
 
 

MECHANISMS OF AIR POLLUTION TRANSPORT IN URBAN VALLEYS  
Angela M. Rendón1, Juan F. Salazar1, Volkmar Wirth2, Olga Lucía Quintero3 

1Grupo de Ingeniería y Gestión Ambiental (GIGA), Escuela Ambiental, Facultad de Ingeniería, 
Universidad de Antioquia, Medellín, Colombia 

angela.rendon@udea.edu.co, juan.salazar@udea.edu.co 
2Institute for Atmospheric Physics, Johannes Gutenberg-University Mainz, Germany 

vwirth@uni-mainz.de 
3Department of Mathematical Sciences, Universidad EAFIT, Medellín, Colombia 

oquinte1@eafit.edu.co 
 
Abstract:  
The transport of air pollutants emitted from urban areas located in valleys can be strongly restricted by local meteorological 
phenomena such as low-level temperature inversions and different mechanisms of recirculation or stagnation of air pollution. 
By means of idealized numerical simulations, here we study the mechanisms of air pollution transport resulting from the 
interplay between a low-level temperature inversion and an urban heat island in urban valleys having different widths. We 
identified two mechanisms of air pollution transport. The first mechanism describes closed slope-flow circulations that lead 
to an accumulation of pollutants near the base of the sidewalls. The second mechanism is driven by an urban heat island-
induced circulation below the inversion layer, which tends to concentrate the air pollutants in the valley center and can form 
an elevated polluted layer. The persistence of these types of mechanisms could cause severe air pollution episodes in urban 
valleys. 
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INTRODUCTION  
Topography plays a major role in controlling the 
atmospheric boundary layer over complex terrains, 
thereby affecting the mechanisms of air pollution 
transport in urban valleys. The transport of air 
pollutants emitted from urban areas located in 
valleys results from the interaction between 
several phenomena which can include low-level 
temperature inversions, urban heat island (UHI) 
effects, the development of slope and valley winds 
(Gohm et al. 2009), and different mechanisms of 
recirculation or stagnation of air pollutants (Gohm 
et al. 2009). Different combinations of these 
factors can strongly influence the air pollution 
transport in valleys (Gohm et al. 2009; Lehner and 
Gohm. 2010; Rendón et al. 2014) and, therefore, 
may lead to severe air pollution events with 
important implications for public health. 
In present work we investigate the effect of valley 
width on the daytime evolution of the flow field 
and the mechanisms of air pollution transport 
resulting from the interplay between the 
temperature inversion and the urban heat island in 
urban valleys. We do this through idealized 
simulations performed with the numerical model 
EULAG (Prusa et al. 2008). 
 
METHODS 
The model EULAG adopted in this study has been 
throughly documented in the literature (Prusa et 
al. 2008) and has already been applied to study the 
daytime evolution of the thermal wind circulation 
in valleys (Schimidli et al. 2011; Rendón et al. 
2014, 2015). The basic idea was to simulate and 
compare the daytime evolution of the inversion 

layer and the air pollution transport in two urban 
valleys with different widths, which will be 
referred to as narrow and wide valleys. Both 
simulations were performed during the daytime 
between 0600 LST (Local Standard Time) and 1800 
LST, starting with a condition of temperature 
inversion, and are identical but for the width of 
the valley floor that was set to 4 km and 12 km for 
the narrow and wide valleys, respectively. The 
surface of both valleys is divided into homogeneous 
areas of urban and rural land cover, which differ in 
their heating and roughness.  
To obtain insights on air pollution transport, we 
assume that a passive tracer is continuously 
emitted from the urban area. The surface flux of 
passive tracer is given by 17 kg hour−1 km−2, based 
on measurements of annual carbon emissions from 
an urban area of about 360 km2 in the Aburrá river 
valley in Colombia. 
 
RESULTS AND DISCUSSION 
The breakup of temperature inversion (BTI) 
progresses faster in the narrow valley, mainly 
because its atmosphere is more heated during the 
daytime than the atmosphere in the wide valley 
(Fig. 1). At 0600 LST, the θ (potential 
temperature) profiles in the center and along the 
sidewalls are identical in both valleys; afterwards, 
the narrow valley atmosphere is heated faster.  In 
both valleys the BTI follows a pattern 
characterized by a small displacement of the top 
of the inversion layer and a continuous rise of its 
bottom.  
The flow field within the CBL (convective boundary 
layer) is characterized by the development of 



 
 
updrafts and downdrafts (Fig. 2), the expected 
structure that arises when turbulence generated by 
buoyancy due to upward heat flux from the surface 
dominates relative to turbulence generated by 
mean shear.  

Figure 1: Vertical θ profiles from 0600 to 1800 
LST in the narrow (top) and wide (middle) 
valleys, at the left sidewall (left), the midvalley 
(center) and the right sidewall (right). The 
bottom shows the hourly differences between 
the profiles in the narrow and wide valleys. 

 
Figure 2: Longitudinal mean fields of the cross-
valley w in the narrow (left) and wide (center) 
valleys. Isentropes are shown every 1 K. The 
black triangles mark the edges of the urban area. 
 
The spatial distribution of these updrafts and 
downdrafts differs between the two valleys. While 
in the narrow valley randomly spaced updrafts and 
downdrafts develop over the whole valley floor 
(Fig. 2c,e), in the wide valley floor updrafts prevail 
in the center over the urban area whereas 
downdrafts prevail over the rural areas (Fig. 2d,f).  
In the wide valley the inversion layer becomes 
shallower in the center due to the larger depth of 

the CBL over the urban area as compared to that 
over the rural areas. 
Although the emission rates of tracer from the 
urban areas are exactly the same in both valleys, 
the time-spatial distribution of the tracer differs 
between them (Fig. 3).  

 
Figure 3: Passive tracer mixing ratio (mg kg −1) in 
the narrow (left) and wide (center) valleys. 
Isentropes are shown every 1 K. The black 
triangles mark the edges of the urban area. 
 
In both valleys the tracer remains substantially 
trapped within the valley atmosphere owing to the 
capping effect of the persistent inversion layer. 
However, the more polluted regions are not the 
same in the valleys because of differences in the 
flow field and the associated air pollution 
transport mechanisms. The first mechanism of air 
pollution transport is a “smog trap” formed by a 
closed slope-flow circulation that traps pollutants 
over the lower parts of the sidewalls in the narrow 
valley, but not in the wide valley (Fig. 3, panels a 
and c). In the wide valley, the interaction between 
the slope flow and the UHI is weakened due to the 
separation between the urban area and the 
sidewalls. In the narrow valley, there is a strong 
interaction between the slope flow and the UHI, 
and the smog traps result from the interplay 
between the slope flow, the UHI and the 
temperature inversion. The second mechanism is 
driven by the UHI-induced circulation below the 
inversion layer, which tends to concentrate the 
tracer in the valley center and can form elevated 
polluted layers (Fig. 3d,f,g,h). This circulation 
persists in the wide valley during the afternoon 
and leads to an accumulation of pollutants in the 
center of the valley. The prevailing upward flow in 
the center which feeds the divergent flow below 
the inversion leads to the formation of an elevated 



 
 
polluted layer that extends beyond the limits of 
the urban area (Fig. 3d,f,h). This same mechanism 
drives the distribution of the tracer in the narrow 
valley in the afternoon (Fig. 3e,g). In the narrow 
valley there is a transition between the two 
mechanisms of transport of pollutants during the 
day. 
Figure 4 summarizes the main features of the 
temporal evolution of the flow field, the inversion 
layer, and the tracer distribution observed in this 
study. Our results suggest that a major implication 
of the UHI on the BTI is that the thermal contrast 
between the urban area on a valley floor and the 
rural surface of the sidewalls strongly restricts the 
mass transport by the upslope winds and, 
consequently, largely prevents the descent of the 
inversion layer that has been observed in previous 
studies of the BTI in valleys. Three of these 
circulations where identified. First, a circulation 
near the base of the sidewalls that develops when 
the upslope winds are detrained toward the center 
due to the inversion layer (Fig. 4a). A second type 
of circulation near the base of the sidewalls 
develops when the UHI forces downslope winds 
linked to ascending flows that are restricted by the 
inversion layer (Fig. 4c). The third type of 
circulation describes the low-level UHI-induced 
circulation that concentrates pollutants in the 
valley center and causes the development of an 
elevated polluted layer below the inversion layer.  

Figure 4: Schematic of the evolution of the flow 
field associated with the tracer distribution. 
Arrows indicate mean flow and turbulent eddies. 
The shadowing indicates the tracer mixing ratio. 
 
CONCLUSIONS 
The width of an urban valley affects the lifetime 
and evolution of low-level temperature inversions 

mainly because of its influence on the heating of 
the atmosphere confined within the valley, as well 
as its effects on the structure of the flow field that 
develops below the inversion layer.  
The breakup of inversion layers in valleys where an 
urban area is concentrated on the valley floor is 
likely to be dominated by the growth of a CBL 
enhanced by the increased production of thermal 
turbulence over the urban area. In these 
situations, the development of upslope winds may 
be largely restricted by the UHI induced circulation 
below the inversion layer.  
Closed circulations (smog traps) and elevated 
polluted layers can develop below an inversion 
layer in an urban valley as a result of the 
interaction between the temperature inversion, 
the UHI and the slope flows. 
In urban valleys under the influence of a low-level 
temperature inversion, different mechanisms of air 
pollution transport can arise as a result of the 
interplay between the UHI and the inversion, and 
depending on the valley width. The persistence of 
these types of mechanisms can explain the 
occurrence of severe air pollution episodes in 
urban valleys. 
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