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Introduction

The detection of fog and low cloud (FLC) from satellite data remains challenging despite
advances in methodologies and technology.

Here we apply the pseudo emissivity method (ems(3.9) after Pavolonis and Heidinger, 2005)
using the SEVIRI instrument on Meteosat-10 over the United Arab Emirates, and desert region.
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Objectives

* Provide spatial frequency of fog days
* Identify areas of fog onset
« Understand fog dynamics
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Data sets Study period

« SEVIRI  Winter months over two seasons
 Meteosat-10 situated over 9.5 °E  Dec 2016 to Mar 2017
* Resolution ~3 km  Oct 2017 to Mar 2018

« ERAS

» Global atmospheric reanalysis product
» Resolution around 30 km
« METAR (Meteorological aerodrome reports)
 NOAA National Climatic Data Center (NCDC) database
« Data from three stations:
Abu Dhabi (OMAA, 54.65N, 24.43E),

Dubai (OMDB, 55.33N, 25.25E)
Al Ain (OMAL, 55.60N, 24.25E).
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Methodology overview
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Fog/low cloud detection

Pseudo emissivity was calculated using
equation (1) (Calvert and Pavolonis, 2010).

___Robs(39)
ems(3.9) = B(3.9,BT(10.8))’ (1)

R, = radiance at 3.9um observed
BT = brightness temperature at 10.8um
B = Planck function

© Authors. All rights reserved

Planck function defined in equation (2) (Cao
and Shao, 2019).

v’ (2)

B(v,t) = blackbody radiance (mW/m? -sr-
cm),

C1=1.19104 x 10> (mW/m? -sr-cm™),
C2=1.43877 x 10 (K cm),

v = wavenumber (cm1),

A = wavelength (um) and

t = blackbody temperature (K).
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Verification
Contingency table

METAR fog yes METAR fog no
SEVIRI fog yes Hits False Alarms
SEVIRI fog no Misses Correct Negative
POD = Total hits » Verification is performed over a 6 hour
" Total hits + total misses’ window from 00h0O to 06h00 local time
« Time when fog is most frequent
Total false alarms . _
FAR =  The aim is to assess daily fog frequency

Total hits + total false alarms’

© Authors. All rights reserved
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Threshold maps
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Example

fogmask_20180115_2300_minus_lowcloud RGB_20180115_2300
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Fog Frequency Days

Verification

26

OMAA OMDB OMAL
Statistic Cowdoud  Towdond  Cowdod g
Total Hits 26 10 20
Total Miss 6 2 4
Total False Alarms 17 10 10 3
POD 0.81 0.83 0.83
FAR 0.40 0.50 0.33
Bias score 1.34 1.66 1.25 Q -
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Fog count: Hour 21 Fog count: Hour 22 Fog count: Hour 23

Diurnal Cycle

Fog frequency by hour 1983-2018
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Conclusions

« What is novel about this study

 Pixel based threshold = spatially varying threshold

« Dynamic method for selecting threshold from histogram

» Application of Pseudo Emissivity in Meteosat. Previously only used in GOES-R

* First spatial statistics of fog over the UAE, revealing fog dynamics over the region.
* Results

* The method verified well, with POD (FAR) ranging from 0.81 to 0.83 (0.33 to 0.5)

» The classification had a positive bias, ranging from 25 to 66 %, mostly due to the
Inclusion of haze and mist in the classification

 The hourly frequency is presented and is in line with in situ measurements, indicating
peak fog frequency at 05h00 local time

» This method can for the basis for further refinement and investigation
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