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Just do something.”

Pat Byrnes / CartoonStock.com
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Biomass Harmonization — A Consistent Message

Biomass Harmonization

Forest biomass estimates Enhancing National Open-source code for
Open- from space data aligned Forest Inventories with transparency and
Alignment § science to policy guidance maps of biomass/carbon knowledge transfer
& inclusion § methods
Delivers aboveground Delivers statistically robust Code is written on the NASA
Guidance biomass estimates from space methodologies to augment Multi-Mission Algorithm and
development data, in the formats relevant ground-based inventories with Analysis Platform (MAAP), and
to, or recommended by, regular, consistent and up-to- published in a public code
policy guidance. date EO data streams. repository.
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Biomass Harmonization — A Consistent Message esa

Open-source code for
transparency and
knowledge transfer

Code is written on the NASA
Multi-Mission Algorithm and
Analysis Platform (MAAP), and
published in a public code

repository.
@ Eesa
™ i) = « |PCC Tier 1 - Forest carbon estimates
h; b q'P * Improvement of carbon estimation in West Africa
& « UNFCCC - Forest Reference Level REDD+
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IPCC Tier 1 - Forest carbon estimates (“default”) esa

TABLE 4.7 (UPDATED)
ABOVE-GROUND BIOMASS IN NATURAL FORESTS (TONNES D.M. lI.-\") - - -
— 2019 Refinement to the 2006 IPCC Guidelines
Domain Ecologi::al Continent Status/condition® bgi?mu::s U'.me]: U‘i’::;_"ﬂ References fo r N ati 0 n a I G ree n h O u Se G a S I nve n to ri es
zone [tonnes tainty type
d.m. ha™'|
Primary 404.2 120.4 SD 1-12 B )
Afiics | Scconday 520yean | 2129 [ o0 | 50 | s71L1a6 The current IPCC Tier 1 defaults were developed for countries
Secondary D0years | 528 | 356 | SD | 911141517 lacking domestic data for national/sub-national assessments
North Primary 307.1 104.9 SD | 3.4.9.10,18-21 of carbon stock and fluxes, and as independent reference for
Tropical | ‘and | Sccondary >20years | 2064 | 804 | SD 9, 10,2228 use in technical assessment of NGHGISs.
America Secondary <20 years 75.7 345 sSD % ID.EI;,?’_;Z, 23,
Tropical Secondary <ZU years
Primary
Africa Secondary =20 years 69.6 47.5 SD L2 4?;344" St-
Secondary =20 years
) North Primary 127.5 72.6 sSD 18-21
Tropical
dry and Secondary =20 years 118.9 81.3 sSD 9,10, 22, 23, 54
South
forest America | Secondary <20 years 322 242 SD 2,10, 252§23’ >4,
Primary
Asia Secondary =20 years 184.6 144.5 SD 9,10, 35, 48, 56
Secondary <20 years
Primary
Africa Secondary =20 years 48.4 45.8 SD 44, 57, 58
Secondary =20 years
Nerth Primary
(https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html) 6
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IPCC Tier 1 - Forest carbon estimates (“default”)

esa

TABLE 4.7 (UPDATED)
ABOVE-GROUND BIOMASS IN NATURAL FORESTS (TONNES D.M. HA")
Above-
Ecological ground Uncer Uncerta
Domain g 1 Continent Status/condition® biomass . inty References
zone tainty
[tonnes - type
d.m. ha™'|
Primary 404.2 120.4 SD 1-12
Africa Secondary >20 years | 2129 143.1 SD 57,11, 13-16
Secondary <20 years 52.8 356 SD 9-11, 14, 15, 17
North Primary 307.1 104.9 sSD 3.4,9,10, 18-21
Tropical | and Secondary >20 years 206.4 80.4 SD 9, 10,22-28
rainforest South 910,14 2223
America Secondary <20 years 75.7 34.5 SD C agan
EEE
sSecondary <2U
Tropical econdary =0 years
Primary
Africa Secondary =20 years 69.6 47.5 SD L2 435'344' St-
Secondary =20 years
) North Primary 127.5 72.6 SD 18-21
Tropical
dry and Secondary >20 years 118.9 81.3 SD 9, 10,22, 23, 54
forest South 9, 10,22, 23, 54
America Secondary =20 years 322 24.2 SD T 5; P
Primary
Asia Secondary =20 years 184.6 144.5 SD 9, 10, 35, 48, 56
Secondary <20 years
Primary
Africa Secondary =20 years 48.4 45.8 SD 44, 57, 58
Secondary =20 years

(https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html)
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IPCC Tier 1 - Forest carbon estimates (“default”

esa

Global Land
Analysis & Discovery

Forest Height 2019 Dataset

P. Potapov et al. (2020) Mapping and monitoring global forest canopy
height through integration of GEDI and Landsat data. Remote Sensing
of Environment, 112165. https://doi.org/10.1016/].rse.2020.112165

FOREST Forest Loss and Extent datasets

WORLD

reounces - Spatial Database of Planted Trees
Intact Forest Landscapes

Potapov, P. et al.(2017) The last frontiers of wilderness: Tracking loss
of intact forest landscapes from 2000 to 2013. Science Advances

2017; 3:21600821

Global Land
Analysis & Discovery

Primary Humid Tropical Forests

Turubanova S., Potapov P., Tyukavina, A., and Hansen M. (2018)
Ongoing primary forest loss in Brazil, Democratic Republic of the
Congo, and Indonesia. Environmental Research

Letters https://doi.org/10.1088/1748-9326/aacd1c

(- I:-7-J ESA WorldCover 2021

W Forest Landscape Integrity Index

WCSs

ABoVE: Tree Canopy Cover and Stand Age from Landsat, Boreal

ABQ.VE Forest Biome, 1984-2020

< M| Tropical Forest Monitoring

g International Institute for
w» Applied Systems Analysis
I TASA waw.iiasa.ac.at

Global forest management data for 2015 at a
100 m resolution
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IPCC Tier 1 - Forest carbon estimates (“default” esa

Global Land (@ Spatial Dtabase of laed Tree (SDPT)
i ase rees

Analysis & Discovery Global forest managenent plcutations (GEM)

Joint Research Centre Tropical Moist Forest

wosition wap pianations (JRCFT)

Circuit board: Boolean set of conditions to arrive at Global Forest Status/Condition

Forest Height 2019 Dataset
P. Potapov et al. (2020) Mapping and monitoring global forest canopy Ao eyt L S LR AR CR
height through integration of GEDI and Landsat data. Remote Sensing Glol et endscap negiy e (FLI iy e .
of Environment, 112165. https://doi.org/10.1016/j.rse.2020.112165 Py bt i s - (b) Spatial Database of Planted Trees (SDPT)
i e i o oot R ot hlh 2020 P25, Global forest management plantations (GFM)
GLOBAL s on o7y Joint Research Centre Tropical Moist Forest
Forest Loss and Extent datasets T transition map plantations (JRCFT)
w (b) ‘Spatial Database of Planted Trees (SDPT)
o o ]
wortn ) e Forest height 2000 (FH,400) = 5 m ESA World
rouicrs - Spatial Database of Planted Trees et Gt Cover 2021
Forest height 2020 (FHy) .5 m- Sy
2 . (EWC)
Intact Forest Landscapes e Forest height 2020 (FHy20) = 5 m Tree Cover
Potapov, P. et al.(2017) The last frontiers of wilderness: Tracking loss iiminbeg bt
of intact forest landscapes from 2000 to 2013. Science Advances e L L .
Forest height 2000 (FH,q) = 5 m Young secondary

201 7" 3:21600821 Boreal Farest Age (BFA) < 20 years
Joint Research Gentrs Tropical Moist Forest

transition map yourg secondary forest (JRCET)

Forest height 2020 (FH,q,,) = 5 m forest (YS)

(© Spatial Drtabase of Pianted Trees (SDET)
Global Land K i sl
Analysis & Discovery i R G T Vs vt Global tree cover loss year
cansition map plantarions (JRCFT)

between 2000 - 2018 (TCLY)

ESA World Cover 2021

Primary Humid Tropical Forests ot high 2000 () 25 1. (EWC) Troe Cover
Turubanova S., Potapov P., Tyukavina, A, and Hansen M. (2018) Fros bt 2020 () 25 0 O e Joint Research Centre Tropical Moist Forest
Ongoing primary forest loss in Brazil, Democratic Republic of the gl ot A B8 » 28 e ) - ”
Congo, and Indonesia. Environmental Research i g i Ry T) change between 2000 - 2018 (JRCFC)
. H _ N Global tree cover loss year (TCLY)
Letters https://doi.org/10.1088/1748-9326/aacd1c =m e vt Boreal Forest Age (BFA) < 20 years )

B e 18 S ey L Joint Research Centre Tropical Moist Forest
@ eésa ESA WorldCover 2021 Legend Plantations layers transition map young secondary forest (JRCFT)

g Forest Landscape Integrity Index -And Tree cover/height layers o
[ worktiow I & open ]

ABOVE: Tree Canopy Cover and Stand Age from Landsat, Boreal -o
M Forest Biome, 198‘5%020 g And not Forest age layers ‘ ublNasamaap  Multi-Mission Algorithm and Analysis Platform (MAAP)

Global Forest Classification for Intergovernmental Panel
Tropical Forest Monitoring on Climate Change (IPCC) Tier 1 natural forest biomass

m European
Commission

estimates
International Institute for Hunka, Neha; Shinde, Rajat! ®; Mandel, Alex2; Duncanson, Laura3
w» Applied Systems Analysis
I TASA waw.iiasa.ac.at Show affiliations
10.5281/zen .133461

Global forest management data for 2015 at a
100 m resolution
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IPCC Tier 1 - Forest carbon estimates (“default”

Global Land
Analysis & Discovery

Forest Height 2019 Dataset

P. Potapov et al. (2020) Mapping and monitoring global forest canopy
height through integration of GEDI and Landsat data. Remote Sensing
of Environment, 112165. https://doi.org/10.1016/].rse.2020.112165

GLOBAL
WATC

WORLD

wsousces - Spatial Database of Planted Trees

INSTITUTE

Forest Loss and Extent datasets

Intact Forest Landscapes

Potapov, P. et al.(2017) The last frontiers of wilderness: Tracking loss
of intact forest landscapes from 2000 to 2013. Science Advances
2017; 3:e1600821

Global Land

=2 Analysis & Discovery

Primary Humid Tropical Forests

Turubanova S., Potapov P., Tyukavina, A., and Hansen M. (2018)
Ongoing primary forest loss in Brazil, Democratic Republic of the
Congo, and Indonesia. Environmental Research

Letters https://doi.org/10.1088/1748-9326/aacd1c

" Y<X:2: ] ESA WorldCover 2021
R4

WCs

Forest Landscape Integrity Index

ABOVE: Tree Canopy Cover and Stand Age from Landsat, Boreal
Forest Biome, 1984-2020

Tropical Forest Monitoring

F International Institute for
ww Applied Systems Analysis

I 1AS A www.iiasa.ac.at

European
Commission

Global forest management data for 2015 at a
100 m resolution

(a) Spatial Datsbase of Planted Trees (SDPT)
Global forest managetueat plantations (GEM)

Joint Research Centre Tropical Moist Forest

transition map plantations (JRCFT)

Forost hoiaht 2000 (FH;) = 5 -

ESA World Cover 2021 (EWC) Tree Cover
Global forest landscape integrity index (FLIT).

Primary humid tropical forests (PHTF)
dscapes (IFL)
ropical Moist Forest
urbed forest (JRCFT)

Prinary forest
®F)

Joint Researe
transition m: Forest height 2020 (FHyg30) > S o1
Global tree cover loss year (TCLY)

Joint Research Centre Tropical Moist

Forest change map (JRCFC)

(b) Spatial Database of Planted Trees (SDPT)
Global forest management plantafions (GFM)

Joint Research Centre Tropical Moist Forest

wansition map planiations (JRCFT)

Forest height 2000 (FHq) > S -
Forest eight 2020 (FH) = S

‘Young secondary

Forest height 2000 (FH,,
forest (YS)

Forest height 2020 (Fi

Global tree cover loss year

benveen 2018 (TCLY)

st Forast

change berween 2000 - 2015 (JRCFC)
Boreal Forest Age (BFA) < 20 years

Joint Reseazch Centre Tropical Moist Forest

(© Spatial Database of Planted Trees (SDPT)
Global forest managemeat plantarions (GFM)

Joint Resesrch Ceatre Tropical Moist Forest

‘wsusiton map plantations (RCFT)

ESA World Cover 2021
(EWC) Tree Cover

Forest height 2000 (FH0e) 2 5 .
Forest bt 2020 s (08’
Boreal Forest Age (BFA) > 20 years

Joint Research Ceatre Tropical Moist Forest
transition map o/d secondary forest (IRCFT)
Global tree cover loss year (TCLY)

Joint Research Centre Tropical Moist
Forest change affer 2000 map (JRCEC)

Legend

Resources  Help

GetData  Suby Tools.

Classification of Global Forests for IPCC Aboveground Biomass Tier
1 Estimates, 2020

esa

Circuit board: Boolean set of conditions to arrive at Global Forest Status/Condition

Tropical rainforest, Mato Grosso, Brazil

B 116

0 5 10km

. Old secondary forests

. Young secondary forests

Primary forests

A0 QI

https://doi.org/10.3334/ORNLDAAC/: (] O

bePuasamaap  Multi-Mission Algorithm and Analysis Platform (MAAP)

Global Forest Classification for Intergovernmental Panel
on Climate Change (IPCC) Tier 1 natural forest biomass
estimates

Mandel, Alex2; Duncanson, Laura?

461

Hunka, Neha; Shinde, Rajat! ®;

10.5281/zen i

Show affiliations
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IPCC Tier 1 - Forest carbon estimates (“default”)

esa

Global Land
Analysis & Discovery

Forest Height 2019 Dataset

P. Potapov et al. (2020) Mapping and monitoring global forest canopy
height through integration of GEDI and Landsat data. Remote Sensing
of Environment, 112165. https://doi.org/10.1016/].rse.2020.112165

FOREST Forest Loss and Extent datasets
WATCH

WORLD

wsousces - Spatial Database of Planted Trees

INSTITUTE

Intact Forest Landscapes

Potapov, P. et al.(2017) The last frontiers of wilderness: Tracking loss
of intact forest landscapes from 2000 to 2013. Science Advances
2017; 3:21600821

Global Land

AR Analysis & Discovery

Primary Humid Tropical Forests

Turubanova S., Potapov P., Tyukavina, A., and Hansen M. (2018)
Ongoing primary forest loss in Brazil, Democratic Republic of the
Congo, and Indonesia. Environmental Research

Letters https://doi.org/10.1088/1748-9326/aacd1c

(- I:-7-J ESA WorldCover 2021
R4

WCSs

ABovE

Forest Landscape Integrity Index

ABOVE: Tree Canopy Cover and Stand Age from Landsat, Boreal
Forest Biome, 1984-2020

European

M| Tropical Forest Monitoring

; International Institute for
w» Applied Systems Analysis

I TASA waw.iiasa.ac.at

Global forest management data for 2015 at a
100 m resolution

scientific data
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Intergovernmental Panel on Climate Change (IPCC)
Tier 1 forest biomass estimates from Earth Observation

Neha Hunka &, Laura Duncanson, John Armston, Ralph Dubayah, Sean P. Healey, Maurizio Santoro,

Grantham, Peter Potapov, Svetlana Turubanova, Alexandra Tyukavina, Jessica Richter, Nancy Harris,

Mikhail Urbazaev, Adridn Pascual, Daniela Requena Suarez, Martin Herold, Benjamin Poulter, Sylvia N.

Wilson, Giacomo Grassi, ... Joana Melo -+ Show authors

Scientific Data 11, Article number: 1127 (2024) | Cite this article

1520 Accesses \ 13 Altmetric \ Metrics

Abstract

Aboveground biomass density (AGBD) estimates from Earth Observation (EO) can be
presented with the consistency standards mandated by United Nations Framework
Convention on Climate Change (UNFCCC). This article delivers AGBD estimates, in the
format of Intergovernmental Panel on Climate Change (IPCC) Tier 1 values for natural forests,
sourced from National Aeronautics and Space Administration’s (NASA's) Global Ecosystem
Dynamics Investigation (GEDI) and Ice, Cloud and land Elevation Satellite (ICESat-2), and
European Space Agency's (ESA's) Climate Change Initiative (CCI). It also provides the
underlying classification used by the IPCC as geospatial layers, delineating global forests by
ecozones, continents and status (primary, young (<20 years) and old secondary (>20
years)). The approaches leverage complementary strengths of various EQO-derived datasets

Committee on
Earth Observation Satellites

E

iPNasamAAP  Multi-Mission Algorithm and Analysis Platform (MAAP)

Global Forest Classification for Intergovernmental Panel
on Climate Change (IPCC) Tier 1 natural forest biomass
estimates

Hunka, Neha; Shinde, Rajat!

10.5281/zenodo.1

; Mandel, Alex?; Duncanson, Laura?
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Improvement of carbon estimation in West Africa esa

Guinea savanna (upper
west Ghana)

Savanna (northern

Ghana)
Drier, shorter and

sparser vegetation
Dry semi-deciduous

and forest-savanna
transition zone

Moist semi-deciduous
forest

Moist evergreen forest

12

N el N = o] D 0 = he Il =€ im = == B mm %]  ° THEEUROPEAN SPACE AGENCY



Guinea savanna (upper
west Ghana)

Savanna (northern

Ghana)
Drier, shorter and

sparser vegetation
Dry semi-deciduous

and forest-savanna
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Moist evergreen forest
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Improvement of carbon estimation in West Africa esa
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Country examples: Using ‘carbon’ maps from EO Eesa

Mexico
Address NF| Gaps for national
stratum-level AGB estimations

i - ¢ Sudan
and predict AGB for specific Aols.
Hunka et al., 2024 Address NFI Gaps for

national stratum-level

AGB estimations i R dNe‘t):tl'on of NF! for
1 Republic of Sudan FRL, £ ) : )

2025 subnational reporting

¢ Guatemala 'k Nepal ERPD Report, 2018
Defining stratification for

Emission Factor estimation " + Zambia
Gémez Xutuc et. al, 2017 .’ Defining stratification for
s Emission Factor estimation
Republic of Zambia, 2016

Paraguay,

Improved estimation of AGB

Bullock et. al, 2023 ] .
Peru, Guyana, Tanzania, Mozambique

Increase precision of national stratum-

level AGB estimations
Maélaga et. al, 2024

. o
+= used for reporting purposes .
[}
Global Forest Use of global data sets in national GHG reporting

o
Observations Initiative SBSTA 62
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Country examples: Using ‘carbon’ maps from EO

esa

Mexico

Address NFI Gaps for national
stratum-level AGB estimations
and predict AGB for specific Aols

¢ Guatemala
Defining stra o
Emission Fac

Sudan National Forest Inventory

AGBD
[Mgfha]
50

IU

Volume
[m?ha]

THE REPUBLIC OF SUDAN
FOREST NATIONAL CORPORATION

I RONE

¢ Sudan

Address NFI Gaps
national stratum-lever
AGB estimations

FOREST REFERENCE LEVEL SUBMISSION TO THE
UNFCCC

(b) GEDI-estimated vegetation biomass
AN |

Food and Agriculture
Qﬁ Organization of the

United Nations

. creen  June 2025
CLIMATE

FUND

Forest probability
AN
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Conclusions esa

« The MAAP has accelerated collaborative science, which
enables action with data.

« Several policy-relevant examples developed on MAAP —
enabling replicability and transparency in processes.

« A one-hub for EO datasets are not only for scientists.

Dr. Neha Hunka

Neha.hunka@esa.int
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