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Outline

THE SITUATIONAL AWARENESS PROJECT

1. Project’s framework
2. Rationale

3. Consolidated Weather Impact Chad
* Objectives
* Principles

4. Current state (deterministic modeling)
* In house web-site
o WMS/WCS/WEFS capability

5. Looking ahead (probablllstlc modeling) “Holly cow ..
: There's a lot of cows
o CAF Matrix o
 Vigilance-in-Context Matrix
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Project’s framework

THE SITUATIONAL AWARENESS PROJECT

e Data centric approach

The « Modernization of MetOc data Services » Document (SOCD, sept
2015) suggests a significant update of CFWOS website to incorporate
OGC-compliant web services to allow for interoperability with other
applications and services, and to provide timely and cost efficient
transmission of data to deployed assets.

e MSC Vision

“Prediction system will evolve towards a greater automation of forecast
production while allowing the expertise of the operational meteorologist
to be focused where the risk of hydrometeorological impacts is highest”.
The evolution will take into account where meteorologist value is added to
validate automation of data streams
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Rational
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o Currently, these types of products do not benefit from NWP's capabilities:
0 data set on grid,
o ensemble forecasts,
O automation

* Data centric approach / MSC Vision:
e Going away from manual production of weather impact matrix (time consuming),
e Allowing flexibility in delivery information (data, product, GIS, Web Service etc)
* Focusing « met » expertise where impacts are highest
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Consolidated Weather Impact Chart

Relevant Objectives
Environmental data

Royal Canadian
Air Force
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Army
I * I Environment and Environnement et
Climate Change Canada  Changement climatique Canada



Consolidated Weather Impact Chart

Principles

1. Impacts characterization

24hrs (4x6hrs) rain
accumulation

| Adjustable thresholds >
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Current state (deterministic modeling)

Canadian Forces Weather and Oceanographic Service ~ CFWOS

C"llk“
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Current state (deterministic modeling)

Canadian Forces Weather and Oceanographic Service GIS capability

NE2ABAIWNARS,
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Looking ahead (probabilistic modeling)

Answer: The matrix approach

Suggested VIGILANCE g3
“in Context” matrix
[ECECINBICR] (ECCC/ADS/JMC)
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In a Nutshell

1. The British Matrix Table Concept which combines the level of impacts the weather may
cause and the likelihood of those impacts occurring.

2. The European EFI concept, computed from the GEPS, provides signals of anomalous
weather relative to the model climatology.

3. Percentile's computations which allow the capability to choose any adapted thresholds
for specific needs/issues for all sensitivity types.
ImpactSlll

Low

Suggested Canadian Forces Impact
matrix
(ECCC/DNDICF)

are pillars upon which a MetOc impact database, relying on forecasted weather elements,
will be developed in order to :

* Assist with the flexibility of the CAF in their decision making processes and
* Help our forecasters to identify regions where their expertized will be required
|
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Questions ?

Impact Based Forecast
for the

Canadian Armed Forces

From a deterministic to a : |
probabilistic approach 1”””“ LLET

Thank you

David.degardin@canada.ca

Joint Meteorological Center
Aviation and Defence Services, Environment Canada
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Consolidated Weather Impact Chart

(CWIC) — Seamless suite of systems

. Spanning Weather and Climate

Outlook

Guidance Canadian Seasonal to Inter-annual Prediction

System (CanSIPS)
Global Ensemble Prediction System - Extended (GEPS-Ex)
North American Ensemble Forecast System (NAEFS)

Global Ensemble Prediction System (GEPS & GEWPS)
Global Deterministic Prediction system (GDPS & GDWPS)
Global Ice and Oceanic Prediction System (GIOPS)
Regional Ensemble Prediction system (REPS & REWPS)
Regional Deterministic Prediction system (RDPS & RDWPS)
Regional Ice and Oceanic Prediction System (RIOPS)

High Resolution Deterministic Prediction System (HRDPS)
Integrated NowCasting System (INCS)

Threats
Assessments

Forecasts

Watches

Warnings & Alert
Coordination

—— Forecast Lead Time

Levels of Military Intelligence

-j> Strategic >
Operational o
Largely inspired by NESPC
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Consolidated Weather Impact Chart

(CWIC) — Seamless suite of products

. Spanning Weather and Climate

Outlook

Guidance

Threats
Assessments

Forecasts

Watches

- The appropriate model, for a
== - given domain and a given
Minutes == — timeframe, for a specific need

Warnings & Alert
Coordination

—— [orecast Leao

»

i w —

Levels of Military Intelligence >

-[ > : Strategic >
ﬁﬁOperaﬁonal

Largely inspired by NESPC

i+l

Environment and Environnement et
I* l Climate Change Canada  Changement climatique Canada Canada



Consolidated Weather Impact Chart

(CWIC) — A relevant database

A relevant database will be constituted by environmental
elements (MetOc) with at least one the following features:

Highest temporal and spatial resolutions available.

1.
2. Representativeness of MetOc's impact on considered mission:
* Highest/lowest intensity,
» Accumulation over periods
» Exposition to a potential MetOc's impact,
» Duration of MetOc's impact.

3. MetOc elements relevant for either Aviation, Navy, Land or
Intelligence activities,

4. Known vulnerabilities,
5.

Big data and bandwidth issues imply compromises and restrictions
on the database elaboration

i+l
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Consolidated Weather Impact Chart

(CWIC) — Impacts characterization

Missions/Assets Definition

2. METOC impact colour criteria

The traffic lights code is widely (NATO) used Color METOC impact color criteria_

to express the potential risk related to Favouranie | e O M e one, O
meteorological impacts on troops and Marginal METOC conditions degrade o limit OPS

materials. Untauate | S mpad it et deracaton

METOC_IMPACT_NATO_AMC 13 _5b_SHAPE

WEATHER IMPACTS ON MARITIME OPERATIONS

SHALL BoAT oPs DN oI each operation type, operational limits

Surface wind < 10 kis Surface wind 10-20 kts
EVBARG0 0P ea s =35 have been defined for every weather
AMPHIBIOUS OPS Sea State < Sea State =45 . . .
Mom e element which can interfere with the

Sea State < Sea State =5

considered operation.

Wind < 25 kts Wind 25-35 kts
FLT OPS CARRIER
Visibility > 3.5 km 1 = Visibility < 3.5 km

Ceiling = 1500 ft 200 ft < Ceiling < 15001t

Due to a wide range of assets, missions or
operations, preset formats production is

CVS STOVOL Visibility > 5 km 1 km < Visibility < 5 km Visibility < 1 km L. .
Temp 3035 not an efficient solution when only some of
Ceiling > 1500 ft 300 ft < Ceiling <1500 ft Ceiling < 300 ft

——— TS o— them are considered and when further
adjustment to impacts are needed.
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Consolidated Weather Impact Chart

(CWIC) — Adjustable thresholds

One tool to support the decision process

Maritime Operations - Embargo Maritime Operations - Embargo

T T e R a I il s -

[ e T | A e

[Ending: 2019-08-18 002] Ending: 2019-08-19 00Z Ending: 2019-08-20 007 Ending 2019-08-21 00Z Ending: 2019-08-22 00Z Ending: 2019-08-18 00Z] Ending: 2019-08-19 00Z Ending: 2019-08-20 00Z Ending: 2019-08-21 00Z Ending: 2019-08-22 00Z
aritime Operations - Embargo: Reset aritime Operations - Embargo Reset

The Global Deterministic Wave Prediction System (GDWPS) coverage ranges from latitude 80 south to 86 north and from 000 to 360
degrees in longitude. It also doesn't cover inland water bodies such as: the Great Lakes, the Black sea and the Caspian Sea.

Wave Heights (m]g arginal >= 2.0PUnfavourable == 4.00
-
Refresh

The Global Deterministic Wave Prediction System (GDWPS) coverage ranges from latitude 80 south to 86 north and from 000 to 360
degrees in longitude. It also doesn't cover inland water bodies such as the Great Lakes, the Black sea and the Caspian Sea.

Wave Heights [m], arginal >= 1.25) :nfavourab\e »= 4.00
L__r— .

Refresh |
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Consolidated Weather Impact Chart

(CWIC) — Consolidation rule

The worst index make the index (worst case scenario)

Maritime Operations - Personnel/Upper Deck

i
[Ending: 2019-08-18 002] Ending: 2019-08-19 007 Ending: 2019-08-20 00Z Ending: 2019-08-21 00Z Ending: 2019-08-22 00Z
rMaritime Operations - Personnel/Upper Deck:

Reset
The Global Deterministic Wave Prediction System (GDWPS) coverage ranges from latitude 80 south to 86 north and from 000 to 360
degrees in longitude. It also doesn't cover inland water bodies such as: the Great Lakes, the Black sea and the Caspian Sea.
Temperature (C):

Positive values: Marginal >= 30 Unfavourable == 35

Negative values: Marginal <= -8 Unfavourable == -26

&

Wave Heights (m): Marginal >= 2.00 Unfavourable >= 4.00

&

4 mMaximum 3HR Precipitation Amount (mm): Marginal == 7.5 Unfavourable >= 22.5

Refresh

1

CWIC = Max (Max (, . »Max, ... Max(, )
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Current state (deterministic modeling) —

Configuration page

- - =
derl Dden -
e NATQO’s missions Catalog - Canadd
Experimental S| hthis webste | searen I
CFWOS Information v Transformation v | Key Operations v | Hey Events +
age .
° Cap abil Ity of deselection of e
15
.
t | | t p—— Impact Products
environmental elements e A
Mational Product-
= Navy Temperature (C):
 Adjustable thresholds w
Air Force —
Joint Ops i Oprstionss Negative values: Marginal <= 6 Unfavoursble <= -26
R HIGH RECCE 095 | S —
- Bir Crew S '2HR Precipitation Amounts [mm}
S Bostz §
° Iemporal windows (12/ 24hr) :
e
. | g —
Warnings Forecasts Amghitias
T - Snow {cm}: Marginal >= 6.0 Unfavoursble >= 12.0
RADAR MPAASI (SONDBUDYS)
° f = t tl f- . t = - | - t Lightning MIWHT Iee Palists (cm): Marginsl >= 6.0 Unfavourable >= 12.0
Charts -
Area-of-interest's definition capabl 137 e T————
MLAK Manuals L AW
Impact Products = N
NOTAMs i
Product
Impact F CERN MIO/Bosrting
Product Types rLand Operations - Personnel Reset Refresh: Enabled
[ Personnel Temperature (C): "
" R T nstructions: Map Navigation
- Positive values: Marginal >= 30 Unfavourable >= 35
—
L sy ]}
Personnel i Download ZIP
‘Alr Operations Negative values: Marginal <= -8 Unfavourable <= -26 S
- L]
HIGH RECCE OPS
Maritime Operations 3HR Precipitation Amounts (mm):
small Boats Rain (mm): Marginal »= 7.5 Unfavourable >= 22.5
Embargo El T
Amphibious Snow (cm). Marginal >= 6.0 Unfavourable >= 12.0
MCM L | L
MPA/ASW (SONOBUOYS) Ice Pellets (cm): Marginal >= 6.0 Unfavourable >= 12.0
MIW/HUNT GEEENE T 0 D
MIW/SWEEP Freezing Rain (mm): Marginal >= 0.6 Unfavourable >= 6.0
Personnel/Upper Deck ——— )
| | naval Refuel (RaS)
rFi ASUW
ASW
AAW Updated: 2015-08-38 13.35 UTC
i o Ab Noti Canad
| | mo/soarding ontact us out otices anada.gc.ca
Questions or comments? About CF Westher Office Important notices Visit Cansda ge.ca
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Current state (deterministic modeling) —

Impacts products page

Update “on-the-fly”,
 Animation from D3 to D7,

o Capabillity of deselection of environmental
elements,

» Adjustable thresholds,
» Area-of-interests refinement capability,

* Product dissemination: numerical and
graphical formats depending on client's
bandwidth capabilities.

 Temporal series for 5 locations: impact-
grams

Questions or comments? About CF Westher Office Important notices. Visit Canada.ge.ca
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Current state (deterministic modeling) —

Impact-grams

e Up-to 5 locations
* Adustable “on-the-fly”
 Light and full versions

33443TNE10340W X% 670542N421330W X% 485239N571306W X 302045N000637TW X 555406N090137E %

Waypoint At 334437N810340W 334437N810340W 33'44'37N 81'03'40W 118m 3871t
Generated 2019-08-09 14:432
Valid 2019-08-11 00:00Z to 2019-08-16 00:00Z
GLOBAL HI 0.24X0.24DEG 2019-08-09 00:00Z

MATO - Land Operations - Personnel mm Unfavourable Marginal mm Favourable

Temperature mm Unfavourable (<=-26 C or ==35C} Marginal (<=-6 C or >=30 C) mmFavourable

Rain mmUnfavourable (==22.5 mm) Marginal (>==7.5 mm) mm Favourable

Snow MM Unfavourable (==12 cm) Marginal (==6 cm} mm Favourable

Ice Pellets mm Unfavourable (>=12 ¢cm} © Marginal {==6 cm} mm Favourable

Freezing Rain Wl Unfavourable (==6 mm) Marginal (==0.6 rnm) WM Favourable

00 06 1z 18 0o 06 12 18 o0 06 12 18 oo 06 12 18 [a]4] 06 12 18 oo
Sun Aug 11 Mon Aug 12 Tue Aug 13 ‘Wed Aug 14 Thu Aug 15
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Impact Products

NATO - Land Operations - Personnel - Personnel

153 5 T B

Tenparature (C):

B ccxmie s g 20 omrzme

PetgaTie umes: Bl <= Untmiourasie <= 28
-——————

‘2348 Pracipstation Amounts e

B i i g 2o 7. e - 25
-———

IMALTHEIOMON K STOSETNATIZINW ¥ | SSIVNSTINOEW K | JODOMSNOOOSITW M | SSSU0SNOSOINTE X

Waypoint Ar 334437NB10340W 3343TNELO340W IFSLITN BLOFA0W 118m 3871
Generoted 2019-08-09 14:432
el 2019-08-11 00:002 to 2019-08-16 00002
GLOBAL HI 0.24X0,24D€G 2019-08-09 00:00Z

HATG - Land O Parsannsl Hargnal

Temparature MEUnTvoutatia 30 ) mmFpwsurable

e

R WUkl [>=353 marl - Margnal ron) mmPavouratle

Sroser W UeEavtoble (=13 6m) | Miegil (»=6 ) B Favseruble

Lo Pedets I Untivourabis (==1 2 em) - Macgrnal (==8 c=) e Fincurstis

Froac3ng Ry MU Incoutala (== men] -~ Hargnal (==0.8 rem) I Finourakio

W 08 12 18 00 06 12 18 00 04 1 18 00 06 12 18 00 08 Lz 18 00
Sun g 11 Mon w12 Tue Mg 13 wed aug 14 T A 15

L C01908-08 1437 UTC

Canada



Current state (deterministic modeling) —

GIS on operational visualisation tool

 NinJo WMS layer

11 Aug 2019

Sun 03:00 UTC

Modele numeérique | Sun 11.08.19 03:00 UTC | QRFRA3H, mm), - [g : = 09.08.19 12:00 UTC [PH
WMS Sun 11.08.19 03:00 UTC Personnel, Default [impact styles/cfwx impacts english land personnel,cfwx contour times 12hr 3hr] .
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Current state (deterministic modeling)

GIS — external WMS client interface

GCI View

e Partner WFES client interface

1]+

B

v PersonnelfUpper

v Sar Areas

» Small B

v Drawing Layer

MR EE DR OENE

REGISTERED
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Current state (deterministic modeling) — ...

GIS — ESRI application

QGIS

¥ OGIS 29832 Fasen - OG!S TEST = e ] ®
Fropet fdter W Couche Préfirences  Dxtenson  Wectew  Raster wdem Intermat  Tratemant  Ade

NELADBOINANS Z

.

i it
M foete [0 30 | ototen 00 s Qs @
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Looking ahead (probabilistic modeling)

— Impacts on Operations

How does the > concept work?

Forecasted
weather
parameters
(GEPS)

Global Ensemble
Prediction System

Potential Impacts due to
forecasted weather parameters

- ocp impact

Consolidation .
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Looking ahead (probabilistic modeling)

— Percentiles

How do we use the Ensemble?

90th Perc represents 10%,
75th Perc represents 25%, of chance of occurrence to be above
50th Perc represents 50%, a threshold
25th Perc represents 75%,

e 10th Perc represents 90%

Values of

Usage of percentiles gives more flexibility than o
. . . High
the existing calculations on probability of % ’
occurrence to be above given thresholds. c
. . O Probable
More percentiles ranks available would: g e
25%

1. add more flexibility when dealing with the ©
client’s sensitivity; 2 v
2. allow to skim the output files since < 10
probabilities of being greater than thresholds g"ew Low

would become redundant. o

No Impact Marginal Severe

i+l
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Looking ahead (probabilistic modeling)

— CAF Proof of concept

What does the proof of concept look like?

» [For a prototype CAF operation purpose.
* Thresholds based on the CAF mission type « Personnel »

e 10%, 25% and 75% probability of occurrence characterize the « sensitivity » of the

C e t. o Lsvor) iee )L == m [T] OPERATIONAL LIMITS FOR CAF
“L7§ : g ﬂJfL = PROBABILISTIC
E 5;,-‘5-’-"“—@\ L
ﬁA ImpactSlll
ﬁ- High -
§ s |
le 1
* »
ow
Very Low - -
s & ®
&
@*‘“’ &
rf L Suggested Canadian For Impact
matrix
J | \ (ECCCI/DNDICF)
v o Q ’ e
£ L - — S < Weather element  Marginal Severe
H& Rain (mm/24hrs) 25e= m

= Snow (u/iZh))|  4<=
PRODUIT EXPERIMENTAL SAD/CDA  EXPERIMENTAL PRODUCT ADS/ADC Pellets (mm/1 2hrs) 4=
P72H V4 @ 00Z 10 Juin-Jun 2018 GEPS-SGPE 2018060700 Freezing rain (mm/12hrs)  2<= m
GEFSSOR 0
ml]uct o impact Wind S0e=
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Looking ahead (probabilistic modeling)
— Impacts on population/environment

Forecasted g -
weather "
parameters

(GEPS)

Global Ensemble
Prediction System

Potential Impacts due to forecasted
weather parameters w.r.t. the M-climate H

Suggested VIGILANCE

“in Context” matrix
(ECCC/ADSIMC)
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Looking ahead (probabilistic modeling)

— “Vigilance-in-context” matrix

Vigilance inspired by the UK warning impact matrix

-_‘—_,-Z_H_xm |
)
p ﬁ; rﬁ
i o
i FCF (T+24) En] VIGILANCE table
:;;, e (ECCOIADSIMG)
9 |
e « Maple
% }‘5 .~ || Beprepate
s % Jlavoured »
2 o -
N
., %‘”‘“?’J;&x & Snow acc: 15 cm/12hrs
- ; Tmax < [-38°C, -30°C]
eeeeee

5 e

L N ¥

=) v

r IS e — f—___/WWM-—__HH__ﬁL Keep infos

PRODUIT EXPERIMENTAL SAD/CDA  EXPERIMENTAL PRODUCT ADS/ADC @/é

P24H VId @ D07 14 Aout-Ang 2019 GEPS-SGPE 2019081300
Vigilance hydrologigue Hydrological Vigilance

L
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Looking ahead (probabilistic modeling)

— “Vigilance-in-context” matrix

Contextualization w.r.t. M-Climate
— LT

Q
« @ pinch of
salt »
” : m\j; e
s !
‘ il T I
5 - -‘ ) - i unsual
g{r | — L #ﬁhﬁﬁﬁﬁ%wx——_&; a
S >

P24H VId 00Z 14 Aout-Ang 2019  GEPS-SGPE 2019081300 ————

IPE-PR EFI-PR i
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Looking ahead (probabilistic modeling)
— “Vigilance-in-context” matrix

PRODUIT EXPERIMENTAL SAD/CDA  EXPERIMENTAL PRODUCT ADS/ADC
P24H VId @ 00Z 14 Aout-Aug 2019 GEPS-SGPE 2019081300
Vigilance hydrologique contextualisee Hydrological Vigilance in context

Why ?
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Looking ahead (probabilistic modeling)

— Example: Rainfall Dec 15, 2018

e Casualties and significant damages in several regions of
512@] 91213 !h?id for: 15.12.2017 T+120}1 8 é{ . _.--L. o

Created: 15.12.
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Looking ahead (probabilistic modeling)

— Ways of Improvements

Additional layer to take into account “vulnerabilities” to METOC hazards:
Population density
Urbanization rate

Land use cover (solil type)

i+l

Climatology

Latest hazard assessment

Environment and
Climate Change Canada

Environnement et
Changement climatique Canada

L o Popussmion Coumt Bragerisa foe 3004

Suggested VIGILANCE o,
“in Context” matrix y
(ECCC/ADS/JMC)
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