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Status and Future Directions
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Implementation Status

National
* AQHI reaches 69% of Canadians (goal is 80% by 2016)
— AQHI forecasts available in all provinces, all EC forecast offices
engaged
* Available in 84 locations
* Focus on the North

International
| — Hong Kong implementation of AQHI launched December 2013
— lIreland and UK adopt AQHI messaging
— Ongoing dialogue with US EPA and NOAA
— Ongoing engagement with Mexico and US through the CEC
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Pan and Para Pan Am Games
A Demonstration Opportunity

7 ml} ﬁ#’;@

Pan Am Games July 10-26. E@ E@

Parapan Am Games August 7-15.

TORONTOZ015
Pan Am/Parapan Am
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Pan Am AQHI Service Enhancement

- Ma *’)/)»,ej’ — Addition of 2 AQHI stations (York
/{ ; - University and Hanlan’s Point) ... turn on
Soutl;li(;ntral ;\ U‘/ r JUIy 201 5

— Reporting of AQHI by location (8
locations — 6 in Toronto and 2 in
Hamilton)

— Enhancement of forecasting ... 18 1
hour increments for locations and
community values

— Smog and Air Health Advisory and
Special Air Quality Statements available
for Pan Am venues ... locations mapped
by proximity to Pan Am venues

— AQHI alerts available through EC-Alert
Me
i+l
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AQHI by Station and 18 hour Mock-ups

Toronto Island - Hanlan's Point - Air Quality Health Index - Next 18

Pan Am and Parapan Am Games Hours
This table shows a provincial summary of current Air Quali' Issued at: 6:00 AM EDT Wednesday 24 June 2015
Date / Time
(EDT) Value
Current 25 June 2015
SIIZLIT Calculated at: 9:00 AM EDT Thurs 01:00 3- Low Risk SS\4
; 2
—Ha(;“:t(:“ Downiown - E 02:00 3 - Low Risk —
and Kelly
N _ v
) _ 03:00 3 - Low Risk —
Hamilton Mountain -\ 1 2
and E. 18th LowRi 04:00 2 - Low Risk ~
(1-3) =
Toronto Downtown - E 05:00 2 - Low Risk e
and Wellesley -
06:00 2 - Low Risk T m—
At-Risk Population:
Toronto East - Kenne: v
Lawrence « Enjoy your usual outdoor act 07:00 2-Low Risk —
* Find out if you are at risk v
08:00 3 - Low Risk T —
Toronto Island - Hanle
Point ) 09:00 2 -Low Risk A
Forecast Maximums
Toronto North - Yonge : . ~
: Issued at: 6:00 AM EDT Wednesd g L=l
Finch -
11:00 2 - Low Risk T m—
Toronto West - Islingt: Wednesday -
401 e 12:00 2 - Low Risk —
b
York University - Keel Thursday 13:00 2 - Low Risk —
Campus
14:00 2 - Low Risk AN
- . v
2. Forecast issued at: 6: 15:00 2 - Low Risk T———
Who is at risk? UId yOU KNOW...7
People with heart and lung conditions are most affected by Ten seconds of idling can use more fuel than turning off the
air pollution. engine and restarting it.

i+l
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AQHI Websites during Pan Am (AirHealth.ca)

* Visits almost doubled to the Ontario map pages ( The maps provide access to the

AQHTValuesand are the most IieaV|Iy used part of the Site.)

* Most visitors found the website by typing in the URL, or using a bookmark (i.e. “direct
traffic”), rather than using a link from another website.

* The increase was likely caused by the Pan Am activities, the launch of AQHI
throughout Ontario, and the inclusion of the website in Ontario AQ advisories (three
advisories issued during the Games)

Visits to Ontario map page on How they reached Airhealth.ca
Airhealth.ca

1,400 |
Direct traffic
1,200 — 215 visits to ‘
1.000 Pan Am page Search Engine |l
: (Google, ete.) m July 9 - Aug 16, 2015
2014 | Weather goca i July 9 { Aug 16, 2014
(link)
m 2015
Environment -
Canada (link)
Other (links) _
Ontario
Envi t Envi ; 0 2,000 4,000 6,000 8,000
nvironmen nvironnemen , ,
Canada Canada [ wudl ldUud
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Canadian Air Quality Forecast Systems

RAQDPS (Regional Air Quality Deterministic Prediction System)
GEM-MACH
= Emissions & boundary conditions
- Statistical model (UMOS-AQ)
= Products
= Regional Deterministic Air Quality Analysis (RDAQA)

FireWork (RAQDPS with wildfire emissions)
= Emissions
- Statistical model (UMOS-AQ)
- Specialized Products
= Regional Deterministic Air Quality Analysis connected to FireWork (RDAQA-FW)

Experimental AQ system versions (ex: GEM-MACH on 2.5km for
PanAm games)

VAQUM (Verification of Air QUality Models) System

[ Bd |
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RAQDPS: Components

RAQDPS = Regional Air Quality
Deterministic Prediction System

Ldllddad
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GEM-MACH, Operational Version (v1.5.4)

* GEM-MACH is EC's operational AQ
model. Here are some essential
characteristics:

— limited-area (LAM) configuration
with co-located grid points with
operational met-only GEM, which
supplies initial conditions and
lateral boundary conditions for
GEM-MACH

— 10-km horizontal grid spacing, 80

vertical levels to 0.1 hPa — Full process representation of
_ oxidant and aerosol chemistry:
- One-way coupling (meteorology - gas-, aqueous- & heterogeneous
affects chemistry) chemistry mechanisms
= aerosol dynamics
— 2-bin sectional representation of - dry and wet deposition (including
PM size distribution (i.e., 0-2.5 and in- and below-cloud scavenging)
2.5-10 ym) with 8 chemical PM
components
Tl Canada Canada /UL ACAATAL
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Overview of the Canadian AQ Forecast
Program — Model Charts

* Maximum ozone near the surface, at
50m and 500m over a 6-hour interval

* PM, /PM,, near the surface - 6-hour
mean

* 4-panel maps (PM, 5, PM,,, O near
the surface, O at 500 metres)

Products are available over:

— Eastern Canada; Western Canada and
North America

Page 11



Statistical Model: UMOS-AQ

* TUOperational Post-processing applied 10 GEM-MATH taw model output
Reduces model bias and model error at point locations with AQ

monitors through through multi-variate linear regression approach
Applied to meteorological variables since 2000
Adapted for air quality variables (O, NO,, PM, ;) in 2010
Equations are recalculated four times a month
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Products: Air Quality Health Index

Calgary - Air Quality Health Index

Used for public forecasts:

- Multi-pollutant index
- Triggers warnings L R e
1 2 3 4 5 5] 7 8 9 10 +
1 0 isk i High Risk
AQHIZ 5 j— 1 0 4 * [1 00 * At-Risk Population: General Population:
- « Enjoy your usual cutdoor activities. # Ideal air guality for cutdoor activities.
= Find out if vou are at risk

Health Message

* Forecast Maximums
3 o-mms,yl N02 1 I Issued at: 5:00 AM MDT Monday 7 October 2013
Monday 4 - Moderate Risk L ————
v
Menday night 3 - Low Risk ——————— ]
-
( 0.000537 *0; l) - e
Who is at k Did you know...?
0 ms? *PM 2 5 Pecple with heart and lung conditions are most Carbon dioxide emissions from international aviation
- - 1 affected by air pollution. hawe increased 83% since 1990
e To find out if vou are at risk, consult the health
guide, or your physician.
Visit th ite m abo

Different messaging for at-risk population vs. general population
i+l
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Products: Forecaster Tools

* Air quality forecast is prepared for each AQHI community

* Forecasters examine time series of

— Recent observations

— Hourly forecasts for the 3 AQHI pollutants (O5, PM, 5, NO,), with a 3h
running average
= From UMOS-AQ

— Resulting AQHI

* Additional products are made available to forecasters
— Internal website with all monitoring sites observations & forecasts

— Allow investigation of special situations (smoke episode, trans-boundary
pollution advection, wildfire smoke dispersion, etc).

[ Ld |
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Products: AQHI Forecaster Resource Site

AQHI Resources |Paciﬁc and Yukon 2015-07-29 00 UTCj In case of problems, refer to this document | Francai:
|
Forecast Reporl Active Notices Surface Field Maps Observation Maps Tools
m No active notices available GEM-MACH 24-hour obsenation summaries

British
Columbia

British
Columbia

« Monitoring of incoming air quality obsenations (Not operational
» Troubleshooting Guide: Procedures for SPCs

Castlegar (JCAAC)
o ar Zini k( Notice Archive

Vancouver Vancouver

AQH! observation availability for the last 6 months

Site { Month 201502 201503 201504 201505 201506 201507

e ] o] | s | ] 1]

Central Okanagan (JAFUV) &
South Ckanagan (JBHIG)

Comox (JCUYZ) & Courlenay

entral Okanagan & South Okanagan
Comex & Courtenay

Duncan

Eastern Fraser Valley

Esstern Fraser Valley (JGVCC) Kamloops

o Chil rt (1 Metro Vanc ouver - NE
Metro Vancouver - NW

Metro Vancouver - SE

Metro Vancouver - SW
Nanaimo / Parksille
MNorth Okanagan
Prince George

ancouver - NE (JBXHZ) :
m (1

Quesnel

Observaion type: [Houry cbserations =] Species: [A0H =] Domain: [Allcstions =] Location type: [Communties =]
Hl
y table for (AQHI) generated on: Wednesday July 29 14:55:56 (All times in UTC)

Current Conditions

quamish

ictoria / Saanich

2015.07-20

JCAAC
JABNO
Metro Vancouver - SE (JAZBL) JAFUV =
LW Y (Good Poor Insufficient
10 Courtenay JAHSY | 02|02 (12|18 17 15 | 14|14 [13 |13 [13[14 [14 14 15|14 [13 [ 10|08 |07 06|06 (05| 05 2 18 nailability >= 95% 85% <= aailability < 95% availability < 85%

Duncan JBBWA |07 |07 ‘ 09|11 (14 15|17 |18 |21 |23 [25]25(23 ‘ 20| 18|16 |16 ‘ 13|10 |09 08|07 06| 06 25 -
Metro \ancouver - SW (JBRIK) Eastem Fraser Valley Jevec 1212 (12 (13 (14 (15 [ 16|17 |18 [ 19|20 |21 |22 |22 |21 |21 20|20 (18|19 |17 |16 |14 13 22
O North {1 Kamloops JAFNW 17|18 ‘15 19 (18|19 19|19 |19 |20 |21 |21 |21 ‘zn 20|20 z.n‘ 19|18 16| 15|14 |14 15 21

Metro Vancourer - NE Bz (0810|1215 (17 |19 |20|23 |25 |27 |28 |27 (25 |23 22|21 20|17 |15 |14 [12|12 |11 1.0 28

Metro Vancourer - NW JDATF | 14 (15|16 | 18|20 |22 23|24 |24 |24 |24 |24 (23 ‘z: 22 (22|21 ‘ 21|20 |19 |18 |17 |15 [T 24

Metro Vancourer - SE JAZBU |10 |11 13|14 (15|17 (19|21 (23 |24 (23|21 (19|19 20|21 (1918|1715 14|12 |11 11 24

Metro Vancower - SW JBRK 16 (1616|1617 18|19 |20 |21 |22 |20 2020 ‘13 24|25 |24 ‘ 23|22 |20 |18 |16 |15 A8 2 25

Nanaimo / Paricsvile JAQAL |10 [ 1412 |13 (14 |15 |16 (16 |16 |16 [ 16 [ 17 [ 47 |47 [ 17 [47 |15 |14 [13 |13 |12 |11 |10 08 2 17

Morth Okanagan JBOAP | 12|12 |13 14|16 |17 [20| 20|20 |20 |22 |22 |21 |20 20|18 |16 |14]12 |11 |11 ]|10]10[ 40 2 22

Prince George JBLVS |14 16 |17 |18 (18 |18 (18 [18| - | - | - | - [22 |21 19|18 |18 |16 [15|14|14[15|15] 485 2 22

Quesnel BNTS | 08 [ 111212 10 11|13 |14 |15 |16 |16 |14 |11 |09 |07 |06 |05 |04 |04 |04 |03 04| 06 7 16

South Okanagan JBHIG |14 |15 15|16 16 (16|16 (17 [ 15 2020 (20 20 [ 19|18 |16 14 [13 |13 |13 |12 |12 12 7 20

Squamish Joved | 05 |06 |08 |09 13|15 |17 |19 |20 |22 |23 |24 |23 |22 |20 |17 |14 |12 |09 |07 |06 06 [ 06 7 24

Victodia | Saanich JBOBA |09 (09 |10 | 11 17 {16 |20 |20 [ 19 |46 |13 [14 14 [ 11|10 10|10 [10 10|09 |08 |05 | 08 20

WastShore BUS |11 (12|12 | 1416 |17 |19 |24 |21 |20 (17|15 (14|14 14 (13|42 1211|1010 |08 |0s | 08 2 24

Whistler JCHI 05|07 |08 |11 (42|13 13|14 (14|14 |15[15 (45 16 14|13 11|10 (09|07 06|05 05| 05 2 16

Wilkams Lake JaTMe 09 (10 08| - = 1121212 |12 [ 14 |14 | 14 (14 14 | 13 (12 12 |12 (12 |11 [ 11 [10 | 11 12 2 14 Canada




OA: Objective Analysis for Surface Pollutants

* Operational as of February 2013, called RDAQA

* Blends model forecasts with surface observations from Canadian
regional networks and the U.S. EPA’s AIRNow observation network
— Using an optimal interpolation approach
— Knowledge of the errors of model and observation data is applied to
weight each input accordingly

* Products available hourly (2x = early and late analyses):
~ Available for : P, s, O;, NO,, NO, SO,, PM,, and AQH|

— Analyses are not yet used to initialize GEM-MACH

- Tests have been made, applying a correlation factor to spread information at
the surface into the vertical dimension

= Results show an improvement in the short-term forecast

i+l
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Example of 4-Panel OA Summary for Wed. July 29, 2015, 08 UTC

Environmen

Je< | [ == | | + - Play / Animer > ==| | Reverse order [ Ordre inverse

GEM-MACH Late Analysis

Prévision ozone (modéle GEM-MACH)
Qrone torecast (GEM MACH model)

Mercredi 29 Juillet 2015 4 08:00Z / Wq

OA

= July 29 2015 at 08:00Z

Analyse objective ozone
Qrone objective analysis

Différence analyse objective-prévision
Objective analysis-forecast difference

ozone basée sur les observations de surface
Ozone based on surface observations
1099 stations




FireWork System

* FireWork has the same configuration as GEM-MACH, the
operational AQ model. The only difference is the inclusion of the

near-real-time wildfire emissions
WildFire Emissions Data

* FireWork:
_ Run twice daily (initiated at 00 UTC | Fire Information from AVHRR/MODIS |
and 12 UTC) 1ol =i
Weather model
— Auvailable at approximately at the same R
time as the operational model .
BLUESKY FEPS
only
¥
* Additional products e | [ cEmmach

— Alternate AQHI based on FireWork

- PM, s/PM,, maps and animations based on difference fields
(FireWork — GEM-MACH) to isolate plumes

— Total column PM, ;/PM,,sums
— Other specialized products available upon request

i+l
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Why are Wildfire Emissions Important?

Wildfire emissions contribution to average summertime PM, 5 concentrations

Difference: Firework — GEM-MACH

PM2.5 b
2 | (ug/ms) L
50.0

i

000000

Edmonton Example

Bad air quality due to wildfires - August 19t 2010

Grant MacEwan
/ University

University

/ Grant MacEwan

Observed hourly PM, - up to 250 ug/m3



Products: FireWork Forecaster Resource Site

FIREWORK-GEMMACH SITE

AQHI Resources > | Prainies and North 2015-07-29 12 UTC ]

Forecast Report

Select menth =

Active Notices

Nunavut

Igaluit (OATRP) Notice Archive

Northwest
Territories

No active notices available

PM2.5 Difference: Sum / Différences de PM2.5: Somme
Périods / period: 20150803 12UTC - 20150804 12UTC

Calgary (IAKID)

R

T

Surface Field Maps

FIREWORK-GEMMACH

Difference Plots

PM10 surface

PM2.5 surface

PM10 column

PM2.5 column

Avg over hours 24 - 43

Sum over hours 24 - 48

/UMOG—AQIMIST + Difference Plgié

Drayton Valley (ABCA) &
Spruce Grove (IAKRM)
)

24-hour FireWork-GEMMACH summary table for (AQHI) for run:

Community ¥ CGNDB

=0 - A -

surface

Objective Analysis

Page 20

Observation Maps Tools

24-hour obsenation summaries

Alberta
Baffin Island

Alberta
Baffin Island

FireWork-GEMMACH summaries for next 24 hours

Monitoring of incoming air quality obsenations (Not operational

Northwest
Temitories

Southeast
PNR

Northwest
Temitories

Southeast
PNR

Troubleshooting Guide: Procedures for SPCs

Current CWFIS hotspot map

Recent CWFIS hotspot map
FireWork-GEMMACH output in CSVY format

AQHI observation availability for the last 6 months
201502
87%

Site / Month, 201503 201504 2015-05 201506 201507

Drayton Valley & Spruce Grove

Edmenton

Fort Chipewyan
Fort McKay
Fort McMurray
Fort Saskatchewan
Grande Prairie

Inunik
Igaluit
Lethbridge

Medicine Hat
Prince Albert
Red Deer

Reqina

Canada



Edit View Tools Add Help
¥ Search

FireWork forecasts available as WMS/KML layers

[E=S S =)
Sign m
¥ Places s . p
+ W& My Places - ¢
¥ 3 s

+ WD GeoMer DEV

< W@ Products lrom FireWos

Regiowiad A

& emzs
& PMLS5 over the calumn
@ prio

71 63 #n10 over the column

4 [ Global Deterministic Pregiction Syste
Q| m
¥ Layers

Earth Gallery >
+ W= Primary Detsbase
91T Borders and Labels
¥ @ Places
¥ = Phatos
BN Roads
[ 30 Buildings
- S ocesn
133 westher
o Galery
[F1@ Global awareness

[ More

AQHI FireWork external web PAQEe: nhttp:/collaboration.cmce.ec.gc.ca/cmc/air/FireWork-GEMMACH

Date cde

la passe /> Runmn date : 201LS-0O07-20 OO0 0000

- (S =it [ icl= £ g F s bt et

- =t B e cle Eir rle CRERAPASCE] ey Foarrat e CIFF paeaar (Lol rte et lo Colormkie Eritarnmiou
Eir rleca A 1 e Mt o e ot fF Forrmmt For edbertos sodd Biritisb TET==T=1T"

- PP @ lam scrfmes bbb e s
i irFoc e || P0A o o mttriba it to For



http://collaboration.cmc.ec.gc.ca/cmc/air/FireWork-GEMMACH
http://collaboration.cmc.ec.gc.ca/cmc/air/FireWork-GEMMACH
http://collaboration.cmc.ec.gc.ca/cmc/air/FireWork-GEMMACH
http://collaboration.cmc.ec.gc.ca/cmc/air/FireWork-GEMMACH
http://collaboration.cmc.ec.gc.ca/cmc/air/FireWork-GEMMACH

Summary of FireWork Experience

Environment Canada developed the capability of
including wildfire emissions into air quality forecasts

FireWork is primarily designed to support

meteorologists in issuing AQ forecast and advisories

EC is willing to share products from FireWork with
governmental agencies dealing with wildland fire
management

Based on 2013/2014/2015 FireWork results, we

. have seen:

= A significant improvement of PM, . forecasts

= That FireWork is capable of forecasting long
range pollution transport from wildfires

Environment  Environnement
Canada Canada

i+l
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Fine-Scale AQ Systems: GEM-MACH on 2.5-km
Grid for 2015 Toronto PanAm Games

GEM-MACH2.5

GEM-MACH run at 2.5 km run (June to
August 2015) by EC Operations for
PanAm games:

HRDPS - used as pilot model for meteorology
GEM-MACH10 - used as pilot model for chemistry

Products:

riscs Fisd b
emwncH
- GEM-MACH1
Lo
AT R Es
- BMID
. s
. AGHIZS Jeudi 30 Juillet 2015 & 13:00Z / Thursday July 30 2015 at 13:00Z (PANAM GAMES PROJECT)
+ son AQHI observation
SAC 2 5k 2an Am
,,,,,
- o2
Ay
/'? - Eun
{ e
{ o AQHIZ5
o . agiiio
=
Objecive Ansiysis
- s
- o
. no2
.o
- BMID
. s
- s
GEMMVACH 2.5km Fan Am Ckjct
Analysis
- sam
- o
-
. s

Environment  Environnement
Canada Canada

i+l




Automatic Operational Model Evaluation

VAQUM: verification for Air QUality Models

* Designed a PostGIS database to store AQ observations and corresponding

model outputs

Can ingest both real time and QC’ed historical datasets
Allows to production of various statistics & categorical scores
— About 1730 stations (265 CAN, 1465 USA)

—  Collecting data since 2007

* Essential tool to assess the impact of model updates

* Also used to monitor the performance of the operational system

ntersecton of GEM-MACH1S5 and GEM-MACH10 domains Z015-06-27 NOZ | Load | Interactive

RMSE

Value

2015-6-28 2015-7-4 2015-7-9 2015-7-15 2015-7-21

Value

2015-6-28 2015-7-4 2015-7-9 2015-7-15 2015-7-21



VAQUM Products

BOOTSRAPPING Domaine Complet Canada Ouest du Canada Est du Canada . Per observation value bin graphs
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Short-term Planned Updates of the
Canadian AQ Forecast Program

* RAQDPS

1)  Piloting by global model
2) T72h forecasts
3) New, improved GEM version, with mass conservation of tracers

4)  Updated emissions inventories for Canada, U.S. and Mexico
5)  Expansion of AQHI program
6) Introduction of AQHI+ values in some provinces

* FireWork

a. Same as 1-4 for RAQDPS

b. Status change from experimental to operational or parallel

c. Improved plume-rise algorithm applied to wildfire smoke dispersion
d. Improved wildfire emissions estimates

i+l
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Possible Future Directions

* Updated or new AQ process representations

* Improved chemical lateral boundary conditions from global
GEM-MACH

* Chemical data assimilation to initialize GEM-MACH?

* Benefits of higher-resolution deterministic AQ systems?
-Tested for 2.5 km for PanAm Games

°* Ensemble AQ systems?

* Activating AQ feedbacks to meteorology? (longest term)

i+l
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AQMAS Team

R. Paviovic!, Sophie Cousineau!, Michael D. Moran2 Sylvie GraveF, and Yula Zaitseva?

ZAir Quality Research Division, Environment Canada, Toronto, Ontario, Canada

i+l
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Post-Processing (AQHI)

UMOS-AQ

* Operational Supported (since July 2010)

* Based on linear statistical methods

* Adaptive methods for season and model transitions

XM-Tool

* Experimental Products and Infrastructure
Broad suite of statistical tools and additional predictors
Alternative statistical methods

XM_MLR, RandomForest, and Kalman filter used to support
PanAm Games forecasts

[ Bd |
Environment  Environnement C d
Canada Canada a,na
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Pan Am ... XM-Tool Demonstration

*Air Quality Health Index Forecasts for AQHI sites and
sport venues

* Forecasts for GM2.5 and GM10km

« Twice daily

* Three new Post processing techniques to supplement
UMOS-AQ from GM 10km

« xm_MLR;

* xm_RF, . & ZVenue

« xm_KF : 5
AQHI 3- '''' q
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XM-Tool
(2015 PanAm Demo)

3—-Hour Rolling Mean PMs> s Observations and Forecasts

40 Tuesday, Jul 28, 10:00 GEM-MACH
® Observations: 10 pg/m* E
. GEM-MACH: 33.32 pg/m? _-r"~, 3
— XM MLR: 13.32 pg/m? 'Ig P .
XM'TOOI » XM Random Feorest: 13.67 pg/m? afm -* " .“
— # XM Kalman Filter: 4.33 pg/m? . L by
Obs. PM2.5 — R [ bl e e

Jul 27, 00:00 Jul 27, 12:00 Jul 28, 00:00 Jul 28, 12:00 Jul 29, 00:00 Jul 29, 12:00
Date and Time (EDT)

== Observations = GEM-MACH XM MLR

[ Ed |
== XM Random Forest ™ XM Kalman Filter ]a
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Ozone (ppbv)

40-

Jul 18
B - e

XM-Tool Pan Am Timeseries (July 10 - 24)
July 10 - 16

i
Jul 22

Date
Canada

/LA ACAACL



THANK YOU

Dave Henderson
dave.henderson@ec.gc.ca

Sophie Cousineau
Sophie.Cousineau@ec.qgc.ca

Andrew Teakles
Andrew.Teakles@ec.gc.ca
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