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MORNING NEWS…
Heathrow and  Schiphol airports 

are experiencing delays after a 

second day of heavy fog across 

the UK and Netherlands ….. 
OR

Fog hits flights at KIA

Bengaluru ….. 

Beautiful Misty Mornings ….. 



Operational Definition:  Fog is the reduction in surface-based visibility 

to 1 km or less by atmospheric water droplets exhibiting diameters from a 
few to several tens of micrometers.

Meteorological Definition:  Fog is a ground-based cloud layer

Fog occurs:          a) Clear skies and rapid cooling after sunset. 

b) High RH at low levels. 

c) Calm or light wind conditions 



❖ Fog , is a natural phenomenon  which has Impact on 

travel, transport and airport  management.

What are the Objectives?

To Predict :

• Time of onset  

• Intensity of the Fog

• Fog Development & Depth

• Fog dissipation /lifting



Mesoscale :   5-100s km    

(sea breeze)

Weather Research and Forecasting (WRF) Model, a mesoscale

numerical weather prediction system is used for both atmospheric

research and Fog forecasting.

Meteorological data
~50 km

Present Approach …. 

http://efm.princeton.edu/Multiscale_Atmospheric_Simulations.htm

x=y=41m and 
z=185m

Synoptic-scale : 1000s  km



Stolaki, S., et al. "Influence of aerosols on the life cycle of a radiation fog 

event. A numerical and observational study." Atmospheric Research 151 

(2015): 146-161.

Fog  droplet spectrum and Radiation Forcing …. 

Fog observation and prediction ….  

observations

observations

Prediction 

Predictions

Impact on visibility prediction, 
and radiative properties  



Radiation Fog    Prediction involves many  Microphysical Processes

Nocturnal boundary layer:
Thermal Structure 
Radiative cooling
Thermodynamics
Fog Droplet characteristics 
Pollution & smog
Convection & Entrainment 

Nocturnal boundary layer:
Thermal structure

Adopted from- “An Introduction to Boundary Layer Meteorology” - RB Stull,1988

• Time of onset  

• Intensity of the Fog

• Fog Development & Depth

• Fog dissipation /lifting



Time evolution of 
Temperature 
Profiles in Pune  
at 17:00,  18:00, 
19:00, 19:30, 
20:00, 20:30, 
21:00, 23:00, +1 
day- 03:00 and 
07:00 hrs  
Respectively

Observations @ Pune , India
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Under Calm (low wind) and Clear 

sky conditions 

Implication of this Observation

Development of Inversion layer & Developmen of Fog

Origin of cold air layer in the   warmer surrounding

• Convection & Transport in surface layer

Temperature & Time



Radiation Fog

http://www.meted.ucar.edu/

Local temperature falling 
bellow Dew-point

EMU, JNCASR

Radiation fog:
Light-wind
Moisture  @ low level
Clear sky – Radiative cooling 



SCHEMATIC OF THE OBSERVATIONAL SET UP

Temperature Sensors
Copper/Const. Thermocouples.

Wind Sensor:
Thermistor based - ®Accusense.

Humidity Sensor:
Capacitance based –®Honeywell

Radiation Sensors
Made using Peltier modules.

EMU, JNCASR

To Data 
Logger

Anemometer

Thermocouples

Humidity Sensor

Surface Properties to 
be changed.

10 meters

1. 5 meters

Radiation Sensor

We thank Prof. ON Ramesh Aero. Engg. Dept., IISc,
and Prof. GS Bhat, CAOS, IISc 

Airfield in the IISc-campus, Bangalore, India
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Correct Explanation :

Emissivity () of aerosols is  >> air   &  can emit over all 

wavelengths .    aerosols  can cool to upper atmosphere

Cooling  to upper atmosphere

EMU, JNCASR

Heterogeneous atmospheric surface layer is a must to 
explain the formation of LTM  

Heterogeneity:    Aerosols – Dust, droplets , any particulates



HEPA filter (> 0.3)
Pre-filter (>5m)

Test-section

Aerosols   cooling  to upper atmosphere
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Movie-Fog 

Movie-Temp NOT synchronized

vlc-record-2013-07-17-16h48m42s-DSC_0038.AVI-.avi
Fog_formation.avi
vlc-record-2013-07-17-16h48m42s-DSC_0038.AVI-.avi
Temp_Profile_fog.mp4


Estimated Aerosol Area: without 
considering Water vapour …..



Field measurements of sub-micron aerosol concentration during cold season in India              (@Pune)
D. M. Chate1, and T. S. Pranesha, Current Science, V86, 2004.   



Mass concentration of PM1, PM2.5 and PM10

Characterization of submicron aerosols and effect on visibility during a severe haze-
fog episode in Yangtze River Delta, China, Shen et. al. Atmospheric Environment
120 (2015) 307-316



Initial Condition MLS atmosphere
Without Aerosol 
With Aerosol

εg= 0.95; Ground Cooling rate = 2K / hr0.5 ; φ =1.0 μm; RI of Particles = 1.0 + 0.6j



Convection in the surface layer
Governing equations (2D)  

Conservation of mass

Conservation of momentum

Transport of aerosols

Conservation of energy q

Radiation



Computational setup (2D)

Properties of interest

 Density of fluid

 Velocity and Temperature

 Concentration of aerosol

Transient simulation

 Run for 600 seconds

Physics used

 Heat transfer in fluids

 Laminar flow

 Coefficient form PDE

Mesh used

 Physics-controlled mesh

 Element size : Extra Fine  

1.0 m

y

x

Tsky = 280 K

Heat flux  = 0.1 W/m^2

C = 0

No slip BC ,  

T = 293.15 K

C = 1

Periodic 

boundaries



Simulation results

h_i

h_f

 Convective rolls in the lower half of the domain with a stable stratification on top

 Inversion layer and LTM is observed

 Growth of the mixed layer  
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Varying radiative cooling

Radiative cooling : 1 W/m^2 Radiative cooling : 5 W/m^2Radiative cooling : 3 W/m^2

 Higher cooling rates result in larger mixed layer heights

 Typical cooling  observed in field experiments : 4 – 6 W/m^2



Penetrative convection analysis   
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 Ri : Richardson number predicts fluid 

turbulence and stability 



q = 1.0 q = 2.5 q = 5.0

Comparison with Deardorff scales
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Results match with

theoretical values

Zp



Fog development; 
Deepening; and 

Dissipation 

Convective Boundary layer

Stable Nocturnal Boundary layerHorizontal wind

Fog development; Deepening; and Dissipation 
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Questions 









Nocturnal Atmospheric Surface layer :  

Origin of cold air layer in the   warmer surrounding

• RaT for Ramdas layer is ~ 106

• Stability & Transport

Ground         Intensity of the

minimum   2o-6o C

EMU, JNCASR

❖ During calm (low wind) and clear

sky nights--Radiation dominates

over other heat transfer processes

in the boundary layer.

❖ In tropics this condition prevails in

more than 75% of the time.

Tmin
Expected

Lifted Temperature minimum (LTM) – Ramdas layer  (1932)

Liu, et. al., 2008



a) Clear skies and rapid cooling 

after sunset. 

b) High RH at low 

levels. 

c) Calm or light 

wind conditions 
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Test Section

Air Circulation Section (325-329 K)

Outer Walls
(Aluminium)

Aluminium Plate

Thermofoam

Polyethylene 
Sheets

15 cm 10 cm

80 cm
100 cm

LABORATORY SETUP 2006-2008

Radiative source at 
high temp. (ground)

Radiative sink at low 
temp. (Cold   upper 
Atmosphere)

Inversion layer 
(region of interest)

Decoupling of radiation and conduction/convection 
boundary conditions — necessary to produce LTM in Lab

EMU, JNCASR



Lab setup: Decoupling Radiation Boundary condition

EMU, JNCASR



(a) At 1.5cm 2.68x1010 (b) at 3 cm 1.08x1010 (c) at10 cm 2.6x109

particles/m3 particles/ m3 particles/m3

EMU, JNCASR tcoefficien absorption     
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Temperature Profile Cooling rate Temperature
gradient

tcoefficien absorption     
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Estimating response time of the system

Tsky < TC < Tb

Tb ~ TC > Tsky

TC

EMU, JNCASR



Ttop

Tb < Ttop

Two Plate (RB convection)

Effect of boundary emissivities         

EMU, JNCASR


