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Global burned Area : 300 — 450 Mha.year-1

Carbon emissions from fires: 3-4 GtC.year-1
=> 50% of Fossil Fuel emissions

Biomass Larxd use

Cement Fossil Fuel Energy change Fires Natural Heterotrophic Net primary

Fiees  Respiration Land sink production
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How to estimate fire emissions to the atmosphere?

A simple equation...

Emissions= S . B . C

N

Burnt Area (m2) Biomass (gC.m-2) Combustion efficiency (%)

... with high uncertainties
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Challenges for estimating the global burned area

First approach: fire return interval in major biomes

Hao and Liu 1996
Seiler & Crutzen 1980

Fire return interval x

Global biome map

FAO, 2000. the global fire assessment Report:
compilation of national fire statistics
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Challenges for estimating burned areas:

From 2000: the Emergence of global burned area products from remote sensing
Eva and Lambin 1998

Barbosa et al. 1999: continental scale approaches
Dwyer et al. 2000: global estimate from remote sensing

Limits:
=> Continental scale

=>1 year of data

2000-present: global Burned area products

MOUiIIOt et al- 2014 Plate 2. Bwuin‘ﬁeq.mcymplanhe!yc;lpeﬂmlnl-l%!mﬂl%s-l”l.
Barbosa et al. 1999
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Challenges for Biomass estimates

Biogeochemical models or Dynamic Global Vegetation Models (DGVM)

Major carbon fluxes in ecosystems

CO,-based

photosynthesis/z. ™\ co,bas:

Bq.3 Radlationbaseq | GPP

uoﬁe.udsaa
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A biogeoechemical model used for global fire emissions (GFED)

CASA (Potter al. 1993, Field et al.

Main assumption:
4 C assimilation is driven by climate and Leaf Area Index from remote sensing

1995)
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NPP(x,t) = IPAR(x,1)* &(x,1)

IPAR(x,t) = FPAR(x,t) * solrad(x,t) * solarconversion

E(X,f) =FE_*NPP,_ * NPPmist(x, f)  Light use efficiency: gC.MJ-!

max temp

=| NPP,_ =T *(1.1919*%T , *T

g2low elhigh)

temp
” I, =08+(0.02*7,,)~(0.0005*(Z,))
. . :
o 2low (1 + exp(02 ¥ (Top, ~10— Tair(,\‘,f)))
M 1
n Tzhigh = -
(1+exp(03%(T,,, (x,) =20~ T,)))

aimr

= NPP, (x,f)=0.2+(0_8*w

moist PET (x’ f))
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Carbon allocation to leaving biomass

- . l : structural

metabolique

- - . : - -

metabolique

O R

metabolique
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Soil decomposition pools and heterotrophic respiration
CENTURY Model Parton et al. 1992

Respiration hétérotrophique

Réservoir de carbone
Flux de décomposition

litterfall

vyl

Flux de respiration microbienne
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Climate control on soil respiration

C 7Stock
micro-organisme efficiency

R, :ZC,. Bk, ¥ Tgy * Wy, M,
-

Constant 4

Decomposition rate

_ (tair-30)/10
TRh - 10

Wrh= RWC/PET
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Main Challenges for modelling C emissions to atmosphere
1. Present C emissions:
How accurate/reliable are global Burned area products
2. Past C emissions:
Can we go further (backward) than the remote sensing era?
3. Future C emissions:

Can we go beyond deterministic C emissions and identify
processes to project future fire regimes?
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Part 1: Present Global Burned Area

Since 2000, the emergence of remotely sensed global BA products

Table 1
Overview of global burned area dataset from spaceborne remote sensing.
Name of dataset  Time span Satellite Spatial resolution Temporal Status Development purpose  Source
resolution
GFED3 1996.07-present  MODIS 500 m, 0.5dx05d Monthly Operational Atmospheric and Giglio et al. (2010)
TRIM/VIRS, ATSR bio-geochemical
models
MCD45A1 2000-2009 MODIS 500 m 500m Monthly Operational General purpose Roy et al. (2008)
L3JRC 2000-2007 SPOT VEGETATION 1km Daily Finished General purpose Tansey et al. (2008a,b)
Globcarbon 1998.04-2007.12 SPOT VEGETATION, 1km, 0.250r 0.5 Monthly Finished Targeted for global Plummer et al. (2006)
ATSR-2, AATSR degree carbon cycling and
climate modelling use
GBS 1982-1999 NOAA-AVHRR GAC 8km Weekly Finished Globally consistent Carmona-Moreno et al.
8km data records of global fire (2005)
activity.
GLOBSCAR >2000 ERS2-ATSR2 1km Monthly Finished Producing global Simon et al. (2004)

incremental monthly
maps of burned areas
GBA2000 2000 SPOT VEGETATION 1km Monthly Finished Tansey et al. (2004)

Mouillot et al. 2014, Int. J. Earth Obs. and Geoinf

GFED 4 Giglio et al. 2013
ESA fire Cci: 2006-2008, MERIS, 1km / 0.5°, Daily, operational , Alonso et al. 2015
¥ http://www.esa-fire-cci.org/
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BA from MODIS sensor increasingly used as the reference dataset

GLOBSCAR

= Globcarbon

= MCD45A1

Yearly citations of fire activity (isiweb)

25
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Mouillot et al. 2014

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
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How reliable and consistant are burned are products?

M From 211 .10% km2.yr' to 503 .10% km2.yr’

Table 3. Annual Global Burned Area Estimated by Different Studies

Source Study Period Annual Burned Area (10*km? wo b} Study Approach
GFED4 [Giglio et al, 2013) 1997-2011 348 multiple satellite observations
GFED3 [Giglio et al, 2010] 1997-2010 363 multiple satellite observations
GFED2 [van der Werf et al,, 2006) 1997-2004 329 multiple satellite observations
MCD45A1 [Roy et al, 2008] 2002-2010 338 satellite observation

L3JRC [Tansey et al, 2008) 2000-2007 392 satellite observation

GBA2000 [Tansey et al, 2004] 2000 350 satellite observation

GlobScar [Simon et al, 2004] 2000 21 satellite observation

[Randerson et al, 2012) 2001-2010 464 satellite observation

[Kloster et al,, 2010) 1997-2004 300 process-based fire model

[Lietal, 2012) 1997-2004 330 process-based fire model

[Schultz et al, 2008) 1960-2000 383 hybrid of official statistics and process-based fire model
[Mouillot and Field, 2005) 1900-2000 503 hybrid official statistics and satellite observation

This study 1901-2007 442 hybrid of process-based fire model and satellite observation

Yang et al. 2014
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Pixel to pixel Inter-product discrepancies:
Due to Different timing

A
e perca] |

|-
100400 kn'
400800 k'
w1400 g
> 1400 ke

@

g
8

¥=04572x+ 11236 y = 0.0073x +0.3252| ¥ =0.0142¢ + 0.3682

120
5 %0
i g
3 H
& &
2}
0
0 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
GBA2000 GBA2000 Globscar

Boschetti et al. 2005



Introduction

Part 1

Hantson et al. Subm.
Fire MIP initiative

o = N oW »
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Global BA product intercomparison: burned area
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Part 2

Conclusion

Global BA product intercomparison: interannual Coeff. Var.
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Global BA product intercomparison: temporal trend 2000-2007

50
1

-200

Hantson et al. Subm.
Fire MIP initiative

-100 0 100 200

Temporal trend CV (log10 %)

3.0
25
20
15
1.0
0.5
0.0



Introduction Part 1 Part 2 Conclusion

How do global BA product compare with national statistics?

EUROPE North America T W
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e 2007 R2=0.6 A=0.87 B=0.35 i
. 2007 R2=0.67 A=0.9 B=0.19
o | 2008 R2=0.44 A=0.69 B=1.2

T T T T T T T T
o 1 2 3 4 5 6 7

Country-level BA from national statistics with prescribed burning (log10 hz

A generic agreement for an underestimation of BA compared to national statistics

ESA Fire CCi

e 2006 R2=0.48 A=0.73 B=1¢ 55
e 2007 R2=0.64 A=0.88 B=0.39
o | 2008 R2=0.44 A=0.74 B=0.

BAESA (log10 ha)

T T T T T T T T
o 1 2 3 4 5 6 7

Country-level BA from national statistics (log10 ha)

ESA fire Cci climate assessment Report
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GFED ESA
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Other burned area assessment tools: local high resolution remote sensing data
Landsat 30 m, 15 days

Pre-fire scene Post-fire scene

} !

TOA reflectance / Spectral Indexes | | TOA reflectance / Spectral Indexes BAMS software
NDVI, GEMI, NBR, BAIM, MIRBI NDVI, GEMI, NBR, BAIM, MIRBI Bastarrika et a/ 2014 Remote Sensing

[ |
v

Multitemporal difference
(Post — Pre) of spectral indexes

.

Supervised Burned
Area mapping

Normalized Difference Vegetation Index (NDVI) [34], NDVI = (pxr — prep)/(PNIR + PRED)
Burned Area Index Modified (BAIM) [35], BAIM = 1/((pnr — 0.05)* + (pswre — 0.2)%)
Global Environmental Monitoring Index (GEMI) [36].

GEMI =1 (1 —0.25n) — (prep — 0.125)/(1 — prep)

4. Normalized Burned Ratio (NBR) [37]. NBR = (pn1r — pswirL)/(pNIR + pswirr) and
Mid-Infrared Burned Index (MIRBI) [38]. MIRBI = 10 pswirL — 9.8 pswirs

W =

w

where

n=(2 (pnr* — prep®) + 1.5 pyr + 0.5 prep)/(pNR + prep + 0.5)

prep = Red reflectance

pnr = Near Read Infrared reflectance

pswirs = Short Wave Infrared Short reflectance (approximately wavelength center in 1.6 pum)
pswirL = Short Wave Infrared Long reflectance (approximately wavelength center in 2.2 jum)
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Ground reflectance Ground reflectance

Ground reflectance

Other burned area assessment tools: local high resolution remote sensing data
Landsat 30 m, 15 days
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Global comparison (Landsat 151 test sites vs GFED, Padilla et al. 2015)
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Part 2: Can we go further than the remote sensing era?

Why do we need to go further back in time for Burned area?

—

. Identify long term processes
2. Improve climate models

3. Long feed backs on post fire carbon sequestration
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/ﬁ‘~
;

Part 2: Can we go further than the remote sensing era?
Why do we need to go further back in time for Burned area?

@

S
A

1. Identify long term processes

Space

(100 km)2

km?2

i Moiritz et al. 2005
Fuel Time
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Part 2: Can we go further than the remote sensing era?

Why do we need to go further back in time for Burned area?

4. USA — West Mississippi

15

3. Long feed backs on post fire carbon sequestration

e e e IS |

1900s 1920s 1940s 1960s 1980s

usa

\/—debr‘is

Net C flux from CASA
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\ ) Major source of information: national fire statistics...with significant gaps

—Areabumed- Corrected

\ Lf\/\«/ -
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How reliable are national statistics?

Warning: Inter-country Discrepancies in the defition of a ‘fire’...

Wildfires:
Forest fires
What is a forest (FAO: >10% tree cover, other: >30%)

Other lands

Anthropogenic fires:
Prescribed burning
Agricultural fires
Deforestation fires

Fire types:

Crown fires

Surface fires
Smoldering combustion
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How reliable are national statistics?

France

Changes in reporting fire size thresholds
along time
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How reliable are national statistics?

Evident Misreporting : political or social issues

Burned area (ha)
14 000 000
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Dixon & Krankina 1993 Kashichke et al. 1996
AVHRR (Cahoon et al. 1996) shvidenko & nilsson
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How reliable are national statistics?

Evident Misreporting : political or social issues

TUNISIA surfaces incendiées inventoriées DGF et corigées

7000

6000
. 5000
H
b
> 4000 ms OGF
i mSmin
i 3000 1[5 mpdy
3
;2000

1000

i} ,'. L I A I a l L I

Jo0g
“g0a
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010




Introduction Part 1 Part 2

Conclusion

A ‘best guess’ global fire history map for the

15

1900-1910

NET

1960-1970

0% burnt I

§ Fie. 4 17 1° mans of burned area (% of cell burned) for the periods/1900-1910. 1930-1940. 1960-1970. and 1990-2000.

11.B. South America — tropical forest
30

25
20

10 1
5

1900s 1920s 1940s 1960s 1980s

104

5
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4. USA — West Mississippi

1900s 1920s 1940s 1960s 1980s

15 Mouillot & Field 2005, Glob. Change Biol.
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Historical fire emissions along the 20th century
Hypothesis have changed since the 1990’s...

Boreal forest Temperate forest
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Soil Charcoal as a qualitative source of information:
A New hypothesis: a high fire peak at the end of the 19th century

A global database
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Are we getting close to historical trends with fire models?.... Not that much
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Part 3: Projecting future fire regimes

Future Modelling needs:

refining processes of fire spread and size distribution

How to account for abrupt non climatic changes: Pausas and Keeley 2014, ecosystems

Invasive
Fauna
Policy
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Part 3
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Toward fire patch morphology with mid resolution burned area

Pyne et al. 1996

TMIH

Fire elongation as a response to wind

qu"H . " 0 .
@ Fire elongation simulated by DGVM fire module
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Temptative fire patch analysis with ESA 1km fire data
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Human impact on fire regime...
Exemple in southern France:
How changes in fire policy can abruptly reshape the fire weather relationship

Ruffault & Mouillot, Ecosphere in Press

Study area : Languedoc-Roussillon (LR) region

DEM of LR region Mediterranean type ecosystems

I Quercus ilex
- Shrublands
\; Pinus halepensis
[ Mixte

IFN 2006

46
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Nombe de feus

Historical fire regime and regional distribution
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(a) Vegetation drought (b) Superficial drought (c) Relative humidity
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Statistical assessment
Of the fire weather
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Part 3

Variable contribution (%)

Temporal trend of variable contribution on a 5-year moving window
=> Detection of an abrupt change in 1987 for wind speed

(a) Vegetation drought

(b) Superficial drought

(c) Relative humidity
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Humans can reshape the fire weather by modifying fire policies...
=> |Implication for future proiections under socio economic chanaes
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Human impacts: History matters...
Exemple in North Africa
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How to model ????
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European Space Agency Climate Change Initiative

www.esa-fire-cci.org
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