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Beautiful Misty Mornings .....

MORNING NEWS... shy (L3l ISR vicTos carson I

Heathrow and Schiphol airports

are experiencing delays after a

second day of heavy fog across

the UK and Netherlands ..... e
OR

Fog hits flights at KIA
Bengaluru .....




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

The fog laver deepens to the point thal radiative cooling at fag
top is greater than that at the surface

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




** 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

Visibility range
— 500m-1000m

200m-500m Moderate Fog
50m -200m Dense Fog

<50m Very Dense Fog




Present Approach ....
Weather Research and Forecasting (WRF) Model, a mesoscale
numerical weather prediction system is used for both at '
research and Fog forecasting.
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Fog droplet spectrum and Radiation Forcing ....

Fog observation and prediction ....

Droplet size distribution 15 November 2011

Impact on visibility prediction,
and radiative properties
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Fig. 8. Observed (FM-100) and modeled droplet size distribution at 03, 06
and 08 UTC. Reference run.

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.




Radiation Fog Prediction involves many Microphysical Processes

Nocturnal boundary layer:
. Time of onset Thermal Structure

. Intensity of the Fog Radiative cooling

Thermodynamics
2 Fog Development & Depth Fog Droplet characteristics

: Fog dissipation /lifting Pollution & smog
Convection & Entrainment

Nocturnal boundary layer:

Thermal structure

Before
Sunrise

Height )y

Temperature/Time =l

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




Observations @ Pune , India Under Calm (low wind) and Clear
Ramdas LA, Atmanathan S (1932) sky conditions
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Radiation fog:

Radiation Fog Light-wind

Moisture @ low level
Clear sky — Radiative cooling
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SCHEMATIC OF THE OBSERVATIONAL SET UP

To Data L
Logger

Humidity Sensor
Temperature Sensors

Copper/Const. Thermocouples.

Thermocouples

R Wind Sensor:

Thermistor based - °Accusense.

Radiation Sensor =
Humidity Sensor:

Anemometer

/7

Capacitance based —"Honeywell

Radiation Sensors

Surface Properties to
be changed.

“ EMU, JNCASR

10 meters 5

Made using Peltier modules.

Airfield in the lISc-campus, Bangalore, India
e, T 2

13°01°33”N 77°33'55”E

We thank Prof. ON Ramesh Aero. Engg. Dept., lISc,
and Prof. GS Bhat, CAOS, IISc
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Correct Explanation :

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

Heterogeneity: Aerosols — Dust, droplets , any particulates

Cooling to upper atmosphere
ﬂﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
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Emissivity (¢) of aerosols is »> air & can emit over all
wavelengths . .". aerosols can cool to upper atmosphere

EMU, JNCASR




Aerosols cooling to upper atmosphere
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Movie-Fog
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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

Height, m

1000

90
60

30

15

0.3

0.03

| | |
Ramdas LA, Atmanathan S (1932)

—— +7:00
—— +3:00
—— 23:00
— 21:00

5 10 15

Temperature & Time

Estimated Aerosol Area: without

considering Water vapour .....

T_= 302, 300, 299, 298, 297, 295, 294,292, 291,289 K

TS -

T

min~

17; g =0.90; EP:O_S; Dp:1e-06 L

]
500

1000

1500 2000
Surface Area, pmzfcc

2500

3000



Aerosol size distributions at 1-m on 10 December 1997
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Field measurements of sub-micron aerosol concentration during cold season in India

D. M. Chates, and T. S. Pranesha, Current Science, V86, 2004.
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g,= 0.95; Ground Cooling rate = 2K / hr®>; ¢ =1.0 um; Rl of Particles = 1.0 + 0.6j
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Convection in the surface layer
Governing equations (2D)

V.(pu) + ? — () <@  Conservation of mass
t
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Simulation results

« 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

.....
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. Higher cooling rates result in larger mixed layer heights
. Typical cooling observed in field experiments : 4 — 6 W/m"2
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« Deardorff and Willis in 1969, conducted laboratory investigation of non-steady

penetrative convection .
dh o . gAph U —| 9AQN
— =CU..Ri RI = > T
dt pU* pCP
o h :convective layer height Ap : Density jump Ux : velocity scale Q : Bottom heat flux

« Ri: Richardson number predicts fluid
turbulence and stability
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Comparison with Deardorff scales

1
dh : . gAph h |3
2 _CU.RI™ Ri=% p2 U, —| 95Qh
dt pU: o, 08
« Zangrando and Fernando ( 1991) suggested that in such cases Ap should be
dP [{] g 1]
calculated by : Ap= — "h

dy

« They suggest the interfacial height ‘h’ to be the appropriate length scale (L)

. However, that is an overestimation. The correct length scale comes from the
energy balance at the interface

S PR Correct length scale for
3 calculating Ap is ZP

g=10 qg=25 g=5.0

Mixed layer height (m) :h 0.39 0.38 0.39
Bottom heat flux (W/m?) :Qb 0.49 0.74 1.34
0.017 0.02

Convective velocity scale(m/s) : u*

Penetration depth (m)
Richardson number ‘Ri 8.76 7.68 471 Results match with

Maximum observed u_rms (m/s) 0.1 0.125 0.195 / theoretical values
| Maximum observed v_rms (m/s) 0.014  0.011 0.02




Foq development:; Deepening; and Dissipation (i
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Condensation R N Entrainment ... s
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Radiative cooling ... =] /

Thermodynamics ... s

microphysics
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Questions












Nocturnal Atmospheric Surface layer :

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

% During calm (low wind) and clear
sky nights--Radiation dominates
over other heat transfer processes
In the boundary layer.

R iy < In tropics this condition prevails in
l ! more than 75% of the time.
Liu, et. al., 2008

Height of the
minimum ~ 20-40 cm

|

Origin of cold air layer in the warmer surrounding
& e Ra; for Ramdas layer is ~ 10°
e Stability & Transport
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a) Clear skies and rapid cooling
after sunset.

b) High RH at low
levels.

c) Calm or light
wind conditions
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2006-2008

LABORATORY SETUP

Radiative sink at low
temp. (Cold upper
Atmosphere)

Inversion layer

. . I
(region of interest) / | L
v 5 \  Radiative source at
high temp. (ground)

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

Outer Walls Polyethylene
Sheets

Alumini
( umlnlum)\ A

/\

Air Circulation Section (325-329 K) /

1

Thermofoam

A

Test Section

Aluminium Plate
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Lab setup: Decoupling Radiation Boundary condition

Coolingsink

Polyethylene
sheet

~ Second
enclosure

A
Thermofoam

4 Y EMU, INCASR




(b)

(©)
(a) At 1.5cm 2.68x101° (b) at 3 cm 1.08x101° (c) at10 cm 2.6x10°
particles/m?3 particles/ m3 particles/m?3

,. =14 e_(O-OSj +0.03
& L EMU, NCASR o — absorption coefficient

a

air+aerosol
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Estimating response time of the system
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Two Plate (RB convection)

Effect of boundary emissivities
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Deviations from the Conduction prc;ﬂle, K




