
Accounting for silvopastoral systems’ contributions 
to national GHG inventories

Trees matter

Beginning in 2020, countries will be required to submit 
new or refined Nationally Determined Contributions 
(NDCs) every 5 years. From 2023, countries will be 
asked to reevaluate and increase their emissions 
reduction targets. Refined greenhouse gas (GHG) 
estimates will thus become increasingly important in 
the coming years. As it stands, the scope and degree of 
certainty in GHG reporting relies largely on countries’ 
institutional, technical, and financial limitations.

Refinement of measurement, reporting, and verification 
(MRV) structures is needed to more accurately and fully 
reflect on-the-ground carbon emissions and removals 
data. This is particularly true in the case of agroforestry 
practices. The livestock sector is key in terms of Latin 
America and the Caribbean (LAC) regional Agriculture, 
Forestry and Other Land Use (AFOLU) emissions. Yet 
silvopastoral systems (SPS), which are key landscape-
integrated production practices implemented across 
climates and biomes throughout the LAC region, 
remain poorly understood in terms of emissions and 
removals despite the significant mitigation potential the 
integration of trees in pasture lands offers (+44.8 PgC) 
(Chapman et al., 2020).

Introduction
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The integration of trees in pasture lands have significant 
mitigation potential. However, this potential is currently 
constrained by logistical and political obstacles.

In LAC in particular, SPS remain largely undefined. This has 
inhibited the generation of consistent, coherent, transparent, 
and accurate activity data.

Consequently, the sequestration potential and spatialization 
of SPS are poorly represented in national GHG inventories, 
and national AFOLU contributions toward NDC targets are 
underestimated or omitted entirely.

Data on ground-truthing activities would improve the 
completeness, accuracy, and comparability of reporting systems, 
thus enabling more accurate documentation of national progress 
toward commitments to the Paris Agreement.

Low-cost, high-quality tools for information generation, such 
as Collect Earth Online, are readily available. Countries such as 
Colombia, Panama, and Peru, have already acknowledged this 
excellent opportunity for SPS activity data generation.

A regional alignment to tackle the production of SPS activity 
data is possible, and a joint work committee among these three 
countries has been proposed for the development of technical 
guidelines to defining SPS and designing and accrediting Collect 
Earth surveys.
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“Tier 1 requires country-specific activity data but 
uses IPCC default emission factors.  
Tier 2 uses similar methods to Tier 1 but requires 
the use of some region- or country-specific 
emission factors. Tier 3 requires high-resolution 
activity data combined with highly disaggregated 
inventory data for carbon stocks collected at the 
national or local level and repeated over time.” 

 (Rosenstock et al., 2016).

LAC countries recognize SPS mitigation potential and 
have included relevant mitigation actions in the NDCs 
and Nationally Appropriate Mitigation Actions (NAMAs). 
Nevertheless, SPS mitigation progress is slow and 
poorly documented due to a dearth of quality data. 
Improving the precision of SPS GHG estimates will help 
highlight existing contributions to national climate 
goals, reveal opportunities for the development and 
implementation of climate-smart strategies and policies 
throughout the region, and ultimately enable greater 
achievement of NDC targets.

In 2019, the CGIAR Research Programs on Climate 
Change, Agriculture and Food Security (CCAFS) and 
Livestock recognized the need to strengthen the 
reporting of land-based livestock practices at the 
regional level with the aim of consolidating existing 
regional climate strategies and policies, as well as 
designing new ones.

The visibility and reporting of SPS in MRV systems 
throughout the region were assessed by an ad-hoc 
technical working group of experts from 18 countries. 
This process included a revision of the reporting system 
definitions, methodologies, and GHG inventories of all 
18 countries (Suber et al., 2019). Many of the reporting 
systems used weak reporting practices – in quality and 
frequency – associated with Tier 1 approaches (see text 
box). SPS were reported as pasture under “grassland” 
or “cropland”, without accounting for the tree 
components. They cited definitional, methodological, 
and technical challenges, pointing out the limits of 
the approach and the need to improve the datasets. 
The working group developed a short- to medium-
term road map to address these issues consisting of 
(1) establishing an official operational SPS definition; 
(2) improving the spatial information with Tier 2 or 3 
activity data; and (3) developing Tier 2 or 3 national 
emission factors.

Approach and result
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open-source software, to allow continuity in 
the management of the tool and to obtain 
standardized data in the long term; 

technical proficiency requirements; 

data standardization, to ensure:

 y Handling countries’ own information by 
decoupling results generation from access to 
information restricted by copyright.

 y Flexibility in the tool for reading data in free 
software.

SPS and MRV national experts in Colombia, Panama, 
and Peru analyzed each tool’s suitability for each 
country separately via SWOT analyses. The top priorities 
considered in the analyses were:

EcoSer: for spatial analyses and 
ecosystem services evaluations

Collect Earth:  
for land cover assessments

AGB LIDAR:  
also for land cover assessments

Land-use change trajectories involving SPS have not 
yet been developed, and their creation will depend on 
the establishment of SPS operational definitions, the 
availability of data tools, and the availability of low-cost, 
high-quality data. We began addressing these three 
foundational pieces by considering the potential of three 
tools that can generate spatially explicit datasets for 
application in LAC:
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Despite the high-quality information that AGB LIDAR 
can generate, several problems prevent its application 
to SPS:

ECOSER is still upgrading its methodologies, and the 
discontinuity of the tool does not encourage its uptake 
for MRV purposes.

Collect Earth performed best in the SWOT analyses, 
even though it may require heavy reliance on field work 
to achieve quality data. Key findings include:

The high cost associated with the use of RADAR 
images restricts the generation of data with 
national coverage.

Signal saturation of optical sensor data in dense 
vegetation restricts identification of biomass 
( Jinling Song et al., 2017).

Only dominant or isolated trees can be correctly 
identified, which reduces applicability to MRV 
systems (García Alonso, 2012).

Extensive training is required to operate the model 
and process results.

It is simple, flexible, and does not require prior 
knowledge of remote sensing.

Technical knowledge already exists; the tool is 
currently in use at the local level in Colombia, and 
for Method 3 forest spatial information generation 
in Panama and Peru.

It uses freely available very high-resolution images, 
as well as a complete high-resolution catalogue 
(Landsat, Sentinel 2 and MODIS), allowing 
improvements even when dedicated funds are 
restricted.

Thanks to data entry mask standardization, 
information can be generated by different users 
under common procedures. 

At the regional level, a network of same-language 
public sector users from countries with similar 
biomes can share lessons learned and support 
troubleshooting.
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Countries must prioritize the 
creation of inter-ministerial 
working groups. These teams 
must lead the effort holistically to 
improve all national statistics and 
informing emission factors to the 
greatest extent possible.

All mitigation actions involving 
SPSs must be in alignment with 
the national GHG Inventory. This 
requires the identification of 
each IPCC category in the AFOLU 
sector that includes SPS, and their 
accounting as such.

The identification and 
engagement of all national/
regional actors in the 
formalization of SPS activity 
data will be crucial to informing 
national and regional policies.

Integrating accurate quantification of SPS potential 
carbon sequestration into national GHG inventories 
would enable informed, locally tailored finance, policy, 
and programmatic choices (Aynekulu et al., 2019).

Increases in resources and capacity are required in order 
for countries to progress toward Tiers 2 and 3 of data 
quality in tracking NDC progress. Existing technologies, 
such as Collect Earth, allow for low-cost, high-quality 
data generation for cost-effective monitoring of land-
use systems. Even so, data quality depends entirely on 
the user’s site-specific knowledge, the presence of easily 
identifiable features, and the plant height (Rosenstock  
et al., 2018). As such, the engagement of local experts 
and ground-truthing through sampling will be essential 
to the process. 

Collaboration at a regional scale could reinforce and align 
individual countries in the defining SPS. The proposed joint 
work committee at the regional scale is the first country-
driven effort to foster a solid, common, operational 
understanding of SPS, and will enable the design of a 
regional strategy for tackling livestock emissions and 
links to climate change from multiple angles. It will also 
provide an institutionalized space where sectoral actors of 
different expertise can offer unique resources and skills, 
thus reducing the public sector burden in establishing 
national reporting. Success in this effort will be depending 
on the development of standardized national or possibly 
regional protocols for SPS identification and interpretation 
in spatial SPS-related images. 

The information generated could directly inform sectoral 
NAMAs and low-emission strategies, as well as the 
identification of intervention areas and the promotion of 
mitigation actions.

Conclusions

Recommendations and implications

Establishment of an expert advisory committee 
to promote the strengthening between countries 
for the SPS MRV (Responsible party: national 
institution in charge of compiling and reporting to 
UNFCCC).

Development of technical guidelines on the 
definition of SSP (Responsible party: national and 
international experts).

Design, build awareness of, and implement 
the Collect Earth surveys in order to establish 
country activity datasets (Responsible party: all 
actors involved in land-based data management 
from the livestock sector).

1 2 3

Countries highlighted the 
need of local staff to support 
regional and national teams 
in backing up and eventually 
rectifying data classification 
from unclear plots. 

Recognizing the opportunity for regional alignment, 
a joint work committee was proposed for (1) the 
design and approval of Collect Earth surveys, (2) the 
strengthening of national technical skills, (3) supporting 
the defining and interpretation of SPS definition, 
and (4) further considering ecosystems and physical 
characteristics. Three activity phases were identified:
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