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(Hardesty et al, 2005)

Brazil
Area: 8,514,215 km?2

About half of Brazil is covered by natural

g Pt vegetation

Ecosystems: Amazon, Caatinga, Atlantic
Forest, Pampa, Pantanal and Cerrado

B Fire Oependent/ Influenced
I Fire-Sensitive

[ ] Fire-Independent

[[] Future Assessment Areas




L$J PROGRAM ON o -
fﬁ T o+ sl USAID qwesmes rs 2’?\ VU e

ek FROM THE AMERICAN PEOPLE remale sensiog
e e i, |l AMSTERDAM
ECUARIO MOMO_GNE

Cerrado covers almost 125% of Brazi |
Protected areas: 8.2% Conservation Units; 4.3% Indigenous Lands

The richest biodiversity savanna in the world

Complex vegetation typified as a fire-prone ecosystem

Mosaic of physiognomies: from grasslands to woodland and closed forest

o Do Do Do Do Do

Savanna wetlands and gallery forests are also included
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Fire regimes and wildfire impacts

A Extensive and frequent late season wildfires

A 2012: more than 60% of land use related GHG emissions (fire and deforestation) emerged from
Cerrado

Lack of a program for fire protection

Policies and techniques for total fire suppression prevailing

Biodiversity loss and increasing GHG

o To Do I

Losses of traditional and indigenous knowledge
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A2007 to 2010 Ibama and Funai (National Foundation for Indigenous
People) - Saving traditional knowledge and cultural and ecological

parameters of use of fire which are well known in indigenous lands

(Irantxe, Myky, Paresi, Tirecatinga e Utiariti);

- £ AMonthly calendar showing the key natural resources and associated
f"“""//’_)\:' - \L/ potential damage caused by fire according to the period of the year
i/uﬁu:r‘ L (flowering, fruiting, nesting, reproduction),
{ iy ¢y
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Figural - Localizagdo das Terras Inngenas‘
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Type of fire Good fire Bad fire
Months of the year sl fmlalm|s s [als]oln]|o |Flm|alm|{s|[s[afls|ofn]D
Flowering and fruting of edible fruits
Cashew (Anacardium humille) tﬂt tﬁ- ' __' | t‘m
Pugé (Mouriri pusa) Ta T | b |6 | t‘“__ *
Pequi (Caryocar brasiliense) t“* ":ﬁ 0 | Ce | e '_\‘5'66 '@M
Deer firuit (Pouteria ramifiora) LCAENFIFIE AR -
Mangaba (Hancornia speciosa) "-:*& t‘\_m-(! ('iul m
Murici (Byrsonima sp.) & LY T | X Fe | X
Pitomba (Talisia esculenta) £ Tﬂ‘ t“* g -_x _%__i_
Guyabano (Annona coriacea) 'Q—t_%b T Q m ﬁ % m

Emu (Rhea americana) To by
Partridge (Rhynchotus rufenscens) Q [ > -‘-S(: - %
Macaw (Ara ararauna) Q "a 1‘; >& *‘

Seriema (Cariama cristata) a 1{ A 2 At K- AN
Pampas deer (Ozotocerus bezoarticus) h: hl at! -h ‘W h
Anteater (Myrmecophaga tridactyla) Lol Sl N AR M
Tapir (Tapirus terrestres) m m ;&ﬂ «3’5 #ﬂ

Jaguar (Panthera onca) o e || P m“"'" W‘“’ W’*

(Falleiro, 2011)
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Paradigm shift
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Fire Use
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2011: 60-70% of burned
areas in protected areas
occured in the selected

area, that includes:

* 6 conservation areas
* 8 municipalities

+ 2 indigenous lands

Integrated
Fire Management

Meyers, 2006

Fire Ecology:

Key Ecological Attributes of Fire
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Total area of indigenous lands and traditional
territories managed i 52.1%

Indigenous Land hectares
Kalunga 261,827.4
Avéa-Canoeiro 38,000.0 . .
Bakair 614055 20 Conservation Units 26
Juininha 70,537.5
Paresi/Formoso 583,336.0 30 24
Utiariti 412,304.2 20
Xerente/Funil 183,245.9 20
Kraholandia 302,533.4 10 10
Apinajé 141,904.2 2 3 I
Araguaia 1,358,499.5 0 - -
Porquinhos 79.520.3 2014 2015 2016 2017 2018 *2019
Governador 41,643.8
Araribdia 413,288.0
Krikati 144,775.8 o
Kadiweu 538,535.8 "*%’:’:?’-

TOTAL 4,631,357.1 ICMBio
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Methodology - Indigenous Lands

1. Systematization of indigenous and traditional knowledge of fire use

2. Fuelload maps i community validation

3. Planning of prescribed burnings: definition of objectives and priority areas for conservation i
community participation

4. Implementation: preparation (communities), registration (burning plans) and execution
(evaluation of burning factors and techniques)

5. Follow-up: evaluation and monitoring of the effects of burning
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Early prescribed fire

Prescribed Burning

Mid prescribed fire

End of rainy
season

(April and May)

Objectives

Late prescribed
fire

Wildfire

Dry season

(August to
December)
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Preliminary results i Indigenous Lands

Prescribed Burnings Wildfires

2002 -2014 2015- 2016 2017-2018 2002 -2014 2015- 2016 2017-2018

Indigenous Lands Araguaia, Xerente, Funil, Kraholandia, Paresi, Utiariti, Juininha, Bakairi and traditional Quilombola
territory Kalunga,
2002-2014: without management
2015-2016: transitional period
2017-2018: with management
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Chart 01: Mortality between different fire

regimes

Average mortality (%)
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Preliminary results 7 Indigenous Lands i evaluation of trees

Chart 02: Mortality between different periods of

prescribed burning
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Macro results T Conservation Units
Burned areas
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Fire occurrence: early, mid, late

Serra Geral do T¢ ins Ecological
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Challenges and future
2016 7 adoption of Paris agreement
NDC i reduce greenhouse gas emissions by 37% below 2005 levels by 2025 and 43% below
2005 levels by 2030
Multistakeholders: government, private sector, communities, indigenous and traditional people
Improve integrated fire management
Impact of fires on GHG emissions / fire emission baseline and estimate
Development of three government level competence
National policy on Integrated Fire Management

Coordination among the agencies
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FORMAGOES FLORESTAIS FORMAGOES SAVANICAS FORMAGOES CAMPESTRES

(SR —

Carrado
Rupestre

Carradio Cerrado Carrada Parque de Palmairal

Tipico Ralo Carrado

Mata Ciliar Mata de Mata Seca
Galeria

Campo Campo | Campo
Rupastra Suj Limpa

Photos: J. Franke
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A Development of a fuel load mapping approach

>\

Direct support of the IFM

>\

Through capacitybuilding activities, the approach
could be established as an operational tool of IFM ii &
the Cerrado.

A National and state level authorities have successfully
institutionalized the approach and it was
incorporated into IFM policies in Brazil (e.g. the
Brazilian IFM National Fire Policy and the Cerrado
Prevention and Control Action Plan (PPCerrado).

R el g S S S , oA WK e R

Photo: A.A. Hoffmann
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Fuel Load Map
Sept. 09, 2014
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Up-to -date geospatial information on
the fuel condition, fuel load and fuel
connectivity that helps to plan and
prioritize EDS prescribed burning in
the field, but also to evaluate the
effect of IFM strategies.

Remote Sensing of Environment 217 (2018) 221-232

Contents lists available at ScienceDirect

Remote Sensing of Environment

Journal homepage: www elsevier.com/locate/rse

Fuel load mapping in the Brazilian Cerrado in support of integrated fire m
management )

Jonas Franke™", Ana Carolina Sena Barradas”, Marco Assis Borges”, Maximo Menezes Costa”,
Paulo Adriano Dias”, Anja A. Hoffmann’, Juan Carlos Orozco Filho",

Arturo Emiliano Melchiori®, Florian Siegert”

RS - Remote Sensing Sduions GribH, Marsrasse 3, 52065 Baerbesnn, Germa

* o Chico Mendes de Conservegio do Bidiersidods (1CMBo), Bloco ~C", Complxo Advanswativ, Seto Sudocse, CEP: 70.670.350 Brasiia, OF, Bresi
< Dessche Geselchate fir B € (GZ) G, Do Hommarsyi Weg 1-5, 65760 Eschbarn, Gemany

@ Universdode de B, CEP 70910-900 Braslia, DF, Brusil

© it Nocknol de Pesqisas Expocias (NPE), Av, dos Asromasss, 1758 - ardim da Grano, CE 12227.010 St Jud dos Campos, 5P, Brezi

ARTICLE INFO ABSTRACT

Keywords The Brazilian Cerrado is considered (0 be the mast specics-rich savamah region in the world, covering ~2
Landsot million km?, Uncontrolled late season fires promote deforestation, produce greenhouse gases (~25% of Brazils
Prescribed buming land-use related CD; emissions between 2003 and 2005) and are  major threat w the corservation of biodi-

Integraced e manayement
Sentinel-2
Spectral unmixing

vessity in protected aress. Governmental irstitions therefore implemented early dry season (EDS) prescribed
burmings as part of integrated fire management (IFM) in protected areas of the Cerrado, with the aim w reduce
the area and severity of late dry season (LDS) fires. The planning and implementation of EDS prescribed burning
is supported o . derived from Landsat 8 data.
“The Mixture Tuned Matched Filtering algorithm was used to analyse the data, and the relationship becween the
resulting matched feactions (dry vegetation, green vegetation and sofl) and in sit surface fuel samples was
nsessed. The linear regression of in situ data versus matched filter scores (MF scores) of dry vegetation showed
an  of 0.81 (RMSE = 0.15) and in situ data versus MF scores of sol shawed an r* of 0.65 (RMSE = 0.38). To
peedict quanitative fuel load, a multiple lincar regression analysis was carried out with MF scores of NPV and
P = 0.075). The fuel v additionall

evalusted by fire managers while planning EDS prescribed burning campaigas. The fuel load mapping approach
s  impeoving the planning and

of prescribed buming, promoting pyrodiversity, prioitising fire suppression and evaluating fire management
efforts 1 meet overall conservations goals. National and state level authorities have successfully in-
stitutionalized the approach and it was incorporated into IFM palicies in Brazil
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What Is the effect of IFM In the Ce

B d e S A L

EOMES NED | B

A Was the fragmentation of the fire regimé successful
(pyrodiversity)?

A Could IFM, and particularly increased EDS prescribed burning,
change the seasonality of fire?

AN yes, did that lead to a reduction of the M/LDS burned areas?

A Is there a change in the amount of biomass/combustible fuel in
the areas with IFM?

A Applying the IPCC approach, could IFM operations abate GHG
emissions?
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127 // DEFINE THE ANALYSIS PERIOD oy
128 / . . . .
125 Var 1s8_opp = ce. InageCollection( L AWDSAT/LCOB/COL/T:_SR') Using pre-and post-f i r e bi omass sampl es (Uni
130 .filterDate('2020-0801", '2020-10-15') 5
131 .map (maskL8sr) 1 1 1 1 d' d
R teraounds (ror) Multiple linear regression with an adjusted R? of 0.91 (p<0.001,
133
134 //max NDVI d d = .
13 //mhim's function to calatate toVE standard error = 0.059):
136~ var calcNDVI = function(img)
i 137 var ndvi = img.normalizedbifference(["B5", "B4"]).rename("NDVI")
i 138 return img.addBands (ndvi
i 139 .
= “NPV)+(0,1964*Soil)
T TR —————— Mp=0,2193+(0,2825*NPV)+(0,1964*Soil
142 //highest NDVI value per pixel in a time series
143
i 144 var 1s8 ndvi = 1s8_app.map(calcNDVI).sort("nDvI®, false)
i 145 print(1ls8 ndvi .
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Status of prescribed burning in protected area I"'SS' |

60°0'0"W 55°0'0"W 50°0'0"W
1 1 1

T 7
CERRADO BIOME OF BRAZIL WITH STATUS OF
PRESCRIBED BURNING IN PROTECTED AREAS

5°00's Legend g i ] d ; Protected areas with IFM:
- National Parks and Ecological stations with PB A ! f .
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[ Areas with protection status without PB % "‘ A H
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™~ nv S
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Fragmentation of fire regime rss
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47°10'W

47°0'W 46°50'W 46°40'W 46°30'W 46°20'W 46°10'W 46°0'W 45°50'W

Legend

Dry Veg.

10°30'S Mix of dry

veg. and soil

Mix of dry and
green veg.

10°40'S

Mix of green
veg. and soil

10°50'S

11°0'S

11°10'S

e - 2014-09-02

0 125 25 50km A
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47°10'W 47°0'W 46°50'W 46°40'W 46°30'W 46°20'W 46°10'W 46°0'W 45°50'W 47°10'W 47°0'W 46°50'W 46°40'W 46°30'W 46°20'W 46°10'W 46°0'W 45°50'W

2014-09-02 . ' 2020-08-19 .
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Comparison of 21,512 hotspots in protected areas (PA) with and without IFM
2013-2020
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Analysis of the effect of IFM on fire seasonalit

Protected areas with IFM

EDS+MDS £ LDS fires
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Analysis of the effect of IFM on fire seasonali rssiy

EDS+ MDS £ LDS fires
Protected areas without IFM
70
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= 50
e
_.T 40
m
3  E-"TTTET
o
§ 20
S 10
X
0
2013 2014 2015 2016 2017 2018 2019
early dry season mmmm mid dry season EE (ate dry season
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Analysis of the effect of IFM on burned areas rssiy
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MCD64A1 MODIS/Terra+Aqua Burned Area Monthly Dataset

Protected areas with IFM

400000

350000 \\‘~\‘\
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Hectares burned area

Significant trend of reduced M/ LDS BA t h466%uEDB burnEd\dredsRéreifciedsddby69%.di cat es
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Calculating non-CO2 GHG mitigation potentials¥ rss
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2019 Refinement of the 2006 IPCC AFOLU Guidelines

https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch02_Generic%20Methods.pdf

Combustible EDS and

biomass M/LDS comb.
model factor

EO data on Emission

burned area factor

\\ e

—A.M oC oG 00 Accounted for CH , & N,O

Where: Yearly GHG emissions:
here:
L. = amount of greenhouse gas emissions from fire, tonnes of each GHG e.g., CH4, N>O, etc. Lﬁre total = Lfire EDS + Lﬁre M/LDS
A = area burnt, ha
M, = mass of fuel available for combustion, tonnes ha™. This includes biomass, ground litter and

dead wood. When Tier 1 methods are used then litter and dead wood pools are assumed zero,
except where there is a land-use change (see Section 2.3.2.2).

C, = combustion factor, dimensionless (default values in Table 2.6)

= emission factor, g kg dry matter burnt (default values in Table 2.5)

A Remote Sensing Solutions GmbH 2020



GHG mitigation potentials (IPCC approach @Q

leen t @,/ Ime EDS vs. M/LDS shift in burned areas from the four
protected areas M the followmg non -CO, GHG abatement

potential through ate
AAbatement potential of aII

1.71 MtCO,-e over a period of° gl@y é 29 MtCO,-e yrt)
AAbatement potential for the whole Cerrado: @@ﬁ

17.78 MtCO,-e over a period of six years(2. 96 yr'l)
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Analysis of the effect of IFM on LDS fuel load rss

ramote sensing
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Analysis of the effect of IFM on LDS fuel load rss /

ramote sensing
SOLUTIONS

Mean LDS combustible biomass (fuel load) [kg/m?]
0,45

0,4

w

0,4

—

\0

03

~

0,3

0,35

2014 2015 2016 2017 2018 2019 2020

mmmm Protected areas with IFM mmm Protected areas without IFM eeeees Linear Trend with IFM = ==|inear Trend without IFM

~0.29 t/ha accumulation of combustible biomass (2014 -2020)
~total increase of 348,704 t in the four protected areas
~increase in stored C of 165,635 t
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Additional GHG mitigation potentials through seque @

ramote sensing

SOLUTIONS
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