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7  Abstract

8  Rural water infrastructure sustainability in Sub-Saharan Africa is significantly hindered by weak

9 management and maintenance systems. This study assessed water point governance in Okola
10  Municipality, Cameroon, to identify factors affecting infrastructure sustainability and evaluate
11  maintenance practices. Using a mixed-methods approach—field observations, household surveys
12  (n = 80), and interviews across 12 villages—data were collected on 38 facilities (28 boreholes, 10
13 wells) and analyzed through descriptive statistics, Chi-square tests, and SWOT analysis. Findings
14  show that 50% of facilities were non-functional (x*> = 12.4, p < 0.01), resulting in only 26% water
15 coverage. Management structures were largely inadequate: 57% of water points lacked
16  committees, and 58% of existing committees were untrained (p < 0.05). Conflicts were common,
17  with 75% involving users and committees, and 35% related to operational issues. India Mark Il
18  pumps dominated (64%), while pump aging explained 62% of failures. Financial management was
19  also weak, as only 43% of committees kept operational accounts and none established renewal
20  funds. Overall, results indicate that current maintenance practices are insufficient to ensure
21  sustainable service delivery. Strengthening preventive maintenance, improving financial
22 transparency, and building stakeholder capacity are essential. Cost-benefit analysis suggests that
23 raising annual household contributions from 6,000 to 12,045 FCFA would significantly improve long-
24 term sustainability.

25 Keywords: Borehole maintenance, rural water supply, community management, hand pumps,
26  Sub-Saharan Africa, water governance

27  Highlights

28 e 50% of rural water points non-functional, with only 26% coverage rate, forcing

%8 communities to rely on unsafe surface water sources.

31 e 57% of water points lack management committees; 58% of existing committees untrained,
3323 revealing critical governance gaps.

34 e Financial sustainability severely compromised—no committees maintain equipment

gg renewal funds, 72% of spending allocated to reactive repairs.

37 e Doubling household contributions from 6,000 to 12,045 FCFA annually required for

gg sustainable operations and preventive maintenance.

40 e User-committee conflicts (75% prevalence) primarily driven by financial opacity, with 85%
41 of committees never publishing financial statements

42
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43 1. Introduction

44  Accessto safe drinking water is widely recognized as a fundamental human right and remains central
45  to Sustainable Development Goal 6.1, which targets universal and equitable access by 2030 (WHO
46 & UNICEF, 2023). Despite notable global progress, Sub-Saharan Africa continues to face persistent
47  disparities in water access, with rural populations being disproportionately affected (WHO &
48  UNICEF, 2025). Cameroon exemplifies these regional inequalities, as nearly 35% of rural inhabitants
49  still lack access to improved drinking water sources (WHO & UNICEF, 2023). In most rural areas,
50 hand-pumped boreholes and modern wells constitute the dominant water supply technologies;
51 however, their sustainability remains highly uncertain due to recurrent breakdowns, governance
52  weaknesses, and insufficient post-construction support (Foster et al., 2018; Mvongo& Defo, 2024).

53  Across Sub-Saharan Africa, an estimated 30-40% of rural water points become non-functional
54  within five years of installation (Foster et al., 2019), contributing to persistent service gaps and
55 heightened vulnerability to waterborne diseases. In Cameroon, recent studies have demonstrated
56 that system failures commonly stem from inadequate maintenance structures, aging infrastructure,
57 limited community participation, weak tariff systems, and insufficient technical support (Mvongo et
58 al.2022a; Mvongo et al., 2019). Recent assessments in the Mvila Division demonstrate that one out
59  of three handpumps is inoperable (32.61% non-functionality rate), resulting in approximately 1.3
60  billion FCFA (approximately 2 million USD) in immobilized investments that generate no benefits for
61 affected rural communities (Mvongo et al., 2023). Studies in Mvangan show functionality rates of
62  69% for wells and 73% for boreholes, though isolated studies across various Cameroonian councils
63  reveal that 10-60% of rural drinking water supply systems are non-functional or do not function
64  optimally (Mvongo et al., 2022b; Mvongo & Defo, 2021; Mvongo et al., 2019). This work further
65  highlights the importance of integrating socio-institutional diagnostics with technical assessments
66  to better understand the sustainability challenges affecting rural drinking water services.

67  Within this context, Community-Based Management (CBM) has long been promoted as the
68 dominant governance model for rural water supply. It emphasizes local ownership, participatory
69 decision-making, cost recovery, and the establishment of Water User Associations or Water Point
70  Management Committees (Harvey & Reed, 2007; Lockwood & Smits, 2011). Nevertheless, evidence
71  shows that CBM remains difficult to operationalize: governance capacity, preventive maintenance,
72  financial sustainability, and access to external technical support continue to determine success or
73  failure (Hutchings et al., 2015; Moriarty et al., 2013). The broader "functionality crisis" observed
74  across the sector highlights structural weaknesses, notably insufficient preventive maintenance,
75  poor financial management, and fragmented institutional responsibilities (Foster, 2013). These
76  dynamics are also reflected in findings from the Mvila Division that emphasize chronic
77 underfinancing, inadequate training of rural water committees, and the weak functionality of Water
78  Point Committees as primary barriers to sustainability (Mvongo et al., 2022a).

79  Although several studies have investigated water point performance in Cameroon (Mvongo et al.,
80 2022a, 2022b, 2022c, 2023; Ndongo et al.,, 2012a), few have provided an integrated analysis
81 combining technical, institutional, and financial dimensions. Comprehensive assessments remain
82  particularly limited in the Central Region, where rural communities experience rapid demographic
83 changes and increasing pressure on water infrastructure. Moreover, evidence-based maintenance
84  strategies incorporating cost and financial sustainability analysis are largely absent from existing
85  research.

86 The present study contributes to addressing these gaps by analyzing the management systems
87 underpinning rural water points in Okola Municipality. Specifically, it examines the distribution of
88 drinking water supply facilities, infrastructure functionality, governance performance, financial
89 resource mobilization, and conflict dynamics within local management structures. In addition, it
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90 develops an evidence-based maintenance strategy supported by cost-benefit analysis to strengthen
91 long-term service sustainability.

92  Overall, the study provides practical insights for national policymakers, development organizations,
93 and local authorities seeking to improve rural water service reliability. By integrating technical
94  diagnostics, institutional governance analysis, and financial modeling, it offers a holistic perspective
95 on the constraints affecting water point sustainability and outlines context-appropriate solutions
96 applicable to similar settings across Central Africa.

97 2. Materials and Methods

98 2.1 Study Area

99  Okola Municipality (4°04' N, 11°25' E) covers an estimated surface area of 605 km? in the Centre
100 Region of Cameroon, approximately 30 km north of Yaoundé. Administratively, the municipality
101  consists of 74 villages grouped under four second-degree chieftaincies, with a population estimated
102  atabout 65,000 inhabitants according to the most recent census projections (INS, 2017). Settlement

103  patterns are predominantly rural, characterized by dispersed households and small village clusters
104  typical of the forested southern plateau.
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106 Figure 1. Location of Okala Council

107  The municipality lies within the Guinean-equatorial climatic zone, marked by a bimodal rainfall
108 regime with two rainy seasons and two dry seasons. Annual precipitation averages 1,577 mm, while
109 mean temperatures remain relatively stable around 25°C throughout the year. These climatic
110  conditions, combined with dense hydrographic networks and deep weathered soils, favor the
111  development of productive aquifers that serve as the main water source for rural populations.
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112  Water supply systems in Okola exhibit a strong urban—rural divide. The urban centre is served by a
113  mini-adduction system abstracting surface water from the Nyong River, providing piped water to a
114  limited number of households and public facilities. In contrast, the vast majority of rural
115 communities rely almost exclusively on groundwater accessed through hand-pumped boreholes
116  and modern wells. A baseline assessment conducted in 2011 identified 17 existing drinking water
117  points, of which 12 were functional and 5 non-functional, revealing both low coverage and
118 pronounced spatial disparities across villages. This uneven distribution continues to influence water
119 access patterns and underscores the need for updated diagnostic assessments and strategic
120  planning.

121 2.2 Research Design

122  This cross-sectional study adopted a mixed-methods design integrating quantitative, qualitative,
123  and technical assessment components to provide a comprehensive understanding of rural water
124  service performance. Data collection was conducted between June and September 2024, a period
125 that captures both peak rainy-season conditions and transitional phases relevant for evaluating
126  water accessibility and infrastructure reliability. The quantitative component consisted of
127  structured household surveys designed to assess user experiences, service continuity, water
128 management practices, and system functionality. These were complemented by qualitative
129 interviews with key stakeholders—including traditional authorities, water committee members,
130 local council officials, pump mechanics, and school representatives—to explore governance
131  dynamics, maintenance arrangements, and contextual drivers of service sustainability. In parallel,
132  technical field assessments were performed on water points and associated infrastructure to
133 document operational status, design characteristics, maintenance history, and potential
134  environmental or structural risks. Together, these integrated methods provided robust triangulation
135 and enhanced the validity of the study's findings.

136 2.3 Sampling Strategy

137  The sampling strategy combined purposive village selection with systematic household sampling to
138 ensure both representativeness and analytical relevance. A total of twelve villages—corresponding
139 to 16.2% of all settlements in the municipality—were purposely selected based on three objective
140 criteria: (i) the presence of at least one functional or recently constructed modern water supply
141  system (boreholes equipped with handpumps, standpipes, or small piped schemes); (ii) a balanced
142  spatial distribution across the four second-degree chieftaincies, allowing the study to capture intra-
143  municipal variability in service performance; and (iii) year-round physical accessibility, particularly
144  during the rainy season, when several rural localities become partially isolated. This approach
145 ensured inclusion of both centrally located and peripheral villages reflecting diverse
146  hydrogeological, socio-economic, and governance contexts. The selected villages were: Legon,
147  Ntuisson, Ebanga, Beleguié, Louma, Nkolodom, Eyaga-ssi, Leubouti, Konabeng, Nkong Zock,
148 Lendom, and Essong Aboudi.

149  Within each village, households were selected using a systematic random sampling procedure to
150 obtain a representative subset of water point users. A sampling interval was computed based on
151 the estimated number of households per village, after which every k-th household was visited
152  following a randomly determined starting point. In total, 80 households were surveyed—
153  corresponding to an average of approximately seven households per village—which provided a
154  sufficiently large and spatially distributed sample for capturing variability in user experiences,
155 management practices, and functionality of water systems.

156 The sample size was determined using a conservative assumption of 50% prevalence of water
157 management challenges, a 95% confidence level, and an 11% margin of error, parameters
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158 commonly recommended for exploratory rural water governance studies in data-scarce
159 environments. This ensured adequate statistical power for estimating proportions related to
160 functionality, cost recovery, and community participation while maintaining feasibility within
161 logistical constraints.

162 2.4 Data Collection

163 Data collection relied on a multi-instrument approach designed to capture both user-level
164  experiences and institutional dimensions of water service delivery. Structured household
165 questionnaires were administered to document water access patterns, user satisfaction, breakdown
166 frequency, financial contributions, and perceived management challenges. These were
167 complemented by semi-structured interviews with Water Point Management Committees
168 (WPMCs), which provided detailed insights into governance arrangements, tariff-setting practices,
169 maintenance procedures, and committee functionality.

170 In addition, technical assessment forms were used to evaluate the physical condition, operational
171  status, and design characteristics of water points, enabling systematic documentation of
172  infrastructure performance and potential risk factors. Finally, interviews with municipal authorities
173  captured information on institutional responsibilities, availability of technical documentation (e.g.,
174  borehole logs, inspection reports), budgetary constraints, and the mechanisms—formal or
175 informal—through which maintenance support is provided to communities. This combination of
176  tools ensured triangulated, multi-scalar evidence on the factors shaping water service sustainability.

177 2.5 Operational Definitions

178  Water Point Status:

179 The operational condition of each water point was categorized using a three-tier classification
180 system to ensure consistent technical assessment across sites. A "Good" status indicated that all
181  structural and mechanical components were fully functional and exhibited no signs of significant
182  wear or deterioration. A "Poor" status referred to water points that remained operational but
183 showed notable degradation—such as reduced discharge, worn pump components, or
184  compromised structural elements—suggesting a heightened risk of imminent failure. Finally, a
185  "Broken" status was assigned to non-operational water points unable to deliver water due to
186  mechanical failure, structural collapse, or prolonged abandonment. This classification provided a
187  robust basis for evaluating infrastructure performance and prioritizing maintenance needs.

188 Coverage Rate:

189  Coverage was evaluated by comparing the number of functional water points to the population they
190 serve, using the national guideline of one functional water point per 300 inhabitants as a
191  benchmark. This indicator allowed the study to assess adequacy of service provision, identify areas
192  of undercoverage, and highlight communities where existing infrastructure does not meet
193 population demand.

194 2.6 Data Analysis

195 Quantitative data were entered, cleaned, and analyzed using SPSS version 25, following standard
196  statistical procedures to ensure accuracy and reliability. Descriptive statistics were computed to
197 summarize key variables, while Chi-square tests were applied to examine associations between
198 infrastructure performance, management factors, and user-reported challenges, using a
199  significance threshold of p < 0.05.
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200 The analysis incorporated three core indicators derived from established rural water supply
201  assessment methodologies:

202 e Water Point Need: Bp = (N/300) x 100, where N represents the population of the locality and
203 300 the recommended population per functional water point.

204 e Coverage Rate: Tc = (Npf/Bp) x 100, where Npf is the number of functional water points.
205 e Functionality Rate: Tf = (Npf/Npt) x 100, where Npt is the total number of existing water
206 points.

207 Qualitative data from stakeholder interviews were transcribed and subjected to thematic coding,
208 allowing the identification of recurrent patterns related to governance, maintenance systems, and
209 institutional support. Spatial analysis was conducted using ArcGIS 10.8, which enabled the mapping
210  of water point locations, their functionality status, and coverage disparities across the municipality.
211 This integrative analytical approach ensured robust triangulation between quantitative, qualitative,
212 and spatial evidence.

213 3. Results

214 3.1 Water Supply Infrastructure and Distribution

215  3.1.1 Water Source Typology

216  The field inventory documented a total of 38 modern water supply facilities across the twelve
217  surveyed villages, comprising 28 boreholes equipped with handpumps (73.7%) and 10 modern wells
218  (26.3%). Despite this relatively high concentration of improved water infrastructure, data from the
219  household survey revealed substantial variability in water sourcing behaviors. Notably, 50% of
220 respondents (40 out of 80) reported relying on surface water sources—including streams and
221  natural springs—either as their primary source or as a supplementary option when improved
222 facilities were inaccessible or non-functional (Table 1).

223  Table 1. Water Source Distribution and User Patterns

Water Source Type Number of Facilities Percentage Users Surveyed (n=80) Percentage
Boreholes 28 73.7% 28 35.0%
Modern wells 10 26.3% 12 15.0%
Surface water/springs - - 40 50.0%
Total 38 100% 80 100%

224

225  The continued heavy dependence on unimproved surface water sources—despite the presence of
226  modern water infrastructure—highlights persistent challenges related to functionality, reliability,
227  accessibility, and user trust. This disconnect suggests that existing facilities may experience frequent
228 breakdowns, seasonal shortages, long queuing times, or governance constraints limiting effective
229  use. Such reliance on untreated water exposes communities to heightened risks of waterborne
230 diseases, underscoring the need for improved maintenance systems, strengthened local
231  governance, and targeted investments to enhance the sustainability and performance of rural water
232 services.
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3.1.2 Water Point Functionality Assessment

Classification of water points by operational status revealed major infrastructure performance
constraints across the study area. Of the 38 water points assessed during the field inventory (figure
2).

® Broken (non-functional)
® Good condition

Poor condition

Figure 2. Classification of water points by operational status

This distribution indicates that half of all facilities were completely non-operational, demonstrating
a severe decline in service reliability. A Chi-square test confirmed a statistically significant deviation
from an expected equal distribution (x* = 12.4, df = 2, p < 0.01), with the number of broken facilities
significantly higher than those in good or poor condition.

Table 2. Water Point Functionality by Infrastructure Type

Status Boreholes (n=28) Wells (n=10) Total (n=38) Percentage
Good 11 3 14 36.8%

Poor 3 2 5 13.2%
Broken 14 5 19 50.0%
Functionality Rate 50.0% 50.0% 50.0% -

When disaggregated by infrastructure type, results reveal that both boreholes and modern wells
exhibited identical functionality rates of 50%, suggesting that performance issues transcend
technology choice. Chi-square analysis (x* = 0.18, p = 0.91) confirmed no statistically significant
difference between the two technologies. This pattern points to system-wide constraints, likely
rooted in maintenance gaps, weak governance structures, limited spare-part availability, and
inadequate financial mechanisms rather than deficiencies inherent to specific water supply
technologies. These findings align with evidence from the Mvila Division, where 46% of handpumps
are in good condition, 12% require repairs, and 31% need reconstruction, with similar patterns
observed across both boreholes and wells (Mvongo et al., 2022a).

These findings underscore the urgent need for institutional strengthening, preventive maintenance,
and improved support systems to enhance the long-term sustainability of rural water infrastructure.

3.1.3 Water Coverage Analysis

Based on the recommended service standard of one water point per 300 inhabitants, the coverage
assessment reveals substantial and widespread deficits across the municipality (Table 3). Out of an
estimated population of 65,000 inhabitants, a total of 215 functional water points would be required
to meet basic service thresholds. However, only 54 functional point-equivalents are currently
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261 available, translating to a municipality-wide coverage of just 26%. This gap illustrates a profound
262  mismatch between infrastructure needs and existing service provision.

263  Atthevillage level, disparities are equally striking. Coverage rates range from 11.8% in Legon, where
264  only 2 functional points serve over 5,000 residents, to approximately 33% in Beleguié and Essong
265  Aboudi, which nonetheless remain far below acceptable standards. Most villages operate at less
266  than one-third of the minimum required capacity, reflecting chronic underinvestment, recurrent
267  breakdowns, and limited expansion of water infrastructure.

268  Such persistent deficits force communities to rely heavily on unimproved or unsafe alternative
269  sources—primarily shallow wells, springs, and surface water bodies—thereby increasing exposure
270  to waterborne diseases and undermining progress toward universal access. The findings highlight
271 an urgent need for strategic investments targeting both infrastructure expansion and the
272  rehabilitation of non-functional water points to close the existing service gap.

273  Table 3. Water Coverage Assessment by Village

Village Population Required Points  Functional Points  Coverage Rate (%)
Legon 5,200 17 2 11.8%
Ntuisson 4,800 16 5 31.3%
Ebanga 6,100 20 4 20.0%
Beleguié 5,500 18 6 33.3%
Louma 4,200 14 3 21.4%
Nkolodom 5,800 19 5 26.3%
Eyaga-ssi 4,900 16 4 25.0%
Leubouti 5,300 18 5 27.8%
Konabeng 6,500 22 7 31.8%
Nkong Zock 7,200 24 5 20.8%
Lendom 4,600 15 3 20.0%
Essong Aboudi 4,900 16 5 31.3%
Total 65,000 215 54 26.0%

274
275 3.2 Institutional and Governance Analysis

276  3.2.1 Water Point Management Committee Status

277  Governance assessment revealed substantial institutional weaknesses affecting the sustainability of
278  rural water services. As shown in Table 4, only 43% of the assessed water points had an established
279  Water Point Management Committee (WPMC), a proportion significantly lower than the expected
280  baseline of 50% (x® = 7.89, p < 0.01). Conversely, 57% of water points operated without any formal
281 management structure, reflecting a major governance gap with direct implications for functionality
282  and maintenance. This governance deficit mirrors patterns documented across Cameroon's rural
283  water sector, where weak functionality of Water Point Committees and poor post-construction
284  monitoring constitute primary barriers to sustainability (Mvongo et al., 2022a, 2022b, 2022c).
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285  Among the 16 existing WPMCs, performance indicators further highlight systemic limitations. Fewer
286  than half of the committees (42%) had received any form of training, a statistically significant
287  deviation from an expected even distribution (x? = 4.0, p < 0.05). Only 31% reported holding regular
288 meetings, and a mere 25% possessed written bylaws—elements considered fundamental for
289  transparency, accountability, and long-term planning. These findings align with evidence from the
290 Muvila Division showing that approximately 60% of functional WPCs have only an approximate
291  knowledge of their prerogatives and partially fulfill them, while none are capable of repairing small
292  breakdowns or maintaining handpumps due to lack of toolboxes or locally trained technicians
293  (Mvongo et al., 2022a).

294  Critically, the absence of WPMCs was strongly associated with non-functionality of water points (x>
295 =9.3, p < 0.01), underscoring the centrality of local governance structures in ensuring system
296 reliability. Furthermore, inadequate committee training exhibited a strong positive correlation with
297  poor financial management practices (r = 0.67, p < 0.01), suggesting that capacity building remains
298 a key determinant of effective operation and maintenance. These findings collectively point to the
299 urgent need for strengthened governance frameworks, professionalization of community
300 management structures, and targeted training programs to enhance the sustainability of water
301  services.

302 Table 4. Management Committee Characteristics

Indicator Number Percentage Statistical Test
Water points with WPMCs 16 43% x?=7.89, p<0.01*
Water points without WPMCs 22 57%

Among existing WPMCs (n=16)

Trained committees 7 42% X?=4.0, p<0.05*
Untrained committees 9 58%

Committees with regular meetings 5 31% -

Committees with written bylaws 4 25% -

303  *Significant deviation from expected 50% distribution

304 3.2.2 Stakeholder Roles and Responsibilities

305 The stakeholder analysis identified six primary actor groups, each with clearly defined but
306 insufficiently coordinated roles within the rural water supply governance system. These include:

307 e State actors (MINEE Departmental Delegation, Sub-Prefecture), responsible for policy
308 oversight, enforcement of technical standards, and issuance of construction permits;

309 e Municipal authorities, tasked with infrastructure planning, partial financing, and overall
310 coordination of service delivery;

311 e Water Point Management Committees (WPMCs), in charge of day-to-day operations, fee
312 collection, and minor maintenance activities;

313 ¢ Local maintenance technicians, who provide curative repairs and technical diagnostics;
314 e Water users, whose responsibilities revolve around tariff payment, safeguarding facilities,
315 and adhering to usage rules;
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316 e Development partners (PNDP, FEICOM, UNICEF), contributing through capital investments,
317 technical assistance, and capacity-building interventions.

318 Despite this structured distribution of responsibilities, interview data highlight pervasive
319 fragmentation in stakeholder coordination. A substantial 68% of WPMCs reported insufficient
320 technical support from the municipality, particularly during recurrent breakdowns. Additionally,
321  82% cited significant delays in response to fault reports, reflecting systemic communication gaps
322  and limited institutional accountability. These coordination challenges reflect systemic institutional
323  weaknesses affecting Cameroon's water sector, including weak coordination among government
324  institutions, functional overlaps between MINEE and other ministries, and a centralized top-down
325 policy approach that concentrates decision-making at central and regional levels rather than
326 empowering local authorities (Mvongo et al., 2022c). The inadequate technical support is further
327 exacerbated by insufficient qualified technical personnel and weak financial resources at both the
328 council and state levels. These findings underscore the need for strengthened multi-actor
329 coordination mechanisms, clearer role delineation, and improved technical backstopping to
330 enhance the reliability and sustainability of water service delivery.

331 3.3 Financial Management Analysis

332  3.3.1 Revenue Generation and Fund Management

333  Water pricing across the municipality remains standardized at 500 FCFA per household per month
334  (equivalent to 6,000 FCFA annually), applied uniformly at all functional water points. Despite this
335 apparent consistency in tariff policy, substantial variation exists in the financial management
336  practices of Water Point Management Committees (WPMCs), as detailed in Table 5.

337  More than half of the committees (57%) reported having operational bank accounts and formally
338  designated treasurers, yet only 19% produced regular financial reports—a critical component of
339 transparency and accountability. Alarmingly, none of the committees-maintained savings accounts
340 or dedicated funds for equipment renewal, exposing water points to significant financial
341  vulnerability in the event of major breakdowns requiring capital-intensive repairs. Only 13% had set
342  aside emergency funds for urgent repair needs, indicating limited capacity for rapid response.

343  For the 43% of committees without formal financial accounts, revenue handling was conducted
344  informally by treasurers without any mechanisms for verification or traceability. Such arrangements
345 heighten the risk of mismanagement, leakage of funds, and reduced community trust.

346  Estimated annual revenue per functional water point—approximately 180,000 FCFA (calculated
347  based on 30 households paying 500 FCFA monthly)—may be adequate to cover minor curative
348 repairs. However, this amount remains insufficient to support routine preventive maintenance or
349  periodic equipment replacement.

350 The low tariff structure observed in Okola mirrors patterns documented across the Mvila Division,
351 where financial flows generated by water sales are very low and do not permit adequate
352  maintenance of water points (Mvongo et al., 2023). This situation is exacerbated by the absence of
353  a water-selling culture, as the principle of payment for water appears in opposition to the shared
354  values of equatorial forest peoples. Free water is associated with the representation that water is a
355 gift from nature; therefore, it is considered an inalienable resource that must be accessible to all
356 (Mvongo et al., 2022b). Additionally, the presence of other water points where access to water is
357 free (traditional wells and undeveloped springs) tends to have a negative impact on water demand
358 from modern water points where access is chargeable.

10
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359 In rural areas of the Mvila Division, social ties are strong and linked to kinship and neighborhood
360 relationships, making it difficult to refuse to provide water to a relative or neighbor who cannot
361 afford it (Mvongo et al., 2023). Furthermore, for a long time, the State gave free water to the
362 populations and it is now becoming very difficult to make users pay for the water service. This
363 absence of the culture of selling water coupled with limited user capacity to pay determines the
364  overall willingness of users to pay for water services.

365 These findings underscore the need for strengthened financial governance, structured savings
366 mechanisms, capacity-building interventions to enhance long-term financial sustainability of rural
367  water systems, and culturally sensitive approaches to tariff-setting that acknowledge local socio-
368 economic contexts while ensuring adequate cost recovery.

369 Table 5. Financial Management Capacity of WPMCs

Financial Management Indicator Number (n=16) Percentage
Committees with operational accounts 9 57%
Committees with documented treasurer 9 57%
Committees providing regular financial reports 3 19%
Committees with savings accounts 0 0%
Committees with equipment renewal funds 0 0%
Committees with repair emergency funds 2 13%

370
371 3.3.2 Expenditure Patterns

372  Among the nine committees that maintained documented financial accounts, expenditure patterns
373  reveal a strong bias toward short-term, crisis-driven spending. The distribution of expenses shows
374  that:

375 o 72% of total expenditure was devoted to curative repairs,
376 e 15% to administrative and operational costs,

377 e 8% to preventive maintenance activities, and

378 e 5% to committee training and routine meetings.

379 The predominance of curative repair spending reflects a highly reactive maintenance model, where
380 financial resources are mobilized only after system failure has occurred. In contrast, the very limited
381 investment in preventive maintenance (8%) underscores insufficient efforts to protect and prolong
382  assetlifespan. Thisimbalance accelerates mechanical wear, increases the frequency of breakdowns,
383  and ultimately raises long-term operational costs. Moreover, the minimal allocation to training and
384  governance activities (5%) further limits the capacity of committees to implement effective asset
385 management practices.

386  This reactive approach contrasts sharply with international best practices, which demonstrate that
387 preventive maintenance programs can reduce long-term expenditure by 30-40% while extending
388 equipment lifespan (Foster, 2013). Collectively, these trends highlight the urgent need to shift from
389 acorrective to a preventive maintenance culture to ensure the sustainability and resilience of water
390 infrastructure.
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391 3.4 Conflict Dynamics in Water Management

392  Analysis of user surveys and WPMC interview data revealed two major categories of conflicts, each
393  with distinct patterns and underlying drivers (Table 6). User—WPMC conflicts accounted for the
394  majority of reported cases (75%), while operational conflicts occurring directly at water points
395 represented 35% of the total. The difference in prevalence between these two conflict types was
396 statistically significant (x> = 25.6, p < 0.001), indicating that governance-related tensions far
397 outweigh operational disputes.

398  User—-WPMC conflicts were primarily driven by issues of financial opacity (48%), followed by
399 disputes related to abusive water use (35%) and fee enforcement (17%). Qualitative interview
400 findings further revealed that 85% of committees did not publish financial statements, a practice
401  that deeply undermines trust and diminishes user willingness to pay monthly fees. These results
402  highlight the central role of transparent financial management in maintaining community
403  confidence and service continuity.

404  Operational conflicts, though less frequent, emerged mainly from queue management problems
405  (64%) and disputes over water allocation (36%), reflecting pressure on limited water infrastructure
406  and inadequate user organization mechanisms.

407  Cross-tabulation analysis demonstrated a strong association between committee training and
408  conflict levels: trained committees experienced 40% fewer user-related conflicts compared to
409  untrained committees (x* = 7.2, p < 0.01). This finding underscores the importance of capacity
410 building as a key strategy to reduce social tensions, enhance accountability, and improve overall
411  governance of rural water points.

412  Table 6. Conflict Types and Distribution

Conflict Type ;;e:::::;y Percentage Primary Causes ldentified
Financial opacity (48%), Abusive

User-WPMC conflicts 60 75% water use (35%), Fee enforcement
(17%)

Operational conflicts (at )8 35% Queue management (64%), Water

water point) allocation disputes (36%)

Total conflicts reported  80* - -

413  *Multiple conflicts reported by same respondents

414 3.5 Technical Infrastructure Assessment

415  3.5.1 Hand Pump Technology Analysis

416  Technical diagnostics revealed the presence of four hand pump brands across the 28 surveyed
417  boreholes, each exhibiting varying but generally low levels of functionality (Table 7). India Mark Il
418 pumps were the most widely installed (64%), largely due to their relatively low procurement cost
419  and greater local availability of spare parts. Despite this predominance, overall functionality across
420 all brands remained limited: India Mark Il (55.6%), Vergnet (50.0%), SWN80 (50.0%), and Volanta
421 (0%).

422  Statistical analysis showed no significant difference in functionality rates across pump types (x? =
423 2.1, p=0.55), indicating that the choice of technology was not the primary factor influencing system
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424  performance. Instead, the findings suggest that maintenance quality, supply chain consistency, and
425  local operational practices play a more decisive role in determining pump reliability. This
426  observation aligns with findings from the Mvila Division, which showed that India Mark Il pumps
427  constitute 97.22% of installed handpumps, with no significant difference in functionality rates
428  between different pump types (Mvongo et al., 2023).

429  Further analysis of pump selection criteria revealed that technicians placed strong emphasis on
430 technical specifications (72%) and VLOM certification (21%), reflecting a supply-driven approach to
431  technology choice. However, factors such as community preference, local repairability, and long-
432  term sustainability received minimal attention during procurement and installation. This
433  misalignment between technical decision-making and community needs may contribute to reduced
434  user ownership, lower fee compliance, and ultimately shorter system lifespans.

435  Overall, the results underscore the necessity of integrating technical performance considerations
436  with community participation, context-specific maintenance capacity, and adaptive technology
437  selection to improve long-term functionality outcomes.

438  Table 7. Hand Pump Distribution and Functionality

Pump Brand :\:;:::::; Percentage Functional Non-Functional Functionality Rate
India Mark Il 18 64% 10 8 55.6%

Vergnet 4 14% 2 2 50.0%

SWN80 4 14% 2 2 50.0%

Volanta 2 8% 0 2 0%

Total 28 100% 14 14 50.0%

439
440  3.5.2 Failure Analysis

441  The comprehensive technical evaluation of the 14 non-functional hand pumps revealed several
442  recurrent failure modes (Table 8), providing valuable insights into the underlying drivers of system
443  breakdowns. Pump aging and generalized mechanical wear constituted the most frequent cause,
444  accounting for 62% of failures, with an average operational lifespan of 8.2 + 2.1 years prior to major
445  breakdown. This lifespan is significantly below the expected 15-20 years design life typically
446  associated with these models, highlighting the cumulative effects of inadequate preventive
447  maintenance and irregular servicing.

448  Other failure modes included broken pipes or connecting rods (21%), often linked to excessive
449  mechanical stress and delayed corrective repairs, and cylinder wear (14%), reflecting long-term
450  abrasion from suspended particles and poor seal maintenance. Pump depriming was reported in 7%
451  of cases, usually resulting from improper installation or prolonged disuse. Additionally, missing
452  components (14%) were identified in some units, pointing to theft, vandalism, or incomplete
453  repairs.

454  Several pumps exhibited multiple simultaneous causes of failure, underscoring the complex and
455  interconnected nature of mechanical deterioration when routine maintenance is absent. These
456  findings align with evidence from the Mvila Division, where technical diagnostics showed that the
457  main causes of handpump non-functionality are mechanical defects such as broken pipes, corroded
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458  pumps, worn cylinders, and pump aging, alongside pump theft and technician bricolage causing
459  cylinder drops (Mvongo et al., 2023).

460 Furthermore, technical challenges are compounded by the weak structuring of the handpump
461  maintenance chain. The lack of repair artisans and the absence of spare parts sales outlets in rural
462  areas lead to increased repair duration and costs. The main points of sale for handpump spare parts
463  are typically in major urban centers (Yaoundé and Douala), and the sale of spare parts in rural areas
464  is not commercially viable (Harvey & Reed, 2004). The correlation between the spare parts supply
465  chain, the cost of repairs, and the duration of breakdowns has been demonstrated previously by
466  several authors (University of Colorado Boulder, 2020) in different countries in Sub-Saharan Africa.

467  Overall, the dominance of aging-related failures and premature wear indicates that strengthening
468 preventive maintenance regimes, ensuring timely part replacement, improving technical
469  supervision, and restructuring the spare parts supply chain are essential to extend pump longevity
470  and reduce system downtime.

471  Table 8. Causes of Pump Failure

Failure Cause Frequency Percentage Mean Age at Failure (years)
Pump aging/wear 9 62% 8.2+2.1

Broken pipes/rods 3 21% 57+1.8

Cylinder wear 2 14% 6.3+1.5

Pump depriming 1 7% 3.2

Missing components 2 14% -

472  *Multiple causes identified for some pumps

473  3.5.3 Water Quality and Productivity

474  The evaluation of water quality was severely constrained by the absence of historical testing
475  records, which prevented any comprehensive assessment of potability. In the absence of
476  microbiological or physicochemical data, user perceptions served as the primary basis for judging
477  water quality, relying mainly on organoleptic criteria such as visual clarity (absence of ferric iron
478  staining), taste, and odor. This reliance on subjective indicators underscores a critical monitoring
479  gap, given that many contaminants of public health concern—particularly fecal bacteria, nitrates,
480 and heavy metals—are not detectable through sensory evaluation alone.

481 The absence of systematic water quality monitoring in Okola represents a critical vulnerability
482  documented across Cameroonian river basins, where studies demonstrate progressive quality
483  degradation from upstream to downstream due to increased wastewater discharge, agricultural
484  expansion, and inadequate sanitation infrastructure (Defo et al., 2022). In the Kienké watershed
485  (Southern Cameroon), analysis revealed that water quality deteriorates from upstream to
486  downstream, with DCO and nitrate concentrations exceeding maximum admissible concentrations
487  according to national standards. While concentrations of most parameters remained below
488 regulatory thresholds, the discharge of untreated wastewater rich in nitrogen and phosphorus could
489 lead to eutrophication and reduced biodiversity, as observed in several Cameroonian coastal river
490 basins where water hyacinth (Eichhornia crassipes) has become a national challenge (Ndongo et al.,
491  2012b).

492  Flow rate measurements from the functional water points ranged between 0.5 and 1.0 m3/h, which
493  falls within acceptable performance thresholds for hand pump systems designed to serve
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494  approximately 300 users with a daily demand of 25 liters per capita. Nevertheless, 23% of functional
495  pumps exhibited declining yields, a trend that may signal emerging aquifer stress, progressive
496 clogging of the borehole, or deficiencies in routine mechanical and hydrogeological maintenance.

497  These findings highlight the urgent need for establishing systematic water quality monitoring
498  protocols and implementing regular borehole rehabilitation measures to ensure both safe and
499 reliable water service delivery.

500
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501 4, Discussion

502 4.1 Infrastructure Functionality Crisis and Public Health Implications

503 The 50% non-functionality rate documented in Okola Municipality significantly exceeds regional
504  averages and is broadly consistent with alarming trends reported across Sub-Saharan Africa, where
505 systematic reviews estimate that 30—40% of rural water points fail within five years of installation
506 (Fosteretal., 2019). However, Okola's performance appears more severe than continental averages
507 and is comparable to the 83% failure rate reported in Sahelian Cameroon by Hassana (2010).
508 Although slightly better than the 70% failure rate documented in South Cameroon by Dang (2016),
509 the situation nonetheless reflects a deep and persistent infrastructure reliability crisis.

510 Recent assessments in the Mvila Division (Southern region of Cameroon) demonstrate that one out
511  of three handpumps is inoperable (32.61% non-functionality rate), with approximately 1.3 billion
512  FCFA (approximately 2 million USD) in investments immobilized, generating no benefits for affected
513  rural communities (Mvongo et al., 2023). The average functionality rate across eight councils in the
514  Mvila Division ranged from 21.43% in Mengong to 40.54% in Ebolowa I, with most councils
515  experiencing non-functionality rates between 25% and 40%. At the national level, based on
516 estimates of non-functionality, approximately 25 billion FCFA (approximately 38 million USD)
517 invested in the construction of water points are immobilized and do not generate any benefit. This
518 widespread non-functionality directly jeopardizes progress toward SDG 6.1, which aims for universal
519 and equitable access to safe drinking water.

520  Particularly concerning is the finding that half of surveyed households still rely on surface water,
521  despite the presence of improved systems. Numerous Cameroonian studies have established strong
522  associations between surface water consumption and high prevalence of waterborne diseases—
523 including diarrheal infections, typhoid fever, and cholera (Defo et al.,, 2015). Although
524  epidemiological data were not collected in this study—a key limitation—the observed water access
525 patterns with substantial surface water reliance suggest a likely elevated disease burden in the
526  municipality.

527 The overall 26% water coverage rate falls far below both national policy benchmarks and
528 international standards, demonstrating a pronounced service gap that demands urgent corrective
529  measures. Spatial analysis revealed striking inequities, with coverage varying widely from 11.8% in
530 Legon to 33.3% in Beleguié. Such disparities raise important environmental justice concerns,
531 indicating that remote or socioeconomically marginalized communities remain disproportionately
532  underserved. Addressing these inequalities will require targeted investment strategies, improved
533  governance mechanisms, and context-specific interventions to expand safe water access across the
534  municipality.

535 4.2 Governance Deficits and the Community-Based Management Paradox

536 The finding that 57% of water points operate without established management committees
537 represents a fundamental challenge to Cameroon's community-based management (CBM) policy
538 framework. This governance shortfall exceeds the 50% rate reported by Hassana (2010) in Maroua,
539  yet remains lower than the 70% documented by Dang (2016) in Mvangan, indicating significant
540 regional disparities in the effectiveness of CBM implementation across the country.

541 These results vividly illustrate what Lockwood and Smits (2011) describe as the "CBM
542  implementation gap"—the persistent disconnect between policy formulation and on-the-ground
543  practice. While CBM is theoretically designed to enhance local ownership, accountability, and
544  service sustainability, its success hinges on sustained capacity-building, structured post-
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545  construction support, and realistic financial and technical expectations (Moriarty et al., 2013;
546  Hutchings et al., 2015). In Okola, the finding that 58% of committees lack training strongly suggests
547  that post-construction support mechanisms are either inadequate or inconsistently applied.

548  The governance challenges in Okola reflect systemic patterns across Cameroon's rural water sector,
549  where economic, institutional, managerial, and technical factors interdependently influence service
550 sustainability (Mvongo et al.,, 2022a). These include: (i) low economic viability of water point
551 management due to insufficient revenue generation; (ii) weak functionality of Water Point
552  Committees, with approximately 60% having only approximate knowledge of their prerogatives and
553  partially fulfilling them; (iii) poorly structured handpump maintenance chains characterized by lack
554  of repair artisans and absence of spare parts outlets; and (iv) poor post-construction monitoring of
555  WPCs, resulting in low functionality, lack of real revenue collection, low willingness to pay, and
556  absence of transparency in management.

557  The study's statistical evidence reinforces these governance concerns. The significant association
558 between committee absence and water point non-functionality (x> = 9.3, p < 0.01), as well as
559  between training status and conflict prevalence (x*> = 7.2, p < 0.01), demonstrates that institutional
560 capacity is a direct determinant of service reliability and social stability. These findings align with
561 recent calls to transition from traditional CBM toward "professionalized community management"
562 models, whereby community ownership is complemented by regular technical assistance from
563  service authorities (Naughton, 2017).

564 At the institutional level, the political context of decentralization does not yet favor better
565 management of water services (Mvongo et al.,, 2022c). Indeed, the State has transferred
566 competences to councils without, however, providing them with the material, financial, and human
567  resources necessary to provide water service. Their own financial resources are almost non-existent,
568 and they depend on external financial resources, in particular the Communal Additional Centimes
569 (CAC). However, the latter is insufficient and often arrives late in council accounts. In addition, the
570 application of the principle of single funds practiced in Cameroon does not favor the rapid provision
571  of financial resources to councils.

572 4.3 Financial Sustainability and the Real Cost of Water Services

573  The universal absence of equipment renewal funds among Okola WPMCs represents a critical
574  financial sustainability failure, echoing broader challenges documented across West African rural
575  water sectors (Naughton, 2017). The current 500 FCFA monthly household contribution generates
576  approximately 180,000 FCFA annually per water point—manifestly insufficient for comprehensive
577 lifecycle costs.

578  This study's financial modeling demonstrates that sustainable service provision requires household
579  contributions of 12,045 FCFA annually (doubling current levels) when accounting for: preventive
580 maintenance, equipment renewal amortization, committee remuneration, administrative costs,
581  and contingency funds. This doubling aligns with IRC's (2015) findings in Burkina Faso's Sahel region,
582  where similar cost-recovery analyses revealed 100-150% tariff increases necessary for financial
583  sustainability.

584  However, significant affordability concerns emerge. At 12,045 FCFA annually, water expenditure
585  would represent approximately 2-3% of average rural household income in Central Cameroon—
586  within WHO affordability guidelines (3% of income) but potentially burdensome for poorest
587 households. This raises equity questions requiring policy attention, potentially through: (1) pro-poor
588 tariff structures with cross-subsidization, (2) partial government operational subsidies for remote
589 communities, or (3) payment flexibility mechanisms.
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590 The low tariff structure observed in Okola mirrors patterns documented across the Mvila Division,
591 where financial flows generated by water sales are very low and do not permit adequate
592 maintenance of water points (Mvongo et al., 2022a). This situation is exacerbated by a strong
593 absence of the culture of selling water. Indeed, the principle of payment for water appears in
594  opposition to the shared values of the peoples of the equatorial forest (Mvongo et al., 2022b). Free
595 water is associated with the representation that water is a gift from nature. Therefore, it is
596 considered an inalienable resource that must be accessible to all. In addition, the presence of other
597  water points where access to water is free (traditional wells and undeveloped springs) tends to have
598 a negative impact on water demand from modern water points where access is chargeable.

599  Furthermore, social ties in rural areas of the Mvila Division are strong and are linked to kinship and
600 neighborhood relations. It is, therefore, difficult to refuse to provide water to a relative or neighbor
601  who cannot afford it. This absence of the culture of selling water coupled with the capacity of users
602  to pay for the water service determines the willingness of the user to pay for water.

603  The 72% expenditure allocation toward curative repairs versus only 8% for preventive maintenance
604 illustrates classic "breakdown-and-fix" approaches that ultimately increase lifecycle costs.
605 International evidence demonstrates that preventive maintenance programs reduce long-term
606  expenditure by 30-40% while extending equipment lifespan (Foster, 2013). Transitioning to
607  proactive maintenance requires initial investment in technician training, spare parts stocking, and
608 regular inspection protocols—currently absent in Okola.

609  Funding for rural water services in Cameroon comes from three sources: tariffs, taxes, and transfers,
610 known as the "three Ts" (Mvongo et al., 2022c). Tariffs come from revenue or contributions from
611 the sale of water that WPCs collect from households using the water points. Taxes are typically the
612 largest source of funding for rural water service. The taxes are collected, distributed, and transferred
613  to councils by the Special Fund for Equipment and Inter-municipal Intervention (FEICOM) in the form
614 of Communal Additional Centimes (CAC). Transfers involve funding from abroad in the form of
615  Official Development Finance (ODF), NGO contributions, and remittances. However, in many areas,
616 tariffs are very low and do not allow maintenance of water points, while transfers are often absent.
617  Thus, the financing of handpump maintenance essentially depends on the CACs that municipalities
618 receive each quarter. However, this funding simply does not arrive at the indicated frequency, which
619 does not favor the efficient implementation of handpump maintenance strategies.

620 4.4 Conflict Dynamics and Governance Transparency

621 The 75% prevalence of user-WPMC conflicts, predominantly driven by financial opacity, underscores
622  governance transparency as fundamental to community management success. This finding
623  corroborates recent research emphasizing that citizen trust depends critically on transparent
624  resource management and accountability mechanisms (Krah & Mertens, 2023). The 85% of
625 committees never publishing financial statements represents a clear accountability failure.

626 Qualitative evidence suggests these conflicts erode social capital essential for collective action,
627 creating vicious cycles: opacity reduces trust, reducing willingness to pay, reducing revenue,
628 reducing service quality, further eroding trust. Breaking this cycle requires institutionalized
629 transparency through: mandatory quarterly financial reporting, community validation meetings,
630 and external auditing mechanisms.

631  Evidence from across Cameroon demonstrates that factors affecting the functionality of handpumps
632 include the low economic viability of water point management, the weak functionality of WPCs, and
633  the weak structuring of the pump maintenance chain. The main managerial factor identified is the
634  weak functionality of WPCs. Indeed, among WPCs that work, about 60% have only an approximate
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635 knowledge of their prerogatives (missions) and only partially fulfill them. No WPC is capable of
636  repairing small breakdowns or maintaining handpumps since they do not have a toolbox or locally
637 trained technicians. In addition, councils and decentralized state services have numerous
638 shortcomings (weak financial resources, insufficiently qualified technical personnel, etc.), which are
639 the cause of poor post-construction monitoring of WPCs and result in their low functionality, the
640 lack of real collection of revenue from the sale of water, the low willingness of populations to pay
641  for water, and the lack of transparency in management.

642 The gender dimension of water governance, though not explicitly examined in this study, warrants
643  consideration. International evidence demonstrates that women's inclusion in WPMCs improves
644  financial transparency and user satisfaction (Gross et al., 2018). Future research should examine
645 gender composition of Okola committees and its influence on governance outcomes.

646 4.5 Technical Considerations and Technology Choice

647 The 64% prevalence of India Mark Il pumps reflects pragmatic decision-making prioritizing spare
648  parts availability and procurement costs. However, the absence of functionality differences across
649 pump brands (p=0.55) suggests maintenance practice, not technology choice, determines
650  sustainability—consistent with global literature (Harvey and Reed, 2007). This finding is further
651 reinforced by evidence from the Mvila Division showing that India Mark Il pumps constitute 97.22%
652  of handpumps, with no significant difference in functionality rates across different brands (Mvongo
653 et al.,, 2023).

654 The 62% of failures attributable to pump aging, with mean operational life (8.2 years) far below
655 design specifications (15-20 years), provides compelling evidence that inadequate preventive
656  maintenance accelerates deterioration. This pattern mirrors findings from comprehensive pump
657  audits across East Africa and West Africa (Baumann, 2006). In the Mvila Division, analysis of
658 handpump functionality data showed that the functionality rate of pumps decreases with age: 93%
659  for pumps less than 5 years old, 86% for pumps 5-10 years old, and 52% for pumps more than 10
660 years old. Diagnostic of non-functional pumps revealed that causes of dysfunction are principally
661  due to mechanical failures such as broken pipes, pump corrosion, worn cylinders, and pump aging
662 (Mvongo & Defo, 2025).

663  Furthermore, technical challenges are significantly compounded by corrosion of handpumps due to
664  non-compliance with quality standards. Studies reveal that some stainless-steel parts are attacked
665 by corrosion, causing malfunctions requiring major repairs only a few years after construction.
666  Research conducted on six samples of handpump parts in Burkina Faso revealed that five of the six
667 dewatering columns and two of the four rods do not comply with international standards for the
668 composition of stainless steel of the grade indicated (Danert, 2019). The same challenges have been
669 documented in Cameroon, where the extent of this phenomenon remains to be determined but
670 represents a risk to achieving SDG 6 (Mvongo, 2025).

671 The weak structuring of the pump maintenance chain constitutes a major technical barrier to
672  functionality. The lack of repair artisans and the absence of spare parts sales outlets in rural areas
673 lead to increased repair duration and costs. The main points of sale for handpump spare parts are
674  typically in major urban centers (Yaoundé and Douala). In addition, the sale of spare parts in rural
675 areas in Sub-Saharan Africa and in most developing countries is not commercially viable (Harvey &
676 Reed, 2004). The correlation between the spare parts supply chain, the cost of repairs, and the
677 duration of breakdowns has been demonstrated previously by several authors (University of
678 Colorado Boulder, 2020) in different countries in Sub-Saharan Africa. However, investing in
679  professionalized maintenance of handpumps can reduce repair times to less than 2 days (Foster et
680 al., 2022). Reduced repair times save households money on alternative water sources during
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681  breakdowns, which can add up to an amount equal to the initial capital outlay by governments and
682  donors.

683 The complete absence of water quality testing documentation represents a serious limitation for
684  public health protection. While organoleptic assessment provides crude indicators, systematic
685  microbiological and chemical monitoring remains essential, particularly given Cameroon's
686 documented groundwater contamination issues in some regions (Defo et al., 2016). The absence of
687  systematic water quality monitoring represents a critical vulnerability documented across
688 Cameroonian watersheds, where studies demonstrate progressive quality degradation from
689  upstream to downstream due to increased wastewater discharge, agricultural expansion, and
690 inadequate sanitation infrastructure (Defo et al., 2022). Establishing routine water quality
691  surveillance should constitute a priority intervention.

692 4.6 Climate Risk and Environmental Sustainability

693  Climate risk represents an emerging threat to water service sustainability in Okola, particularly for
694  wells and springs that are more vulnerable to climate variability. Although not explicitly measured
695 in this study, regional assessments indicate that services risk being impacted by future climate
696 change through modifications in monthly rainfall patterns and strong variations in water table levels
697 (Ndongo et al., 2012b).

698 In the Mvila Division, climate risk assessment revealed that 70% of services (those relying on wells
699  and springs) risk being impacted by climate change. Currently, they are not yet subject to the effects
700 of climate change but are likely to be impacted by future effects such as modifications of monthly
701  rains during dry seasons, which induce strong variations in the level of the water table (Mvongo et
702 al., 2022a). One of the consequences of climate change in coastal river basins of Cameroon is the
703  modification of monthly rainfall during dry seasons, inducing strong variations in water table levels
704  (Ndongo et al., 2012b).

705 The impact of climate change on water services has been highlighted by Yopo et al. (2015), and
706  Ndongo et al. (2012b). Studies in the Sahel region of Cameroon have demonstrated the vulnerability
707  of water supply systems to climate risks, particularly drought and declining groundwater recharge
708  (Yopo et al., 2015).

709 Adaptation strategies to enhance climate resilience should include: (i) diversification of water
710  source types to reduce vulnerability; (ii) investment in deeper boreholes capable of accessing lower
711  aquifer levels; (iii) rainwater harvesting systems as supplementary sources during dry seasons; (iv)
712  watershed protection and reforestation to enhance groundwater recharge; and (v) development of
713 contingency plans for drought periods.

714 4.7 Limitations and Research Implications
715 Beyond limitations acknowledged in methodology, several additional caveats warrant discussion:

716  Temporal dynamics: This cross-sectional assessment cannot capture seasonal functionality
717  variations or long-term institutional evolution. Longitudinal research tracking committee
718 performance and infrastructure status over multiple years would provide richer insights.

719  Causality: While statistical associations emerged between governance factors and functionality,
720  establishing causal mechanisms requires experimental or quasi-experimental designs, potentially
721  comparing communities receiving intensive capacity building interventions against controls.
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722  Generalizability: Okola's proximity to Yaoundé may influence results through better market access,
723  higher literacy, or greater exposure to governance norms. Replication in more remote municipalities
724  would test finding transferability.

725 Governance quality measurement: This study employed basic indicators (committee existence,
726  training status). Future research should develop and validate comprehensive governance quality
727 indices incorporating transparency, accountability, participation, and conflict resolution
728 mechanisms, building on frameworks such as the Water Service Sustainability Index (WSSI) which
729  consists of 21 indicators grouped into six dimensions: economic, environmental, social, technical,
730 institutional, and governance (Mvongo et al., 2021).

731  Water quality assessment: The absence of systematic water quality testing represents a significant
732 limitation. Future studies should incorporate comprehensive physicochemical and microbiological
733 analyses to establish baseline water quality profiles and identify contamination risks.

734  Gender dimensions: The study did not systematically examine the role of gender in water
735  governance. Future research should explore women's participation in WPMCs, gender-specific
736  water collection burdens, and the influence of gender composition on committee performance and
737  financial transparency.

738 5. Conclusions

739  This comprehensive assessment of water point management in Okola Municipality reveals a rural
740  water sector in acute distress, marked by 50% infrastructure non-functionality, profound
741  governance weaknesses, chronic financial unsustainability, and significant public health risks. With
742  coverage at only 26%, the municipality falls far short of national policy targets and international
743  standards, compelling nearly half of households to rely on unsafe surface water sources and
744  exposing communities to preventable disease burdens.

745  Four key findings emerge with strong implications for policy and practice:

746  First, the widespread governance deficit—57% of water points lacking management committees
747  and 58% of existing committees untrained—demonstrates that Cameroon's community-based
748 management (CBM) framework remains largely aspirational. Achieving genuine community
749  ownership will require mandatory pre-construction institutional development, standardized multi-
750 phase training modules, and sustained post-construction technical and administrative support,
751  moving away from the prevailing "construct-and-abandon" approach.

752  Second, the complete absence of equipment renewal funds and the heavy dependence on curative,
753  crisis-triggered maintenance (72% of committee expenditure) reveal a structurally unsustainable
754  financing model. Transitioning toward preventive maintenance will require incremental tariff
755  adjustments (e.g., from 6,000 to 12,045 FCFA per household per year), strengthened financial
756  transparency, and potential operational subsidies for the poorest communities—particularly where
757  revenue potential is structurally low.

758  Third, the predominance of user-committee conflicts (75% of all conflicts, driven largely by financial
759  opacity) highlights that governance transparency is not simply a normative principle but an
760  operational necessity. Institutionalizing annual financial reporting, community validation forums,
761  and periodic external audits would markedly enhance accountability and user trust.

762  Fourth, the finding that 62% of pump failures stem from aging and mechanical wear, with an
763  average operational lifespan of only 8.2 years—far below the 15-20-year design expectation—
764  demonstrates that inadequate maintenance practices, rather than technological shortcomings, are
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765  the primary drivers of the functionality crisis. Technology choice therefore matters less than
766  ensuring robust preventive maintenance systems and reliable supply chains.

767  Taken together, these findings underscore that achieving sustainable rural water supply in
768  Cameroon requires a systemic transformation that goes well beyond new infrastructure provision.
769  Strengthening institutional capacity, ensuring financial viability, enhancing governance
770 transparency, institutionalizing preventive maintenance, and providing continuous technical
771  backstopping are essential components of durable service delivery. The proposed maintenance
772  strategy—integrating lifecycle cost accounting and comprehensive operating charges—offers a
773  practical foundation for long-term sustainability.

774  Future research should focus on: longitudinal assessment of WPMC capacity-building interventions
775 using quasi-experimental designs; gender dynamics in water governance and their influence on
776  transparency, conflict reduction, and user satisfaction; affordability, equity, and distributional
777  effects of revised cost-recovery tariffs; comparative performance of alternative service delivery
778 models (CBM, delegated private management, or public utility extension); and the scalability and
779  contextual adaptability of the proposed maintenance framework across diverse rural settings in
780  Cameroon.

781  Achieving SDG 6.1 by 2030 will demand not only accelerated construction efforts but also a
782  fundamental rethinking of how rural water systems are governed, financed, and maintained. The
783  challenges observed in Okola reflect broader patterns across Sub-Saharan Africa, making the lessons
784  drawn from this study highly relevant for similar tropical environments confronting the rural water
785  sustainability crisis.
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