
Acid rain can damage cultural heritage, including pre-Hispanic 

archaeological sites in Mexico. Over the past few decades, acid 

rain measurements have been made at several locations in the state 

of Veracruz, Mexico. With atmospheric trajectory analysis we can 

trace pollution movement over long distances, with the goal of 

helping to reduce its environmental impact. In 2007 a detailed 

analysis of wind flow, identifying potential pollution sources, was 

conducted for one of the Veracruz sites. With recent meteorological 

advances, the resolution for the meteorological data used in 

atmospheric trajectory models has improved from 250 km in 2007 

to 12 km today.  The goal of this study is to use the higher-

resolution data to see whether air flow patterns are different for the 

different acid rain measurement sites in Veracruz. 
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Materials and Methods

• Calculate 5-day atmospheric trajectories using the NOAA 

HYSLIT model coupled with 12 km resolution meteorological 

data

• Writing MATLAB code to create a compiled collection of the 

atmospheric transport in terms of five-day horizontal length and 

vertical trajectory height

• Compare the atmospheric transport by season, to see the air 

transport difference from El Tajin, La Mancha ,and Orizaba

24 Hours Net Horizontal and Vertical Trajectory Length Difference Compared to El Tajin

December January February June July August

Δlh of La Mancha 
(km)

Min:  -803.5km

Max:   338.1km

Average:    -33.6km

Standard Deviation:   307.9km

Min:  -394.3km

Max:   288.6km

Average:     39.6km

Standard Deviation:   107.5km

Δlh of Orizaba 
(km)

Min:  -958.5km

Max:   240.9km

Average:  -403.9km

Standard Deviation:   403.9km

Min:  -401.5km

Max:   163.9km

Average:  -139.2km

Standard Deviation:   145.7km

Δlv of La Mancha 
(m)

Min:        -1457.4m

Max:     380.6m

Average:    -214.4m

Standard Deviation:     474.7m

Min:       -2036.2m

Max:        2167.5m

Average:    177.2m

Standard Deviation:    545.2m

Δlv of Orizaba 
(m)

Min:        -1564.9m

Max:         1048.7m

Average:    -353.9m

Standard Deviation:     581.6m

Min:      -2139.7m

Max:       1939.2m

Average:    -80.1m

Standard Deviation:   628.3m
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Figure 1 – Map of Mexico (Green – El Tajin, Red – La Mancha, Blue – Orizaba)
Figure 2 – Horizontal Trajectory of El Tajin, La Mancha and Orizaba 

during winter and summer season
Table 1 – 24 Hours Net Horizontal and Vertical Trajectory Length Difference Compared to El Tajin

(Δlh of La Mancha = lh of La Mancha - lh of El Tajin, Δlh of Orizaba = lh of Orizaba - lh of El Tajin;

Δlv of La Mancha = lv of La Mancha – lv of El Tajin, Δlv of Orizaba = lv of Orizaba – lv of El Tajin)

Δlh of La Mancha during the winter months is about -34 km 

long, that means the La Mancha trajectories in terms of 

horizontal displacement is about the same or just a bit shorter 

than the El Tajin trajectories’ during winter season. While 

during the summer the Δlh of La Mancha is around 40 km, 

which means that during the summer month the La Mancha 

trajectories are longer than the El Tajin’s. 

Δlh of Orizaba during the winter months is about -403 km long, 

that means the Orizaba trajectories in terms of horizontal 

displacement is much shorter than the El Tajin trajectories’ 

during winter season. While during the summer the Δlh of 

Orizaba is around -139 km, which means that during the 

summer month the La Mancha trajectories are much longer 

than the El Tajin’s.

Δlv of La Mancha during the winter months is about -214 m in 

length, that means the La Mancha trajectories in terms of 

vertical displacement in average is much lower than the El 

Tajin trajectories’ during winter season. While during the 

summer the Δlv of La Mancha is around 177 m, which means 

that during the summer month the La Mancha trajectories are 

much higher than the El Tajin’s.

Δlv of Orizaba during the winter months is about -353 m in 

length, that means the Orizaba trajectories in terms of vertical 

displacement is much lower than the El Tajin trajectories’ 

during winter season. While during the summer the Δlv of 

Orizaba is around -80 m, which means that during the summer 

month the Orizaba trajectories are still lower than El Tajin’s, 

but higher than it is in winter season.
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Figure 3 – Vertical Trajectory of El Tajin, La Mancha and Orizaba 

during winter and summer season

At different times of the year, El Tajin, La Mancha, and 

Orizaba are affected by atmospheric movement. In the 

summer months, the air tends to come from the east, which 

will pass across a large portion of the southern part of the 

Gulf of Mexico. The trend of atmospheric movement shifts 

during the winter months traveling all across the entirety of 

the Gulf of Mexico.

We examine the different locations along the Gulf of Mexico 

to examine the change of horizontal/vertical trajectory. On 

the horizontal and vertical trajectory maps, we can observe 

that the air trajections’ differences between these three sites 

are not so significant.

In conclusion, the trajectories between El Tajin, La Mancha, 

and Orizaba are minor also depend on the seasonal wind 

direction.


