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Case Study

ÅA large air pollution source located in the 
confluence of two deep river valleys in the 
Andes Mountains of South America.

ÅEmits large quantities of SO2 from main 
stack with 150 meter height.

ÅLocal air quality conditions impacted 
significantly due to complex 
meteorological conditions induced by 
mountain-valley system.



Air Quality Concentrations in the 

Valley
ÅActual monitoring data 

from local SO2 monitoring 
network.

ÅPeak SO2 concentrations 
occur during late morning 
and peak in the 10-11 
a.m. LST period.

ÅSecondary maximum 
occurs during the late 
night hours, with local 
peak around 2000 ï2200 
LST.



What Features Must We Consider 

Which Drive the Design 

Concentration?
ÅWhat meteorological features in the valley are 

important to the design concentrations?

ïUpslope/Downslope Flows

ïUp-valley/Down-valley Circulations

ïMountain-Plain Circulations

ïTerrain Blocking Effects

ïCold Air Damming



Slope Flows

ÅPart of local diurnal 

wind pattern that is 

thermally induced.

ÅFormation is favored 

under weak synoptic 

pressure gradients.

ÅDepends upon 

surface temperature 

contrasts due to 

daytime heating and 

nighttime cooling.



Mountain-Plain Circulations

Å Mountain-Plain 
circulations also develop 
due to thermal effects.  

Å Rising air over mountains 
as upslope winds develop 
create a weak pressure 
gradient which causes air 
from the plains to flow 
toward the mountain to 
compensate for the rising 

Å At night, the circulation 
reverses, and the winds 
flow from the mountains 
onto the plains. 



Nocturnal Thermal Structure

Å As air over mountain slopes 
cools, it becomes more dense 
than its surrounding 
environment and begins to 
drain down the gradient of the 
terrain slopes.  

Å Cold air accumulates in the 
valley basin and creates a 
temperature inversion at the 
top of the valley.  

Å Air within valley is stably 
stratified and pollution can 
become trapped and 
accumulate.



Air Quality Concentrations in the 

Valley
Å Late morning maximum is a 

classic fumigation situation 
which occurs during the 
destruction of the nocturnal 
inversion and growth of the 
convective PBL.  

Å Pollutants emitted into the 
stable layer aloft from the 
elevated point source will 
rapidly mix to the ground as 
the PBL grows, causing this 
major peak to be observed.

Å Secondary peak requires 
additional investigation, but 
tends to correspond to the 
reversal of the along valley 
circulation that exists.



Monthly Mean Wind Vectors


