
What are the carbon fluxes from deforestation?
A new approach to an old pesky question
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Combine deforestation carbon accounting and fire emissions 
approaches to estimate emissions from land-use related fires



Methodological - develop methods to incorporate the spatial 
heterogeneity of land cover, land management and associated fire
in models of carbon emissions.

Science - advance understanding of the relationships between 
land use, land management, and carbon emissions from fire 
based on detailed analysis in the two test areas:

- quantify relative contributions of different land use types (e.g. pastures, mechanized 
agriculture, oil palm plantation, small-scale farming) to carbon emissions from fires 

- characterize fire-related carbon emissions associated with different land use 
transitions (e.g. conversion of pasture to mechanized agriculture in the southern Amazon 
and conversion of forest to oil palm plantation in Kalimantan). 

- quantify carbon emissions from new land clearing vs. land management fires to 
distinguish the relative contributions to interannual variability and long-term trends in the 
atmospheric CO2 record.

-contribute to understanding of the potential for land management options to reduce 
carbon emissions



MODEL APPROACH

DECAF:
biomass
NPP
respiration
fire emissions

Land cover 
transitions maps: 
combustion completeness
timing of fires
burn area

Other inputs:
Monthly 250m NDVI,
temp, ppt
solar radiation
etc.

Stratify 
emissions by 
transition types

Validate 
NPP/biomass with 
field data

% tree cover

Monthly NPP, 
respiration, fire 
emissions

Compare interannual
variability with 
emissions from coarse  
resolution and top-
down observations



DECAF MODICATIONS FROM CASA:

-USE 250m MODIS MONTHLY NDVI

-INCLUDE BURNING TRAJECTORIES FROM 
MAINTENANCE AND CLEARING FIRES

A = area burned

E = combustion 
completeness

M = mortality rate

D = Detritis

B = Biomass

F = Fuel Wood
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Forest

Pasture Cropland
PRIMARY

SECONDARY

TRANSITION TYPE: DISTINGUISHING FATE OF 
DEFORESTATION WITH PHENOLOGY FROM 

MODIS 250m DATA

2000-2003 Time Series, Quality flag adjusted
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CLEANING UP THE 250m NDVI MODIS TIME SERIES

2000-2003 Time Series, Quality flag adjusted
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Unadjusted NDVI time series
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(thanks to J. Morisette
and D. Morton)



Classification of 2001-2004 PRODES deforested areas > 25ha in Mato Grosso, 
Brazil from 2001-2005 MODIS time series
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~20% of deforestation in Mato
Grosso is direct conversion of 
forest to cropland

(Morton et al., in prep)



BURNING SEQUENCE OF 
DEFORESTATION POLYGONS



11 Burn Trajectories
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Biomass consumption higher 
for larger clearings and 
longer curing time



Land cover class 1 = forest, 2 = 
cropland, 3  cerrado, 4 = 
grassland, 5 = woodland, 6 = 
water

GFED for same year (all of So 
Hem SA) = 264 Tg C, DECAF 
= 150 Tg C for only Mato
Grosso

PRELIMINARY 
DECAF 
RESULTS FOR 
2002 



PRELIMINARY THOUGHTS FROM 2002 
DECAF RESULTS FOR SOUTHERN AMAZON

2002 EMISSIONS BY TRANSITION TYPE

0.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0

sa
va

nn
a/

pa
st

ur
e

to
 c

ro
pl

an
d 

1 
yr

fo
re

st
 to

cr
op

la
nd

 2
 y

r

fo
re

st
 to

cr
op

la
nd

 3
 y

r

fo
re

st
 to

 p
as

tu
re

1 
yr

fo
re

st
 to

 p
as

tu
re

2 
yr

fo
re

st
 to

 p
as

tu
re

3y
r fo
re

st
 to

re
gr

ow
th

fo
re

st
 to

 p
as

tu
re

<2
5h

a

C
 E

M
IS

SI
O

N
S 

(T
g/

yr
)

DECAF ESTIMATED EMISSIONS FROM MAINTENANCE FIRES
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% woody cover derived from 250m MOD13

Very preliminary above 
ground carbon from 
DECAF for southwest

Comparison with Landsat

(thanks to J. 
Dempewolf, K. 
Murphy, S. Trigg)

http://129.2.24.235/groups/decaf-team/data/borneo-images/wdcov-borneo-2000/image_view_fullscreen
http://129.2.24.235/groups/decaf-team/data/borneo-images/wdcov-borneo-2001/image_view_fullscreen
http://129.2.24.235/groups/decaf-team/data/borneo-images/wdcov-borneo-2002/image_view_fullscreen
http://129.2.24.235/groups/decaf-team/data/borneo-images/wdcov-borneo-2003/image_view_fullscreen
http://129.2.24.235/groups/decaf-team/data/borneo-images/wdcov-borneo-2004/image_view_fullscreen
http://129.2.24.235/groups/decaf-team/data/borneo-images/wdcov-borneo-change-00-04/image_view_fullscreen
http://129.2.24.235/groups/decaf-team/telecons/jantelecon/plots/kal_biomass.png/image_view_fullscreen


COLLABORATION WITH GFED (Global Forest Emissions 
Database, Jim Randerson and colleagues) TO MESH 
BOTTOM UP WITH TOP DOWN APPROACHES 

Max CO 
value in 
defor year 
(sept-aug)

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

2002 2003 2004 2005*

Fate of Previous Year Deforestation

km
2

0

5

10

15

20

25

30

35

40

45

B
ra

zi
lia

n 
R

ea
is

 (R
$)

 p
er

 6
0 

kg
 S

oy

2001 
defor

2002 
defor

2004 
defor

2003 
defor

178 194 230 216

Pasture yr 2+
Pasture yr 1
Regrowth
Crop yr 2+
Crop yr 1
Soy Price

2000 2001 2002 2003 2004 2005 2006
1.0

1.5

2.0

2.5

3.0

3.5

0.0

0.2

0.4

0.6

0.8

1.0

Year

Central

 Column CO 
 AOD 

South-Central Amazonia



Progress and Plans
• DECAF up and running with preliminary results for 

2002 deforestation in Southern Amazon
• Quantified transition trajectories combining clearing 

fate and hot pixels from MODIS in Southern Amazon
• Preliminary data sets of forest cover change for Borneo

• Next year and beyond: 
– full time series 2000-2005
– DECAF biomass validation
– test sensitivities to assumptions
– Borneo trajectories
– comparison with MODIS atmospheric products
– scaling approaches to compare with 1x1 degree 

estimates
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