Atmospheric Boundary Layer activities in ANDEX

J. Cuxart (UIB), Santiago de Chile, October 22nd, 2018

1) Valley dynamics:
* slope and valley flows,
* thermal inversions,
* air quality
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Figure 3. Exchange processes in the daytime boundary layer over mountainous terrain (adapted
from [15,99,146-148]). Grey shading indicates the ground-based mixed layer (CBL). MV, AV, and
MCV denote, respectively, mountain venting, advective venting, and mountain-cloud venting.
Arrows indicate airflow, while C(z) and 6(z) indicate vertical profiles of pollutant concentration
and potential temperature, respectively. Horizontal blue lines represent layers with enhanced static
stability, which favour the separation of up-slope flows from the ground. Down-pointing arrows
represent valley-core subsidence. The dashed line indicates the top of the regional aerosol layer (AL).

(Serafin et al, 2018)
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Figure 4. Nocturnal boundary-layer processes over mountainous terrain. Radiative cooling at the
valley floor causes the formation of a stable layer near the ground (blue lines). Drainage flow develops
along slopes (grey lines). Drainage flow typically has a low-level wind maximum very close to the
surface, but it can detach from the ground above stable layers or at convexities in the slope profile (white
dashed line). Sheltered areas beneath separated flow are typically less turbulent. If the valley geometry
is favourable (for instance, if the cross-section becomes narrower or there are humps on the valley
floor), cold air pools and eventually fog may form (white shaded area). If a cold-air pool is present, the
down-valley flow typically flows over it (yellow arrows and profiles). Gravity waves may propagate
along the top of the surface-based stable layer, forming undulations along the down-valley jet. Increased
wind shear at wave troughs enhances turbulence, leading to localized and intermittent mixing episodes
(orange whirls). Layering in the profiles of potential temperature and scalar concentration is often
observed. After days with strong insolation, a well-mixed near-neutral residual layer may be present
in the valley core. The vertical scale of the figure is exaggerated near the valley floor.
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Figure 5. Role of stable layers (blue lines) in controlling multi-scale interactions. (a) Airflow over a
valley, with (continuous grey lines) or without (dashed grey line) a stable layer below the mountain-top
level, results, respectively, in elevated turbulence (orange whirls) and small-amplitude waves or in
valley flushing and large-amplitude waves (adapted from [210]). (b) Airflow past an isolated mountain
with (continous grey line) or without (dashed grey line) a low-level inversion above mountain-top
level. In the former case, non-hydrostatic lee waves develop. In the latter, a large-amplitude hydrostatic

wave forms, possibly conducive to boundary-layer separation and related turbulence (orange whirls).

(c) Turbulent erosion of ground-based stable layers underneath a down-valley flow. (d) Confinement of

moist air (orange shading) beneath a stable layer during daytime, possibly destabilizing the atmosphere.

Thermally driven breezes advect air from the plain and upwards along the slopes (grey lines). Part of
the upslope flow pierces the stable layer and causes mountain venting (dashed grey lines). Valley-core
subsidence (down-pointing arrows) displaces the stable layer downwards.

(Serafin et al, 2018)
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2) Agricultural production in valleys: # de Heladas <0°C - Valle del Mantaro b)

. 1981-2010
* chill hours & frost events %
* \Water management: evapotranspiration .
e, Calor latente ) Calor sensible 5 o
0. ¥ Aggg i !
g B
== by ~ 50
0- 0- 0 - ——
1 3 5 7 9 11 13 15 17 19 21 23 1 3 5 7 9 11 13 15 17 19 21 23 G Pob M Al My i M AE St Ot v Dk
Hadi:::Ji':: solar Humed:;”rzslativa TR SRR PO SSRURE. (T
80
750 c)
o 60.
£ 500- g
E250- ~40-
071' 3 5 7 9 11 13 15 17 19 21 23 w i 3 5 7 9 11 13 15 17 19 21 23 #de Heladas ¢ 5°C - Valle del Mantaro d)
Horas Horas 1981-2010
0
5
20 |
Average values for july 2015-16 at Huancayo v |
(3300 masl, Mantaro Valley, Peru i

Callafiaupa 2016) .|

T T
Ene  Peb Mwr  Abr  Mey Jun Ml A Set Ot Ny Dk

wHigys) w—igyy ==——Sptydng ===ingeniy ====iigues ==—PROM

Number of frost days at Huancayo (Trasmonte & Enciso, 2012)



3) Monitoring the surface-atmosphere exchanges
* obtain reliable data in selected locations of the exchange energy and water fluxes
* use them to initialize and validate your numerical models.
* check if theories in use suit the Andean conditions
* display vertical profiling systems to better characterize the low atmosphere
* Improve the air quality network, specially in the main urban areas.

Fluxnet network 2015
(from http://fluxnet.fluxdata.org)
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