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Project goals

• Develop instrument system for ice 

fog measurements

• Better understand and predict 

Ifog/Wfog conditions over complex 

terrain



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)



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

SODAR

LIDAR

CEILOMETER

C31

PMWR



EC(Microphysics), UU, and NDU

INSTRUMENTS Licor gas analyzer; 

provides CO2 and 

H2O turbulent fluxes

CMP21pyranometers (SW) 

CGR4 pyrgeometers (LW).

thermocouples

Ultrasonic 

anomemeter

Light sensor

PWD52 

Vis-Precip

WXT-T/RHFMD Fog

LPM

Precip spectra

CAP Aerosol

Fog collector

Licor turb flux 

analyzer



2. HOLYROD 
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PRELIMINARY RESULTS



CL31 CEILOMETER





LIDAR MEASUREMENTS

FOG



Jan 17 PMWR



RH time series Jan 7

FOG

FOG



T time series Jan 7



IR AND SW RFLUX

time series



Jan 16 ice fog case (Heber City)
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Na time series; >0.3 micron 

over 8 channels

Na/1000[cm-3]

FOG



LWC and 

Nd

time

series
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Vis time series
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Jan 16 ICE FOG/FF

RH time series

FOG



Jan 16 ICE FOG/FF T[C]

T and RH time series



IR AND SW 

IRRADIANCES

FOR JAN 16 IF/FG
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PWD VIS TIME SERIES



Jan 13





FOG  PARAMETERIZATION/FORECAST MODELS
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ICE FOG (<100 MICRON)



FOG DROPLET SIZE IMAGE



3D Ultrasonic 

anemometer for 

1-s wind 

measurements

High wind 

speed 

caused by 

icing 



LPM PRECIP SPECTRA

Vf [m/s]

Max=20

Max  size=1 cm

Nd=20 counts

DIAMETER; 

Max=1 cm

Droplet fall 

velocity



JUNE 19 

FOG CASE

AMS Bull 2007

Gultepe et al



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











5066.0)(19.1  iNIWCVis
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

ICE FOG MICROPHYSICAL 

PARAMETERIZATION FOR 

FORECAST MODELS



WRF MODEL SIMULATIONS OF ICE FOG DURING FRAM PROJECT

qv

Ni



WRF MODEL SIMULATIONS OF ICE FOG DURING FRAM PROJECT

IWC

VIS



FOG MEASUREMENT AND 

PREDICTION ISSUES



FOG MEASUREMENT AND 

PREDICTION ISSUES

1. WE CANT PREDICT FOG USING 

NUMERICAL MODELS IF 

MEASUREMENTS ARE NOT DONE 

PROPERLY

2. WE NEED ACCURATE MEASUREMENTS 

OF FOG PARTICLES REPRESENTING 

VARIOUS  METEOROLOGICAL 

CONDITIONS

3. 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 

parameterizations

• Improve prediction 

of ice fog using 

WRF or other 

forecasting 

models


