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il Introduction

« WOW impact observations
« What have we got ?

 How can we use them ?

e Case Study(s) —
* Verification issues
 Time-to-space mapping

= P
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Can ad-hoc citizen observations be used to verify weather
warnings?

Ric CrocKER

Weather Science, Met Office, Exeter, UK
Mamwscrip) received Octoher 27, 2017; im revised form June 26, 2018; acoepiod Jaly M), 2018)

Abstract

Mational weather wamings ane a major part of a national meteorological organisation’s remit. These wamings
oonvey informaiion about periods of severe wealher which Torecusters have deemed Likely 1o have an impact
on the public, The impacis anc n|-i-. ully presenied on a scale nunning from minor up o severe Citizen
submilted impact observations lave been aissiaad (0 wee whether they have the potential vo verify the qualiny
of weather warnings in torms of impact rather than metcomlogical accuracy. The observations are shown o
provide wseful information which can enhance subjective aisesament of specific cases. It is demonsirated that
this set of observations are nol vel suitable for rowtine objective verification due 1o the sporadic nature of the
daita and the problem of missing correct pegatives when forming contingency tables

Hr}“:wﬂ\: citzen observalions, weather warnings, venlicaion, impacts

« Combining data sources \
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Weather Observations Website (WOW

(wow.metoffice.gov.uk)
Met Office

— wWOow
;g Met Ofﬁce WeatherObservationsWebsite
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Met Office

€) 4. Add a Photo

Upload a file

Jpeg, gifand png-24
image formats
supported

9 5. Select the type of weather effects you wish to use

Travel Disruption

Property or Infrastructure Damage
Personal Health and Safety

Utility Disruption

Service or Business Disruption
Agriculture Habitat Damage

Disruption to Camping Events Leisure Activities

(2

2]

2]

1. Travel Disruption

WOW Impact reports

Choose the causes of each weather effect

Select an impact level

LOW

1 - Difficult travelling
conditions resulting in
slow moving traffic,
minor delays to

2 - Longer journey
times, local disruption
to travel and service
delays to public

HIGH
3 - Roads closed,
widespread disruption
to public transport
andfor Police advice not

VERY HIGH

4 - Entire public
transport networks
suspended, prolonged
road closures and/or

commuting and public transport, fords to travel. motorists stranded in
transport. impassable. vehicles.
5. Service or Business Disruption
Select an impact level
LOW HIGH VERY HIGH
1 - Business/school 2 - Business/school 3 - Multiple 4 - Multiple

closed early.

closed whole day.

7. Disruption to Camping Events Leisure Activities

businesses/schools
closed and some
disruption to other
public services.

businesses/schools
closed and widespread
disruption to other
public services.

Select an impact level

LOw

1 - Minor effects on
tents or recreational
activities.

2 - Tents severely
affected / small scale
event e.g. village fair or
recreational activities
affected.

HIGH
3 - Tents destroyed,
caravans slightly
affected / small scale
event or recreational
activities abandoned or
cancelled / major event
(>»10,000 attendees)
affected.

VERY HIGH

4 - caravans severely
affected or destroyed /
major events severely
affected e.g.
cancellation or
abandonment of major
music festival (>10,000
attendees).




Met Office

Man

Impact Obs
reported this
week (up to
Thurs 24t):-

Travel Utility Property &
Disruption Disruption Infrastructure
Damage

-

ENforna l))" >"Jr Nnﬂh Fennines

 United

Weather Impacts

Weather Impact Type

Personal Service /
Health & Business

Safity Disruption

Benridge Park, Blyth x
fekkAk

23:15 (GMT +00:00) en

21/11/2016

Quick summary Forecast

Weather Impact Severity

Travel Disuption

Severity

4 - Entire public transport networks suspended, prolonged
road closures and/or motorists stranded in vehicles.
Hazards

Flood, Rain, Wind,

Property & Infrastructure Damage
Severity

2 - Minor internal property damage and/or minor external
damage to property or infrastructure.

Hazards

Rain, Wind,

Personal Health & Safety

Severity

2 - Evidence of minor injuries/fobserved.
Hazards

Flood, Rain, Wind,

Utility Disruption
Severity

1 - Short term loss of supply experienced during the poor
weather period.
Hazards

ather Impact

High \ery
High




No. of Obs

Non-QC’d daily impact ops

Met Office
20 Aug 15 —-07 Jun 2016

20 Daily Impact Obs in Metdb (no QC)

15+

591 reports, 322 unique lat-lon positions, locations widespread
20 reports on 20/11/15

Reports are in clusters - event driven, not just regular reporting sites but significant

Locations of Impact Obs in Metdb (no QC)

v

number of the one-off reports (suggests a willingness to report events, certainly in more

populated areas.




Met Office

User Distribution of Impact reports

Total No. of No. of

One site made 43 reports Reports Made | Unique

246 sites made 1 report

43
(out of 591 reports) 23
17
Do we have a mix of enthusiasts 13
and sporadic users? 10

QC is important as we will see later.

Sites

1
1
1
2
2
2
1
2
1
1
8

w ~ O OO N o0 ©

15




Met Office

Reports

by
weather
hazard

Rain, snow, ice, wind
and flood occur
frequently.

Wildfires appear to
occur with some
regularity (suspect)

Noticeable similarity
between rain and
flood, and snow and
Ice.

Clodagh Frank
Abigail Desmond

Barney
T

Eva
1

Imogen
Gertrude
Henry

ke

T

P |

st sy s

Ulaks " A

T

e |

P

JRain

| Wind
|Snow
|Flood
|Fog
1Ice

| Coastal
|Lndslide
ILgtng

| Other

| Hail

| wildfire



What can we assess?-

National Severe Weather Warning Service (Weather Warnings)

Daily Weathe arnings

Met Office . Ideally one would get more

| impact observations when
T | ' warnings are in place,
increasing in number as the

No. of Warnings

6|
. L
- ;
seyerity of the warning
.
N Ngreqges. : '
JEL I | - L
> o> o> o> o> o>
o N0 A A o o
A5 28 2 28 285 A
Time series has roughly same distribution as impact obs, though they are not directly linked
-0 Daily Impact Obs in Metdb (no QC)
15}
a2
o
s 10
=1
=
5
o
%% - 253 %3
Caad ° er“'ya o o° &° ©
20> 28 20> e




Met Office

Case:-

Image created at the Met Office usin

81mph Q

4 Dec 2015 5-6Dec 2015

Severe gales with gusts up to 81 mph were accompanied by
record-breaking rainfall which brought flooding to areas across the
north of England. Honister Pass in Cumbria recorded 341.4mm of
rainfall in the 24-hours up to 1800 GMT on 5 December 2015 making
a new UK record.




ﬁtorm Desmond We%ther Warnings + Impact Obs
Met Office ed warnings ISsued.

5 -6t Dec 2015

Observer interpretation of
severity can be variable.

Vast majority of impact ops in
the waming area.

Some impacts outside the
area.

Warning border colour
1 Rain
Wind
Snow
Ice
Fog
1 Multiple




Mmetofice Storm Desmond - Aftermath

Ll ]
* .Md-m

® SCOTLAND .

Insurance Claims




metofice Case :- Boxing Day 2015




metofice  Verification

Storm Gertrude (Obs Observed Impact

Obs Space — 80% HR space) Yes No
Warning Yes 8
No 2

Storm Gertrude Warning

(Warnings Space)

Warnings Space — 60% HR Observed Yes
Impact No
Also:-
Can hedge by issuing large area warnings to ensure any obs are
covered.

A warning with no observed impact does not mean it is wrong!




. Matt Clark
Wind storm

Metofice 17 November 2016 (2 days before Angus)

* Narrow swath of intense wind
damage across Wales and the
Midlands

» Aberystwyth area and
Shropshire particularly badly
affected (73 knot gust recorded at
Shawbury)

 Associated with a small frontal
wave which moved rapidly ENE

10202

Surface analysis chart valid 1200 UTC 17 November 2016
(Red line = damage track)
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Damage reports shortly after event

Total =48

Roof damage due to
suspected tornado at Meir,
Stoke-on-Trent

78 knot gust at private AWS
at Ynyslas at 1039 UTC

Mobile homes

destroyed at . o
. Clarach Bay -+

% L DL Side wall of building blown
< down at JCB HQ in Rocester

73 knot gust at 1140 UTC and

82 knot gust at Aberystwyth lifeboat station at 16 helicopters damaged at
TC, roof damage to multiple buildings in town RAF Shawbury




Damage points after damage
surveys

Total =1174

* 6 days of field surveys in east Wales,
Shropshire and west Staffordshire

» Additional surveys in West Wales (John
Mason) and Notts/Lincs (Tim Prosser)




Damage points with objective swathes
(shading) — Shropshire area
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* Orange shading is an intensity-weighted count of damage points on a 0.3 km grid
» Darker colours denote higher intensity-weighted densities



Damage points with objective swathes
(shading) — Shropshire area
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Damage points with objective swathes
(shading) — Shropshire area
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Storm-relative
location of shifted
data point is the
same as that of the
AWS at each
observation time

Time compositing

-~
(_.) 12:00 observation
-~
(_.) 12:05 observation
-\
(_.) 12:10 observation
-~
(_' 12:15 observation
AWS‘ 12:20 observation
-~
(_)) 12:25 observation
-~
(_.) 12:30 observation

~~
(_.} 12:35 observation

-~
(_.' 12:40 observation

Storm motion vector

Analysis time = 1220 UTC
Compositing window = 40 minutes (1200 — 1240)
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data points map
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radr flctivity at 17 TC 17 November 2017

KEY:

Shading =
radar
reflectivity

Arrows = wind
vectors (on 3
km grid)
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MSLP
contours at
0.5 hPa
intervals
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Red/pink dots
= damage
locations
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

KEY:

Shading =
radar
reflectivity

Arrows = wind
vectors (on 3
km grid)
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radar reflectivity at 1127 UTC 17 November 2017

KEY:

Shading =
radar
reflectivity

Arrows = wind
vectors (on 3
km grid)

w
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Blue lines =
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intervals
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radar reflectivity at 1132 UTC 17 November 2017
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radar reflectivity at 1137 UTC 17 November 2017

KEY:

Shading =
radar
reflectivity
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radar reflectivity at 1142 UTC 17 November 2017

KEY:

Shading =
radar
reflectivity

_ .
& 3

Arrows = wind

vectors (on 3 »
km grid) |8
a3
Blue lines = 27%
MSLP —23
contours at
19
0.5 hPa _
intervals > i 15
- o> 7 7 7% 4 4 A
[ ; s
Red/pink dots = - AR ¢
_damage - e > e > > o ¥ v 4 ; / f 4 4 4
- . - s > > > > X { l‘{ 4 4
locations ot RN )
> > > > > 70 A A A 8 4 =
” y 1142 UTC
A A 4 4 4

—
40 knots



Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radar reflectivity at 1147 UTC 17 November 2017

KEY:

Shading =
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Arrows = wind
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km grid)
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Surface analyses using MMS and WOW data with Clee Hill radar reflectivity

Gridded MSLP, winds and radar reflectivity at 1152 UTC 17 November 2017
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Dual Doppler analysis

1100 UTC



1052 UTC dual Doppler analysis: winds at 1.6 kmm AGL

Coloured contours = ground-relative wind speed (pink =40 m/s +) ; arrows = wind vectors; shading = radar reflectivity

dBZ



1052 UTC dual Doppler analysis: winds at 1.6 kmm AGL
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>\ Region of strong /j
horizontal wind shear

i.e. large vorticity
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Coloured contours = ground-relative wind speed (pink =40 m/s +) ; arrows = wind vectors; shading = radar reflectivity



Comments
Met Office

e Surface analyses and dual Doppler analyses are capable
of resolving details on the storm scale

 Maximum insight is gained by bringing multiple data
sources together (including crowd-sourced data e.g
WOW)

* Similar analyses, if produced in real-time, have
considerable potential for Op Centre use in severe
weather situations




Combining data sources... example

1

Met Office

Rain case for 22
November 2017.
Flooding over
Cumbria and
North Wales.

MNormalised 48hr Radar accumulation

1.0
0.9
0.8
0.7
0.6
0.5
10.4
10.3
10.2
10.1
/0.0

&

S

Normalised WOW impacts (flooding) with spreido

0.9

o
o

CO00000
HNWAEWUL O

Normalised Twitter Counts

Z

' S

COO0O000000H
OHNWRUONDWO

Mean (Twitter + WOW +Ppn)

&

z CRoss

0.40
0.35
. 0.30
0.25
0.20
0.15

410.10
40.05

7 0.00

1

From Crocker, 2017




Met Office

Wind Speed

A lot more work to be done!

Surface analyses ... example 2

South East of England on 13
September 2017 (Storm Aileen)

WOW = Beaufort Force 6

WOW = Beaufort Force 7

1.0
0.9
0.8
0.7
0.6 2

40.5 =
104 2
103 &
10.2
10.1

0.0

1.0

Gridded Weighted WOW impacts

V

Combined Probability (WOW = BF7 +impacts)

1.0
0.9
0.8
0.7
0.6 2
0.5 -

10.4 8
{03 &
10.2
10.1

0.0




ol Conclusions

WOW and MMS observations have the density to provide
sufficient detail for surface analyses.

WOW impact observations can enhance the picture for case-
studies but for routine assessment the sporadic nature and
small sample size give problems with consistency.

The differences between solicited (WOW) v unsolicited (Tweets)
is clear - “few v many” but the quality must still be checked
carefully.

Synthesising observation types has to be the way forward.




