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Introduction

The behavior of pollutants in urbanized mountainous areas is complex not only for the interactions between the
atmosphere and the orography, also the dynamics of the local and remote sources of emission. The stable
Mountain Boundary Layer, present during winter anticyclonic situations favours frequent thermal inversions
inside the valley, leading to critical air pollution episodes that are detrimental to human health and the
environment.
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Central Valley — ACV (5 km long, 0.5 km wide; Fig.1) during a 18-year period, answering questions like:
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SPAIN (i) Which are the frequency and duration of winter inversion episodes in the central Valley of Andorra?
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it (ii) How do the winter inversion episodes characteristics correlate with pollutant concentrations and
la. Winter image (12/01/2021) of the central

Figure 1: The study area is located in the north-east of the Iberian Peninsul

valley of Andorra where the orographic complexity and the degree of urbanization can be identified. mEte°r°|°g|ca| variables?
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Figure 2: a) Locations of the ground-base stations in ACV: [2020_2023 period]
weather and air-quality (red), low-cost sensor (blue).

b) Low-cost sensor installed in Coll de Jou (1298 m).

——— Explore the use of low-cost sensors to monitor thermal inversions (pseudo-profiles)

Results and conclusions

Thermal inversion characterization b) Duration: Meteorology & Pseudo-Profiles
a) Frequency: 1139 thermal inversion episodes (>1h) in 18-years, mostly 62% °: the episodes lasting less than 6h; Meteorological overview and air pollutants evolution during the longest
occurring during the cold season (Nov-Mar) and mainly starting before 37% of the episodes have a duration greater persistent thermal inversion episode 1 (PTI-E1), from 2021/12/29 23:00 to

the sunrise (8-9h). 2022 is the year with most episodes (108). than 6h (diurnal inversion) & only 22 episodes 2022/01/03 08:45, lasting more than 4 days.
(2%) could be considered as persistent Th . istent i . PTI during high diti
) thermal inversions — PTI (>24h) e main persistent inversions (PTI) occur during high-pressure conditions,

initially forming a synoptic-scale elevated inversion due to the advection of
" warm air masses in the mid-troposphere. The inversion break-up occurs

rapidly when at synoptic scale cold air is advected (Largeron & Staquet,

2016). PTI-E1 mainly induced a PM,, episode and exacerbated NO, episode.

e cnion Episdesby

PTI-E1: 2021/12/29 to 2022/01/03 Vertical temperature
PSEUDO-PROFILES

850 hpa geopotential height solines & temperature color contours.

FELSSSSS

.| Formation stage

Figure 3: Number of inversion episodes (>1h) detected  Figure 4: Heat map showing the monthly Figure 5: Occurrence (%) over the years of the episodes of

over the 18-year period. frequency of the starting hour of the thermal inversion according to their range of duration in
inversion episodes (>1h) hours. Categories: 1-6h, 6-12h, 12-18h, 18-24h and >24h.
c) IST- Inversion Strength: d) Duration (hours) vs IST (°C/km) :

Despite no trends in IST are detected along the 18-year period,
occasional outliers seems to be more frequent in the last 5-years.
Seasonality is detected in the magnitude of the IST: higher in the
winter months than in the summer.

Moderate positive correlation is detected (0.53
Pearson coefficient), implying that as the inversion
strength increases, so does the probability of longer-
duration thermal episodes.
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Figure 6: Yearly distribution of the inversion strength (IST)  Figure 7: Seasonal distribution of the inversion Figure 8: Yearly distribution of thermal inversion episodes in ACV from 2006
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Pollutant concentration analysis

Findings in Lemus et al. (2019) indicate an increasing frequency of winter synoptic high-pressure conditions in Andorra conducive of thermal inversion
episodes and air pollutant episodes. The results (Fig. 9 and 10) show that thermal inversions episodes significantly contribute to NO, and PM,, episodes,
nearly doubling their average levels. Despite O; maxima did not show a correlation with thermal inversion, during warm months, exceedances of critical
thresholds have increased during last decades.
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“igure 10: Histograms com, aily mean levels of
pollutants concentrations (PM,, O, and NO,) during both:
thermal inversion episodes and non-inversion situations.

Figure 9: Heat map showing the mean hourly levels of pollutants concentration (PM,, O;and NO,) at monthly scale during both: thermal inversion episodes and non-inversion situations.
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