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e Definition of FLS and overview and
motivation for new FLS product suite

e R20 timeline and lessons learned

* Forecaster feedback and operational impacts

* Next steps



What is FLS?

* FLS = Fog/Low Stratus
* FLS is a major transportation hazard

* Since FLS is primarily a transportation hazard, the GOES-R
definition of FLS is defined relative to aviation flight rules
ceiling/surface visibility categories

 VFR - Visual flight rules
S ceiling > 3000 ft and vis > 5 mi
|+ MVFR - Marginal visual flight rules
1000 ft < ceiling < 3000 ft or 3 mi <vis <5 mi
* |IFR - Instrument flight rules
500 ft < ceiling <1000 ft or 1 mi <vis <3 mi
 LIFR - Low instrument flight rules
ceiling < 500 ft or vis <1 mi
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Presentation Notes
Satellite data tends to be better correlated with ceiling rather than visibility


VFER - Visual flight rules

ceiling > 3000 ft and vis > 5 mi
MVER - Marginal visual flight rules

1000 ft < ceiling < 3000 ft or 3 mi <vis <5 mi
IFR - Instrument flight rules

500 ft < ceiling <1000 ft or 1 mi <vis <3 mi
LIFR - Low instrument flight rules

ceiling <500 ft or vis <1 mi

Ceiling (agl) and V WYy Wed 05:007 13-Mar-13
GOES—W MVFR Probabili %y  WNed 05:007 132-Mar-132
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VFER - Visual flight rules

ceiling > 3000 ft and vis > 5 mi
MVER - Marginal visual flight rules

1000 ft < ceiling <3000 ft or 3 mi <vis <5 mi
IFR - Instrument flight rules

500 ft < ceiling < 1000 ft or 1 mi <vis <3 mi
LIFR - Low instrument flight rules

ceiling <500 ft or vis <1 mi

Ceiling (agl) and V
CGOES-W IFR Probabili



Probablllty of LIFR

VFR - Vlsual flight rules
ceiling > 3000 ft and vis > 5 mi

« MVER - Marginal visual flight rules

1000 ft < ceiling <3000 ft or 3 mi <vis <5 mi
* |IFR - Instrument flight rules

500 ft < ceiling <1000 ft or 1 mi <vis <3 mi
« LIFR - Low instrument flight rules
ceiling <500 ft or vis <1 mi
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Presentation Notes
-The more specific the prediction, the smaller the skill


FLS Thickness

vation of F adiation FLS

Cloud Thickness Value (feet)
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S. California

Cenacagimand Visibility Wed 05:00Z 13-Mar-13
Cloud Thickness-Highest Liquid Layer 4km (ft) Wed 05:00Z 13-Mar-13



- Fused Fog/Low Cloud Detection Approach

Satellite Data Static Ancillary Data Daily SST Data

-Minimum channel requirement: Vo ' . ol -Surface Temperature
0.65, 3.9, 6.7/7.3, 11, and 12/13.3 pm _DEM 0.25 degree OISST -Profiles of T and g
-Previous image for temporal -RUC/RAP (2-3 hr forecast)

-Surface Type
continuity (GEO only) _Surface Eﬁ?issivity or GFS (12 hr forecast)
-Cloud Phase
Clear Sky'RTM

NWP RH Profiles

Naive
Total run time: 2 ~ |

MOdEl - 3 minutes

-RUC/RAP (2-3 hr forecast)
or GFS (12 hr forecast)

***IMPORTANT: Other sources of relevant data (e.g. sfc obs) influence results through the model fields
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Presentation Notes
The algorithm can be applied to just about any sensor using the same code
The GOES-R IFR probability is a blended product merging satellite, NWP model, daily SST, and static ancillary data using a naïve Bayesian model (surface observations are incorporated through the model data assimilation).
The satellite predictors differ between day and night
Model temperature and moisture profiles from the 2 – 3 hour 13 km RAP forecast are used over CONUS, otherwise the GFS is used.
The fused approach allows weaknesses in the individual predictors to be mitigated.  For instance, satellite measurements are not very useful for diagnosing fog/low cloud when multiple cloud layers are present and model fields tend to struggle with depicting small-scale fog events like valley fogs.  The fusion process allows for confident identification of IFR conditions even when one of the individual predictors fails at highlighting the potential for IFR conditions.  Once some experience is gained with the IFR probability product, it is generally easy to determine which type of predictor (satellite or model) is influencing the results the most.


Motivation for Re-thinking FLS
Products: Limitations of
Traditional FLS Products
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Presentation Notes
The GOES-R products were designed to mitigate many of the limitations of traditional imagery-based satellite fog/low cloud products.
While satellite imagery is useful, imagery does not provide quantitative information on cloud ceilings and/or surface visibility.
The GOES-R products are unique in that they provide a quantitative assessment of whether IFR conditions are present or not.
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Th|s BTD product has
been traditionally used
in the past to detect
nighttime FLS

(yellow/orange
representing FLS)
It is difficult to
differentiate between
FLS or nonhazardous
elevated stratus clouds
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Ceiling (agl) and Visibility Thu 12:00Z2 01-Mar-12
GOES 11u-3.9u Satellite (counts) Thu 11:402 01-Mar-12
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Presentation Notes
The traditional nighttime BTD product detects all liquid water clouds located in relatively stable atmospheric layers whether they are low to the ground or elevated.
Thus, it is difficult to isolate hazardous low cloud layers from non-hazardous low cloud layers using this product alone
Note how the clouds in E. OH/W. PA and SE Texas are depicted by very similar colors (yellow/orange in this case) in the traditional BTD product


Traditional GOES-East 11 — 3.9 um BTD
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GOES 11u-3.9u Satellite (counts) Thu 11:402 01-Mar-12
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Examination of the Corpus Cristi 12 UTC sonde in consistent with an IFR producing cloud layer near the ground.
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72251 CRP Corpus Christi Intl
100

SLAT 27.76
SLOM -37.50
SELY  13.00
SHOW -3.92
LIFT  -3.06
LFTY -3.38
SWET 435.3
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WTOT 27.70
TOTL 53.00
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Presentation Notes
Note that the profile is consistent with the surface observation of a low cloud ceiling of 600 ft (well within IFR criteria)
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By contrast, surface observations in Pittsburg indicate a ceiling of 4700 feet and a surface visibility of 10 miles.  The 12 UTC sonde clearly shows that an elevated stable cloud layer is present.
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72520 PIT Pittsburgh
100 poidw

SLAT 4053
SLOM -80.23
SELY  357.0
SHOW 13.88
LIFT 1418
LFTY 1417
SWET 1459
KIMX  11.80
CTOT 15.00
WTOT 18.00
TOTL  33.00
CAPE 0.0

CaPyY 000

CINS 0.0
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Presentation Notes
Without help from surface observations or atmospheric profiles, which are not available everywhere all the time, it is very difficult to use the traditional BTD product to identify hazardous low clouds.


The GOES-R FLS products were developed to improve upon the
traditional FLS products. The GOES-R products are far more skilled at
isolating hazardous areas of FLS.

Ceiling (agl) and Visibility Thu 12:002
GOES-E IFR Probability 4km (%) Thu 11:327


Presenter
Presentation Notes
In response to the limitations of the traditional BTD product, the GOES-R AWG created a product that:
1). Is skilled at isolating IFR inducing clouds
2). Provides information day and night
3). Provides information even when multiple cloud layers are present
4). Can better detect shallow fog layers


OES-East 11 -3.9 um BTD

T T
¥ The traditional BTD product
does not provide any
o information when multiple
i cloud layers

Ceiling (agl) and Visibility Thu 12:00Z2 01-Mar-12
GOES 11u-3.9u Satellite (counts) Thu 11:402 01-Mar-12
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Another major limitation of the traditional BTD product is that it provides little or no information when multiple cloud layers are present
In addition, product interpretation is difficult during the day


The GOES-R FLS products were developed to improve upon the
traditional FLS products. The GOES-R products work day and night
and provide information even when multiple cloud layers are present.

Ceiling (agl) and Visibility Thu 12:002
GOES-E IFR Probability 4km (%) Thu 11:327
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Presentation Notes
In response to the limitations of the traditional BTD product, the GOES-R AWG created a product that:
1). Is skilled at isolating IFR inducing clouds
2). Provides information day and night
3). Provides information even when multiple cloud layers are present
4). Can better detect shallow fog layers


Cejl 1) tand U'is‘ii,]z? el 06:002 07-Aug-13

ing (ag A i
GOES-Y Cloud Thickness-Highest Liquid Layer 4 (ft) | Wed 05:45Z 07-Aug=13 L Suomi NPP VIIRSkAD.80un-- 3.74um Fog Prodliét (C) Not Losded
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Presentation Notes
Algorithm was developed such that better sensor capabilities = better product


'S
GOES-R FLS Validation Over CONUS

 The FLS products were validated using surface observations of ceiling
and visibility

e The plot below shows the Critical Success Index (CSI) of the
daytime/nighttime GOES-R IFR probabilities along with the nighttime
BTD product as a function of the threshold used to differentiate
between FLS and non-FLS clouds

CSI Scores
Btd Threshold (K) [black]
-5 -7 —& -5 —4 -z -2 —1 0 1 z ) 4 5 G 7
1.0 T I T I T I T I T I T I T I T I T I
° The maximum CSI fOf the 1|l Max CSI Nighttime BTD=0.254 B

Max CSl Nighttime GOES—-R=0.438

nighttime BTD product was 0‘8‘_ Max CSI Daytime GOES—R=0.453

calculated at 0.254 5o, The maximum CSI occurs when the IFR
: sl probability is ~25% (physical basis for our
. [ colorbar)

e The maximum CSI for the
daytime/nighttime IFR
probabilities were calculated at

0.453/0.438 respectively, nearly

double that of the traditional BTD

1 1
o 10 20 30 40 50 &0 70 20

prOdUCt Bayesian Frobability Threshold (%) [Blue and Red]
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Presentation Notes
Because of differing radiative transfer processes the satellite predictors used during the day differ from those used at night
Validation was performed using 1 day from each month comprising roughly 1100 GOES-E scenes
The CSI was calculated as a function of the probability threshold used to separate IFR from non-IFR conditions over the full range of probability values (0-100%)
Similarly, the CSI was calculated for the traditional 3.9-11 um BTD as a function of the BTD threshold used to separate IFR from non-IFR conditions over a large range of thresholds
The maximum CSI for the GOES-R IFR probability product is nearly twice as large as the maximum CSI for the traditional BTD product
CSI = (hits)/(hits + false alarms + misses), is sensitive to the climatology of the event


“R20O” Timeline and Lessons
Learned




GOES-R Fog/Low Stratus Algorithm Timeline
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Presentation Notes
-Scientific concept to useful product in a relatively short time frame
-Some of the algorithm improvements were inspired and/or confirmed as important by forecasters that provided feedback


GOES-R Fog/Low Stratus Algorithm Timeline

Phase I: AWG
development
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Presentation Notes
-~2.5 years from scientific concept to useful real-time capable product
-Scientific concept to useful product in a relatively short time frame
-Some of the algorithm improvements were inspired and/or confirmed as important by forecasters that provided feedback


GOES-R Fog/Low Stratus Algorithm Timeline

/\/\/9®>

Phase Il: Products and training A |
first introduced to small group
of forecasters in AK and MKX. &
Several product upgrades
were also implemented.

v‘) \°4 Y Q|0 «V

2009 2010

2012
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-Some of the algorithm improvements were inspired and/or confirmed as important by forecasters that provided feedback
-The product upgrades were designed to mitigate significant limitations of the traditional FLS products.  These upgrades added value beyond that required in the GOES-R MRD.


GOES-R Fog/Low Stratus Algorithm Timeline

L\

2012




GOES-R Fog/Low Stratus Algorithm Timeline

Phase IV: Larger
scale (24 WFOQO's;

operational
evaluation;
operational
impacts

Additional
product
development




GOES-R Fog/Low Stratus Algorithm Timeline

s Phase V: Transition to

o NESDIS operations and
integration into AWIPS-II
. operational build

This activity is pending
results of 2013 PSDI review




Lessons Learned (so far)

Product naming/branding is very important

SME involvement in the training process is very, very
important (trainer must understand the material well
enough to explain it to a non-expert in a very clear
manner)

Operational needs differ from region to region. Thus,
the training material should contain region specific
examples.

Forecasters and researchers are not that different!

Reliable and efficient product generation and
distribution can occur outside of NESDIS operations

It is important to keep training examples current
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Presentation Notes
-Multiple product lines that are related to the same operational application can easily be confused.
-Cross referencing products in training material can help address this problem
-Level of expertise required to perform training is not developed over-night, just as expertise to develop the products is not developed over-night.  It takes many months.
-How do we classify products produced outside of NESDIS operations that have non-trivial operational impacts? These should be thought of as success stories.


M| GOES R Fog Product Examples | Fog detection fusing GOES, Terra/Aqua or Suomi/NPP Satellite data with Model output - Mozilla Fire [EIEIE
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Fused Fog Blog:
= New hosting site (ssec.wisc.edu)
= QOld site at 28000 hits
= All old posts exported to new site
= 166 total posts
=  Emails to SOOs when case is posted
= Searchable by dates and categories
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Forecaster Feedback and
Operational Impacts
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Presentation Notes
The GOES-R products were designed to mitigate many of the limitations of traditional imagery-based satellite fog/low cloud products.
While satellite imagery is useful, imagery does not provide quantitative information on cloud ceilings and/or surface visibility.
The GOES-R products are unique in that they provide a quantitative assessment of whether IFR conditions are present or not.


Assessing Impacts

Formal survey results indicate that the vast
majority of forecasters have a very favorable
opinion of the GOES-R AWG FLS products.

The GOES-R AWG FLS products have been cited
in at least 60 AFD’s since March 2012.

Several SOO’s and forecasters have informed us
(via email) that the GOES-R FLS products are
being used on a routine basis for applications
like TAF’s and fog related warning/advisories.

Social media and international activities




Overall, how useful did you find the GOES-R FLS products?

NWS Central
Region survey

results gathered
by Chad Gravelle

Very Useful
5055




FLS Development on November 21, 2012 (the day before Thanksgiving)
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MKX AFD on early
morning of
November 21, 2012

| DENSE FOG COVERS NEARLY THE ENTIRE AREA THIS
. . i MORNING. THE CHALLENGE IS DETERMINING JUST
o| WHEN IT WILL CLEAR. USING A COMBINATION OF
THE MODEL SOUNDINGS...EXPECTED INCREASING
GRADIENT FLOW...THE GOES-R PROVING GROUND
CLOUD THICKNESS PRODUCT AND TIME OF YEAR
CONSIDERATIONS...FEEL IT NECESSARY TO DELAY THE
CLEARING OF THE FOG AND THE DENSE FOG
ADVISORY UNTIL ABOUT 18Z. THE LOW LEVEL
INVERSION IS STRONG AND IT WILL TAKE A FEW
HOURS OF THAT INCREASING GRADIENT WIND TO
ERODE THAT INVERSION. THE ESTIMATED DEPTH OF
THE FOG IS AROUND 800-1000FT...SUGGESTING IT
WILL TAKE ABOUT 3-4 HOURS AFTER SUNRISE TO
CLEAR OUT. WE WERE ENDING THE DENSE FOG
ADVISORY AT 10 AM AND THIS SEEMS ABOUT AN
HOUR OR SO EARLY...SO WILL STRETCH IT TO NOON
FOR A BIT OF A CUSHION.



GOES-R FLS Products in GFE Gridded Aviation Forecast Program at
WFO Greenville-Spartanburg

gl GFE- KB TE < hedd fin T
GFE  \WestherElement  Popuate  [Grids

COESRifrPROE SFC  SAT {G5F)
b COESRsw FrPROE SFC SAT (GSP)

[1 IRL1E SFC SAT [GSF)

[1 IR13E BFC SAT [GS9)

II- Status:
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Figure 1: Satellite Weather Element Group with GOESmvirPROB displayed

The IFR and MVFR
probabilities are
now used to adjust
the grids from
which Terminal
Area Forecasts
(TAFs) are created



Weather-Ready Nation

National Oceanic and Atmospheric Administration

KTBW routinely utilizes the GOES-R
AWG FLS products, including during

hlgh |mpact events

Dense Fog Advisory Rest of The
w_— Afternoon Through Tonight

119ty Sun 24-Feb-13 L Qo \
m (%) Sun 01 022 E‘F—de -13 GOES-R CToud Thickness-Highest Liquid Layer 4km (Ft) Sum 01:02!‘@_9‘-5@-13

The forecasters at KTBW (WFO Tampa Bay, FL) used the GOES-R
fog/low stratus products to brief the U.S. Coast Guard (USCG) during a
fog event in the NE Gulf of Mexico in early February 2013. Through
coordination with the NWS and other agencies, restrictions were put in
place to keep large vessels either in port or anchored at sea until the
fog lifted. The GOES-R IFR and LIFR probability products were very
helpful in identifying the extent of the hazardous areas so that
navigation restrictions could be confined to only necessary areas. At
the end of the briefing the USCG Commander Omar told the
forecasters at KTBW, “Great weather information and thank you for
s Sabiniil *;db M providing us support on the call.”




WFO Tampa Bay GOES-R AWG FLS products and

Timeline Photos

o I I o
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Next Steps

Generate GOES-R FLS products using VIIRS (coming soon!)
Reduce differences between daytime and nighttime results

Merge LEO and GEO capabilities (e.g. use high spatial resolution
VIIRS FLS probability as a priori probability in GOES classifier)

Incorporate morphometric characterization of landforms into
classifier (this should allow for more accurate and detailed depiction
of smaller scale valley fogs and local variability in cloud base)

Develop 1 - 3 hour prognostic IFR and LIFR probability products
Develop fog formation alerting capability
Integrate results with GPS applications




Next Steps

Generate GOES-R FLS products using VIIRS (coming soon!)
Reduce differences between daytime and nighttime results

Merge LEO and GEO capabilities (e.g. use high spatial resolution
VIIRS FLS probability as a priori probability in GOES classifier)

Incorporate morphometric characterization of landforms into
classifier (this should allow for more accurate and detailed depiction
of smaller scale valley fogs and local variability in cloud base)

Develop 1 - 3 hour prognostic IFR and LIFR probability products
Develop foqg formation alerting capability

Integrate results with GPS applications




Prototype GOES-R Fog Alerting Capability

Shallow fog formed across
southern Louisiana on ROV N i o P 5 W Loy s
March 6, 2012. " .G .

Prototype GOES-R fog _ "
alerting product triggered an i 48 .
alarm indicating the likely 0 o
development of fog at 7:45 o s i

e mm— g
i 4 1

AFD was posted by NWS in :_ff AR, T &3 ? G '
St. Charles at 10:31 UTC with . % S ' Wil

first mention of shallow, e | _ _ __
localized fog formation 1 | 0, TR

Updated AFD was posted at
11:33 UTC with mention of
fog as an aviation hazard

The traditional BTD product has difficulty

The heritage fog product discerning areas of fog throughout entire event
never produced a coherent

signal
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GOES-R fog

l alerting product
produced alarms
for both Lake
Charles (LCH) and
New
Orleans/Baton
Rouge (LIX) WFQ'’s
warning of fog

B development

Ceiling (agl) and Visibility Tue 08:007 06-Har-12 Ceiling (agl) and Visibility Tue 08:002 06-Mar-12
GOES—E IFR Probabijlity #kma (%) Tue 07:452 06-Har-12 GOES-E Cloud Thickness-Highest Liquid Layer dkms(ft) Tue 07:452 06-Har-12

N\ GUARDIAN Pop-up Message Window % GUARDIAN Pop-up Message Window

w**+ POSSIBLE FOG DEVELOPING IN CWA {LCH) *****

v oW

Satellite: GOES-13
Date and Time: March 6, 2012 07:45:00 GMT

Satellite: GOES-13
Date and Time: March 6, 2012 07:45:00 GMT

Counties/Parishes where fog may be developing include:
Louisiana:
Vermilion, Acadia, Jefferson Davis, Allen, Beauregard,
Calcasieu, Cameron
Texas:
Jasper, Newton, Tyler, Hardin, Orange, Jefferson

Counties/Parishes where fog may be developing include:
Louisiana:
St. Mary, 5t. Martin, Assumption, Terrebonne, Lafourche,
3t. Charles, Jefferson, Oreans, 3t. Bemard, Flagquemines

FLS Object Statistics:
Median IFR Probability = 43.2%
Max IFR Probability 2.9%

Median LIFR Probability = 24.4% Map of local WFQO’s and

FLS Object Statistics:
Median IFR Probability = 41.0%
Max IFR Probability = 91.3% oy
Median LIFR Probability = 22.8% Max LIFR Protiability = 71.4%
Max LIFR Probability = 86.0%

Humber of Satellite Pixels = 140 H ’
e 27400 Ko corresponding CWA’s
Humber of Satellite Pixels = 1145 Geographic Area = 2240.0 km"2 P g

Geographic Area = 18320.0 km~2
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We would like to collect forecaster feedback on the general idea


Next Steps

Generate GOES-R FLS products using VIIRS (coming soon!)
Reduce differences between daytime and nighttime results

Merge LEO and GEO capabilities (e.g. use high spatial resolution
VIIRS FLS probability as a priori probability in GOES classifier)

Incorporate morphometric characterization of landforms into
classifier (this should allow for more accurate and detailed depiction
of smaller scale valley fogs and local variability in cloud base)

Develop 1 - 3 hour prognostic IFR and LIFR probability products
Develop fog formation alerting capability
Integrate results with GPS applications
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Fake example — not a real product, yet!
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Possible fusion with traffic cameras
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