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This study evaluates the performance of a segment of the Sefidroud irrigation network in Guilan, specifically, the Langroud
Canal and ¥ C ry canals, using both quantitative and qualitative methods. Data were collected via questionnaires from
stakeholdene secondary canals, and their performance was assessed based on four key indicators: satisfaction, equity,
economic impacts, and participation. According to the Delphi method, these indicators were assigned weights of 0.25, 0.25, 0.15,
and 0.35, respectively. A K-Means clustering analysis grouped the secondary canals into three performance tiers: high, medium,
and low. The participation index consistently scored low across all clusters (median around 25) and showed no significant

correlation with other indicators. Qualitative analysis of interviews highlighted key concerns: water distribution challenges

(mentioned 8 times), user dissatisfaction (7 mentions), and low participation (6 mentions) were the most frequently cited issues. A



strong correlation between the equity and economic impacts indices (r = 0.74) emphasized the role of fair water access in
improving economic conditions. The findings point to systemic issues, such as weak participation mechanisms and inequitable
water distribution within the Langroud Canal system. To enhance the network’s social performance, the study recommends
strengthening social capital, improving infrastructure, and implementing educational programs. Overall, the research underscores
the need for an integrated approach to achieve sustainable irrigation network management.

Keywords: Irrigation Management, Stakeholder Participation, Equitable Water Distribution, Social Sustainabili
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Multidimensional Analysis of the Social Performance of a Segment of the

Sefidroud Irrigation Scheme in Guilan Province

Introduction

In the face of global climate crises and diminishing water resources, evaluating the performance of irrigation schemes

8“?00 hectares of

paddy fields in Guilan Province, yet faces challenges like infrastructure degradatiSigi i ter allocation, and

quantitative and qualitative methods to inform

10 subsidiary canals using a multidimensional approach, ra

sustainable irrigation management.

Method

This research employed a rdﬁed-methods proach @ssess the social performance of the Langarud canal, located in

the D2 subunit of t‘“’ldroud

jeation Sc which supplies water to 5,514 hectares of rice fields through 10

subsidiary canals. Dat&ver C rom 120 farmers (out of a calculated sample of 365, due to logistical constraints,
resulting in an_8.95% error) using stratified sampling to ensure representation across upstream, midstream,
and downstream regi farm sizes, and participation levels. A structured questionnaire, based on FAO (1999)
framewo d four key indicators: Farmer Satisfaction Index (FSI), Water Access Difficulty Index (WADI),
Economi‘n;t Index (EIl), and Farmer Participation Index (FPI), using a five-point Likert scale. The
questionnaire’s validity was confirmed by water engineering experts and local farmers, with a Cronbach’s alpha of
0.87 indicating high reliability. Weights for the indicators (FSI: 0.25, WADI: 0.25, EII: 0.15, FPI: 0.35) were
determined via the Delphi method. Additionally, semi-structured interviews with 15 farmers and 5 local managers were

conducted to explore barriers to participation and water access. Qualitative data were analyzed using content analysis



with open and axial coding in Python (using pandas and NLTK libraries), with themes validated by two independent
researchers. Quantitative data were processed in Python (pandas, numpy, scipy) using descriptive statistics, one-way
ANOVA, Pearson correlation, and K-Means clustering to categorize canals into high, moderate, and low performance

groups. Ethical considerations included obtaining informed consent and ensuring respondent anonymity.

Results

The analysis revealed significant disparities in social performance across the 10 subsidiary c , S16,
S17, SP18, S20, SP22G, SP22D, SP23, BP25). Upstream canals (BP14, S15, S16, S17) i ve 65
on FSI, WADI, and EII, indicating robust satisfaction, equitable water acc i r‘, likely due to
sufficient water availability. In contrast, downstream canals (SP22G, SP22D, SP2 orly (median: 18—
30), reflecting systemic inequities (Table 1, Figures 1-2). K- i sified cdhals into high, moderate
(SP18, S20), and low-performance groups, with down i ent interventions (Figure 3). Notably,
FPI performed poorly across all clusters (median = 25) an nificant correlation with other indicators (r
~ 0, Table 2), despite its high weight (0.35), suggesting de institutional barriers to participation. Qualitative

findings identified water distribution challenges (frequency = 8),Wakeholder dissatisfaction (frequency = 7), and low

participation (frequency = 6) as dominant iss i . ng correlation between WADI and EII (r = 0.74)

in indicator scores across clusters suggest pervasive systemic issues, such as

challenges. Similar?@ersion patte

inadequate training and wea 1ves, affecting the entire scheme.

Conclusions

This stud
Langarud se

mechanisms. The poor performance of FPI, despite its high importance, and its lack of correlation with other indicators

s significant social performance disparities between upstream and downstream canals in the

t of the Sefidroud Irrigation Scheme, driven by inequitable water distribution and weak participation

highlight a critical gap in institutional frameworks and trust between farmers and managers. Drawing on social capital
(Bourdieu, 1986) and water governance theories (Ostrom, 1990), the findings suggest that low social capital and

ineffective local institutions exacerbate participation and equity challenges. To enhance social performance, we



recommend: (1) strengthening social capital through participatory training programs to foster farmer engagement; (2)
revising water distribution infrastructure to address downstream inequities, as supported by Seyed Hoshiyar et al.
(2021); (3) adopting time-based water allocation strategies, as demonstrated by Zahir et al. (2024); (4) implementing
regular training for farmers and managers to enhance technical and managerial capacities (Gebeyehu, 2025); and (5)
promoting participatory governance through transparent decision-making and stakeholder collaboration (D’Agostino

et al., 2020; Megdal et al., 2017). An integrated approach prioritizing participation, equity, and satisfact ssential

for sustainable irrigation management. Future research should employ more nuanced participa etrics an@larger

samples to further explore these dynamics.
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