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Anthropogenic CO, sources and sinks (2009-2018)

GLOBAL CARBON
PROJECT

Sinks

Sources

17.9 GtCO,/yr

34.7 GtCO,/yr
: 44%
86% ’

29% B

11.5 GtCO,/yr

14%

5.5 GtCO,/yr 23%
9.2 GtCO, /yr I

Budget Imbalance: 4%

(the difference between estimated sources & sinks) 1.6 GtCO,/yr

Source: CDIAC; NOAA-ESRL; Houghton and Nassikas 2017; Hansis et al 2015; Friedlingstein et al 2019; Global Carbon Budget 2019



https://energy.appstate.edu/research/work-areas/cdiac-appstate
http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://dx.doi.org/10.1002/2016GB005546
http://dx.doi.org/10.1002/2014GB004997
https://doi.org/10.5194/essd-11-1783-2019
http://www.globalcarbonproject.org/carbonbudget/

The Tale of Two IPCCs..

IPCC Assessment Reports:
_ AR1: 1990

o oy AR2i1996
scieancific technical AR3: 2001
iterat AR4: 2007
iterature. ARS: 2013

AR6: 2022

IPCC Task Force on National Greenhouse Gas
Inventories

Creates IPCC Guidelines for National Inventories
1996, 2003, 2006, 2019

Global Stocktake
(2023)

carried out once every five years to
assess the collective progress made
towards achieving the long-term goals
of the Paris Agreement

The basis for:

* National GHG Inventory reporting

* REDD+ accounting

* NDC target-setting

* Corporate GHG Inventory reporting

* Community GHG inventory reporting



Discrepancy in global estimates

10

IPCC assessment reports

Net land-related global anthropogenic fluxes (GtCO, yr)

1990 1995 2000 2005 2010
Year

Grassi et al. 2018



How well do we know GHG fluxes from forests?

| NOT WELL AT ALL.

We need a better empirical
basis for measuring and
tracking GHG fluxes from
forests and more detailed
information to inform climate

policy.
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Create 30-m global maps of
forest-related greenhouse gas
fluxes by combining IPCC
methodologies with spatial data
on forests

Simulate forest greenhouse gas

fluxes at 30 m from 2001-2019:

* @Gross emissions

* @Gross removals

e Net GHG flux (difference
between emissions and
removals)

GLOBAL
WATCH




Map global biomass in 2000 @ 30m

M Baccini et al. (2012) Pan-tropical
Neigh et al. (2013)Alaska

M Neigh et al. (2013)Canada east
M Neigh et al. (2013)Canadawest
Bl Nelsonetal. (2017) CONUS

M Neigh et al. (2013) Eurasia east
M Neigh et al. (2013) Eurasiawest
M Nelson etal. (2017)Mexico north

M Nelson etal. (2017)Mexico south M Sun et al. (2011)

Wang et al. (2013) Africa/Eurasia

B Anderson et al. (2006)
B Duncansonetal. (2010)

W Alberti et al. (2013)
Brovkina et al. (2015)

W Beets et al. (2011)
B Gonzalez-Roglich

@ Hudaket al. (2012) Gonzalez-Ferreiro et al. (2013) and Swenson (2016)
#% Hyde et al. (2007) Patenaude et al. (2004) » Lucasetal (2008)
N\ Lim et al. (2003) M Shang and Chazette (2014) W Suganumaetal.

2 Luetal (2012) M Simonson etal. (2016) (2006)

a. Popescuetal. (2012) MTakagiet al. (2015)
W Skowronskietal. (2007) WMWHRC (unpublished)
Yavash (2016)

W Wang et al. (2015)

7. Tsuietal. (2012)



Combine data sources in inventory framework
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Soil Carbon MODIS Burned Areas Mangrove Extent Mangrove Soil Carbon
SoilGrids250, v2.0 Giglio et al. 2018 Giri et al. 2000 Sanderman et al. 2018
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Q " 3 s i -
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mm intact Forest Landscapes (IFLs) {%‘P‘»e 7
Peatlands Plantations Intact Forests Mangrove Biomass
Gumbrect et al. 2017 Harris et al. 2019 Simard et al. 2018
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Biomass Tree Cover, Loss and Gain Drivers of Forest Loss Forest Regrowth C Rates

Various Hansen et al. 2013 Curtis et al. 2018 Cook-Patton et al. 2020
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Gross forest
greenhouse gas emissions

Mt CO.e yr (2001-2019)
0.21

%{ %
. Harris et al. 2021 Nature Climate Change
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“Fast Out, Slow In”

Forest or tree canopy
loss contributes to a

large pulse of emissions

g

New forests or
trees

accumulate
carbon slowly
over decades
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Removal factors: Stratify global forests
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Gross forest
greenhouse gas removals

Mt CO.e yr' (2001-2019)
0.0

-0.089 o Harris et al. 2021 Nature Climate Change
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Net forest
greenhouse gas flux

Mt COze yr' (2001-2019)
0.17 (source)

-0 (neutral)

- -0.087 (sink)

Harris et al. 2021 Nature Climate Change
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Carbon Fluxes from World's 3 Major Rainforests

AMAZON RIVER BASIN CONGO RIVER BASIN SOUTHEAST ASIA

SINK SINK SOURCE

\!&'-’-‘«

"." /

Net flux (Gt CO2e/yr): -0.10 Net flux (Gt CO2e/yr): -0.61 Net flux (Gt CO2e/yr): 0.49

Emissions (Gt CO2e/yr): 1.1 Emissions (Gt CO2e/yr): 0.53 Emissions (Gt CO2e/yr): 1.6
Removals (Gt CO2e/yr): -1.2 Removals (Gt CO2e/yr): -1.1 Removals (Gt CO2e/yr): -1.1

Source: Harris et al. 2021, GLOBAL .
Notes: all values in units of billion metric tonns C02e per year Al | WORLD RESOURCES INSTITUTE
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Breakdown of Carbon Flux Estimates

Emlsslons T

Natural sink:

v 115 Gt CO/yr
All land

(Global Carbon Project)

Source: Harris et al. (2021), Global Carbon Project.

2107

Neutral (0) I - .
Total -
landsink: .
6.0 Gt CO,/yr e
Removals

Land use
change and
forestry
regrowth:
10 Gt CO,/yr

A
Emisslons

Forestdisturbance
emissions:
8.0 GtCO/yr

Forestsink: ",
76 6t COyr

Neutral (0)

Removals

v

Forest removals:
15.6 Gt CO/yr

Forest land
(GFW)
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What's with the high uncertainty?

Primary 0.37 +0.85 | 95%CI 33
New BeOMey 212 1082 | 95%CI 33
Zealand >20 years
Secondary ) '
<20 years 3.12 0.83 SE 34
Oceanic
Europe All 23 - - 35
Secondary
North and =20 years 9.1 20.2 SD 36
Tempera South
te America Secondary 6.3 74 sD 36
<20 years ’ ’
Continenta North and
: South
America
North and
Mountain South
America

Table 4.9, IPCC 2019 Refinement to the 2006 Guidelines for National Greenhouse Gas Inventories



Sensitivity analyses provide transparency

Benchmark biomass density map Source of deforestation data

Net flux source/sink change

Net flux source/sink change
GFW (standard) vs. PRODES

30 m (standard) vs. 1 km biomass
Bl source -> sink B source -> sink
Bl siok > source I Sk > source
[] stays sink [] stays sink
[ stays source B stays source

Generic vs. detailed removal factors Lack of updated tree cover gain data

Net flux source/sink change

Net flux source/sink change

Tier 3 (standard) vs. Tier 1 removal factors ¢ f
N 6 (standard) vs. 19 years of C removals in new gain i 5 Vi

Bl source - sink plxels %5 &

Il sk > source Il source - sink -\

[ stays sink [] stays sink \

I stays source I stays source




Conclusions

* To make progress on forest-based mitigation, we must reduce
emissions AND increase removals.

« We have created a framework for measuring and tracking GHG
fluxes from forests at scales more relevant for informing climate
policy

« Estimates of emissions are relatively constrained; removals much
less so.

* Improvements are needed! New and improved data sources can
populate the framework to reduce uncertainties

FOREST



Next Steps

» Update model to 2020

* Refine removal factors:
« Old secondary and primary forests (a la Cook Patton et al. 2020)

* Incorporate more data from national inventories (e.g., Canada)

« Comparisons between top-down vs. bottom-up estimates to inform
GST
« National GHG inventories (UNFCCC)

« FAO/FRA
» Other satellite-based maps (Saatchi, Ciais)
» Top-down atmospheric inversion/transport models

FOREST



