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Biomass Harmonization
❖Coordinated effort between CEOS agencies and 

users/producers of aboveground-biomass (AGB) maps. Effort 

part of LSI AFOLU in collaboration with WGCV LPV.

❖Purpose is to communicate a clear and consistent message on 

forest AGB products, especially as the number of public 

datasets grow 

❖ Increasingly important as new biomass mission launches are 

approaching  (e.g. NASA/ISRO’s NISAR, ESA’s BIOMASS, JAXA 

ALOS-4 and MOLI, others…)

❖Toward inclusion of EO biomass products in national reporting 

frameworks (currently missing!)

Supports uptake of CEOS biomass 

protocol (endorsed in Spring 2021) 

which recommended consistent 

and transparent cal/val of 

biomass products across agencies 



GEDI: 506 Pg 

ICESat-2 Boreal: 94 Pg 

Global NASA Lidar AGB Estimate: ~600 Pg for 2020

Equivalent to ~ 1,100 billion tons of CO2 – about 30 years of global emissions

Duncanson et al., in prep

Current Biomass Products - NASA



ESA UNCLASSIFIED - For Official Use 4

§ Version 4 with 
global maps from 
2010, 2017, 2018, 
2019 and 2020 in 
cooperation with 

§ Released at GFOI 
Plenary May 2023

§ Consistency: a 
decade of change

§ Synergy of lidar and 
SAR data

èhttps://climate.esa.int/en/odp/#/project/biomass 



Space-based biomass estimates are not yet being used in UNFCCC reporting

Space-based activity data (typically from Landsat / Sentinel-2) are being 
frequently used in reporting.



• How to communicate policy 
requirements to map makers, 
and product integration with 
(ground)NFI data to map users

• Toward new guidance 
documentation for using EO 
biomass products

Use Cases:

• Mexico:
• Mozambique
• West Africa

Public source codes for 
AGB map and NFI 

integration
• The ESA-NASA Joint Multi-

Mission Algorithm and Analysis 
Platform (MAAP) is a 
collaborative cloud-computing 
environment. 

• The open-source Biomass 
Harmonization public Gitlab 
repository is regularly updated 
and maintained.

Use case:

• Country summaries of AGB 
density and stock with EO 
maps

IPCC Tier 1 AGBD 
estimates from EO data

• Delivers AGBD estimates, in 
the format of 
Intergovernmental Panel on 
Climate Change (IPCC) Tier 1 
values for natural forests. 

• Sourced from NASA GEDI 
mission and ESA CCI Biomass 
initiative

Direct use:

• IPCC Emissions Factors 
Database

Biomass to Policy 
workshop

Open-
science 

methods 

Policy 
alignment 

and 
inclusion

Guidance 
development

In-review, Feb 
2024

20-22 March, 
2024

Updated daily

NASA Carbon Monitoring Systems 2022

Biomass Harmonization Activities
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Biomass Harmonization Activities

❖Biomass product intercomparison framework and paper

❖Creating policy-relevant (IPCC) tables with EO biomass 

products instead of default means to facilitate uptake

Harmonizing maps with policy needs

2019 Refinement to the
2006 IPCC Guidelines for

National Greenhouse Gas Inventories

Hunka et al. (in review)



Global Ecological Zones

Humid Primary forests

Forest Integrity Index

Intact Forest Landscapes

Planted Trees database

ESA World Cover
Boreal Forest Ages

Global forest loss datasets

Global forest management

Global forest heights

EO-
based 
AGBD 

Hunka et al., in review (preprint available)

• Example of creating policy-relevant 
tables with EO biomass estimates

• AGBD estimates are provided in the 
format of Intergovernmental Panel on 
Climate Change (IPCC) Tier 1 values for 
natural forests, sourced from NASA 
GEDI and ICESat-2, and ESA CCI. 

• A classification of global forests by 
ecozones, continents and status 
(primary, young and old secondary) also 
provided. 

• Open-science activity on the Multi-
mission Algorithm and Analysis 
Platform (MAAP) – updatable, 
reproducible, transparent

• Collaboration between EO map 
producers, GFOI, IPCC, others

Biomass Harmonization Examples: Creating an EO-
based version of IPCC Tier 1 Biomass Estimates

Useful proof of 
concept, 

potentially 
useful for some 

countries or 
reviewers, but 
most countries 
do not use the 
Tier 1 Tables

https://www.authorea.com/users/747800/articles/720021-intergovernmental-panel-on-climate-change-ipcc-tier-1-forest-biomass-estimates-from-earth-observation


1. Countries have multiple needs for biomass data: national reporting for UNFCCC, national and sub-national 
carbon credits, stocks, fluxes and degradation estimation, conservation and restoration impacts, etc. 

2. Countries with robust NFIs unlikely to use EO Biomass maps directly for national reporting on stocks, but 
may want to enhance precision, gap-fill NFIs, report on degradation, participate in EO product validation, use as      
independent reference data, and/or use for sub-national reporting / carbon market activities

3. Most countries have some forest biomass data (complete or incomplete NFIs, field plots, maybe airborne 
lidar) – usually not starting from nothing

4. Different countries have different data availability and needs, no one solution fits all, need solutions custom 
tailored for the country, co-created with the country’s technical teams

Biomass Harmonization: Understanding and 
Overcoming Roadblocks Toward EO Product Uptake

What have we learned about appetite for EO Biomass Products



1.     Trust in data product quality
- no globally representative reference dataset exists (GEO-TREES, others working on it…)
- national validation of products typically required to pass review

2.    Trust in data product continuity
- developing reporting frameworks around EO data is expensive and time consuming
- many reporting frameworks require consistency in methods, therefore time series required; long-
term continuity of key EO missions / sensors is critical

3.     Transparency, repeatability, consistency required
- No black boxes
- Consistency in methods and data streams
- Open science critical and timely!
- capacity development important – countries need to lead (and defend) the technical work

4.     Countries look to follow published guidance documents from IPCC, GFOI, others and this is generally lacking for use                  
of EO biomass data

Biomass Harmonization: Understanding and 
Overcoming Roadblocks Toward EO Product Uptake

What have we learned about barriers to use of EO Biomass Products



Updated Reference Data Remain Critically Important for Improved Biomass Mapping

11

Potential Reference Sites:
Labriere et al.,2022 

Global Change Biology
GEO-TREES is collecting new field and lidar reference data for 

biomass product calibration and validation. Primary funding from 
Bezos Earth Fund (BEF, $12M for tropical sites).

Trust in Product Quality: Linking to GEO-TREES



2030

ALOS-4 (JAXA)

2035

Data until ~2030

Post 2030 Lidar Gap

Post 2030 SAR 
Data Uncertainty

GEDI & ICESat-2 (pending)

Launch TBA

Launch TBD

?

?

?

?

CEOS Biomass Missions: Trust in Data Continuity

Biomass Baseline Data Continuity Needs for Policy

20402028:
GST2

2033:
GST3

2038:
GST4

ROSE-L (ESA)

MOLI (JAXA)
Launch TBA



Available at public Biomass Harmonization Gitlab repository 

NFI-estimated AGBD

• Biomass Harmonization activities include 
efforts to include EO biomass products in 
national reporting frameworks. 

• An open-science case-study for Mexico 
using model-based estimators is being 
developed. 

• The objectives are to: 

1. Gap-fill areas where Mexico’s 3rd NFI cycle 
is incomplete

2. Enable prediction of baseline biomass in 
potential areas of disturbance (e.g. sites of 
deforestation) 

3. Use integrated NFI and EO-based 
biomass estimates in reporting.

• Work in progress and underlying source 
codes are publicly accessible through NASA 
MAAP Gitlab repository

Gap filled areas of 
missing NFI plots

Biomass Harmonization: Open Source Tools for 
Integrating EO and NFI data For National Reporting

https://repo.maap-project.org/lduncanson/biomass_harmonization/-/tree/master/NASA_CMS_2023/Mexico


Málaga et al., in review

Global comparative study including a range of AGB 
density and NFI sampling designs (Peru, Guyana, 
Tanzania and Mozambique)

The objectives are to: 
1. Assess how a locally calibrated global biomass 

product increases the precision of (sub)national 
AGB estimates in different biomes

2. Identify the main map-to-plot harmonization 
challenges that countries face when integrating 
biomass map information with NFI data under 
the model-assisted framework

In benefit of: 
Countries struggling to complete or update their NFIs 
(often in the tropics), or wanting to report with greater 
confidence

Making the case study of Mozambique fully open-
access (data & code)

Biomass Harmonization: Integrating EO Biomas and 
NFI data For National Reporting



Objectives:

• FAO supported effort to use GEDI 
Biomass Data toward national 
reporting in West Africa.

• 5-year collaborative product ‘Global 
Transformation of Forests for People 
and Climate: a focus on West Africa’ 
between UN FAO, SIDA, ECOWAS

• Little forest biomass data are available 
in the 15 participating West African 
countries – can we use GEDI to gap-fill?

• Collection of regional reference data 
critical to calibrate / validate GEDI

• Showcase how EO-based estimates 
can be used to fill gaps in current 
guidance in the policy domain, such 
as biomass estimates in lands outside 
‘forests’ and EO-based estimates for 
refining IPCC Tier 1 defaults. 

Biomass Harmonization: 
Country Use Cases, Ghana / West Africa



1) Trust in data product quality

2) Trust in data product continuity

3) Transparency, repeatability, consistency required

4) Need for guidance documentation and examples 
using uptake of EO biomass products

Biomass Harmonization: Understanding and 
Overcoming Roadblocks Toward EO Product Uptake

1) GEO-TREES and allied projects are collecting new 
reference data. Space agencies are encouraged to 
collaborate and bolster these efforts 

2)  Space agencies are encouraged to work 
toward continuity of lidar and SAR missions and 
associated biomass mapping activities

3) – Open data and code increasing. Space agencies 
are encouraged to continue supporting Open 
Science (products, source data and code).
Co-development of use cases with countries in 
progress with links to FAO, USGS Silvacarbon, others 
(Mexico, Mozambique, Ghana, Cambodia, more)

4) GFOI MGD module on emissions factors to be 
updated / drafted. Country case studies, data and 
code to be integrated into guidance. Space 
agencies are encouraged to support researchers 
to participate



Slide 17SIT-39, 10-11 April 2024

❖ We are still in early days of new generation of biomass map 
availability; trust needs to be built in data quality and 
continuity

❖ Open-source science and clear communication is key 

❖ Country examples are expanding; work is ongoing to 
overcome some  barriers. Continued space agency support it 
critical.

Biomass Harmonization: 
Ongoing Roadblocks and Recommendations
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Thank you
Biomass Harmonization Team:

For Supporting Biomass Missions and/or GEO-TREES:


