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Definition of fog 

Warm fog           RHw~100% and Vis<1 km 

Cold fog 

Freezing fog: Tg<=0C; RHw~100%; 

Ta~0C (freezing at surface) 

Frozen fog: -10C<Ta<=0C; RHw~100% 

(freezing happens in the air) 

Ice fog: Ta<-10C; RHi>100% 

(Depositional nucleation) 
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Fog and Precip VIS 

Vis=f(Vrh;Vmix;Vliquidfog;Vicefog;Vdrizzle;Vrain;Vsnow;Vblows) 



MARINE 

FOG 

Goals 

• 1) its formation 

• 2) its development and dissipation 

• 3) Its impact on environment 

• 4) Its prediction and numerical 

models 

• 5) Remote sensing applications 



SEA BREEZE 

OVER DAY TIME 

http://www.srh.noaa.gov/jetstream/ocean/seabreezes.htm 

The sea breeze circulation is 
composed of two opposing 
flows; one at the surface (called 
the sea breeze) and one aloft 
(which is a return flow). These 
two flows are a result of the 
difference in air density between 
the land and sea caused by the 
sun's heating. 



OVER NIGHT 



As the air warms, its density decreases creating a weak low 

pressure area called a "thermal low" (1). 

 

Over the adjacent water the cooler, more dense air, being pull 

down by gravity, begins to spread inland (2). 

 

This inland push of air from the ocean undercuts the less dense 

air over land forcing it to rise (3).  

 

A sharp boundary develops due to the large difference between 

the air temperature over land and over water. This boundary, 

called a sea breeze front, acts in the same manner as the cold 

front we typically experience. 



 



FORMATION 

Warm air advection 

• Marine fog forms due to large scale warm 
and moisture air advection from ocean  over 
the colder ocean and land surfaces. 

 

• Ta >Ts  

 

• Ta-Td~<2C 

 

• Existence of CCN 

 



DEVELOPMENT 

• Marine fog intensity (Vis) decreases in 

early morning because of radiative cooling 

over land 

• Calm air/less turbulence 

• Strong advection from warm/moist air 

regions 

• Available CCN (sea salt particles) 

 



DISSIPATION 

• 1) Radiative heating 

 

• 2) Wind circulation opposite to conditions 

occurred during development 

 

• 3) Turbulence/Mixing 



3. ITS IMPACT ON 

ENVIRONENMENT 

• i. Hydrological cycle 

• ii. Plant and vegetation 

• iii. Aviation and transportation 

• iv. Energy 



i) Hydrological cycle 



ii) Plant and Vegetation 

• Plants need water to survive and some trees 
need more than others 

 

• In their growth season, they use their body 
cells (Leaves) absorbing the water droplets 

 

• Longer the contact with fog, they can process 
chemicals found in the fog 

 

• Keep the soil moisture in the certain level 



iii) Aviation and Transportation 

• Visibility affects aviation and transportation  

• Approximately 30-40% of aviation accidents 
related to weather conditions 

• ~60 people dies in Canada because of fog 
related accidents per year 

• This number increases up 600-1000 people 
per year in US (assuming same rate) 

• 30 Million dollars per day costs to the aviation 
industry if a large airport stops the 
commercial flights. 





iv) Energy 

• Fog affects surface air temperature (also 
heat) significantly 

• This effect can be about 100 W m-2 
depending on fog microphysics and optical 
thickness 

• It also affects power lines because of 
freezing fog conditions. 

• Its effect on climate change assessment is 
very limited/even unknown 



FOG PREDICTION 

• FRAM  Projects have been done over 

various regions of the world. 

• Observations for some cases were 

collected nearby the ocean 

• Microphysical observations were done 

using FMD (DMT fog device) 

• All weather sensors were used for Vis 

meas. 

• Remote sensing platforms were utilized 



FOG SENSORS 2010-2011 



ICE FOG 

WINTER 2014 



FMD (fog measuring device) 
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GCIP MEASUREMENTS 



Sentry Vis 

 

PWD12 

 

Belfort Vis 

 

FD12P 

 

HSS 
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FOG FORECASTING 

Issues 

 

• Microphysical algorithms 

• Boundary layer characteristics 

• Horizontal and vertical time/space resolutions 

• 2D versus 3D models 

• Validation of numerical forecast model 

simulations 
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Vis=f(XWC); neglected Nd 



FOG Vis parameterization 
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 LWC, Nd, VIS 



VIS VERSUS TIME 

RND station 
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Future 
GOES 
Imager 
(ABI) 
Band 

Wavelength 
Range 
(μm) 

Central 
Wavelength 

(μm) 
Sample Objective(s) 

1 0.45-0.49 0.47 Daytime aerosol-over-land, Color imagery 

2 0.59-0.69 0.64 Daytime clouds fog, insolation, winds 

3 0.846-0.885 0.865 Daytime vegetation & aerosol-over-water, winds 

4 1.371-1.386 1.378 Daytime cirrus cloud 

5 1.58-1.64 1.61 Daytime cloud water, snow 

6 2.225 - 2.275 2.25 Day land/cloud properties, particle size, vegetation 

7 3.80-4.00 3.90 Sfc. & cloud/fog at night, fire 

8 5.77-6.6 6.19 High-level atmospheric water vapor, winds, rainfall 

9 6.75-7.15 6.95 Mid-level atmospheric water vapor, winds, rainfall 

10 7.24-7.44 7.34 Lower-level water vapor, winds & SO2 

11 8.3-8.7 8.5 Total water for stability, cloud phase, dust, SO2 

12 9.42-9.8 9.61 Total ozone, turbulence, winds 

13 10.1-10.6 10.35 Surface properties, low-level moisture & cloud 

14 10.8-11.6 11.2 Total water for SST, clouds, rainfall 

15 11.8-12.8 12.3 Total water & ash, SST 

16 13.0-13.6 13.3 Air temp & cloud heights and amounts 

 

Current GOES Imagers 

GOES-R ABI Bands 

Based on experience from: 
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SSA versus Reff at 3.9 micron for 

liquid and ice particles 



ICE FOG 



CLOUD 

TYPE 



CLOUD TOP T   AND   HEIGHT 



MRR Vd 

The MRR particle fall velocities [m s-1] versus height from 1000 UTC to 2000 

UTC, 26 March 2009. The red color represents fall velocities greater than 7 m s-1. 

LIQUID LAYERS 



Jan 13 PMWR 



LWC DETECTION BY PMWR 

Gultepe et al 2012 

RND 

LWC 

T 



CEILOMETER APPLICATIONS 
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AEROSOLS/ACTIVATED AEROSOLS (CCN) 
CAP (Climatronics Aerosol Profiler)sensor 

(7 channels between >0.3 …….7 micron) 

BACKGROUND AEROSOLS 

(Na=<5 cm-3) 

HEAVY FOG(Nd=~200 CM-3) 



Jan 14 



CONCLUSIONS 

• Rule Based Marine fog predictions need 
measurements of T, Td, Ts, wind speed and 
direction, and LWC. 

 

• 3D numerical forecasting needs better 
prediction of LWC, Nd, RHw, and PR to 
simulate Vis  

 

• Remote sensing platforms e.g. mm radar, 
ceilometer, and satellites should be used for 
fog related parameters when surface 
observations do not exist 
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