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Fires and air quality ‘ UPmC 4§\

Table 13.1 Pollution exposure standards in Europe and World Health Organization (WHO) recommendations

for human health.

Pollutant (ug/m?)

European directives (hourly average) WHO recommendations

Nitrogen dioxide (NO,)

Limit: 200pg/m? 1 h exposure: 200
Alert: 400 pg/m? during
3 consecutive hours

Sulphur dioxide (SO,) Limit: 350 pg/m? 10 min exposure: 500

Alert: 500 pg/m? during 24 h exposure: 20

3 consecutive hours
Carbon monoxide (CO) 8 h limit: 10 000 ug/m? 15 min exposure: 100 000
1 h exposure: 30 000

Ozone (0,) 8h limit: 120 pg/m? 8h exposure: 100

Information: 180 pg/m?

Alert: 240 pg/m?
Particles with diameter <10 ym (PM10) Limit: 40 pg/m? 24 h exposure: 50 (less than 3 days/year)
Particles with diameter <2.5um (PM2.5)  Limit: 25 pg/m? 24 h exposure: 25 (less than 3 days/year)

Objectives: 20ug/m” in 2015

Indonesian fires 1997: PM > 2000pg/m?3 during several days
(Heil and Goldammer, 2001)

Californian fires in 2003: PM10 > 200ug/m3 (Wu et al., 2006)

Russian fires in 2010: PM10 = 700-900ug/m?3 (Konovalov et al., 2011)
CO = 10mg/m3, up to 20mg/m3

Intense pollution; worsen by radiative impact of aerosols

(more stabl

e => lower PBL height => lower dillution)
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Fires: where and when?
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Moyenne 2000-2010, inventaire GFED (van der Werf et al., 2012)
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Evaluating the impact of wildfires on air quality | ———

Observations

* Fire location

 Atmospheric chemical composition

[l

Fire modeling

Chemical evolution Air quality impact
f * Relative contribution to local
Transport mechanisms pollution budgets
1 * Integration in forecasting
plateforms

Pollutant’s emissions
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uPm .
Evaluating the impact of wildfires on air quality 4cMme i‘o
__ Svauating the Impact of WITGHIres on air quatity ~

Initial/boundary
conditions

Chemistry-transport Simulated

model (CTM) — %  concentrations
CHIMERE Trace gases and aerosols

simulated

: observations
Observations

fires,
vegetation Observations surface,
in situ, satellites
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Evaluating the impact of wildfires on air quality

Example of regional domain:

- Chosen to include main sources, e.g. large
enough for African dust, and transport
pathways

- Zoom above regions of interest

Typically for regional CTMs: 60km large
domain, down to 20km
Note: global simulations ~1° at best

b\
)

k

-20 -10 0 10 20 30 40 50 60

=> Fire is a subgrid source
=> Same grid cell may include several fires
=> Often several simultaneous fires in domain

Emissions = averaged flux over grid cell
(molecules/m?/s)

Injection heights = maximum height under

which plume supposed well mixed ;

Or vertical profile
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Fire emissions calculation

Emission for given species i and a detected fire of surface A4

Fuel consumed

llllllllllll

np

Lk, = Aﬁﬁzﬁ;‘gv,i < F = EC"

B,B,.,
A A

1 =1 /
/ 7

Combustion fraction

Fraction of vegetation  Emission factor for
type vin area burned species i and vegetation _ _
- Landcover database  type v = litterature Burning fraction

- Litterature

Biomass density (kgC/m?) for carbon pool p
and vegetation type v 2 Vegetation and

carbon cycle mode ORCHIDE
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Input data

Fire location Vegetation type Vegetation model
burned area mapping biomass density
(500m — 1km) (500m — 1km) (30 km =70 km)

v

Emission model

Calculation of emissions for any species
at fire resolution (~1km)

Conversion to model emission fluxes
for user specified species and model grid

v

Output emission fluxes

NRT:
(Turquety et al., GMD, 2014) http://www.Imd.polytechnigue.fr/cosy/fires-modis-europe.php
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Fire emissions calculation: APIFLAME v1.0 ueme '@
LMD

P,

ORCHIDEE PFT Litter Leaf Wood Roots
Tropical broad-leaved evergreen 100 10 (5-20) 0 0
Tropical broad-leaved raingreen 100 10 (5-20) 0 0
Tropical needleleaf evergreen 100 30 (15-60) 10 (5-20) 0
Temperate broad-leaved evergreen 100 30 (15-60) 10 (5-20) 0
Temperate broad-leaved summergreen 100 20 (10-40) 10 (5-20) 0
Boreal needleleaf evergreen 70 20 (10-40) 20(10-40) 5(2.5-10)
Boreal broad-leaved summergreen 70 20 (10-40) 20(10-40) 5(2.5-10)
Boreal needleleaf summergreen 70 20 (10-40) 20(10-40) 5(2.5-10)
C3 grass 100 50 (25-100) 5(2.5-10) 0
C4 grass 100 50(25-100) 5(2.5-10) 0
C3 agriculture 100 50(25-100) 5(2.5-10) 0
C4 agriculture 100 50(25-100) 5(2.5-10) 0

(Following Hoelzemann et al, 2004)

C

v

0.6 for forests

4 scenarios (‘available fuel load’):

* Min

* Max

* Moyen

* Linear variation f(stress hydrique)

0.85 for grasslands and croplands
0.85 all PFTs in the Mediterranean during Summer
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What about fires in Europe?

Average yearly area burned (MODIS MCD64, 2003-2012)
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Frequency of fire occcurence

Eastern Europe, Ukraine — Russia : smaller fires, recurrent;

Southern Europe, Mediterranean area: Large events, more sporadic.
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What about fires in Europe? Uemc
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e Eastern Europe, Ukraine, W. Russia: croplands;

* Mediterranean area: Forests, shrublands, grasslands.
BUT: strongly depends on the landuse database used.
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Uncertainty evaluation |t e

Case of the summer of 2007 LMD

Comparison of daily regional emissions from APIFLAME v1.0
with other widely used inventories

Burned area (km?) Emissions CO (kg)
: . : : : - 400
L | —— FINNv1
S GFEDv3
o S0 | 200 —— GFASv1
© — ThisWork
0 - AA
~ 400
v ©
=
23 1 200 u
O .
w =
0
Day (01/06 — 30/09)

ICTP fire modeling workshop, Trieste, Italie - S. Turquety (solene.turquety@Imd.polytechnique.fr)



Uncertainty evaluation
Case of the summer of 2007

Uncertainty estimated using an
ensemble approach, incl.
different “reasonable” choices
of databases / parameters.

Uncertainty estimated to ~ 100%:
1) Burned area (6>100%);

2) Vegetation (0=44%);
3) Biomass density (0=14%)
+ NON-LINEAR

MODIS MCD45 MODIS ORCHIDEE global

Euro-Med region, summer of 2007 daily emissions

Ensemble
Veg. CLC
Veg. USGS
Veg. MODIS

Jour (01/06 —30/09)
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Relative importance of fire emissions for a few key pollutants
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Fires: an intense, sporadic source,

concentrated on short time periods, often
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regionally dominant during severe events.

oN
T

COVs (Tg)

5 _
ol . m W

Ouest Centre Est

Ouest Centre Est

0.4

A03'
» 0.2
Z 0.4}

Ouest Centre Est
| I Anthro [ Bio I Feux|

ICTP fire modeling workshop, Trieste, Italie - S. Turquety (solene.turquety@Imd.polytechnique.fr)



.. ' UPMC
Emissionsin Europe @ . ¢
LMD

Mean annual emissions (2003-2011) of PM2.5
anthropogenic (EMEP inventory) and fires (APIFLAME)
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Very significant importance for
(Turquety et al., GMD, 2014) recurrent episodes.
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Modeling the impact of fires: UPMC )"
case of the summer 2007 LMD

AOD (865nm) fine mode 20070827
PARASOL ] CHIMERE

Lat: 31.27 Lon: 16.95 (20070827)
1

PR | o oo o o Lo oo o b oo o Lo a Lo
—

CALIOP
* Good consistency in plume transport; 8 CHIMERE - sans feux

e Strong underestimate of AOD for this LRT event;
e Uncertainties on emissions and vertical transport.

CHIMERE - avec feux

altitude (km)

(Stavros Stromatas, 2013)
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Modeling the impact of fires:
case of the summer 2007

Observations AIRBASE
CHIMERE sans feux
CHIMERE avec feux
CHIMERE avec feux, sans poussiéres

Ll n
. ’2a i 0] C) 9
(% jours de I'été) wl® °\|° ol® °\|°

* Extended zone of influence;

* Observed threshold exceedances only reproduced including fire emissions;
* 40-55% of exceedances during the summer of 2007 attributed to fires

(Stavros Stromatas, 2013)
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Modeling the impact of fires:

case of the summer 2012

Sensitivity analysis using the CHIMERE CTM

Dust: 36% of PM10 50ug/m3 AQ std
exceedances
Fires: up to 20% of avg surface PM2.5

Anthropogenic: 21% of PM2.5 25ug/m3
recommendation threshold exceedances

...
0 20 40 60 80 100
PM, ; surface contribution (%)

(G.Rea et al., ACPD, 2015)
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Several fires events during the summer of 2012

23/07 _

Modeling the impact of fires:

case of the summer 2012

MODIS - Mode fin
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Modeling the impact of fires: | L B
case of the summer 2012 LMD

Air quality impact: comparisons to surface PM observations

Episodes Nombre Moyenne R RMSE MNB Dépassements
stations/points Mod. Obs. Mod. noF Obs.
Espagne
27 juin-4 juillet
PM;p 20/159 388 405 0.84 229 1.0% 42 32 36
PMjp* 11/87 46.0 43.2 0.78 27.5 19.4% 26 18 21
PMa s 11/87 220 17.8 048 144 33.9% 23 0 17
19-22 aoit
PMyp 32/126 282 225 047 148 51.1% 19 ) 11
PMyp® 13/42 29.7 196 035 16.0 66.6% 10 3 7
PM, 13/49 187 94 036 150 1608% 10 0 2
Portugal
18-23 juillet
PMio 8/48 33.7 237 069 204 48.8% 9 0 2
PM;yp® 6/36 263 247 081 141 10.6% 2 0 2
PM, 5 6/36 188 10.7 0.80 13.6 111.4% 4 0 1
Balkans
21-31 aott
PMio 5/55 345 46.4 085 184 -30.1% 10 0 19
PMyp® 1/11 609 796 0.79 265 -25.9% 7 0 10
PM, 1/11 495 379 076 239 226% 8 0 10

@ aux stations mesurant aussi la concentration en PMs 5

Overestimate by CHIMERE, especially

in the Iberic Peninsula.

ICTP fire modeling workshop, Trieste, Italie - S. Turquety (solene.turquety@Imd.polytechnique.fr) 21



Modeling the impact of fires:

case of the summer 2012

AOD - Regional average (-3 - 1W; 37 - 43N)
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150

1 ----noFires

¢ Obs
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p
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llllllllllll

Spanish fires 27-06 — 04/07

Mixed influence of fires and dust;
Evaluation of fire emissions difficult due
to large uncertainties on both dust and
fire sources...

Surface PM from fires seems over-
estimated; and event seems to last

longer.
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Modeling the impact of fires:

case of the summer 2012

Sensitivity to diurnal cycle and
injection height for fire episode in

the Balkans

Surface PM observations in Macedonia

).4H
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2.1
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====CHIM_diu

07/31 08/15

—CHIMERE

! ----CHIM_diu }/
[/

-&-

%01

" " 1 " L
06/16

" " 1 " s "
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AOD at AERONET station in Romania

Timisoara (21.2°E, 45.7°N)

1
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1.5
e Obs
£ —MINX
€ 1H—4km
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In this case, injection height is critical for local impact; not so much for AOD downwind;

Lack colocated PM and AOD observations for stronger conclusion on emissions.
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Modeling the impact of fires: St
case of the NSW Australian fires in October 2013 LMD

Fire emissions ,51017
:

-32.5

*

33} _....;. Newcaslle

+ 10.5

CO total flux (molec/cm 2/s)

,de;_gﬁg e
3250 : 151 ' 52 °
(9km resolution)
10}
0.
-10} . .
WRF-CHIMERE simulation
-20¢ 40 E * APIFLAME fire emissions
omain (o] . . .
-30} : 30 e Australian emission factors
a0t (derived from field measurements)
20
50} ~
10
-60 I Australian domain

30 00 120 140 160 0 (G.Rea et al., submitted, 2015)
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Modeling the impact of fires:

case of the NSW Australian fires in October 2013 LMD
NSW air quality network Chullora (151°E, 33.9°S)
l T ’ 500 T T T T T . 1
RS """’.“°3}’,,,.,,,d Observations
e oo Ll s 400 CHIMERE daily mean
. . . 300} | CHIMERE diurnal

(ugm

Bringelly .
. Liverpool

" Oskdale Camden
. -

*
Campbelltown West

Bargo
.
344 Wollongong J
Kembla Grange z
. Day of October 2013
Albion Park South
i . A
15058 151

Air quality threshold exceedances (PM10 > 50 pg/m3)

PM10 - All stations (N=19) In this case, emissions’ diurnal

20 1 1 I 1 I T 1 1 1 A L
Il OBS ; :
B CHIM ot cycle is essential to capture
g T CHIM_diuf surface PM, and exceedances.
5
2 st 1
1 1 1 l .
0 (G.Rea et al., submitted, 2015)

Day of October 2013

ICTP fire modeling workshop, Trieste, Italie - S. Turquety (solene.turquety@Imd.polytechnique.fr) 25



UPMC %
Hemispheric impact of boreal fires Ueme .

LMD

IASI Total CO (day) 2014/07/14

Inflow of pollution in Europe
from boreal wildfires

Total €O (x 1818 molec/em?2)
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Multi-model analysis of composition in the Arctic

(POLMIP Experiment)

CO Emissions for Tracers

* Global models intercomparison

* Evaluation of transport towards the Arctic

e 2008: international campaigns (ARCTAS, YAK,
POLARCAT)

* Several fire plumes sampled by aircrafts

Table 3. Summary of POLMIP models.

Model Resolution Meteorology Chemistry I 1050 Tt 2ot sant R
Average Emissions of CO Tracers

CAM4-chem 1.9°x2.5°%, 56 levels GEOS-5 MOZART-4, bulk aerosols 8-10" T T T T T T T 1 T T
CAMS-chem 1.9°x2.5°, 56 levels GEOS-5 MOZART-4, modal aerosols :i?nerica
C-IFS 1.125°x1.125°, 60 levels ECMWF tropospheric, CB05 L Europe
GEOS-Chem 2°x2.5°, 47 levels GEOS-5 tropospheric, 100 species § 6-10"j - i‘:hm .
GMI-GEOS5 2°x2.5°, 72 levels GEOS-5 stratospheric and tropospheric, 154 E

species, GOCART aerosols g
LMDZ-INCA 1.9°x3.75°, 39 levels ERA-interim tropospheric, 85 species, acrosols £ 410" 7
MOZART-4 1.9°x2.5°%, 56 levels GEOS-5 tropospheric, 103 species, bulk -%

aerosols 5
T™S 2°x3°, 60 levels ECMWF tropospheric, CBOS AL R Y I I I | D ]
TOMCAT 2.8°x2.8%, 31 levels ERA-interim tropospheric, 82 speciess ke ---- 3V --Fit---H-H-HwpA-----------
SMHI-MATCH hemispheric M : ! WA e Vo dnes o -
WRF-Chem 100 & 50km, Canada WRF/NCEPFNL ~ MOZART, GOCART aerosols 0 Feb Mar , " Jun Jul Aug Sep Oct T Nov c Jan

(Emmons et al., ACP, 2015)
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Multi-model analysis of composition in the Arctic

(POLMIP Experiment) LMD

MOPITT, April Multi-Model Bias

06:00UT, 7 July 2008

(o) CAM4Chem-GEOSS (c) CAM5Chem-GEOSS (d) gmi-geos5

CO (x10"® mol/cm?) CO (%)
N 0 . [ OnEEEE |
1.0 14 19 23 27 32 36 -30.-20.-10. 0. 10. 20. 30.

Monks et al., ACP, 2015
Arnold et al., ACP, 2015

molec cm™
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Surf-800hPa 800-500hPa 500-200hpa

Multi-model analysis of composition in the Arctic

(POLMIP Experiment)

Transport of fixed lifetime tracers = 25 days

0 5 10 15 20 25 30
25-day tracer (ppbv)

* Strong influence of fires in spring and summer; Good consistency btw models;

CAM5Chem

0 5 10 15 20 25 30
25-day tracer (ppbv)

MOZART
LMDZ-INCA
GMI

CIFS

CAM5Chem
CAM4Chem

MOZART
LMDZ-INCA
GMI

CIFS
CAM5Chem
CAM4Chem

CAM4Chem

0 5 101520 25 30

25-day tracer (ppbv)

TOMCAT

CAM4Chem
TOMCAT
TM5

0 5 10 1520 25 30
25-day tracer (ppbv)

,_
K¢

D

| anth ASwm
1 anth NAm
lanth"EUm

fire ASm
fie NAm
fire "EU

e BUT results very different if lifetime controlled by reactivity with OH (real life)...

=> different chemical evolution btw models

ICTP fire modeling workshop, Trieste, Italie - S. Turquety (solene.turquety@Imd.polytechnique.fr)

Monks et al., ACPD



Multi-model analysis of composition in the Arctic

(POLMIP Experiment)

Ozone production wrt CO within fire plumes

Mean (> 5 days)

Honrath et al., (2004)
Parrington et al., (2013)
Thomas et al., (2013)
Bertschi and Jaffe, (2005)

al Martin et al., ]

e o | Measurements
P el ot L., (2007 o Plumes > 5 days
Paris et al., (2009) —

Alvarado et al., (2010)

Mean (<1-5 days) A
Wofsy et al., (1992)
Tanimoto et al., (2008)
Paris et al., (2009)

| Measurements
M ngh et o (2010 i Plumes < 5 days

Thomas et al., (2013)

Goode et al., (2000) : ArnOId et al.,

DeBell et al., (2004) e
Singh et al., (2010) ]

Parrington et al., (2013) | ACP) 2015

Alvarado et al., (2010)

POLMIP mean

TOMCAT POLMIP models
LhaDZ A — Long range transport
GMI-GEOSS
CFs Fresh plumes

CAMS5-chem

CAM4-chem ‘ ‘

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
Ao, / AcO

e Strong ozone production in plumes transported towards the Arctic

o A during transport
e Strong sensitivity to PAN; themselves dependent on vertical transport simulated by models




= : ] ~MC N
Global modeling including pyroconvection 1= LMD

April 2008 July 2008
(o] 00

LMDZORINCA 0

e Daily fire emissions from POLMIP )

e Resolution 96x96, 3.75°x1.9°, 39
vertical levels

e Driven by ECMWEF reanalyses
(6hrs)

10 100

Pyroconvection implementation (Rio et al., 2010) _ o _
. ] .. Schematic description of plume rise
* Surface forcing ==> fire characteristics : (Rio et al., 2010)
Fire power / heatflux (MODIS FRP in W/m?2), g \axie
burned area (AB), number of fires within grid cell
e ~10% of fire energy detected from space
e ~50% available for convection

P(i.j)=n 10 FRPmean.(l,])
2 ABmean (l’ ])
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Evaluating pyroconvection: impact on plume modeling

Comparison to aircraft observations for 2008

__WP3 | NP3 | _YAK | DR | _ ATR

Base Pyro. Base Pyro. Base Pyro. Base Pyro. Base Pyro.

R 0.6 0.65 0.45 0.57 029 045 0.62 0.64 0.7 0.7
RMSE (ppbv2?) 24.32 2348 9735 9551 3745 243 30.11 30.04 1499 15.01
MB (ppbv) -1043 -10.07 -28.35 -3285 45 -6.51 -5.48 -6.06 -8.38 -8.54
NMB -0.06 -0.06 -0.2 -023 -0.04 -0.06 -0.05 -0.06 -0.08 -0.06

* Improves correlations (NP3, YAK)
e Biais also often increases...
Siberian fire (11/07; YAK)
Obs I I I ' ' l —l-obsall
Model with 300F —pyro
emissions at — polmip

400F .
' surface

Model with
pyroconvection

Example: DC8 flight above Canadian fires

200

200

3001

4001

500F 500F

6001 600F
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800[ 800

900} 900f
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LONG RANGE TRANSPORT FROM BOREAL FIRES Ueome : 45\
LMD

EXAMPLE OF THE 2013 FIRE SEASON

Total column CO

T 4 B
40E

July 2013

10" molec/cm?

|IASI/METOP

MODIS/TERRA

OMI/AURA

10" molec/cm?

ICTP fire modeling workst



LONG RANGE TRANSPORT FROM BOREAL FIRES Uemc ‘ ‘5\
LMD

EXAMPLE OF THE 2013 FIRE SEASON

Daily emissions of CO (10° kg)

200 Eastern Canada (-90°--50°E, 50°-80°N)

600 -

w WU
o O O
o O O
T T

140°W .

=

o

o
Ll

TR S R S SR SR |

Siberia (90°-180°E, 50°-80°N)
450 I I 1 I I I I I I I I I I T I I 1 I 1 1 I 1 1 I 1 1 I 1 I I 1

120°W |-yt

100°W |- R S |

80°W |
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Adapting APIFLAME fire emissions for boreal regions

Ongoing work!

Intense wildfires in boreal regions can burn a significant fraction of the ground organic layer

=> Estimate emissions from the burning of both above-ground and ground fuels.
* Use CLASS-CTEM model simulations outputs (Teufel et al., UQAM);
* For above ground burning: burned fraction depending on soil moisture

e 1Isttest: assume medium severity burning (Soja et al., 2004): 2cm depth for forests, 5cm for peatlands

Estimates for August:

carbon - MEAI\&0

Needleleaf evergreen above ground

. _,‘;‘j""”"*tv;_é? ‘\f {/\
160°W|. £ M.
4.8
140°W|. 14.2
3.6
120°W |- 3.0
-l
) 2.4
100°w /- Le
N
3y
1.2
\\f:}J.»
80w | 0.6
A

Needleleaf evergreen ground carbon - MID S

160°W | -~

imca(l
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i UPMC B =
Conclusions ==
LMD

e Strong impact on air quality — but still difficult to quantify and forecast

* Firesin Europe are lower than in the tropics or boreal regions but still have significant
impact on regional pollution budgets during intense episodes

* Boreal fires impact atmospheric composition at local to hemispheric scales; with strong
impact in the Arctic

* Large uncertainties on emissions (>100%) but also on transport processes and chemical
evolution
=> Need more in situ observations of fire characteristics and plume composition

= Need to merge scales, develop new parameterizations to improve regional modeling




Thank you for your attention!

Territoires du Nord Ou
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