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which would be strange if we take prior years
as reference. However, when considering the
behavior of the atmosphere along the last
year (2003), it is possible to correlate these
measurements with the presence of two major
cyclonic events that exerted an influence on the
region during that year.

According to the U.S. National Hurricane
Service (NOAA, 2003a), in 2003, atypical landfall
in NWM occurred, the second strongest tropical
cyclone of the season; the first, Ignacio, became
hurricane on August 26 and entered into the Gulf
of Baja California with a slow movement that
brought heavy rainfall, while the second, Marty
began to develop on September 10 and peaked
on day 22 of the month as a hurricane (NOAA,
2003b).

This may partially explain the high AOT values
in these months due to the presence of large
numbers of hygroscopic nuclei in large cloud
formations due to cyclonic events and to the
attenuation of the passage of solar radiation at the
Earth’s surface as a result of the high concentration
of suspended particles (Igbal, 1983).

It is also notable that during the 3 years,
months with the lowest optical-thickness values
correspond to December and January 2001 and
2002, while in the case of 2003, the month of
December has the lowest values. Despite that
there is no data for the January period, the
graphical behavior of the 3 years indicates that in
each year, the months mentioned show the same
characteristics in terms of particle concentration
in the atmosphere.

Spatial Analysis

Once MODIS data were validated with AERONET
sensor data from the city of Hermosillo, MODIS
images can be used for data acquisition of optical
thickness throughout area covered by sensor
snapshots. For the image selection representing
the best description of optical depth in NWM,
monthly data median was selected fromm AERONET
in order to determine the day that shows most
representative AQT distribution in the study area
most clearly. Considering that the availability
of images is not complete in each month of the
3-year period and that in many cases all values
are concentrated at short period of time in the
month we found most useful median usage. If we
had used mean to get monthly values, those had
been representative just of a part of month instead
of entire monthly period. However, when we use
median, we take into account AQT behavior at
the most possible middle of the month. Also, it is
known that the mean could be affected by extreme
values, while the median is not (Triola, 2008).
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In the preparation of maps based on
information from the images, variations of the
particle concentration of aerosols are shown not
only over the area of 2,500-km? plot in the city
of Hermosillo, but also in space for the entirety
of NWM, in addition to information contained
in images taken with the MODIS aerosol-type
product to know the origin of the particles in each
map. In the images presented in this subsection
(Figure 8), we observe the behavior of the optical
thickness across the NWM, and by means of image
analysis, it is possible to interpret not only the
patterns of aerosol-particle concentration, but
also the distribution of particle type, mainly in
the state of Sonora, which is represented in all of
the final maps.

These maps, in conjunction with the correlation
work previously performed with photometer
measurements of the Hermosillo City AERONET
networks, represent valid data for all areas
of Mexico and the parts of the U.S. that are
represented in the final maps. Furthermore, these
maps cover NWM on many days different from
those ones which data for validation processing
were obtained. Hence, the behavior observed in
the previous graphs maintains strict concordance
solely with adjacent pixels over Hermosillo instead
of each one of covered area in the final maps,
although closest pixels show similar trends.

In 2001, through analysis of maps of every
month of the year, there is a notorious gradual
increase that reaches its peak on July and then
gradually decreases until December; additionally,
the month of January presents the lowest optical-
thickness values for the entire region.

During 2002, although we do not have maps
of every month, it is possible to identify a similar
pattern of rise and fall as in the previous year,
with highest values in June. According to the
monthly image, there is an abrupt increase of
AOT in relation to the information available for
the first half of the year.

In this same year, after the maximum value
observed in June is clearly observed a decrease in
optical thickness, even with the lack of maps for
every month of the second quarter of 2002, the
images of September, November, and December
clearly illustrate a gradual decrease among each of
these, which means that this pattemn is consistent
with ACT behavior in the months for which no
data are available.

In 2003, by interpreting the images, it can be
concluded that although there are no maps of the
first 3 months of the year, there is an increase in
optical-thickness values from April, reaching its
highest peak, as inthe previous 2 years, between
June and July, but in this case by presenting a
second increase in August and September.
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In general, highest values (>0.5) are located in
the northwestern portion of Sonora, near Desert
of Altar and northern coast of the state, although
in this case it is possible to assume a similar
distribution even when the images do not provide
data for the whole area. These values are possibly
related with the arid conditions of the region,
because sparse vegetation and presence of the
desert facilitate the incorporation of particles into
the atmosphere that ultimately are recorded by
the MODIS sensor.

Similarly, in relation to temporal variations,
values close to 1.0 or higher on NWM set up
during July 2001, June 2002, May 2003, and June
2003. Implying the existence of seasonal pattern
between the rainy and the dry season, because
based on the analysis of annual precipitation,
we know that these months represent the driest
period and then the beginning of rainy season,
which is influenced by the Mexican monsoon when
all of the dust particles work as hygroscope nuclei
in cloud formation. Thus, it is possible to deduce
that there is a pattern in the annual behavior,
presenting highest values in June and July for 3
years and lowest values on December and January
for the 2001-2003 period.

The pattern of increasing and decreasing
of AQT over the first and second halves of the
years, respectively, are cleary presented in 2001
and 2002, while in 2003, a second peak in AOT
concentration is observed in plots and images.
It happens on August and September, mainly in
the portion near to interior coast of Gulf of Baja
California, the Altar Desert, and the center of
the peninsula, which might be related with the
presence of two stronger cyclonic events during
hurricane season in 2003. These were cyclones
Ignacio and Marty respectively (NOAA, 2003a;
NOAA, 2003b) while in the month of October of the
same year, after the passage of two hurricanes,
the pattern of behavior was re-established and
exhibited a decrease in AOT values in December
as in two previous years. In addition, it took into
account the periods with higher rainfall, consistent
with the summer and fall months (year 2003),
during which it is known that rainfall is greatest
in NWM, also due to moisture penetration on the
continent connected with Mexican Monsoon and
Southwest Monsoon of America (Reyes et al.,
1994).

In the case of Baja California peninsula,
throughout the study period, we identify the
highest values (0.5-1.0 and over), on May, June,
July, and August 2001, June 2002, and in April,
May, and July 2003. Generally, we observed that
the peninsula has the highest values throughout
the period, unlike the NWM mainland. Possibly
related with the narrow north-south profile of this
physiographic province, which is influenced by

aerosols of marine origin throughout East-West
extension and that is reflected in measurements
made by the sensor and in processed images.

Additionally, by analyzing the histograms of
each image and once identified those areas with
highest concentration of particles in the region
and seasonal patterns, we are able to notice
that images with the highest concentration of
valued pixels show lower ranges (0.00-0.24
and 0.25-0.99); especially in January, February,
March, and April 2001, increasing from May
until July. In this increase, the pixels are
related with classes or ranges between 0.5 and
0.99, subsequently decreasing from August to
December of that year.

This behavior is repeated in the same way
in 2002 and 2003, years covered in the study,
which also has the highest concentration of pixels
of <0.49 in the first and last months of each
year, while there was an increased presence of
values >0.5 in total existing pixels in the images
presented in June, 2002, May 2003, and July 2003.

In relation to these histograms, it is noteworthy
that their analysis is relative, because the amount
and location of the pixel value is not uniform
in all images and covered area is different for
each image. Nonetheless the observed behavior
corresponds to the criteria given previously and
reaffirms spatial and temporal patterns of AQT.

In each map presented, there is also attached
information related with the predominant aerosol
type in the atmosphere, which was obtained
from a sub-product of MD04L2 related to this
parameter. This exhibits a notoriously large
predominance of sulfate aerosols in contrast with
the other types shown in NWM images, in which
a direct relationship was not identified between
aerosol type and particle-concentration values
expressed by ACOT. It is interesting to notice that
dust-related aerosols are generally located in
northern areas of states of Chihuahua, Coahuila
and Nuevo Ledn and in the southern U.S. along
border areas (Figure 8).

The third type of aerosol, heavy absorption
smoke, was not identified on NWM. Thanks to
coverage of some images and to availability
of information of this parameter is possible to
determine its concentration in the entire Northern
coastal area Gulf of Mexico, where oil is probably
the activity that affects particle emission to the
atmosphere. The same type of aerosol particles
is also identified is also identified in the lower
Mississippi River Basin, mainly in the agricultural
region of the U.S. which extends from Illinois to
the border with Mexico in the State of Texas. While
our work is focused on NWM, there is no presence
of this type of particle in any analyzed image.
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