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ABSTRACT

Nature-based Solutions (NbS), defined as actions that protect, manage, and restore ecosystems while addressing
societal challenges, are increasingly promoted as mechanisms to advance climate adaptation, biodiversity con-
servation, and rural development. Despite growing policy support, the operationalization of NbS within rural
financial systems remains limited, particularly in emerging economies. This study examines how social capital
and institutional capacity-building processes influence the design and adoption of NbS-oriented financial in-
struments by local financial institutions and rural cooperatives in Colombia. The research applies a mixed-
methods embedded case study of the SolNatura project, which engaged nine financial institutions across two
rural departments; qualitative evidence from semi-structured interviews, collaborative workshops, and technical
validation sessions was triangulated with quantitative institutional diagnostics and training assessments to
analyze changes in organizational capacities, trust dynamics, and financial innovation outcomes. The results
demonstrate that technical training alone is insufficient to enable NbS financing: the successful development of
nine NbS-aligned financial instruments and a catalog of 112 eligible activities (spanning silvopastoral systems,
shade-grown coffee, agroforestry, nature-based tourism, and clean energy technologies) depended on the
sequential activation of three complementary forms of social capital: bonding social capital through internal
coordination across institutional units; bridging social capital through horizontal peer learning among financial
institutions; and linking social capital through structured engagement with climate finance actors. The study
concludes that social capital functions as a dynamic organizational capability that enables financial institutions
to translate NbS principles into operational financial instruments, offering replicable insights for scaling NbS
finance in rural and emerging economy contexts.

1. Introduction

intermediary role in mobilizing capital toward NbS initiatives. By inte-
grating environmental conservation objectives with sustainable devel-

The global climate emergency and the accelerated loss of biodiver-
sity have positioned Nature-based Solutions (NbS) as fundamental
strategies for simultaneously addressing the environmental and socio-
economic challenges of the 21st century [1-3]. NbS are defined as ac-
tions to protect, conserve, restore, manage, or sustainably use natural or
modified ecosystems that address social, economic, and environmental
challenges while simultaneously providing human well-being,
ecosystem services, resilience, and biodiversity benefits [4]. Realizing
this potential requires innovative financing schemes that go beyond
traditional financial-sector mechanisms. In this context, local financial
institutions operating in rural and semi-rural territories play a strategic
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opment strategies, these institutions can align local productive systems,
territorial financial stability, and long-term environmental goals [5,6].

However, the effective mobilization of financial resources for NbS
faces multiple barriers that go beyond purely economic or technical
considerations [7]. Recent literature on climate and sustainable finance
has begun to recognize that social and institutional factors, particularly
those related to trust and social capital, play a fundamental role in
determining the success of green finance initiatives [8]. Trust in scien-
tific and financial institutions, as well as in social capital networks
within rural communities, is often an underestimated dimension of
green finance. Yet they are essential for understanding why some
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sustainability-oriented financial instruments are adopted and scaled up
while others encounter resistance or indifference [9].

The global study by Cologna et al. [10] on public trust in scientists
across 68 countries identified four key dimensions: perceived compe-
tence, benevolence, integrity, and openness. Openness scored lowest
across all countries, pointing to a critical need to strengthen two-way
communication and public participation in evidence-based decision--
making. This trust-building imperative extends to rural development,
particularly in the relationship between farmers and financial in-
stitutions. According to Ping et al. [11], social capital dimensions,
including social trust, social networks, and social participation, play a
significant positive role in farmer households' access to credit. Similarly,
institutional =~ trust significantly = shapes farmers' economic
decision-making, with higher levels of trust directly correlated with
investment in adopting agricultural technologies and sustainable in-
novations [12].

The adoption of green financial instruments by rural producers and
small businesses depends not only on the availability of capital or
favorable credit conditions, but also on the capacity of these producers
and businesses to access capital and credit. It also depends on the trust
these actors place in the financial institutions offering such products, as
well as on the perceived credibility of the environmental and scientific
arguments underpinning them [13]. When financial institutions operate
in rural contexts where close personal relationships and dense social
networks prevail, interpersonal and institutional trust become critical
assets that can facilitate or impede financial innovation [14].

The concept of social capital, understood as resources derived from
social networks, norms of reciprocity, and mutual trust that enhance
economic efficiency through coordinated action [8], has gained
increasing prominence in development economics. For this study, we
adopt the three-dimensional typology most widely applied in rural
finance and institutional contexts [15,16,18-20]. Bonding social capital
refers to dense ties within homogeneous groups that generate internal
cohesion; bridging social capital encompasses connections across
diverse groups that enable information sharing and horizontal learning;
and linking social capital involves vertical relationships with institutions
of power that provide access to resources, legitimacy, and external
financing. Recent work by Chetty et al. [15,16] empirically demon-
strated that social capital, specifically economic connectivity, is one of
the strongest predictors of upward economic mobility, underscoring that
social relationships constitute a critical infrastructure that facilitates the
flow of information, resources, and opportunities.

In rural and family farming contexts, social capital directly in-
fluences access to financing and the adoption of productive innovations.
Empirical evidence from China shows that social capital promotes rural
entrepreneurship through the exchange of financial knowledge [17].
Studies in Colombia and other Latin American countries have docu-
mented how social capital can both facilitate and hinder collective ac-
tion and sustainable development, depending on the interaction
between bonding and bridging capital [18-20]. The literature also rec-
ognizes the dark side of social capital, in which dense networks within
groups can foster exclusion or reinforce norms that impede innovation
[21].

In rural finance, this can manifest as resistance to new financial
products or excessive dependence on informal credit systems [22].
Despite strong theoretical foundations, measuring social capital con-
structs within green finance adoption remains methodologically diffi-
cult. Conventional metrics were designed for community contexts and
fall short of capturing the inter-organizational dynamics shaping
capacity-building processes in financial institutions [23]. This recogni-
tion has led practitioners to adopt embedded relational approaches
through participatory methodologies such as peer learning networks,
thinking spaces, and collaborative technical validation, thereby simul-
taneously strengthening technical skills and building bridging and
linking social capital [24].

Colombia offers a particularly relevant empirical context. As a
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megadiverse country with ambitious Paris Agreement commitments to
reduce greenhouse gas emissions by 51% by 2030 and achieve carbon
neutrality by 2050 [25], Colombia developed Latin America's first green
taxonomy in 2022 [26], establishing regulatory standards for green
financial instruments. National institutions such as FINAGRO, the Fund
for Financing the Agricultural Sector, have begun greening agricultural
credit across priority value chains [27], operating through rediscount
mechanisms that channel concessional resources to rural intermediaries;
these public instruments are complemented by private-sector biodiver-
sity bonds that have mobilized over $120 million for environmental
projects [28] and by blended finance arrangements co-structured by
international technical cooperation agencies. Across Latin America,
analogous architectures, combining multilateral development finance,
national rediscount facilities, and local intermediaries, have emerged as
the dominant model for NbS investment [5]; yet a critical gap persists
between these national-level frameworks and their effective adoption by
local financial actors in rural areas precisely where social capital and
institutional trust play decisive roles [29,30].

Savings and credit cooperatives, microfinance foundations, and sol-
idarity organizations constitute the financial infrastructure in many
rural areas and have unique comparative advantages stemming from
their proximity to communities, contextual knowledge, and decades-
long relationships of trust [31]. However, these institutions also face
multiple barriers to adopting NbS-oriented instruments. These include
limited technical capacity to assess environmental and social risks, lack
of robust monitoring systems, insufficient knowledge of international
climate financing schemes, and tensions between their traditional social
orientation and the professionalization demands of green financing
[32-35]. Paradoxically, when strategically mobilized, their existing
social capital structures can accelerate sustainable finance: cooperatives
can serve as bridges between national policy frameworks, international
climate finance, and local producers [36-39]. This bridging function,
however, does not emerge spontaneously; it depends on the work of
technical intermediaries capable of simultaneously translating interna-
tional sustainability standards into locally legible instruments, facili-
tating multi-stakeholder coordination, and strengthening the
institutional absorptive capacity of rural financial entities. With these
situations, organizations operating at the interface of international
climate cooperation and rural financial systems, including technical
cooperation agencies, environmental foundations, and academic in-
stitutions, have increasingly assumed this intermediary role. Yet, the
conditions under which such intermediation generates durable institu-
tional transformation remain empirically underexplored [7,53].

In this context, the SolNatura project [40], implemented by GIZ in
collaboration with Fondo Accion, Universidad EAFIT, and The Nature
Conservancy (TNC) in Huila and Santander, constitutes a comprehensive
effort to address these dynamics. Working with nine local financial in-
stitutions, the project applied Project-Based Learning (PBL) to treat ca-
pacity building as a socio-technical process that develops competencies
while cultivating relational capital [41]. Unlike traditional training
models, PBL situates learning in real-world problem-solving tasks, such
as designing context-specific financial instruments, fostering peer ex-
change, enabling collaborative validation, and co-creating solutions.

Despite strong theoretical foundations in social capital and institu-
tional trust, the specific role of these factors in enabling rural financial
institutions in emerging economies to design and adopt NbS-oriented
financial instruments remains empirically underexplored. Prior studies
have examined social capital in agricultural credit access [11,14], farm
innovation networks [66], and community NbS governance [60]. None,
however, has systematically analyzed how social capital is cultivated
through structured capacity-building programs within financial in-
stitutions, or how it mediates the translation of NbS principles into
operational credit products. This is the research gap this study addresses.

The following question guided this research: How did the horizontal
learning, technical validation, and multi-stakeholder coordination
mechanisms implemented in the SolNatura project influence the
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reduction of organizational, technical, and institutional barriers to the
design of financial instruments oriented towards nature-based solu-
tions? The study advances three contributions. Theoretically, it recon-
ceptualizes bonding, bridging, and linking social capital as dynamic
organizational capabilities within financial institutions. Methodologi-
cally, it operationalizes PBL as both an intervention framework and an
analytical lens for observing institutional transformation. Empirically, it
provides rare evidence from rural financial systems in the Global South
on the conditions under which NbS financing capacity can be system-
atically developed.

1.1. Conceptual framework

The adoption of NbS in emerging territories depends on how insti-
tutional, financial, and governance factors intertwine to enable or
hinder sustainable transitions [42]. In emerging economies, regulatory
pressure has been a key driver for the adoption of green financial
practices. Still, when environmental governance is weak, these pressures
tend to lead to superficial adoption rather than structural trans-
formation, underscoring the need for stronger institutional frameworks
[43-45]. This challenge is compounded in rural areas of Latin America,
where the relationship between financial and green innovation is
modulated by local dynamics of governance, ownership, and organiza-
tional culture [46]. Financial innovation can catalyze environmental
investment [47]. Still, its effectiveness depends on institutional capac-
ities to integrate environmental criteria into investment decisions,
which operate in an interdependent manner with environmental regu-
lation as a decisive mediator [48]. In rural contexts dependent on nat-
ural resources, the volatility of these resources undermines the
continuity of sustainable strategies [49].

The magnitude of financing required for sustainable transitions
amplifies these tensions. Mobilizing capital for environmental projects
requires technical intermediaries capable of structuring bankable ini-
tiatives that simultaneously meet financial and climate criteria [50],
transforming not only financial instruments but also the institutional
capacity of rural entities to formulate projects consistent with sustain-
ability objectives [51]. The literature on biodiversity finance has iden-
tified promising mechanisms such as payments for ecosystem services,
offsets, green bonds, and sustainable tourism [52]. Still, the gap between
theory and practice persists, particularly because the lack of local actors'
participation in the design of instruments results in financial products
misaligned with territorial realities [53]. Even in Europe, contractors
and consultants implementing NbS report recurring obstacles: limited
specialized experience, a shortage of qualified personnel, reliance on
gray infrastructure, and vague regulatory frameworks [54]. More than
technical problems, these reflect the weak institutionalization of NbS
within governance systems. When collaborative work, data sharing, and
multidisciplinary teams are promoted, strategic opportunities emerge
[55].

The need to strengthen governance is particularly evident where
conceptual gaps persist between local and private actors and where
uncertainty about long-term maintenance exists [56]. The co-production
of NbS has shown that early stakeholder participation, professional
facilitation, and the institutionalization of planning are key to success
[57-61]. Yet, these processes still face limitations from the lack of
formal participation spaces and the difficulty of adapting to specific
territorial realities.

This evidence converges on a core conceptual proposition: without
institutional trust, social legitimacy, and organizational capital, NbS
financing struggles in fragile institutional contexts. Social capital,
operationalized in this study through its three forms (bonding, bridging,
linking), provides the analytical framework for understanding how these
relational assets are built, activated, and translated into financial inno-
vation. Bonding social capital supports internal cohesion and cross-
departmental integration within financial institutions. Bridging social
capital enables cross-sector connections and peer validation among
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institutions of heterogeneous maturity. Linking social capital enables
relationships with powerful institutions such as funders, regulators, and
technical cooperation agencies, providing access to resources, external
legitimacy, and sustainable financing pathways. PBL provides such a
framework by embedding learning in collaborative problem-solving and
promoting peer exchange, co-creation, and joint validation. Crucially, it
generates technical outputs, financial products and risk tools, and
relational outcomes, trust and multi-stakeholder coordination, simul-
taneously, rather than treating them as sequential results.

2. Materials and methods
2.1. Methodological approach

The intervention was structured using PBL, a pedagogical strategy
that anchors learning in authentic tasks that involve real problem-
solving [62-64]. Rather than traditional training models where knowl-
edge flows unidirectionally from experts to recipients, this approach
engaged each financial institution in designing a specific applied proj-
ect: the development of a financial instrument for nature-based solu-
tions. In the field of green financial innovation, this methodology
activates the three dimensions of social capital: bonding between in-
ternal teams, bridging between institutions, and linking with economic
and policy actors [65]. Its emphasis on iterative prototyping builds
performance-based trust, a type of trust that is essential in rural contexts
where personal relationships mediate access to credit [66]. When
financial institutions actively participate in the co-design of instruments
and share their constraints transparently, the conditions are created for
institutional trust, enabling the legitimate, collaborative, and sustain-
able adoption of green innovations [67,68].

PBL's effectiveness for organizational transformation is supported by
research showing that learning anchored in authentic tasks yields higher
knowledge transfer and retention than content-based approaches [69,
70]. In sustainable finance, implementing green instruments requires
cross-area integration—risk, credit, and sustainability—rather than
isolated technical training [71,72]. By mandating collaborative product
design from the outset, PBL facilitates systemic institutional alignment
and accelerates internal coordination dynamics. This study employs an
embedded multiple case study design, situating nine financial in-
stitutions as units of analysis within the overarching SolNatura case. The
research follows a sequential explanatory mixed-methods logic: quan-
titative institutional diagnostics were conducted first to establish base-
line capacity profiles, and qualitative data from interviews, workshops,
and tutoring notes were subsequently used to explain the observed
patterns. This combination captures both objective dimensions, capac-
ities, structures, and financial products, and subjective ones, including
trust perceptions, social relationships, and institutional motivations
shaping the adoption of NbS-aligned instruments.

A note on positionality is necessary. The authors of this study
participated directly in the SolNatura project as members of the Uni-
versidad EAFIT team, in a consultancy capacity. This dual positioning, as
practitioners involved in designing and implementing the capacity-
building process and as researchers analyzing its outcomes, carries
inherent interpretive risks, including the tendency to rationalize one's
own professional judgments. We acknowledge this tension explicitly and
treat it as a reason for greater methodological rigor rather than a dis-
qualifying condition. Several analytical safeguards were applied to
manage this risk. For example, the analysis does not exclude institutions
that showed limited progress (FI3, FI5) or structural barriers that the
intervention did not fully resolve. And the purpose of this article is not to
validate the consultancy as successful, but to use it as an empirical site
for examining how social capital mediates institutional transformation
in NbS finance. This research question extends well beyond the project's
immediate objectives.



J. Vergara-Garavito et al.
2.2. Participants and institutional context

SolNatura Project engaged nine financial institutions and co-
operatives operating across two Colombian departments: five entities in
Huila and three in Santander, plus a fintech company with national
reach. The participating entities included five community-based savings
and credit cooperatives, two social microfinance foundations, one rural
financial institution, and a single specialized fintech platform. Huila and
Santander are agriculturally strategic regions exposed to climate vari-
ability, soil degradation, and production constraints. These pressures
heighten the need for NbS-oriented investment and make both de-
partments relevant laboratories for testing green financial innovation
under real territorial conditions. Their economic structures—coffee,
livestock, diversified rural production, and emerging nature-based
tourism—make them relevant laboratories for testing green financial
innovation under real territorial pressures.

2.3. Stages of the methodological process

The methodological sequence, its analytical logic, and associated
instruments are synthesized in Table 1.

2.3.1. Theoretical arguments for data collection tools
Semi-structured interviews assessed institutional capacity by

Table 1

Stages, activities, and data collection tools.

Stage

Key Activity

Data Collection Tools

1. Institutional Capacity
Assessment

2. Technical Training

3. Analysis of Financing
Demand Using
Participatory
Methodologies

4. Horizontal Learning
and Collaborative
Technical Validation

5. Tutoring Sessions

6. Complementary
Analysis of Demand
and Access to
Financing

7. Multi-Stakeholder
Coordination and
Linkages with
Investors

Diagnostic evaluation of
institutional readiness
across five internal
capacity dimensions
(governance, risk
management, instrument
design, green finance
access, sustainability
metrics)

Three 4-hour face-to-face
modules covering NbS
fundamentals, risk
analysis, and financial
instrument design using
active pedagogies
Participatory workshops
with trade associations and
producer groups across
nine priority value chains
to identify sustainable
activities and territorial
financing needs

Three thinking spaces for
peer learning and
refinement of credit
analysis tools among
participating institutions
Six individual sessions per
institution for designing
customized theoretical
financial instrument
models tailored to their
context and capacity
Training workshops on
green credit access
featuring practical case
simulations and barrier
identification

Funding panel presenting
designed instruments to
eight climate finance
actors; establishment of
pilot implementation
roadmap

Semi-structured
interviews with staff
members; self-assessment
questionnaries

Entry-exit diagnostic
assessments; attendance
records

Financial Needs
Prioritization Matrix;
territorial demand
database

Documented meeting
minutes; consensus
records

Collaborative validation
notes; instrument design
documents

Participatory workshop
records; access checklist
tool

Panel documentation;
feedback records;
implementation roadmap
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enabling comparison across entities while capturing context-specific
constraints and opportunities [73,74]. Active training method-
ologies—including lectures, case studies, subgroup work, AHP, and
prioritization exercises—combined theory with practical application,
consistent with adult learning principles [75-77]. Entry-exit assess-
ments supported adaptive content adjustment and monitoring of
knowledge acquisition [78].

Participatory sticker-rating workshops enabled inclusive demand
assessment across heterogeneous literacy contexts, ensuring that finan-
cial product design reflected producer priorities [79-83]. Horizontal
learning spaces promoted peer exchange, collective problem-solving,
and coalition-building among institutions of varying maturity [81,84].
Personalized technical tutoring supported the collaborative develop-
ment of customized financial instruments, addressing diverse institu-
tional capacities and regulatory constraints. Evidence shows that
intensive technical accompaniment accelerates resolution of imple-
mentation bottlenecks [85-87].

2.4. Data analysis

Data analysis followed procedures specific to each typology. Quali-
tative materials (interviews, meeting minutes, and tutoring records)
were coded using a primarily deductive approach aligned with the three
social capital dimensions of the conceptual framework. Enabling factors
were operationalized as observable evidence of social capital activation;
institutional gaps as deficits in one or more dimensions; and coordina-
tion patterns as the relational mechanisms through which capacity
evolved across stages. Where empirically emergent categories arose,
inductive sub-categorization was applied (see Table 2). The institutional
capacity assessment operationalized capacity across five equally
weighted dimensions (20 points each), yielding a 0-100 composite
score. This score was classified into four ordinal levels: Incipient (0-25),
In Progress (26-50), Advanced (51-75), and Leader (76-100). The in-
strument drew on the PRB (Principles for Responsible Banking) and
TCFD (Task Force on Climate-Related Disclosure) frameworks, adapted
to the context of rural cooperatives and microfinance entities. Each
dimension was scored through standardized per-item scales, aggregated
and expressed as a percentage of the maximum; multi-source triangu-
lation (interview data, institutional documentation, and sector bench-
marks) and participatory team validation were applied to ensure
representational accuracy.

Quantitative data were analyzed using a multi-case approach,
applying this institutional capacity scale, descriptive statistics for
learning assessments, and territorial demand classification aligned with
international sustainability standards. Qualitative findings were used to
interpret quantitative patterns in a sequential explanatory logic,
capturing both objective aspects (capacities, structures, financial prod-
ucts) and subjective ones (trust perceptions, social relationships, moti-
vations) shaping the adoption of NbS-aligned instruments.

3. Results

Overall, the capacity-building intervention generated substantive
outcomes and demonstrated the institutional feasibility of advancing
financing mechanisms for nature-based solutions in Colombian terri-
tories. This section introduces an overview of the results presented in
Table 3, followed by a concise analysis organized by methodological
stage, noting the social capital dimension activated and institutional
outcomes generated at each stage.

3.1. Analysis of financing demand: establishing territorial demand as the
foundation for instrument design

Demand analysis conducted in Huila and Santander from January
through March 2025 established a foundational understanding of
financing requirements across priority value chains. The methodology
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Table 2
Institutional Capacity Assessment Instrument: Dimensions, Variables, and Items.

Table 3
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Outputs, key results, and social capital dimension activated by stage.

Dimension Key Variables Assessed Items  Max.
Score
1. Institutional Context, Existence of a formal 5 20

Organizational Structure
& Governance

sustainability strategy/policy;

presence of a dedicated

sustainability unit or cross-

functional committee; board-

level recognition of ESG

materiality; training of senior

management on climate/

environmental risks

Existence of a specialized 5 20
function for E&S risk

management; institutional

recognition of E&S and climate

risk materiality; approved and

active process for E&S risk

identification, assessment and

monitoring; integration of E&S

risk analysis in credit

underwriting; portfolio coverage

of risk assessment

Internal green/climate finance 5 20
policies or guidelines; approved

criteria for classifying NbS/green

lending operations; active NbS-

specific products in portfolio;

green portfolio volume and

delinquency behavior;

institutional capacity to assess

NbS-related risks

Access to concessional green 2 20
funding from multilateral banks

or international organizations;

access to non-reimbursable

resources or technical assistance

for green portfolio development

or institutional strengthening

Existence of commercial targets 2 20
for green/NbS lending;

information system capacity to

tag, track and report green

portfolio; alignment of targets

with national and international

sustainability commitments

Total 19 100

2. Risk Management

3. Financial Instrument
Design

4. Green/Climate/
Environmental
Resources

5. Objectives & Metrics

combined participatory workshops with producer and trade associations
with secondary data sources—including the National Agricultural Sur-
vey, the National Administrative Department of Statistics of Colombia,
and territorial studies. Together, these inputs served to identify sus-
tainable activities with financing potential, determine market sizing,
and estimate required investment volumes. A comparative synthesis of
these territorial findings is presented in Table 4.

In Huila, 176 sustainable activities were identified (82% in primary
production), with demand concentrated in silvopastoral systems, eco-
efficient panela furnaces (~COP 19.7B), and shade-grown coffee.
Smaller-scale interventions averaged COP 4.6 M. In Santander, 126 ac-
tivities were identified (69% primary), with higher capital intensity in
nature-based tourism (~COP 208.5M-1040 M). Across territories, bar-
riers included documentary gaps, limited guarantees, low awareness of
green finance, and weak technical assistance. These differentiated de-
mand profiles directly informed subsequent instrument design: the types
of activities identified, and the barriers documented, shaped the eligi-
bility criteria, guarantee mechanisms, and sector focus embedded in
each institution's financial instrument. This stage primarily activated
linking social capital by aligning financial institutions with territorially
articulated demand, reducing information asymmetries, and strength-
ening institutional legitimacy with producer communities.

Methodological Primary Outputs Key Results Social Capital
Stage Dimension
Activated
Analysis of Comprehensive 302 sustainable Linking
Financing territorial activities
Demand demand identified; 112
assessments validated NbS
(Huila & activities
Santander) prioritized
Institutional Multi- 9 institutions Bonding
Diagnostic and  dimensional evaluated:
Capacity capacity environmental-
Mapping assessments social risk
across five management
dimensions averaging 15/100
across entities
Training Three modular 100% attendance; Bonding-+bridging
training cycles demonstrated
with entry-exit conceptual
assessments retention and
practical
competency
development
Thinking spaces Three thinking 302 activities Bridging
and Technical spaces with cross-  filtered; 112
Validation institutional eligible NbS
validation activities
consolidated;
Protocol for Green
Portfolio Labeling
Expert Tutoring Six tutoring Nine theoretical Bonding
for Green sessions per financial
Finance Design institution with instrument models
customized developed; risk
accompaniment management
integrated across
all products
Demand-Side Producer training  Barrier Linking
Gap Closure on green finance identification and
Workshops access and anchor  accessibility
company linkages ~ frameworks
refined; producer-
institution
alignment
strengthened
Multi- Funding panel Eight funding Linking
Stakeholder connecting partners engaged;
Coordination climate finance pilot
and Funder actors implementation
Linkages roadmap
established;
partnership
pathways
activated

3.2. Institutional diagnostic and capacity mapping: baseline asymmetries
that shaped differentiated capacity-building pathways

Institutional diagnostics conducted in January 2025, through semi-
structured interviews and self-assessment exercises, established a base-
line capacity across nine financial entities. The multidimensional diag-
nostic applied the PRB (Principles for Responsible Banking) and TCFD
(Task Force on Climate-Related Disclosure) frameworks across five
interrelated dimensions: institutional context and governance; envi-
ronmental and social risk management; financial instrument design;
access to climate/environmental resources; and sustainability objectives
and metrics. Detailed diagnostic scores across institutions and di-
mensions are displayed in Table 5.

The diagnostic revealed strong asymmetries across institutions.
While governance and instrument design capacities ranged from In
Progress to Advanced (~65/100), environmental and social risk man-
agement was uniformly Incipient (=15/100). None of the entities had a
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Table 4

Results of Financing Demand Analysis.

Nature-Based Solutions 9 (2026) 100341

Territory Value Chains Sustainable Primary Investment Focus Key Barriers
Activities Identified Stage (%)

Huila Cocoa, coffee, sugar cane 176 activities 82% Silvopastoral systems; eco-efficient Documentary gaps; limited guarantees; green

(panela), nature tourism furnaces (COP 19.7B); shade-grown finance knowledge; weak technical support
coffee

Santander ~ Cocoa, coffee, sugar cane 126 activities 69% Nature-based tourism (COP Geographic access; guarantee schemes;
(panela), palm oil, nature 208.5M-1040 M); ecological trails; rural financial literacy; technical assistance
tourism lodging

Table 5
Results of the institutional diagnostic.

Institution  Institutional Environmental-Social Risk Financial Instrument Climate/Environmental Objectives & Overall
Context Mgmt. Design Resources Metrics Status

FI1' 65/100 (In 8/100 (Incipient) 85/100 (Advanced) 23/100 (Incipient) 45/100 (In In Progress
Progress) Progress)

FI2 68/100 (In 8/100 (Incipient) 80/100 (Advanced) 73/100 (Advanced) 75/100 (Advanced) Advanced
Progress)

FI3 40/100 (Incipient) 4/100 (Incipient) 0/100 (Incipient) 23/100 (Incipient) 30/100 (In Incipient

Progress)

F14 100/100 (Leader) 85/100 (Advanced) 50/100 (In Progress) 0/100 (Incipient) 100/100 (Leader) Leader

FI5 58/100 (In 4/100 (Incipient) 0/100 (Incipient) 23/100 (Incipient) 30/100 (In Incipient
Progress) Progress)

FI6 80/100 (Advanced) 8/100 (Incipient) 80/100 (Advanced) 23/100 (Incipient) 95/100 (Advanced) Advanced

F17 63/100 (In 8/100 (Incipient) 30/100 (Incipient) 73/100 (Advanced) 45/100 (In In Progress
Progress) Progress)

FI8 85/100 (Advanced) 8/100 (Incipient) 30/100 (Incipient) 23/100 (Incipient) 60/100 (In In Progress

Progress)

FI9 65/100 (In 8/100 (Incipient) 25/100 (Incipient) 23/100 (Incipient) 30/100 (In Incipient

Progress) Progress)

! The names of all financial institutions and cooperatives have been anonymized under the acronym FI, distinguishing each one by a number that accompanies it.

formal Environmental and Social Risk Management System (SARAS, by
its Spanish acronym) integrated into their credit analysis processes, and
only three applied basic exclusion lists derived from prior technical
assistance engagements. FI4 showed the highest institutional capacity,
whereas FI5 and FI3 remained in the Incipient range. Resource mobili-
zation capacity also varied, primarily reflecting prior exposure to green
finance. This stratification was crucial for tailoring pedagogical and
technical pathways to institutional needs rather than applying stan-
dardized approaches. More mature institutions (FI4, FI6) subsequently
acted as peer references during thinking spaces, accelerating tool
adoption across the network, a direct expression of bridging social
capital at work.

3.3. Training: building bonding and bridging social capital through
structured knowledge transfer

Three modular training cycles delivered between May and July 2025
addressed foundational concepts through advanced implementation
topics: (1) NbS fundamentals and financing mechanisms; (2)
environmental-social risk identification and monitoring frameworks;
and (3) green financial instrument design and operationalization. Active
pedagogical methodologies, such as integrating case studies, hierarchi-
cal analysis, subgroup work, and participatory prioritization exercises,
maintained engagement across diverse institutional profiles. Entry-exit
diagnostic assessments captured learning gains, confirming knowledge
retention and demonstrated competency development in environmental
criteria integration, climate risk identification in productive activities,
and financial argumentation for sustainability investments. The peda-
gogical strategy activated bonding social capital internally within in-
stitutions and bridging capital through cross-institutional peer
comparison, with 100% participant attendance across all three cycles
conducted in both departments, Neiva (Huila) and Bucaramanga
(Santander). Beyond knowledge acquisition, the training cycles served
as early catalysts for building social capital, creating structured peer-

comparison spaces in which institutions contrasted progress, con-
straints, and interpretations of NbS eligibility.

3.4. Thinking spaces and technical validation: operationalizing bridging
social capital through peer consensus

Three thinking spaces (February, April, and June 2025) enabled peer
exchange between Fondo Accién and the Universidad EAFIT while
fostering horizontal learning among institutions. The first session
showed that only 40% of entities included sustainability in their mis-
sions, leading to the co-creation of NbS eligibility tools. Later sessions
validated 302 proposed activities, consolidating 112 NbS-eligible ac-
tivities across priority value chains. Using this process and the Analytic
Hierarchy Process (AHP), the team developed a catalog organizing these
112 fundable activities across 10 strategic chains: cocoa (18), tourism
(15), fruits and vegetables (14), coffee (13), sugarcane (11), forestry and
livestock (10 each), oil palm (9), poultry (7), and aquaculture (5). The
final laboratory confirmed eligibility criteria, defined exclusion lists at
three levels, and operationalized Green Labeling for financial products.
These spaces built consensus on environmental indicators and portfolio-
marking protocols, strengthening institutional environmental risk
management. A key innovation is the catalog's three-tier monitoring
system, which assigns each activity fundamental, medium, and high-
complexity indicators based on institutional capacity. These thinking
spaces operationalized bridging social capital through peer validation
among institutions with heterogeneous maturity levels, while academic
engagement reinforced technical legitimacy and strengthened linking
dynamics.

3.5. Personalized technical support and tutoring: translating collective
learning into institution-specific instruments

Six individualized tutoring sessions (March-September 2025)
translated collective learning into institution-specific financial
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instruments, addressing product structuring, eligibility criteria, risk
integration, and pilot implementation pathways. Through this process,
participants refined nine theoretical financial instrument models
adapted to institutional capacities and territorial demand. These prod-
ucts targeted key value chains—sustainable livestock, coffee, cocoa,
palm, sugar cane (panela), and nature-based tourism—and integrated
environmental criteria, inclusion mechanisms, and market alignment.
The intensive mentoring helped resolve institution-specific bottlenecks,
producing instruments that operationalized green financial innovation
into concrete credit architectures and pilot roadmaps. The core features
of each designed instrument are outlined in Table 6.

At this stage, bonding social capital deepened within institutions as
cross-functional teams collaborated to translate collective learning into
context-specific products. The iterative mentoring process strengthened
internal trust across departments and reduced resistance to integrating
environmental criteria, transforming sustainability from an external
requirement into an internally coordinated strategic objective.

3.6. Demand-Side gap closure workshops: strengthening the producer-
institution relational infrastructure

Workshops with 32 producer representatives identified six barrier
categories: documentary, financial, technical, institutional, geographic,
and knowledge-related, and co-designed corresponding solutions. These
barriers and the co-constructed solutions are structured in Table 7.

Anchor company sessions reduced information asymmetries and
facilitated direct interaction with credit decision-makers, improving
borrower readiness for green instruments. These workshops further
consolidated linking social capital by connecting producer organizations
directly with financial decision-makers, reducing vertical distrust, and
clarifying procedural expectations. By addressing asymmetries in
documentation, guarantees, and financial literacy, the intervention
strengthened the relational infrastructure necessary for effective NbS
credit uptake.

3.7. Multi-Stakeholder coordination and funder linkages: activating
linking capital and piloting green instruments

The funding panel (October 2025) convened eight climate finance
actors representing development banks, impact funds, technical coop-
eration agencies, and hybrid investment vehicles. Their institutional
profiles and financing modalities are detailed in Table 8.

Participating institutions presented nine theoretical instruments,

Table 6
Financial instruments designed through tutoring and their main characteristics.

Institution  Instrument Name Target audience Primary sectors
chains
FI5 SolNatura Line Micro and small Aquaculture, cocoa,
producers livestock, tourism
FI1 EcoCredit Small and medium  Coffee, cocoa, sugar
producers cane, livestock,
poultry
FI6 NbS Women's Lines Small and medium  Coffee focus
and NbS Green Credit  coffee growers
FI2 Green Line NbS by Producers Coffee, cocoa, oil
Chain palm
FI3 Rate Compensation Agricultural Multi-sector (through
Line for NbS producers intermediaries)
restoration
FI17 Green NbS Line Micro and small Agriculture, energy,
Eastern Colombia entrepreneurs tourism
FI8 NbS Green Credit Coffee growers Coffee, agroforestry
Line
FI9 Green Credit Line Urban and rural Coffee, cocoa, sugar
members cane, tourism
FI4 Sustainable Agro Meat and dairy Sustainable dual-
Rotating Fund producers purpose livestock

Table 7
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Barriers identified and co-designed solutions.

Barrier Type

Description

Proposed Solutions

Documentary Lack of formalized property Simplify documentary
titles, unresolved succession processes; promote gradual
processes, absence of land tenure formalization;
accounting records or certified ~ provide legal and accounting
financial statements. support.
Financial Insufficient guarantees; Solidary/associative
limited guarantee schemes; guarantees; local guarantee
unstable payment capacity funds; flexible microfinance
lines adapted to rural contexts
Technical Lack of environmental Technical capacity-building in
certifications or Good GAP; environmental
Agricultural Practices (GAP) certification programs;
validation support for NbS
projects
Institutional Weak accompaniment from Strengthen institutional

Geographic &

public and financial entities in
document preparation

Distance from financial

presence in rural territories;
partnerships between
financial entities and local
governments; green project
formulation pathways
Mobile banking; virtual

Connectivity centers; transport and digital services with offline support;
connectivity limitations rural bank correspondents;
digital connectivity
improvements
Knowledge Low financial literacy and lack ~ Strengthen rural financial

of awareness about green
financial instruments.

education; train in NbS project
formulation; disseminate

green instruments.

initiating bilateral follow-ups, due diligence processes, and co-funding
discussions. Engagement outcomes included pilot roadmaps, feedback
on monitoring systems, and exploration of blended finance arrange-
ments. A consolidated view of funder engagement and institutional
follow-up actions is provided in Table 9. This stage consolidated linking
social capital by integrating local institutions into broader climate
finance networks and reducing structural isolation.

Following the funding panel and subsequent bilateral engagements
with participating financial actors, participating institutions operation-
alized the theoretical financial instruments into concrete pilot imple-
mentations. The operational characteristics of these instruments are
described in Table 10. These seven green financial products, now
deployed across the territories, represent the tangible institutional
transformation catalyzed by the SolNatura capacity-building process.
The instruments collectively demonstrate the transition from abstract
technical knowledge to financial innovation ready for market piloting.

Collectively, the seven stages demonstrate that NbS financing ca-
pacity emerged through sequential activation of bonding, bridging, and
linking social capital. The causal pathway can be explicitly traced across
six sequential stages. First, demand analysis reduced information
asymmetries and aligned institutional priorities with territorial
financing needs, activating and linking social capital with producer
communities. Second, diagnostics and training strengthened internal
coordination (bonding capital) and created cross-institutional peer
awareness (bridging capital), with 100% attendance confirming insti-
tutional commitment. Third, thinking spaces operationalized bridging
capital through peer validation, with more advanced institutions
accelerating capacity development among less mature peers. Fourth,
tutoring translated collective learning into institution-specific financial
architectures, deepening bonding capital across credit, risk, and sus-
tainability departments. Fifth, demand-side workshops strengthened the
relational infrastructure between institutions and producers, reducing
barriers to credit uptake. Sixth, the funding panel connected institutions
to international climate finance actors, establishing pilot financing
pathways as the highest-order outcome linking capital. The nine finan-
cial instruments, the validated 112-activity catalog, and established
funding pathways represent tangible evidence of strengthened relational
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Table 8

Characteristics of guest anchors at the funding panel.
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Funder Type of Organization Geographic Scope Financing Modality Ticket Size Impact Focus Strategic Value
Funder National development Colombia Rediscount & direct credit; Flexible; FNG Green value chains; National funding source &
1 bank (Colombia) 60-month terms guarantees sustainable MSMEs territorial leverage
Funder International technical Spain-Latin America Technical assistance; Variable (by call) Agricultural cooperation; Technical cooperation &
2 cooperation agency partial project co-financing rural capacity-building institutional strengthening
Funder Impact investment fund Europe-Latin Debt or impact investment;  From USD 5 Social inclusion; Large-scale financing with ESG
3 America 36-month terms million environmental & social criteria
impact
Funder International Latin America & Senior debt; 24-60-month From USD Poverty reduction; rural Flexible & sustainable
4 development fund Caribbean terms 500,000 livelihoods financing for rural IMF
Funder Local financial Colombia Direct credit; FNG-backed From USD Social & environmental Local intermediate operator or
5 intermediary guarantees; 60+ month 500,000 portfolios alliance partner
terms
Funder International Global Interest-free microloans; Variable Inclusive finance; local & Low-cost credit diversification
6 microfinance platform 4% fee model sustainable economies source
Funder Hybrid investment & Latin America Seed capital; patient From USD Social enterprises; Ideal for cooperatives with
7 technical assistance fund  (Colombia included) investment; technical 200,000; flexible sustainable employment entrepreneurial & social
assistance models
Funder Impact investment fund International Impact debt or investment;  Tickets starting at ~ Rural financial inclusion, Co-financier of products with a
8 variable terms. USD 500,000. women, and youth. social and territorial focus.
Table 9

Consolidated results by cooperative and financial institution after the funding panel.

FI/ Funders Involved Initial Comments & Agreements Key Attractive Elements Technical Adjustments & Identified Barriers
cooperative
FI8 Funder 7, Funder Interest in using Funder 6's revolving credit In-kind credit model (coffee purchase at Need to update credit regulations (expand
3, Funder 5, line to expand offerings. Preparing spot) with 43 buying points network; portfolio/lines); external funding
Funder 6, Funder information to deepen knowledge with Funder ~ portfolio expansion potential. Funder 2 can  dependency; clarify intermediation
8, Funder 2 7 and Funder 3. advise on institutional strengthening. conditions.
FI6 Funder 6, Funder Opportunities identified with Funder 1, and Strong coffee market potential: coffee Prioritize 1-2 funders with highest synergy;
1, Funder 3, Funder 3 ; scalability with Funder 6 depends purchase, working capital, technical clarify platform costs; define strategy for
Funder 7 on bilateral follow-ups. assistance. Opportunities with Funder 3 on low-synergy actors. FUNDECAFE blended
energy efficiency. financing option identified. Funder 6 works
with MFIs with portfolios >5 M USD.
FI9 Funder 3, Funder Rate, guarantee, and financeable activity Active line with Funder 1; rotating funding  Funders may require more information on
1, Funder 6, adjustments; own funds available for opportunity with Funder 6; updated green portfolio monitoring and tracking;
Funder 5 execution; Funder 3 requested additional instrument. strengthen environmental and social
information. monitoring systems.
FI1 Funder 6, Funder Sought relationship-building over immediate Interest from Funder 6 (social impact) and Requires support in due diligence and
1, Funder 2, funding. Initiated due diligence processes with Funder 1 (green lines); relations with impact measurement mechanisms. Needs to
Funder 5 Funder 6 and Funder 1. producer associations (Fedecacao). strengthen financial products and value
proposition aligned with funder
sustainability criteria. Scalability depends
on credit line expansion with FINAGRO and
Banco Serfinanza. Opportunity to structure
partnerships (e.g., with Almacenes
Olimpica).
FI2 Funder 2, Funder Funder 2 offers institutional strengthening and Sector alliances facilitating eligibility and Need for environmental and social risk plan
7, Funder 3, regional experience exchange. Funder 5 and monitoring; experience in productive (SARAS); prepare funding prospectus;
Funder 5 local bank proposed as support partners for agricultural credit. Funder 3 exploring: compensation policy limitations. Funder 7
strategic funder alliances. Senior Debt, Subordinated Debt (16% EA), barrier: does not finance individuals;
and Subordinated Bonds. strategy is to identify associative schemes.
FI5 Funder 1, Funder Funder 1 showed greater interest; pilot with Funder 1 competitive green lines; sectoral Clear and relevant instrument (Funder 1).
6, Funder 7, sector associations proposed (livestock pilots’ opportunity. Potential in cacao, Viability and scalability with Funder 6
Funder 3 recommended). Funder 6 conditions and other ~ agroforestry, sustainable livestock, and unclear due to portfolio size (<5 M USD).
green lines reviewed. generational transition.
FI7 Funder 6, Funder Funder 6 interested in crowdfunding support; Crowdfunding potential for micro- High international wire costs and currency
5, Funder 2 due diligence requirements and social entrepreneurs; Funder 6 green line (climate  risks; need for staff training and document
indicators discussed. Digitalization advances credits 2026). Funder 2 offers capacity digitalization for traceability.
(promissory note dematerialization planned building for associative schemes client self-
Feb/2026). sufficiency.
FI3 Funder 1, Funder Funder 1: portfolio presentation and expert Renewable energy and green infrastructure ~ Define mechanisms for territorial entity
5, Funder 2, meetings on green lines and solar energy; part  interest; possibility of working with credit application; clarify guarantees,
Funder 7 (local of Funder 1 network. Funder 5: interest in municipalities using allocated credit lines timelines, and committee function
bank potential) green lines exploration; coordinated Banco for territorial projects. segregation; lines restricted to specific
Serfinanza approach. sectors.
FI4 Funder 2, Funder Funder 2 opportunity to strengthen associative =~ Commitment for bilateral meetings; Follow-up bilateral meetings with Funder 3

7, Funder 3,
Funder 1

scheme bankability; technical assistance in
livestock productivity. Funder 7: second
meeting to present Fondo Lirio pipeline and
support producer associations grouped by
Alqueria.

collaborative work through Alqueria.

post-panel discussion.
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Table 10
Financial Instruments Designed and Operationalized for Pilot Implementation.

Institution  Description of Financial Instrument

FI9 FI9 Green Credit NbS finances micro and small producers in the
adoption of sustainable practices. It offers amounts of 1 to 120
minimum monthly wages, terms up to 60 months, preferential rates
(20-24% annual effective rate), and flexible guarantee and prepayment
conditions.

FI5 FI5 Pilot offers credits with preferential rates, terms up to 36 months,
and no prepayment penalties, for agroforestry projects, clean energy
and efficient water management. It combines own capital with
technical assistance and incorporates sustainability indicators,
prioritizing rural women and youth.

FI7 FI7 finances sustainable investments from micro and small producers,
with preferential rates, flexible terms, and post-credit technical
support. Its innovation lies in an NbS eligibility checklist and an
environmental validation process by credit committee ensuring
traceability of each loan.

FI6 CaféVerde offers preferential credit to small coffee growers, prioritizing
women and youth, for implementing clean technologies and
sustainable practices. It is structured as its own credit line with
SolNatura technical support, integrating environmental criteria and
technical assistance to validate investment results.

FI1 EcoCredit finances sustainable projects with terms up to 60 months,
competitive rates, and no prepayment penalties. It incorporates ESG
criteria in credit evaluation and combines own resources with
specialized technical assistance. Its innovation lies in an inclusive and
adaptable financing model responsive to rural productive cycles.

FI3 SbN FI3 Pilot operates through agreements with cooperatives and
microfinance institutions, compensating interest rates on sustainable
projects. It combines own resources with technical cooperation to
reduce credit risk and improve NbS profitability. Its innovation lies in
applying a public incentive mechanism stimulating sustainable practice
adoption.

FI2 SbN FI2 Pilot offers green credits with environmental criteria in credit
analysis and digital monitoring tools. It combines own resources and
technical assistance with rural trade associations, financing 100% of
sustainable investments. Its innovation lies in a collaborative
environmental and financial monitoring model for evaluating impact
and profitability.

infrastructures within rural financial systems.
4. Discussion

The seven instruments developed constitute a locally adapted port-
folio of green financial products supporting silvopastoral and agrofor-
estry systems, watershed restoration, bioeconomy initiatives, nature-
based tourism, clean energy, and water-efficient technologies. Their
adoption across institutions in Huila and Santander demonstrates that
funding panels not only mobilized early investment pathways but also
catalyzed institutional transformation. This transformation can be un-
derstood through the lens of social capital.

Three conditions proved decisive and map directly onto the forms of
social capital observed throughout the project. First, territorial knowl-
edge (environmental, productive, and social) ensured contextual rele-
vance and environmental integrity, reinforcing the internal cohesion
that characterizes bonding social capital. Second, continuous technical
assistance aligned financed activities with sustainability criteria
throughout the credit cycle, while peer-to-peer exchange between in-
stitutions of varying size and capacity generated shared eligibility
standards consistent with bridging social capital. Third, inter-
institutional collaboration, anchored by technical validation spaces
and coordination with international donors, strengthened governance,
trust, and collective learning norms, reflecting both linking social capital
and the institutional trust built through demonstrated outputs.
Together, these dynamics illustrate how rural green finance, when
structured around collaborative governance, generates not only finan-
cial returns but also durable relational infrastructure, as systematically
mapped in Table 11.

These findings align with and extend the existing literature in
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Table 11
Parallels between concepts of social capital and phenomena observed in the
SolNatura project.

Concept of Social Capital Phenomenon Documented in SolNatura

Bonding social capital
(internal links)

Integration of previously isolated areas (risks,
credit, sustainability) generating greater internal
cohesion across institutional departments
Peer-to-peer exchange between institutions with
different levels of size and capacity to structuring
and placing financial instruments in rural markets,
generating trust and shared eligibility standards
Funding panel with eight actors in international
climate finance; initiation of due diligence
processes and pilot implementation roadmaps;
coordination with donors

Technical validation through thinking spaces
between Fondo Accién and the Universidad EAFIT
as a mechanism for legitimization; iterative
tutoring building credibility through demonstrated
outputs

Highly valued horizontal learning, comparing
progress, sharing doubts, and recognizing good
practices across institutions of heterogeneous
maturity

Bridging social capital
(bridges between groups)

Linking social capital (vertical
links with power)

Institutional trust based on
performance

Collective learning and norms
of reciprocity

important ways. The universal incidence of environmental-social risk
management across all nine institutions confirms Biasin et al.'s [53]
observation that local actor participation is systematically underrepre-
sented in NbS instrument design. Still, our results go further, demon-
strating that this gap is primarily relational rather than merely technical:
institutions with prior exposure to inter-institutional networks pro-
gressed faster in instrument sophistication than technically similar
peers. This supports Cofré-Bravo et al.'s [66] finding that combinations
of bonding, bridging, and linking social capital are more predictive of
innovation adoption than technical knowledge alone. The PBL meth-
odology proved effective as an instrument for cultivating social capital
in real time, consistent with Zhang & Ma's [64] meta-analytic finding
that PBL produces significantly higher knowledge transfer and retention
than content-based approaches, and with d'Escoffier et al.'s [67] evi-
dence on PBL for sustainability education. Critically, our study adds a
finding absent from prior PBL research: the relational outcomes of PBL
were as analytically significant as the technical outputs.

Institutionalization nonetheless required addressing structural gaps.
Most institutions lacked prior NbS experience and specialized environ-
mental staff, relying instead on alliances and technical accompaniment,
which previous studies identify as more effective than standardized
training in heterogeneous institutional settings [23,78]. Most adapted
existing products rather than creating new ones, but all stressed the need
for information systems to identify and monitor NbS portfolios. A key
limitation is that the capacity diagnostic was applied only at baseline,
without standardized post-intervention reassessment; therefore, no
measured institutional capacity gains can be claimed. Instead, the evi-
dence shows differentiated trajectories: institutions with stronger
pre-existing governance and resource-access conditions (FI4, FI6, FI2)
progressed faster in instrument design and funder engagement than
those starting from Incipient conditions (FI3, FI5), suggesting that
minimum institutional capital may be a precondition for autonomous
operationalization. This indicates that support intensity and duration
should be calibrated to baseline institutional conditions. Sustainability
also remains uncertain: the pilot roadmaps and funder commitments
generated through SolNatura represent early relational foundations
rather than demonstrated long-term performance [88].

Moreover, reframing bonding, bridging, and linking social capital as
organizational capabilities extends the foundational typology [15,16,
18-20] from community settings to financial institutions. Rather than
static contextual attributes, our findings suggest these forms operate as
dynamic capabilities that mediate the translation of external knowledge
into organizational routines. Their effectiveness also depended on
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sequencing: bonding capital had to precede bridging capital, and
bridging capital had to precede linking capital, for technical knowledge
to translate into operational financial instruments. This temporal
dimension extends prior community-level theories. Although dense so-
cial capital networks can inhibit innovation [21], in this case, bonding
capital facilitated openness because the PBL methodology oriented
collaboration toward external challenges rather than reinforcing exist-
ing routines.

However, this study has several limitations worth noting. The case is
limited to two regions within a single country, so generalizing the
findings to other regulatory or institutional contexts requires caution.
The diagnostic relied on self-reported assessments, which may be subject
to social desirability bias. Without post-intervention longitudinal data,
causal claims about financial or environmental outcomes remain
limited. Institutional heterogeneity was also evident; FI3 and FI5
remained at an Incipient level in several capacity dimensions by the end
of the intervention, suggesting that structural barriers may not be fully
addressed through capacity-building alone. And the twelve-month
timeframe makes it difficult to assess whether the observed social cap-
ital gains will hold beyond the project's active facilitation. Finally, the
authors' dual role as both practitioners and researchers in this project
introduces interpretive constraints that standard peer review cannot
fully eliminate; findings should be read with this in mind, and future
independent replications of this framework would be particularly
valuable for validating the causal claims advanced here.

Future research should undertake longitudinal analyses to assess the
medium- and long-term financial and environmental performance of
NbS-aligned instruments, as well as comparative studies across terri-
tories and Global South countries to identify replicable patterns and
critical contextual conditions. Additionally, further work is needed to
develop standardized metrics for measuring organizational social capi-
tal and to examine its causal relationship with financial, climate, and
biodiversity outcomes.

5. Conclusions

Building on these findings, the study advances three contributions to
NbS, sustainable finance, and environmental governance scholarship.
The first contribution is theoretical. By reconceptualizing bonding,
bridging, and linking social capital as organizational capabilities
embedded within financial institutions, this research demonstrates how
internal coordination, peer validation, and structured engagement with
climate finance actors mediate the operationalization of NbS principles.
This reframing repositions social capital as a dynamic mechanism of
institutional change and financial innovation, capable of overcoming
static institutional attributes.

The second contribution is methodological. Project-Based Learning
(PBL) is operationalized not merely as a training approach but also as an
analytical lens for observing institutional transformation in real time.
The co-design of financial instruments and iterative validation processes
generated empirical evidence of how knowledge acquisition, trust-
building, and coordination evolved simultaneously, offering a repli-
cable framework for studying socio-technical change in NbS finance.

The third contribution is empirical and directly policy-relevant. By
systematizing evidence on nine NbS-aligned financial instruments and
112 validated activities across Colombian rural territories, this study
advances a granular characterization of financial intermediation dy-
namics within Global South contexts. Critically, this evidence base
informed the formulation of Colombia’s first national policy framework
on the subject—the National Strategy for Nature-based Solutions (NbS)
issued by Colombia's National Planning Department in March 2026 [88,
89], thereby exemplifying a robust process of evidence-based public
policy design. This research-to-policy translation constitutes a substan-
tive contribution, demonstrating the instrumental role of empirically
grounded, territorially embedded analysis in shaping coherent and
actionable policy architectures. Beyond the Colombian case, the study
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offers a transferable analytical and methodological framework for
designing evidence-based NbS policies under conditions of institutional
heterogeneity and fragility. The findings reinforce that scaling NbS
finance is contingent not solely upon regulatory alignment and capital
mobilization, but on sustained investments in institutional capabilities
and multi-scalar relational governance. Accordingly, multilateral
climate finance institutions and national development banks should
incorporate structured peer-learning architectures that leverage insti-
tutional diversity to catalyze bridging social capital, while simulta-
neously strengthening linking social capital through formalized
engagement mechanisms that embed rural financial actors within
transnational climate finance ecosystems.
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