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This entry reviews atmospheric processes affecting pollutant transport and diffusion over complex terrain, focusing in
particular on the peculiarities of processes over mountains when compared to flat terrain. In fact, pollutant dispersion
processes over complex terrain are much more complicated than over flat areas, as they are affected by atmospheric
interactions with the orography at different spatial scales. In particular, atmospheric flows over complex terrain are
characterized by a continuous and interacting range of scales, from synoptic forcing to mesoscale circulations and
turbulence fluctuations. In complex terrain, the mechanical and thermal influence of the orography can modify the large-
scale flow and produce smaller-scale motions which would not exist on flat terrain, thus enhancing the spatial and
temporal variability of atmospheric processes relevant for pollutant dispersion.
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The concentration of pollutants in the atmospheric boundary layer (ABL) depends not only on emissions, but also, and
sometimes crucially, on atmospheric dispersion. High concentrations of pollutants therefore follow not only from strong
emissions, but also from reduced dispersion, especially in the atmospheric layer adjacent to the surface, where most of
the pollutants are emitted.

| 1. Temperature Stratification

Temperature stratification (static stability) is one of the main factors controlling turbulent mixing in the atmosphere: the
most critical situations occur under wintertime anticyclonic episodes, when radiative cooling at the ground leads to the
formation of a very stable air layer above the surface. This situation is usually referred to as ground-based inversion; it
inhibits turbulent motions, and consequently keeps pollutants “trapped” in that layer [IZBIAISIE] This situation may last for
several days to several weeks, and is more frequent in mountainous regions; here the reduced sky-view factor limits the
penetration of solar radiation into valleys and basins, and the nocturnal drainage winds favor the accumulation of cold air
at low levels.

| 2. Mountain Boundary Layer Height

A key parameter affecting pollutant concentration is the height of the ABL, as it determines the volume of atmosphere
available for pollutant dispersion. Turbulent mixing comes again into play, since it also contributes to controlling the
evolution of the ABL depth. Over flat terrain, the depth of the ABL can often be assumed to be horizontally homogeneous,
whereas over complex terrain the so-called “mountain boundary layer” (MoBL) [ is spatially highly inhomogeneous and
interacts with mesoscale flows. As a consequence, an accurate determination of the height of the MoBL is a more difficult
task than over flat areas . In fact, apart from quite substantial uncertainty arising from data quality and parameter
choices even over flat terrain (cf., e.g., &), at least well-established criteria are available in the literature. Conversely,
more interacting factors contribute to the spatio-temporal variability of the MoBL height in complex terrain, as extensively
discussed in a recent review paper [&. For example, heterogeneity in the penetration of solar radiation in mountain valleys
and basins can produce significant spatial variability in the surface energy budget, influencing both atmospheric
stratification and the boundary layer height LU Additionally, quantities defining the reference “boundary layer height”
based on classical (i.e., flat terrain) concepts under convective conditions, do not, in general, correspond to the height up
to which mixing is effective (i.e., the MoBL height). For example, Lang et al. 22 highlighted, using idealized large eddy
simulations (LES), that different definitions of the boundary layer height yield similar results over flat terrain (Figure 1a),
while significant discrepancies arise when idealized topographic features are introduced into the simulation (Figure 1b).
Likewise, under stable stratification, the height of the boundary (inversion) layer can be modulated by the interaction of the
upper-level wind with down-valley flows of tributary valleys, as the direction of the upper-level wind varies during the
stable episode 13!,
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Figure 1. Cross sections of tracer concentrations (color contours) after 6 h of simulation for (a) flat terrain and (b)
idealized topography, from Lang et al. 22, The height of the convective boundary layer is plotted according to different
definitions: black solid line (potential temperature gradient > 0.001 K m™), dashed line (Richardson number > 0.25,
following 14)), dotted line (Richardson number > 0.25, following &), and green solid line (maximum gradient of the tracer).
Potential temperature is shown as black contour lines (0.25 K increment). Adapted from 22,

| 3. Strong Synoptic Forcing

When the upper-level wind speed is considered, two main situations affecting pollutant dispersion in the lowest layers in
mountainous regions can be distinguished. One situation occurs with strong upper-level wind speed, associated with a
significant synoptic forcing. Over a plain, these conditions usually favor the dispersion of pollutants. However, in
mountainous terrain, depending on the alignment of the upper-level wind with the valley axis 12, the valley bottom may be
sheltered from downward intrusions of the wind from above. Additionally, the penetration of the upper-level wind down to
the lowest levels of valleys and basins may be further prevented by underlying pre-existing and persistent stable layers,
such as those associated with nighttime cooling, especially in wintertime €. Under these conditions, the flow inside
valleys is decoupled from the airflow situation above the crest level, and the persistence of such conditions (i.e., light local
flows and stable stratification) favors pollutant accumulation at the lowest levels.

| 4. Weak Synoptic Forcing and Thermally Driven Flows

The second situation occurs under persistent anticyclonic pressure fields, generally associated with weak synoptic forcing
and clear skies. In this case, the circulation inside the valley or basin is driven by the local heating and cooling of the air
layers adjacent to the ground, leading to down-slope and down-valley flows during the night and up-slope and up-valley
flows during the day 2718 The slope and valley flows control the transport and the diffusion of pollutants. In summer, the
up-slope and up-valley flows are generally well developed, and may be associated with convective cells, which can
extend very high above the valley bottom, up to a few kilometers, thus transporting pollutants to high altitudes 29, In this
case, up-slope circulations strongly enhance the mass exchange between the valley boundary layer and the free
atmosphere with respect to pure turbulent exchange 29, On the contrary, in wintertime, due to the reduced heating of the
valley atmosphere, down-slope and down-valley flows dominate the valley circulation 21[22: as shown in 23 from
numerical simulations in the Grenoble Valley, this “nighttime” flow regime may last about 18 h (over 24 h), ceasing only for
a few hours around midday, during which a weak convective activity may be observed above the valley bottom over a
height of, at most, 50 m. In these situations, wind speed is generally weak (less than 1.5-2 ms™), with frequent calm
regimes (with wind speed less than 0.5 ms™) and an inversion layer characterized by a positive temperature gradient can
form in the valley up to an altitude close to the crest level. As a result, pollutant dispersion is strongly reduced during a
wintertime episode 2423 |n Jow wind speed conditions, pollutant dispersion is governed by meandering, a phenomenon
still largely under study (see a brief review in [28)), dispersing plumes over wide angular sectors 2.

The inversion layer, typical of these wintertime episodes, along with topographic effects, leads to the formation of
stagnation and ventilation zones 28129 |n the sections of the valley displaying a nearly basin-like structure, stagnation
zones develop in which pollutants travel over short distances from their emission points BB, |n these stagnation zones,
pollutant concentrations increase steadily in time during the episode 223l On the other hand, in ventilation zones, such
as a valley section opening onto a plain, ventilation effects lead to the evacuation of pollutants €. The end of the
persistent anticyclonic wintertime episode occurs when the upper-level wind is able to reach the valley floor and/or the
energy input is sufficient to break up the inversion layer 24, As a result, pollutants can be transported above crest level by
vertical fluxes or out of the valley by the channeled wind. An example of the progressive accumulation of pollutants on the
valley floor during an anticyclonic wintertime episode is reported in Figure 2. This figure displays a time—height plot of
wind speed measured by a SODAR (SOnic Detection And Ranging), along with PM10 concentration, during a field
campaign of the ALPNAP project in the Alpine Adige Valley 3. |t can be noted that PM10 concentration remains low in



the first three days, when moderate winds reach the valley floor. On the other hand, a progressive accumulation of PM10
occurs in the subsequent days, characterized by weak winds, until a progressive increase in the wind speed terminates
the air pollution episode.
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Figure 2. Wind speed measured by a SODAR (SOnic Detection And Ranging) (color contours) in the Adige Valley close
to the town of Aldeno in the period 10-19 February 2006 in the framework of the ALPNAP project 22, along with PM10
concentrations (black line) measured at the same site.

Thermally driven circulations affect the transport of pollutants in many other different ways. For example, valley winds may
advect highly polluted air downstream from major pollutant sources. Conversely, valley circulations may also have a
cleansing effect, when cleaner air is transported into polluted regions. More generally, pollutant transport by a down-valley
flow depends both upon the stratification in the valley and upon local orographic features. Indeed, if a strong ground-
based inversion exists at the valley bottom, the down-valley wind may detrain at its level of neutral buoyancy, leaving the
valley bottom unperturbed. The detrainment may be also associated with the excitation of internal gravity waves [281[371(38]
which may result in fluctuations of the pollutant concentration . On the other hand, up-slope or up-valley winds may
advect primary pollutants or precursors (also from natural sources, such as forests) to upper levels in the atmosphere;
there, the different exposure to stronger radiation and/or other ambient conditions may affect (photo)chemical reactions,
producing secondary pollutants (e.g., ozone), which eventually get drained to lower levels by nocturnal down-slope flows.
At larger spatial scales, plain-to-mountain circulations can advect pollutants and their precursors towards mountain ranges
(29 \where they may be embedded into smaller scale circulations, and eventually transported into the free atmosphere (a
process referred to as “mountain venting” “941[42l) also depending upon the geometry of the mountain range.

The development of thermally driven circulations is strongly affected by land cover heterogeneities, which are more
common in mountainous areas. Changes in surface properties (such as albedo, thermal capacity, and conductivity)
between valley floors, sidewalls, and mountain tops may modify surface—atmosphere heat exchanges and thermal
contrasts driving these local circulations. Other climatic influences being equal, mountainous areas are more likely to have
snow-covered terrain for a significant part of the year. Snow cover has many effects on the surface layer. First, snow
cover on the ground affects the thermal structure, favoring stable stratification. Moreover, irregular snow cover, typically
associated with the different exposure to the solar radiation of the valley sidewalls or with the varying altitude of the valley
floor, may also produce asymmetric local circulations, influencing the redistribution of pollutants BY. The higher amount of
reflected radiation from extended snow-covered areas may also favor photochemical reactions, leading to an increased
production of secondary pollutants 431441

| 5. Urban Areas

Local circulations may also be affected by land cover heterogeneity associated with extended urban areas. Indeed, cities
usually experience higher near-surface temperatures, especially during nighttime 3, leading to the so-called “urban heat
island” effect. Higher urban temperatures can cause the development of an “urban breeze”, with convergent motions
toward the city center at low levels “€. Thermal hot-spots induced by urban areas may superimpose to the temperature
gradients developing inside valleys, and locally modify the normal along-valley horizontal pressure gradients driving the
diurnal pattern of up- and down-valley flows 4. This usually implies a wind convergence over the city, especially during
nighttime, when the urban heat island is stronger, thus favoring the accumulation of air pollutants 48, Moreover, the higher
roughness associated with buildings may produce an internal urban boundary layer 2 preventing or limiting the
penetration of flows and the ventilation into the urban canopy BYEY. Similar to the action of upper-level winds on the
circulation in a valley, the orientation of urban canyons with respect to the flow direction may determine very different
internal circulations, resulting in better ventilation in streets aligned with the mean flow. As a consequence, in cities lying
within valleys, streets aligned along the main valley axis are usually better ventilated. Urban areas can also modify the



development of the ground-based temperature inversion at night 2253l as well as its break-up in the morning, with a
significant impact both on air quality and on the cross-valley wind system 24581 Al these aspects still make the case of
urban areas over complex terrain a particularly challenging situation.

References

1. Neff, W.D.; King, C.W. The accumulation and pooling of drainage flows in a large basin. J. Appl. Meteorol. 1989, 28, 51
8-529.

2. Whiteman, C.D.; Bian, X.; Zhong, S. Wintertime evolution of the temperature inversion in the Colorado plateau basin. J.
Appl. Meteorol. 1999, 38, 1103-1117.

3. Whiteman, C.D.; Zhong, S.; Shaw, W.J.; Hubbe, J.M.; Bian, X.; Mittelstadt, J. Cold pools in the Columbia basin. Weath
er Forecast. 2001, 16, 432—-447.

4. Clements, C.B.; Whiteman, C.D.; Horel, J.D. Cold-air-pool structure and evolution in a mountain basin: Peter Sinks, Uta
h. J. Appl. Meteorol. 2003, 42, 752—768.

5. Conangla, L.; Cuxart, J.; Jiménez, M.A.; Martinez-Villagrasa, D.; Mir6, J.R.; Tabarelli, D.; Zardi, D. Cold-air pool evoluti
on in a wide Pyrenean valley. Int. J. Climatol. 2018, 38, 2852-2865.

6. Quimbayo-Duarte, J.A.; Staquet, C.; Chemel, C.; Arduini, G. Dispersion of tracers in the stable atmosphere of a valley
opening on a plain. Bound. Layer Meteorol. 2019, 172, 291-315.

7. Manuela Lehner; Mathias W. Rotach; Current Challenges in Understanding and Predicting Transport and Exchange in t
he Atmosphere over Mountainous Terrain. Atmosphere 2018, 9, 276, 10.3390/atmos9070276.

8. Petra Seibert; Review and intercomparison of operational methods for the determination of the mixing height. Atmosph
eric Environment 2000, 34, 1001-1027, 10.1016/s1352-2310(99)00349-0.

9. Stephan F. J. De Wekker; Meinolf Kossmann; Convective Boundary Layer Heights Over Mountainous Terrain—A Revie
w of Concepts. Frontiers in Earth Science 2015, 3, 77, 10.3389/feart.2015.00077.

10. C. David Whiteman; K. Jerry Allwine; Leo J. Fritschen; Montie M. Orgill; James R. Simpson; Deep Valley Radiation and
Surface Energy Budget Microclimates. Part |: Radiation. Journal of Applied Meteorology 1989, 28, 414-426, 10.1175/15
20-0450(1989)028<0414:dvrase>2.0.c0;2.

11. Mathias W. Rotach; Marco Andretta; Pierluigi Calanca; Andreas P. Weigel; Alexandra Weiss; Boundary layer characteri
stics and turbulent exchange mechanisms in highly complex terrain. Acta Geophysica 2007, 56, 194-219, 10.2478/s11
600-007-0043-1.

12. Moritz N. Lang; Alexander Gohm; J. S. Wagner; The impact of embedded valleys on daytime pollution transport over a
mountain range. Atmospheric Chemistry and Physics 2015, 15, 11981-11998, 10.5194/acp-15-11981-2015.

13. G. Arduini; C. Chemel; C. Staquet; Local and non-local controls on a persistent cold-air pool in the Arve River Valley. Q
uarterly Journal of the Royal Meteorological Society 2020, , , 10.1002/qj.3776.

14. D. H. P. Vogelezang; Albert A. M. Holtslag; Evaluation and model impacts of alternative boundary-layer height formulati
ons. Boundary-Layer Meteorology 1996, 81, 245-269, 10.1007/bf02430331.

15. C. David Whiteman; J. Christopher Doran; The Relationship between Overlying Synoptic-Scale Flows and Winds within
a Valley. Journal of Applied Meteorology 1993, 32, 1669-1682, 10.1175/1520-0450(1993)032<1669:trboss>2.0.co;2.

16. Georg J. Mayr; Laurence Armi; The Influence of Downstream Diurnal Heating on the Descent of Flow across the Sierra
s. Journal of Applied Meteorology and Climatology 2010, 49, 1906-1912, 10.1175/2010jamc2516.1.

17. Zardi, D.; Whiteman, D. Diurnal mountain wind systems. In Mountain Weather Research and Forecasting: Recent Prog
ress and Current Challenges; Chow, F., de Wekker, S., Snyder, B., Eds.; Springer Atmospheric Sciences: Dordrecht, Th
e Netherlands, 2013; pp. 35-119.

18. Stefano Serafin; B. Adler; J. Cuxart; Stephan F. J. De Wekker; Alexander Gohm; Branko Grisogono; Norbert Kalthoff; D
aniel J. Kirshbaum; Mathias W. Rotach; Juerg Schmidli; et al. Exchange Processes in the Atmospheric Boundary Layer
Over Mountainous Terrain. Atmosphere 2018, 9, 102, 10.3390/atm0s9030102.

19. Carlo Barbante; Claude Boutron; Ann-Laure Moreau; Christophe Ferrari; Katja Van De Velde; Giulio Cozzi; Clara Turett
a; Paolo Cescon; Seasonal variations in nickel and vanadium in Mont Blanc snow and ice dated from the 1960s and 19
90s. Journal of Environmental Monitoring 2002, 4, 960-966, 10.1039/b208142c.

20. Daniel Leukauf; Alexander Gohm; Mathias W. Rotach; Johannes S. Wagner; The Impact of the Temperature Inversion
Breakup on the Exchange of Heat and Mass in an Idealized Valley: Sensitivity to the Radiative Forcing. Journal of Appli
ed Meteorology and Climatology 2015, 54, 2199-2216, 10.1175/jamc-d-15-0091.1.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

Whiteman, C.D. Mountain Meteorology: Fundamentals and Applications; Oxford University Press: New York, NY, USA,
2000; p. 368.

Vergeiner, |.; Dreiseitl, E. Valley winds and slope winds—Observations and elementary thoughts. Meteorol. Atmos. Phy
s. 1987, 36, 264—286.

Yann Largeron; Chantal Staquet; The Atmospheric Boundary Layer during Wintertime Persistent Inversions in the Gren
oble Valleys. Frontiers in Earth Science 2016, 4, 713, 10.3389/feart.2016.00070.

Tiphaine Sabatier; Alexandre Paci; Guylaine Canut; Yann Largeron; Alain Dabas; Jean-Marie Donier; Thierry Douffet;
Wintertime Local Wind Dynamics from Scanning Doppler Lidar and Air Quality in the Arve River Valley. Atmosphere 20
18, 9, 118, 10.3390/atmo0s9040118.

Charles Chemel; Gabriele Arduini; Chantal Staquet; Yann Largeron; Dominique Legain; Diane Tzanos; Alexandre Paci;
Valley heat deficit as a bulk measure of wintertime particulate air pollution in the Arve River Valley. Atmospheric Environ
ment 2016, 128, 208-215, 10.1016/j.atmosenv.2015.12.058.

Luca Mortarini; Michel Stefanello; Gervasio Annes DeGrazia; Débora Regina Roberti; Silvia Trini Castelli; Domenico An
fossi; Characterization of Wind Meandering in Low-Wind-Speed Conditions. Boundary-Layer Meteorology 2016, 161, 1
65-182, 10.1007/s10546-016-0165-6.

Luca Mortarini; Enrico Ferrero; S. Falabino; Silvia Trinicastelli; R. Richiardone; D. Anfossi; Low-frequency processes an
d turbulence structure in a perturbed boundary layer. Quarterly Journal of the Royal Meteorological Society 2012, 139,
1059-1072, 10.1002/qj.2015.

K.J. Allwine; C.D. Whiteman; Ventilation of pollutants trapped in valleys: A simple parameterization for regional-scale di
spersion models. Atmospheric Environment (1967) 1988, 22, 1839-1845, 10.1016/0004-6981(88)90072-8.

Quimbayo-Duarte, J.A.; Staquet, C.; Chemel, C.; Arduini, G. Impact of along-valley orographic variations on the dispers
ion of passive tracers in a stable atmosphere. Atmosphere 2019, 10, 225.

M. De Franceschi; D. Zardi; Study of wintertime high pollution episodes during the Brenner-South ALPNAP measureme
nt campaign. Theoretical and Applied Climatology 2008, 103, 237-250, 10.1007/s00703-008-0327-2.

Gohm, A.; Harnisch, F.; Vergeiner, J.; Obleitner, F.; Schnitzhofer, R.; Hansel, A.; Fix, A.; Neininger, B.; Emeis, S.; Schaf
er, K. Air pollution transport in an Alpine valley: Results from airborne and ground-based observations. Bound. Layer M
eteorol. 2009, 131, 441-463.

Silcox, G.D.; Kelly, K.E.; Crosman, E.T.; Whiteman, C.D.; Allen, B.L. Wintertime PM2.5 concentrations during persisten
t, multi-day cold-air pools in a mountain valley. Atmos. Environ. 2012, 46, 17-24.

Largeron, Y.; Staquet, C. Persistent inversion dynamics and wintertime PM10 air pollution in Alpine valleys. Atmos. Envi
ron. 2016, 135, 92-108.

. Whiteman, C.D.; McKee, T.B. Breakup of temperature inversions in deep mountain valleys: Part Il. Thermodynamic mo

del. J. Appl. Meteorol. 1982, 21, 290-302.

de Franceschi, M.; Zardi, D. Study of wintertime high pollution episodes during the Brenner-South ALPNAP measurem
ent campaign. Meteor. Atmos. Phys. 2009, 103, 237-250.

Arduini, G.; Chemel, C.; Staquet, C. Local and non-local controls of a persistent cold-air pool in the Arve River valley.
Q. J. R. Meteorol. Soc. 2020.

Renfrew, I.A. The dynamics of idealized katabatic flow over a moderate slope and ice shelf. Q. J. R. Meteorol. Soc. 200
4, 130, 1023-1045.

Largeron, Y.; Staquet, C.; Chemel, C. Characterization of oscillatory motions in the stable atmosphere of a deep valley.
Bound. Layer Meteorol. 2013, 148, 439-454.

Weissmann, M.; Braun, F.; Gantner, L.; Mayr, G.; Rham, S.; Reitebuch, O. The Alpine mountain-plain circulation: Airbor
ne Doppler lidar measurements and numerical simulations. Mon. Weather Rev. 2005, 133, 3095-3109.

Kossmann, M.; Corsmeier, U.; de Wekker, S.F.J.; Fiedler, F.; Vogtlin, S.; Kalthoff, N.; Glsten, H.; Neininger, B. Observa
tions of handover processes between the atmospheric boundary layer and the free troposphere over mountainous terra
in. Contrib. Atmos. Phys. 1999, 72, 329-350.

Henne, S.; Furger, M.; Nyeki, S.; Steinbacher, M.; Neininger, B.; de Wekker, S.F.J.; Dommen, J.; Spichtinger, N.; Stohl,
A.; Prévot, A.S.H. Quantification of topographic venting of boundary layer air to the free troposphere. Atmos. Chem. Ph
ys. 2004, 4, 497-509.

Henne, S.; Dommen, J.; Neininger, B.; Reimann, S.; Staehelin, J.; Prévdt, A.S.H. Influence of mountain venting in the A
Ips on the ozone chemistry of the lower free troposphere and the European pollution export. J. Geophys. Res. Atmos. 2
005, 110, D22307.



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Ahmadov, R.; McKeen, S.; Trainer, M.; Banta, R.; Brewer, A.; Brown, S.; Edwards, P.M.; de Gouw, J.A.; Frost, G.J.; Gil
man, J.; et al. Understanding high wintertime ozone pollution events in an oil- and natural gas-producing region of the
western US. Atmos. Chem. Phys. 2015, 15, 411-429.

Neemann, E.M.; Crosman, E.T.; Horel, J.D.; Avey, L. Simulations of a cold-air pool associated with elevated wintertime
ozone in the Uintah Basin, Utah. Atmos. Chem. Phys. 2015, 15, 135-151.

Giovannini, L.; Zardi, D.; de Franceschi, M. Analysis of the urban thermal fingerprint of the city of Trento in the Alps. J.
Appl. Meteorol. Climatol. 2011, 50, 1145-1162.

Hidalgo, J.; Pigeon, G.; Masson, V. Urban-breeze circulation during the CAPITOUL experiment: Experimental data anal
ysis approach. Meteorol. Atmos. Phys. 2008, 102, 223-241.

Giovannini, L.; Laiti, L.; Serafin, S.; Zardi, D. The thermally driven diurnal wind system of the Adige Valley in the Italian
Alps. Q. J. R. Meteorol. Soc. 2017, 143, 2389-2402.

Kossmann, M.; Sturman, A. The surface wind field during winter smog nights in Christchurch and coastal Canterbury, N
ew Zealand. Int. J. Climatol. 2004, 24, 93-108.

Oke, T.R. Boundary Layer Climates, 2nd ed.; Routledge: London, UK, 1987; p. 435.

Kuttler, W.; Dutemeyer, D.; Barlag, A.-B. Influence of regional and local winds on urban ventilation in Cologne, German
y. Meteor. Z. 1998, 7, 77-87.

Piringer, M.; Baumann, K. Modifications of a valley wind system by an urban area—Experimental results. Meteorol. Atm
os. Phys. 1989, 71, 117-125.

Salamanca, F.; Matrtilli, A.; Yague, C. A numerical study of the urban heat island over Madrid during the DESIREX (200
8) field campaign with WRF and an evaluation of simple mitigation strategies. Int. J. Climatol. 2012, 32, 2372—-2386.

Giovannini, L.; Zardi, D.; de Franceschi, M.; Chen, F. Numerical simulations of boundary-layer processes and urban-ind
uced alterations in an Alpine valley. Int. J. Climatol. 2014, 34, 1111-1131.

Rendon, A.M.; Salazar, J.F.; Palacio, C.A. Effects of urbanization on the temperature inversion breakup in a mountain v
alley with implications for air quality. J. Appl. Meteorol. Climatol. 2014, 53, 840-858.

Rendon, A.M.; Salazar, J.F.; Wirth, V. Daytime air pollution transport mechanisms in stable atmospheres of narrow vers
us wide urban valleys. Environ. Fluid Mech. 2020.

Retrieved from https://encyclopedia.pub/entry/history/show/6996



