= 18 Years of Collaborative Fire

Researchiin Siberia:
Accomplishmentsiand Perspectives
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BRACKULOUNGE

ally IENE are anol 1 2 billion ha of

INOrEStiandaveed ands

» Ovir S0% Of ig)cie gﬁ al terrestrial biomass is
N borealiorestsi(2/siof this in Russia).
‘Untilrecentlyithe international science
1 ommunity had little understanding of the
|mpo ant role of fire in northern Eurasia.

We now know that wildland fire affects
some 10 to 20 million ha of boreal forest
annually—mostly in Russia.
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Cahoon et al. 1991



SEmnalsntergovern ental” collaborations

N OIESIHEUNITENESEalCch In Russia

o

N OOINRtern et IBoTeal ForestiResearch Association (IBFRA) "
prometeanadicosordinate research...on...the role of...boreal forests in
thegiohalienvironmentiand the effects of environmental change...”
Eanly 1990 's=USESIRE& D 'Collaborations on forest research in Russia
(AlexeyeviandiBirdseyaiichebakova and Monserud; McFadden and
Belre NCHIKGV)S

1993-2000--U:SHRUSsIan Joint. Commission on Economic and
Technological Cooperation Environmental Working Group (Gore-
Chernomyrdin) -

» NASA, RNAS, U VA: U'Mich., etc. compared remote sensing data for fire and land
surface observations. (Gore-Chernomyrdin)

199?7-2000--NASA Earth Science Working Group (ESWG); US
researchers and Russian National Academy of Sciences; later also
Canadian researchers.

2000-present NEESPI; spin-off from ESWG, initiated by NASA



A Pivoeell Eveﬂt

» 1993%--Confarencs o Firs in
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Edited by
Johann Georg Goldammer
and Valentin V. Furyaev

Conference led to the first il
English-language book on fire
In Russia

Kluwer Academic Publishers



Bor Eorasi lsliple ke

» '1995--Bor Forast Island exadrinmiEiessoeri(leRilg
ITSHTEERNBITOUGHTIeOgether fire researchers from
NINECOUNHESHNIaNOINtIIEId project in central
RSSOV ISKEREJ 011101 Siberia.

SBeginningeifemumber offonga ng research

gallzigereitiof)s, r 2




STOWIRGECollaverationiin fire research
: . L] - - -

 AVIENYACHTITENIICollorations on fire research in Siberia
Weresstimulatediorenhanced by the 1993 Fire
CONUIESSIAURNEIBOIAFOrestIsland fire experiment.

O
 SEiTe NISteryAresgarch (Tom Swetnam and Sukachev
~ Instituteresearchiers)
Remote sensingifire effects and fire behavior research

> 1994-95—AV/ HRK sateﬁe downlink station established at
- Sukachev Institute in Krasnoyarsk in collaboration with NASA.

» 1996-present—broad coverage from this receiving station.

» 1994-97 annual visits by Conard and others to Russia—
building understanding and collaboration—Ilots of field trips!

» Ongoing discussions on experimental approach to assessing
fire behavior and effects in Scots pine forests.



Effects in the Boreal
Ct—1998 to present

y
» Collzigorziiion o fenleis sis smg of active fires and
PUTEUAES -

 SEXQENTTEN Al IDURISHTIES Scu S pine and mixed
CONTTER NG NOLESTS

Slntegrauiigiexgenmentea data with aircraft and
- Sdle I1E rernotgsxen» n1g and with weather data

RESEACHIONNNTENC Ctl@'&between fire and logging
Better( cgrg: role and effects of fire and
variability intime and'space

» Fire emissions

» Fire behavior.

» Ecosystem effects

» Management impacts

» Carbon and fire/climate interactions




HREEEARTUNING

Ear AU oIn0 (199371999)

PUUSHASEGTEIGNIAGICUItUTE Service
~ USFS Jnterna‘tiona}ﬁrgs rams
AUSES R&P) "1

- 2000=present.

> NASATgrantsiin 2000, 2004, 2009

CRDE grant:in 200
» USEST i
» Canadian ES
» Russian National Academy of Science

» ISTC (International Science and Technology
Cooperation) program



rasnoyarsk Region
- Krasnoyarsk Region
DOKfliena head |l,u1Lra, Pushkino, Moscow region
tionzy ,-\ GEUENYABTRSCIE Ce, Siberian Branch
, Suk,,r, NEV. eruu;e of Forest, Krasnoyarsk
| nical Kinetics and *ombustlon Novosibirsk
UnVersites - : P :
Siberian Technological University
St. Petersburgrkores] University
niversity of Arizona -
US Forest Sernvice -
Rocky Mountain Research Station
Northern Research Station
International Programs

Forestry Canada, CFS
Great Lakes Forestry Centre
National Institute of Aerospace

Coordination with other NASA, ISTC and CFS-funded research



C0][E0TAlIBNS; SPINOffs, outputs

~ Linikzages witn U VD, ERIVI, UV, g

—EIg PAMBERSOjalfiitially’came to Russia with us in 2001, got her PhD
WithienkeShugart; andisinow a2’ LCLUC investigator
> 0! 2R0TatiNSIetWEEN Sukhinin (Sukachev) and French, Soja,
CS|Szary HAOYNUIGTHENS 6N remote sensing of fires

PRUSSINICOEBOUESTECHIEVEC PN d or “Doctor” level based on
Werk conclucisel tgelariinis dfejlae
> Ihree boctoralidissertations:
> 6 “candidate” dissertations
> 30+ projectsrelatedipublications since 2002; many in Russian-
languagejournalsis
» |IJWE Special Issue irﬁ)cess
» 70+ presentations and'proceedings publications.

» Many awards
» Fulbright Fellowship—Elena Kukavskaya



Fire hot spot polygons in Yakutia
(red_ for 14 08 02 black igelgy begmnlng of season)
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WhgisheWenwelearned?

Burned areain Russia

B Satellite
measurements

@ Official data for
protected area
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Remote sensing data have improved accuracy of burned area estimates
for Russia.

Historically, official data on burned areas in Russia were substantial
underestimates.

There are large interannual variations in burned area.

Variations are not synchronous across the boreal zone, or within Eurasia.
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Ycnosnsie 060z HaNeHHA

MpocTpancTBEHHOE pacnpeaeneHne KPYnHbiX NIeCHbIX NOXKapos
B8 BOCTOMHOM HacTn Poccum B 1999 r,
no pgauubim JINOKW

aans Hanapesye

Poayprian obin




ErEatternsvarny from year
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MpocTpaHcTBEHHOE pacnpeaenieHre KPYNHbIX JIECHbIX NOXKapos
=\ 5 B BOCTOYHOM “acTn Poccumn & 2000 r.
‘ no pgaxuubiM JINOKW

Peypraan 060

Yonosnsie 060z2HaNeHHA

nacea

POCNpEgenessse NICKADN, NPCIACHMON OrMWeN §
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EIEPAtErnSvany from year
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MpocrpaHcTBeHHOE pacnpefeneHmMe KPYynHbIX SIECHbIX NOXKapos
= 2 B BOCTOUYHOM YacTtu Poccum B 2001 r.
no panHbiM JINOKW

B e

Yonosnsie 060z2HaNeHHA

nacea

POCNpeaencwse NACWAIN, NPOLACHMOR Orer & 2001 r.
)




HTENRIERNSVary from year to year
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STeIpatternsvary from year to year

MONHOTA BLIFOPAHNA, ra Nomapa/ra neca, 2004 r.

0.000

0.000 - 0.015

0.015 - 0,030

0.030 - 0.045
[ 0.045-0.060
[ 0.060 - 0.075
I 0.075 - 0.090

0.090 - 0.105
B 0.105 - 0.200

MNMpocTpaHcTBeHHOE pacnpegenieHne noXxapos
Ha Habnropaemoi TeppuTopum no AaHHbiM ONMOKWN-23
2004 r.




HINEPRLETNISVany from year to year
0)0)5
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MpocTpaHcTBEeHHOE pacnpeaeneHme noXxxapos
Ha HabnronaeMmo TeppuTOopMM No AaHHbiM ONOKN-23
2005 .
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Fires in Siberian Scots pine and larch forests vary W|dely in |ntenS|ty

and severity—both among and within fires
Surface fire is much more common than crown fire and mortality is

usually low over much of the landscape



l;;ifa hronology—central Siberia Scots pine
o m. | 9 299 278 - 256 188-193 131-140 81-88 34 Years
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Fire return interval: 25-35 years
Landscape-scale fire return mtewal ~50 years
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@Uantiiyingand modeling fuel
consymptionand fire emissions

4
SheEWIdeNaneenniirebenavior in these forests leads
eMIgniyAvaranlerfemissions and potential impacts on
CAPBNIGY CIEN N StandSTefisimilar structure,
COMpositioniendsitel loads.

. - . . .
> EMISSIGNSHTOMIEX rnnental surface fires varied
4-fold dependingiiargely on'burning conditions.

» Because of tﬂ&ariability In burn severity, especially
INn Scots pine forests, we have been developing
models to relate fire weather and fuels to fuel
consumption and emissions.

» Such models enable predictions of potential burn
severity and emissions over large areas.



Fire Weather Carbon
Index emissions
t/ha
2to 10 41to 7.7
10to 15 7.7to 10.0
15to 23 10.0to 13.7
23 to 40 13.7to0 21.4

azard indices can relate well to
' f fires In Siberia:

Canadian Fire Weather Index (FWI) in part of
central Siberia for 6-15 June 2003. High FWI
values are associated with areas of high fire
activity. Estimates of potential fuel consumption
are based on data from experimental fires in
Scots pine. Active fires from MODIS over the
same period are shown in red on the right.



ulatior) ;aﬂarns atfect regional mass fire

e Anticyclone circulation

] I
W
3 o 2 o

: i - 4 -'{_- U H_-‘-:.’L—:E{-‘
Cloud fronts indicate a blocking ridge that forces circulation around mass
fire areas in the Yakutia Region in 2002 (Sukhinin et al. , poster)



.n; ve,rlty affects Soll respiration

|l|! Nie rMEverlty.surface fires in Scots pine and larch

fors S0 resplratlon decreases significantly. Recovery to

» The flre‘i@sny

and/SeEVENTAVESE
nigher.on Plot 2
than on Plot 1
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Sractions between fire and logging
f s L -

- Fuel coan NMires on legged sites is typically twice that in fires
ONIUNIGYUEUSItESNRoSterE=lvanova et al.)

»\\e cﬁ estimate GHGandaerosoeliemissions from fuel consumption
dates APEIEORS AN SNV, and others).

Loading (t/ha)

Loading (t/ha)

unburned/ unlogged unburned/logged burned/logged

burned/ unlogged

B>7cm 050-6.99 HU30-499 010-299 005-.99 HQ- .49
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m r*nflur*tsr

note-sensing based indices for their
lﬁ]h;tyc and degree of disturbance and

Iree rnortali}y Inéj7ex Inj7ex Index 54
SO 0,300 0,175 0,131
40-60% 0,275 0,154 0,127
50-80%% 0,279 0,099 0,185
50-10 % B 0,241 0,013 0,229
0,274 0,055 0,221
HEERLURE ~ Bad 0,118 0,292 0,123 0,172
Satisfactory 0,233 0,323 0,253 0,076
Good 0,344 0,370 0,413 10,054
Forest type
Undisturbed Coniferous 0,143 0,295 0,338 0,049
forests Deciduous 0,398 0,385 0,472 0,107
Mixedwood 0,299 0,352 0,428 -0,090




INTERTEN O I STOY AR ETNISIOTANIldfire, Emissions, and Climate for
SIBERERESTImMatingNmpactsiof Fireion Carbon Cycling, and Quantifying
ECHinOEE/Climatelnteractions

zinel Pro)

7 Ny

Geospatial
data sets

N 000/

Analysis
and models

- 0
Derived
geospatial

data

SE—

Results

Burned area

AVHEE 4 km

(pre-2000)

Bumed area
MODIS/AVHRR
1 km (1996-2010)

Calibrated
seasonal
burned areas
1980-2010

[

weather data

Climate and fire

WVegetation,

inventory

Integration

Fire severity, fuel
consumption,
emussions, and fire
behavior estimators

Indrvidual fire and
landscape-level

catbon, fuels data
(existing maps.

A “new” NASA TE/

NEESPI Carbon Cycle

project

data

Analysis
and models
o

_—

Derived
—_—

Results

Calibrated

seasonal burned
areas 1980-2010

Leng-term
burmed areas
and fire/climate
relationships

Historic fire
regimes (tree
ring data)

Global Climate Model Projections

Integration

Climate and fire
weather data

Vegetation,
carbon, fuels

data (existing
maps, inventory)

Future
vegetation
carbon, foels




ACEOIIPNSHITENts related to TE Project

.
RN ESSCEIENITEIEVENLS in'ferested areas typically occur
OURROIPENBASIWHENHERE IS a blocking anticyclone
SURGINInEetal S POStehere)

A

> Dally e OCCUITENCE OVEr the past‘ﬁo years in northern

EurasialifomiviObIS)was categorized according to type of
Vegetationwirnediand regional distribution and timing of
active fire detectior (hl& al.—AGU Poster)

» Recent studies by'Soja and colleagues in Tyva (Tuva) have
shown marked decreases in forest area, likely associated
with changing climate (Kukavskaya et al.—AGU Poster)

» Methods developed, and initial analysis conducted, to
reconstruct post-1979 fire activity in Russia from large-scale
AVHRR data (Cahoon and Stocks, AGU presentation)



DEVElopmMEntoong-term (30-yr) remote
aen)mJ datassets on fire in Russia

MODIS o Septem,b‘ar.;%,_ \% - AVHRR LAC




f GAC composites—
<la 1984 fires

reservoir

Wildfire Situation 1984, Evenkia,
Katanga, Yakutia (Resours-O3
image 22.08.1985)

GAC Composite August 1985



Decomposing
biomass

y Fire Blowdown
o seven s N
=\[¢)

Regeneration: Forest mmoo<mﬁv

Long FRI; High Severity

l)rt FRI; Low Severity

Mature forest

404dN0OS NOgdVvO

CARBON SINK




Smoke over ak‘utia 1.98.2002
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AVIBETNISSIONRS ale not created equal

AVldiireremissionstare dominated by CO,
> \Vlziny o cgmtﬁ) ents: Methane, SO,,
~INO,, GIerfydrocarbons, soot
Allfhaverdifferentifercings—some
NOSItiVe and some negative

Different air guality impacts and climate
change feedbacks



Radiative Forcing Terms

Long-lived
greenhouse gases

Qzone

Stratospheric
water vapour

thé industrial era
i (about 175

Surface albedo

Human activities

Aerosol | Cloud albedo

effect

_ Direct effect
The forcings Total {

potentially affected
by biomass fire are
shown in grey boxes. ®
(Figure adapted from

Figure 2.20 of IPCC Total net
AR_4, WG 1) human activities

Linear contrails

Solar irradiance

processes

-2




Forest Recovery; C storage

TIME TRENDS

Decomposing
biomass

POSTFIRE

Mature forest

Potential Fire Feedbacks to Climate—An Example



In , CtiOﬂS

P

SRNMayNECdVECKS between fire and the atmosphere

dEREMISSIONSTANUNEGrowLn.

REYIOWIloIgUriediareas recaptures emitted carbon,

[FTEreareEMuIchanges miburned area, vegetation, C

(IPLaKE; CIFEMISSIONS PEr UNIt area.

) .K@y JUESHOYISE howare Ire regimes changing; effects

" on regionalfandigiobal emissions and terrestrial

carbon storager "

» How do'we guantify the impacts of burn severity on
emissions and albedo?

» How significant are fire emissions of other GHG and
of smoke aerosols in terms of climate forcing?

» How do changes in vegetation surface characteristics
due to fire or other causes affect surface
temperatures and the atmosphere? 39



Crzirnejirie) clignzciis wll]]in dctivegetation and fuels: what
Wi ERHENNIECUORSWIthiether disturbances?

A

dra w

tundra

dark taiga (3

taiga (4); middle da
taiga (5) and light taiga
(6); southern dark taiga
(7) and light taiga (8);
forest—steppe (9);
steppe (10); semi-desert
(11); broadleaved (12);

temperate forest steppe
(13) and temperate
steppe (14). From Soja
et al. 2007.




SUITIITIE,

» Foresitzinel sise s ﬁres arewidespread disturbances in
SIPERathameayavermportant feedbacks with climate.

> \Vigizoiliny in ogivio el C%Of fire Is high—both

Spatiallyanasenporally.

e ’TJ e morernanocally s gnificant, the effects of-fire on
a NONRANGIBIRECH ImaleNorcings must be large enough
to make a difference regionally or globally.

Fi"res prin arily affect regional or global carbon cycle if
they are changing infrequency, extent, or severity.

To understand and predict global /regional effects of fire
we must understand processes, estimate effects at stand
and landscape levels, and quantify changes over time.



D P e
RESENGIINIEENST
-
Plmprovedidatasand imoedelValidation on burned area, fire
SEVETNILYREMISSIONSTPOSLIirE recovery, albedo effects
INEUUIRGIBE); andinteractions between disturbances.
i
IMPreVed MEBUSTorn mo orind]and predicting interactions
“betweendiresanu cﬁang]ng‘ limate.
Ulifaccountngrofifor inﬁnactors related to fire and
associatedecosystem changes.
Our most recent:NASA-funded NEESPI project, which is
Integrating data on fires, fire effects, and fire/climate

Interactions at multiple scales has the potential to go a long
way toward meeting these needs for. Russia.

» US Department of State has also recently sponsored a new
project to look at effects of BC in the boreal and arctic ZONnes,
of Eurasia.



Eéjﬁ: 'f?fﬁ:f.'-l International Boreal Forest Research Association
_ :_.r.l-; f}.'} rJ

15t IBFRA conference August 15-21, 2011 in Krasnoyarsk, Russia
Boreal Forests in a Changing World: Challenges and Needs for Action

20th anniversary of IBFRA

» Boreal forest resources and their multiple uses

» Global environmental significance of boreal forests

»Natural and human-induced disturbances in boreal forests

» Resilience and productivity of boreal forests under climate change
»Boreal carbon and forest management in a changing world

» Socio-economic problems and governance of boreal forests

Abstract deadline: April 1, 2011
http://forest.akadem.ru



http://www.ibfra.org/index.cfm
http://forest.akadem.ru/

Many thanks to all
who provided
material (and
stimulated ideas!)
used in this
presentation.

Thank "



