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1. Introduction 2. Synoptic situation

Low visibility due to fog and low stratus seriously The synoptic situation on 24 and 25 Nov. 2004 was
affects airport and hub-and spoke operations, whichdominated by a high pressure system, with cleasski
has obviously direct economic consequences. In thelight winds and subsidence, i.e. favorable condio
long term, the fog frequency and predictability may for radiation fog. Operations at Schiphol airpoetres
even influence an airline’s choice of home base. reduced from 64 to barely 20 aircraft per hour 40d
Lack of knowledge of the relevant atmospheric, flights were cancelled. The synoptic network, Cabau
hydrological and chemical fog processes inhibit tower observations, and AVHRR satellite products
successful fog forecasting. Also, an apparent (Fig. 1) show that a 150 m deep fog layer develdped
feedback appears between fog occurrence andhe west of the country in the early morning off\,
regional climate [21]. Climate projections and and which remained the full day. The fog layer was
weather forecasts agencies use numerical weathepverlain by a very dry layer, and it was freezing
prediction (NWP), for which fog remains a several K close to the ground. The innovative aspec
challenge. Model improvement is essential to Of this study are the first WRF evaluation for fdgg
reduce uncertainty in fog forecasting and in airpor occurs forT<0°C, and the fog onset occurred relatively
operations. ight and that the fog eist duringtideey
Fis 3 .

This exploratory study evaluates the performance j
of the WRF and HIRLAM mesoscale models for a
case of thick radiation fog in the Netherlands. We
aim to identify the role of model formulation,
selected parameterizations and resolution inf§
forecasting the onset and duration of fog and |
identify common model weaknesses. This |
evaluation is supported by simulations by 1D |
models of HIRLAM and [5, Duynkerke 1991, D91]. |§:&
Studying fog onset and duration with NWP has a !ii'”g 1- Observed cloud top temperature. Brown
Long_b_mstozy.d [72 r_eporlilev(\jlp ?os?iblyf the tf'irst indi.céles low level clouds. The circle show.s the fog
easibility study of using or fog forecasting. .

Using 1D models, [2,3,14] showed the need for under study. (hitp: /wdedir.de/apollo)-
inclusion of gravitational droplet settling, radhat
cooling, turbulent transport, a vegetation scheme 3. 3D model Se':'up and results
and detailed microphysics. Sensitivity tests wité t
COBEL model, [1] revealed the importance of dew
deposition and the initial conditions. Despite the
increased understanding of fog, the NWP modeling
of fog remains challenging [9, 22].

a) WRF

Using WRF/ARW 3.0.1 a domain was configured
centered at Cabauw, on a horizontal grid of 33x33,
56x56 and 61x61 points with 30, 6, 1.2 km resohutio
Fog studies with mesoscale models focused Onre_spectivetly. We used 35 terrain-following levels,
advection fog in coastal regions, e.g. [8, 15].][17 with th_e_f level atc=0.998, and 9_ I_ayers b_e!ow 240 m.
addressed the sensitivity of model results to the WRF initial and boundary conditions originate from
initial and boundary conditions for a dense fog in the NCEP final analysis. Impact of lateral bouneisri
Ontario, Canada. is expected to be limited in this case becauseowf |
winds, i.e. large scale advection is small. Lané us
properties were obtained from the USGS.



This study examines combinations of physics observed fog onset. However, fog is limited to the
options to assess its impact on fog modeling. Forlowest model level and suffers from early dispestal
microphysics we utilize Kessler, Eta-Ferrier, 0900 UTC, as seen in the plungelin at sunriseS'
WSM3, and WSM6 [11]. For the PBL schemes we andT, are reasonable well represented by both models
tested the non-locallorder YSU model [10], and  on the day. Before fog onseT, decreases from 7°C
the 1.5 order TKE closure model (MYJ, [12]), in at noon to -3°C the next day. Only in HIRLAM tfig
which the minimum TKE was lowered 17F0n’s?, decreases analogous with the observations. Clearly
The NOAH [6] and the 5 soil layer land surface freezing occurs because of the late onset of fdg T
scheme were both permutated in the simulations.fog onset may have been delayed by dewfall and

One day spin up was applied. hoarfrost as suggested by a small negative lateat h
flux in HIRLAM in the hours prior to fog onset. The
b) HIRLAM early fog onset in WRF in the evening of 24 Nov.

prevents a further surface cooling to below fregzin
HIRLAM7.2 is a short range NWP model for point. Apparently the coarser vertical resolutioh o
operational use in many European meteorological HIRLAM does not inhibit fog formation, but may have
institutes. The HIRLAM project focuses on a influenced its growth to the mature stage. Therexté
reference version with an optimal set of the fog area in HIRLAM is comparable to that in the
parameterizations. Alternative parameterizations AVHRR image, although fog over the Lake ljssel and
are present, but for research purposes only. Lateracoastal waters is absent in HIRLAM. The absence of
boundary conditions are provided by the ECMWEF. fog in the forecast of both models for the mornofg
Fog relevant physics contain the radiation schemethe 25", gives rise to an over-estimation 8f, and
by [19], the condensation scheme by [18], the [4] correspondingly a large rise T, where in reality an
turbulence  TKE scheme formulated in moist ice day was recorded. On 26 Nov., the passage of a
conserved variables and the ISBA land surface cold front can be recognized in the increasedidmct
scheme [16]. Here, the model is run on a grid of velocity (u-). As the fog is cleared and replaced by low
290x306 points with a spacing of 0.1°, centered atstratus, thel' in Cabauw increases again sharply to
Cabauw and with 60 levels with the lowest level at 320 wm? and increased the rest of the day. Thén-
30 m. The model is run in a 6h assimilation cycle crease in WRF agrees very well with the observation
for 3 days prior to the fog experiment to allow the \where as the frontal passage seems to be delayed in
surface model to spin up. HIRLAM. The advection of low stratus is present in

both models.
c). Results

For WRF, only a few sets of parameterizations 4. Column model Set_Up and results

were actually able to create fog. This section g) HIRLAM
presents WRF using WSM3-YSU-NOAH since it

per-formed best based on incoming longwavg,(  The HIRLAM column model (H-SCM) consists of the
solar radiation$'), and 2m temperaturd@4). On 24 fyll physics of the 3D HIRLAM, with 47 levels below
Nov., the atmosphere is fog-free, since the observe 2 km, starting at 4 m. Initial conditions for H-SCifle

L' is relatively low (Fig. 2)S peaks at noon, and a derived by interpolation from the +12 3D forecast a
substantial diurnal temperature cycle is present. O 1200 UTC 24 Nov. Temperature, wind and specific
25 Nov.,L' clearly exposes the onset and duration humidity are then replaced by values from the
of the fog event since it in-creases suddenly from radiosonde of 1200 UTC at De Bilt. Below 1057 m the
250 Wm? to 300 Wm? at ~0300 UTC. In WRF, T andq profiles from D91 (see below), are substituted,
the fog event of 25 Nov. is not represented, bgt fo while for levels between 1057 and 2000 m a linear
occurs some hours before and thus corresponddgransition is made between the D91 and sonde
with two L' peaks in the early morning and tio observations. A time dependent geostrophic wiig (
peaks in the evening of 24 Nov. On the 2nd day, as in D91 model was coded in the 1D dynamics.
HIRLAM’s L' increase agrees well with the
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Fig 2: Modelled (3D models) and observed incoming longwave and solar radiation, 2 m temperature and
friction velocity.

b. Duynkerke model (D91) soundings, a 5 K Hrheating was induced above 250
m, which was linearly interpolated to zero towards

This model consists of a 1st order turbulence modelthe surface. D91 uses 40 logdistributed levels,

based on the moist conserved variable wet equitalen between 0.3 m and 1.8 km.

potential temperature, a greybody emissivity

longwave radiation model, and includes droplet c. Results

settling. The heat diffusion equation is solved #or

75 cm deep soil. Soil moisture freezing and thawing Column models allow for efficient experiments with

was introduced, which had substantial impact on the physics options. D91 acts as a reference for

forecast near surface temperatures. Here, the @abau subsequent sensitivity studies with H-SCM. D91 is

200 m wind is used ag,. The initial profiles forT relatively successful in forecasting the fog oresed

andq are obtained from closest radio sonde at EHDB the following evolution, but is unable to forecést

at 1200 UTC 24 Nov. A subsidence of -0.5%1@s® fog dispersal. In practise, forecasting of fog deca

was applied. Based on a series of EHDB radio and onset may be of equal importance. D91 estimates



L' reasonably, although fog onset is slightly todyear the same level. This concentration of LWC near PBL
due to somewhat overestimated surface cooling.top and the model temperature profile indicate that
However, in the mature fog staf; is ~10 Wn¥ the fog layer in the model is far from well mixed.
overestimated, which  indicates a  slight This may point to a deficiency in the
overestimation of the fog liquid water content (L)WC parameterization of turbulent mixing under stable
The fog decay around 0000 UTC 26 Nov. is not conditions. H-SCM shows a sm&l excess at noon,
captured by D91 although the wind speed increase iswhich is partly compensated by a negative bids'in
reasonably forecasted. Thus, the correctly foredast Hence, a warm bias occurs in addition to the warm
L' after midnight is spurious because clouds were bias in the preceding night. To assess the efféct o
observed, while the fog persists in the model. Both resolution sensitivity tests with a 60 and a 9Ctay
models estimat§' correctly, which is surprising for H-SCM were carried out. Both runs accurately
the last day considering the persistence of fag9a.  predict the fog onset, but the initial fog layeogth
Apparently, the LWC of the modeled fog and the was slower and the overestimation $f increased
observed cloud do not differ substantially. with reduced resolution, suggesting a lower LWC
and a resolution dependence of the condensation
At noon H-SCM and D91 forecast the same scheme. In addition, with the first model level3at
maximumT, (correctly timed) about 3 K too warm, M HSCM failed to produce fog. Thus high resolution
and the consequent cooling is substantially near the surface is essential for the initializataf
underestimated. This might be a result of the fog. As for the 3D model, resolution is also of the
overestimated turbulence intensity (eug) between essence for further growth of the layer. Finalljenw
1800 UTC and midnight on 25 Nov. After midnight, the fog lifts from the surface to form a stratugeia
both 1D models provide enhanced turbulence resolution also becomes important at higher levels.
compared to the observations. The success of the 3D model in producing fog with
the same resolution must be attributed to the targe
The D91 model gives the fog onset around 0200 cooling rate in this model. Accurate forcing of the
UTC 25 Nov. and the layer gradually grows to 100 m column model is clearly also of importance.
at 0600 UTC and 180 m at 1200 UTC, and even
reaches (obviously erroneously) 260 m at the end of5, Dijscussion and Conclusions
the model simulation. At 1345 UTC 25 Nov., the
near surface LWC shows a minimum, resulting in a A case study of a widespread 150 m thick radiative
visibility of 721 m [13]. A minimum visibility of 8 fog over the Netherlands was presented as a
m was modeled, which is close to the reported benchmark for mesoscale model development, in
observations. Note that the modeled visibility particular for very high resolution forecasts for
decreases more gradually in time than was observedairport operations. Both WRF and HIRLAM have
Finally, the model fails to remove the fog layeree difficulties with the fog evolution. WRF only fore-
using substantial largev, speed as a forcing than casts fog for a few permutations of the parame-
has been observed. This occurs for different modelterizations, but the fog onset is offset in timed an
settings and is thus a particular persistent featur location, and the fog is particularly scatteredisTih
This indicates that the physical processes thatalon surprising since the mean variables are well captur
the fog dissipation are not well represented in the HIRLAM correctly forecasts the fog on-set, but the
model physics, and further research to improve thisfog layer remains at the lowest model layer. As a
aspect of the forecast is warranted. direct consequence, in both models fog does not
persist, but is quickly dispersed. Two column medel
As with 3D HIRLAM, H-SCM simulates the fog performed well for the fog onset and its maturgeta
onset well. In the fog, the' is close to the although their results were sensitive to the ihaiad
observations, which suggests the model LWC is conditions and prescribed external forcings. High
com-parable to reality. The modeled LWC is located Vertical resolution close to the surface is esaéfr
at the PBL top and ascends with the PBL growth. H- fog modeling. Also, resolution at higher levels
SCM does not completely dissolve the fog, but forms becomes important when the fog lifts to a stratus
a broken stratus deck. The cooling in H-SCM is not layer.
as strong as in the 3D model. At the end of thétnig
the fog layer is ~150 m thick and well mixed. In H-
SCM at this moment LWC is concentrated around
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Fig. 3: Modelled (1D models) and observed incoming longwave and solar radiation, 2 m temperature and

friction velocity.

In HIRLAM the fog and stratus LWC reduces with
lower resolution. All models hamper during the
daytime fog evolution: in D91 fog is too persistent
whereas fog in HSCM dissipates too quickly. A
sensitivity experiment indicated that the turbukenc
scheme plays an important role in this processesiv
the importance of the early morning dispersal af fo
for an airport’s operation this is probably the mai
area of research
resolution fog model. This study has shown thal

despite advances in the understanding of the fog

physics fog both mesoscale and column models are
still not able to simulate all aspects of the fog
evolution. Fog forecasting remains a challengirsi.ta
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