Impact of wildfires in Central Siberia on the regional-
scale near-surface carbon monoxide abundance as
measured at the ZOTTO tall tower station

K.B. Moeseyenko!, A.V. Vasiljeva!, A.I. Skorokhod!, J.-C. Mayer?,
N. Jirgens?, A. Panov?, M. Heimann*, M.O. Andreae?

!Obukhov Institute for Atmospheric Physics, Moscow, Russia.
?Max Planck Institute for Chemistry, Mainz, Germany.
3Sukachev Institute of Forest, Kransoyarsk, Russia.

“Max Planck Institute for Biogeochemistry, Jena, Germany.

ENVIROMIS 2012




Emissions of CO from wildfires in Northern Eurasia: estimates for studies in atmospheric transport and climate modeling

Motivation

* Wildfires in North Eurasia are a climatologically important source
of many pollutants affecting air composition at both regional and
continental scale.

« The associated emissions provide up to 20% of global fire
emissions of inorganic carbon (CO+CO2) and up to 9 % of soot
and 20% of organic aerosols.

« Long atmospheric residence times of many fire emitted
compounds lead to complex interplay with emissions from other
anthropogenic and natural sources.

« Hence, correct assessment of wildfire emissions is needed for
better understanding of key factors affecting atmospheric
composition, radiative properties, and air quality.

The lack of systematic data on the near-surface air composition and
emissions for Russian territory complicates studies for air quality,
estimates of environmental burden and long-term trends in atmospheric
composition on the whole Northern Eurasia.




Emissions of CO from wildfires in Northern Eurasia: estimates for studies in atmospheric transport and climate modeling

The objective of this study is to partly fill this gap by
conducting continuous observations of near-surface air
composition at Zotino Tall Tower observatory
(ZOTTO) for background atmospheric monitoring in
Central Siberia launched in 2007.

Background character of the station provide an
excellent opportunity to study regional as well as long-
range impact of various climatically important sources
of pollutants including regional industry and wildfires.




Emissions of CO from wildfires in Northern Eurasia: estimates for studies in atmospheric transport and climate modeling

Basic results of the research

e Seasonal dynamics of fire activity. The set of program modules has been
developed for analysis and assimilation of satellite data on burnt areas
(MODIS MCD45 Burned Area Level3 Product, 2000 — 2010);

Climatology of the wildfire emissions. The program module has been
developed for calculation of emissions (CO,,CH,,CO,NO,) from biomass
burning with high spatial end temporal resolution over the whole Northern
Eurasia;

* Regional effects of wildfires in Central Siberia. Measurements data from
ZOTTO station have been analyzed; contribution of regional transport to
short-term and seasonal variations in air composition at the measurements cite
was estimated.

 Assimilation in transport models. Regional impact of the wildfires in

Northern Eurasia on near-surface CO were analyzed with use of RAMS/
HYPACT modeling system;



Part 1. Seasonal dynamics of fire activity.



Part I. Seasonal dynamics of fire activity

Some known estimates for burned areas in Russia

Publication Years Territory Source of data
(Szl:)\;)l;i)e nko u Goldammer 1950-1999 Fire-protected forest territories Avialesookhrana
Conard u Ivanova (1997) 1991-1995 Transnoyarskii Krai Avialesookhrana
Cahoon u ap. (1994) 1987 SE Siberia and NE China AVHRR
Cahoon u ap. (1996) 1992 Russia AVHRR
Conard u ap. (2002) 1998 South of West Siberia and Far East AVHRR and Avialesookhrana
Kajii u a1p (2002) 1998 Siberia, Far East, and North Mongolia AVHRR
Sukhinin u ap. (2004) 1996-2002 Siberia and Far East AVHRR and Avialesookhrana
Gre’goire u ap. (2003) 2000 Russia GBA2000
Simon u ap. (2004) 2000 Russia GLOBSCAR
Hoelzemann u xp. (2004) 2000 Siberia and Fa&ﬁiﬁg‘;ﬁazakhm“’ and GLOBSCAR and ATSR-2
Ito u Penner (2004) 2000 Siberia and Far East north to 30°N GBA2000 and ATSR
Zhang u ap. (2003) 2001 Ruassia SPOT-VGT
Soja u ap. (2004) 1998-2002 Siberia and Far East AVHRR
Kasischke u ap. (2005) 1952_922603 Siberia and Far East AVHRR
Bartalev u ap. (2007) 2000-2004 Russia SPOT-VGT and MODIS Active

Fires

Scarcity and incompleteness of the data prevent its validation and
generalization for the whole territory of Russia




Part I. Seasonal dynamics of fire activity

Net mass of the species emitted is [to Seiler,Crutzen 1980]:
M=A4-B-CC:-EF,
where

A [ha] — the area burned by fire, from MODIS MCD45 Burned
Area Level3 product (500500 m, £8 days) scaled by MODIS fire
active spots data;

B |kg/ha] — the density of dry biomass in A, land cover classification
scheme by Wiedinmyer [2006];

CC [%] — combustion completeness, empirical formulas from
Wiedinmyer [2006];

EF [g/kg] — emission factor (the mass of the species per kg of the
biomass burned)

Data processing and calculation procedure is following to the general
methodology by Vasiljeva et al [2010,2011]
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The developed module for analysis and assimilation
of satellite data on burnt areas
(MODIS MCD45 Burned Area Level3 Product);
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and burnt areas



Part I. Seasonal dynamics of fire activity

Bioclimatic zones by UMD-GLC classification and geographical regions

Bioclimatic zones: Regions:
- forests (TCC* >60%) « grasslands . Cent_er and South European  + North European Russia
. woodlands . croplands Russia (CER) o (NER)
(1 0%<TCC*<60%) * South West Siberia (SWS) * North Siberia (NS)
« shrublands » South East Siberia (SES) - North Far East (NFE)

*TCC — Tree canopy cover » South Far East (SFE)
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Inter-annual variability of burnt areas in different regions
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* Two macro regions of similar fire activity patterns;
* Max fire activity — ETR and South Siberia (open territories + croplands);
* Strong inter-annual variability driven by meteorological conditions (5.4 -33.0 Mha).
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Inter-annual variability of burnt areas in different ecosystems

——@—— Forests

20— Woodlands
= ——&—— Shrublds, grassids
S 16— ——e—— Croplands
@ —
o
-
©
(<}
| .
© 88—
il
c
5
m 4—

0 I T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

Forest fires <1 Mha except for 2003 (4.1 Mha) and 2008 (2.5 Mha),

Total area = 11.6 Mha, 50% - South of East Siberia, 40% - South of Far East,
5% - European Russia.
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Seasonal variations in total monthly burnt areas
by MODIS MCD45 data over 2000-2008
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Different seasonal patterns of wildfire activity: single-modal (Europe, East Siberia,
North regions) and bimodal (South of Ural and West Siberia, and Far East)




Part II. Climatology of carbon monoxide
emissions from wildfires in Russia



Part II. CO emissions from wildfires

Seasonal variations (o) of wildfire CO emissions for different
regions and ecosystems

Europ. Russia . South of West  South of East Siberia
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Seasonal variations in CO emissions are quite different over the
regions and vegetation types.

Total CO emissions from wildfires are from 7-43 Tg/year which is
about 20-120% of anthropogenic CO emissions

Fires in forests and woodlands are from 5-35 Tg/year and consist 15—

80% of all wildfire emissions.




Part II. CO emissions from wildfires

Comparison with previous results
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The differences are due to:
Geographical areas used for analyses Vegetation classes

Initial data (type, temporal and spatial Soil model
coverage, completeness)

Fire detection algorithms



Part II. CO emissions from wildfires

Annual CO emissions from anthropogenic sources (EDGAR-2000) and
wildfires for the period 2000-2010.

Regions

European Russia 243 11.4 8.0 0.9
South of West Siberia 2.7 8.1 3.8 0.6
South of East Siberia 0.8 20.7 35 0.6
South of Far East 6.7 11.9 3.2 1.2
North of Far East 0.1 4.2 1.6 0.1
North of Europ. 1.0 0.01 =0.01 =0.01
North of Siberia 0.3 0.7 0.1 0.03

For the years of severe wildfire activity the associated CO emissions
consist:

up to 30% for European part of Russia;

65 — 95% for Siberia and Far East;

= 100% for north regions;




Part II. CO emissions from wildfires

Annual burnt areas from MODIS MCD45 for 2000-2010.
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The most regions of severe wildfires are located in midlatitudes where

® Climatically important anthropogenic sources are persist as well;

® Increase in fire activity is predicted by climatic models.

What 1s the combined effect of the both sources on background CO ?



Part II1. Regional effects of wildfires in
Central Siberia as seen from ZOTTO data



Part II1. Regional effects from wildfires in Central Siberia

Z0OTTO Tall Tower monitoring station (60°26’'N, 89°24'E);:

Studies of regional and trans-boundary effects of atmospheric transport
and associated phenomena

* Contiuous CO2 and CH4 Gas Measurements at 301, 227, 158, 92, 52, and
4 m height with Cavity Ring Down Spectroscopy (CRDS) by Picarro, Inc.

* Contiuous Aerosol Measurements at 301, and 52 m height with self made
instrument

* Contiuous CO Measurements at 301, and 52 m height with Aero-Laser

* Contiuous Ozone, and NOx Measurements at 30 m height

* Contiuous Meteorology Measurements at 301, 227, 158, 92, 52, and 4 m
height, and on the ground (Temperature, Wind, Humidity)

* Biweekly Flask Sampling at 301 m height

* Various irregular ecosystem measurements
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ZOTINO project participants
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M. Heimann, Max-Plank Institute for Jena, Germany
J. Winderlich, Biogeochemistry

E.D. Schultze

M.O. Andreae, |Max-Plank Institute for Mainz, Germany
N. Jurgens Chemistry

W. Birmili, Leibnitz Institute for Leipzig, Germany
J. Heintzenberg | Tropospheric Research

M. Gloor University of Leeds Leeds, UK

A. Manning, University of East Anglia Norwich, UK
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Part II1. Regional effects from wildfires in Central Siberia

Averaged over the continent background ozone concentrations (TROICA
expeditions) versus stationary observations on Hohenpeissenberg (HP
Mace Head (MH) and ZOTTO.
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* Atmospheric photochemical system is rather uniform over continental
areas of North Eurasia.

* The ZOTTO measurement data are representative at regional scale if
considered at seasonal scale (»» synoptic times).
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Surface NO, NO2, NOx and O3 measured at ZOTINO
during 2007.03 — 2008.01
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Measured NOx (as NO + NO2):

* low background concentrations (<1 ppbv)

e short-term fluctuations from 0.1 to 10 ppbv
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Polluted air

® Top quartile of NOx concentrations
experience seasonal variations within
0.6-0.8 ppbv.

® NOx from top quartile serve as
indicators of polluted air which could
have been transported from distant

emission sources.
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TRAJECTORY STATISTICAL MODEL FOR
RESIDENCE TIME ANALYSES

The ensembles of backward Lagrangian air parcel trajectories were calculated
with the specially developed trajectory model driven
by the NCEP FNL meteorological input data.

The model supports calculations for three types of trajectories:
2D isobaric (at constant pressure levels)
3D with vertical wind velocity in p-coordinate system

2D mean transport vector (with wind speed averaged within the boundary
layer)

The meteorological input is taken from the NCAR/NCEP reanalysis data at regular
1°x1° lat-lon grid with 12h time increment. The data include horizontal wind

speed and vertical wind velocity at 21 pressure levels from 1000 to 100 mbar.
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Yearly mean conditional frequencies (CF) of air with high NOx
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The climatologically important sources of NOx

are primary associated with industrial areas in the South
Siberia.

Impact of Southern Ural was not revealed probably because of
larger distances to ZOTTO.
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Z0OTTO CO near-surface obs. (Jan 2007 — Jun 2008)
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Amplitude of seasonal cycle (winter — summer) ~110 ppb well agrees to:
TROICA observations (Elanskii et al., 2006);

Mondy station, 1997 - 1999 (Pochanart et al., 2003);

Ryori, Japan (Kim et al., 2010);

Oki, Japan (Pochanart et al., 1999)

This manifests for weak spatial gradients of CO (and ozone)
over the continent at seasonal scales.
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Decomposition of original CO data into synoptic and seasonal
components
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CO emissions (left) and source contribution function (P, SCF) for ZOTTO (right)

Weak fire activity, summer 2007
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BnusiHne NnpuMpoaHbIX NOXapoB Ha KPyNHOMAacLITabHYy M3MEeHYUBOCTL cocTaBa atmocdepbl B CeBepHoi EBpasuun. inccepraumoHHas pabora.
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Distribution of CO concentrations in different air masses

Summer 2007, weak fire activity
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Mean (+0) and median synoptic CO fluctuations (ppb) at ZOTTO for 12-hour
episodes of air transport from anthropogenic sources and wildfires (from
Vasileva et al., 2011, JGR)

Anthropo genic

Time Period Mean + std (ppb) Median (ppb) 'l
Apri-May 2007 25276 1.9 33
July-Aungust 20007 25290 1.6 34
April-May 2008 0.7+53 1.3 14

Fires + Anthropogenic

Tme Perwod Mean + std (ppb) Median (ppb) N®
Apri-May 2007 6.1 £ 7.9 1.5 b
July=Aungust 2007 434 + 298 51.7 15
Apri-May 2008 390 + 564 24.0 26

“Number of 12 h episodes.

Higher background CO in 2008 lead to lower CO relative increase in
anthropogenic and wildfire plumes compared to that in 2007 warm
season
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Input of wildfire and anthropogenic emissions into observed

Background CO:

Z0OTTO near-surface CO In winter ~200 ppb
(calculations with HYPACT) In summer ~100 ppb
Fires, 2007 Fires, 2008
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Atmospheric spring time response to increase in wildfire CO emissions:

ACO(median,mean) _ Co(median,mean) _ Co(median,mean)

fires fires+anthrop. anthrop.

AE = EMIS,,,s-EMIS,,=5Tg CO (in south Siberia, spring)

Estimates 2007 2008 ACO ACO/AE
ppb ppb ppb ppb/Tg
ZOTTO obs., in plumes* 3.6 39.2 35.6 6.7
Z.0OTTO obs., seasonal 149.1 164.8 15.7 2.9
HYPACT**, seasonal 2.1 18.2 16.1 3.0

* For airmass age up to 2 days
** Numerical calculations with RAMS/HYPACT modeling system.
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Mmaga lll. BnusiHne ammnccum ot NnoXapoB Ha KPYNMHOMACLUTAaOHY0 N3MEHYMBOCTb
nonsa npusemHoro CO B ceBepHon EBpasum.

MapameTpbl pacyeToB cpeAHEeCYTOUYHbIX Npu3eMHbIX (39 M) koHueHTpauun CO
c nomouwibio mogenen RAMS u HYPACT

Mepunopbl: 1 aHB — 31 aek 2007, 1 auB — 31 aek 2008.

PacuetHas obnacTtb: CeBepHas EBpa3sua, 40-90° c.w., 20-180° B.A.,
cetka 120 x 120 km, 65 x 111 y3noB, 40 ypoBHeN NO BepTUKanu
ot 0 o 20 KM (M3 HUX 9 ypoBHen HMXe 1 KM) B O, CUCTEME KOOpAMUHAT.

BxoaoHble AaHHbLIE:
MeTeonons — gaHHble peaHanu3a NCAR FNL Ha ceTke 1°x1° 3a 00:00
n12:00 GMT,

Amuccum CO — paspaboTaHHas cuctemMa ycBoeHus aaHHbix EMIS3.

PacueTbl:
MeTteonons, koacpdpuumeHTbl TypoyneHTtHon andcddysmm — no mogenn RAMS

B pexxume 12-yacoBoro nNporHo3a ¢ BbIBOAOM pe3ynbTaToB Kaxable 3 yaca.
doToxmmmnyeckoe Bpems xkun3Hm CO — n3s pabortbl Holloway et al. (2000).
CpeaHecyTouHble npusemMHblie (39 M) koHueHTpauun CO — no mogenu HYPACT.

BnusiHne NnpupoaHbIX NOXapoB Ha KPyNHOMAacLUTabHYy M3MEeHYUBOCTL cocTaBa atmocdepbl B CeBepHoi EBpasuun. iuccepraumoHHas pabora.



Maga lll. BnusiHne ammccumn ot NoXXapoB Ha KPYNHOMAaCLITaOHYH U3MEHYUBOCTb
nonsa npusemHoro CO B ceBepHon EBpasumn.

Amuccun (MODIS) n npusemHbie koHueHTpauun (HYPACT) CO
OT NPUPOAHbLIX NOXapoB Ha tore ETP

Agryct 2007: CO,,,,, Ao 80 ppb, CO4,, Ao 115 ppb. Agryct 2008: CO,,, Ao 170 ppb, CO,,, Ao 300 ppb.
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Maga lll. BnusiHne ammccumn ot NoXXapoB Ha KPYNHOMAaCLITaOHYH U3MEHYUBOCTb
nonsa npusemHoro CO B ceBepHon EBpasum.

Amuccun (MODIS) n npusemHbie koHueHTpauun (HYPACT) CO
OT NPUPOAHbLIX NOXXapoB Ha lre 3anagHon Cndunpu

Anpenb 2007 comon Ao 15 ppb coday .qo 25 ppb. Anpenb 2008: COmon Ao 120 ppb CO,.y A0 340 ppb.
. - S k 6 g ju 3 y (km) T 125
1000 . E
.......... 3 105
5 ]
E 85
IR T I = s 0 N G0 LIRS 1 S T e S e NPT e 3
-2000.F 38 s
-3000 . E 5
-4000 .- €
3 25
' -5000. £ , W Vi 3
”’"(“']""""yl""r't”"flT'W'T :1‘||}||11| ‘I”lllllllIIlII«'(lIl\iAI‘I\H»LI'leIIII fLiin . |||';u1'1'i'|| 1 ||||1||||1| l'f'llllllllI}I[F 5
-6000 . -4000 . -2000 . @. 2000 . 4000 . x (kmn) ppb -6000. -4000 . -2000 . @. 2000 . 4000 . x (km) ppb
12 T T T T T T
Monthly min, med, max +—>—
2007 ]
o AmMuccum Pt
8 L
6 L

CO (Tg / month)

Mar ¥#
Apr |
Oct b

o n S
May |———
Jun pe—e
Jul peo—
Sep p—o——

o]
=1
<

BnusiHne NnpupoaHbIX NOXapoB Ha KPyNHOMAacLUTabHYy M3MEeHYUBOCTL cocTaBa atmocdepbl B CeBepHoi EBpasuun. iuccepraumoHHas pabora.



Maga lll. BnusiHne ammccumn ot NoXXapoB Ha KPYNHOMAaCLITaOHYH U3MEHYUBOCTb
nonsa npusemHoro CO B ceBepHon EBpasumn.

Amuccum (MODIS) n npusemHbie KoHueHTpauum (HYPACT) CO
OT NPUPOAHbIX NOXapoB Ha re BoctouHon Cnbupu

Anpenb 2007: CO,,,, Ao pb. Anpenb 2008: CO,,,, Ao 225 ppb, CO,4,, Ao 560 ppb.
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Maga lll. BnusiHne ammccumn ot NoXXapoB Ha KPYNHOMAaCLITaOHYH U3MEHYUBOCTb
nonsa npusemHoro CO B ceBepHon EBpasumn.

OueHKM KpynHomacwTabHbIX 3chcpeKToB OT NoXXapoB Ha hoHe
aHTPONOreHHbIX MICTOYHUKOB

— CO (Gg /year /oe")

1.0

AHTponoreHHble amuccum CO no aaHHbiIM EDGAR-2000.
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Wildfires in central Siberia

CO source contribution function (SCF) for ZOTTO

Weak fire activity Strong fire activity
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Top: SCF and total wildfire CO emissions in summer 2007 (left) and spring 2008 (right).
Bottom: SCF for the upper quartile 12-hour CO and fire pixels crossed by backward
trajectories.



Emissions of CO from wildfires in Northern Eurasia: estimates for studies in atmospheric transport and climate modeling

Rationale: Wild land fires as a source of atmospheric emissions

\/ Boreal forests in 45° — 70° N belt constitute 1/3 of the total forest area on

the planet, with carbon storage in vegetation and soil constituting 10 — 17 %
of the planetary budget.

\/ Russian boreal forests contribute 22% to the overall forest area on the
planet;

\/ Boreal forest fires contribute 4 — 12% to the global biomass burnt
annually, with emissions of soot and organic aerosols in individual years

contribute up to 9% and 20% respectively, and of non-organic carbon
(mainly as CO and CO2) — up to 20% of annual global emissions.

\/ Large fires (>200 ga) play important role

\/ Climatic temperature rise — prediction of increase in wildfire intensity —
increase in number of severe pollution events and ecological hazards



Part II. CO emissions from wildfires

Annual total CO emissions due to wildfires in Russia
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* Total CO emissions from wildfires are from 7-43 Tg/year
which is about 20-120% of anthropogenic CO emissions

* Fires in forests and woodlands are from 5-35 Tg/year and
consist 15-50% of all wildfire emissions.




