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This document presents some of the findings of the Fibras project, specifically focusing on
the resilience component, as well as the analysis conducted by Ecopetrol' s Biodiversity and
Ecosystem Services team within the Sustainability and Decarbonization Management.
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PRESENTATION

Ecopetrol (ECP) has positioned itself at the forefront of new environmental
management frameworks to become a pioneer in the oil & gas sector in
Colombia. As part of this commitment, the company is actively aligning with
international commitments such as the Global Biodiversity Framework Kunming-
Montreal. In order to achieve this, it is crucial for Ecopetrol to strengthen the
management of risks and opportunities associated with natural capital, which
will enable the company to define and implement positive nature guidelines.
These efforts are particularly significant considering Colombia's status as a
megadiverse country. Additionally, it is essential to establish synergies between
the Task Force on Nature-related Financial Disclosures (TNFD) and the Task Force
on Climate-related Financial Disclosures (TCFD) reports.

In 2021, Ecopetrol published its first TCFD report, which helped identify gaps in
its environmental reporting practices. Building upon this experience, the
company launched its second TCFD report in 2022. Furthermore, Ecopetrol
became a member of TNFD in 2021 and was entrusted with leading group No. 6
for the Energy sector in 2022. As part of its commitment to TNFD, Ecopetrol
initiated the design of the first pilot of the LEAP methodology proposed by TNFD
in 2022. The company has also actively provided feedback on all versions of the
beta framework during public consultations.

To implement the TNFD framework effectively, Ecopetrol SA conducted two LEAP
pilots. The pilot one focused on a specific production area, while the pilot two
concentrated on applying the socio-ecological resilience tool in the core area of
the Magdalena Medio valley. This document provides the results of Pilot Two
related to the case of study for the socio-ecological resilience tool associated
with the implementation of the LEAP methodology from the "Taskforce on
Nature-related Financial Disclosures" (TNFD) under the "Fibras: Essence and
Territory" project carried out by the Alexander von Humboldt Institute and
Ecopetrol.

The tool is based on a dynamic model that simulates the processes of the socio-
ecological system in response to various impacts generated by productive
activities. It generates time series and indicators that help to establish
intervention limits in the territories without altering their equilibrium. The tool
has contributed to the LEAP framework in four geographical core areas of
Ecopetrol (see Figure 1). This document focuses on the integration of detailed
information related to one of the areas, the Middle Magdalena Valley core, where
the Yarigui-Cantagallo field, addressed in Pilot 1, is located.

It is important to mention that the application of the resilience assessment in
the TNFD framework covered just some stages of the LEAP phase. The
assessment started when the framework was in its second version, and it was
completed a few days before submitting version 4.0.

The incorporation of the Resilience assessment tool emphasizes the importance
of comprehensive analyses of the operational territory, encompassing both social
and environmental metrics. This approach enables an objective evaluation of
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core areas of work and facilitates the identification of the most effective
opportunities for enhancing nature management.

OBJECTIVES OF PILOT TWO

e Contribute to the development of a case study that links the TNFD beta
framework with the socio-ecological resilience model designed in the
Fibras agreement.

e Generate information for the stages of the TNFD LEAP framework, aimed
at characterizing the core area through the Localizing phase, identifying
the dependencies, opportunities, and interactions between the company
and ecosystems in the evaluation and assessment phase.

e Identify gaps in metrics, indicators, and methodology within the context
of identifying dependencies and opportunities (company-nature).

e Provide general recommendations for the implementation of the TNFD
beta framework and guide a roadmap for identifying nature-related risks.

General information on the Fibras project, resilience assessment tool and the
core areas are detailed below.

1. Context
1.1 Fibras Project!:

Since 2019, Ecopetrol has collaborated with the Humboldt Institute on the
“Fibras: Essence and Territory" project, aiming to plan and manage biodiversity
and its contributions to well-being in some of its core areas such as the Huila,
Orinoquia, and Middle Magdalena Valley regions, based on scientifically
supported information and sustainable development criteria.

This project consists of seven interconnected components that feed into one

another.

I. Ecoreserves: defined as "A geographically delimited area, owned by the
companies of the Ecopetrol Group, which is voluntarily destined in part or
completely to the conservation of biodiversity and the supply of ecosystem
services, without limiting its productive and exploratory vocation.

II. Biomonitores: These are people from the community who, thanks to their
interest in learning about biodiversity and their willingness to observe, record
and appreciate nature, carry out work that allows them to inventory and
monitor biodiversity in the ecoreserves. This component contributes to
"Participatory Science", where all the knowledge of the community
contributes to the collection of biological data with the support of
undergraduate and master's students and the Institute's researchers.

ITI. Resilience: As part of the project, a tool comprising a conceptual model and
web application was developed. This tool will enhance our understanding of
socio-ecological resilience in the areas where Ecopetrol operates.

! Fibras: Essence and Territory.



https://www.ecopetrol.com.co/wps/portal/Home/tesg/environmental/biodiversity-and-ecosystem-services/strategic-partners

4
ZPEeTROL

IV. BioModels: These are maps of species distribution, based on data from
remote sensing and camera traps. They make it possible to assess changes
in the distribution of species by monitoring trends in loss or gain of
distribution areas.

V. Genomics: Three expeditions were conducted to analyze genomics in high-
value ecological ecosystems within Ecopetrol' s core areas. This information
represents the first inventory of microbial biodiversity in the soils of the
Casanare foothills (Orinoquia), Middle Magdalena Valley, and the La Tribuna
Ecological Reserve (Huila). The inventory includes both conserved areas with
low hydrocarbon presence and more intervened areas with natural crude oil
occurrences on the surface.

VI. Bioeconomy: High-impact initiatives focused on research and development
in bioeconomy and biosolutions were promoted. Additionally, capacities were
strengthened in the knowledge of sustainable uses of biodiversity within local
communities in Huila, Orinoquia, and Middle Magdalena Valley.

As a result of this collaboration, an innovative tool has been developed,
comprising a conceptual model and a web application. This tool will assist
Ecopetrol in gaining a better understanding of socio-ecological resilience in the
areas where the company operates. It utilizes a dynamic model that simulates
the functioning of the system in response to various impacts generated by
productive activities within the territory. By analyzing trends over time, the tool
will enable Ecopetrol to generate indicators and comprehend the limits of
intervention in these territories, ensuring the preservation of their delicate
balance.

1.2 Ecopetrol 's Core areas

The Ecopetrol’ s core areas are hubs geographically located within the same
hydrographic basin where hydrocarbon exploitation projects have generated
negative impacts. The purpose of establishing these core areas is to compensate
and restore the affected communities and natural environment, aiming to
contribute to the sustainable management of natural ecosystems, ecological
restoration, and ecosystem services. Below, we identified the four Core areas
where we have been working to develop the resilience assessment tool.

1.3 Socio-ecological resilience assessment tool

Resilience has been defined as the capacity of a system to absorb disturbances
and reorganize itself while undergoing different changes, to maintain the same
ecological functions, it initially exhibited.
This capacity depends on the system properties, which include (Based on Biggs,
2014):

e Diversity and redundancy
Connectivity
Learning and experimentation
Participation for equity
Polycentric governance
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Figure 1.Ubication of Ecopetrol’ s core areas. In purple we mark the location of this TNFD pilot.

A system property is an emergent characteristic that arises from the interactions
among the elements of the socio-ecological system and cannot be predicted by
analyzing each component of the system in isolation (Biggs, 2015).

The objective of this tool is to simulate the behavior of both ecological and social
variables that contribute to resilience in a socio-ecological system. By analyzing
the trends in these variables, the tool generates a resilience index, which serves
as an indicator of the system's capacity to adapt and respond to changes over
time.

The tool enables:

e Understanding socio-ecological resilience in the operational areas of the
Ecopetrol’ s Group.



. 4
*PeTrRoL

e Simulating the system's response to impacts resulting from productive
activities, allowing for analysis over time.

e Generating time series data within a specified time window (e.g., between
2018 and 2040) for the variables associated with resilience properties.

e Generating an aggregate resilience index that encompasses the system's
resilience. This index can be interpreted alongside the behavior of the
variables, enabling the identification of aspects that require greater
attention.

e Integrating data from both the company and national sources for regional
analysis.

e Conducting scenario modeling using time series data of system variables to
reveal trends in changing environments.

Modules

The tool integrates eight (8) modules that encompass the socio-environmental
components present in the environment: land cover, water, abiotic variables,
habitat availability, diversity and redundancy, socio-environmental conflicts,
diversity of productive activities, and health. Each module, is represented by
differential equations (mathematical model), allowing for the simulation of the
system's functioning, and modeling the trend of resilience-generating properties
in response to potential impacts over time.

Each module is fed with varied information derived from Environmental Impact
Assessments (EIA), Environmental Compliance Reports (ICA), monitoring
reports, and other variables for which information is available and that can
complement each module based on discussions between the teams from
Humboldt and Ecopetrol.

Figure 2: Modules of Socio-ecological Resilience assessment tool

1.4 Illustrative Results of the Socio-ecological Resilience Tool's Analysis
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The tool encompasses specific properties and variables, and through the
analyses, it reveals the varying trends of each individual variable, as well as an
overall trend of the property. When combined, these trends provide insight into
the general resilience of the system, as indicated by the resilience index. These
trends can display positive, negative, or consistent patterns over time,
highlighting the relationships among multiple variables. This understanding
enables the generation of integrated management actions (Table 1).

Table 1. Illustrative Results: Trend of the socio-ecological system (negative, positive, or
stable).

Property Variable Trend of the Property Resilience
variable Index index

Strong social network and
communication
Mobility g

Conectivity Polinization

Seed dispersion

Presence of wildlife corridors and
wildlife

Water regulation

0| 0|0|O

Diversity Landscape diversity
and
redundance Diversity of the local food system

Diversity in knowledge systems

diversity in ways of life

Diversity of actors involved in decision-
making

Additionally, it should be considered that the results assume that the initial
conditions of the model will remain unchanged over time. This means that the
scenarios allow for the evaluation of potential changes that would occur in the
socio-ecological system under predetermined conditions at the beginning of the
model.

Furthermore, this analysis is based on the conditions observed for the socio-
ecological systems during the period of 2015-2020. The modeled trends are
derived from this baseline and do not refer to states of the system prior to these
dates. In other words, the condition of a variable either remains, improves, or
deteriorates compared to its state in the 2015-2020 period.

The tool should be used at least twice, once with the input data representing the
BAU (Business-as-Usual) scenario, and again with the input data representing
each alternative scenario. This approach allows the tool to simulate multiple
scenarios, and the user can compare the results obtained from each usage. By
contrasting the outcomes, the user can gain insights into the different scenarios
and make informed decisions.
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2. Scope of the LEAP Pilot

Within the context of the use case of the resilience tool, the following stages of
LEAP were tested, along with the inclusion of scenario design and
implementation for the evaluation of nature-related opportunities (Figure 3).

Locate Evaluate
Interface with Mature Dependencies & Impacts

Engagement with affected stakeholders

Business 1D of relevant
footprint environmental assets

Where are our direct assats and and ecosystem What are the corresponding risks and
operations, and our related value chain services opportunities for our business?
{upstream and downstream) activities? What are our business processes and
Nature activities at each priority location? What e e e
m e face Eoviron menizl az5ets and ecasystem decisions should be made as a result of
services do we have a dependency or impact — - . : this analysis?
Which blomes and ecosystems do thes on at each priority location? at existing risk mitigation and risk and

opportunity management approaches are

activities interface with? . 5
) ) ID of dependencies e pleeaty = pplyingr
What is the current integrity and importance it
of the ecasystems at each location? What oo domndonc Horwe will we set targets and define and
o i are our nature-related dependencies =
Priority location and impacts across our business at each MEASUNe progress?
identification pricrity location?
At which locations does our organisation What additional risk mitigation and risk
and its value chain(s) operate in high Dependenc’ and oppartunity management actions
integrity ecosystems, areas of rapid analysm should we consider?

decline in ecosystem integrity, areas of
high biodiversity importance, areas of
water stress and/or areas with potential

What is the size and scale of our
dependencies on nature in each priority
location?

significant dependencies or impacts? What will we disclose in line with the
THFD disclosure recommendations?
Sector . Which risks and oppartunities are
‘dentificati Impact analysis material and should be disclased in line
R ) with the TNFD disclosure
What sectars, business units. value (st |5 he size il sedle of Ul nauae recommendations?
chains or asset classes are interfacing impacts in each priority location? Where and how do we present our
with nature in these priority locations? nature-related disclosures?

Figure 3. Stages included in Pilot Two with the Socio-ecological Resilience Assessment Tool.
3. Results for each stage of LEAP
3.1 Locate (Nature interface)

Based on the information generated in the tool for the Middle Magdalena Valley
core, the opportunities are related to the location and integrity of the biomes
and ecosystems with which the activities interact.

e L2: Nature Interface

The results generated at the Fibras project were used to answer the following
questions:
e Which biomes and ecosystems do these activities interact with?
e What is the current integrity and importance of the ecosystems in each
location?
e Which biomes and ecosystems do these activities interact with?

The core area in Middle Magdalena Valley is in the departments of Norte de
Santander, Santander, and Cesar, covering an area of 575,150.80 hectares. It
falls mainly within the jurisdictions of the Corporacion Auténoma Regional del
Cesar (CORPOCESAR) and the Corporacién Autonoma Regional de Santander
(CAS), in the Middle Magdalena and Sogamoso River watersheds (IDEAM, 2013).
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What is the current integrity and importance of the ecosystems in each location?

For this core, most of its area (95,714 ha) consists of ecosystems categorized
as "Vulnerable" (VU), followed by ecosystems classified as "Endangered"
(38,589 ha). Additionally, most of the core area (442,172 ha) falls under the
"High" category of the Human Spatial Footprint Index, indicating the highest
impact from human activities. The strategic ecosystems present are wetlands
and tropical dry forests, with temporary wetlands covering the largest area
(98,939 ha). Furthermore, the tropical dry forest occupies 111 ha, located in the
center of the core towards the western boundary (Figure 4).

Strategic Ecosystems
- Permanent open water
- Permanent wetland under canopy

HSFI

[ Temporary wetland B netal
:l No data :] Low
E Low potential E Medium
- Middle potential - High
Middle Magdalena Valley Conventions Coordinate Systems Location
Core - -
N
Republic of Colombia | (A
Departments of Santander and Cesar, w E
inter-institutional agreement between [ ] widdle Magdalena valley Core

the Humboldt Institute and Ecopetrol. N
0510 20 30

-:-:—:_wm\ﬂmalars
Figure 4. Characterization of the Middle Magdalena Valley core based on the presence of strategic
ecosystems (Instituto Humboldt, IDEAM 2015; Instituto Humboldt, 2018), categories of the Human Spatial
Footprint Index (HSFI) (Correa Ayram et al., 2018), and categories (EN: Endangered; VU: Vulnerable; LC:
Least Concern) from the Red List of Ecosystems (RLE) (Etter et al., 2017) *Source: Humboldt-Fibras project.
Information base: IGAC's base cartography (2022).

HUMBOLDT

In view of the importance of ecosystems, there are prioritization portfolios
produced at national level where priority areas for conservation intercept with
the core area, these areas contribute to biodiversity conservation and
complements the integrity analysis, as follows:

A. WePlan: Prioritizes areas based on their potential for forest restoration
planning using a cost-effective criterion, where the restoration cost is minimized

10
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while maximizing the biodiversity and climate change mitigation benefits
(International Institute for Sustainability Australia and Instituto Humboldt,
2021).

B. ELSA: Refers to "Essential Areas for Life Support in Colombia." The results of
the systematic prioritization conducted in this project contribute to the
discussions of the 2030 Agenda and the Post-2020 Global Biodiversity
Framework, resulting in potential areas for protection, restoration, or sustainable
use (Corzo et al., 2020).

C. ACC: This portfolio is based on "Key Areas for the Conservation of Aquatic
Biodiversity." It considers threatened freshwater species, including mollusks,
crabs, fish, turtles, crocodiles, birds, or aquatic mammals (Lasso et al., 2017).
D. Deforestation 2030: This portfolio can be used to prioritize areas that,
according to modeled scenarios, are more likely to be deforested if left
untouched, following the trend of IDEAM's analyses, considering principal socio-
economic and socio-political deforestation drivers (Rosa et al., 2013).

A)WePlan 4 B)ELSA A Coordinate system
§- #-== T F:-ir_:?‘ 18t .
3 i -y s i
P Scale: 1:2,446,814.08
&

[ e e— [
01020 40 60 80

2400000

Coordinate System: CTM 12
Projection: Transverse Mercator
Datum: MAGNA
Faise Easting: 5,000,000.0000
False Northing: 2,000,000.0000
Central Mendian: -73.0000
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Scale Factor: 0.9992
Latitude Of Origin: 4.0000
Units: Meter
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Valley Area
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2350000
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Figure 5. Portfolio maps in the Middle Magdalena Valley core. *Source: Humboldt-Fibras project. Information
base: IGAC's base cartography de (2019).
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3.2 Evaluate (Dependencies and impact)
e E1: Identification of environmental assets and ecosystem services

What are our processes and business activities in each prioritized location?

This information included here is derived from the reading and interpretation of
Environmental Impact Assessments, Compliance Reports, and Environmental
Management Plans. It is recommended to generate periodic updates of the
impact sources as well as their repercussions on the territory.

As a basis for building the resilience assessment tool, a matrix of relationships
was constructed between Impact Sources and Impacts, which allowed us to
identify the activities from the hydrocarbon sector that generated the highest
number of impacts , these where: land clearing and stripping for the construction
or expansion of infrastructure such as access roads, locations, and production
and injection facilities. They are followed by the mobilization of personnel,
vehicles, equipment, and machinery. It is evident that excavation, cutting, and
filling activities, as well as the generation and disposal of solid and liquid waste,
also have significant importance. The numbers identified the variables with most
relevant impacts for the study site.

Construction of access roads

70

Complementary 60 Roadway adequacy and
maintenance
50

40
30

Location
construction

Dismantling and
abandonment

Flow line construction Expansion of locations

Generation and disposal of
household and industrial
waste

. Construction of
infrastructure and facilities

Expansion and adaptation of
infrastructure and production
and injection facilities

Figure 6. Impact Sources in the Middle Magdalena Valley core.

Impact are related to the alteration of terrestrial fauna communities, their
composition and distribution. This is primarily attributed to the construction of
new infrastructure such as roads and the loss of vegetation cover. Consequently,
it affects landscape quality, as well as terrestrial ecosystems and the
physicochemical properties of the soil.

Additionally, in relation to the overall analysis of the core area, the presence of
other exploration and drilling blocks is reported, with a significant concentration

12
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throughout the area. These aspects entail implications for the different

components: abiotic, biotic, and socioeconomic, identifying the most significant
impacts, as follow:

Table 2. Component and main impact in the Middle Magdalena Valley.

Component Impact
Abiotic Change in landscape quality
Abiotic Soil quality alteration
Abiotic Alteration in noise levels
Biotic Modification of fauna composition and distribution
Biotic Alteration to terrestrial ecosystems
Biotic Disruption of trophic relationships, terrestrial

habitats, and corridors

Socioeconomic Alteration in visual perception of the landscape
Socioeconomic Generation and/or exacerbation of social conflicts
Socioeconomic Modification of local economic activities

e E2: Identification of dependencies and impacts by priority location.

What is our nature-related dependencies and impacts across our business at
each priority location?

In accordance with the modeling results and information from ENCORE
(Exploring Natural Capital Opportunities, Risks, and Exposure) of the NCFA
(Natural Capital Finance Alliance), the sub-industry dependencies of the Oil &
Gas drilling sector, concerning ecosystem services or contributions from nature,
are primarily related to water resources in the form of surface and groundwater.

Mitigation of direct impacts is mainly associated with the capacities of species,
ecosystems, and the socio-ecological system for bioremediation and filtration.

The ecosystem services that facilitate the provision of water resources for the
sector's activities include climate regulation, flood and storm control, erosion
control, and soil stability.

For the Oil & Gas Equipment & Services sub-industry, which includes processes
related to the manufacturing of machinery and equipment, and service areas for
hydrocarbon production, there is also a direct dependence on water resources,
making it the most important asset. Regarding the services that enable these
productive processes in the socio-ecological system, they include maintaining air
quality, water regulation, and water quality.

Regarding the relationship with stakeholders, one of the main aspects is ensuring
a healthy environment that offers well-being to the communities within the
Company's area of influence. The value of biodiversity conservation actions and

13
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ecosystem services can become the seed for economic exploitation (e.g., green
businesses) that, in the long term, facilitate the diversification of local economies
within the framework of the energy transition process. This can be achieved
through investment in strengthening entrepreneurial skills by the Company,
which can favor conditions for conservation or restoration businesses (Arce &
Amaya, 2023).

To identify the aspects that offers well-being to the communities we used nature
contributions to people (NCP) as proxies, identifying for the Middle Magdalena

The capacity of ecosystems to provide
habitat for native wild species (both
terrestrial and aquatic).
40
Nature's ability to provide
recreational spaces, natural
pools, and sports hunting.

Contribution of the
30 landscape to rural identity.

Nature's ability to filter, fix,
degrade and store atmospheric
pollutants and provide clean air.

Contribution of nature to provide
spaces for learning and inspiration
Transfer of ancestral knowledge

Nature’s ability to maintain

natural regeneration processes Contribution to the production of
of forests, pollination, and animal feed, specifically forage and
seed dispersal. water production for livestock.
Nature’s ability to provide food The capacity of ecosystems to
through wild organisms for regulate floods and create
subsistence hunting and fishing temporary wetlands.

Valley region those NCP that could be affected by the different impacts previously
identified on Figure 6 and Table 2 (Figure 7). The numbers indicate the
contributions of nature with the highest importance for the study site.

Figure 7. Nature's Contributions with the Highest Degree of Relationship - Degrees of Importance to the
Socio-Ecological System.

3.3 Assess (Material risk and opportunities)
e A1l: Risk and opportunity ID
What are the corresponding opportunities for our organization?

For the assessment of opportunities, based on the proposed modeling, four
prospective scenarios of variables and principles associated with the socio-
ecological system resilience were formulated. These scenarios are narratives
that describe possible present or future contexts. They allow for visualizing
changes in the behavior of variables through the introduction of actions that
would modulate their trajectory.

Recognizing the potentiality of possible actions in influencing the dynamics of
the socio-ecological system, the scenarios are focused on changes in land cover

14
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through the implementation of preservation measures and changes in the
implementation of programs involving actors within the socio-ecological system.

Table 3. Scenario description and metrics used to build it.

Narrative

Metrics*

Social Scenario

Reduction in the number of
petitions, complaints, claims,
and/or requests, to diminish the
value of the factor contributing
to increased socio-
environmental conflicts.
Regarding the weights assigned
to water, fauna, and forest-
ecosystem care practices, they
were increased to favor the
variable of diversity in care
programs and practices. As for
participation programs, their
participation percentage per
program was increased,
resulting in a direct positive
effect on common interest

b s

oun

7.
8.
9.
10.
11.
12.

Multidimensional poverty index

Number of water care practices per municipality
Number of fauna care practices per municipality
Number of forest-ecosystem care practices per
municipality.

Number of requests, complaints, claims (PQRs)
Average number of individuals per community
participation program.

Percentage of individuals belonging
community participation program
Percentage of individuals belonging to two or more
community participation programs

Weight of water care

Weight of fauna care

Weight of forest-ecosystem care

Diversity of knowledge systems

to a

Preservation Scenario

The forest cover is maintained
and protected, promoting the
stabilization and recovery of
local wildlife populations present
in these areas. There is stricter
control over the expansion of
populated areas, eliminating the
impacts on surrounding natural
covers. The function of wetlands
is maintained and strengthened,
allowing for the natural cycles of
flooding and drought typical of
the region. Food cultivation is
diversified, and techniques are

improved to increase
productivity, avoiding
agricultural expansion into other
natural areas. Secondary
vegetation areas in succession
processes are preserved,
allowing for their natural

regeneration.

1.

2.

w

Nooh

@

10.

11.

12.

13.

14.

15.

Rate of Forest transformation to Heterogeneous
Agro-Pastoral

Rate of Forest transformation to Homogeneous
Agriculture

Rate of Forest transformation to Homogeneous
Pastures

Rate of Forest transformation to Urban - Urbanized
Rate of Forest transformation to Extractive Uses
Rate of Forest transformation to Degraded Areas
Rate of Grasslands and Shrublands transformation
to Heterogeneous Agro-Pastoral

Rate of Grasslands and Shrublands transformation
to Homogeneous Agriculture

Rate of Grasslands and Shrublands transformation
to Homogeneous Pastures

Rate of Grasslands and Shrublands transformation
to Urban Urbanized Rate of Grasslands and
Shrublands transformation to Extractive Uses

Rate of Grasslands and Shrublands transformation
to Degraded Areas

Rate of Wetlands
Heterogeneous Agro-Pastoral
Rate of Wetlands transformation to Homogeneous
Agriculture

Rate of Wetlands transformation to Homogeneous
Pastures

Rate of Secondary or Seminatural Vegetation
transformation to heterogeneous Agro-Pastoral

transformation to
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Narrative

Metrics*

Social Scenario

16.Rate of Secondary or Seminatural Vegetation
transformation to Homogeneous Pastures

17. Rate of Secondary or Seminatural Vegetation
transformation to Vegetation-free Soils (Natural)

18.Rate of Secondary or Seminatural Vegetation
transformation to Urban - Urbanized

19.Rate of Secondary or Seminatural Vegetation
transformation to Extractive Uses

20.Rate of Secondary or Seminatural Vegetation
transformation to Secondary or Seminatural
Vegetation

Combination of the
scenarios, adding social
ecological variations.

two
and

12 social metrics
20 ecological metrics

* Modified parameters for constructing the scenario that prioritizes the ecological aspect
of preserving the Middle Magdalena Valley.
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Combined Scenario narrative could explain with the following variables (Figure

8):
i) ii)
Diversity of biological functions Water retention
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vii)
Health index
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Figure 8. Variations in variables associated with BAU, Social, Preservation and Combined scenario changes: i)
Diversity of ecological functions, ii) Water retention, iii) Social fabric, iv) People empowered with
entrepreneurial skills, v) Socio-environmental conflicts, vi) Common interest, vii) Health index.

The variable "diversity of ecological functions" refers to the average persistence
of all ecological species. If we have sufficient forest cover, above 30%, and take
care of wildlife and the forest, the resilience of the socio-ecological system
increases.

The difference in water retention trends in the proposed scenarios (Figure 9) is
exclusively due to the water demand of vegetation cover, as changes in sector
demands, percolation rates, and oversaturation have not been considered in any
of the scenario. Although the amount of water retained in the soil is relatively
stable for all scenarios (considering the range of values in the time series), it is
much more stable in scenarios aiming to conserve natural areas (preservation
and combined) compared to those that do not (BAU and social). These changes
demonstrate the vulnerability of the system in regulating the hydrological cycle
when land covers change. Efforts to preserve or even increase current land
covers, as seen in the preservation scenario, allow the soil to retain sufficient
water for system balance, avoiding oversaturation that can lead to floods,
sudden increases in water flow, and landslides.

In the preservation scenario, where social and ecological variables are combined
to promote preservation; the social networks decrease to a greater extent than
in the social and combined scenarios. The decrease in the preservation scenario
is due to restrictions on the use of productive land covers, which do not promote
decision-making by different stakeholders regarding land use or the
implementation of good practices, for example. The BAU scenario also does not
provide opportunities for land cover use.
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Empowered individuals with entrepreneurial skills usually increase in number,
which favors the diversity index of productive activities. Socio-environmental
conflicts vary across all scenarios, with the social and combined scenarios
showing the fewest conflicts. The least favorable scenario is BAU and
preservation, and only scenarios that consider improvements in social aspects
have the potential to transform conflicts.

The positive trend of common interest is related to increased connectivity, self-
consumption reports, a high proportion of protected areas, positive average
habitat for all species, good agricultural practices obtained in the CNA (National
Agricultural Census) at 50.97%, and governance practices for forest-ecosystem
care. The graph shows that although the BAU scenario is positive, it is further
strengthened in the combined and social scenarios.

The health index summarizes several aspects. From the social perspective, only
the Multidimensional Poverty Index (MPI) was considered, and the combined
scenario introduces changes in the persistence of ecological functions and the
food provision indicator that affects the diversity of the food system. There is
also a change due to noise mitigation. The combined and social scenarios are
the ones that favor the health index.

From the behavior of the weighted average and resilience index in the four
proposed scenarios represented in Figure 9, the following can be observed:

e All scenarios show a positive trend, indicating that the system has the
capacity to assimilate changes and maintain its state over time (remember
the reference period is 2015-2020).

e The preservation scenario does not show significant changes compared to the
BAU scenario. This suggests that the preservation of natural areas, from a
socio-ecological perspective, may generate a response that is not sufficient
to improve the resilience of the system.

e Actions focused solely on social aspects significantly improve the weighted
average of variables while maintaining an increasing trend. This indicates that
the system can assimilate the proposed changes in the scenario, improving
them in the medium and long term.

e Preservation, when combined with social changes (combined scenario),
provides the best response from the system. This means that the weighted
average of variables increases, and the resilience index is higher than in the
other scenarios.

e In socio-ecological system resilience, preservation actions must be
accompanied by social strategies.
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Figure 9. Resilience Index to scenario evaluated.

Starting from the BAU scenario, actions focused solely on preservation could
have a negative impact on the resilience of the socio-ecological system. What is
particularly interesting is that actions driven by social considerations lead to
substantial improvements in both the weighted average and the resilience index.
Preservation, in conjunction with social approaches, is what strengthens
resilience. Therefore, the implementation of preservation measures requires
complementary strategies that enhance common interest.

In this regard, the scenario results provide insights into sources of opportunities
for the socio-ecological system related to biodiversity and stakeholders.
Specifically, they highlight potential opportunities related to biodiversity that can
offer financial benefits to the company, such as increased stability, continuity,
risk mitigation, resilience to natural disasters, and improved adaptability to
regulatory changes (CBDB, 2021).
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4. Conclusions and recommendations for enhancement the TNFD
framework

Issues that may be important to enhance the TNFD framework are considered
below. Those are based on the experience of applying resilience assessment in
some stages of the LEAP phase and the maturation process from version 2.0 to
version 4.0.

Understanding the dynamics of the socio-ecological system being assessed

e In version 4.0, the locate and assess phases introduce a set of metrics within
the TNFD framework to characterize the evaluated area and its impact.
However, there is a lack of a reference framework to relate the metrics used
in different stages of LEAP. The metrics are presented independently for
impacts and dependencies.

e Frameworks such as Pressure-State-Response-Benefits (Sparks et al., 2011)
or methodologies that help understand aspects of the evaluated socio-
ecological system's dynamics are crucial. They enable the utilization of
metrics in specific contexts and transform them into indicators that provide
information beyond mere numbers.

e The metrics included in the resilience index are used in contexts and
narratives that explain their significance for the resilience of socio-ecological
systems. However, when applying the TNFD framework according to the
proposed steps in version 4.0, there appears to be a missing step in
comprehending the socio-ecosystem context, which is necessary for relating
impact and dependency variables.

e Introducing a contextual step in the evaluation phase could be the most
suitable approach, as it would allow for a deeper understanding of the social-
ecological system under evaluation, rather than solely focusing on the
perspective of the business or company's value chain.

e Enhancing the TNFD framework in these aspects would improve the utilization
of the proposed metrics, which are currently presented in isolation, making
it challenging to interpret them holistically.

e The resilience tool considers theoretically documented interrelationships
between variables, which are part of the generated mathematical model.
Hence, modifying one of them leads to the transformation of the entire
scenario. These interrelationships could be useful for constructing more
realistic scenarios regarding the impacts and dependencies on nature.
Currently, TNFD does not incorporate this type of relationships.

Incorporation of social dimensions

e It is crucial to consider social aspects in the TNFD framework, as they are
closely related to social license to operate, analyzing socio-environmental
conflicts, and assessing reputational risk in areas of influence. Additionally,
understanding the socio-economic dynamic can contribute to identifying
business opportunities in the territories. It is important to incorporate
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metrics that assess social dynamics and socio-environmental conflicts to
complement the existing categories of opportunities and reputational risks.

Temporal dynamics

e The TNFD framework does not explicitly include analysis of the proposed
metrics over different time periods. Time series analysis would allow to
understand the trend of change in the assessed area and to detect lags in
variables caused by impacts, especially in variables related to biodiversity
and ecosystem functioning.

Relevance of national data

e It is important to identify the "why" of the use of assessments, in order to
use the best available data for each purpose: if the assessment is expected
to help the company to implement better actions in the territory, it is possible
that only national information may be detailed enough to facilitate decision
making in the prioritized areas, otherwise if the use of the assessment is to
comply with international requirements, global information sources may be
sufficient.

e Although it is unlikely that a new version of the TNFD will specifically mention
national information sources, it would be advisable to discuss the scope of
the global databases presented and recognize the importance of national data
layers. This would increase the usefulness of the TNFD as a decision support
tool at the subnational level.

Use of scenarios

e In version 4.0 of the TNFD framework, a section dedicated to scenarios is
included. Based on the scenario approach presented in this report, it is
suggested that TNFD make explicit its use in the identification of
opportunities during stage A (risk and opportunity assessment) of the LEAP,
following the example presented in this report.

e It is recommended that social aspects be more explicitly incorporated in the
scenarios presented in version 4.0, considering their importance in the
analysis of opportunities. In addition, it is suggested that the metrics used in
the LEAP localization and evaluation stages can be modeled under different
scenarios, which will facilitate the planning of opportunity and risk actions.

e It is crucial to be able to adapt global scenarios to local scenarios, especially
in the areas assessed in stages L2 and L3. If global scenarios do not fit local
contexts, it will be difficult to use them for decision making in specific areas.
Since the TNFD framework prioritizes application areas, it is important that
scenarios can be localized without losing their relationship to archetypes that
allow comparability between studies at regional or global scales. This need
for scalability between global archetypes and regionalized scenarios has been
recognized in the IPBES evaluation (Rosa et. al. 2017).
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