Investigating atmospheric mechanisms
behind the long-range transport of fire
aerosols: from the regional free
atmosphere to the local boundary layer
in @ narrow valley
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ESTACIONES | Ubicacién

1| Girardota 10 | Copacabana
Tanques EPM  Ciudadela Educativa La Vida
2 | Medellin - El Poblado 11 | Medellin - Aranjuez
Tanques La Ye EPM I.E. Ciro Mendia
3| ltaglii 12 | Medellin - San Cristobal
Casa de Justicia Biblioteca Fernando Botero
4| ltagiii 13 | Medellin - Belén
Concejo Municipal de Itagiii |.E. Pedro Justo Berrio
5| Caldas 14 | Medellin - Poblado
E U Joaquin Aristizabal  |.E. INEM sede Santa Catalina
£ 6| La Estrella 15| Bello
£ Hospital I.E. Fernando Vélez
a 7 | Medellin - Altavista 16 | Envigado
s I.E. Pedro Octavio Amado E.S.E. Santa Gertrudis
[ 8 | Medellin - Villa Hermosa 17 | Sabaneta
3 Planta de Agua Potable de EPM I.E. Rafael J. Mejia
= 9 | Barbosa 18 | Medellin - Santa Elena
Torre Social Medellin - Santa Elena
! - . : . . . | Datos pendientes de validacion final
300 690 1080 1470 1860 2250 2640 *Calculos a partir de registros { las 24 horas previas a este reporte
[m.s.n.m.]
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What are the atmospheric mechanisms behind the long-range
transport of fire aerosols at different scales? 2
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As a proxy of regional transport (RT) events, we
used data collected from an aethalometer

located in the center of the valley.

Days with regional fires: at least one hour

having BC biomass percentage > 30%.

This results in 7 days with RT (event) respect to

59 days in total (average).

We computed composites of these days and
compare the patterns of average days during

the seasons.
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Event Average
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Winds @925hPa

® Increase of wind intensity towards the

Magdalena Valley.

® Transport of drier air toward the Andes.

Anomalies
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Winds @500hPa

® Transport of dry air masses from the

Caribbean.

® Positive pressure anomalies suggest the

presence of anticyclone in the Caribbean.

Correa et al. (2024); Arias et al. (2025)
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Event Average Differences
, - p
6.9°N -
k. ¢
-

6.6°N 4 ’
()
©
2 6.3°N
]
©
-

6.0°N -
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Longitude Longitude Longitude
0.0 0.3 0.6 0.9 1.2 1.5 1.8 ~0.9-0.6-0.3 0.0 0.3 0.6 0.9
Mean precipitation [mm/h] Precipitation anomalies [mm/h]
e Marked reduction in precipitation in the north east e Favorable conditions for the RT of aerosols and
of model domain during RT event days. the income of air masses from these zones.

Veldsquez-Garcia et al. (2024) 7
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600 hPa (4000 m)

® Mostly easterly winds.
e Southeasterly winds are more marked

during RT events.

750 hPa (2500 m)
® More intense northeasterly winds
during RT events.
e Wind direction is aligned with valley’s

axis in the north (coupling).
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Cross-section in the center of the valley

Increased wind speed in the valley, with
more marked southward and westward
winds.

Large differences are evidenced during the
night, with down-valley wind anomalies in

the eastern slope.
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Instability index 500 and 1000 masl. Instability index 200 and 500 masl.
1.75 1.75 1 —-—- Average
Stability 1.50 - i 50 —e— Event
o 1.25- = 1.25 1
e Afternoon: more unstable = X,
% 1.00 % 1.00-
atmosphere during RT events. 2 5751 2 o5
e Night: less marked stability. S 0.501 S 0.50-
0.25 1 0.25 -
Shear 0.00 0.00 -
¢ Stronger wind shear durlng the s0- Shear magnitude 200 and 500 masl. 30- Shear magnitude 30 and 200 masl.
nights with RT events.
. . . H 251 o
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" From Wei et al. (2018)
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Wind inflow and turbulence production at night
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Radar wind profiler Sonic anemometer
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Height

Higher PMZ2.5 values associated

with greater turbulent kinetic

energy (TKE).

Observed turbulence can act as a

mechanism for downward

transport of PM from the upper

atmosphere (aerosol RT).
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From Wei et al. (2018).
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A high pressure system in medium levels (anticyclone in the Caribbean) causes anomalous dry winds toward the continent
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(Magdalena valley). This condition not only favors fire occurrence but also the RT of aerosols to cities in the Colombian Andes.

Significant reduction in precipitation both at regional and local scales during days with RT events, with a marked pattern of rainfall

anomalies in the northeast and east of the simulation domain.

The WRF simulation shows wind speed increases during the nights with RT events, with a more marked flow from the northeast

at 750 hPa and from the east (easterlies) at 600 hPa. Inside the valley the model also shows noticeable increases in winds.

During days with RT events: the atmosphere in the valley is more unstable during the afternoon; there is a higher wind shear near

the surface during the night; higher TKE values are observed during nights with RT events (downward turbulent mixing).

Ongoing work: we are performing and processing simulations for different years (2020 to 2024); we want to study with more
detail the mechanisms associated with these events at local scale (downward fluxes, katabatic winds; BL entrainment); we will

apply these findings in ML-based forecasts (Perez-Carrasquilla et al. 2023). "
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For further information: www.siata.gov.co
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300 600 900 1200 1500 1800 2100 2400 2700
Elevacién

0

e Simulation period: February and March 2022

® Microphysics: Thompson.

e 3 doms. with resolutions of 9km, 3km, 1km. e Boundary layer: MYNN (level 2.5).

e Initial and boundary conditions: ERAS. e Radiation: Dudhia (SW) - RRTM (LW)
e 51 vertical levels (10 below 1 km). ® Cumulus: Kain—Fritsch (only for 1; 2 y 3: CP)

e Nudging for d01 over the PBL (u, v, t, g, ph). e Land-surface: Noah-MP

e LULC: Copernicus 300m (2022).
Henao et al. (2020); Hernandez et al. (2022) 18



