Numerical simulations of fog formations over the Zagreb area
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Flg_ 1: The area of interest (Wlder Zagreb area) and measuring Flg 4: Simulated horizontal values of LWC (a) and wind (b) on 7 Nov 2013, at 06 UTC. ngh (blue) and two model SetupS (tab 1, WREF 1 - red’ WRF 2 - green) for all four
sites as circles: Zagreb-airport (1), Zagreb-Maksimir- values of LWC suggest occurrence of fog over most of domain. Fog has developed over the night stations during 84h period from 05 Nov in 13 UTC to 09 Nov in 00 UTC. WRF 2
radiosounding site (2) and urban site Zagreb-Gric (3) and Whep wind speed. was below 3 m/s. Smillar situation 1s in (?ther two Cases of lc.)w visibility. setup has shown as more relevant during statistical analyisis and because of
Zagreb-GO (4). Zagreb airport is located in a flat terrain south Vertical cross-section used to observe vertical structure of PBL is shown with black line (b). that case study is analyised with WRF 2 setup output.
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% 4 domains (dx=13.5 km, 4.5 km, 1.5 km, 0.5 km) & 2- Fig 6: Vertical structure of temperature and wind vectors (a), LWC and potential temperature (b) and wind direction (c). Temperature inversion develops during the night and reaches its

. Lamb p 1 L maximum at 7 Nov in 6 UTC (7 CET). During this time temperature inversion occurs between 200 and 350 m over the urban area of Zagreb (a). LWC is also dependent on temperature
way nesting on a Lambert contorma pI.‘OJeCtlon’ . inversion (b) in a way that higher values are also in first 350 m above surface. Wind direction (c) suggests surface downslope wind formed on south Medvednica slope and its flow over
* top of the atmosphere = 70 hPa & 97 sigma levels with the thermal inversion. Its speed is decreasing towards the urban area.
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Table 1: Two options of parametrization schemes
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Parameitrizations:

90

SW & LW radiation Dudhia & RRTM Dudhia & RRTM 500 1%
i 0.1 80
C“m“mdsﬂp;;i:lﬂs - T Betts-Miller-Janji¢ | Betts-Miller-Janji¢ 100
70
. . . 0.05
Microphysics Morrison 2-Moment Lin 200

Thermal diffusion scheme for

the soil temperature 5-layer 5-layer ZL grad  prijelaz  obronak )
TKE [J/kg], 9 UTC, 7.11
PBL scheme MYNN#* MY] 1000 0.2 4
Urban surface scheme single-layer UCM single-layer UCM 800 015 %
600 . T .
Height of vertical mid-levels in 154’21?’5298’1%1,;; 51:256?2; 1851’2?355 12150é-122?"5é 0.1 Flg O: VlSlblllty at helght od 2m
renf L 7 302,328,369, 433,525, 663, 838, 1025 400 estimated from model output
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_ _ _ _ Fig 8: 13-h 3D forward (tan) and backward (green) trajectories. Forward
&  Detection of fog from measurements visibilitv < 1000 Fig 7: Vertical structure of TKE []J/kg]. Downslope wind (Fig 6c) trajectories start at the 5 points along the Sava river at 00 UTC on 7 Nov 2013.
’ . S Y doesn’t have enough strength to form turbulence on top of the  Backward ones arrive in 3 stations at 00 UTC (7 Nov 2013). The trajectories
m & satellite MSG data fog (a). Fog dissipates after surface turbulence is formed (b) but  yyere calculated at 0.5 km horizontal resolution within the smallest model
<* Detection of fog from model: cloud water content it is too weak for breaking thermal inversion. domain at 100 m level and arrows represent parcel positions for every 1/2 h.

(LWCO), relative humidity and algorithms:
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¢ Influence of downslope wind on forming and dissipation of fog over the urban Zagreb area is % Koracin D (1978): Glavni uzroci magle na

1 _Td limited. zagrebackom aerodromu Pleso. Diplomski

h(km) = 176+ 6000 = —i7gx 1.60953 ) < Downslope cannot cause enough large turbulence on top of fog layer because of its low speed rad. PMF Zagreb, str. 69.
, ¢ Trajectories are showing that particles are arriving in urban area from south-west so influence % Brzoja D (2012): Analiza pojave magle na
(1) Adopted from Rapid Update Cycle (RUC) method of Sava river must be thoroughly examined Sirem podrucju Zagreba. Diplomski rad.
(2) Developed by NOAA/Forecast systems Laboratory ¢ Visibility algorithm (2) is good for estimating low visibility but is very rough PMF Zagreb, str. 74.
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