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4. WHAT DO WE LEARN ABOUT THE KATABATIC FLOWS?

Over complex-terrain regions a mountain-breeze circulation is formed during fair-

weo’rher days. Closg to sunse’(, the cqoling of the slopes indpces local downslope / DIRECTION & INTENSITY \ ORIGIN ﬁ\ITERACTION WITH TURBULEN(%

(hereinafter katabatic) flows. Since their onset takes place during the afternoon and
evening transition of the ABL (see Fig. 1), in this work we pursue gaining knowledge on

the complex interaction between the katabatic winds and turbulence af that stage. After applying the selection algorithm 40 katabatic events are selected We analyse the origin of katabatics of different intensities by exploring We find a two-way relationship between the intensity of katabatics and

out of 94 summer days (see wind rose in Fig. 4). Since the katabatics the role of the synoptic wind, soil moisture and temperature inversion at turbulence. In some events where the surface inversion is not yet formed at
present different intensities (Fig. 5), we classify them according to the the time of the onset. Intense katabatics occur when the large-scale the onset of the katabatic flow, their intensity increases progressively
Free Troposphere . . . maximum wind speed (MWS) at 6 m after their onset. weak katabatics wind blows from the N-NW (Fig. 6), i.e. perpendicular to the mountain reaching a weakly-stable regime (a weak inversion is formed). Then, the
. Figure 1. Diumnal cycle of the Afmospheric (MWS < 1.5 m s') and intense katabatics (MWS > 3.5 m s'). The weak range (see Fig. 2), independently of its intensity, and they also form increase of the wind speed induces an increase of mechanical turbulence
e, Boundary Layer (ABL) over land on a fair- ones are associated with intense surface thermal inversions and very under low soil moistures and surface temperature inversions not yet and subsequently of the downward heat flux, eroding the surface inversion.
2 feniduall weather summer —day. Adapted from weak turbulence. On the contrary, the intense ones give rise to important formed (Fig. 7). On the contrary, weak katabaftics establish particularly Hence, the interaction between katabatics and turbulence is driven by
Z 11000 Collaud Coen et al. (2014). The blue ellipse . : : ope : ) : :
indicates the time of the affernoon and turbulence outbreaks (the TKE and u. maxima are even greater than the under W-SW and S-SE large-scale winds. Besides, the surface-based positive feedbacks. The different types of katabatics are directly associated
evening transition of the ABL. typical diurnal maxima), and surface thermal inversions are broken down. inversion is almost always already formed at their onset and the increase with different SBL regimes (Fig. 8). We find that the HOST fransition occurs for
.‘ of their intensity is limited by the strong strafification of the stable a smaller Vz (z = 6 m) than in Sun ef al. (2012): 1.5 m s vs 2.5 m s1. Over
g boundary layer (SBL). We therefore explore the challenging interaction complex terrain the advection caused by katabatics favours the generation
Sunrise ocal fime Sunset between katabatics and fturbulence. of bulk shear within regime 2. In fact, that advection is responsible for the
non-existence of a clear SBL regime-transition when representing AT vs shear
Understanding that interaction brings relevant information about the nature of the V850 (m 5'1) capacity (SC) (Fig. 9), which was observed in Van Hoojjdonk et al. (2015)
kOTObOﬂC WiﬂdS, The fOI’mCITiOﬂ Of SUI’fClCG—bCISGd ihvel’SiOﬂS Clnd The OSSOCiOTed deW, N over ﬂO'l' Ond homogeneous Terrcun. Fur'l'hermorel The relghonslf“p befween
frost and fogs, pollution diffusion in urban areas, etc. both is dependent on z, unlike in Van Hooijdonk et al. (2015).
\ l" N Figure 8. Turbulent veloci’rly scale
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We employ data from La Herreria Forest, located at the foothill of the Guadarrama 20% =32 m555 Hisl of different intensities. The numbers
Mountain Range in Spain, at around 40 km from the city of Madrid (Fig. 2). T =12 g o |NTENSE 8 pinpoint the SBL regimes defined in Sun
/ mos-1 2.5 2 | et al. (2012): (1) weak turbulence
s mo-05 123 wEAK S driven by local instabilities, (2) intense
turbulence driven by the bulk shear,
Figure 4. Wind rose af 10 m over the 2 h after the onset Figure 6. Wind rose representing the large-scale wind direction at 850 7 and (3) moderate furbulence driven
of the katabatic flow for the 40 selected events. hPa from NCEP reanalysis at the closest grid point to La Herreria (40.5° N | . | | | Oy top-down events. The threshold
4° W), together with the observed maximum katabatic wind speed at 6 T Gomwh wind-speed (V,) at which the HOST
m. The reanalysis wind speed at 850 hPa (V850) for some N-NW events is ). {TCNSITION OCCUTS IS iNdlicated foo.
pinpointed in the wind rose. The colour-ranges corresponding to the
weak and infense katabatics are indicated in the scale. oU (Kz)z(au(z))3 Y3
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Figure 2. Location of La Herreria site and the city of Madrid (Spain). The source of represents the median, the blue box katabatic event versus soil 3 * Rest 3 Rest
fopography datais ASTER GDEM (METL, NASA). . séUNf:T+ . E\TSET;TJr delimits the first and third quartiles o | | moisture at 4-cm  depth 2800 N
m P FA m[ k1] r- . g, B ox - -
This area is characterised for having very dry summers. In this study we use 10-minutal 6ml Pttt & 6ml F (q]. ana 93. respectively),  the E . * gir;]%ren(’r:gebew’ieergﬁ%agugz f f
meteorological measurements (see Fig. 3) carried out during an intensive summer 3 A o b whiskers delimit the most exireme ile . : : - S ' -
oS B[ b-ALF b B[ b-LLF points not considered outliers, and & | e - 3 m. Sol  moisture s a 1k ‘. .
campaign in 2017 (22/06 — 26/09). 0 1 2 3 4 5 o 1 2 3 4+ 5| the outliers (red crosses) are drawn R . represented with stars and | .
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Figure 3. Picture of the 10-m meteorological fixed tower at La Herreria W0m| k[T F---1 o+ 10m{ F-[Th---tt g;) or smaller than q;-1.5(q5-q;). The 2r " : - s with squares,  In blue for °l v
Forest during Summer 2017. Wind speed and temperature are measured 6ml byt ++ N G blue and red arrows indicate the 15f ¥ : N " . ':'._* . "'_ *oE weak, in red for infense and 054 5 10 15 20 5 6 7
at 3, 6 and 10 m with cup anemomethers and aspirated thermometers R ‘}-I|++ J‘F’ - FB‘}‘LH > wind-speed thresholds for weak and d | L : | ¢ + % || In black for the rest of
respectively, and wind direction at 10 m with a wind vane. CO, and e ————— | infense katabatics respectively. 0 oot 0w 0w 01 012 on kKatabatics. Figure 9. Surface temperature inversion versus the shear capacity (calculated using Eq.
water-vapour concenfration and furbulent fluxes are measured af 4 and - - 1) at 8 m (a) and 4.5 m (b), in coloured dots for katabatics of different intensities.

8 m with IRGASON devices. Besides, precipitation and soil-humidity
measurements are also carried out. La Herreria is part of the
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