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ECCC atmospheric models and their
aerosol sub-models

GEM, Meteorology Research Division, ECCC
* GEM is the operational regional and global weather forecast model
— Daily, monthly and seasonal forecasts from urban to global scale
— Aerosol climatology for radiative transfer and cloud droplet activation
GEM-MACH, Air Quality Research Division, ECCC
* GEM-MACH is the operational regional (North America) air quality forecast model
— Canadian Aerosol Model (CAM) with updates(Gong et al., 2003)
= Single-moment sectional approach
* GEM-MACH-Interactive [air quality-meteorology feedbacks experimental version]
—  GEM-MACH with fully interactive meteorology with chemistry and aerosol [Makar et
al, 2015(a, b)]
* GEM-MACH-FireWorks [April-October parallel operational forecast model]
—  GEM-MACH with real-time forest fire emissions (Chen et al. 2019)
* Daily Air Quality Surface Analysis using GEM-MACH
CanESM, Climate Research Divison, ECCC
* CanESM is the operational climate model; also supports ensemble seasonal forecast
— Bulk aerosol (von Salzen et al. 2013)

— Piecewise log-normal approximation Aerosol Model (PAM) (Von Salzen, 2006; Peng
et al. 2012; Ma et al., 2008)

= 2-moment sectional-modal hybrid approach




Global Environmental Multiscale - Modelling Air
guality & Chemistry (GEM-MACH) model

® GEM-MACH-Operational regional grid covers
much of North America

— 10 km horizontal grid spacing

— 80 vertical levels with top at 0.1 hPa

— 2-bin sectional representation of PM size distribution
(i.,e., 0-2.5 ym and 2.5-10 um)

— twice-daily 48-hour operational forecasts of O;, NO,,
PM, ¢, and Air Quality Health Index (AQHI)

®* GEM-MACH-FireWork operational configuration

®* GEM-MACH-Interactive 2.5 km horizontal
resolution and 12 size bins for aerosol dynamics

® GEM-MACH is an In-line model with one-way coupling with meteorology and
Includes comprehensive physicochemical processes of atmospheric gases and
aerosols. 8 internally-mixed species are sulfate, ammonium, nitrate, primary organic
carbon, secondary organic carbon, elemental carbon, dust and sea-salt.
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GEM-MACH Chemistry

ADOM-II Tropospheric gas-phase chemistry mechanism

« 47 species, 114 reactions

» Nitrogen
NO, NO2, NO3, HONO,
N205, HNO4, HNO3, HO,
PAN, RONO2 RONO, coT
« Oxidants \A
03, OH, H202, ROOH R e OH
o Sulfur Ot::)z)o RC(O)OH
S0O2, H2S504 o, ke
 Long Lived 0, RCHO
CO, CH4, ETHA hy o, -
e VOCs RC(o)C;y OH i i g
C3H8, ALKA, ETHE, RC(OYOONG > - SBmetization
ALKE, ISOP, TOLU, 2 HNO,
AROM
« OVOCs
HCHO, ALD2, MEK,
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GEM-MACH Chemistry
ADOM Cloud Chemistry

Reactions 1 to 18:

SR P S
H,SO,, SO,, O,, H,0O 2(9) (+ 1y 3(aq) + H'(aq
2~ —4 T (3) HSO4(aq) + H*(aq) SO,(aq) (+H,0)
HNO3, ROOH, NH;, CO,, Egg 8359)) 83251;1)
DUST Dissolution and s(aq 39
. e (6) H,0,(9) H,0,(aq)
Acid Equilibria @) H,0,(aq) H,0,(g)
(8) HNO,(9) NO;(aq) + H*(aq)
9 NO;(aq) + H*(aq) HNO,(9)
(10) ROOH(g) ROOH(aq)
Reactions 19-22: (11) ROOH(aq) ROOH(g)
T (12) NH;(g) NH,*(aq) + OH-(aq)
HSO, oxidation by O, 82; NDHJ+S($q)+0H-(aq) EEHf/fEl)( |+ HCO. (2t CATL(@0)
" ” aq) + HCO; (aq)+ *(aq
H,O, and ROOH, metals s co.(a) HCO. (ad) + Hr(ac)
to sulfate (16) HCO,(aq) + H*(aq) CO,(q)
(17) H*(aq) + OH"(aq) H,O(l)
o (18) H,O(l) H*(aq) + OH-(aq)
Adds acidity to clouds (19) HSO, (aq) + O4(aq) S0O,2(aq) + H*(aq)
(20) HSO3(aq) + H,0,(aq) S0,*(aq) + H*(aq)
(21) HSO;(aq) + ROOH(aq)  SO,*(aq) + H*(aq)
(22) HSO;(aq) + (FEMN)  SO,*(aq) + H*(aq)

+ 3 more reactions designed to approximate heterogeneous effects...
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GEM-MACH gas-aerosol partitioning

Inorganic aerosol thermodynamics — HETV (based
on ISORROPIA; Makar et al, Atm. Env., 2015)

100.0
1 H . Relative NH,, HSO, S0, H', NO;, HNO,, NO, NH., HSO;,
° idi E3, TA, TS. Chrg., NO, correction; 0. B HNO,
Equilibrium bulk thermodynamics Humidiy E3, TA, TS, Clng. NO, corfcton SN
CALCB4 Case 12/ CALCD3
scheme DRH{(NH),50, —]
- DRAINE)HGD),
°* HETV solves local subsystems in MDRHI(N1)50, | i -
. . : (NH,)H(S0,),} ————0_] (NH,)SH(SUJZ, Lin. Interp.; Case 7 ;gmlﬂ /C(E}Ligr -
—| NH,’, HSO,, e T
TA/TS to relative humidity, to PRUINILIO: 50, H, N0,
. . MDRH{(NH,).SO,, e HNO,; E3, E6,
determine the new particle NHNO TATS, Chrg.
O, correction;
Com Osition Case 5/ CALCB2B (NH ) SO
p ) DRH{ NH°HSO4 - Lin. Interp.; Case 4 (N H:)z\H{Sﬂ()a}ﬂ (N“-*)ZSU”
TA, TS, NH,NO,,
Analytic; HNO,, NH,;
MDRH({ NH,HSO, NH,HSO, NH,’ Case 6/ E7, TA, TN,
K HNO4(g) & HNO4(aq): (NHOH00.} HSO,,80,, H', | NHHSO, CALCBIA TS (note that
. ; NO,, HNO,; E3, | (NH,),H(S0,),, | CALCB2A o= 1)
K,: HNOs(aq) < H+(aq)+NOs(aq) B4 A, TS, X0, | TS, g~
K3: NHy(g) % NHs(aq) Coreon | s
K, NH;(aq)+H,O(l) < NH,*(agq)+OH-(aq) CALCBIA
Ke: HSO, (aq) & SO,2(aq)+H(aq)
K6 NH4HSO4(S) <:> NH4+(aCI)+HSO4'(aC]) 0.0 1.0 1.5 2.0 >2.0
K7: (NH,),SO,(s) < 2 NH,+(aq)+S0,*(aq) [TA]/[TS]

Kg: (NH,)3H(SO,),(s) < 3NH,*(aq)+SO,*(aq)+HSO, (aq)
Kg: NH, NO4(s) < NH;(g)+HNO4(g)

Ky H,0(l) & H*(ag)+OH(aq)

Conservation of S: [TS]=[(NH,),SO,(s)]+2[(NH,);H(SO,),(s)]+[NH,HSO,(s)]+[HSO, (aq)]+[SO,*(aq)]

Conservation of Nitrate:[TN]=[NH,NO;(s)]+[HNO(9)]+[NO5 (aq)]

Conservation of Ammonia: [TA]=2[(NH,),SO,(s)]+3[(NH,);H(SO,),(S)]+[NH,HSO,(s)]+[NH,NO;(s)]+[NH5(g]+[NH,*(aq)]
Conservation of Charge: [H*(aq)]+[NH,*(aq)]=2[SO,*(aq)]+[HSO, (aq)]+[NO, (aq)]+[OH(aq)]
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GEM-MACH fine particulate Sulfate forecast
evaluation with surface observations in 2010
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GEM-MACH PM2.5 and PM10 forecast
evaluation with surface observations in 2010

Seasonal PM,; N America (ug m™) - R = 0.53; M, = 8.94, M, ., = 9.77; NMB = 19.4% (#4861) - TEST1
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GEM-MACH Operational forest fire air
guality forecast system - FireWork

Official operational system since April 2016 - https://weather.gc.ca/firework

System runs twice daily (00/12 UTC) during Canadian fire season from April to October

Near-real-time fire data from Canadian Wildland Fire Information System (CWFIS) —
bottom-up approach

Hourly fire emissions (PM, VOC, NOx, NH;, CO, SO,) are input by FireWork, a clone
of the ECCC Regional Air Quality Deterministic Prediction System (Pavlovic et al.
JA&KWMA, 2016)

New forest fire emissions system, Canadian Forest Fire Emissions Prediction System
(CFFEPS) (also bottom-up), will replace CWFIS in near term (Chen et al. GMD 2019)

1)

2)
3)
4)
5)

FireWork products dl TSN @%@m |

PM, s/PM,, maps and animations from fire I
sources

AQHI based on FireWork forecasts
Accumulated PM, s impacts over 24h
Total column PM, < / PMy,

Other specialized products upon request

(e.g., special fire activity near urban areas)
http://collaboration.cmc.ec.gc.ca/cmc/air/firework

20.0

10.0

5.0

2.0

Hourly surface fire-PM, ¢ concentrations for 23 Aug. 2018


https://weather.gc.ca/firework
http://collaboration.cmc.ec.gc.ca/cmc/air/firework

GEM (RDPS)

GEM-MACH-Interactive Forest Fire Forecast system
Meteorology:

fOf Fl REX'AQ Boundary Conditions (48 hours)
Satellite . :
Retrievals GEM Dynamics (Tracer Advection)
\ 4 GEM Physics
\

Hotspot_cffeps.csv P — Mie Theory aerosol
CFFEPS inputs provided by ul-Razza ; :
NRCan/CWFIS to model fire behaviour & Ghan CCN optlcal properties
and fuel consumption. (water+dry aerosol)
«  Hotspots based on satellite v v

retrievals : —

Land-cover-related data based on P3 Cloud Convection CCCmaRAD Radiative Transfer

the Canadian Forest Fire Danger v v

Rating System (CFFDRS)

GEM-MACH ChemIStry Anthropogenic Emissions

CFFEPS 4.0, Off-line _ W
for initialization CFFEPS 4.0, In-line

a) On-line F90 code. =S Vertical Diffusion
b) Fire spread/growth + Area Emissions +
Injection height using dry deposition
all GEM-MACH \' "4
temperature levels. Gas-Phase
Chemistry + SOA

a) Injection height using
all GEM temperature
levels. C)

b) Off-line used to create
initial conditions for

next on-line forecast.
Aerosol and Cloud Processes (Nucleation?ondensation,

GEM (RDPS) _ Clou: _ _ _
Coagulation, Settling, inorganic thermodynamics, cloud processing
Meteorology: 18 hour of gases and aerosols)

forecast hda




GEM-MACH Experimental FIREX-AQ
Forecast - July 20t, 12 UT, 2019
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Canadian Earth System Model (CanESM) - Piecewise lognormal-
approximation Aerosol Model (PAM) (von Salzen ACP, 2006; von
Salzen et al. Atmos. Ocean 2013)

« CanESM is an entirely separate model developed at Canadian Center for
Climate modeling and analysis (CCCma), Climate Research Division,
ECCC, with its own dynamics core and physicochemical processes
representations.

« CanESM supports IPCC and AMAP Assessments and Canadian Seasonal
to Interannual Prediction System (CanSIPS)

Aerosol Chemical Species and mixing state in PAM

H,SO,

SOAP
\ Sea Salt

gas-to-particle H,O
conversion
. (NH,),S0O, '
aging
Envi : °) N dl*l
nvironment anc
Ld | —dIld!

Climate Change : 3 sections . a
1 eaction 2 sections




Piecewise Lognormal Approximation (PLA)
method Aerosol Model (PAM)

« 2-moment numerical scheme for simulation of aerosol size
distributions based on combination of bin and modal schemes

« External and internal mixing of aerosol chemical species
» Sulfur chemistry including DMS

» Aerosol optical properties and radiative forcings depend on particle
size and aerosol mixing state

* Includes model for cloud droplet nucleation and aerosol indirect
effects

EXT [ 19
107 INT

d M /d In(R,/Rs) (ug m~)

PAM hybrid bin-PLA bins

0.01 0.10 1.00
Ry (km)

M sc B VN DUST
i+l

m i Canada




Piecewise Log-normal Approximation (PLA)

Aerosol number size distribution 10000 ¢

n(@)=Yn(e) withp=In(R/R,) on |

n(p) = Ny €EXP [_ Vi ((P_(Po,i )2] H ((0_(Pi—1/2)H (¢i+1/2 _§0) _5, i bin method 1

S 1ok \

(section boundaries at ¢.., =In(R.y,,/Ry)) z

« Series of truncated, non-overlapping o1 b Number distribation
log-normal distributions within fixed I Easkistelaatan el
1 1 1 0.1 1 10
particle size sections N D, (im).
2 independent PLA parameters _
(mode size ¢,; , mode number n ) [ /
=Ty L
= L
« Requires variable conversions S
PLA variables s|lE
N =M
Mass and number Mass distribution
. . . Pagp 14 — September-9119 0.01 ) s
mass mixing ratios o- b ) 0,
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PAM Sea-salt source parameterization
Near-Surface Sea Salt Aerosol Size Distribution

i \; : i L : : i
19 Up=5-7Tms" e Up=8-11 ms™

Lewis and Schwartz (2004) oot

dlogr, 2] In2.8

) L
dN = 0.07 Ulz0 eXp{_ E[M:l } 10"

- _ - - _1
(Nincm™, ry, in gm, U, inms™)

Uncertainty x /+ 3 Sl
> -2
0.1um<ry <25 um a0
5mst<U,<20ms* °
107
10"

10 10~

1 i L : L0y P R .
0.1 1 10 100 0.1 1 10 100
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PAM Mineral Dust Emission

Physically-based emission scheme (Peng et al., 2012)

Parameterized emission flux depends upon:
« Friction velocity (U.3) - above friction velocity threshold

» Emission particle size distributions for 17 different soll types

» Soil properties (roughness length, soil moisture content)

Size distributions of emitted aerosol

10° T T T 102
—  paor
— PLA
1072 —_ 10°
T = 10
' £
s 3
e 1074+ = 102
g g
N g
Z s
o -6 -4
107° - 7 © 10
10781 N 1078 . ‘
0.01 0.10 1.00 10.00 100.00 1000.00 0.01 0.10 1.00 10.00 100.00 1000.00

Radius [um] Radius [um]
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PAM Aerosol Nucleation representation

CERN CLOUD (Cosmics Leaving Jbn = kpu(T)[HaSO4)P-
Outdoor Droplets) chamber data Jt!ﬂ — Jepn(T) o (INHs], [H,S04])
Jpi = ki (T)n [HQSO_i]?"”

Dunne et al. (2016); _ _ Jt,a‘ = ke (T)n_fi ([NH3], [H,SO4])
Hamish Gordon (Leeds University) Jorg = kit oro[BioOxOrg] [H,S0,]?
org — Norg

n_: Concentration of GCR-induced ions

10077 A 208K /S 10771 C 248K
10" — 10"
101 ] 101 1 .:,.
o N To o | g,-
V.IE 10 — J «.’E ME 10 7
P = } o
= 10" - @ o - - 10 ’
s, E = s, &
1077 ! magnitude o 1077
a3 7 [ uncentaint 3
10 o 3 10 3
. '..-,r [Hz80,] (em ) . 1 H,50,] {ecm )
10 T |1|||||| LR R ™TT 10 frm T T TITm )
I T L ge 2 488 2 468
10 10 10 10 10 10"
-
10 cLOUD data: R
2 o J, (no added NH;) 10
10° — & )., (no added NH,) 4
’ B J, (no added NH,) : =
10" _ ® J, (added NHy) , &
e o o & . (added NH;) 10 2
7 10 7 B J, (added NH,) 4 ®
E £
= 10 — 2 parameterization: 2 E
a = J,, (no added NH,) 101 -E
-5 = ~ = ., (no added NHy) -
10 .,/ o TS A e A, (no added NHs) s I
10° = g —— J, (added NH,) ,
S 3 - 3 = = J. (added NH,}
4 s M [HESC"!»] (em J # [H2SO4] (CITI | P J:[added NHJ 1Qu l*l
E 10 L1001 I A L1 N N RN 10 T TI T 1T 1
I*I 80z 48 | 2 46 | 2 , 2 488 2 48l 2
C 10 10 10 10 10 10 \./aI la




PAM Aerosol-Cloud Interactions

. Novel adiabatic cloud parcel model for calculation of cloud droplet
number concentration in stratiform (layer) clouds

o Input: PLA Aerosol size distribution at cloud base and effective updraft velocity
above cloud base

o  Model simulates activation of aerosol and condensation of water vapour on cloud
droplets

o  Numerically efficient iterative approach

. Cloud droplet number concentration affects optical properties of
clouds and conversion of cloud water to precipitation
. Integrated with parameterization of aerosol wet scavenging
cloud ' , higher reflectivity:
layer Gl s arec

less precipitation:
Cloud lifetime effect
(2 indirect)

adiabatic
air parcel
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PAM Aerosol-radiation interaction

. New parameterization with size-dependent aerosol
optical properties for internally (Maxwell-Garnett

mixing rule) and externally mixed types of aerosols.

Look-up table generated by Mie code
. Calculates wet size optical properties for aerosols

. Enhancements in absorption of solar radiation by
BC when BC is coated (internal mixing with
sulphate, organic carbon, liquid water)

. Updated BC refractive index and BC density

Page 19 — September-9-19
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Direct, semi-direct, BC snow-albedo, 1st and 2" indirect effects included

ot :
Organic
matter

Sulfates

Microscopic image of a
tropospheric

aerosol particle (Adachi et
al., 2010)
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PAM Evaluation
Near-Surface Sulfate Concentration
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PAM Evaluation
Aerosol Optical Depth (550 nm) 2004-2008

CanAM_PLA10 JJA CanAM_PLA10 DJF

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

» Good overall agreement of CanESM
with observations Circles: AERONET

* Regional biases: Emissions of mineral
dust from South America and African

I+l o biomass burning Clelzl(i?iI




PAM Evaluation: Cloud Droplets
Concentration in Low Clouds 2004-2008
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PAM Evaluation
Mineral Dust Deposition Flux

Mode| Dust deposition rate pld058 (g/m2/yr)
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Secondary Organic Aerosol

* CanESM:

— Condensation of terpene to account for formation of SOA using
AEROCOM fields (15% yield = 19 Tg POM/year)

* GEM-MACH:

— SOA vyield calculated within model as a function of temperature and
existing organic aerosol mass based on a 2-product fit to smog
chamber data (Odum et al. 1996). Different emitted precursors
considered, based on their function groups, such as aromatics, alkenes
and alkanes. Once formed, the SOA is considered non-volatile. The
SOA yields are also NOx-dependent.

— Advanced VBS version of SOA model is in progress
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ECCC Aerosol Modeling Systems:
Major Gaps

* Two separate dynamics core models and their aerosol
sub-models

* No operational global aerosol forecast system
° No regional or global aerosol assimilation system

* No routine GEM-MACH aerosol forecast evaluation with
remote sensing data

* No operational interactive prognostic aerosol weather
prediction model
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ECCC Aerosol Modeling Coordination: In progress
(better focused since January 2018)

* Consolidation of models across ECCC (Unified modeling approach) is ongoing
— Common dynamical core is expected to be GEM dynamics
— Common library of physicochemical processes representations

ECCC Working Group on Cooperative AerosoL Modeling (ECCC WG-CALM)
Objective: Coordinate aerosol (and its interactions) modeling between weather, air quality
and climate groups. Coordinator: Ashu Dastoor

* Aerosol model development for climate simulation (Pl: Knut von Salzen)

* Global and regional aerosol model development for air quality simulation (Pl: Ashu Dastoor)
* GEM-MACH organic and cloud-phase aerosol chemistry representations (Pl: Craig Stroud)
* GEM-MACH Interactive chemistry-aerosol-meteorology simulation (PI: Paul Makar)

* GEM-MACH Fire emissions system (PI: Jack Chen)

*  GEM Cloud microphysics representation (PI: Jason Milbrandt)

* GEM-MACH emissions (Pl: Mike Moran)

* Radiative transfer (Pl: Howard Barker)

* Regional and global aerosol assimilation system (PI: Richard Ménard)

* Remote sensing of atmospheric composition (PI: Chris McLinden)

* and others




Global GEM-MACH aerosol forecasting
development in progress

Implementation of PAM in GEM-MACH for global aerosol forecast (First version
expected by Fall 2020)

— Relatively efficient and accurate 2-moment aerosol dynamics

— A well-tested aerosol model on global scale and fully coupled with meteorology
— Nitrate and ammonium species need to be added

— Comprehensive in-line gas-phase chemistry need to be added

* Model for Simulating Aerosol Interactions and Chemistry(MOSAIC) aerosol model
developed at PNNL, Zeveri et al. 2008, JGR, has been implemented in GEM-MACH

— Two-moment aerosol dynamics

— Advanced aerosol thermodynamics (i.e., gas-aerosol partitioning)
— A good test-bed for improving aerosol modeling at various scales
— Regional and global configurations are being tested

* ECCC seasonal forecast system produces global aerosol forecast with CanESM
(bulk aerosol scheme) but needs updating and testing

* Implementation of SAPRC-CSO7A gas-phase chemistry (47 species and 140
reactions) (being tested)

— Advanced organic chemistry
— More photolysis reactions (HNO,, PAN, NO,)
—  Will support improved SOA and heterogeneous chemistry



MOSAIC aerosol model in GEM-MACH

Model for Simulating Aerosol Interactions and
Chemistry(MOSAIC) - Zaveri et al. JGR 2008

* Sectional two-moment dynamic gas-aerosol mass transfer
Including Kelvin effect using an efficient Adaptive Step Time-
split Euler Method (ASTEM; Zeveri et al., 2008).

* Size-segregated thermodynamics

Activity coefficients are computed by Multicomponent Tyler Expansion
Method, shown to be more accurate than widely used Bromley mixing
rules and improves estimation of particle pH (MTEM; Zaveri et al.
2005a).

The intraparticle solid-liquid phase equilibrium is calculated using a
computationally efficient Multicomponent Equilibrium Solver for
Aerosols (MESA,; Zaveri et al. 2005D).

Explicit treatment of Na, Cl, Ca, CO;, MSA in aerosol
thermodynamics. More realistic over oceans and in coastal regions.

Better treatment of aerosol water and water hysteresis



New Cloud Microphysics Parameterization -
Improved Ice-Phase Microphysics (Milbrandt et al.)

Traditional bulk approach:

Partition Ice phase into representative categories
with prescribed bulk physical properties

* Dbulk density _ _
mass-diameter (m-D) relations

* shape
 fall speed-diameter (V-D) relations
 etc.
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New Cloud Microphysics Scheme:
Predicted Particle Properties (P3)

* Freely evolving hydrometeor types and prediction of particle properties (e.g mass-
Diameter relations; m(D) = aD#) for process rate calculations based on conceptual model of
particle growth (Heymsfield 1982); 2-moment bulk scheme

* Operational since Sept. 2018

Supports better treatment of cloud radiative effects

Implementation of prognostic aerosols for droplet nucleation is in progress

RIME COLLECTION IN
ICE INITIATION VAPOR GROWTH AGGREGATION CRYSTAL INTERSTICES

” A
Q N\ 7 n
e ‘\ /"’ SNV s <A
é V.0 e -4 S A\Ng
O SN XL =)
] g > S ‘
: - /TN X .
R 3 <
V s S

rical ice
/6 Ppuik ice unrimed crystals partially rimed crystal  spherical graupel
IB~ 2 :B~ 2 ﬁ: 3

Morrison and Milbrandt (2015), Morrison et al. (2015), Milbrandt and Morrison (2016)

i+l

Environment and Environnement et C d
I * I Climate Change Canada Changement climatique Canada a.na. a


http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559
http://www.google.ca/url?sa=i&source=images&cd=&cad=rja&docid=e8my8riUcXgB1M&tbnid=U2s81jBkDeRTPM:&ved=0CAgQjRwwAA&url=http://rrocy.wordpress.com/&ei=lRIwUazUHtC30QGlh4GYCQ&psig=AFQjCNE6DjMGNKX-UAhDTtBw1Ct-ShXfMA&ust=1362191381537559

P3 Evaluation: Example

Full resolution version (3400x 1700 pixels - 220k
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ECCC Operational Air Quality Analysis

O,, NO,, SO,, PM, ., PM;, and Air Quality Health Index
(AQHI) each hour

Experimental since 2002, operational since Feb 2013

el s g ozone B+l s s bine partiCieS

Dimanche 29 Mai 2011 & 23:00Z / Sunday May 29 2011 at 23:00Z (EXPERIMENTAL) Mercredi 21 Mars 2012 4 08.00Z / Wednesday March 21 2012 at 08:00Z (EXPERIMENTAL )

E)
2
w0
o

ag
w0
20
a0
»

Pane 32 — Sentember-9-19

wironme RODIChaud et al. 2016, Robichaud and Ménard 2014 hd
I * I (E)limate Change vanaga Unangement ciimatique Lanaaa \_/\lna,da,




ECCC Regional Air Quality Assimilation
System (based on GEM-MACH)

* Issues with current ECCC operational air quality analysis

Only surface observations

|sotropic correlation model

Variances in observation space
Independent PM2.5 and PM10 analysis
No assimilation cycle

e ECCC new air quality analysis (operational implementation in
fall 2019)

Climatological correlations

Model error variances in model space
Joint PM2.5 and PM10 aerosol analysis
New validation process

* Regional chemical assimilation cycle (first version in 2020)

likely using (a variant of) the 4DEnVar scheme used for meteorology assimilation
cycle

* Global/Regional assimilation of satellite observations is
expected in 2020-2021



New air quality analysis
The Gain K containscorrelations and variances
(Ménard and Deshaies-Jacques 2018a &b)
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Aerosol cross-
correlation

e 2 far apart stations

— The northern measuring PMio
— The southern measuring PM:s

Model coarse model PM(10 — 2.5)

PM measurements

i+l

Environment and
Climate Change Canada

Pag

Environnement et

rse (AC)

independent inclusive coarse (AC)
A ] ... Tl

joint inclusive coa

jointgexclusive coa

S
Y

SR
. |
o LA
NPV Vi )
e Y/ . % 2 independent fine (AF
‘ Y i
— [ q PM]_[] -" - ’ﬁi"i . "
‘ ;
i PM, ; [
TR bk

LT Ao A
%-ag!b!ﬁz
._"d;', v

.-J %
m P \
LN A

rse (AX)

=
o
),

_A. W

Changement climatique Canada

(ug/m*)*

(ug/m® )?

(ug/m® )?



Aerosol Speciation

total mass mcrement (PM2.5) AF

* Building a 3D IC for GEM-MACH

— Speciated increment for both
exclusive bins (Txx1, Txx2)

— Increment vertical projection or
sequential analysis
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Evaluation of analysis by cross-validation

3 sets of spatially random distributed observations O,, O, and O, are used
(Ménard and Deshaies-Jacques 2018a &b)
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Thank you for inviting!

* ICAP team experience is valuable to ECCC aerosol
prediction system development!

* We hope to contribute to ICAP-MME in near future!
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