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Abstract

On 7 March 2006, a mobile, ground-based, vertical pointing, elastic lidar system made
a North-South transect through the Mexico City basin. Aerosol size distribution mea-
surements, made concurrently, allowed calculation of the mass extinction efficiency
(MEE) for the lidar system (1064 nm). MEE combined with an inverted lidar extinction5

coefficient resulted in total aerosol vertical mass estimates with 1.5 m vertical spatial
and 1 s temporal resolution.

The results showed that the aerosol loading within the basin is about twice what
is observed outside of the basin. The total aerosol base concentrations observed in
the basin are of the order of 200 µg/m3 and the base levels outside are of the order10

of 100 µg/m3. The local heavy traffic events can introduce aerosol levels near the
ground as high as 900 µg/m3. The lidar-based total aerosol loading compares with
the hourly-averaged PM10 ground observations conducted by the RAMA monitoring
network throughout Mexico City.

1 Introduction15

Mexico City Metropolitan Area (MCMA) is one of the largest and fastest growing popu-
lated areas in the world. With a population close to 20 million people and over 4 million
vehicles, it is also the largest source of anthropogenic pollution in the region (CAM,
2002, 2006). Its elevated location (∼2200 m) and tropical climate facilitate photolysis
and transport of urban and industrial pollutants on a continuum of scales, from local,20

through regional, to continental. The chemical properties of MCMA pollutants have
been analyzed in the past, e.g. MCMA-2003 campaign (Molina et al., 2007). The key
results from the MCMA-2003 campaign formed the basis for yet more extensive atmo-
spheric measurement campaign MILAGRO/MIRAGE/MCMA2006/INTEX-B, which was
conducted in March 2006 in Mexico (Molina et al., 2008). Numerous chemistry stud-25

ies have been carried out during the MILAGRO campaign (e.g. Stephens et al., 2008;
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Adachi and Buseck, 2008; Thornhill et al., 2008; DeCarlo et al., 2008; Nunnermacker
et al., 2008; Kleinman et al., 2008; Talbot et al., 2008; Shon et al., 2008; Zheng et
al., 2008; Doran et al., 2008). These studies revealed the significance of primary and
secondary aerosols in the context of pollutant chemistry and air quality.

Physical properties of aerosols were also of great importance during the MILAGRO5

campaign in 2006. Spatial and temporal measurements of aerosol distribution in Mex-
ico City region were intended to provide information on transport, dynamics and evolu-
tion of particles aloft. Each component of the campaign was carried out on a different
spatial scale, from urban pollution supported by ground-based point measurements, to
regional large scale pollution transport supported by wide-coverage aircraft measure-10

ments. The goal of the multiscale approach in the MILAGRO campaign was to bridge
various points of the continuum to better understand the environmental impacts of pol-
lution sources, such as MCMA. For that purpose several profilers, radiosondes and
lidars (airborne, ground stationary and ground mobile) were dedicated to measuring
the vertical layering of aerosols on different scales (Shaw et al., 2007).15

Lidars are particularly suitable for measuring physical properties of small particles.
They capture spatio-temporal distribution and mechanical mixing of particles sus-
pended in the air (Eichinger et al., 2008a, b; Kao et al., 2002; Holmen et al., 1998) as
well as mark the planetary boundary layer (PBL) height (Cooper et al., 2006; Eichinger
et al., 2005; Cooper and Eichinger, 1994).20

The University of Iowa mobile, ground-based, upward-looking lidar was used to sup-
port vertical measurements of aerosols on local and regional scales during the MILA-
GRO campaign. The 1064 nm lidar system was mounted on a flatbed truck and was
able to make vertical measurements while in motion (Fig. 1). The lidar data was sup-
ported by solar transmittance data, measured with an optical sun photometer. The25

solar photometer measured direct and indirect (almucantar) radiation once every 1–
2 h. These measurements enabled calculation of aerosol size distribution (ASD) data
(Nakajima et al., 1996). Due to the nature of the measurements (the propagating
medium was the entire atmosphere), the ASD obtained from these measurements rep-
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resents an average aerosol size distribution in the atmospheric column.
On 7 March 2006, in the presence of light, northerly winds (de Foy et al., 2008; Fast

et al., 2007), the University of Iowa mobile vertical lidar system performed a North-
South transect through the Mexico City basin. The lidar system measured vertical and
horizontal distribution of the various aerosol layers. The unique topography of the basin5

created conditions in which the northerly winds were venting the valley, mostly through
a narrow pass in the South of the basin. The measurements on 7 March were intended
to capture the venting of the basin through the pass and observe the transition between
inside and outside of the valley. The exact route is illustrated in Fig. 2.

From the electromagnetic point of view, extinction efficiency is a measure of the10

amount of energy removed by a particle from a wave by means of scattering and ab-
sorption. Depending on the size of the particle, refractive index and the wavelength of
an incident radiation, Rayleigh and Mie theories report the exact values of the extinc-
tion efficiencies (such as the function presented in Fig. 3). Taking particles of all sizes
from a participating medium and combining them with the corresponding extinction15

efficiencies, multiplied by their cross sectional areas, will result in the extinction coeffi-
cient. The extinction coefficient is a macroscopic quantity that describes the amount of
energy removed from an electromagnetic wave per unit distance for any given wave-
length. Lidar measurements can provide spatially resolved extinction coefficient data
for a certain wavelength (Klett, 1981, 1985; Kovalev, 2003; Kovalev and Eichinger,20

2004). Using the extinction coefficient data from the lidar and aerosol size distribution
data from the sun photometer, one can invert the problem and determine the number
(or mass) of particles in the medium.

Extinction efficiency for 1064 nm implied from Mie theory (Fig. 3) is combined with
column averaged ASD obtained from the sun photometer (Fig. 4b), resulting in a quan-25

tity called the Mass Extinction Efficiency (MEE). The MEE is a ratio of the total column
extinction coefficient at the wavelength of the lidar, to the total mass concentration of
aerosol in the column (Eq. 4). In electromagnetic sense, the MEE is a measure of the
amount of energy removed from the wave by a specific aerosol (characterized by ASD)
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per unit length per unit concentration of the aerosol.
The MEE approach allows estimation of the absolute aerosol mass concentration

(Eq. 5) with the resolution of lidar (1.5 m spatial and 1 s temporal). This method is
unique and introduces new data-rich capabilities to the aerosol research community.
Due to the large spatial extent of the data, it is rather difficult to validate the MEE-5

derived results by means of in-situ measurements. Yet the effort of validating this
method with ground-based PM10 network in Mexico City is also presented in the results
section.

2 Instruments

2.1 Lidar10

Lidar operates by emitting a pulse of laser light into the atmosphere. Particulates
interact with the pulse and scatter light back to the lidar. The term “elastic” refers
to scattering in which no energy is lost by the photons, so that the detected light is at
the same wavelength as the emitted light.

For the purpose of the study, the University of Iowa lidar (Eichinger et al., 1999)15

was retrofitted into a mobile laboratory mounted on the bed of a truck (Fig. 1). The
lidar operated continuously while the truck was in motion, simultaneously recording the
GPS position of the instrument.

A Nd:YAG laser operating at the 1064 nm wavelength provided the light source. The
laser was attached to a 0.25 m, f /10, Cassegrain telescope. The laser pulsed at 50 Hz20

with ∼25 mJ energy per pulse. The laser beam was emitted co-axial with the telescope.
The backscattered signal was measured by an IR-enhanced Si-APD detector and then
digitized by a 100 MHz digitizer. The resulting spatial (vertical) resolution was 1.5 m.
The maximum useful range was 3400 m. For improved data accuracy, the signals from
50 pulses were averaged to 1 s profiles.25
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2.2 Sun photometer

A commercial, fully automated Prede POM-01L sun photometer was used for this study.
It was a 7 wavelength system with 315, 400, 500, 675, 870, 940 and 1020 nm filters
operated by a filter wheel. The half-angle view of the instrument was 1 degree and the
half-power bandwidth was 10 nm (with the exception of 3 nm for 315 nm). The instru-5

ment was mounted on top of the mobile laboratory only for the time of the measurement
and taken down during travel.

The instrument measured the relative radiation intensities (direct and almucantar)
and was calibrated using a standard Langley method (Holben et al., 1998). The direct
solar measurements provided total optical depth estimate and the almucantar mea-10

surements data were processed for aerosol size distribution using SKYRAD.pack v.4.2
(Nakajima et al., 1996).

2.3 Ground PM10 measurements

The ground PM10 measurements were conducted by the Mexican government sci-
entists within the RAMA network (Red Automática de Monitoreo Atmosférico). The15

network included 16 sites located throughout Mexico City that had PM10 capability.
Figure 2 shows the locations of the 6 RAMA sites nearest to the lidar route.

3 Data analysis

3.1 Lidar inversion method

Elastic lidar cannot measure extinction coefficients directly. Instead, it measures a rel-20

ative backscattered power P (r) which can be inverted to estimate extinction. Equa-
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tion (1) is the range corrected lidar equation (Kovalev and Eichinger, 2004)

P (R)R2 = C0β(R) exp
(
−2

∫ R

0
α(R′)dR′

)
, (1)

where R is the distance from the lidar to a given sampling volume, β is the backscatter
coefficient, α is the extinction coefficient, C0=P0Acτ/2 is the lidar constant, A is the
telescope aperture area, τ is the laser pulse length, c is the velocity of light and P0 is5

the power transmitted by the laser. In order to invert the lidar equation, the extinction
and backscatter coefficients are assumed to be related by a power law (Klett, 1981,
1985)

β(R) = B0α
k(R), (2)

where k is a constant power and B0 is a scaling factor (often called the lidar ratio if10

k=1). With the assumption from Eq. (2), one can now estimate the extinction using the
Klett method (Klett, 1981, 1985)

α(R) =
exp[(S − S0)/k]{

1
α0

− 2
k

∫R
R0

exp[(S − S0)/k]dR′
} [

1
km

]
, (3)

where S= ln[P (R)R2]. While there are other more complex algorithms for calculating
extinction (Kovalev and Eichinger, 2004), the Klett method is fully adequate approach15

for the purpose of this study.

3.2 Aerosol mass concentration

The knowledge of aerosol size distribution (ASD) is useful in combination with lidar
data. It allows for estimating the absolute aerosol mass loading in the atmosphere.
Studies show that the extinction (e.g. estimated from the lidar returns) is highly corre-20

lated with PM10 aerosol concentrations (Del Gusta and Marini, 2000; Lagrosas et al.,
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2005). The quantity that combines extinction and mass is commonly called Mass Ex-
tinction Efficiency (MEE). It is a ratio of total extinction in the column to the total column
mass concentration of aerosols for any given ASD and any given wavelength. MEE
links extinction efficiency derived from the Mie theory with aerosol mass estimates and
in conjunction with lidar can provide high spatial resolution aerosol mass estimates.5

The total extinction is simply a product of Mie extinction efficiency, the particle cross
sectional area and the number of particles of each size integrated over all particle sizes
for a given wavelength (the numerator in Eq. 4). The total mass of aerosol is a prod-
uct of the particle volume, the mass density of particle and the number of particles,
integrated over all sizes (the denominator in Eq. 4). Equation (4) presents MEE in the10

following form (Lagrosas et al., 2005)

MEE =
π
∫r2
r1
r2Qext(r, λ,m)n(r)dr

4
3πρ

∫r2
r1
r3n(r)dr

[
1/m

g/m3

]
, (4)

where r is the particle size, r1 and r2 are ASD limits, Qext is Mie extinction efficiency
calculated for the 1064 nm wavelength (Fig. 3), m is the assumed refractive index of the
aerosol, n(r) is a given ASD (Fig. 4b) and ρ is the particle density. Using the extinction15

estimated from the lidar data, one can obtain the aerosol mass concentration with the
resolution of the lidar measurements

C(R) =
α(R)

MEE

[
g

m3

]
, (5)

where α and MEE have been previously defined. The entire data processing flow
leading to Eq. (5) is shown in Fig. 5.20
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4 Results and discussion

4.1 Aerosol size distribution

During the transect, 16 sun photometer measurements were taken in and outside the
basin, in 3 discrete series (Fig. 4a). The data from the measurements were used to es-
timate a column averaged aerosol size distribution (ASD) with SKYRAD.pack.v.4.2 soft-5

ware1 (Nakajima et al., 1996). The resulting ASD estimates are presented in Fig. 4b.
The measurements within each of the 3 sets of data in Fig. 4a are nearly identical

with little deviation. Although the differences in raw data were small, they propagated
into noticeable deviations in the respective size distributions, total volume of aerosols
and MEE values (Fig. 4b).10

Of all the 3 sets of raw data (Fig. 4a), the earliest measurement (∼9 a.m.) has
the largest number of measured scattering angles due to the lowest sun elevation
angle. This enabled better convergence of the inversion software and thus the earliest
measurements show the least uncertainty in the ASD shape, total volume and MEE
value.15

Despite the uncertainties, all of the 3 sets of the size distributions are similar in
shape, which implies that the dominant source of particles is common to all the mea-
surements. The spectra are bimodal with the fine mode being most likely anthro-
pogenic in origin (peaks at around 0.2 µm) and the coarse mode being the biogenic
pollution, primarily windblown dust (peaks at around 7–8 µm).20

4.2 MEE results

MEE is extremely sensitive to the shape of the ASD function. This poses a big chal-
lenge in quantifying the MEE as the ASD is often spatially and temporally dynamic. De-
spite this, the literature reports MEE values ranging from 1.2 m2 g−1 (coarse particles

1Available at http://www.ccsr.u-tokyo.ac.jp/∼clastr/
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dominant) to 12 m2 g−1 (fine particles dominant) (Husar and Falke, 1996; Di Girolamo
et al., 1999; Lagrosas et al., 2005).

The MEE estimated from the ASDs in this study ranged from 0.5 m2 g−1 to 1.3 m2 g−1

(with the particle density, ρ, assumed 1 g/cm3 for all the calculations). Higher values
of MEE were observed inside the Mexico City basin whereas the lower values were5

observed outside of the basin. To maintain continuity in the mass concentration calcu-
lations using lidar data (Eq. 5), we assumed a constant ASD (and therefore a constant
MEE) for the entire measurement period. This assumption is strong but it’s also sup-
ported by similarly shaped ASD estimates within the basin (Fig. 4b). The earliest sun
photometer measurement set 8:58 a.m.–9:07 a.m. was assumed constant and effec-10

tive for the entire data analysis. Although the 8:58 a.m.–9:07 a.m. ASD data is the most
consistent within the dataset, we admit the choice of the dataset is somewhat arbitrary.
The corresponding value of MEE for the 8:58 a.m.–9:07 a.m. dataset was 0.9 m2 g−1

and it was also constant during the entire analysis.

4.3 Transect through Mexico City15

The transect through the Mexico City basin started at 6:18 a.m. on 7 March 2006 in
the city of Pachuca, about 70 km NE of Mexico City (Fig. 2). The direction of the
transect was north-to-south. The meteorological conditions reported for that day were
favourable: persistent light northerly winds for the Mexico City basin, warm, mostly
sunny, stable surface conditions in the morning (de Foy et al., 2008; Fast et al., 2007).20

Figure 6b shows lidar-derived total aerosol concentration curtain corresponding to
Fig. 2. Figure 6 additionally presents the total aerosol concentrations extracted from
the lidar at 200 m above the ground (Fig. 6c) and the total optical depth for the 1064 nm
wavelength (Fig. 6d).

At the beginning of the lidar measurements, at around 6:20 a.m., the aerosol curtain25

graph indicates a residual layer at approximately 4500 m a.s.l. with high concentration
values decaying with time. This effect is due, at least in part, to water condensation
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on the particulates. As the sun warms the air after dawn, decreasing the relative hu-
midity and the water evaporates from the particulates, which decreases the apparent
concentration values.

At around 6:30 a.m., only about 10 km south of the starting point, the Mexico City
plume is found at about 200–300 m above the ground and as the lidar continues ap-5

proaching the city, the plume is observed lower to the ground. At 7 a.m. the mobile
lidar approached a dense traffic congestion on a major highway going through Mex-
ico City (Fig. 6a indicates slow velocities from a traffic jam and Fig. 6b represents
an abrupt increase in concentrations). This event resulted in an outburst of ground
aerosol concentrations due to emissions from the congested traffic conditions (peak-10

ing at ∼900 µg/m3). While the concentration estimate seems to be extremely high,
one should remember that this was an instantaneous measurement directly above a 6
lane highway. A high number of vehicles traveling on that road (diesel trucks and other
petroleum vehicles with no or poor emission control) and the strength of the stable
boundary layer at that early morning hour contributed to the sharp increase in partic-15

ulate concentration. On top of the exhaust emissions, vehicles also tend to pick up
a large amount of road dust and inject it directly into the boundary layer. It is not
unusual to see similar structures localized over major thoroughfares in scanning lidar
images (Cooper and Eichinger, 1994; Eichinger and Kraye, 1998). The surface struc-
tures observed during that time of day rose to about 1 km in height but did not reach20

nor mix with the upper residual layer. At around 7:30 a.m. the traffic congestion relaxed
and the lidar proceeded further into the city. At this point, the height of pollution plume
was observed to be at around 200–300 m above the ground with base concentrations
of about 200 µg/m3. This observation is confirmed by the RAMA network measure-
ments, recording a similar average morning rush hour PM10 concentration level in the25

city (Fig. 8).
From about 7:30 a.m., another layer appears at around 3000 m a.s.l. (500 m above

the ground). The layer is separated and at this point does not mix with the pollution from
the ground. These conditions remained constant throughout the city until the southern
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rim of the basin was reached at about 9:50 a.m. The southern outlet from the basin is
elevated about 200 m with respect to the rest of the basin. This difference in elevation
acts to keep the ground pollution from leaving the valley southbound (evident in lidar
curtain plot in Fig. 6b).

Halfway through the pass (∼10:25 a.m.), the vertical layering of the plume changed.5

The 3000 m a.s.l. layer disappeared while the 4500 m a.s.l. residual layer started to mix
in with the rising boundary layer, which resulted in higher concentrations across the
boundary layer and lower concentrations of around 100 µg/m3 at the ground level.

Vertical mixing intensified at around 11 a.m. where local ground pollution was lofted
as high as 1 km above the ground and entrained with the high altitude residual layer. At10

around 11:35 a.m. the lidar began the descent outside of the valley. The local ground
pollution continued to grow in height but did not mix with the high level (4500 m a.s.l.)
residual layer. Both structures were separated by a thin stable layer of relatively clean
air. These conditions were maintained until the end of the transect at 12:25 p.m.

Figure 7 shows a histogram of the lidar-derived total aerosol concentration estimates15

for the inside (urban) and outside (rural) areas of the Mexico City basin. The rural
concentrations (blue) show a narrow mode with a center located at around 110 µg/m3.
The urban concentrations are multimodal suggesting multiple contributors and pollution
in the city. The values of the concentrations range from 150 µg/m3 to 450 µg/m3 with
the most intensive mode at 300 µg/m3.20

Figure 9 presents the lidar data in 3-D display where each lidar profile is rendered
with respect to its actual geographic location. The 3-D lidar data is overlaid onto a digi-
tal elevation model of the region using GIS software (ArcScene). Figure 9 is an example
of a new approach to geospatial analysis of lidar data. It allows a better understand-
ing the influence of a complicated topography on the vertical structures of planetary25

boundary layer.
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4.4 Discussion on limitations of MEE approach

Each of the components in the analysis flowchart (Fig. 5) contains or introduces un-
certainty. The complexity of the algorithms used in the analysis makes it difficult to
quantify the resulting aerosol mass concentration uncertainty. For example while it is
possible to quantify uncertainties related to the sun photometer measurements, it is5

difficult to quantify uncertainties related to the inversion algorithm itself. The inversion
algorithm relies on the numerous assumptions (Nakajima et al., 1996) such as a known
refractive index, proper calibration, sphericity of the particles, spatial and temporal ho-
mogeneity of the aerosol distribution, meteorological conditions, and the exact location
of the instrument. Each of these factors is a potential source of additional inaccuracy.10

Mie theory, however accurate for spherical particles, only approximates real particle
extinction efficiency and also introduces uncertainty.

Despite the amount of data provided by the measurements, lidar technology also
has its own limitations. The fundamental limitation of using the lidar is “proper” data
processing. The raw lidar data (the time series of the detector voltage) must be in-15

verted into a physical quantity of interest, which in this case is the extinction coefficient.
Although there are several methods of inverting the raw lidar data into extinction coeffi-
cients, none of these methods give an exact or unique solution. One must estimate the
extinction based on strict assumptions, such as Eq. (2), which introduce uncertainty.
The sources of uncertainties related with the lidar inversion have been extensively dis-20

cussed in Kovalev and Eichinger (2004). The discrepancies can be seen in Fig. 6d,
which shows the total optical depth from lidar (inverted using Eq. (3) and integrated
over the whole lidar range) and the total optical depth retrieved from the sun photome-
ter. The graph shows that the extinction from the lidar is systematically overestimated
by about 30%. The lidar-related uncertainties propagate onto the aerosol concentration25

estimates. Equation (5) incorporates all the uncertainties related with other measure-
ments and data processing. A proper uncertainty or sensitivity study would require an
extensive research going well beyond the scope of this study.
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Another limitation of the measurements to consider is that the lidar takes measure-
ments directly above the roads. The cars are not only the source of fine aerosols
due to gas burning but are also a separate source of mechanical mixing of the road
dust that is lofted high above the roadways. Scanning lidar measurements in urban ar-
eas show dramatically increased particulate concentrations above major thoroughfares5

(e.g. Eichinger et al., 1993). This may explain why the lidar values of concentrations
from the MEE calculations are systematically higher than the ground measurements
such as RAMA, whose stations are located in some distance from the major roadways.
This brings an important conclusion that a better and more representative particulate
transect of the city would be obtained by using minor roads to cross the city.10

From the theoretical point of view, the MEE is based on an entirely correct physical
approach. Although the results contain uncertainties, the data set can be beneficial
for any large scale aerosol data modelling. We think that the strengths of the MEE
combined with lidar data outweigh the limitations of this approach and open totally new
lidar capabilities for the community.15

4.5 Comparison to RAMA data

Despite the resulting uncertainties contained within Eq. (5), the total aerosol concen-
tration estimates are in general agreement with RAMA PM10 concentrations retrieved
from the monitoring sites located near the lidar path. Figure 8 shows hour-average
PM10 concentrations with values between 100 and 250 µg/m3 for the times between20

6 a.m. and 12 p.m. Because these are 1 h average, one can assume that there were
events of much higher concentrations, such as the one observed instantaneously by
the lidar at around 7 a.m. or presented in the histogram in Fig. 7 (red, urban). The
discrepancies between the RAMA measurements and the lidar have several potential
reasons. The major reason is the fact that RAMA reports only particles smaller than25

10 microns while bigger particles are not uncommon in dusty environment of Mexico
City. The lidar MEE retrieved concentrations show the total loading with no distinction
between fine and coarse particles.

6840

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/6827/2009/acpd-9-6827-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/6827/2009/acpd-9-6827-2009-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
9, 6827–6854, 2009

Vertical distribution
of aerosols in Mexico

City

P. A. Lewandowski et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

5 Conclusions

The results demonstrate the vertical structure of aerosols over Mexico City basin and
its impact on a local scale. The ground surface pollution can reach as high as 1500 m
above the ground. The high levels of aerosols associated with heavy traffic (and traffic
jams) events indicate that the transportation system in Mexico City plays an important5

role in facilitating aerosol loadings in the city basin boundary layer.
The total aerosol mass concentration base levels in the basin are on the order of

200 µg/m3 with small scale events peaking at as high as 900 µg/m3. The concentra-
tions outside of the basin (on the southern side of the rim) are about half of what was
observed within the basin with base values of 100 µg/m3. The vertical mixing outside10

of the basin is much more evident, with mixing depth as high as 2000 m above the
ground. The residual layer is distinctly separated from the ground-based mixing.

The lidar inversion algorithm seems to overestimate the extinction coefficients which
are systematically higher than the total extinction observed by the sun photometer.
Nevertheless the total aerosol levels have a similar order of magnitude as the observa-15

tions of PM10 from the RAMA network.
In the future, the quantitative estimation of the total aerosol loads from the mobile li-

dar can be improved by having a continuous measurement of size distribution along the
measurement route. Also using secondary roads for transects could reduce the effect
of the major thoroughfares, which can greatly set off the overall aerosol contributions20

from the urban areas.
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FIGURES 

 

 

 

Figure 1.  The University of Iowa mobile vertical lidar (1064 nm 50Hz 25 mJ/pulse laser, 

100MHz digitizer, 1.5 m spatial and 1 second temporal resolution) during the MILAGRO 2006 

campaign.   

 

Fig. 1. The University of Iowa mobile vertical lidar (1064 nm 50 Hz 25 mJ/pulse laser, 100 MHz
digitizer, 1.5 m spatial and 1 s temporal resolution) during the MILAGRO 2006 campaign.
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Figure 2.  The Mexico City basin.  Black line indicates mobile lidar trajectory with time marks on 

March 7
th

, 2006.  Crosses show selected RAMA PM10 sites and circles indicate MILAGRO 

supersites T0, T1 and T2. 

 

Fig. 2. The Mexico City basin. Black line indicates mobile lidar trajectory with time marks
on 7 March 2006. Crosses show selected RAMA PM10 sites and circles indicate MILAGRO
supersites T0, T1 and T2.
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Figure 3.  Qext Mie extinction efficiency used for MEE calculations. 

 

 

Fig. 3. Qext Mie extinction efficiency used for MEE calculations.
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Fig. 4. (a) Sun photometer raw data (showing 500 nm only) recorded in Mexico City on 7 March
2006. (b) Corresponding aerosol size distributions (ASD) retrieved from sun photometer mea-
surements using SKYRAD.pack.v.4.2 inversion code. The inset shows total volume and MEE
values.

6849

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/6827/2009/acpd-9-6827-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/6827/2009/acpd-9-6827-2009-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
9, 6827–6854, 2009

Vertical distribution
of aerosols in Mexico

City

P. A. Lewandowski et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

 26

 

 

 
 

Figure 5.  Lidar to aerosol mass concentration data processing flowchart. 

 

Fig. 5. Lidar to aerosol mass concentration data processing flowchart.
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Fig. 6. Lidar vertical profiles of aerosol loadings over Mexico City on 7 March 2006: (a) lidar
velocity over ground, indicating periods of heavy traffic and several stops, (b) color coded total
aerosol vertical concentrations in Mexico City basin, (c) concentration levels at 200 m above the
ground, (d) total optical depth calculated from lidar data (blue line) and from sun photometer
(orange cirles).
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Fig. 7. Histogram of aerosol mass concentration values observed at 200 m above the ground
in a 15 min time-span, inside the city basin (red) and outside the basin blue.
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Figure 8.  Time series of PM10 concentrations on March 7
th

 2006, for selected RAMA ground 

monitoring sites.  

 

Fig. 8. Time series of PM10 concentrations on 7 March 2006, for selected RAMA ground
monitoring sites.
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Figure 9.  The lidar color coded vertical distribution of aerosols over Mexico City basin on 

March 7
th

, 2006, looking West.  The dark red indicates heavy aerosol loading and dark blue 

indicate clean air in the free troposphere.  The transect presents a stable layering within the valley 

and an intensive vertical mixing outside of the basin. (Elevation model and satellite imaging 

source: USGS). 

 

 

Fig. 9. The lidar color coded vertical distribution of aerosols over Mexico City basin on 7 March
2006, looking West. The dark red indicates heavy aerosol loading and dark blue indicate clean
air in the free troposphere. The transect presents a stable layering within the valley and an
intensive vertical mixing outside of the basin. (Elevation model and satellite imaging source:
USGS).
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