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Introduction

F Validate and test the accuracy of the modified fog algorithm used by

WFO Miami |
A new fog detection algorithm was developed at WFO Miami (Fischer et. al. 2013).
The new algorithm, which is a modified version of the United Parcel Service (UPS) Airlines crossover
technigue (Baker et. al. 2002), uses the crossover temperature in conjunction with a 15-knot maximum

threshold of 925mb winds.

The advantage of the modified crossover technique

Is the standalone nature of the algorithm,

not

relying on the modified Richardson number for boundary layer instability measures since Florida nights

are not typically turbulent during fog season.

The algorithm was tested using METARs from the chosen sites Kendall-Tamiami Executive Airport
(KTMB) and Homestead General Aviation Airport (KHST), using Okeechobee County Airport (KOBE) as

a control for the reanalysis.

Aside from METARS, fog events were monitored using the NASA Short-Term Prediction and Research
Transition (SPoRT) Nighttime Microphysics Image and the GOES Hybrid Spectral Difference (11um

minus 3.9um).

South Florida Fog Events

Model Descriptions, Forecasting, and Forecast Areas

Models Used by WFO Miami and their Description

ECMWEModifiedCrossover — 16km gridpoint

resolution with 90 layers; result of the fog algorithm
using WFO Miami’s crossover temperature and
forecast minimum temperature WECMWEF’s 925mb
winds

GFSModifiedCrossover — 27km gridpoint resolution
with 64 layers; result of the fog algorithm using WFO
Miami’s crossover temperature and forecast minimum
temperature w/GFS40’s 925mb winds
NAMModifiedCrossover — 4km gridpoint resolution
with 60 layers; result of the fog algorithm using WFO
Miami’s crossover temperature and forecast minimum
temperature w/NAM12's 925mb winds
EnsembleModifiedCrossover — Percentage grid
based on the success rate of fog prediction from the
three models using the 925mb winds, crossover
temperature, and minimum forecast temperature from
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ModelECMWFEModifiedCrossover — Uses the 925mb |

winds, crossover temperature, and the forecast
minimum temperature from the ECMWF model
ModelGFSModifiedCrossover — Uses the 925mb
winds, crossover temperature, and the forecast
minimum temperature from the GFS40 Model
ModelNAMModifiedCrossover — Uses the 925mb
winds, crossover temperature, and the forecast
minimum temperature from the NAM12 model
ModelEnsembleModifiedCrossover — Percentage
grid based on the success rate of fog prediction by the
ECMWF, GFS, and NAM using the 925mb winds from
each model, but uses the crossover temperature and
forecast minimum temperature from WFO Miami’s
models

PureCrossover — Uses the crossover temperature and

WFO Miami’s forecast minimum temperature, but does *

not consider the 925mb winds

Conditions for Fog Formation: Relative humidity
close to 100% at the surface, the temperature and
dewpoint are within 4°F, calm winds (AMS Glossary)

What I1s considered fog?: Visibility reduced below
1km (0.62mi). Fog Is considered ground fog when
<60% of sky Is covered. Shallow fog occurs when
vertical visibility is obstructed less than 6ft above the
surface. Haze does not reduce visibility; could be a
preliminary sign of fog. Mist is an intermediate between
haze and fog, having suspended particles more than
aze but less than fog. (AMS Glossary)

Radiation Fog
- Radiation processes dominate
 Thermal, moisture fluxes
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- Turbulence, dynamics, and

* Dynamics and turbulence weak moisture

* Local-scale processes

more important - Local processes secondary

- Radiative processes secondary

» Dense fog
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\ Light fog
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South Florida Fog Season

Fog Season: Typically ranges from November
April 30. Fog formation correlates with
passage of cold fronts. From the late fall to
winter months, fog forms due to radiative coo
The surface will radiate heat to space when c
cover is limited. If the relative humidity is

along the surface and the wind is less than

1to
the
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water vapor will condense, forming clouds. As the
waters along the peninsula warm around early
March, a frontal passage in this area could cause

advection fog. Warm air moves across the colg

surface, causing condensation to occur.

Parameters of Analysis

A modified crossover technique that combines the original crossover

temperature methodology with a 15-kt maximum 925 mb wind threshold
a.) UPS Airlines Crossover Variables — Crossover Temperature and Modified Richardson Number

=== e e Modified Richardson Number
MRi = (T, - T..) / (u)?
Where T, =T, or T; (whichever is
warmer)
T, = forecast minimum T (°C)
u = boundary layer wind speed (kt)
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c.) NASA SPoRT Nighttime Microphysics and
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Analysis Design and Overview

a. UPS Airlines Crossover Temperature and Modified Richardson Number

o Crossover temperature is the dew point temperature observed during the day prior to fog events.
Fog Is forecast to form when the nighttime temperature is expected to cool to the crossover
temperature. In order to use the UPS technique, it must be assumed that no advection is present,
thus the forecast of radiation fog is most common with this application.

* A Modified Richardson Number is used to forecast turbulence within the boundary layer. There
are three characteristics of the surface boundary layer that the MRI measures: mixy, marginal, or
decoupled

— MR values < 0.025 = mixy boundary layer; stratus expected
— MRI values Dbetween 0.025 and 0.04 = marginal boundary
MRIi values > 0.04 = stagnant air; definite fog development

b. WFO Miami Fog Algorithm — the Modified Crossover Technique
 Combination technique that uses the UPS Airlines Crossover Temperature and a 15kt-maximum

threshold of 925mb winds. This technigue caters to the climate of Florida as there Is not a strong
correlation between daytime and nighttime mixing in the boundary layer. Versions of the
algorithm have been created at WFO Miami based on the following models: NAM, GFS, ECMWF,
and an Ensemble of each.
 The algorithm was captured for 25 days beginning Nov. 2013 and ending Apr.
2015
18 Dense Fog Events recorded at KTMB (main station)
e 21 Dense Fog Advisories issued between 01DEC2013 and 09MAR2014
 Note: analysis based on days when algorithm is available; does not include
all SFL events

c. NASA SPoRT Nighttime Microphysics and GOES Spectral Difference

* Nighttime Microphysics imagery from NASA SPoRT is important to help distinguish
between low lying clouds and fog in specific environments. It uses the difference between
the 10.8 and 3.9 um channels to determine the depth of the clouds and the composition of
the clouds (ice vs. water). The 10.8 um channel also determines the temperature at the
surface. Fog at the surface of a warm climate identified in a light blue/purple color.

« The GOES Hybrid Spectral Difference (also called the MODIS Fog Product) is a 1km
resolution model. This model is a hybrid of the GOES Fog Product and the MODIS Low
Cloud Base Model. Low cloud base colors are indicated in yellow, while higher cloud bases
are shown in blue.

 The combination of these two products help determine the accuracy of the WFO Miami Fog
Algorithm. This imagery verifies fog formation in the interior regions of Florida where nqg

ETAR reports are available.

0140206 07:30 OUTC

layer; variable fog

Validation

The WFO Miami modified fog algorithm has a high accuracy of
forecasting dense fog events, but is too sensitive for forecasting
minor or localized fog events.

The fog algorithm was most accurate
with dense fog events 24DEC2013,
28JAN2014, 01FEB2014, 06FEB2014, = === . N
and 08FEB2014 and no fog events such | o .. [ A —
as 18JAN2014, 08APR2014, e

10APR2014, and 18APR2014.
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INCLUDING THE CITIES OF...CLEWISTON...PAHOKEE...SOUTH BAY...
BELLE GLADE...WELLINGTON
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...DENSE FOG ADVISORY IN EFFECT UNTIL 8 AM EST THIS MORNING...

There was higher confidence amongst
models for dense fog events (Figure a.)

THE NATIONAL WEATHER SERVICE IN MIAMI HAS ISSUED A DENSE FOG
ADVISORY...WHICH IS IN EFFECT UNTIL 8 AM EST THIS MORNING.

* VISIBILITY...THERE HAVE BEEN REPORTS OF VISIBILITY OF LESS THAN
1/8TH OF A MILE IN HENDRY COUNTY. AREAS AROUND BELLE GLADE AND
ALONG HIGHWAY 27 HAVE ALS0 REPORTED HEAVY FOG.

* IMPACTS...DENSE FOG WILL MAKE DRIVING VERY DIFFICULT. DRIVERS [ .
g a Fa A ¥ A
SHOULD TAKE PRECAUTIONS WHEN TRAVELING INTO THESE AREAS AS re E e h. e

NASA SPoRT imagery and METAR data e el £ X o sy
were able to confirm algorithm accuracy. s VR M ﬁf l i
There were limitations to these methods e AT N - A 8
at times. In some events, SPoRT

Imagery was unavailable and METAR

data could not verify fog formation in the

Interior, such as 09MAR2014 (Figure b). o [

Fog is highlighted in black, while low  Jezmeo smmsme

clouds are highlighted in yellow.
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During minor and localized fog events,
there was a large forecast range
between models, such as 20FEB2014
and 22FEB2014. Amongst all model
outputs, the most accurate WFO Miami
modified fog algorithm was a
combination of the Model NAM Modified
Crossover and Model Ensemble
Modified Crossover (Figure c.). The
models displayed the most certainty
during dense fog events and decreased
the amount of “false alarm” fog events
from the previous study.

...DENSE FOG ADVISORY IN EFFECT UNTIL 9 AM EDT THIS MORNING...

THE NATIONAL WEATHER SERVICE IN MIAMI HAS ISSUED A DENSE FOG
ADVISORY. . .WHICH IS5 IN EFFECT UMTIL 9 AM EDT THIS MORNING.

* VISIBILITY...ONE QUARTER MILE OR LESS.

* IMPACTS...SUDDEN VISIBILITY RESTRICTIONS...LEADING TO HAZARDOUS
TRAVEL.

PRECAUTIONARY/PREPAREDNESS ACTIONS...

Fog at surface, warm climate ;

Low clouds, warm climate

A DENSE FOG ADVISORY MEANS VISIBILITIES WILL FREQUENTLY BE

REDUCED TO A QUARTER OF A MILE OR LES5. IF DRIVING...SLOW

DOWM. . .USE YOUR LOW BEAM HEADLIGHTS...AND LEAVE PLENTY OF DISTANCE
AHEAD OF YOU.

9Mar1l4 METAR KTMB 090553Z AUTO 26003KT 35M BR CLR 13/12 A3013 RMK AO2 SLP202 T01330117 10194 20133 58004
METAR KTMB 090653Z AUTO 00000KT 35M BR CLR 14/12 A3012 RMK AO2 SLP200 T01390122
SPECI KTMB 090730Z AUTO 32003KT 2 1/2SM BR CLR 14/13 A3012 RMK AO2 T01390128
SPECI KTMB 090737Z AUTO 32003KT 3/4SM BR CLR 13/13 A3012 RMK AO2 T01330128
METAR KTMB 090753Z AUTO 32003KT 1/4SM FG CLR 13/12 A3012 RMK AO2 SLP199 T01330122
SPECI KTMB 090800Z AUTO 33004KT 1SM BR CLR 13/13 A3012 RMK AO2 T01330128
SPECI KTMB 090809Z AUTO 33003KT 2SM BR CLR 14/13 A3012 RMK AO2 T01440133
SPECI KTMB 090821Z AUTO 00000KT 45M BR CLR 15/14 A3012 RMK AO2 T01500139
METAR KTMB 090853Z AUTO 29004KT 6SM BR CLR 15/14 A3011 RMK AQ2 SLP196 T01500139 58006
SPECI KTMB 090915Z AUTO 00000KT 1 3/45M BR CLR 14/14 A3010 RMK AO2 T01440139
SPECI KTMB 090929Z AUTO 00000KT 2 1/25M BR CLR 15/14 A3011 RMK AO2 T01500139
SPECI KTMB 090936Z AUTO 00000KT 35M BR CLR 14/14 A3010 RMK AO2 T01440139
SPECI KTMB 090941Z AUTO 00000KT 1 3/45M BR CLR 14/14 A3011 RMK AO2 T01440139
L L SRR SPECI KTMB 090951Z AUTO 00000KT 35M BR CLR 14/14 A3011 RMK AO2
R 2 METAR KTMB 090953Z AUTO 00000KT 35M BR CLR 14/14 A3011 RMK AO2 SLP196 T01440139
7N s SPECI KTMB 091000Z AUTO 00000KT 1 3/4SM BR CLR 14/13 A3012 RMK AO2 VIS 14 T01390133
SPECI KTMB 091012Z AUTO 33003KT 3/45M BR CLR 14/13 A3012 RMK AO2 T01390133
SPECI KTMB 091018Z AUTO 33003KT 2 1/2SM BR CLR 14/13 A3012 RMK AO2 T01390128
SPECI KTMB 091025Z AUTO 00000KT 3SM BR CLR 13/12 A3013 RMK AO2 T01330122
SPECI KTMB 091027Z AUTO 00000KT 1 1/2SM BR CLR 13/12 A3013 RMK AO2 T01330122
SPECI KTMB 091045Z 33003KT 3/45M BR CLR 14/13 A3013 RMK AO2 T01440133
METAR KTMB 0910537 35003KT 1 1/4SM BR CLR 14/13 A3013 RMK AO2 SLP203 T01390133
SPECI KTMB 091058Z D0000KT 35M BR CLR 14/13 A3013 RMK AO2 T01390133
SPECI KTMB 091109Z 00000KT 1 3/45M BR CLR 15/14 A3013 RMK AO2 T01500139
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SPECI KTME 0911217 00000KT 65M BR FEW005 15/14 A3014 RMK AQ2 TO1500144
SPECI KTME 0911437 00000KT 65M BR BKMNOO0S5 15,14 A3015 RMK AO2 TO1500144
SPECI KTME 0912007 32003KT 1/45M FG VV005 14/13 A3015 RMK AOQ2 T01390128
SPECI KTMB 0912117 32003KT 15M BR VV005 14/13 A3016 RMK AO2 T01440133

SPECI KTME 0912217 32003KT 55M BR FEW005 15/14 A3016 RMK AQ2 TO1500139
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25 total algorithm days; 5 no forecast fog (4 correct); 5 dense fog events (5 correct)

15 minor/localized events - the accuracy varied amongst models, but the Model Ensemble was able to
precisely forecast the fog within 33% for most areas (areas that were forecast to have 66% fog wound up
having trace amounts of fog form), and it was entirely accurate for all areas forecast to have 100% fog
events. The Model NAM was most accurate in terms of forecast area, being between 75-80% accurate
with fog forecast areas (sometimes it would over-forecast fog).

Future goals

Continue to evaluate the current algorithm and make the necessary changes to ensure accuracy in

future fog forecasts. Aknowledgments
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