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We appreciate Dr Bergot's comments and suggestions, noting his extensive experience with fog, 
covering the Paris-Fog field program and many modelling studies. The comments on life cycle, spatial 
extension and visibility are addressed below. 

The life cycle of fog is of special concern in situations on land where one is generally concerned with 
radiation fog with a strong diurnal cycle. Most of our attention in this paper is on marine fog where, as 
Isaac et al (2020) have shown, there is essentially no diurnal cycle. We do try to use Sable Island visibility 
data for comparison with our model predictions (Fig 5) on the basis that this is essentially a marine 
situation. Our subsequent work, using WRF with higher spatial resolution around Sable Island (Cheng et 
al, 2021) has revealed a diurnal cycle and differences with the surrounding ocean.  

A column of marine advection fog can probably last for several days as it travels over cooling water and 
there will be some evolution. With our 1-D tests in Fig. 1 we do show some 4-day results as our column 
evolves in a case with initial (6 h) cooling followed by fixed surface water temperature. Our main goal in 
the paper has been to raise the issue of enhanced surface deposition of fog droplets to a water surface, 
over and above that caused by gravitational settling. This is in part to promote the measurement of 
vertical profiles of fog so that we, and others can better understand and represent the process.  

In a separate research note Peter Taylor (2021) is looking into deposition velocity issues, of fog and 
other aerosol through models of "Constant Flux Layers with Gravitational Settling". This will address 
issues of which process, gravitational settling (ws or Vg are used as symbols) or turbulent flux and 
deposition, carries the downward flux. Typically, both processes are important with different ratios at 
different levels. A critical parameter in this division is S = ws/ku⁎ , as in Eq (3). In strong wind speeds S 
will be small and Eq (4) suggests that gravitational settling is less important, at low levels. In low wind 
speeds, typical of radiation fog on land, and if S is relatively large, say O(1) then gravitational settling 
becomes more important.  

In our 1-D simulations we have used relatively high geostrophic winds, but high winds are not unusual in 
marine fog over the Grand Banks (Isaac et al, 2020). In our 3-D simulations a range of wind speeds occur. 
We have run WRF for 3 months (June, July and August) in 2018, 36 h runs with 12 h spin-up each day. 
Comparisons are being made with data from Sable Island (Chen et al, 2021). Wind speeds at 10 m are 
mostly < 15 ms-1 but geostrophic winds of 20 ms-1 are quite common. 

With regard to spatial extension, with our 3-D WRF simulations we always look at plots and animations 
of Qc over our d02 domain (see Cheng et al, 2021) at the lowest model level.  Fig R1 is an example of a 
2D plot of Qc at the lowest model level at the same time as Fig 4a in the paper. The black dot identifies 
the Grand Banks location used in Fig 4. The value of z0c was 0.01 m in Fig R1a while in R1b there is no 
turbulent deposition, just gravitational settling. The importance of gravitational settling, as in Fig 4b, can 
be seen from Fig R2. In this case gravitation settling has been turned off in the Thompson microphysics 
module and leads to some relatively high Qc values in some areas when there is also no turbulent 
deposition.   

We could have included additional figures like those below, but we were trying to keep the paper at a 
reasonable length.  

 



 

Figure R1  2D fog plots at 7/1, 18Z, 2018. Thompson microphysics with gravitational deposition,  
a) z0c = 0.01 m, b) no turbulent deposition, related to Fig. 4, a); 
 

 

Figure R2.  2D fog plots at 7/1, 18Z, 2018.  Thompson microphysics without gravitational deposition,  
a) z0c = 0.01 m, b) no turbulent deposition, related to Fig. 4 b). 
 



We included Section 8 on visibility since the forecasting of visibility is the main practical application of 
fog forecasting and we wish to demonstrate the potential utility of more accurate forecasts of Qc at low 
levels. We certainly agree that we need to model more than just the liquid water content, needing to 
know fog droplet numbers and, ideally, size distributions, in order to better estimate optical range. For 
now, however the Isaac et al (2020) parameterization that we used was based on theory, and we used a 
constant droplet number concentration (108m-3), compatible with measurements from the Grand Banks 
area where our model improvements could be applied.   We chose to test its performance, in a very 
preliminary way, and Chen et al (2021) will expand on these comparisons using Sable Island visibility 
data. 

We can try and expand a little on our conclusions but the main message we want to get across is that, 
apart from Katata et al's (2011) work over forests, most fog models have under-estimated fog water 
removal via turbulent deposition to the underlying surface. We have suggested and tested a logical, 
boundary-layer, approach to enhance surface deposition over water, and possibly other surfaces, but it 
does involve an unknown parameter, z0c. This needs determination from measured fog profiles. We 
hope that publication of this paper will encourage others, and ourselves, to get into some fog and 
measure many quantities in as much detail as possible. For marine fog, the Fatima project will be an 
important start (https://efmlab.nd.edu/research/Fatima/). 

We appreciate the suggestion to study the paper by Zhang et al, 2014, but could not access the thesis. 
We are looking into the 2014 paper, especially for follow on work with radiation fog on land. Different 
authors use different notations and we will try to avoid use of too many variants, and will also renumber 
the sections. 

Again, we appreciate the careful review and useful suggestions. 
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