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Introduction: Climate variability and socio-environmental challenges are
often assessed separately, overlooking their interdependencies. This siloed
management approach may mitigate one issue while inadvertently intensifying
others. The Water, Energy, Food, and Ecosystem (WEFE) nexus approach
provides, however, a holistic framework for understanding these interconnected
systems and promoting sustainable resource management with particular
attention to gender mainstreaming and social inequality.

Methodology: This paper establishes, consequently, a baseline study for
applying the WEFE nexus transition scheme in the Matmata region, a semi-arid
area characterized by an important rural exodus, limited water resources, and
monoculture agrosystems. Using a participatory, community-driven approach,
data were collected during field surveys, face-to-face meetings, multi-
stakeholder dialogue, the Delphi method, focus group discussions, and the
nominal group technique. Qualitative data were statistically treated using inter-
rater coding. Findings highlight sociocultural barriers as a major constraint to
women’s e�ective participation in the Nexus Ecosystem Laboratory (NEL) of
Matmata. Economic dependency stemming from family agricultural unpaid work
restricts their inclusion in the decision-making process and ownership rights.
Their growing awareness of nature-based solutions and motivation to initiate
micro-projects that valorize local natural and cultural assets align with the nexus
transition schemes.

Results and discussion: Promoting institutional arrangements and enhancing
gender inclusion are pivotal for driving systemic transformation. The research
emphasizes that fostering gender equity is integral to economic sustainability.
The successful shift toward the WEFE nexus governance approach must
incorporate overlooked social dimensions and invest in community-based
strategies, expanding the nexus toolkits for a flexible and adaptive approach.
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FIGURE 2

(A) Study area localization; (B) water and soil conservation techniques; (C) troglodytes.

of 1,745 and 13,222 inhabitants, respectively, for both regions

compared to 2004 (INS, 2023).

2.2 Education

The illiteracy rate among individuals over 10 years old is

∼32.5 and 30% for Matamata and New Matamata, respectively,

with female illiteracy rates at 40 and 37.5%. The overall

activity ratio of the study area is about 31%, of which only

12.4 and 13.3% are for female activities for both Matmata

and New Matmata, respectively. The unemployment rate for

university graduates is ∼40.7%, with women facing an even

higher unemployment rate of 53.8 and 52.5% for women in New

Matamata and Matmata, respectively. Additionally, the region

recorded an average migration rate of 1,387 for 2022, of which

more than 52% were seeking employment opportunities and

improved living conditions. The emigration rate exceeds 200

persons/year, with 90% of cases related to job and vacancy searches

(CRDA, 2022).

2.3 Energy

Despite the region’s important solar radiation duration and

dominant wind currents, particularly in the mountainous area,

public photovoltaic (PV) panels or wind power stations have yet

to be implemented to support renewable energy production.

2.4 Employment

Regarding job applications, more than 61 and 64% are

submitted by women in Matmata and New Matmata regions,

respectively. Social aid is provided to 1,218 families in need within

the region.

2.5 Agriculture and livestock

As illustrated by Figure 3, the region has 1,475 ha of irrigated

public perimeters distributed among 14 private parcels with a
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FIGURE 3

Land resources classification in the study area.

total production of 5,151 tons, primarily from olive trees (Zarrazi,

Chemlali, etc.). Livestock farming is the main economic income

resource in the region, with a total count of 74,855 (CRDA, 2021).

2.6 Socio-economy

To address social conflicts related to shared resource use,

various social organizations and governmental institutions

collaborate. These include 14 associations for shared organizational

management, a vulgarization unit (a government institution at

the local level providing farmers with technical assistance and

information), and five agricultural development associations.

The region received in 2022, 20 new agricultural management

projects compared to 29 in 2021 and 10 additional interventions

planned in 2022 and 15 for 2021. However, the industrial sector

remains underdeveloped, with two investments generating 20

jobs. The planned service-sector projects expect 30 employment

opportunities. The tourism sector reveals, however, significant

potential. The total number of visitors reached 8,746 with most

visits lasting a single day. The development of this sector is closely

linked to traditional crafts and traditional products specific to the

region. Despite a considerable number of certified persons, 75% of

whom are women, only one project was assigned to the region with

limited employment opportunities (CRDA, 2022).

3 Methodology

The analytical framework for implementing the WEFE Nexus

approach in Matmata is rooted in iterative stakeholder integration

for common validation of the nexus management plan. By

promoting cross-sectoral dialogue, the framework focuses on

fostering mutual understanding and knowledge sharing, assessing

feedback dynamics and group thinking, and ensuring open,

free expression of opinion. Despite uncertainties linked to

natural system variability and context-specific challenges, the

framework encourages open expression, adaptive management,

and collective consensus-building.

3.1 Stakeholder engagement

Stakeholder engagement was facilitated via public meetings,

discussions, training sessions, and interactive workshops open

to diverse community members, men and women, both elderly

and young. These meetings served as a platform that brought
together policymakers, scientific experts, farmers, government

and non-government institutions, civil society, young investors,
academia, and students. To prioritize local concerns and challenges,
participants used a hierarchical ranking during public sessions,

voting on the proposed solutions using a 0–5 scale. This process

prioritized the most pressing concerns for the local community and
identified solutions aligned with population needs.

To gather targeted insights and deepen engagement of key
agents, multiple methods were used namely:

• Focus group discussion (FGD): This provides a structured
platform formulti stakeholder discussion. These planned face-

to-face meetings focus on gathering insights, concerns, and

solutions for a collective cross-sectoral dialogue.

• Nominal group technique (NGT): This technique is often

used to collect, evaluate, capture, and aggregate feedback

and opinions regarding a common object within predefined

spatio-temporal limits (Delbecq and Van de Ven, 1971;

De Ven and Delbecq, 1972; Anon, 1976). Generally

associated with the Delphi method, the NGT fosters the

prioritization of the individually expressed opinions and

the identification of innovative ideas, synthesizing different

contributions in order of relevance. It addresses issues
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related to the sustainable development of the Matmata

region and the key factors influencing a successful WEFE

transition scheme.

• Delphi method: the interactive method involves multiple

surveys to gather stakeholders’ opinions and perceptions

regarding WEFE management approach challenges,

potential transition scheme, and prioritized actions. It is
a structured process appropriate for addressing complex

issues (Hugé et al., 2009) and is widely used in governance,

sustainable development, and environmental studies
(Grisham, 2009; Boulkedid et al., 2011; Rikkonen et al., 2006).

This method focuses on organizing multiple stakeholder

groups geographically dispersed into collective feedback
assessment mechanisms (Grisham, 2009; Boulkedid et al.,

2011; Rikkonen et al., 2006) to provide a common agreement
of evidence related to the decision-making process.

• Field survey: to ensure a participatory approach and

strengthen collaboration among different stakeholders in the

nexus management plan, a field survey was conducted among

the local population. The main objective is to assess the

individual perceptions of the WEFE nexus approach, the

nexus transition scheme, nexus-ness project activities, and

the feasibility of the proposed solutions discussed in previous

meetings and open discussions. Furthermore, the survey

aimed to outline key needs for the Tunisian NEL, focusing

on the social inclusion of different social groups, particularly

women, who are underrepresented in participatory sessions

(participation between 18 and 33%). The survey sought

to evaluate their motivation, identify main barriers and

constraints to their effective participation and highlight their

perspectives on enhancing their integration in governance

and management processes. Structured in three different

sections, the questionnaire captured unobservable behaviors,

perceptions, and attitudes beyond those typically expressed

and revealed during public discussions, offering a confidential

platform for individual responses. This methodology reduced

non-response bias, social desirability bias, and interest

bias, providing, consequently, a deeper understanding of

community dynamics. Findings showed that the tailored

engagement process strengthened the participation and the

motivation of both men and women.

3.2 Data analysis

The collected data from field surveys, stakeholder dialogue,
and public discussions were assessed via SPSS software to
outline significant statistical correlations between key variables. A

historical classification of challenges and potential solutions was

created using the free Heatmapper platform, providing insightful

information about the community-driven forces, constraints, and

solutions. To ensure methodology consistency and data reliability,

qualitative findings were analyzed via integrated coding, a validated

approach for standardizing data. The trustworthiness of the results

reinforced the validity of the proposed management plan to align

with community goals and needs.

4 Results and discussions

4.1 WEFE nexus transition scheme

In the Matmata region, NEL stakeholders were identified,

engaged, and trained on the water, energy, food, and ecosystem

(WEFE) approach to develop initiatives and establish a cooperative

framework for the nexus management. Stakeholders classified

pressing challenges for the WEFE nexus that required short-term

interventions. This list of prioritized actions, however, differed

from the priorities identified during training sessions and open

meetings with governmental institutions and non-governmental

organizations. Participants identified water availability and quality

as the primary challenge. The use of unsuitable water for irrigation,

particularly with high salinity and alkalinity, was reported to

threaten sustainable food productivity and soil fertility. The

maintenance of ecosystem services and the local plant cover

was noted as a secondary concern. Stakeholders emphasized

diversifying income sources and moving away from monoculture

agrosystems. Nature-based solutions, including the valuation of

the local biological resources, salt-tolerant plants, and drought-

resistant crops, were highlighted as necessary. Small-scale projects

based on these solutions (dairy industry, poultry, local ecological

farm, etc.) were supported by women enabling economic income

(Figure 4).

Participants identified effective coordination, cooperation,

and a participatory approach as essential for implementing the

WEFE nexus transition scheme. Female stakeholders, furthermore,

stressed the necessity of gender-sensitive alternatives. Key elements

for securing WEFE nexus transition, according to participants,

included social integration, gender equity issues, institutional

arrangements, and funding resources, with 42, 17, 17, 8, and 16%,

respectively. Consequently, they identified the main challenges for

the nexus management plan in the region as social influence,

governance, and regulatory frameworks. Traditional ancestral

techniques commonly used have proven effective in mitigating

climate variability and increasing drought frequency. Indigenous

knowledge was emphasized as a key element in a sustainable

valuation of the NEL’s natural resources.

4.2 Gender-sensitive management

The agriculture sector in the region is male-dominated.

Gender dynamics and participation are underestimated in fostering

agricultural development and natural resource management.

Women, despite owning the cultivated parcels, are excluded

from decision-making and have limited access to distribution

and marketing activities. Surveys further revealed that lack

of coordination among local actors amplifies allocation issues

and social conflicts. The male-dominated governance, therefore,

excludes differing perspectives on gender dynamics.

Survey results indicate that 25% of participants believed that

women were not effectively integrated into social and economic

activities, while 75% noted the significant female participation

in different sectors, primarily as workers (58%). Additionally, 17

and 9% of respondents highlighted limited property rights and
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participation in decision-making, while 16% noted challenges in

differentiating between women’s roles in social and economic

activities, though contributions despite a lack of recognition.

These findings align with the national statistics, confirming

women bear the majority of family socio-economic responsibilities.

Women in the Tunisian Nel are facing long working hours in

agriculture, often exceeding the national average, without financial

compensation. Despite holding land titles, women are deprived of

the right to rent or sell land. Financial control and decisions are

exclusively attributed to men.

The survey revealed, additionally, differing priorities between

men and women. Women confirm that family-agriculture work is

a source of gender-based violence, leading them to seek alternative

ways to develop their own micro-project based primarily on

nature-based solutions (NBS) and the valuation of ecosystem

services within the local context. Women’s prioritized activities

are, consequently, related to plant cover and troglodyte valuation

and tourism development. Men favored agricultural interventions.

Female participants expressed the need for independent projects.

Besides the lack of gender-sensitive governance and a regulatory

FIGURE 4

Assessment of feedback for the proposed alternatives.

FIGURE 5

Distribution of the relevance of the proposed alternatives according to field survey.
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context to foster these initiatives, women cite a lack of funding and

technological support. The lack of appropriate infrastructure and

unfavorable cost-benefit balance for some activities or small-scale

projects dampens, however, women’s enthusiasm for economic

integration. Effective integration of women requires addressing

obstacles in launching projects, limited access to technology, and

poor communication with institutions. Although some women-

led projects have gained national recognition, sustaining these

initiatives remains a challenge.

The statistical treatment (Principal Components Analysis PCA

and Hierarchical Cluster Classification HCA) of the data obtained

from the field survey, along with the distribution of the project’s

main activities, revealed two distinct groups corresponding to the

activity priorities of men and women. For female participants, the

key management measures focused on the valuation of plant cover

and troglodyte heritage, as well as the development of the tourism

sector. As one participant affirmed: “I want to break away from

family farming: hard work with no recognition and continuous

FIGURE 6

HCA assessment of the relevance of the proposed alternatives.

FIGURE 7

Distribution of (A) drivers and (B) constraints of women integration in the region.
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financial struggles. The only solution is to work far from home, no

matter the job.”

In contrast, male-preferred activities were related to integrated

interventions in the agriculture sector (Figures 5, 6). Gender

assumptions in the study area, particularly regarding the lack

of financial and technological support for women’s initiatives,

limit opportunities for women to implement independent

projects. As confirmed by another participant, “We strive to

balance our work and family responsibilities, which requires

having our own projects. Indeed, each of us has ideas and strong

motivation to pursue them, but the lack of funding resources

represents a huge barrier.” Enhancing women’s meaningful

leadership and ownership within the local context opens new

avenues for empowering them as independent stakeholders

while also improving their access to funding opportunities. The

development of gender-focused initiatives—especially considering

the capacity of women involved in the Nexus Ecosystem Living

Laboratories (NEL) to adapt and their enriched knowledge

FIGURE 8

Statistical analysis of the drivers of women integration in the region.

FIGURE 9

Heatmap of the gender-sensitive assessment of the proposed WEFE management activities.
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in farming and tourism sectors—creates opportunities for

gender-based entrepreneurship.

This, in turn, increases the chances of integrating women

into the decision-making process as independent stakeholders, a

much-needed step, particularly in the agriculture sector (Figure 5).

However, according to participants, women’s integration into

the agricultural sector and fieldwork remains challenging.

Key obstacles include difficulties in launching independent

female-led projects, limited access to technology, and restricted

communication with both governmental and non-governmental

institutions. Although some small-scale projects led by women

have received national recognition, ensuring the sustainable

management of these pilot initiatives remains problematic

(Figures 5, 6).

4.3 Women’s integration: driving forces and
constraints

Women, who are affected disproportionately more than men

by resource scarcity, have raised concerns about a thorough

understanding of the transition measures toward the WEFE

approach. This requires, consequently, an in-depth evaluation

of gender inequality within the transition scheme regarding

women’s opportunities, rights, and responsibilities. Indeed,

achieving a climate-resilient system requires understanding

gender-specific capacities and addressing inequalities of proven

decision-making and leadership (Figure 7). Field surveys and

stakeholder discussions identified key factors influencing women’s

participation. Education was a major factor driving change and

women’s enthusiasm to develop independent projects (Figure 7A),

especially for youth seeking alternatives to traditional roles. The

diversification of economic sources and the emerging health issues,

namely the COVID-19 pandemic, have raised concern about

the financial autonomy of women pushing for improving the

livelihood, ensuring access to innovative solutions and valorizing

women’s initiatives. “After the COVID pandemic, we have no

choice but to work. Simply, we don’t have enough money to

survive,” one participant affirmed.

Constraints included lack of infrastructure, restrictive

institutional arrangements (Figure 7B) and socio-cultural norms

that limit women’s mobility and access to resources. Stakeholders

noted, additionally, the need for gender-blind selection and

cooperation across stakeholders to ensure equitable opportunity

distribution. The participants emphasize the gender biases related

to resource management and access.

Statistical analysis indicated that education and innovation

accounted for 35% of the distribution. Women showed limited

interest in agricultural land development due to unpaid work

of women, labor intensity, and socio-economic constraints. An

increasing attention is, however attributed in concordance with

previous results, to the opportunities of tourism development

and new small projects development enhancing, consequently, the

financial autonomy of women and the independence for leadership

opportunities “I want to enhance my troglodyte house as I still live

in it and I wish to improve some structures; however, the lengthy

and complex procedures with the lack of funding resources inhibit

me from moving forward,” one participant said. Smart irrigation

was noted as a promising integration pathway (Figure 8).

The second component related to regulatory and political

contexts, management strategies for mitigating climate

variability, and emerging health issue impacts. It emphasizes

the increasing recognition of women’s role through institutional

reforms. Adoption of technologies such as smart irrigation

and certifications like ISO were linked to open international

marketing communication ways that may develop opportunities

for innovation and entrepreneurship (Figure 9). To successfully

develop a common vision for sustainable management of the

region, the key driving factors of gender inequality and social

inclusion are outlined. Those sociocultural factors highlight the

abilities of the local communities to adapt and to innovate the

alternatives of resilience.

5 Synthesis

The research highlights the undervaluation of women’s

participation in economic and social activities and the dynamics

of gender equality and social inclusion in management programs,

particularly in the Matmata region, a representative example of

arid and semi-arid regions of North Africa. Despite their active

roles and strong motivation to engage in innovative, often non-

agricultural micro-projects, women face systematic barriers that

limit their participation. The findings of this research highlight

that women are highly motivated to develop innovative solutions

and integrate new technologies. The study reveals that women

possess a deep reservoir of indigenous knowledge, which is

critical to preserving local heritage and enhancing community

resilience. Sociocultural constraints, limited infrastructure, and

lack of institutional support continue to impede their full

integration into independent economic activities. Addressing social

inclusion in participatory transformative programming is currently

undermined by a lack of tangible field-level implementation of clear

guidance for local communities.

Targeted policy interventions are essential, prioritizing the

institutionalization of gender-sensitive practices and ensuring

women’s representation in planning and decision-making bodies.

Enhancing legal protections, funding and technological support,

training sessions, and capacity-building programs guarantees

equal participation in economic and social activities. The

development of governance models using quantitative and

qualitative indicators of social inclusion may facilitate real-

time intervention and strategy adaptation. The potential role

of advanced technologies (smart irrigation, renewable energy,

platforms, . . . .) is acknowledged, while it remains insufficiently

developed for gender-sensitive programs. Tailored training and

financial access to these innovative alternatives require equitable

distribution of opportunities.
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