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Abstract 20 

“Valles Cruceños” rural region, Bolivia, is characterized by an intrinsic water scarcity and an 21 

increasing pressure for food production by the neighboring and fast-sprawling city of Santa Cruz 22 

de la Sierra. Here, orographic fog is a daily phenomenon occurring all the year round, representing 23 

a sustainable water source for improving farmers’ resilience to dry spells and for promoting food 24 

security and sovereignty. With the present study, we aim at a first assessment of the potential of 25 

fog collection in the area by a 1-year experimental analysis made through 1-m2 fog collectors in 10 26 

different locations. Starting from these data, we design under safe assumption (including a 27 

sensitivity analysis) a fog water irrigation system providing water for a standard theoretical field 28 

with four local crops (maize, green beans, potato, and tomato) in the dry season. The present 29 

paper represents the first study on fog collection in Bolivia, showing that, on annual basis, an 30 

average of 6.01 l/m2/d can be obtained from most productive areas, with peaks up to 8.93 l/m2/d. 31 
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Moreover, to the best of our knowledge, the work represents one of the first consistent studies on 32 

the productive use of orographic fog, while large part of the literature focuses on advection fog, 33 

mostly occurring in the Pacific Coast of South America. 34 

Keywords: water scarcity, fog harvesting, irrigation, rural water supply, South America, Andes. 35 

Highlights 36 

• Orographic fog can improve farmers’ resilience to dry spells in sub-Andean Bolivian ridges 37 
• An average of 6.01 l/m2/d can be obtained from most productive areas, with peaks up to 38 

8.93 l/m2/d 39 
• Such fog collection rates can enhance crop production in the dry season 40 
• The study represents the first fog collection study for the Country, 41 
• and one of the firsts on orographic fogs for the region 42 

 43 

1. Introduction 44 

Fog collection is a water harvesting technique used in arid tropical and subtropical areas 45 

characterized by low rainfall amounts but frequent fog events, due to local weather conditions 46 

(Klemm et al. 2012; Kaseke and Wang, 2018). Fog water can be used for human and animal 47 

consumption (Kaseke and Wang, 2018), subsistence agricultural activities (Correggiari et al., 2017), 48 

or afforestation and environmental restoration (Certini et al., 2019).  In areas where normally the 49 

water for human uses is carried in villages by truck, it can increase the average quantity of water 50 

per capita (Fessehaye et al, 2015; Kaseke and Wang, 2018), and, in such contexts, it is considered 51 

as a fundamental mean to achieve water security (UN-Water, 2020). 52 

The technique is implemented by using fog collectors (or Atrapanieblas in Spanish): vertical 53 

polypropylene meshes supported by two wooden posts set up perpendicularly to the predominant 54 

wind direction (Schemenauer and Cereceda 1994, Franceschetti, 2000).  A part of fog water 55 

droplets carried by the wind touches the nets and, as they converge by gravity, they run down the 56 

meshes into underlying plastic gutters and subsequently into storage tanks (Franceschetti, 2000). 57 
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Fog collectors are classified in two major typologies: Standard Fog Collectors (SFCs) and Large fog 58 

Collectors (LFCs). SFCs are smaller (mesh area of 1 m2) and are mainly used in pilot experiments 59 

while LFCs are much larger (mesh area of 40-48 m2) and are used in project implementations 60 

(Klemm et al. 2012). 61 

In the Bolivian Altiplano (or highlands), a dryland region, rainfed cultivation can only take place 62 

during the summer months (Garcia et al., 2007). Due to low temperatures in winter, irrigation 63 

cannot sustainably increase crop intensification (Satgé et al., 2019). However, it could be crucial 64 

for sustaining agricultural production during periods of drought in the summer months and it 65 

could allow watering of artificial pastures, reducing the problems derived from overgrazing of 66 

natural grasslands. Moreover, in some areas, irrigation could also allow for an increased 67 

cultivation of high-value agricultural products such as vegetables (FAO, 2015). 68 

Among many areas of the countries, Valles Cruceños region (a macro-region including the three 69 

provinces of Florida, Vallegrande and Manuel María Caballero) represents a remarkable hotspot 70 

for potential water scarcity issues (Zabalketa, 2008). Despite a relatively lower altitude with 71 

respect to the western highlands, which would allow crop intensification, the area is characterized 72 

by many urban-rural dynamics, potentially harmful for environmental health (Cantini et al., 2019), 73 

since it represents the main source of food for a large part of the population of the city of Santa 74 

Cruz de la Sierra (1.7 million residents in the urban area). The city is the second Bolivian city for 75 

population, with an estimated growth rate of 2.15% for 2019 (UN, 2020). Given the fast growth of 76 

the urban population, there is a tremendous increase in food demand, requiring the continuous 77 

expansion of cultivations and rangelands (Castelli et al., 2017; Cantini et al. 2019).  78 

Precipitation in Valles Cruceños is concentrated from December to March, while in the rest of the 79 

year it hardly appears. There is, however, a constant presence of fog (Zabalketa, 2014), generated 80 

by the orographic effect of Eastern Andean escarpment, facing the Amazon basin. Such resource 81 
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could fulfill irrigation needs of local populations and could serve as an integration for satisfying 82 

drinking water demands. For drinking purposes, in fact, local population relies on temporary 83 

springs and on rural aqueducts based on the water supply provided by local Reservas del 84 

Patrimonio Natural (REPANAs, Zabalketa, 2008). However, such water sources often reduce their 85 

discharge or even dry up during dry season. They can therefore be integrated with fog water. 86 

Following these practical needs, the present research aims at evaluating the potential for fog 87 

water harvesting in Valles Cruceños area by: 1) analyzing 12-month time series of fog volumes 88 

collected by 10 1-m2 fog collectors installations in different locations, 2) analyzing the feasibility of 89 

a suitable, scalable, fog-based irrigation system that can enhance the resilience and the food 90 

security of rural settlements of Valles Cruceños. 91 

While large part of fog collection projects are based on the collection of advection fogs 92 

(Schemenauer and Cereceda, 1991; Certini et al., 2019), namely fog which is formed by the slow 93 

passage of relatively warm, moist, stable air over a colder wet surface (like the South Pacific Coast 94 

bordering the Andes) and it is then advected (moved) by orographic winds to coastal mountains 95 

and hills (Fessaye et al., 2014), our paper focuses on the rather less common collection of 96 

orographic fog, originated on Andean Eastern escarpment (Cereceda et al., 2002; Estrela et al., 97 

2008; Estrela, 2008; Molina and Escobar, 2008). Advection fog collection rates may reach 12 98 

l/m2/d (Fessehaye et al. 2012), while orographic fog collection rates observed so far are 99 

considerably lower, ranging from 4.2 (Colombia, Molina and Escobar, 2008) to 1.1 l/m2/d (Chile, 100 

Cereceda et al., 2002). However, due to the limited availability of literature, it is needed to extend 101 

the research efforts on orographic fog collection and assess relative fog collection rates, especially 102 

in countries where fog water collection is unexplored. To the best of our knowledge, our analysis 103 

represents the first scientific study on fog collection in Bolivia. 104 

 105 
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2. Study area  106 

2.1.  Valles Cruceños 107 

The Valles Cruceños macro-region has an area of 1382705 ha and population of 82727 inhabitants 108 

(INE, 2012). It is constituted by the provinces of Florida, Vallegrande and Manuel María Caballero 109 

in the southwest of the department of Santa Cruz, Bolivia (figure 1), located between the Andean 110 

Cordillera and the Amazon lowlands (Gobierno Departamental Autónomo de Santa Cruz, 2009). 111 

The main economic activity in the region is agriculture which is mostly small-scale and rainfed, and 112 

water scarcity represents a key constraint (Zabalketa, 2016).  113 

During the year, the temperature generally ranges from 6 °C to 23 °C and is rarely below 2 °C or 114 

above 27 °C. Rainfall is variable (from 400 mm to 2000 mm/y), with the rainy period running from 115 

December to March, while the rest of the year is mostly dry.  The area is characterized by a large 116 

morphological and landscape diversity, from the highest areas (3300 m a.s.l.) of the Sub-Andean 117 

zone, to lower areas (460 m a.s.l). The ecoregions present in Valles Cruceños include the Tucuman-118 

Bolivian forest, the Inter-Andean Dry forest, Chaco Serrano and Yungas forest (Ibisch and Mérida, 119 

2013).  120 

2.2 Fog generation and occurrence in Valles Cruceños 121 

During the austral summer, from December to March, the study area is affected by the combined 122 

effect of the South American summer monsoon and South Atlantic Convergence Zone (SACZ, a 123 

cloud strip oriented in the NW-SE direction extending from the Amazon to the South coast of 124 

Brazil). The summer monsoon leads to intense rainfall and carries warm, moist air from the 125 

tropical Atlantic into the Amazon Basin upon reaching the Andes Mountains. Therefore, during 126 

early summertime, in Bolivia there are intense rainfalls (Latrubesse et al., 2012). 127 
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At this time of the year, an area of low pressure (Chaco Low) is established in the interior of the 128 

continent, combined with the orographic barrier of the Andes to the west, directs the trade winds 129 

that arrive from the east and northeast in the Amazon to the southeast of the continent 130 

(Garreaud, 2009). The SACZ implies a significant export of moisture from the Amazon towards the 131 

continent. As the SACZ enters its most active stage (December, January and February) the upper-132 

level anticyclonic center moves from the Amazon basin to the Bolivian altiplano setting up the 133 

“Bolivian High” a warm anticyclone creating a pressure gradient that leads to enhanced upper-air 134 

coming from the east, passing over the Andean ridge, increasing eastward upslope flow and 135 

moisture transport from the interior of the continent towards the western Altiplano (Vuille, 1999). 136 

Garreaud (1999) presented a convincing linkage between large scale upper-air easterly winds over 137 

the Altiplano during rainy periods and the regional easterly upslope flow moisture from the 138 

continental lowlands towards the Altiplano. His results suggest that the large scale upper-level 139 

easterly flow produces an acceleration of the eastward upslope flow and moisture transport on 140 

the Andean ridge (Vuille, 1999). This eastern trade-wind runs through the continent, and when the 141 

wind intercepts the Andean ridge, the air mass is forced from a low elevation to a higher elevation 142 

as it moves over rising terrain, therefore forcing moisture convergence at those elevations. 143 

Garreaud (2009) confirmed the studies expressed in 1999 about the effect of the Andes on 144 

weather systems, mainly in subtropical latitudes, asserting the existence of a wet and dry period at 145 

high elevations (between 2000 and 5000 m a.s.l.) due to a positive relation between this range of 146 

altitude and trade winds blowing from the Amazon basin. It can be concluded that fog in Valles 147 

Cruceños is predominantly orographic and present from December onwards. 148 

 149 

3. Materials and methods 150 
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3.1. Data collection 151 

Ten experimental sites were selected to cover a range of elevations (from 420 to 3334 m a.s.l.), 152 

across different mountain ridges (Figure 1, Table 1). The collection of hydrometeorological 153 

observations, including fog collection, was made from January to December 2018. In each of the 154 

experimental sites, three 1-m2 fog collectors were used to collect fog water, and volumes collected 155 

were measured from tanks connected to the meshes (Figure 2). Due to the location of measuring 156 

stations, positioned in remote communities, data were taken with a frequency of 8 days by local 157 

population. An operator collected aggregated data and double-checked measurements every 20 158 

days. The volume was always taken also at the end of each month. 2018 was reported as a regular 159 

year, with neither negative nor positive rainfall anomalies. 160 

The fog collectors used were equipped with 50% half-shade Raschel mesh, which was the only one 161 

available on the Bolivian market at the time of the analysis. Such mesh was quite different 162 

standard SFC references, prescribing a 35% Raschel mesh in double layer (Schemenauer and 163 

Cereceda, 1994). However, a double-layered 35% Raschel mesh covers approximately the 60% of 164 

the area of the collector. Considering that the superposition of the two layers is always casual and 165 

that the 40% free space may have some variations in all applications (Schemenauer and Cereceda, 166 

1994), we assumed that the 50% Raschel mesh could be considered quasi-equivalent to a standard 167 

SFC. 168 

Fog-collected volumes were cumulated per each month, averaged, and expressed as l/m2/d. A 169 

wind gauging station was installed next to the fog collectors, recording measurements with a 170 

frequency of 30 minutes, which were averaged per month. In addition to this meteorological 171 

information, a daily record of the presence or absence of fog was kept, and average rainfall 172 

volumes were retrieved from Vallegrande station, located in Vallegrande city at an altitude of 173 

1998 m a.s.l. (data from World Weather Online, 2020). Rainfall amounts falling in area of the 174 
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gutter collecting fog water, at the bottom of the meshes, were removed from the monthly 175 

averages. 176 

3.2 Designing a Fog water irrigation system 177 

The design strategy was based on the idea of irrigating crops during the dry period (from April to 178 

August), when crops are not grown due to water scarcity (FAO-GIEWS, 2020). Year 2018 was 179 

considered as design period, using as water supply the fog water that can be collected from one 180 

LFC during each month of analysis, in the most productive site, for a standard cropped area used 181 

to cultivate four crops (tomato, potato, maize and green beans in equal percentages). The main 182 

design variable for the system was the volume of a suitable storage tank.  183 

The discharge entering in the system in month I, Qin,i (m3/month) was calculated as: 184 

!!",! = # ∙ % ∙ 0.88	 ∙ 	!$%&,! ∙ *!/1000 (1) 

Where:  185 

• n is the number of LFC considered, set to 1; 186 

• S (m2) is the design area of an LFC equal to 48 m2; 187 

• Qfog,I  is the average daily volume of fog collected in the month i, from the previous 188 

paragraphs, referred to data collected with an 1-m2 fog collector; 189 

• ti (day/month) is the number of days for month i; 190 

• 0.88 is a scale parameter to consider that the fog collected by one SFC (of equivalent fog 1-191 

m2 fog collector) is usually more than the one which one LFC could collect in the same 192 

conditions (Bresci, 1998). 193 

The discharge needed for irrigation at month i, Qout,i (m3/month), was calculated as:  194 

!%'(,! = -!)),!/.!)) ∙ / ∙ *!/1000 (2) 
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Where:  195 

• A (m2) is the cropped area, assumed equal to 120 m2 in the first trial; 196 

• dirr,I (mm/d) is the daily average irrigation requirement for month i, calculated with 197 

CROPWAT 8.0®; 198 

• eirr is the irrigation efficiency, assumed 0.90 for drip irrigation. 199 

CROPWAT 8.0 is a Windows-based software for the calculation of crop water requirements and 200 

irrigation requirements based on soil, climate and crop data (Martin, 1992). In addition, the 201 

program allows the development of irrigation schedules for different management conditions and 202 

the calculation of scheme water supply for varying crop patterns. Climate data input can 203 

accommodate daily, decadal, or monthly values, and are converted into a daily soil-water balance 204 

to develop optimal irrigation schedules, using various user-defined options for water supply and 205 

irrigation management conditions. 206 

Climatic data for three years 2018 were gathered from ERA-5 (Copernicus Climate Change Service, 207 

2017 -monthly maximum and minimum temperature (◦C), mean relative humidity (%), wind speed 208 

(km/day)), and CHIRPS rainfall dataset (Funk et al., 2015), which was found to have more accurate 209 

data (mm) for the area when considering very localized studies (Cantini et al., 2019). Sunshine 210 

hours (h) were taken from the Bolivian National Service of Meteorology and Hydrology 211 

(SENAMHI). The crop data for potato, maize, green beans, and tomatoes, such as rooting depth, 212 

crop coefficient, critical depletion, yield response factor, and length of plant growth stages, were 213 

obtained from the FAO Manual 56 (Allan et al., 1998). FAO Harmonized World Soil Database 214 

(HWSD) was used to obtain information, in this case a silty loam type.  215 

 The water balance equation used to simulate the storage system is as follows: 216 
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0!  =  1
0*+,!&"																																																				23	0!-. 	+ 	5	!!",! 	− 	!%'(,!7 > 	0*+,!&"

	
0!-. 	+ 	5	!!",! 	− 	!%'(,!7																																				.9:.;ℎ.=.																																		

  
(3) 

Where:  217 

• Vi is the actual volume of water in the storage tank at month i; 218 

• Vdesign is the design volume of the tank to be realized. 219 

The water balance model was computed for the water collected in 2018, by testing different Vdesign 220 

options, and identifying the minimum volume that allows to compute the balance of the tank with 221 

Vi > 0 for each timestep analyzed in each year (while Vi < 0 would represent a failure of the 222 

system). The water balance calculation was initialized with the tank filled by the fog collected in 223 

March, considering the initial volume for February equal to 0. The cropped area A was also 224 

adjusted (in a limit of ± 10%) for having a correct system functioning. After the initial design, the 225 

design process was repeated for potential situation with -5%, -10% and -20% for water amounts to 226 

check the sensitivity of the system to different climatic conditions. 227 

 228 

4. Results 229 

4.1. In-situ fog water collection for 2018  230 

The average yearly values of daily fog water volumes ranged from 0.89 l/m²/d in Racetes (2131 m) 231 

to 6.01 l/m²/d in El Churo (3334 m) (Table 2). In Sivingalito (2091 m), El Pino (922 m) and Chapas 232 

(2608 m) annual averages were also considerable (3.66, 3.14 and 2.61 l/m²/d, respectively). While 233 

in many other case studies in increase in altitude was found to be linked to an increase in fog 234 

collection rates and volumes, in Valles Cruceños annual volumes were not significantly positively 235 

correlated with elevation. This could have been linked to the peculiar characteristics of the study 236 

site, with multiple valleys interspersed with relatively low reliefs. 237 



Castelli et al. - Fog as unconventional water resource in Southern Bolivia - Preprint 11 

In most sites, two peaks of fog water harvesting were observed, one in Feb-Mar and one in Oct-238 

Dec (Table 2, Figure 3), with the first one generally largest than the second peak. Sites within the 239 

same mountain range displayed different amount and distribution of fog, highlighting that local 240 

topography represented an important factor (Figure A1 in Appendix). For example, El Churo is 241 

located in the windward side of the mountain range, facing the Amazon (which is most humid) 242 

while Manzanal, is located in the leeward site. 243 

No significant relation was found between mean monthly values of wind speed (Table A1 in 244 

Appendix) and mean monthly volumes of water harvested (a linear model aimed to explain mean 245 

monthly volumes of fog collected as a function mean wind speed exhibited a value of R2 = 0.35). 246 

Possibly, this is related to aggregating mean wind speed data, as fog events are sporadic.  247 

4.3 Designing a Fog water irrigation system 248 

Results indicate that using one LFC with a commercial tank size of 8 would allow the irrigation of 249 

the farm plot of 120 m2 (potato, maize, green beans, and tomato in equal proportion) for one dry 250 

season (Mar-Aug). Our calculation, under the assumptions made in session 3.2, showed that the 251 

system is only limitedly sensitive to fog water reductions, highlighting the need of a larger tank (10 252 

m3) only for a 20% reduction. The water balance of the irrigation system is shown in table A2 in 253 

Appendix.  254 

 255 

5. Discussion  256 

5.1 Fog collection potential in Bolivian Valles Cruceños 257 

The present study testifies a good potential for the use of fog as an unconventional water resource 258 

in the south-east Andean escarpment of Bolivia. In the best location (El Churo) yearly average fog 259 
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collection values are up to 6.01 l/m2/d, with peaks of 8.93 in the dry season. The very specific 260 

characteristic of the study site is to be an inland location, taking advantage of the fog formed on 261 

the Amazon forest and by orographic effect. While some fog collection projects can reach yearly 262 

average values over 10 l/m2/d (Serra Malagueta in Cape Verde, Meija in Peru; Fessehaye et al., 263 

2012), all these latter ones are based on advection fog, being thus limited to coastal areas. In 264 

terms of average fog volumes collected, the case study of Valles Cruceños can be set in an average 265 

position among the known fog collection experiments (Fessehaye et al., 2012, cfr. Figure 4). 266 

Among these, some similar analyses on orographic fog collection have been carried out in Nepal, 267 

but higher peak fog collection rates.  268 

Like the Nepalese experiment (Pathivara Temple, Macquarrie et al., 2001), the study site of El 269 

Churo is at a relatively high altitude (3334 m a.s.l.) and represents one of the highest altitude 270 

experiments of fog collection known (Fessehaye et al., 2012, cfr. Figure 3). The characteristic of an 271 

elevated altitude may thus be one common feature of optimal inland fog collection sites. 272 

Moreover, unlike many cases where fog occurrence and/or fog collection rates are heavily 273 

dependent on seasonality, with an actual “fog season” (Carvajal et al., 2022; Certini et al., 2019; 274 

Fessahaye et al, 2015), fog collection in Valles Cruceños is relatively stable along the year (figure 275 

3). Furthermore, given the specificity, and the relatively clear identifiability of El Churo station as 276 

the best one for fog collection in Valles Cruceños (high elevation facing the Amazon basin on a 277 

north-east sloping area, taking advantage of fog moved easterly from the continent), it can be 278 

inferred that similar locations could represent potential optimal sites for fog collection in Bolivia, 279 

and more in general in Eastern Andes. 280 

In the framework of an expansion of fog collection in the study area, it should be noticed that fog 281 

volumes analyzed in the present study were collected using the standard Raschel mesh. Such 282 

mesh has proven to be very efficient in fog collection for wind velocities below 1 m/s, while for 283 
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velocities higher than 5 m/s other fog nets (such as the modern FogHa-Tin 3D mesh) have been 284 

proven to be more performant (Fernandez et al., 2018). Further analysis could be needed to 285 

identify the best mesh for the local condition of Bolivian East Andes, since average wind velocities 286 

stand in the middle of the range presented by Fernandez et al. (table 3). To further develop a rural 287 

development approach based on fog collection, ICO Bolivia and Zabalketa started a new project, 288 

funded by Munich ReFoundation, in 2019, aimed at testing the impact of novel “CouldFisher” fog 289 

collectors, produced by Aqualonis (http://www.munichre-290 

foundation.org/en/Water/Fog_nets_in_Bolivia_Scouting_the_best_locations.html) which shows 291 

an overall better performance in terms of fog collection with reference to other type of meshes 292 

(Schunk et al., 2018). The results of the project, however, will have to be benchmarked with the 293 

highest costs of engineered and advanced fog collection meshes, such as the “CouldFisher” ones, 294 

that could undermine the economic sustainability of new interventions. 295 

5.2 Fog-based irrigation system 296 

Considering that 40 m2 of crop can be sufficient for the basic need of a Bolivian family of four ( 297 

FAO-TCP, 2006), one LFC with 8 m3 of water storage tank can guarantee food security during dry 298 

periods to around three families. Vegetable gardens contribute significantly to food security, both 299 

as a supplementary source of food products or as a source of supply during the non-productive 300 

season or when there is no growth. In terms of economic costs one LFC cost may range from $ 301 

1200 to $ 2400 with an expected lifespan on the fog collector system of an average of 10 years 302 

(Manzoor et al., 2018), while the purchase of the tank is considered at an indicative cost of $ 2000 303 

and the drip irrigation system around $ 300 for the full plot. Therefore, the costs can be 304 

considered of $ 350 - $ 470 per year equal to $ 117 - $ 157 per family per year.  305 

Since the austral winter is the season with lowest temperatures recorded, the limitation of this 306 

approach consists in the temperature requirements for selected crops. The worst example is the 307 
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minimum temperature requirement for Tomato, equal to 15 °C, with an optimum range of 308 

temperature between 15 -25 °C (Witter and Aung, 1969), while the average temperature in El 309 

Churo during the austral winter is of 10 °C, reaching a minimum temperature of 2 °C. 310 

In this framework, appropriate technologies such as mud-brick greenhouses could solve the 311 

problem. Greenhouse projects have already proven good results in El Alto (Bolivia), that has 312 

climatic conditions like Valles Cruceños, where FAO and El Alto’s municipal government aimed at 313 

promoting the year-round production of vegetables in family gardens made of mud-brick 314 

greenhouses. The project showed that the temperature inside greenhouses was normally 10 °C 315 

higher than outside, and that El Alto familes could cultivate tomato, lettuce and paprika (FAO, 316 

2014). Another project carried by Agence Française de Développement (AFD) can confirm the 317 

effectiveness of greenhouses in Bolivian Altiplano near La Paz 318 

(https://www.afd.fr/fr/actualites/grand-angle/la-serre-qui-libere-319 

laltiplano?origin=/fr/actualites?field_date_value=&field_date_value_1=&field_type_target_id=All320 

&field_region_country_target_id%5B%5D=177&field_theme_target_id=All&items_per_page=5). It 321 

should be noticed that crops cultivated in a greenhouse may have different crop water 322 

requirements with respect to those calculated for open cultivation. However, despite the increase 323 

of temperature, in a greenhouse wind is absent and air humidity is higher, resulting in a decrease 324 

of crop water requirements (Gong et al., 2020). Therefore, the implementation of greenhouses 325 

may further result in a decrease of water demand. 326 

Fog collection has often been used for irrigation, mainly for reforestation projects (Certini et al., 327 

2019), but also for agricultural production using drip irrigation (Fessaye et al., 2014). In these latter 328 

applications, fog water quality is often the main concern, often hampered by the passage of fog 329 

masses over areas with high air pollution given by anthropic activities (Sträter et al. 2010). The 330 
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study area of Valles Cruceños should be tested for fog water quality. However, the issue could be 331 

limited by the fact that fog occurring in the area is generated and moves over the Amazon biota.  332 

In any case, for successful fog-water based irrigation, it is fundamental to have a solid community-333 

based management structure as in the case of the “El Tofo” system in Chile (Correggiari et al., 334 

2017). Key elements of the fog system implementation should be: the full community involvement 335 

(since the beginning of the project), the establishment of a management committee, the training 336 

of such committee and appropriate economic and financial planning (Correggiari et al., 2017). 337 

 338 

6. Conclusions 339 

The present study highlights the practical feasibility of fog collection in Southern Bolivian region of 340 

Valles Cruceños, situated on the Eastern Andean escarpment. Rather than advection fog, 341 

orographic fog typically occurs in the region and can be collected, driven by easterly inland winds. 342 

The study sites thus represent a remarkable example of geographical setting allowing inland fog 343 

collection, like some case studies in Nepal, but with relatively lower fog collection rates. 344 

Our experiment showed that at least 3-4 locations in Valles Cruceños could be suitable for fog 345 

collection, with a peak in El Churo station showing, on annual basis, an average of 6.01 l/m2/d, 346 

with peaks up to 8.93 l/m2/d. The ideal geographical locations for fog collection in the region are 347 

the ones situated at an elevation of around 3000 m a.s.l., but situated on north-east oriented 348 

slopes, facing the Amazon basin. Similar geographical settings could have the potential for fog 349 

collection implementation not only in Bolivia, but in the whole Eastern Andean escarpment. Fog 350 

occurrence, moreover, show a peak 3 to 4 months after the rainy season, allowing the collection 351 

of larger fog volumes in the dry season.  352 
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Starting from these values, our analysis shows that the development of a fog harvesting irrigation 353 

system in Valles Cruceños could promote food security and food sovereignty, allowing the families 354 

of small and medium producers to access means of sustainable life especially during the austral 355 

winter, a season characterized by low temperatures and scarce rainfall. The present study 356 

represents the first research on fog collection in Bolivia, and can be scaled up for analyzing new 357 

fog collection sites, for further testing water quality, or for have a larger planning of fog-based 358 

irrigation in the area of study, fostering food sovereignty and security. In the present paper 359 

suitable sites were pre-selected by a local NGO and the sole fog water collection potential was 360 

analyzed as suitability indicator, but further studies could also aim at integrating the agricultural 361 

cultivation potential of each site, besides fog productivity. 362 
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 501 

Figure 1. Study area and location of experimental sites 502 

  503 
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 504 

Figure 2. Experimental set up (fog collectors) 505 

  506 
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 507 

Figure 3. Fog water collection and rainfall data (2018). The graph includes the values for El Churo 508 

(3330 m a.s.l.), the fog collection average calculated across all stations, the span between the 509 

minimum and maximum value of fog collection observed across all the stations (grey area). 510 

Rainfall data were gathered from Vallegrande (World Weather Online, 2020) and El Churo (CHIRPS 511 

dataset, Funk et al., 2015).512 
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Table 1. Location of experimental sites 513 

N° Locations Latitude S  Longitude W Elevation (m a.s.l.) 
1 Abra del Astillero (Astillero) 18°24’ 64°21’ 2595 
2 Chapas 18°32’ 63°56’ 2608 
3 El Churo 17°48’ 64°45’ 3334 
4 El Pino 18°72’ 63°90’ 922 
5 K’jasamonte 17°26’ 64°01’ 420 
6 Loma Larga 18°52’ 64°09’ 2234 
7 Manzanal 17°50’ 64°46’ 3071 
8 Racetes 18°24’ 63°56’ 2131 
9 Sivingalito 17°54’ 64°09’ 2091 

10 Tierras Nuevas 18°27’ 63°55’ 2133 
 514 

 515 
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Table 2. Monthly and annual average fog water collection in the study sites (l/m2/d), for the year 2018. * indicates dry period in study area.  516 

 Astillero Chapas El Churo El Pino K’jasamonte Loma Larga Manzanal Racetes Sivingalito Tierras Nuevas Max Min 
Jan 0.00 0.00 2.44 1.17 1.18 0.68 0.00 0.00 1.88 0.00 2.44 0.00 
Feb 3.00 1.01 4.06 4.47 4.32 2.91 3.33 0.51 3.83 3.09 4.47 0.51 
Mar 0.61 1.46 8.93 7.30 3.04 2.35 1.37 0.95 5.07 1.33 8.93 0.61 
Apr* 0.30 5.31 7.43 3.79 1.42 1.05 0.99 0.16 2.65 0.18 7.43 0.16 
May* 0.07 1.64 6.27 7.01 1.41 0.20 1.25 0.36 1.50 0.29 7.01 0.07 
Jun* 0.42 3.20 4.34 3.19 1.48 0.85 1.20 0.36 3.03 0.27 4.34 0.27 
Jul* 0.49 2.42 5.43 1.53 0.59 0.75 0.53 0.58 3.76 0.57 5.43 0.49 
Aug* 0.42 3.32 6.84 1.51 1.01 0.94 0.48 0.80 5.46 0.75 6.84 0.42 
Sep 0.60 3.20 5.86 2.83 0.88 1.18 0.73 1.43 3.34 2.67 5.86 0.60 
Oct 0.65 2.50 7.40 2.04 0.76 3.92 0.56 2.69 4.20 1.99 7.40 0.56 
Nov 2.83 3.09 6.59 2.89 1.29 1.59 1.24 2.06 2.87 1.54 6.59 1.24 
Dec 1.97 4.21 6.55 0.00 3.22 1.39 1.30 0.76 6.33 2.23 6.55 0.00 
Average 
(Standard deviation) 0.95 (1.00) 2.61 (1.38) 6.01 (1.67) 3.14 (2.14) 1.72 (1.11) 1.49 (1.02) 1.08 (0.79) 0.89 (0.77) 3.66 (1.38) 1.24 (1.01)     
  517 
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Appendix 518 

 519 

Figure A1. Relative position of El Churo and Manzanal stations (Google Earth) 520 

 521 
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 522 

Table A1. Average monthly wind velocity in the study sites (m/s) in 2018. 523 

 Astillero Chapas El Churo El Pino K’jasamonte Loma Larga Manzanal Racetes Sivingalito 
Tierras 
Nuevas 

Jan 0.89 0.56  3.36 3.36 0.81   3.36  
Feb 0.85 1.12 1.67 1.17 1.17 0.64 1.67 1.12 3.60 1.12 
Mar 1.20 1.48 2.56 2.39 2.39 0.88 2.56 0.72 2.10 0.72 
Apr 0.76 1.15 3.14 2.61 2.62 0.62 3.14 0.70 2.27 0.70 
May 1.24 1.39 2.91 1.95 1.95 0.71 2.91 1.33 3.30 1.33 
Jun 1.24 1.65 2.97 2.84 2.84 0.73 2.97 0.39 3.00 0.39 
Jul 1.48 1.41 3.05 2.78 2.78 0.85 3.06 1.09 2.98 1.09 
Aug 1.41 1.40 3.07 2.92 2.92 1.10 3.07 1.05 2.98 1.05 
Sep 1.32 1.45 3.18 1.41 1.41 0.92 3.18 1.07 2.62 1.07 
Oct 1.06 1.26 2.18 2.10 2.10 0.83 3.27 0.87 2.88 0.87 
Nov 1.21 1.19 3.15 2.07 2.07 0.75 3.15 0.97 2.46 0.97 
Dec 1.17 1.11 2.64 1.82 1.82 1.02 2.64 0.86 2.93 0.86 
Average 
(Standard 
Deviation) 1.15 (0.22) 1.28 (0.27) 2.79 (0.48) 2.33 (0.63) 2.33 (0.63) 0.80 (0.13) 2.90 (0.45) 0.93 (0.26) 2.87 (0.44) 0.93 (0.26) 

 524 
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Table A2. Irrigation system water balance 525 

Month Qfog,I  (l/m2/d) dirr,I (mm/d) Qin,i (m
3/month) Qout,i (m

3/month) Vi (m
3) 

Original data 

Mar-18 8.93 0 11.7 0 8.0 

Apr-18 7.43 0.6 9.4 2.4 8.0 

May-18 6.27 1.5 8.2 6.2 8.0 

Jun-18 4.34 2.6 5.5 10.4 3.1 

Jul-18 5.43 2.1 7.1 8.7 1.5 

Aug-18 6.84 0.7 9.0 2.9 7.6 

Fog input -5% 
Mar-18 8.48 0 11.1 0 8.0 

Apr-18 7.05 0.6 8.9 2.4 8.0 

May-18 5.95 1.5 7.8 6.2 8.0 

Jun-18 4.12 2.6 5.2 10.4 2.8 

Jul-18 5.16 2.1 6.8 8.7 0.9 

Aug-18 6.50 0.7 8.5 2.9 6.5 

Fog input -10% 
Mar-18 8.04 0 10.5 0 8.0 

Apr-18 6.68 0.6 8.5 2.4 8.0 

May-18 5.64 1.5 7.4 6.2 8.0 

Jun-18 3.91 2.6 5.0 10.4 2.6 

Jul-18 4.89 2.1 6.4 8.7 0.3 

Aug-18 6.16 0.7 8.1 2.9 5.4 

Fog input -20%, Tank 10 m3 

Mar-18 7.14 0 9.4 0 9.4 

Apr-18 5.94 0.6 7.5 2.4 10.0 

May-18 5.01 1.5 6.6 6.2 10.0 

Jun-18 3.47 2.6 4.4 10.4 4.0 

Jul-18 4.35 2.1 5.7 8.7 1.0 

Aug-18 5.47 0.7 7.2 2.9 5.3 
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