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Laser divergence (after 10x expansion): 1,1 mrad 
Laser diameter (after 10x expansion): 10 mm 
Separation between laser and telescope: 35 mm  
Telescope FoV: 1,3 mrad 
Emission wavelength: 1532 nm  



Primary
Concave mirror 
Primary mirror diameter: 70 mm 
Primary mirror interior diameter: 13 mm 
Primary mirror radius = -550 mm 
Secondary
Convex mirror 
Secondary mirror diameter: 13 mm 
Secondary mirror radius = -111 mm 
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Dealing with the vertical dimension of extreme pollution episodes
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Introduction
Urban areas present high number of pollutants 
continuously emitted into the atmosphere, with 
great chemical variety of compounds and complex 
atmospheric processes. This situation could be 
aggravated by the meteorological conditions and 
the geographical situations of this urban areas. The 
urban agglomerations located in mountainous areas 
are affected by local meteorological situations 
influenced by the elevation, constraining the 
dispersion of air pollutants, and therefore having a 
negative influence in air quality. In addition to these 
local factors, the urban areas could be also affected 
by external emissions, as natural emissions, that 
constrain the atmospheric situation. Both, local and 
external emissions, have impact in the particulate 
matter (PM) concentrations at surface level, 
increasing their concentrations. The differences 
could be observed in the vertical profile of the 
troposphere. Whereas along the local pollution 
events, the PM concentration is observed in the low 
troposphere, during the dust events, high PM 
concentration could be observed from few metres 
to several kilometres in the vertical.
The city of Granada (south eastern Spain, 680 m 
a.s.l.) is located in a valley surrounded by 
mountains with high elevations ranging from 1000 
to more than 3300 m.a.s.l. The location and the 
position of the city favour marked seasonal 
meteorological conditions, with a winter period 
characterized by low temperatures, frequently 
stagnation episodes due to high pressure systems 
located in Western Europe and North Africa, and
the dominance of very weak wind speeds and a dry 
summer period with elevated temperatures. In both 
periods, large diurnal temperature variations are 
typical. The mountainous topography of Granada 
favours, mostly in winter, the development of 
thermal inversions (Lyamani et al., 2010). These 
situations affect the atmospheric boundary layer 
growth, making the height of this layer (ABLH) an 
important factor controlling the dilution of 
pollutants emitted near the surface. On the other 
hand, the city, due to its geographical position close
to Sahara Desert, is around the 35% of the days 
under African dust air masses influence. These 

events increase the PM levels in the city exceeding 
the annual and daily limit values of PM10.
In this context, the main objective of the present 
work is the multi-instrumental and synergetic 
analysis, at surface level and in the vertical, of an 
extreme local pollution event registered in Granada 
in January 2021. The concentration of PM10 have 
been obtained from the air quality monitoring 
station Palacio de Congresos (PAL, urban 
background station) located in Granada, belonging 
to the Andalusian government 
(http://juntadeandalucia.es/medioambiente). The 
rest of information, both fron in-situ measurements 
and remote sensing, have been gathered at AGORA 
station, that operates in the framework of ACTRIS 
and will be proposed as one of the future National 
Facilities in the frame of ACTRIS-ERIC.

Results and discussion
We focus our attention on the day 18th of January. 
In this sense, Figure 1 evidences de evolution of 
PM10 over the daily evolution of the 532nm 
backscattered signal gathered by MULHACEN, 
multispectral Raman Lidar and the Atmospheric 
Boundary Layer Height, ABLH, retrieved from 
Halo Streamline wind Doppler Lidar by the 
algorithm described in Moreira et al. (2018; 2019) 
and Manninen et al. (2018).
Figure 1 suggest an anticorrelation between PM10 
and ABLH while the 532nm backscattered signal 
offers some insight on the evolution of the aerosol 
load on the vertical column.
Figure 2, showing the Klett-Fernald retrieval of the 
aerosol backscttering coefficient at 532nm 
evidences that along the day the load of scatterers 
in the low troposphere presents a clear evolution 
related to the decrease of aerosol load at surface 
level. This aspect has been investigated using 
GRASP code (Lopatin et al., 2013) for the retrieval 
of aerosol volume concentration profiles, from the 
combinaion of MULHACEN lidar three channels 
and the use of the CIMEL radiometer operated at 
AGORA, in the framework of AERONET. This 
procedure has been succesfully applied at our 
station in previous studies. The results evidence that 
the combination of Remote Sensing measuremenst 
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with GRASP code contributes to offer information 
on the vertical profile during the extreme episode, 
although it is clear that there is room for improving
the retrieval close to the surface, for example by 
improving the overlap features of the lidar, 
something that will be acomplished in brief.
Additionaly to this approach, we have used the 
scheme proposed by Roman et al, (2018), where 
GRASP is used with backscattered signal provided 
by a NIMBUS ceilometer in combination with the 
CIMEL radiometer data, to retieve the volume 
concentration profiles, without splitting it in fine
and coarse particles. The retieval offers promising 
results that could be useful taking advantages of 
extended networks of ceilomters collocated with 
CIMEL radiometers.

Figure 1. Extreme pollution event showing: PM10 
evolution, clearly exceeding the EU AQ threshold; 532nm 
backscattered signal from Mulhacen and ABLH derived 
from wind Doppler lidar. The colour slots are related to 
Figure 2 retrieved backscatter coefficient profiles.

Figure 2. Vertical backscatter coefficient profiles at 532 
nm retrieved at the different times of the day marked in 
figure 1.

Challenges
The results shown in this work evidence the 
potenciality of ground based active and passive 
remote sensing for the generation of vertical 
information during severe pollution events. 

Nevertheles, the main challenge is improving the 
retieval of information in the lower part of the 
profile, something that requires improving the 
overlap of the lidar systems, for example by the 
inclusion of close range telescopes. Another 
relevant issue for pollution events is the 
concentration of pollutant gases, in that case the 
vertical profile could be retieved by DOAS 
systems, thus, providing a 3D information on these 
events by synergetically combining in-situ and 
remote sensing techniques in the core of ACTRIS.
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