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ABSTRACT 

This study evaluates the statistical and operational performance of fog-water harvesting in the Peña 

Blanca Agricultural Community, Coquimbo Region, semi-arid northern Chile, using community-based 

monitoring records from 2020 to 2025. Standard Fog Collectors equipped with Raschel 35% double-

layer and Kimre meshes were analyzed through paired comparisons, non-parametric seasonal tests, 

precipitation-based sensitivity analysis, and correlation analyses with monthly precipitation from a 

reference meteorological station. Kimre consistently outperformed Raschel 35% double-layer mesh 

under the local operational conditions analyzed, with an average relative advantage of approximately 

25% and statistically significant differences in both parametric and non-parametric tests. This 

advantage persisted after excluding months with precipitation above 20 mm and under dry or 

negligible-precipitation conditions, where the relative advantage reached 27.4%. Correlation analyses 

showed no positive association between monthly precipitation and fog-water collection. Fog-water 

collection also showed marked seasonal variability, with higher values during spring and summer and 

lower values toward autumn and winter. These findings provide five-year statistical and operational 

evidence from a functioning community-managed system, highlighting the relevance of mesh 

selection, seasonal planning, and sustained monitoring for fog-water harvesting under real field 

conditions. 
 

Keywords: Atmospheric water; Fog-water harvesting; Standard Fog Collector; Fog-collector mesh 

performance; Semi-arid coastal environments. 

 

 

1. INTRODUCTION 

 

Arid and semi-arid coastal regions face increasing challenges in securing reliable water supplies 

due to climatic variability, strong seasonality of precipitation, and growing pressure on conventional 

water sources (Qadir et al., 2021). In semi-arid northern Chile, these conditions are particularly 

relevant in rural and dispersed settlements, where water availability is constrained by both 

hydroclimatic variability and structural limitations in access to water (Montecinos et al., 2016; 

Nicolas-Artero & Blanco-Wells, 2025). At the same time, the interaction between the Pacific Ocean, 

coastal relief, and atmospheric circulation favors recurrent fog occurrence, creating opportunities to 

explore fog water harvesting as a complementary water source in areas affected by water scarcity 

(Schemenauer & Cereceda, 1994; Klemm et al., 2012; Montecinos et al., 2018). 

Fog water harvesting is commonly described as a passive water-supply technique in which 

suspended fog droplets are intercepted by vertical mesh collectors and then drained into a storage 

system (Schemenauer & Cereceda, 1994; Klemm et al., 2012). Standard Fog Collectors (SFCs) have 

been widely used to quantify fog-water yield and compare collection potential across sites 

(Schemenauer & Cereceda, 1994).  
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Previous research in Chile and other dryland environments has shown that fog collection depends 

not only on fog occurrence, but also on local meteorological variables, including wind speed and 

direction, relative humidity, dew point depression, and the design and material properties of the 

collecting mesh (Klemm et al., 2012; Montecinos et al., 2018; Fernandez et al., 2018). These factors 

generate high temporal variability in fog-water yield and make long-term field observations essential 

for understanding the operational behavior of fog harvesting systems. 

In Chile, several studies have demonstrated the potential of fog collection in coastal desert and 

semi-arid environments (Cereceda et al., 1992; Osses et al., 1998; Larraín et al., 2002; Farías et al., 

2005). More recent contributions have advanced from field-based monitoring to spatial and climatic 

modeling approaches, allowing fog-water potential to be estimated at broader territorial scales 

(Montecinos et al., 2018; Lobos-Roco et al., 2025; Carter et al., 2025). However, despite these 

advances, long-term operational assessments under community-managed conditions remain relatively 

limited. This gap is relevant because the performance and continuity of fog harvesting systems depend 

not only on atmospheric suitability and technical efficiency, but also on maintenance, local 

monitoring capacity, and the practical conditions under which systems operate over time (Fessehaye 

et al., 2014; Qadir et al., 2021; Ait el Kadi et al., 2024; Rivera et al., 2026). 

The Peña Blanca Agricultural Community, located in the Coquimbo Region of semi-arid northern 

Chile, provides a relevant case for analyzing fog-water harvesting under real operational conditions. 

In this territory, fog collection is embedded in a community-managed system where local knowledge, 

site selection, monitoring practices, and maintenance routines support the continuity of the 

infrastructure. From a technical perspective, the available five-year monitoring record offers an 

opportunity to evaluate standardized daily fog-water collection, compare the performance of Raschel 

35% double-layer and Kimre meshes under paired field conditions, and assess whether the observed 

mesh-performance patterns are robust across monthly precipitation conditions. 

This study provides a statistical and operational assessment of fog-water harvesting in the Peña 

Blanca Agricultural Community between 2020 and 2025. Drawing on community-based monitoring 

records, the article analyzes paired mesh-performance differences, applies precipitation-based 

sensitivity analysis, evaluates monthly precipitation–collection patterns, and characterizes seasonal 

variability. In doing so, it provides original site-specific evidence from a functioning community-

managed fog harvesting system and contributes to understanding the role of fog harvesting as a 

strategic complementary water source in semi-arid coastal environments. 

 

 

2. STUDY AREA  

 

The study was conducted in the Peña Blanca Agricultural Community, located in the municipality 

of Ovalle, Coquimbo Region, semi-arid northern Chile. This territory forms part of a coastal semi-

arid environment where the interaction between the Pacific Ocean, coastal relief, and local 

atmospheric circulation favors the recurrent occurrence of advective fog, supporting the potential use 

of fog water harvesting as a complementary water source (Klemm et al., 2012; Montecinos et al., 

2016; del Río et al., 2018). 

The monitoring site is situated in the Cerro Grande Ecological Reserve, a community-owned area 

where fog harvesting infrastructure has been developed over time. The area represented in Fig.1 

shows marked topographic contrasts, with elevations ranging approximately from 232 to 673 m a.s.l. 

These relief conditions are relevant because coastal topography can influence fog interception by 

modifying exposure to marine air masses and low-cloud advection.   

The SFC monitoring point is located inside the reserve and is connected to the surrounding 

territory through local access roads. This setting makes Peña Blanca a relevant case for evaluating 

fog water harvesting under real operational conditions, since the monitoring system is embedded in a 

locally managed territory where access, maintenance, and measurement routines contribute to the 

continuity of the infrastructure. 
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Fig. 1. Location of the study area in the Peña Blanca Agricultural Community, Coquimbo Region, semi-arid  

northern Chile. 

 

 

3. DATA AND METHODS 

 

3.1. Fog collectors and mesh materials 

 

Fog-water collection was measured using Standard Fog Collectors, which are widely used to 

quantify fog-water yield on vertical collecting surfaces and to facilitate comparisons between sites 

(Schemenauer & Cereceda, 1994). Each SFC had an effective collecting area of 1 m², with the 

collecting mesh installed approximately 2 m above ground level. A lower gutter directed the collected 

water into a storage container. 

Two mesh materials were monitored: Raschel 35% and Kimre. The collectors were installed in 

the same monitoring sector, approximately two meters apart, allowing their performance to be 

compared under similar local exposure and atmospheric conditions. The Raschel 35% collector used 

a double layer of 35% shade-coefficient Raschel mesh, consistent with the standard SFC configuration 

proposed by Schemenauer and Cereceda (1994). Raschel 35% is a Raschel-woven mesh commonly 

used in fog collection systems. It consists of high-density polyethylene filaments with UV protection 

and a triangular weave; the 35% value refers to the nominal shade coefficient of the mesh, which 

describes its degree of shading or obstruction.  

This parameter is relevant because mesh structure and openness influence airflow through the 

collector, droplet interception, and drainage behavior (Schemenauer & Cereceda, 1994; Rivera, 2011; 

Fernandez et al., 2018). Kimre, by contrast, is a structured three-dimensional mesh made of 

interlocking thermoplastic monofilaments. Its volumetric configuration provides a larger contact 

surface than a flat mesh and was included to evaluate whether differences in mesh structure affect 

standardized operational collector yield under the same field conditions. 
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3.2. Operational monitoring and data standardization  

 

Fog-water collection was evaluated from operational monitoring records covering the period 

2020–2025. Field readings of accumulated water volume were carried out approximately every 10 

days, depending on site access and operational conditions.  

The monitoring process was supported by a local community operator, who conducted field 

measurements and periodic inspection of the collectors. To ensure temporal comparability, 

accumulated volumes measured between field visits were converted into standardized daily fog-water 

collection, expressed in L·m⁻²·day⁻¹, following the standard area- and time-normalized reporting 

convention used in fog-collector studies (Schemenauer & Cereceda, 1994; Klemm et al., 2012) (Eq. 

1). 

 
 

where qi is the daily fog-water collection for period i (L·m⁻²·day⁻¹), Vi is the accumulated volume between 

two consecutive readings (L), A is the effective collector area (1 m²), and Δti is the number of days between 

consecutive readings. 

 

3.3. Precipitation data 

 

Monthly accumulated precipitation data were obtained from the nearest available CEAZAMET 

meteorological station, “Peña Blanca”, operated by the Centro de Estudios Avanzados en Zonas 

Áridas (CEAZA, 2019). The station is located approximately 7 km from the SFC monitoring site and 

was used as a monthly precipitation reference for the study area. Precipitation was expressed as 

monthly totals in millimeters (mm) and used as auxiliary information for the precipitation-based 

sensitivity analysis and for evaluating monthly precipitation–collection patterns. Monthly 

precipitation records were paired by year and month with the corresponding monthly mean daily fog-

water collection values. 

 

3.4. Statistical analysis 

 

Statistical analysis focused on mesh-performance differences, precipitation-based sensitivity 

analysis, the relationship between monthly precipitation and fog-water collection, and seasonal 

variability. The main comparative analysis was based on simultaneous observations for Raschel 35% 

and Kimre, in order to maintain a paired design and control for shared temporal variability. 

Standardized daily fog-water collection was aggregated by year and month to support precipitation-

related and seasonal analyses. 

The comparison between Raschel 35% and Kimre was performed using simultaneous 

observations available for both meshes. For each paired observation, the absolute difference was 

calculated as: 

 

 
 
where Di is the paired difference for observation i, qK,i is the Kimre standardized daily fog-water collection, 

and qR,i is the Raschel 35% standardized daily fog-water collection. 

The relative performance ratio was calculated as: 

 

 
 

where Gi represents the relative performance ratio of Kimre compared with Raschel 35% for each paired 

observation. 

(1) 

(2) 

(3) 
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The hypothesis that Kimre yielded higher standardized daily fog-water collection than Raschel 

35% was evaluated using a paired Student’s t-test. As a non-parametric alternative, the Wilcoxon 

signed-rank test was also applied to assess whether the paired differences were consistently positive. 

In addition to statistical significance, effect size was reported using Cohen’s 𝑑 (Eq. 4) for paired 

samples (Cohen, 1988). 

 
 

where D̄ is the mean paired difference and 𝑠𝐷 is the standard deviation of the paired differences. This 

allowed the practical magnitude of the difference between mesh materials to be interpreted beyond the p-value. 

 

To assess whether mesh-performance differences were sensitive to monthly precipitation 

conditions, a precipitation-based sensitivity analysis was conducted using precipitation records from 

the CEAZAMET Peña Blanca station. The paired Kimre–Raschel comparison was repeated under 

three precipitation-screening scenarios: all paired months with available precipitation data, after 

excluding months with precipitation above 20 mm, and considering only dry or negligible-

precipitation months with precipitation equal to or below 5 mm. These thresholds were used to screen 

records according to monthly precipitation conditions, distinguishing months with higher 

precipitation from months with low or minimal precipitation. For each scenario, mean Raschel and 

Kimre fog-water collection rates, mean paired differences, relative advantage, paired t-tests, 

Wilcoxon signed-rank tests, and Cohen’s d were calculated. 

For the relationship between monthly precipitation and standardized daily fog-water collection, 

monthly accumulated precipitation totals were paired by year and month with the corresponding 

monthly mean daily fog-water collection. Pearson’s correlation coefficient (Eq. 5) was used to 

evaluate the linear association between both variables: 

 

 
 
where Pi is monthly precipitation, qi is monthly mean daily fog-water collection, and P̄ and q̄ are their 

respective means.  

 

Spearman’s rank correlation coefficient (Eq. 6) was also calculated as a non-parametric measure 

of monotonic association, appropriate when the relationship between variables may not be linear or 

when the data do not meet normality assumptions (Hollander et al., 2013): 

 

 
 

where R(Pi) and R(qi) are the ranks of monthly precipitation and monthly mean daily fog-water collection, 

respectively, and the overbars indicate their mean ranks. 

 

In addition, monthly mean daily fog-water collection was explored across precipitation ranges of 

0–5 mm, 5–20 mm, and >20 mm to identify whether collection rates varied systematically under 

different monthly precipitation conditions.  

Seasonal variability was analyzed by calendar month and by austral seasons: summer 

(December–February), autumn (March–May), winter (June–August), and spring (September–

November). For the seasonal analysis, monthly mean daily fog-water collection was calculated by 

aggregating the operational records by year and month. Accumulated volumes assigned to each month 

(4) 

(5) 

(6) 
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were summed and divided by the number of days in the corresponding month, producing monthly 

values expressed in L·m⁻²·day⁻¹. These monthly values were used to compare seasonal behavior 

among months and seasons. Seasonal differences were tested separately for each mesh using the 

Kruskal–Wallis test, given that fog-water collection records may show asymmetric distributions, 

heteroscedasticity, and unequal data availability among seasonal groups. 

For this reason, a non-parametric test that does not require the assumption of normality was 

preferred (Kruskal & Wallis, 1952). The Kruskal–Wallis statistic was expressed as: 

 

 
 

where N is the total number of observations, k is the number of seasonal groups, Rj is the sum 

of ranks for group j, and nj is the number of observations in group j. 

 

The main paired mesh comparison included all simultaneous Kimre–Raschel observations, 

whereas precipitation-based analyses were restricted to paired observations with available monthly 

precipitation records. All analyses were conducted using complete cases for the variables required in 

each specific test, and statistical significance was assessed at α = 0.05. 

 

 

4. RESULTS AND DISCUSSIONS 

 

4.1. Mesh performance and paired comparison 

 

Considering all simultaneous observations available for both meshes, Kimre showed a higher 

standardized daily fog-water collection than Raschel 35% double-layer mesh (Table 1). Raschel 35% 

recorded a mean value of 6.82 L·m⁻²·day⁻¹, while Kimre reached 8.51 L·m⁻²·day⁻¹. The mean paired 

difference was 1.69 L·m⁻²·day⁻¹ in favor of Kimre, corresponding to an average relative advantage of 

24.8%. The effect size was d = 0.75, indicating a moderate to relevant difference between mesh 

materials. 

The hypothesis tests confirmed this difference. The paired t-test showed statistically significant 

differences between meshes, with t = 6.07 and p = 3.70 × 10⁻⁸ for the one-tailed test. The Wilcoxon 

signed-rank test produced consistent results, with W = 1860 and p = 7.19 × 10⁻⁷. These results indicate 

that Kimre performed significantly better than Raschel 35% double-layer mesh under the operational 

conditions analyzed. 
 

                                                                                                                                                                    Table 1.  

Paired comparison of standardized daily fog-water collection (L·m⁻²·day⁻¹) between Raschel 35% 

double-layer and Kimre meshes during 2020–2025. 

Descriptive statistics 

Paired monthly 

observations n 

Mean Raschel 

35% collection 

Mean Kimre 

collection 

Mean difference 

Kimre – Raschel 
Cohen’s 

d 
 

66 6.82 8.51 1.69 0.75 

Hypothesis tests 

Test Statistic p-values 

Paired t-test t = 6.07 3.70 × 10-8  

Wilcoxon signed-rank test W = 1860 7.19 × 10-7 

Note: Collection values and mean differences are expressed in L·m⁻²·day⁻¹, p-values correspond to one-tailed 

tests for the hypothesis Kimre > Raschel. 

 

(7) 
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The paired pattern is further illustrated in Fig. 2, where simultaneous Raschel 35% double-layer 

and Kimre observations are compared against the 1:1 line. Points above this line indicate higher 

standardized daily fog-water collection for Kimre, while points below it indicate higher values for 

Raschel 35% double-layer mesh. Most observations are located above the line, showing that the 

higher mean value of Kimre reflects a recurrent pattern across paired measurements rather than a few 

isolated cases. 

 
 

Fig. 2. Paired comparison of standardized daily fog-water collection between Raschel 35% double-layer and 

Kimre meshes during simultaneous observations. 

 

The higher standardized daily fog-water collection observed for Kimre shows that mesh material 

can substantially influence collector performance under local operational conditions. In Peña Blanca, 

the paired design allowed both meshes to be compared during the same monitoring periods and in the 

same sector, reducing the influence of temporal variability in fog occurrence and minimizing 

differences in local exposure conditions. 

This result is consistent with previous studies showing that fog-water collection depends not only 

on fog occurrence, but also on collector design and mesh properties. The Standard Fog Collector has 

traditionally used Raschel-type mesh because of its availability, low cost, and usefulness for 

comparisons among sites (Schemenauer & Cereceda, 1994; Klemm et al., 2012). However, collection 

efficiency can vary according to mesh geometry, filament arrangement, aerodynamic collection 

efficiency, droplet interception, and drainage behavior (Rivera, 2011; Fernandez et al., 2018). 

From an applied perspective, the contrast between meshes has implications for the design and 

operation of fog harvesting systems in semi-arid coastal environments. Where water availability is 

limited, sustained increase in fog-water collection may improve the contribution of fog harvesting 

without necessarily increasing the number of collectors. However, material selection should not be 

based only on collection rates. Durability, cost, local availability, maintenance requirements, and 

long-term operational feasibility should also be considered, particularly in community-managed 

systems where technical performance must be compatible with local capacities and maintenance 

routines (Rivera, 2011; Fernandez et al., 2018). 
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4.2. Precipitation-based sensitivity analysis and monthly precipitation–collection patterns 

 

The precipitation-screening analysis showed that the higher performance of Kimre persisted 

across all evaluated scenarios (Table 2). Monthly precipitation during the monitoring period was 

generally low and episodic within the paired dataset. Among the 63 paired monthly observations with 

available precipitation data, 46 months recorded 0–5 mm, six months recorded 5–20 mm, and eleven 

months exceeded 20 mm.  

After excluding these eleven higher-precipitation months, 52 paired observations remained for 

the sensitivity analysis. This distribution is consistent with the broader semi-arid coastal context of 

northern Chile, where fog harvesting has been studied as a complementary water source in areas with 

limited conventional freshwater availability (Garreaud et al., 2008; del Río et al., 2018; Lobos-Roco 

et al., 2025). 

Results obtained from the 63 paired months with available monthly precipitation data were very 

similar to those from the full paired mesh dataset: Raschel 35% double-layer mesh recorded a mean 

value of 6.88 L·m⁻²·day⁻¹, while Kimre reached 8.56 L·m⁻²·day⁻¹. The mean paired difference was 

1.68 L·m⁻²·day⁻¹ in favor of Kimre, corresponding to a relative advantage of 24.4%. 

After excluding months with precipitation above 20 mm, 52 paired observations remained. In 

this subset, Kimre continued to show higher standardized daily fog-water collection than Raschel, 

with mean values of 8.98 and 7.18 L·m⁻²·day⁻¹, respectively. The mean paired difference remained 

positive at 1.80 L·m⁻²·day⁻¹, corresponding to a relative advantage of 25.0%. Under dry or negligible-

precipitation conditions (P ≤ 5 mm), the difference was also maintained, reaching 2.00 L·m⁻²·day⁻¹, 

with Kimre averaging 9.29 L·m⁻²·day⁻¹ compared with 7.29 L·m⁻²·day⁻¹ for Raschel, corresponding 

to a relative advantage of 27.4%. 

Across all precipitation-screening scenarios, the paired t-tests and Wilcoxon signed-rank tests 

remained statistically significant. The Kimre advantage was maintained after excluding the eleven 

months with precipitation above 20 mm and under dry or negligible-precipitation conditions. This 

consistency supports the robustness of the paired mesh comparison under the operational monitoring 

conditions analyzed. 
 

Table 2. 

Sensitivity analysis of Kimre–Raschel 35% double-layer performance differences under monthly 

precipitation-screening scenarios. 

Precipitation-

screening 

scenario 

n Mean 

Raschel 

35% 

Mean 

Kimre 

Mean 

difference 

Kimre–

Raschel 

Relative 

advantage 

(%) 

Cohen’s 

d 

Paired t-

test p 

Wilcoxon 

p 

All paired 

months with 

precipitation 

data 

63 6.88 8.56 1.68 24.4 0.73 1.38×10⁻⁷ 1.91×10⁻⁶ 

Excluding 

months with P 

> 20 mm 

52 7.18 8.98 1.80 25.0 0.78 3.96×10⁻⁷ 5.45×10⁻⁶ 

Dry/negligible-

precipitation 

months, P ≤ 5 

mm 

46 7.29 9.29 2.00 27.4 0.92 7.46×10⁻⁸ 4.34×10⁻⁷ 

Note: Collection values and mean differences are expressed in L·m⁻²·day⁻¹. P refers to monthly precipitation 

recorded at the CEAZAMET Peña Blanca station. p-values correspond to one-tailed paired tests for the 

hypothesis Kimre > Raschel. 

 

To complement the precipitation-based sensitivity analysis, the association between monthly 

precipitation recorded at the CEAZAMET Peña Blanca station and monthly mean daily fog-water 
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collection was evaluated. The association was weak and negative for both meshes: Pearson’s 

correlation coefficient was r = −0.180 for Raschel 35% double-layer mesh and r = −0.187 for Kimre, 

suggesting the absence of a positive linear relationship between monthly precipitation and fog-water 

collection (Fig. 3a). These correlations were not statistically significant for either mesh, with p = 

0.158 for Raschel 35% and p = 0.143 for Kimre. 

Spearman’s rank correlations were also negative. For Raschel 35%, Spearman’s correlation was 

ρ = −0.261 with p = 0.039, while for Kimre it was ρ = −0.357 with p = 0.004. These results indicate 

that, at the monthly scale, higher precipitation values recorded at the reference station did not 

correspond to higher fog-water collection. Rather, the ranked data suggest a weak to moderate 

negative monotonic association, particularly for Kimre. 

The boxplots show the distribution of monthly mean daily fog-water collection for Raschel 35% 

and Kimre after grouping months into three precipitation ranges: 0–5 mm, 5–20 mm, and >20 mm.  

The overlap between distributions and the similarity of the medians suggest that months with 

higher precipitation did not show, on average, a systematic increase in fog-water collection compared 

with drier months (Fig. 3b). This pattern is consistent with the weak Pearson correlations and the 

negative Spearman associations observed. 

The sensitivity analysis, correlation results, and precipitation-range comparison indicate that 

monthly precipitation records are useful for contextualizing the monitoring series, but the observed 

Kimre–Raschel performance difference was robust across the evaluated precipitation subsets. This 

supports the use of fog-specific monitoring to assess collector performance in semi-arid coastal 

environments as a complementary water source. 

 

 
 

Fig. 3. Relationship between monthly precipitation and monthly mean daily fog-water collection 

(L·m⁻²·day⁻¹) for Raschel 35% double-layer and Kimre meshes during 2020–2025: (a) scatterplots with linear 

trends; (b) boxplots of fog-water collection by monthly precipitation ranges. 
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4.3. Seasonal variability of fog-water collection 

 

Fog-water collection showed a marked seasonal pattern in both meshes (Fig. 4). For Raschel 35% 

double-layer mesh, seasonal means were higher in spring (8.64 ± 3.31 L·m⁻²·day⁻¹) and summer (7.62 

± 2.62 L·m⁻²·day⁻¹), and lower in autumn (5.90 ± 2.70 L·m⁻²·day⁻¹) and winter (5.64 ± 1.94 

L·m⁻²·day⁻¹). Kimre showed a similar seasonal behavior, with higher values in spring (11.36 ± 3.89 

L·m⁻²·day⁻¹) and summer (10.43 ± 3.90 L·m⁻²·day⁻¹), and lower values in autumn (6.40 ± 3.63 

L·m⁻²·day⁻¹) and winter (6.66 ± 2.98 L·m⁻²·day⁻¹). 

Seasonal differences were statistically significant for both meshes according to the Kruskal–

Wallis test. For Raschel 35%, the test yielded H = 10.34 and p = 0.0159, while for Kimre it yielded 

H = 17.98 and p = 0.0004. These results indicate that fog-water collection varied significantly 

throughout the year, with the highest values generally observed during spring and summer and the 

lowest values toward late autumn and early winter.   

 

 
Fig. 4. Monthly mean daily fog-water collection for Raschel 35% double-layer and Kimre meshes during 

2020–2025. Austral seasons are indicated above the monthly axis. 

 

The seasonal pattern observed in Peña Blanca is consistent with the high temporal variability of 

coastal fog systems in semi-arid Chile and with the seasonality documented in Standard Fog Collector 

measurements (Klemm et al., 2012; Montecinos et al., 2018). In this case, the five-year operational 

record provides site-specific evidence for a community-managed fog harvesting system, where 

seasonal differences are directly relevant for water-use planning, storage capacity, maintenance 

schedules, and operational management during the months of higher production (Klemm et al., 2012; 

Carter et al., 2025). 

This seasonal contrast indicates that fog harvesting does not provide a constant supply throughout 

the year, but rather a contribution concentrated in specific temporal windows. Therefore, the seasonal 

cycle of fog-water collection should be considered explicitly when evaluating the role of fog 

harvesting as a complementary water source in semi-arid coastal environments. 

  

4.4. Fog harvesting as a complementary water source 

 

The Peña Blanca case shows that fog harvesting can constitute a strategic complementary water 

source in semi-arid coastal environments, particularly where conventional freshwater availability is 

limited and local communities require diversified water practices. Its contribution should not be 

understood only in terms of isolated collection volumes, but also in relation to its capacity to support 



 Marilyn CEPEDA-VELASTEGUI and Nicolás SCHNEIDER / STATISTICAL AND OPERATIONAL  … 206 

 

local water management when the system is continuously monitored, maintained, and integrated into 

community-based operational routines (Fessehaye et al., 2014; Qadir et al., 2021; Ait el Kadi et al., 

2024). 

A central contribution of this study is that it provides original site-specific evidence from a locally 

sustained operational monitoring experience in Peña Blanca. This operational perspective is relevant 

because long-term records from functioning community-managed fog harvesting systems are 

necessary to understand not only collection rates, but also the practical conditions that shape their 

continuity, maintenance, and performance over time. 

Additionally, these findings have practical implications for the design and operation of fog 

harvesting systems in semi-arid coastal environments. The higher performance observed for Kimre 

suggests that mesh selection can improve fog-water collection under local operational conditions. 

However, in community-managed systems, material selection should not be based only on collection 

rates, but also on maintenance requirements, durability, local availability, storage capacity, and 

community management capacity, particularly in long-term operational systems (Fessehaye et al., 

2014; Qadir et al., 2021; Ait el Kadi et al., 2024). 

Likewise, the marked seasonal variability observed in Peña Blanca indicates that fog harvesting 

requires planning around periods of higher and lower production, rather than assuming a constant 

supply throughout the year (Klemm et al., 2012; Montecinos et al., 2018; Carter et al., 2025). In this 

sense, fog harvesting in Peña Blanca should be understood as both a technical and operational 

practice. Its potential contribution is shaped by the interaction between measured fog-water collection, 

mesh performance, storage possibilities, maintenance routines, local monitoring capacity, and 

community organization. This interpretation is consistent with recent work on Peña Blanca that 

highlights the role of collective action and territorial organization in local water practices (Di Tullio 

& Zannini, 2025). 

 

 

5. CONCLUSIONS 

 

This study evaluated the operational performance of fog-water harvesting in the Peña Blanca 

Agricultural Community, semi-arid northern Chile, using five years of locally sustained monitoring 

records from 2020 to 2025. The results provide original site-specific evidence from a functioning 

community-managed fog harvesting system and show that standardized daily fog-water collection 

varies according to mesh configuration and seasonal conditions under real operational monitoring. 

The paired comparison showed that Kimre consistently outperformed Raschel 35% double-layer 

mesh under the local operational conditions analyzed. This difference was statistically significant in 

both parametric and non-parametric tests and represented an average relative advantage of 

approximately 25% in favor of Kimre. The precipitation-based sensitivity analysis reinforced this 

pattern: after excluding months with precipitation above 20 mm, Kimre maintained a relative 

advantage of 25.0%, and the advantage also persisted under dry or negligible-precipitation conditions, 

reaching 27.4%. In addition, the correlation analyses showed no positive association between monthly 

precipitation and fog-water collection. These findings indicate that the observed difference between 

meshes was robust across the evaluated monthly precipitation subsets and support the relevance of 

mesh selection for improving collector performance under community-based operational conditions. 

Fog-water collection in Peña Blanca also showed marked seasonal variability, with higher values 

during spring and summer and lower values toward autumn and winter. This seasonal pattern indicates 

that fog harvesting should not be understood as a uniform supply throughout the year, but rather as a 

complementary contribution concentrated in specific production windows. Therefore, storage 

capacity, maintenance schedules, water-use planning, and local management routines are essential for 

sustaining its contribution over time. 

The Peña Blanca case demonstrates that fog harvesting can constitute a strategic complementary 

water source in semi-arid coastal environments when its technical performance is evaluated together 

with long-term monitoring, seasonal variability, and local operational conditions. The study highlights 
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that mesh selection, sustained data collection, seasonal planning, and local institutional and 

community capacity are key dimensions for improving the design, assessment, and continuity of fog 

harvesting systems under real field conditions. 
 

 

ACKNOWLEDGEMENTS 

This work is the result of the sustained efforts of several people in the Peña Blanca Agricultural 

Community, Ovalle, whose trust, collaboration, and commitment made it possible to document and 

share this community-based monitoring experience. The authors gratefully acknowledge the 

community members and Fundación Un Alto en el Desierto, whose joint work has supported the 

continuity of field measurements, maintenance routines, operational follow-up, and care of the fog-

water harvesting system. Their contribution has made it possible to generate and share scientific 

evidence on community-based fog-water harvesting as a complementary response to water scarcity 

in semi-arid territories. 

 

 

R E F E R E N C E S  
 

 

Ait el Kadi, M., Bouchaou, L., Castelli, G., Re, V., Çakmakçı, Y., Bresci, E. & Hssaissone, M. (2024) Multi-

aspect assessment of operational fog collection systems: A rural development perspective, insights from the 

Sidi Ifni project in Morocco. Journal of Arid Environments, 222, 105174. 

https://doi.org/10.1016/j.jaridenv.2024.105174 

Carter, V., Verbrugghe, N., Lobos-Roco, F., del Río, C., Albornoz, F. & Khan, A. Z. (2025) Unlocking the fog: 

Assessing fog collection potential and need as a complementary water resource in arid urban lands–the Alto 

Hospicio, Chile case. Frontiers in Environmental Science, 13, 1537058. 

https://doi.org/10.3389/fenvs.2025.1537058 

Cereceda, P., Schemenauer, R. S. & Suit, M. (1992) An alternative water supply for Chilean coastal desert 

villages. International Journal of Water Resources Development, 8, 53–59. 

Centro de Estudios Avanzados en Zonas Áridas (CEAZA) (2019) CEAZAmet. Available at: 

https://www.ceazamet.cl 

Cohen, J. (1988) Statistical power analysis for the behavioral sciences. 2nd edn. Lawrence Erlbaum Associates. 

del Río, C., Garcia, J. L., Osses, P., Zanetta, N., Lambert, F., Rivera, D., Siegmund, A., Wolf, N., Cereceda, P., 

Larraín, H. & Lobos, F. (2018) ENSO influence on coastal fog-water yield in the Atacama Desert, Chile. 

Aerosol and Air Quality Research, 18, 127–144. https://doi.org/10.4209/aaqr.2017.01.0022 

Di Tullio, V. & Zannini, L. (2025) Unveiling hydrosocial dynamics: Discourse and power in Peña Blanca. 

Frontiers in Environmental Science, 12, 1502191. https://doi.org/10.3389/fenvs.2024.1502191 

Farías, M., Cereceda, P., Osses, P. & Núñez, R. (2005) Comportamiento espacio-temporal de la nube 

estratocúmulo, productora de niebla en la costa del desierto de Atacama (21° lat. S., 70° long. W.), durante 

un mes de invierno y otro de verano (in Spanish). Investigaciones Geográficas, 56, 43–61. 

https://doi.org/10.14350/rig.30096 

Fernandez, D. M., Torregrosa, A., Weiss-Penzias, P. S., Zhang, B. J., Sorensen, D., Cohen, R. E., McKinley, G. 

H., Kleingartner, J., Oliphant, A. & Bowman, M. (2018) Fog water collection effectiveness: Mesh 

intercomparisons. Aerosol and Air Quality Research, 18(1), 270–283. 

https://doi.org/10.4209/aaqr.2017.01.0040 

Fessehaye, M., Abdul-Wahab, S. A., Savage, M. J., Kohler, T., Gherezghiher, T. & Hurni, H. (2014) Fog-water 

collection for community use. Renewable and Sustainable Energy Reviews, 29, 52–62. 

https://doi.org/10.1016/j.rser.2013.08.063 

Garreaud, R., Barichivich, J., Christie, D. A. & Maldonado, A. (2008) Interannual variability of the coastal fog 

at Fray Jorge relict forests in semiarid Chile. Journal of Geophysical Research: Biogeosciences, 113(G4), 

G04011. https://doi.org/10.1029/2008JG000709 

Hollander, M., Wolfe, D. A. & Chicken, E. (2013) Nonparametric statistical methods. 3rd edn. John Wiley & 

Sons. 

 

https://doi.org/10.1016/j.jaridenv.2024.105174
https://doi.org/10.3389/fenvs.2025.1537058
https://www.ceazamet.cl/
https://doi.org/10.4209/aaqr.2017.01.0022
https://doi.org/10.3389/fenvs.2024.1502191
https://doi.org/10.14350/rig.30096
https://doi.org/10.4209/aaqr.2017.01.0040
https://doi.org/10.1016/j.rser.2013.08.063
https://doi.org/10.1029/2008JG000709


 Marilyn CEPEDA-VELASTEGUI and Nicolás SCHNEIDER / STATISTICAL AND OPERATIONAL  … 208 

 

 

Klemm, O., Schemenauer, R. S., Lummerich, A., Cereceda, P., Marzol, V., Corell, D., van Heerden, J., Reinhard, 

D., Gherezghiher, T., Olivier, J., Osses, P., Sarsour, J., Frost, E., Estrela, M. J., Valiente, J. A. & Fessehaye, 

G. M. (2012) Fog as a fresh-water resource: Overview and perspectives. AMBIO, 41(3), 221–234. 

https://doi.org/10.1007/s13280-012-0247-8 

Kruskal, W. H. & Wallis, W. A. (1952) Use of ranks in one-criterion variance analysis. Journal of the American 

Statistical Association, 47(260), 583–621. https://doi.org/10.1080/01621459.1952.10483441 

Larraín, H., Velásquez, F., Espejo, R., Pinto, R., Cereceda, P., Osses, P. & Schemenauer, R. S. (2002) Fog 

measurements at the site “Falda Verde, North of Chañaral”, compared with other north Chilean fog stations. 

Atmospheric Research, 64, 271–284. https://doi.org/10.1016/S0169-8095(02)00098-4 

Lobos-Roco, F., Vilà-Guerau de Arellano, J. & del Río, C. (2025) Observation-driven model for calculating 

water-harvesting potential from advective fog in (semi-)arid coastal regions. Hydrology and Earth System 

Sciences, 29, 109–125. https://doi.org/10.5194/hess-29-109-2025 

Montecinos, S., Cereceda, P. & Rivera, D. (2018) Fog collection and its relationship with local meteorological 

variables in a semiarid zone in Chile. Atmósfera, 31(2), 143–153. 

https://doi.org/10.20937/ATM.2018.31.02.03 

Montecinos, S., Gutiérrez, J. R., López-Cortés, F. & López, D. (2016) Climatic characteristics of the semi-arid 

Coquimbo Region in Chile. Journal of Arid Environments, 126, 7–11. 

https://doi.org/10.1016/j.jaridenv.2015.09.018 

Nicolas-Artero, C. & Blanco-Wells, G. (2025) Camiones aljibe como sustentadores de un sistema que debe 

repensarse (in Spanish). Policy Brief CR2 25. Centro de Ciencia del Clima y la Resiliencia (CR2). Available 

at: https://www.cr2.cl/wp-content/uploads/2025/07/Policy-brief-25-Camiones-aljibe.pdf 

Osses, P., Cereceda, P., Larraín, H. & Schemenauer, R. S. (1998) Influence of relief on the origin and behaviour 

of fog at Tarapacá, Chile. In Conference on Fog and Fog Collection, pp. 245–247. 

Qadir, M., Jiménez, G. C., Farnum, R. L. & Trautwein, P. (2021) Research history and functional systems of fog 

water harvesting. Frontiers in Water, 3, 675269. https://doi.org/10.3389/frwa.2021.675269 

Rivera, J. D. (2011) Aerodynamic collection efficiency of fog water collectors. Atmospheric Research, 102(3), 

335–342. https://doi.org/10.1016/j.atmosres.2011.08.005 

Rivera, D., Del Río, C., Carter, V., Donoso, G., Pimentel, P. & Aguirre, C. (2026) Regulation, governance and 

management of fog water in Chile: Challenges in a territory of scarcity. International Journal of Water 

Resources Development, 42(1), 72–93. https://doi.org/10.1080/07900627.2025.2553140 

Schemenauer, R. S. & Cereceda, P. (1994) A proposed standard fog collector for use in high-elevation regions. 

Journal of Applied Meteorology, 33(11), 1313–1322. https://doi.org/10.1175/1520-

0450(1994)033%3C1313:APSFCF%3E2.0.CO;2 

 

 

 

https://doi.org/10.1007/s13280-012-0247-8
https://doi.org/10.1080/01621459.1952.10483441
https://doi.org/10.1016/S0169-8095(02)00098-4
https://doi.org/10.5194/hess-29-109-2025
https://doi.org/10.20937/ATM.2018.31.02.03
https://doi.org/10.1016/j.jaridenv.2015.09.018
https://www.cr2.cl/wp-content/uploads/2025/07/Policy-brief-25-Camiones-aljibe.pdf
https://doi.org/10.3389/frwa.2021.675269
https://doi.org/10.1016/j.atmosres.2011.08.005
https://doi.org/10.1080/07900627.2025.2553140
https://doi.org/10.1175/1520-0450(1994)033%3C1313:APSFCF%3E2.0.CO;2
https://doi.org/10.1175/1520-0450(1994)033%3C1313:APSFCF%3E2.0.CO;2


  d


    s  D

