003; Galle et al., 2002; McGonigle et al., 2002; Mori
cated at the Tula industrial complex, however, claim to com-et al., 2006; O’'Dwyer et al., 2003), industries (McGonigle et
ply with emission regulations, and therefore not to affect airal., 2004; Rivera et al., 2009) and urban areas (Johansson et
quality. al., 2008, 2009).
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A general spectral evaluation procedure was applied to evliaunched than radiosondes. For measurements performed af-
ery spectrum collected during a traverse, starting with darkter 27 March 2006, results from radiosondes were used in-
current correction of every recorded spectrum, division withstead, being our only source of wind data available at plume
a “clean-air” reference spectrum, the application of a highheight.
pass filter to separate broad and narrow band spectral struc-
tures and finally a logarithm of the spectrum. For each tra-5 5 1 pilot balloons
verse, the “clean-air” reference spectrum has been selected

as the first spectrum in the measurement, as this reduces the ) )
time difference between the collection of the “clean-air” ref- Pilot balloons were launched during 24-26 March 2006 with

erence and each of the subsequently measured spectra. Asrequency of 1-2h during daytime, in order to obtain in-

already pointed out by Sinreich et al. (2005), this procedureformation on the vertical distribution of wind speed and di-

can help to eliminate the contribution of stratospheric,NO F€ction at plume height. The pilot balloons were filled with
to the signal and give less influence of instrumental insta-2 Pré-determined amount of commercial helium, resulting in
bilities. Afterwards a non-linear fitting of several absorption & Standardized uplift force. The ascent rate was estimated
cross sections is made to the measured spectra, obtaining velY intércomparisons with radiosonde data (see Fig. 2). Once
tical columns of the gases of interest which are differential € Palloons were launched, they were tracked by theodo-
with respect to the vertical columns in the “clean-air” refer- lit€S (Tamaya model TD3), and both azimuth and elevation

ence spectrum. The fitting intervals used correspond to 307\Were registered in 10s intervals. The position of the balloon
317 nm and 415-455 nm for S@Bogumil et al., 2003) and in space was calpulated from_ these angles from which wind
NO; (Vandaele et al., 1998) cross sections, respectively. ThéPeed and direction were derived.
Os3 cross section (MVoigt et al., 2001) was included in the fit-
ting procedure for both S£and NG as well. 2.2.2 Radiosondes

The mobile mini-DOAS instrument was complemented

with a Global Positioning System (GPS), both of them a pjgicora I radiosonde system from Vaisala (Mod. SPS-
connected to a laptop computer and controlled by custom-20y was used for upper air sounding measurements of pres-
built software -MobileDOAS- (Johansson and Zhang, 2004)gre, temperature, relative humidity and the horizontal wind

which collects and evaluates acquired spectra in real timeyector, The radiosonde system consists of a ground-base sta-
The mobile mini-DOAS instrument was mounted on a carijon that receives and stores the incoming signal from the
and spectra were recorded, at different distances from the,giosonde transmitter; a radiosonde that supports all mete-
source, both encircling the source and traversing downwincyg|agical sensors, and a meteorological balloon that raises
the pollutants plume. For each collected spectrum, GPS datg,g sonde from the ground to the upper atmosphere. The ra-
was recorded providing time and position before and aftergiosondes were launched four times a day from 16 March to

the spectrum was collected. 22 April 2006 at 08:00, 12:00, 15:00 and 18:00 h (local time)
Fluxes from traverses were calculated multiplying differ- by using 300 g latex-helium-filled balloons.

ential vertical columns by the distance traversed perpendic-
ular to the wind direction, and by the wind speed at plume .
height. The corresponding methods for obtaining meteoro—z'3 Modeling
logical information are discussed in the following section.
Forward plume simulations were carried out using La-
2.2 Meteorological measurements grangian particle trajectories. The mesoscale meteorol-
ogy was simulated with the Weather Research and Fore-
For accurately quantifying emissions, the mobile mini- cast (WRF) model version 3.0.1 (Skamarock et al., 2005).
DOAS technique requires wind speed and wind directionThree nested grids were used with resolutions of 27, 9 and
information at the height of the plume. Therefore, these3km, and wind fields were saved every hour. The simula-
parameters were measured at surface and aloft, using dition options and model evaluations are described in de Foy
ferent methods. The meteorological equipment was deet al. (2009). Stochastic particle trajectories were calcu-
ployed at a Mexican Petroleum Institute (IMP) site (Lon- lated with WRF-FLEXPART (Doran et al., 2008; Stohl et
gitude 9916 24.4’W and Latitude 262’ 48.6" N), located  al., 2005). 1800 particles per hour were released from a sin-
inside the MHR facilities. A surface meteorological sta- gle stack representing FPRPP and 720 particles per hour from
tion (MAUS-210 from Vaisala) registered continuously those a stack representing MHR. Plume rise was calculated using
variables 10 m above the ground, while vertical measurethe algorithm in CAMx (ENVIRON, 2009) on an hourly ba-
ments were performed using pilot balloons and radiosondessis. This yielded particle release heights varying from 175
Wind data from pilot balloons were used to calculate,SO to 1400 m AGL for FPRPP and from 75 to 1000 m AGL for
and NQ emissions for measurements performed betweerMHR, depending on the time of day and on stability condi-
24 and 26 March 2006 because they were more frequentlyions.
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Fig. 2. Wind speed and wind direction comparison between pilot balloon, sounding and WRF for 24, 25 and 26 March 2006. Comparisons
are presented only when coincident information of the three methods is available. Additionally wind speed and wind direction results from
a sounding launched on 4 April 2006 at 12:00 local time are presented together with WRF results.
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Fig. 3. Typical measurement at Tula industrial complex performed on 26 March 2006 between 14:18 and 15:03 local tint&) ftasehts

the spatial distribution of differential SCOcolumns (color coded) quantified during the measurement, whereas(pasabws variation in
differential vertical SQ (black) and NQ (grey) columns for the measurement as function of travelled distance. The arrow in panel (a) shows
the starting point of the measurement and points towards the direction of travel.
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Meteorological conditions in the Tula industrial complex 5 *° 1T
were variable during the monitoring period. From 23 March

2006 a cold surge over the Gulf of Mexico produced strong 400
northerly winds persisting for two days (Fast et al., 2007). © I
Cold surges are a characteristic feature in Central Mexico, 3 +
bringing cold humid air south into the MCMA. This leads to 200 T i
reduced vertical mixing and increased rain and cloudiness. -
After the cold surge, conditions in the basin remained humid
with weak southward transport at night and afternoon con-
vection events until the end of March (de Foy et al., 2008).
During April, most of the days were clear or partly cloudy
without rain due to a persistent high pressure system.

e
| |
5

emissions (ton d-')
i

NO, emissions (ton d-')

)
N
o

T T T T T T T T 0
24-Mar: 29-Mar 3-Apr 8-Apr 13-Apr 18-Apr

=

Fig. 4. Daily averages of Spand NG emissions from Tula indus-

Wind speeds were higher during the first days of the fieldtrial complex. Vertical lines represent standard deviation, referring
campaign and less intense at the end. Minimum wind Speed@ the variability within single measurements conducted during the
were recorded during night time and early morning hoursSame day.
while maximum values were recorded between 19:00-20:00
local time. Maximum temperatures occurred between 16:00—
17:00 and minimum temperatures between 07:00-08:00 l03.2 Observed emission factors
cal time. Relative humidity followed an expected behavior
with a maximum during night time and a minimum coin- A typical measurement around the Tula industrial complex
ciding with high temperatures. Wind direction before 09:00 for 26 March 2006 is depicted in Fig. 3. Figure 3a shows the
was from south-southeast, a transition period was systemaspatial distribution of differential S&columns (color coded)
ically observed between 09:00-11:00 when northerly windsquantified during the measurement. The measurement was
appeared. After midday, wind direction turned from north- conducted between 14:18 and 15:03 local time. The known
northwest to north to north-northeast and this condition wasemission sources located inside the measurement circuit are
maintained until 22:00 where winds turned again from south-shown with black triangles. Figure 3b shows the differential
southeast until 9:00 hours of the next day. This cycle wasSGO, and NG columns quantified during the measurement,
continually observed over the entire measurement period. which follow each other during the entire measurement. The

www.atmos-chem-phys.net/9/6351/2009/ Atmos. Chem. Phys., 9, 6361-2009
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Table 1. Summary of measurements at Tula industrial complex.  Table 2. SO, and NQ; emission inventories and NOmeasure-
ments of Tula industrial complex.

Date NG NO2 emissi02 SQ S&; emissior; Year SQ (tpy) NOx (tpy)2 Point Sources Reference
ransects _(tonesday)® transects _(tones day) 1999 356966 37834 Tula-Vito-Apasco SEMARNAT-INE

24 March 2006 2 2%12 3 428177 industrial complex (2006}

25 March 2006 4 1312 5 279149 2002 158330 15040 Power plant only Miller and

26 March 2006 11 2¥33 28 423518 Van-Atten (2004);

27 March 2006 10 2714 26 554-263 Vijay et al. (2004)

28 March 2006 4 43858 2003 145000 - A TuIa-\_ﬁto-Apasco de Foy et al.

4 April 2006 2 23@-34 industrial complex, (2007)

5 April 2006 5 40&:112 2003

7 April 2006 5 476837 2005 112934 24259 Stack emissions SEMARNAT

13 April 2006 1 454 Zggnpiilr‘:’;::z?ew (2008)

14 April 2006 > 446:92 2006 135232 5697 Total emission PEMEX (2006)

15 Apr!l 2006 1 389 from Pemex refinery

16 April 2006 10 21#85 2006 140046 8647 Tula-Vito-Apasco  This study 2006

17 April 2006 1 269 +37533  +2549 industrial complex

TOTAL 27 96 ..

o o ) & Emission inventories give values of N@vhereas measurements
@The standard deviation refers to the variability of single measure-

: ; conducted during the field campaign give pl@alues.

ments conducted during the same day and not to the uncertainty df NOy and SQ reported emissions for Hidalgo State from point
the measurements per se. sources where power generation facilities and refineries are the
main contributors.

' € SOy emissions.
traverse started at the north-western part of the Tula indus-

trial complex (black arrow in Fig. 3a) and continued towards

the east. A main peak was found during the traverse atrom the Ambient Air Monitoring Network (Red Autoatica

the southeast from the known sources. This measuremenfe Monitoreo Atmos#rico, RAMA) was accessed online
yielded an emission of 44 906 kg/h of $@nd 2210kg/h of  (http://www.sma.df.gob.mx/simat/ During the period of
NO,. Figure 4 shows a daily average time series of;NO this study, no extraordinary levels of $@nd NG (1-h av-

and SQ emissions calculated from the conducted measureerage data), that would lead to exceedance of the Mexican
ments during the field campaign. In addition Table 1 showsNorms, were registered by the network. However, Concen-
a summary of all the measurements performed during theration Field Analyses using backward trajectories calculated
field campaign. N@emissions were measured between 24—from some of the RAMA sites during the MCMA 2006 field
27 March, and S@emissions were quantified between 24 campaign point towards the Tula industrial complex as a po-

March-17 April 2006. tential source area of SCfor the MCMA (de Foy et al.,
A total number of 96 transects were performed in order t02009).

determine the emissions of 3@nd NQ in the region. Ac-
tual emission variations due to changes in the processes, &3 Comparison with emission inventories
well as atmospheric perturbations along the measurements in
a particular transect are mainly responsible for the observedable 2 shows a comparison of our results with published
variation in the estimated fluxes. From the statistical point ofemission inventories. In order to develop the first National
view, the larger the number of transects measurements, thiventory of Emissions in Mexico (base year 1999), a multi-
better the flux determination. disciplinary effort between national and international institu-
During MCMA 2006, SQ emissions from Tula’s indus- tions was made. As part of this inventory, PEMEX provided
trial complex yielded 384103 tons day'; and NG emis-  most of the information regarding combustion and process
sions accounted for 247 tonsday®. Both SQ and NG emissions. As for emissions from power generation plants,
guantified emissions present large standard deviations, andata was provided by Mexico’s Energy Secretariat (SENER).
SO, emissions are an order of magnitude larger than theAlmost 70% of emissions from combustion were calculated
guantified NQ fluxes. The high variability on the flux de- using emission factors from U.S. EPA, 1995, section 1 (AP-
terminations is associated to the actual emission variation o#2), and the rest were based on measurements reported by
the SQ sources in the region, as well as to the uncertaintythe power stations themselves (SEMARNAT-INE, 2006).
associated to the wind field at the specific time of the mea- Vijay et al. (2004) and Miller and Van-Atten (2004)
surements. estimated emissions from power generation plants based
In order to give insight as to whether emissions from on fuel consumption and energy generation data provided
the Tula industrial complex during the period of this study by SENER as well as emission factors for specific power
had any influence on the air quality of the MCMA, data generation plants. The methodology used followed the

Atmos. Chem. Phys., 9, 6358361, 2009 www.atmos-chem-phys.net/9/6351/2009/
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recommendations of the Emissions Inventory ImprovementThere are slight differences in the timing and strength of the
Program of the US EPA; the emission factors used were obshifts. The model is not able to represent the split plume at
tained from the EPA's AP-42 (1998). 11:55 with one part going east and the other south, although
During MCMA 2003 field experiment, SOemissions this is to be expected as these features are smaller than reso-
from the Tula-Vito-Apasco industrial complex were quanti- lution of the wind simulations (3 km grid cells, output every
fied using zenith sky UV spectroscopy, the same techniquél hour). At 14:18, the simulated plume is much narrower
applied in this study. than the measurements, suggesting that there is insufficient
The Mexican Environment and Natural Resources Secredispersion in the model. As the spatial and temporal scales of
tariat (SEMARNAT) provided emission data for 2005, based this are below the resolution of the model, this suggests that
on DATGEN (General Data). DATGEN is a database con-turbulent mixing should be increased in the trajectory sim-
taining emissions inventories information (principally from ulations. On 4 April, a wide plume was observed at noon,
combustion processes) from fixed sources of federal and statgradually narrowing towards the afternoon. In general, the
jurisdiction, located in areas where air quality managemenplume was moving straight to the southwest throughout the
plans have been developed. day. This was correctly represented in the model, includ-
Surprisingly, regardless the difference in emission de-ing the narrowing of the plume as the winds became stronger
termination approaches applied, both ;Séhd NGQ emis-  and the transport faster. In summary, there is good agreement
sions quantified by the DOAS technique are comparable withbetween the measured and simulated plumes suggesting that
emission inventories reported, particularly those after thethe model is capable of representing the plume transport, and
year 2002. In the Sustainable Development Annual Reporthat the measurements correctly captured the entire plume.
(2006), the Mexican Petroleum Oil Company (PEMEX) in-
forms an annual average reduction of 6.3% of emissions into
the atmosphere during the period 2001-2006 in the compang Conclusions
(PEMEX, 2006). Assuming that this annual average rate ap-
plies also for the MHR, current emissions reported in 2006Calculated emissions from Tula’s industrial complex dur-
are consistent with those reported in 1999 (approximatelyind the MCMA 2006 field campaign yielded an average of
40% in reduction in six years). 384+103tons day?! for SO, and 24t7 tons day! for NO».
Because almost 100% of the sulfur content in fuels is emit-1hese emissions are comparable to the more recent emis-
ted as SOx, uncertainty on the reported emissions by thé&ion inventories, but. lower than the inventories from 1999
Mexican industries applying the AP-42 emission factors is@nd earlier. According to the inventories, S@missions
considered to be low. This may be the reason for the accorshow average reduction over the years (approximately 40%
dance of S@reported emissions and measurements. in six years) and compare well with 2006 emissions reported
It is important to note that emission inventories are givenPy PEMEX for the MHR (PEMEX, 2006). On the other
in NOy while our instruments quantify N© The knowledge ~hand NQ calculated emissions show lower values than pre-
of the NQy/NOy ratio is then important in order to derive Vious NO« emission inventories. This discrepancy may be
NO emissions from our measurements. Because of the weffXPlained by an incomplete oxidation of NO to BlOAn
known reactions in which NO is oxidized to NGn plumes ~ IMportant outcome of this study is the fact that our measure-
exiting the stacks of industrial facilities (Finlayson-Pitts and Ments are in good agreement with values reported in recent
Pitts, 2000), we therefore may assume that the quantifiedVentories, implying that the use of emission factors for de-
NO, represents only part of the total released Nd the ~ termination of emissions from power plgnts andl refineries, is
discrepancies between N@nventories and quantified NO @0 adequgte procedure when re_hab_le |nfqrmat|on of energy
may be partially explained by the amount of NO that has notcOnSumption and power generation is available.

yet been oxidized. Although, during the period of this study no extraordinary
levels of SQ and NG (1-h average data), were registered on
3.4 Comparison of measured and modeled plumes the northern part of the MCMA by the Ambient Air Monitor-

ing Network, Concentration Field Analyses using backward
Comparisons between measured and simulated emissiorigajectories calculated from some of the RAMA sites during
from the Tula industrial complex were made for 26 March the MCMA 2006 field campaign point towards the Tula in-
2006 (Fig. 5) and 4 April 2006 (Fig. 6). On 26 March, dustrial complex as a potential source area ob $@ the
according to the DOAS measurements, the plume from theMCMA (de Foy et al., 2009).
industrial complex was continuously shifting: early in the In addition, the industrial plumes were simulated with for-
morning the plume dispersed towards the east, moving toward particle trajectories using the measured emission rates.
wards the southsoutheast by noon and turning back towardshe good agreement between the simulated plume trans-
the southeast by late afternoon. This is correctly simulatecport and the column measurements suggests that the model
by the model, with the plumes initially moving to east, and is capable of reproducing dispersion from the Tula indus-
then turning to the south and back towards the east agairtrial zone and brings supporting evidence that the column
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measurements correctly captured the plume. A remainingiding with measurement days where the largest standard
question is the large standard deviation of the measurementeviations in emissions were found. Quantified emissions
performed during the field campaign. It is thought that the during April show less standard deviation, coinciding with
reasons for them are associated with changes in real emisnore defined plumes. Detailed information about produc-
sions from the refinery and power plant, as well as unavail-tion and performance of the Miguel Hidalgo refinery and the
ability of wind fields at the exact time of every measurement. Francisco Brez Ros power plant during the field campaign
Variability in fluxes could be caused by plume meanderingwould yield an improved comparison between our measure-
as well. Both simulations and observations during Marchments and reported values.

attest for plumes shifting over short periods of time, coin-
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