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Scope and AQHI

* 15-year-old program that has evolved from an O-only
forecast program in eastern Canada to a Canada-wide

O3, NO,, PM, ;. forecast program

* As of today, forecasts are communicated in most

areas as an Air Quality Health Index (AQHI)

Air Quality Health Index

moderate risk high risk
risque modéré risque élevé

low risk
faible risque

-

La cote air santé

very high risk
risque trés élevé

Enjoy your usual outdoor

*At Risk Population - *Population touchée

Consider reducing or rescheduling
outdoors if you are

Reduce or reschedule strenuous activities
outdoors. Children and the elderly should
also take it easy.

Réduist

exténuantes en plein air. Les enfants et les
personnes agées devraient également
modeérer leurs acti

General Population — Population en général

Ideal air quality for outdoor
activities.

Qualité de I'air idéale pour
les activités en plein air.

No need to modify your usual outdoor
activities unless you experience
symptoms such as coughing and throat
irritation.

Aucun besoin de modifier vos activités
habituelles en plein air & moins
d'éprouver des symptémes comme la
toux et une irritation de la gorge.

Consider reducing or rescheduling
strenuous activities outdoors if you
experience symptoms such as coughing
and throat irritation.

Envisagez de réduire ou de réorganiser les
activités exténuantes en plein air si vous
éprouvez des symptdmes comme la toux
et une irritation de la gorge.

Avoid strenuous activities outdoors.
Children and the elderly should 2

avoid outdoor physical exertion.

Evitez les activités exténuantes en plein
air. Les enfants et les personnes agées
devraient également éviter de se
fatiguer en plein air.

reice et la manigre

Reduce or reschedule strenuous
activities outdoors, especially if you
experience symptoms such as
coughing and throat irritation.

Réduisez ou réorganisez les activités
exténuantes en plein air, particulierement
si vous éprouvez des symptomes comme
la toux et une irritation de la gorge.

Air Quality Health Index

http://weather.gc.ca
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AQHI = (10/10.4)*100*(exp(0.000871*NQ,)-1) + (exp(0.000537*Q)-1) + (exp(0.000487*PM, 5)-1)]



Overview of the Canadian AQ Forecast
Program — Public Forecasts

Air Quality

Find the latest local air quality forecasts and information.

http://weather.gc.ca

AQHI
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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, s, PM;,, O; near
the surface, O; at 500 metres)

I VBE Mer Wl 9629 il ol 305
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Products are available over:

— Eastern Canada; Western Canada and
North America
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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

Page 5 — 23 septembre 2015 7Y |
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RAQDPS: Components

RAQDPS = Regional Air Quality
Deterministic Prediction System
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GEM-MACH, Operational Version (v1.5.4)

Pt

i - i BT

* GEM-MACH is EC's operational AQ 77 “«{%\\
model. Here are some essential /i &;\\\
characteristics: N\

— 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-, agueous- & 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

| T m Canada Canada /AL ACAR A



Emissions & Boundary Conditions

* National emissions inventories processed
with SMOKE

— Canada 2010, USA 2011, Mexico 1999

— Processing area sources, point sources, mobile sources
= Over 10 000 major points, processed individually in the model

* Biogenic emissions
— Four emission factors: NO, isoprene, monoterpenes & other VOCs

— Using BEIS system with BELD3 vegetation database (231
categories), + Canadian National Forest Inventory

— Adjust emissions rates online according to meteorology
- Solar radiation, cloud cover, 10m temperature

* Initial and Boundary Conditions

— Using previous 12h forecast as initial AQ conditions

— Using the operational weather analysis as initial weather conditions

— Weather “piloting” from the operational weather runs (which are on a
larger domain)

— AQ piloting: using a chemical climatology at the boundaries

= Varies according to month of the year
Page 8 — 23 septembre 2015
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https://www.cmascenter.org/index.cfm

Statistical Model: UMOS-AQ

* Post-processing applied to GEM-MACH raw model output

* Reduces model bias and model error at point locations with AQ

monitors through multi-variate linear regression approach
— Applied to meteorological variables since 2000
— Adapted for air quality variables (O3, NO,, PM, :) in 2010

— Equations are recalculated four times a month V GEM-MACH
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Products: Air Quality Health Index

Weather Alerts i Air Quality Technical Past Weather

Home 3 Air Quality 3 Air Quality Health Index 3 Alberta

Calgary - Air Quality Health Index

Used for public forecasts:

- Mglti-pollutant_ index
- Triggers warnings L e S R

| Current

Moderate Risk High Risk Wery

1 0 i Lﬂ(':;i]sk (4-6) (7-10) High Risk
_ Tk * - |
A QH] 2 ) 5 } 00 At-Risk Population: General Population:

# Enjoy vour usual cutdoor activities. # Ideal air quality for outdoor activities.
= Find out if vou are at risk
-

Forecast Maximums Health Message

| 0. 00087 ]. *NO") \ Issued at: 5:00 AM MDT Monday 7 October 2013
((e . | )+

Monday 4 - Moderate Risk

-
[E—— ]
) . hd
Menday night 3 - Low Risk [—— ]
hd
T

0.000537*0 Tuesday 3 - Low Risk
P — 1)+

Who is at risk? Did you know...?

To find out if vou are at risk, consult the health
guide, or your physician.

0 000487 *PM 2 5 People with heart and lung conditicns are most Carbon dioxide emissions from international aviation
N N 1 affected by air pollution. have increased 83% since 1990.

Visit the national AQOHI Web site to learn more about

Different messaging for at-risk population vs. general population
Page 10 — 23 septembre 2015 Ty |
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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, ¢, 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).

Page 11 — 23 septembre 2015 (Y |
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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 Report

Active Notices Surface Field Maps Observation Maps Tools

m No active notices available GEM-MACH

24-hour obsenation summaries

« Monitoring of incoming air quality obsenations (Not operational
» Troubleshooting Guide: Procedures for SPCs
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OA: Objective Analysis for Surface Pollutants

* QOperational 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):
— Avalilable for :| PM, ¢, O;, NO,, NO, SO,, PM,, and AQHI

— 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

Page 13 — 23 septembre 2015 (Y |
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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

t  Environnement - o
Canada
Mercredi 29 Juillet 2015 4 08:00Z / Wg¢
GEM-MACH Late Analysis

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

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 InformationiromAVHRR/MODIS |
and 12 UTC) [0

Weather model

— Available at approximately at the same oUtput(GEM]
time as the operational model

BLUESKY FEPS
only
L 2

* Additional products e | [ Gemmach
— Alternate AQHI based on FireWork

— PM, :/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
Page 15 — 23 septembre 2015
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Why are Wildfire Emissions Important?

Wildfire emissions contribution to average summertime PM, ; concentrations
Difference: Firework — GEM-MACH

PHM2.5
(ug/m3)

3
s0.0 M|
40.0

20.0 [Ifo 5L
20,0 |
10.0

5.0

3.0

1.0

0.5 0.5
-0.5 =0.5
-1.0
=3.0 -3.0

5.0 —5.0|

-10.0 -10.0
-20.0 -20.0
=-30.0

-100.0 M

Grant MacEwan
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Products: FireWork Forecaster Resource Site

FIREWORK-GEMMACH SITE

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

Forecast Report

Select menth =

Active Notices

No active notices available

Nunavut

Igaluit (OATRP) Notice Archive

Northwest
Territories

de PM2.5: Somme

Calgary (IAKID)
L+ iy

Drayton Valley (ABCA) &
Spruce Grove (IAKRM)
1)

Edmonton (IAChP)
ntral {

EERERIEIRRERRERIRE

Surface Field Maps

FIREWORK-GEMMACH

Difference Plots
« PM10 surface
s PM2.5 surface
» PM10 column
+ PM25 column

« Awvg over hours 24 - 45
/ Sum over hours 24 - 48
UMOS-AQ/MIST + Difference Plgié

surface

Objective Analysis
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Observation Maps Tools

» 24-hour observation 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

o Current CWFIS hotspot map

» Recent CWFIS hotspot map
o FireWork-GEMMACH output in CSY format

AQHI observation availability for the last 6 months
Site / Mont 201502 201503 201504 2015-05 201506 201507
87%

Drayton Valley & Spruce Grove
Edmenton
Fort Chipewyan
Fort McKay
Fort McMurray
Fort Saskatchewan
Grande Prairie

Inunik
Igaluit
Lethbridge

Medicine Hat
Prince Albert
Red Deer

Redqina
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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 e e

* Based on 2013/2014/2015 FireWork results, we
- have seen :

= A significant improvement of PM, . forecasts "

= That FireWork is capable of forecasting long i
range pollution transport from wildfires 20
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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:

O] B ey > [CTUBNG 00720 TUTE E

{ GEM-MACH10

ekl TN

Z ! Thursday July 30 2015 at 1:
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Canada Canada




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 produce 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

Intersecton of GEM-MACH1% and GEM-MACH 10 domains 2O1G-06-27 MOz | Load | Imteractive

RMSE

Viloe

odel Evaluation

MB

Valee



VAQUM Products
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Short-term Planned Updates of the
Canadian AQ Forecast Program

e RAQDPS

1)  Piloting by global model

2) 72h 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

o 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
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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)

So in the next few days....

We are looking forward to exchanges on all these issues and others
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Thank yout
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