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Abstract
Women farmers frequently manage crop production, household food provision, seed selection,
postharvest activities, livestock, natural resources, and other livelihood responsibilities while facing
unequal access to formal extension, land, finance, technologies, climate information, and producer
organizations. Under increasingly variable climatic conditions, adaptive capacity therefore depends not
only on the availability of agricultural information but also on the networks through which women
obtain, interpret, test, exchange, and apply knowledge. This study develops a methodological framework
for examining women farmers' knowledge networks as an adaptive-capacity resource. Because
authenticated social-network surveys, climate-service records, and farm-level adaptation data were not
supplied, the quantitative component is explicitly simulation based. A synthetic population of 200
women farmers is modeled across four knowledge-network conditions ranging from fragmented
information access to diversified networks combining peer relationships, women-led groups, extension
bridges, climate information, and market or input connections. A Women Farmers' Adaptive Knowledge
Network Index is developed from network diversity, trusted peer ties, bridging connections, knowledge
reciprocity, climate-information accessibility, and decision influence.

A complementary Adaptive Capacity Score evaluates climate-information use, experimentation
and practice learning, resource coordination, and decision confidence. Simulated results indicate a
progressive increase in mean adaptive-capacity performance from 47.5 under fragmented access to 88.0
under diversified adaptive knowledge networks. The study emphasizes that network size alone does not
guarantee adaptation. Dense peer networks can circulate trusted knowledge while remaining
disconnected from improved seed, technical expertise, climate forecasts, credit, or institutional support.
Effective knowledge systems therefore require both strong bonding relationships and bridging
connections to external resources. The proposed framework positions women farmers not as passive
recipients of extension advice but as knowledge producers, evaluators, and intermediaries whose
adaptive capacity can be strengthened when informal and formal knowledge systems are intentionally
connected.

Keywords: women farmers, knowledge networks, adaptive capacity, climate adaptation, agricultural
extension, social learning, gender-responsive climate services, farmer groups
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1. Introduction

Agricultural adaptation depends fundamentally on knowledge: knowledge of changing rainfall, crop
performance, soil conditions, pest pressure, water availability, seed characteristics, market conditions,
and the consequences of previous farming decisions. Yet agricultural knowledge is not distributed
evenly within rural communities. Women farmers may possess extensive experiential knowledge
derived from crop management, household food production, seed selection, natural-resource use, and
repeated observation of local environmental change while simultaneously experiencing weaker access to
formal extension, specialist advisers, improved inputs, and institutional decision-making spaces.
Research from rural agricultural settings demonstrates that gender, socioeconomic position, and
geographic location can shape both access to agricultural knowledge and the relevance of the
information received.

Social networks provide one mechanism through which these information gaps may be reduced.
Farmers rarely make agricultural decisions on the basis of formal extension alone. They consult
neighbors, relatives, producer groups, traders, seed suppliers, community leaders, experienced farmers,
and other trusted actors. Evidence from Ethiopia shows that gendered social networks are associated
with agricultural learning, innovation adoption, and farm performance, while frequent interaction,
kinship, group membership, and reciprocal relationships can influence the formation of agricultural
information links. Importantly, the relationship between network size and innovation is not necessarily
linear, suggesting that the quality and composition of a network may matter as much as the number of
contacts it contains.

Women farmers' networks can nevertheless differ systematically from those available to men.
Research on seed systems in East Africa found that women were comparatively well connected through
direct farmer-to-farmer networks but had fewer connections to experts and formal farmer organizations
in several study contexts. The same research found that men's networks were more likely to provide
access to improved seed varieties, illustrating a potential distinction between dense local connectivity
and access to externally sourced adaptation resources. Gender-responsive climate-services research
similarly shows that women's use of climate information can be constrained by access to communication
technologies, participation in group processes, workload, social norms, and control over productive
resources.

Knowledge access alone is therefore insufficient. Women may receive agricultural information
but remain unable to implement it because they lack land-use authority, labor, finance, irrigation access,
seeds, equipment, or decision-making influence. Research on women's self-help groups in India found
improvements in information access and participation in selected agricultural decisions, but more limited
effects on actual agricultural practices where structural constraints remained. Intra-household research
from rural Kenya likewise demonstrates that men and women may differ in climate-information needs,
trust in information channels, resource access, and participation in group-based adaptation. These
findings imply that adaptive capacity depends on whether knowledge can be converted into action rather
than merely transmitted.

The present study therefore conceptualizes women farmers' knowledge networks as adaptive
infrastructure. The study distinguishes bonding networks that provide trust and repeated peer exchange
from bridging networks that connect women to extension, climate services, improved seed, markets,

AJAMIR Volume 7, Issue 1, January-February 2026 74




American Journal of Advanced Multidisciplinary
Innovation and Research (AJAMIR)

E-ISSN: XXXX-XXXX e Website: www.ajamir.com e Email: editor@ajamir.com

finance, and specialist expertise. It further recognizes women themselves as sources of agricultural
knowledge rather than only recipients. A Women Farmers' Adaptive Knowledge Network Index is
proposed and evaluated through a transparent simulation. Since no real network or farm dataset was
supplied, all quantitative findings are synthetic and are intended to demonstrate a reproducible
methodological framework for subsequent empirical validation.

2. Objectives of the Study

2.1 To Develop a Multidimensional Women Farmers' Knowledge Network Framework

The first objective is to develop a framework capable of distinguishing different forms of agricultural
connectivity. A farmer may have many trusted neighbors yet limited contact with extension agents,
climate-service providers, seed specialists, buyers, or financial organizations. Another farmer may
receive formal information but lack trusted peer relationships through which unfamiliar
recommendations can be interpreted and evaluated. Both situations represent incomplete knowledge
systems.

The proposed framework therefore includes network diversity, bonding ties, bridging ties,
reciprocity, accessibility of climate information, and influence over agricultural decisions. The model
treats these elements as complementary. Strong local relationships can provide trust and experiential
validation, while bridging ties expand the range of technologies, forecasts, resources, and opportunities
accessible to women farmers.

2.2 To Examine How Knowledge Networks Contribute to Adaptive Capacity

The second objective is to connect network characteristics with practical dimensions of climate
adaptation. Adaptive capacity is conceptualized as the ability to obtain relevant information, interpret
changing conditions, test or adopt appropriate responses, mobilize resources, and revise decisions as
climatic and livelihood circumstances evolve.

Accordingly, the analysis considers climate-information access, practice experimentation,
resource coordination, and decision confidence. A knowledge network is therefore considered stronger
when it helps women make and implement agricultural decisions rather than merely increasing the
volume of information they receive.

2.3 To ldentify Gender-Responsive Network Conditions for Agricultural Support
The third objective is to evaluate which network arrangements may strengthen the effectiveness of
agricultural extension and climate services for women. Formal programs frequently attempt to reach
farmers directly, but evidence suggests that women may have uneven access to these channels because
of time poverty, social norms, communication formats, asset requirements, and institutional practices.
The study consequently evaluates an integrated architecture in which women's groups and peer
networks remain central but are intentionally linked with formal information and resources. The
objective is not to replace public extension with informal networks. Rather, it is to identify how formal
and informal knowledge systems can reinforce one another while retaining women's agency within
agricultural decision making.

AJAMIR Volume 7, Issue 1, January-February 2026 75




American Journal of Advanced Multidisciplinary
Innovation and Research (AJAMIR)

E-ISSN: XXXX-XXXX e Website: www.ajamir.com e Email: editor@ajamir.com

3. Review of Literature

3.1 Gendered Agricultural Knowledge Networks and Social Learning

Agricultural knowledge moves through social relationships as well as formal institutions. Farmers
observe the performance of neighboring fields, discuss agricultural practices with relatives and friends,
exchange planting material, and interpret new technologies through the experiences of people they trust.
Mekonnen, Gerber, and Matz found a positive association between social networks and agricultural
innovation and vyields in Ethiopia. Their results also showed gender-related differences in social
learning, indicating that agricultural information programs need to identify which networks are relevant
rather than assuming that information circulates uniformly throughout a community.

Women-led agricultural groups can amplify this social-learning process. Rukmani and
colleagues' study of women farmers in India found that women's groups supported the diffusion of
nutrition-sensitive mixed-cropping practices when group-based learning was combined with context-
specific technical guidance. Raghunathan, Kannan, and Quisumbing likewise found that participation in
women's self-help groups was associated with improved access to agricultural information and greater
participation in some farm decisions, although constraints outside the information system limited
translation into broader agricultural outcomes. These findings suggest that networks can facilitate
knowledge diffusion while their practical impact remains conditional on resources and authority.

3.2 Climate Information, Gender, and Bridging Connections

Climate-responsive agriculture requires access not only to experiential knowledge but also to
information concerning seasonal forecasts, changing climate risks, improved technologies, pest
outbreaks, and suitable varieties. Gender-responsive climate-services research shows that women can
experience lower access because of unequal control over communication technologies, different
information needs, restricted participation in formal groups, and institutional delivery methods that fail
to account for women's daily responsibilities. Gumucio and colleagues therefore emphasize the
importance of women's groups and locally appropriate communication channels within climate-service
design.

Nyantakyi-Frimpong's research on climate-information flows in northern Ghana demonstrates
that knowledge access is shaped by gender, household position, time constraints, social expectations,
literacy, and the form in which technical information is communicated. Jost and colleagues similarly
found that women in smallholder communities could be less able to adapt because of financial and
resource constraints, unequal access to information, and the additional labor demands associated with
some climate-smart practices. These findings indicate that bridging links to technical information are
essential but must be designed around the social realities within which women interpret and act upon
information.

3.3 Network Diversity, Seed Exchange, and Adaptive Resources
Seed systems provide an especially clear example of the relationship between network structure and
climate adaptation. Crop diversity and access to locally suitable varieties can provide options when
rainfall, temperature, or growing-season conditions change. Yet access to such diversity depends partly
on how farmers are connected to informal and formal seed systems.
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Otieno and colleagues found that women across several East African contexts were relatively well
connected in farmer-to-farmer seed networks while having fewer links to experts and formal groups than
men. The authors also found that men's networks were more likely to exchange improved varieties. This
result does not imply that informal women's networks are ineffective. Rather, it highlights the
importance of connecting strong local ties with wider seed, research, and extension systems.

Ngigi, Mueller, and Birner further show that group-based approaches can produce different
adaptation benefits for men and women because climate risks, responsibilities, information needs, and
resource control differ within households. The literature therefore supports a network-diversity
perspective: adaptive capacity is likely to be strongest where women possess trusted peer relationships,
access to multiple external knowledge sources, channels for resource mobilization, and sufficient
decision authority to act upon the information that reaches them.

4. Research Methodology

4.1 Research Design and Synthetic Network Environment

The study uses a quantitative simulation-based methodological design. No real social-network
interviews, agricultural extension records, household decision surveys, climate-service usage histories,
or farm-level adaptation outcomes were provided. Consequently, the analysis does not represent a
completed empirical investigation of any identifiable community.

A synthetic population of 200 women farmers is generated across four knowledge-network
conditions: fragmented access, peer-based networks, peer networks with formal extension bridges, and
diversified adaptive knowledge networks. Each synthetic farmer is assigned measures representing
network composition, information exchange, access to climate knowledge, resource mobilization, and
influence over farming decisions.

The framework treats women farmers as heterogeneous. Network value may vary according to
farm size, crop responsibilities, household decision structures, market orientation, location, access to
technology, and environmental conditions. An empirical implementation should therefore avoid treating
"women farmers" as one undifferentiated analytical category.

Table 1: Components of the Women Farmers' Adaptive Knowledge Network Framework

Proposed Evidence

Network . . . .. . .
. . Representative Indicator in an Empirical Adaptive Function
Dimension
Study
Presence of peers, extension
Network workers, input actors, traders, | Social-network roster | Expands variety of
diversity groups, climate-information | and interaction survey | available knowledge

sources

Number and frequency of Supports
Trusted peer . q y Network frequency PP
reliable farmer-to-farmer

) interpretation and
ties and trust measures .
exchanges experiential
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Proposed Evidence

connections

and neighborhood networks

market or NGO
connections

Network . . . .. . .
. . Representative Indicator in an Empirical Adaptive Function
Dimension
Study
validation
Extension, producer Provides access to
Bridging Links beyond close family groups, research, new technologies

and external
resources

Frequency with which

Recognizes women

marketing decisions

survey

Knowledge women both receive and Directed information- ;
. . . . . as active knowledge
reciprocity provide agricultural flow mapping
. i producers
information
. Access, understanding,
Climate- o . . : -
. . timeliness, and perceived Climate-service Supports anticipatory
information .
- relevance of weather or survey farm decisions
accessibility . . .
climate information
Decision Ability to apply information | Intra-household and | Converts information
influence to crop, input, seed, labor, or farm-management into adaptation

action

Source: Author-developed methodological framework synthesized from gendered agricultural network
and climate-service research.

4.2 Women Farmers’ Adaptive Knowledge Network Index

The proposed Women Farmers' Adaptive Knowledge Network Index (WAKNI) integrates six
normalized dimensions:

[ WAKNI_i=w_dD_i+w_pP_i+w_bB_i+w_rR_i+w_cC_i+w_il_i]

where:

e (D_i) = network diversity;

(P_i) = trusted peer-network strength;

(B_i) = bridging connections;

(R_i) = knowledge reciprocity;

(C_i) = climate-information accessibility;

e (l_i) =decision influence.

For the baseline simulation:

[w_d=w_p=w_b=w_r=w_c=w_i=\frac{1}{6} ]

and:

[ \sum_{j=1}{6}w_j=1]
AJAMIR
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The resulting WAKNI ranges from 0 to 1. Higher scores indicate that women are embedded within
knowledge systems containing both strong local relationships and meaningful access to external
information and institutions.

Equal weights are used for methodological transparency rather than as an empirical claim that
every dimension contributes identically to adaptation. A future study could estimate weights using factor
analysis, structural-equation modeling, longitudinal prediction, or participatory weighting with women
farmers.

4.3 Adaptive Capacity Score and Analytical Procedure

The Adaptive Capacity Score (ACS) evaluates four dimensions: climate-information access and
interpretation, practice learning and experimentation, resource coordination, and decision confidence.
Each dimension is scored on a 0-100 scale before being combined:

[ ACS i=\frac{CI_i+PL_i+RC_i+DC_i}{4}1]

where:

e (CL.i) = climate-information performance;

e (PL_i) = practice-learning performance;

e (RC_i) = resource-coordination capacity;

« (DC._i) = decision confidence.

The simulation progressively introduces peer learning, extension bridges, diversified information
sources, and stronger decision influence. Random variation is retained to represent differences in
household resources, environmental conditions, implementation barriers, and individual experience.

The framework does not assume that information automatically generates adaptation. A woman
farmer may receive accurate seasonal advice but remain unable to modify planting because land
decisions, seed purchase, labor allocation, or irrigation are controlled elsewhere. Decision influence is
therefore incorporated within both the network framework and the interpretation of adaptive capacity.

5. Analysis

5.1 Adaptive Capacity Under Different Knowledge-Network Conditions

The synthetic results indicate that fragmented information access produces the weakest overall adaptive-
capacity performance. Farmers in this condition rely on a narrow number of contacts, obtain climate
information inconsistently, and possess few bridges connecting local knowledge with extension,
improved seed, finance, or other external resources.

Peer-based networks produce substantial improvement. Regular interaction with trusted women
farmers increases opportunities to compare crop performance, discuss rainfall conditions, exchange
labor or seed information, and evaluate whether unfamiliar practices have performed successfully under
similar local conditions. This supports the argument that bonding relationships create an important
foundation for agricultural learning.

The largest simulated gains occur when trusted peer networks are supplemented by bridging
connections. Women can retain locally grounded information while gaining access to extension
knowledge, formal climate information, improved technologies, and wider institutional resources.
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5.2 Comparative Network and Adaptive-Capacity Performance

Table 2: Simulated Knowledge-Network Conditions and Women Farmers' Adaptive Capacity

Knowledge-
Network
Condition

Mean
WAKNI

Climate
Information

Practice
Learning

Resource
Coordination

Decision
Confidence

Mean
ACS

Fragmented
access

0.27

43

52

46

49

47.5

Peer-based
network

0.48

61

69

63

66

64.8

Peer +
extension
bridges

0.71

78

81

74

80

78.2

Diversified
adaptive
knowledge
network

0.89

89

88

85

90

88.0

Note: All values are simulated and do not represent observations from an actual population of women

farmers.

The peer-based condition records a 17.3-point increase over fragmented access, demonstrating
the potential value of trusted farmer-to-farmer learning. The addition of extension and institutional
bridges generates another substantial increase because women gain access to technical knowledge and
resources unavailable within purely local networks.

The final category performs best because it does not depend on one information channel.
Farmers can compare formal forecasts with local environmental observations, verify new practices
through peers, obtain specialist advice, and connect information with markets or resources required for

implementation.
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5.3 Network Diversification and Adaptive-Capacity Components

Graph 1: Simulated Adaptive-Capacity Gains Across Women Farmers' Knowledge Networks
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The graph shows progressive improvement across all four adaptive-capacity dimensions. Climate-
information access rises most strongly as external bridges are introduced, increasing from 43 under
fragmented access to 89 in the diversified-network condition.

Practice learning performs comparatively well even in peer-based networks, reaching 69 before
extensive formal bridging occurs. This result reflects the strength of farmer-to-farmer experiential
exchange.

Resource coordination remains the lowest of the four dimensions in every network condition.
This is analytically important because networks may circulate knowledge more easily than they change
ownership of land, access to credit, irrigation, labor, or other material resources.Decision confidence
reaches the highest final value at 90, reflecting the modeled benefit of triangulating information across
several trusted and technically credible sources.

Key Finding: The simulation indicates that adaptive capacity depends less on the absolute number of
contacts than on whether women farmers' networks combine trust, diversity, reciprocity, external
bridges, and practical decision authority.

6. Discussion

6.1 Strong Peer Networks Are Necessary but Not Always Sufficient

The first implication is that women farmers' informal knowledge networks should be recognized as
important agricultural institutions in their own right. Women frequently learn through observation,
repeated interaction, seed exchange, household relationships, self-help groups, and neighboring farmers.
Evidence from agricultural innovation research confirms that women's social networks can influence
learning and adoption.
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However, the evidence also cautions against assuming that dense peer networks automatically provide
every resource required for climate adaptation. Otieno and colleagues found that women's farmer-to-
farmer networks could be strong while access to experts, farmer organizations, and improved seed
remained weaker. A network may therefore be socially cohesive but informationally constrained if most
participants possess access to similar knowledge.

This distinction between bonding and bridging relationships has practical relevance. Agricultural
programs should strengthen rather than bypass existing women's networks while simultaneously creating
reliable connections with extension, climate services, research, input systems, markets, and finance.

6.2 Knowledge Must Be Convertible Into Agricultural Decisions

The second implication concerns the difference between information access and adaptive capacity.
Programs frequently measure success through training attendance, messages delivered, or number of
participants reached. These indicators reveal dissemination but not whether recipients can change farm
decisions.

Raghunathan and colleagues found that women's self-help groups improved information access
and selected decision outcomes but produced more limited changes in agricultural practices when
financial, social, and domestic constraints remained. Ngigi and colleagues similarly demonstrated that
adaptation strategies are shaped by intra-household roles, access to resources, information needs, and
decision structures.

Consequently, a climate-adaptation knowledge program should ask at least two questions: Did
women receive relevant information? and Did they possess the authority and resources required to act on
it? A network approach is valuable precisely because it can integrate information with resource
coordination, peer support, collective problem solving, and stronger voice in agricultural institutions.

6.3 Designing Gender-Responsive Adaptive Knowledge Systems

The third implication is that gender-responsive extension should be designed around actual information
pathways rather than institutional assumptions regarding how agricultural knowledge ought to travel.
Climate-service research demonstrates that communication channels, technologies, literacy, workload,
social norms, and household relationships can influence whether women receive and trust information.

Extension agencies can therefore identify respected women farmers, women's organizations,
producer groups, community facilitators, and other network nodes capable of serving as bridges between
formal services and peer networks. However, this strategy should avoid placing unpaid dissemination
burdens on a small number of women. Network intermediaries require appropriate training, recognition,
support, and mechanisms for communicating local feedback back to institutions.

Digital tools can supplement these relationships but should not automatically replace
interpersonal networks. Mobile messages may provide rapid weather information, while group
discussion helps farmers interpret what that forecast means for a specific crop, soil, or household
situation. A resilient knowledge system is consequently likely to be hybrid: digital where speed and
scale are useful, interpersonal where trust and interpretation matter, and institutional where specialist
knowledge and resources are required.
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7. Conclusion

Women farmers' adaptive capacity is shaped by more than individual knowledge or personal willingness
to respond to climate variability. Agricultural adaptation occurs within networks through which
information, experience, seed, labor, technologies, forecasts, and institutional connections are
exchanged. The quality of those networks influences whether women can identify appropriate responses
and whether information can be translated into practical decisions.

The Women Farmers' Adaptive Knowledge Network Index proposed in this study integrates
network diversity, trusted peer ties, bridging connections, reciprocity, climate-information accessibility,
and decision influence. The synthetic analysis shows mean Adaptive Capacity Scores increasing from
47.5 under fragmented information access to 64.8 within peer-based networks, 78.2 when extension
bridges are introduced, and 88.0 under diversified adaptive knowledge networks. These values illustrate
the model's logic and should not be interpreted as measured real-world effects.

The findings reinforce an important distinction between connectivity and adaptive capacity.
Women farmers can possess extensive local networks while remaining disconnected from technical
expertise, improved seed, climate services, finance, and institutional authority. Conversely, formal
agricultural information can have limited practical value if it enters communities without trusted
interpretation or if women lack sufficient authority and resources to implement what they learn.
Effective adaptation therefore requires a combination of strong local relationships and outward-facing
bridges.

Future empirical research should map actual women farmers' knowledge networks using social-
network analysis, repeated farm surveys, climate-information records, adaptation diaries, and intra-
household decision measures. Longitudinal designs could assess whether network diversity predicts
faster adoption of suitable practices, greater experimentation, improved recovery after climate shocks,
wider access to seed diversity, or stronger participation in farm decisions. Research should also
distinguish women by age, marital status, wealth, land access, ethnicity, livelihood role, and other
locally relevant characteristics rather than treating women farmers as a homogeneous category.
Strengthening adaptive capacity ultimately requires knowledge systems in which women are not merely
targets of communication but recognized participants in the production, interpretation, circulation, and
governance of agricultural knowledge.
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