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Assumptions

1- Os fluxos de carbono de e para a atmosfera
sao produto das mudancas nos estoques de
carbono da biomassa e do solo;

2- Essas mudancas dependem das taxas de
mudancas do uso da terra e da pratica que
causou a mudanca (ex.: gueima de floresta,
exploracao madeireira, etc).




IPCC: Tiers

Tier-l approach employs activity data that is relatively coarse, such
as nationally or globally available estimates of deforestation rates,
agricultural production statistics, and global land cover maps.

Tier-1I uses the same methodological approach as Tier 1 but applies
emission factors and activity data that are defined by the country.

Tier-Ill approach uses higher order methods, including models
and inventory measurement systems tailored to address national
circumstances, repeated over time and driven by disaggregated
levels.

Source: India (2012)




Method 1 — Inventory approach




Inventory approach (simplified) e

Land Use maps (primary data)

IPCC: Tier 2

Biomass maps (Amazonia) and Literature (others
biomes)




Brazilian biomes @)ELY
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Emissions: simplified diagram -

Step 1: calculate
the type and
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Step 2: identify where Step 3: use the correct
the transition equation to estimate
amount of
transition (ha)

happened (vegetation | the emission/removal
and soil)

K
E’Q sobreposicao E = A (ha)| ¥ Carbono (tC/ha)

AlArea (ha)] B Area calculada na Transicio
Floresta -
. D Resultado da sobreposicao entre
D Pasto fisionomia e solo
Exemplo Exemplo Exemplo
Floresta Ndo Manejada FNM — Ap em Emissdo acima do solo
(FNM) para *Floresta Ombrdfila Aberta Ei=Ax (Ci— Pec)
Pastagem Plantada (Ap) Montana (Am) — Grupo
fisio (V1) Emissdo do estoque de carbono do solo
A=FNM - Ap *Solo latossolo (S1) Esi = A x Csolo x (fc(t0)-fc(t1))x(t/2)/20
Ci = Estoque médio de fc = fator de alteragao do carbono
carbono na fisionomia
(tCha-1) Emiss&o total
E=Ei+Esi

Csolo = Estoque médio de
carbono no solo (tCha-1)




Emission: main equations

12

Abordagem 1: Método dos incrementos e perdas.

AC = ZAijk X (C; — Cpijk
Onde: Lk
C: Mudancgas no estoque de carbono em toneladas por hectare
C;, C1: Incrementos e perdas anuais de carbono, em toneladas por hectare/ano
A: Area de terra em hectares
ljk: indices que correspondem ao tipo de clima i, tipo de vegetacdo j, e pratica de manejo k

Abordagem 2: Método das duas medigoes de estoques de carbono

AC = Z(Ctz — Cp1)/(t2 — t1)

ijk

Onde:

AC: Mudangas no estoque de carbono em toneladas por hectare

C¢1, Cty: Estoques de carbono do reservatério nos tempos no inicio e final do periodo considerado.
t1,t2: ano de inicio e fim do periodo considerado.




Maps: vegetation and soil
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Land use Map: legends
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Brazilian Maps IPCC

Tabela 3 - Categorias de uso da terra

Abreviatura Categoria Categoria IPCC
FMNM Floresta nac manejada
FM Floresta manejada
FSec Floresta secundaria Floresta (Forest)
s Floresta com extracao seletiva
Ref Reflorestamento
GNM Campo nac manejado
GM Campo manejado
Campo (Grassland)
GSec Campo com vegetacao secundaria
Ap Pastagem plantada
Ac Area agricola Area agricola (Cropland)
Area urbana Area urbana (Settlements)
A Rios e lagos (area nao manejada) .
Res Reservatorios (area manejada) Area alagada (Wetlands)
0 Qutros usos

Outros usos (Other [and)

NO Area nao observada




Transition Matrix
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Abreviatura Categoria Tabela 5 - Matriz de transicoes possiveis

FNM Floresta ndo manejada
FM Floresta manejada 2002
FSec Floresta secundaria
s FI < , FMM | FM |FSec | Ref | CS5 |GNM | GM |GSec | Ap | Ac 5 A |Res | O | NO
oresta com extragio seletiva
Ref Reflorestamento FHM
GNM Campo ndo manejado F
GM Campo manejado M
GSec Campo com vegetagdo secundaria FSec
Ap Pastagem plantada
Ac Area agricola Ref
S Area urbana Cs
A Rios e lagos (area ndo manejada)
Res Reservatorios (area manejada) GNM
o Outros usos GM
NO Area n3o observada
1994 | Gsec
AC
Células escuras sao transicdes <
nao-permissiveis ou
despreziveis para efeito de A
calculo de emissdes. Res
0
MO
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Transition Matrix (example)
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Tabela 31 - Areas das transicoes identificadas no Brasil no periodo 1994 a 2002 (em hectares)
Uso da Terra em 2002
FNM FM Fec Ret 5 GHM GM Ghec Ap Ac 5 A Res 0 MO | Total 1994
FHM 0334740 | 67211736 | 119.957 97,951 | 255.844 231.704.282 | 7.269.559 | 204.357 139.916 | 12477 | 1042 | 479.351.863
FM £4.282.538 12.967 6447 [ 328 727.289 85.143 2.997 29| 5.049 0| &5.146.147
FSec 55.743 841 £85.481 169.927 1.138 1 715 0 913644
Ref 56 | 5.606.07% 0 96.422 64,064 1.402 ™ 0 0| 5.768.06
cs 0
E GNM n.0% 50.239.117 | 6.107.088 185 | 2.404.383 |  2.095.423 ¥.9% 6.319 387 6| 40.925.944
>
£ |lam 95 4.785.945 25 24.262 58.937 559 0 0 0| 4.869.823
=]
E 214 2.694 13.137 n7 48 o 0 0 16.813
E G5ec
= | Ap 994.827 88. 301 8.429 | 108.107.791 2.896.830 | 263.004 1.787 | 2.946| 1.598 | 112.365.513
=
2 | ac 75.128 84.414 175 | 3488716 | 97.555.719 |  224.904 774 740 5| 101.130.778
2
5 2.159.127 0| 2.359.127
A 14.289.017 66,445 &7 0| 14.35.529
Res 1.489.299 o 1.489.299
o 10 21 o 11.448 534 1,425 472 0| 310330 o 324,238
NO o o El 2.863 21 o o o 779.265 148,807 4.851 o b 1.79 | 15.079 953.388
;3;'1[ 3I00.334.740 [131.494.273 | 1.259.197 | S.920.103 | 299.433 | 50.239.117 | 10.893.033 | 11.508 | 139.742.473 | 110.345.662 | 3.123.773 | 14.289.489 | 1.705.101 | 334.527 | 17.730 | 849.970.160
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Biomass info — Other Biomes S

B Bioma Amazdénia

O
QN g

Bioma Cerado 23,92%
Ml Bioma Mata Atlantica 13,04%

Bioma Caatinga 9,92%
B Bioma Pampa 2.07%

Bioma Pantanal 1,769

Area Total Brasl  8.514.877 km2



Equations for each transition .

Transigdes A Ac Ap cs FM FNM FSec GM GNM GSec NO (o] Ref Res S
A 0 A*(S-0) 0
0.0 A*(AvAgr-Pec) A*(AvAgr-Rebf*(T/2)) A*(AvAgr-RebG*(T/2)) A*(avAgr-0) A*(AvAgr-(IncrRef*(T/2))) A*(avAgr-Res) A*(avAgr-S)
Ac
A*(Pec- 0.0 A*(pec-Rebf*(T/2)) A*(Pec-RebG*(T/2)) A*(Pec-0) A*(Pec-IncrRef(T/2)) A*(Pec-Res) A*(Pec-S)
Ap avAgr)
cs A*(C-S)
. A*(C-Pec) (cﬁzccs_)) A*Remf*T A*(C-(Rebf*(T/2))) A*(C-0) A*(C-(IncrRef*(T/2))) A*(C-Res) A*(C-S)
A*(C- A*(C-  A*Remf
avAgr) A*(C-Pec) (C*pCs))  *(T/2) 0.0 A*(C-(Rebf*(T/2))) A*(C-0) A*(C-(IncrRef*(T/2))) A*(C-Res) A*(C-S)
FNM
Aezg\tz\g”r:)s A*(C*avFsec-Pec) A*Refb*T A*(C-avFsec-O) A*(C*avFsec-(IncrRef*(T/2))) A*(C*avFsec-Res) A*(C*avFsec-S)
FSec
A*(C A*(C-Pec) 0.0 A*(C-RebG*(T/2)) A*(C-0) A*(C-IncrRef*(T/2)) A*(C-Res) A*(C-S)
GM avAgr)
AY(C A*(C-Pec) 0 0 A*(C-RebG*(T/2)) A*(C-0) A*(C-IncrRef*(T/2)) A*(C-Res)
GNM avAgr)
Ae*c(_Ca:Z\;?)s A*(C*avGsec-Pec) A*RebG*T A*(C-avGsec-O) A*(C*avGsec-incrRef*(T/2)) A*(C-avGsec-Res) A*(C*avGsec-S)
GSec
NO
o :V)‘:A(:r:) A*(0-Pec) A*(O-Rebf*(T/2)) A*(0-RebG*(T/2)) 0.0 A*(O-IncrRef*(T/2)) A*(O-Res) A*(0-5)
A*(avRef- )\ (avRef-Pec) A*(AvRef-(Rebf*(T/2)) A*(AvRef-RebG*(T/2)) A*(avRef-0) 0.0 A*(avRef-Res)  A*(avRef-S)
Ref avAgr)

All equations are based on IPCC guidelines

- e



Emissions/Removals for each transition

Tabela 32 - Emissoes liguidas de CO; no Brasil no periodo 1994 a 2002 (em Gg)

Uso da Terra em 2002

FNM FM FSec Ref €5 | GNM | GM | GSec Ap Ac 5 A Res 0 | nO | Total 1994
FNM 00| 6111787 56.600,5 | 26.552,9 | 40.777,1 B.934.056,6 | 2.148.849,4 | 81.004,5 64.609,7 | 5.501,6 | 0,0 10.746.863,5
FM -1.169,085,1 6.251,3| 1.7750| 7109 356.771,5| 42.239,1| 8.026,5 710,7 | 2.943,5| 0,0 750.136,5
Fsec -9.540,8 15,3 95.241,1 30.529,9 264,5 0,1 1447] 0,0 119.654,8
Re f 6,2 0,0 0,0 15.412,4|  11.243,1 348,5 8,2 0,0| 0,0 77.018,4

< |Cs 0,0

& | Ghm -3.608,9 00| 00| 74| 125953,9| 143.478,8| 43526 748,4 | 40,0| 0,0 270.972,1

E |am 12,0 0,0/ 03 1.054,9 3.690,4 52,6 0,0 0,0 0,0 4.786,2

E GSec 34,3 18,6 20,4 15,1 2,2 0,0 0,0 0,0 15,2

5 [4p -46.638,4 | -14.565,0 56,1 0,0 57.2%,5| 15.712,4 96,1 180,7| 0,0 12.098,4

§ |Ac -4.493,5 | -14.408,9 0,2 -50).588,3 0,0 10.1%4,6 26,3  26,5] 0,0 -50.243,1
5 0,0 0,0 0,0
A 0,0 0,0 0,0 0,0 0,0
Res 0,0 0,0 0,0
0 -0,8 -3,9 0,0 -712,8 32,5 0,0] 0,0 0,0 0,0| 0,0 -740,1
NO 0,0 0,0 0,0 0,0 00| 00| 00| 00 0,0 0,0 0,0| 0,0 0,0 0,0 0,0 0,0
Total 2002 | 0,0 -1.780.263,8 2.184,5| -4.289,9 | 41.498,0| 0,0| 0,0| .545| 9.480.200,6| 2.437.279,9 | 120.048,4| 0,0 €5.709,5 | £.836,9| 0,0 10.371.158,7




What Imazon did
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Example — Pantanal Biome

Inventory Shapefiles

Attributes of TRANSICAO_CO2 PANTANAL pol
FID | Shape bioma uf lig ig: ano_ai ano_uc ¢_agp_solo c_agrp_veg c_pret c_1994 ©_2002 cagr.

> 0] Polygon |1 PANTANA | Vol 26 MT 5102504 | Céceres 0 0|51 V4 Cs AP Vs Ap

1|Palygon |10 PANTANA | Vol 26 MT 51025604 | Caceres 0 0]81 V4 Cs AP FNM

2| Polygon | 100 PANTANA |Vol. 26 MT 5102504 | Céceres 0 081 Ve SA AP FHM

3 | Palygon [ 1000 PANTANA | Vol 26 MT 51025604 | Caceres 0 0]s2 Va FA AP FNM

4 | Polygon [10000 PANTANA | Vol. 27 Ms 5001102 0 0 | 300000 X000 RIOS_LAGOS|RIOS_LAGOS| RIOS_LAGOS| A

5 | Polygon [ 10001 PANTANA | Vol 27 MS 5001102 0 0 | COKX R RIOS_LAGOS|RIOS_LAGOS|RIOS_LAGOS| A

6 | Polygon [10002 PANTANA | Vol. 27 Ms 5001102 0 0 | 300000 X000 RIOS_LAGOS|RIOS_LAGOS| RIOS_LAGOS| A

7 | Polygon | 10003 PANTANA | Vol 27 MS 5001102 0 0 | COKX R RIOS_LAGOS|RIOS_LAGOS|RIOS_LAGOS| A

8 | Polygon [10004 PANTANA | Vol. 27 Ms 5001102 0 0 | 300000 X000 RIOS_LAGOS|RIOS_LAGOS| RIOS_LAGOS| A

9 | Polygon | 10005 PANTANA | Vol 27 MS 5001102 0 0 | SCO0KX XKRKKKK RIOS_LAGOS|RIOS_LAGOS| RIOS_LAGOS| A

10 | Polygon | 10006 PANTANA | Vol 27 MS 5001102 0 0 300000 X000 RIOS_LAGOS|RIOS_LAGOS| RIOS_LAGOS| A

11| Polygon | 10007 PANTANA | Vol 27 Ms 5001102 d; 0 0 | 300000 XRO00K RIOS_LAGOS|RIOS_LAGOS| RIOS_LAGOS| A

49 Dnhman 40008 CANTANA [\inl 27 5] EANAANG | Aosirdnriana n o ey Ve oing | ArNel DiNg | ARNG DING | ARAS] A

B




Example — Pantanal Biome i

Tabela 30 - Emissoes liquidas de CO; no bioma Pantanal no periodo 1994 a 2002 (em Gg)

25

Uso da Terra em 2002
FNM FM FSec | Ref | €5 | GNM | GM GSec Ap Ac 5 A Res o NO | Total 1994
FNM 984,49 115.722,02 | 14.055,53 | 924,14 9,66| 174,26 129.901,1
FM +3.755,91 18,56 0,05 3.737,3
FSec 0,0
B . I . Ref 0,0
raziian |,
& |onm 3.86530| 32848 074 4.194,5
Elam 0,0
=
nventory |:e=
'
3 |40 -273,34 1,88 1.022,03| 36,95 87,5
§ Ac -0,21 -1.757,62 -1.757,8
5 0,0
A 0.0
Res 0,0
o 14,76 0,50 -15,3
NO 0.0
Total 2002 0,0 -47404|  -2736| 00| 00 0,0 0,0 19| 117.8336| 15.4056] 961.9 00 97| 1743| 00| 1293129
classel |FNM| FM | FSec | Ref | S |GNM| GM |Gsec| Ap Ac_ | 5 | A|Res| o |NO| Total |relatorioMCT| # %de#
FNM 0.00 -984.49 115,229.28] 14,211.41) 824.18 8.30 152.49 7129,288.7 129,901 612 0%
l I I a ZO l I M -3,755.91 18.46 0.44 -3,737.0 3,737 0 0%
Fsec
Ref
cs
O O GNM 0.00/ 0.00 3,803.54 35275 0.00 4,156.3 4,195 38 1%
GM 0.00 0.0 0 0
GSec 0 0
Ap -267.57 2.06 0.00 1,204.58 17.38 956.5 788 169 -21%
Ac -0.21 -1,988.73 0.00 -1,988.9 1,758 231 -13%
5 0.00 0.0
A 0.00 0.00/ 0.00 B 0.0
Res 0.00 0.0
o -6.14 -0.05 0.00 T 62 15 1 140%
NO -12.61 13

-12.6 0
Total [000] o000] o0.21Jo00] [ o.00Jo.00] 0.00] -2,007.49] -0.05] o0.00[0.00] 0.00] 0.00]0.00] 128,656.7] 129,373 716] 0.55%) # < 1%




Method 2 — Deforestation approach
(proxy)




Deforestation - Proxy
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Deforestation - Proxy

. Average
Biomes Total (tCO2)
1994-2002 (tCO2)

Amazonia 8.465.226.000 1.058.153.250
Cerrado 2.622.510.540 327.813.817
Caatinga 343.820.831 42.977.604

Mata Atlantica 728.886.016 91.110.752
Pampa 136.159.616 17.019.952
Pantanal 757.050 94.631

- Rt
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Deforestation - Proxy

. Average 1994-
Biomes
2002 (km?/year)

Amazonia 19.141
Cerrado 15.698
Caatinga 5.905

Mata Atlantica 2.617
Pampa 2
Pantanal 962
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Deforestation - Proxy

Deforestation
(km?)

14.286  11.651 12.911 7.464 7.000 6.418 4.571

Amazonia

% from average

0,75 0,61 0,67 0,39 0,37 0,34 0,24
(1994-2002)




Deforestation - Proxy
mmm

Emissions
Amazonia (tCO,) 789.740 644.080 713.730 412.620 386.970 354.793 252.689
2

Emissdes brutas de GEE 1990-2012 (GgtCO2)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

=@="Fstimado SEEG =@=MCT
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Deforestation Data Available to Estimate the GHG Emissions from 1990-2013

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
v 5 0 oo
L[|

Cerrado PMDBBS and
Lapig

Mata PMDBBS /

Atlantica SOS Mata
Atlantica

Pampa PMDBBS

o ........ o

Estimated Annual Deforestation Rate
(km?%n years)

Transition

Forest - Deforestation

. Mapped Deforestation Rate (km?%year) |




Deforestation - Proxy
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RESULTS

Emissions of GHG (LUC) : 1990-2013 (tCO2 GWP)
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RESULTS

Billions

Emissions of GHG (LUC), 1990-2013 (tCO2 GWP): by Gas
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RESULTS

Emissions of GHG (LUC), 1990-2013
(tCO2 GWP): by Biome

1.00 I I
0.50 ‘I“
0.00
O
A O

B Amazonia
M Cerrado

B Pampa

o &N ¥ VW 0 O «
© O © O © w
© O O O O O O
N N N N N N N

B Caatinga
B Mata Atlantica

B Pantanal

Proportion of the Total GHG Emissions

(%): 1990-2013

JAMAZONIAY(7.0%)

CAATINGA (3%)

CERRADO!(21%)




RESULTS oOEEG

. - .. 0
Emissions of GHG (LUC) in 2013 Proportion of GHG Emission in 2013 (%)

(tCO2 GWP): by State

0.10
0.08
0.06
0.04

0.02

1
£g302%

III ........
v wa o
S U u g

0.00

RN
SC
SE
RJ



RESULTS

GHG Emission: variation 2012-2013
(tCO2 GWP) - by State
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Lessons learned
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* |PCC method of Emissions/Removals

* Brazilian Minister of Technology approach of
Estimations of Emissions/Removals

* Documentation — Important in all phases

e Network of institutions




Challenges
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e Data quality and availability

 Methodologic improvements are necessary (ie
Removal Equations)
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