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Project goals -

"‘A

s,,\ﬂ‘eve,lo.pa instrument system for ice
fog measurements

. .

- Better understand and predict
 Mfog fog conditions over complex
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L. Definition of fog

Warm fog >  RHw~100% and Vis<1 km

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

/ Ta~0C (freezing at surface)
. Cold fog

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

\ (freezing happens in the air)

W
(Depositional nk;cleation)

T .

- . ot
.___TTM t ¢
¢ ’i' LS ‘

lce f0g: Ta<;10C; RHi>100%m v, 707



ICING AND FOG TYPE

Jan 7: IF
Jan 16: FF &IF
Jan 30: IF




Jan 7 Ice/FF Fog Case




Jan 7 Ice Fog Case




Jan 7 Ice Fog Case
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REMOTE SENSING PLATFORMS FOR
ATMOSPHERIC PROFILING

LIDAR PMWR




Licor gas analyzer;
provides CO2 and
H20 turbulent fluxes
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MINI-VIS




Height (m AGL)

PRELIMINARY RESULTS

Backscatter CL31 Heber Valley

10 Jan 2015




Height (m AGL)

CL31 CEILOMETER

16 Jan 2015
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Height (m AGL)

LIDAR MEASUREMENTS

Backscatter and VAD winds
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Irradiance [W m]
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Na time series; >0.3 micron
over 8 channels
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Relative Humidity [%]

Jan 16 ICE FOG/FF
RH time series
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Visibility [km]

FOG PARAMETERIZATION/FORECAST MODELS

Visibility vs. 1/(LWC*Nd) (At= 1sec), 27-Jun-2006
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3D Ultrasonic
anemometer for % |
1-s wind 2y
measurements
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Figure 14: Time series of 1 Hz wind components from Young
3D anemometer sensor for Jan 17 (top box) andforJan 18
(bottombox) 2013: Blacksolidline is for 60 sec-averaged
vertical air veglocity (green lines).



LPM PRECIP SPECTRA

htPearl 120102012 12:18:00 a8 (1357 mmih)

%W [m/s] Nd=20 counts B
" Max=20

a
.2 15
7.4
EE

Droplet fall

5 velocity 10
4.2

3

]

2.2

! DIAMETER,;

; Max=1 cm 0

] 1] 1 13 2 23 3 35 4 45 ] ] E £S5 ) 15 ]

Ma%™§78=1 cm



SW INCOMING BROADBAND RADIATIVE FLUXES
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FiGc. 6: Sows incoming SW broadband radiative fluxes versus time for
various days during FRAM-LI. The data points for the |7 June and
2 July 2006 represent clear air conditions. Others represent either
foggy (e.g., 19 June) or foggy plus rainy conditions (e.g., 15 June). The
days with lines are for foggy conditions except for the 15 June 2006
case. Mean and standard deviation for entire day for each case are

also shown on the figure.



FOG PARAMETERIZATION

1. Parameters needed are for ice fog:
IWC, Ni, RHi,and T

2. Parameters needed are for liquid fog :
LWC, Nd, RHw, and T

3. A cloud model or a forecast model
with a good resolution of time and
space resolution that will resolve
weather events e.g. fog

4.Then, Vis is obtained for fog regions
with extinction calculations based on
IWC and Ni



ICE MICROPHYSICAL ALGORITHMS
FOR THE NUMERICAL
CLOUD/FORECAST MODELS

1.Milbrandt and Yau
2.Morrison et al
3. Thompson et al

All these have some kind of
assumptions related to IN and size
distributions
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Extinction versus Xp
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ICE FOG MICROPHYSICAL
PARAMETERIZATION FOR
FORECAST MODELS

Vis=1.19(IWC e N ) 0%

To predict Ice fog visibility from the models,
we need to estimate following parameters

-IWC (large uncertainty, 100%)
-Ni (large uncertainty, 100%)
-RHi (T, Tf) >10% in Rhi

AMS Bull. 2013; Gultepe et al



WRF MODEL SIMULATIONS OF ICE FOG DURING FRAM PROJECT

a) Qv Milbrandt—Yau a} Qv Momson
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WRF MODEL SIMULATIONS OF ICE FOG DURING FRAM PROJECT

¢} WC Mibrandi-Yau K) WC Thompson
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Figure 7: The Qv Ni. IWC, and Vis obtained from the WRF simulations (using 10 km grid resolution) on 08:00
LST, January 12 2011 over Yellowknife International Airport are shown in Figs. 7a-d for Milbrandt and Yau. in
Figs. Te-h for Morrison et al. in Figs. 7i-1 for Thompson et al schemes, respectively.



FOG MEASUREMENT AND
PREDICTION ISSUES
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FOG MEASUREMENT AND
PREDICTION ISSUES

4

3.

WE NEED ACCURATE MEASUREMENTS
OF FOG PARTICLES REPRESENTING
VARIOUS METEOROLOGICAL
CONDITIONS

TIME AND SPACE SCALES NEED TO BE
RESOLVED, FOR LARGER SCALES
SATELLITE BASED FOG PREDICTIONS
ARE NEEDED



FUTURE WORK

Do case studies
for Jan 7 and Jan
30

 Evaluate statistics
for Jan 2015 for
Vis versus IWC
and Ni

Develop ice fog
microphysical
| par;ameterlzatlons

BRE 3 | Se—
J»rgve predlctlon
of ice f
WRF or 6 her """“




