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Context. Continental fog often forms by radiative cooling of the surface under clear skies (radiation fog) or by the 

lowering of the base of a pre-existing low stratus cloud to ground. Once the fog has formed, its evolution depends 

on the physical processes that impact the liquid water. A delicate balance between radiative cooling, turbulent 

mixing and droplet sedimentation has been found in observational and modelling studies of radiation fog 

 

Objectives / scientific questions 

 Quantify the impact of radiative and dynamical processes on liquid water path budget during the fog life 

cycle ; 

 Identify key physical parameters and calculate associated thresholds leading to fog dissipation ; 

 Develop cloud radar and ceilometer algorithm / methodology to improve accuracy and derive fog 

properties and pre-fog formation ; 

 

Main results. 

We demonstrate that a quantitative analysis of the radiation-driven condensation and evaporation is possible in 

real time using ground-based remote sensing observations (cloud radar, ceilometer, micro-wave radiometer). 

Seven continental fog events in mid-latitude winter are studied, and the radiative processes are further explored 

through sensitivity studies. The longwave (LW) radiative cooling of the fog is able to produce 40–70 g m-2 h-1 of 

liquid water by condensation when the fog liquid water path exceeds 30 g m-2 and there are no clouds above the 

fog, which corresponds to renewing the fog water in 0.5–2 hours (see figure 2). The variability is related to fog 

temperature and atmospheric humidity, with warmer fog below a drier atmosphere producing more liquid water. 

The appearance of a cloud layer above the fog strongly reduces the LW cooling relative to a situation with no 

cloud above; the effect is strongest for a low cloud, when the reduction can reach 100 %. Consequently, 

appearance of clouds above will perturb the liquid water balance in the fog, and may therefore induce fog 

dissipation. Shortwave (SW) radiative heating by absorption by fog droplets is smaller than the LW cooling, but it 

can contribute significantly, inducing 10–15 g m-2 h-1 of evaporation in thick fog at (winter) midday. The 

absorption of SW radiation by un-activated aerosols inside the fog is likely in most cases less than 30 % of the SW 

absorption by the water droplets. The absorbed radiation at the surface can reach 40–120 W m-2 during daytime 

depending on the fog thickness. As in situ measurements indicate that 20–40 % of this energy is transferred to 

the fog as sensible heat, this surface absorption can contribute importantly to heating and evaporation of the fog, 

up to 30 g m-2 h-1 for thin fog, even without correcting for the typical underestimation of turbulent heat fluxes by 

the eddy covariance method. 

Using observations of 250 fog events during 7 years, we showed that more than half the fog events dissipating 

after sunrise transition to a stratus which lasts at least 2 h, indicating that the vertical displacement of the liquid 

layer is the most frequent dissipation scenario. We further quantified the contribution of different local processes 

to the LWP (Liquid Water path) budget of a thick fog after sunrise, and investigated how the fog dissipation is 

affected by the temperature and humidity at the fog top, and by the water availability at the surface. This was 

done using idealized sensitivity simulations carried out with the large-eddy model DALES, where we tested the 

impact of the variability of fog-top properties observed by 47 radiosondes and cloud radar. The quantifications of 

the terms of the fog LWP budget in the simulations indicate that the most important loss process of LWP is the 

turbulent heat fluxes from the surface, responsible for 20–30 gm−2h−1 in the late morning. The loss by absorption 

of SW radiation in the fog layer reaches 15 gm−2 in the late morning. The deposition of droplets appears as a weak 
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sink process (5–10 gm−2h−1). See results on figure 1.  

It has been observed that a significant part of fog evolution can be explained using local parameters, especially 

when its dissipation happens due to lifting of the cloud base, transitioning it into a low stratus cloud. This 

mechanism accounts for more than half of the fog events recorded at the SIRTA atmospheric observatory located 

in Palaiseau, France, during the past 7 year. It has also been found that this transition seems to be correlated with 

the Critical Liquid Water Path (CLWP) parameter, first introduced by Cermak and Bendix 2010 as a method to 

detect fog at the surface and then studied by Waersted et al. 2018 as an indicator of fog dissipation tendency. The 

CLWP provides a measure of the minimum amount of liquid water that is needed to fill a cloud layer with a given 

width. 

During the LEFE project, we had some workshops and significant collaborations with IPSL and CNRM laboratories 

and we obtain one ANR funding (project SOFOG-3D, 2019-2022). 

 
Figure1. Impact of physical processes on integrated 

condensation rate for one fog event observed at SIRTA site 

(2015/11/02), Waersted et al., 2018 

 

 
Figure 2. Variability of liquid condensation rate depending on 

fog properties, cloud and clear air above the fog layer 

(Waersted et al., 2017) 

 

Future of the project. 

Collaborations started during the LEFE project will continued with differents actions : one IPSL post-doc will start 

in March 2018, four PhD students work on this topic at LMD, LATMOS and CNRM, and one ANR project has been 

validated for the period 2019-2022. 

Nombre de publications, de communications et de thèses 
The “Parisfog2” Project allows us to write around 10 publications, to participate to 8 conferences and to have 3 

PhD students that worked on tis subject (CNRM, IRSN, LMD). 
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