A case study of shallow radiation fogs over GIBA: Observations and simulations
(WRF and HARMONIE models)
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1. INTRODUCTION 2. MODELS SETUP

Despite the well-known adverse effects of fogs over human life, its forecasting is one of the goals still not well achieved by the Numerical Weather Prediction (NWP) models. One of the reasons is because there coexist many processes acting HARMONIE System in AROME configuration®-1l  WRF ARW 3.4 general configuration WRF ARW 3.4 specific experiments configuration
together and affecting the fog cycle, being difficult to correctly parameterize them [ 121, At CIBA site (Spain) 3], on January 2012 there was a period (379-15t%) characterized by high pressure systems over the western of Europe, and it led to - Horizontal domains — 1 domain - Horizontal domains - 4 nested domains - WRF-Noah -> Noah land-surface scheme (1]
more than 10 consecutive foggy days with different features (thickness, persistence during the daytime, vertical extension, freezing temperature values...). Two of these days (characterized by strong surface-based thermal inversions with - Grid — 2.5 km -Grid - 27,9, 3, 1 km
shallow fogs) have been chosen due to the previously checked special difficulty of models simulating this type of radiation fogs. - ERUTEE R EEre e — [Ferseest JChttirs, ek || - Lemne GEacliiens = WLy 12, © et - WRF-RUC -> RUC land-surface scheme ¢
- Vertical resolution 65 levels “eta” - Vertical resolution 50 levels “eta”
(5 levels< 100 m) (8 levels< 100 m) - WRF-MP1 -> Noah Multi-physics 7} 8 [and surface-scheme. Dynamic vegetation option ON
A deep observational data analysis from CIBA (Research Centre for the Lower Atmosphere) has been carried out. This centre is located in the Montes Torozos (412 47’N, 42 56’W , 840 m asl), an extensive and homogeneous plateau situated (21 levels< 1 km) (28 levels< 1 km)
over the Spanish Northern Plateau. This place is specially suitable for the development of radiation fogs during autumn and winter. METAR data from the nearly Villanubla airport (15 km SSE from CIBA) has also been used to support the - Time step - 60 s - Time step - 81 s - WRF-MP2 -> Noah Multi-physics land surface-scheme. Dynamic vegetation option OFF (LAl
existence of fogs over the zone. This airport is specially affected by fogs during winter and in fact, Villanubla means “foggy town“in Spanish. It is important to note the special hazard of shallow fogs over landing/take off maneuvers. ‘TI'ZE'[-Q]SCheme - 1D prognostic Cuxart-Bougeault || - i‘;i:s‘:z;rii hQNSE - from table; FVEG= max. vegetation fraction)
- Microphysics scheme - ICE3 package 1 - Surface layer scheme — QNSE - WRF-MP3 -> Same as WRF-MP2 but with stomata resistance option=Jarvis
* Weather Research and Forecasting (WRF) “land HARMONIE ) [l model outputs has been compared to CIBA observations in order to check the ability of these models simulating these shallow fogs. They have been also compared to low erbetite aErETE - MisdEE adhere [ - Microphysics scheme — Lin et al. [14
clouds from Meteosat (MSG v2012.2) satellite data product (SAF NWC of EUMETSAT) to compare the simulated and observed spatial distribution of fogs. - Land-surface - SURFEX scheme [12] - SW radiation- RRTMG - WRF-MP4 -> Same as WRF-MP3 but with less permeable soil (non-linear effect)
- LW radiation — RRTMG
« As the formation of radiation fogs starts from surface, it is important to test the use of different land-surface schemes available in WRF ARW 3.4 model, including several combinations of options available with the Noah multi-physics 7). [8 Figure 1. Simulations setup (HARMONIE, left box; WRF, right box) and map with the 4 nested domains of WRF contered at Ciga |~ WRF-MP2-MODIS -> Same as WRF-MP2 but with MODIS land-use dataset instead of USGS
land-surface scheme, a new implementation in this latest version of WRF. The effect of using MODIS land use dataset instead of the default USGS data set have also been checked. With these preliminary experiments, the authors try to site. The fourth figure shows the 17 points used to average the simulated values of the different parameters (temperature, LWC,  Figure 2. Specific WRF experiments configuration used for this study.

relative humidity...), i.e. 17 points have been used and not only one point. The same have been done with HARMONIE but with 4

determine the importance of land-atmosphere processes and vegetation over shallow radiation fogs, supposed to be strongly affected by the surface. soints, with an spatial coverage of 2.5km x 2.5km.

3. OBSERVATIONAL DATA ANALYSIS 4. SIMULATIONS AT CIBA (LWC: LIQUID WATER CONTENT) 5. SIMULATIONS AT CIBA (OTHER RELATED VARIABLES) 6. SPATIAL COMPARISON WITH SAF NWC (EUMETSAT). FUTURE WORK!
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Figure 3. OBSERVATIONAL ANALYSIS. a) Inferred fog thickness (m) (fog considered if relative humidity > WRE-MP2- | - Better BIAS values during non-fog moments.
95% at specific levels). b) Visibility information (m) from METAR reports at Villanubla airport (15km SSE MODIS /
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- STRONG SURFACE COOLING + LOW TURBULENCE -> STRONG THERMAL INVERSIONS -> SHALLOW FOGS (10m-35m)
- DIFFICULT SIMULATION OF SHALLOW FOGS (models markedly overestimate nocturnal 2m temperature -> Underestimation of relative humidity -> No prediction of fogs)

Figure 4. LWC simulations at CIBA. a) Inferred fog thickness (m). Rest) LWC simulated by HARMONIE (b),
WRF-Noah (c), WRF-RUC (d), WRF-MP1 (e), WRF-MP2 (f), WRF-MP3 (g), WRF-MP4 (h) and WRF-MP2-

. . 7 MODIS at 10m (black), 35m (blue), 100 d) and 300 . NOTE -> F better description of
- STRONG surface based thermal inversions (even 122 between 2m and 97m) Simulatizns Srene (Se?tcio)n 5 (,\r;o(defseietup)_m (red) an m {green) of @ DETET GEsEpHon ©
- Lower layers -> Lower temperatures -> Higher relative humidity -> FOG SN - The use of RUC land surface scheme in WRF obtained best results in LWC BUT through a WRONG overestimation of mixing ratio
- Higher layers-> Higher temperatures -> Lower relative humidity -> NOFOG ~ FoGS - LWC amounts at 10m seems to be slightly sensible to changes in land surface processes (Noah Multi-physics) and to land use data-set.
- Low values of friction velocity -> no surface cooling extended to higher levels -  HARMONIE does not simulate the fog during the studied period.
-> no vertical extension of fogs - WREF: - FUTURE WORK - 1. More experiments focusing in combinations of turbulence and land-surface parameterizations. 2. SAL statistics for spatial comparisons
- In general, this WRF configuration simulates fog for day 13 but not for day 12
- Small changes in friction velocity -> control vertical extension of fog (20-35m). - RUC land surface scheme simulates fog for day 12 and it is better for day 13, although it 3. REEERENCES ACKNOWLEDGEMENTS
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