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Abstract 
Mangrove forest systems and coral reefs are vital ecosystems with ecological, economic, and societal 

importance. However, they face threats such as excessive sediment inflow from human activities, 

endangering their health and resilience. This report explores sediment-related issues in the Lagun Bay 

catchment area on Bonaire and proposes dams as sediment control measures. Potential soil erosion 

was assessed and dams were designed to reduce sediment transport effectively. However, 

maintenance is essential for dam functionality. Though not definitive, these dam designs offer 

potential solutions. Sustainable land and coastal management, coupled with improved data and 

regular maintenance, can protect these valuable ecosystems and preserve biodiversity. Further 

research is needed to enhance data quality and expand the study area. 

 

Keywords: Lagun bay catchment, Bonaire; Mangroves; Corals; Potential soil erosion; Sediment 

transport; Dam design; Erosion control practices; RUSLE; ArcGIS 
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Introduction 
Mangrove forest systems mostly occur around intertidal areas in tropical, sub-tropical, and a few 

warm temperate regions (Spalding et al., 2010). Mangrove forest systems are believed to have 

covered over 200,000 km2 of coastal areas, but due to deforestation and degradation, a large part has 

been lost (Valiela et al., 2001). According to Bunting (2010), mangroves now cover roughly 137,600 

km2. Although deforestation is dropping significantly, mangrove areas are still under continued 

pressure (Bunting, 2010). 

According to a study by Neumann (2015), almost half of the Earth's population lives within 150 km 

from a coastline, causing constant pressure on land and resources. The main reason for the 

deforestation of mangrove areas is a transition to fishery, farming, and urbanization (Thomas, 2017). 

Other areas are degrading due to wood harvest and pollution (Duke, 2016). New drivers of 

degradation are the increase of palm oil plantations and ore mining. The realization of these issues 

combined with the increased interest in the value of a mangrove system to people is improving the 

overall management and policies to help conserve and rehabilitate mangroves (Barbier et al., 2011). 

Mangrove forest systems are one of the Earth's most productive ecosystems (Alongi, 2014). They 

provide habitat for 341 endangered species around the world, including large mammals such as tigers 

and monkeys, as well as a variety of smaller animals such as insects and reptiles. In the water around 

their roots, fish, molluscs, and crustaceans thrive (State of the World's Mangroves, 2021). Mangroves 

offer benefits for humans as well. They provide raw materials and food, coastal protection, erosion 

control, water purification, fishing, carbon sequestration, and tourism and recreation (Barbier et al., 

2011). By means of carbon sequestration, mangroves directly contribute to climate regulation. 

Coral reefs, often found in close proximity to mangrove forests, represent diverse and productive 

ecosystems, offering a multitude of ecological, economic, and cultural benefits to global communities 

(Burke et al., 2011). These ecosystems, however, face threats that jeopardize their survival and 

health. One challenge they encounter is the increasing inflow of sediment, originating from various 

sources such as coastal development, deforestation, agriculture, and land-use changes (Fabricius, 

2005). This sedimentation poses a risk to coral reefs, as it can disrupt ecological processes and lead to 

the degradation and eventual loss of these ecosystems (Foster & Box, 2018). 

Coral reefs serve as vital habitats and breeding grounds for a diversity of marine species. They provide 

shelter, food resources, and nursery areas for fish, invertebrates, and other organisms. The structural 

complexity of coral reefs offers niches for a wide range of organisms, facilitating symbiotic 

relationships, predation dynamics, and energy flow through the food web. Moreover, coral reefs act 

as natural breakwaters, buffering shorelines from storm surges, thus protecting coastal communities 

from erosion and flooding (Burke et al., 2011; Storlazzi et al., 2013). 

In addition to their ecological significance, coral reefs play a crucial role in mitigating climate change 

by acting as carbon sinks and contributing to carbon dioxide sequestration. Corals and other reef-

building organisms extract dissolved inorganic carbon from the water to build their calcium carbonate 

skeletons. This process removes carbon dioxide from the atmosphere and stores it in the form of 

limestone, reducing the concentration of greenhouse gases (Gattuso et al., 2015). Furthermore, 

healthy coral reefs promote the growth of dense seagrass meadows and mangrove forests, which are 

efficient in capturing and storing carbon dioxide from the atmosphere (Gattuso et al., 2015). 
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Problem Statement 
Reducing sediment inflow into mangrove forests is important as it directly impacts the health and 

resilience of these ecosystems. However, excessive sedimentation resulting from human activities 

poses a threat to their survival. 

Sediment inflow into mangroves can originate from various sources such as deforestation, agricultural 

runoff, and coastal development. These activities contribute to soil erosion, leading to increased 

sediment loads in nearby water bodies, which eventually find their way into mangrove ecosystems. 

These findings are supported by studies conducted by McKee (2011) and DeLaune and Swarzenski 

(2012), which highlight the biophysical controls on sediment accretion and elevation change in 

mangroves. 

The importance of reducing sediment inflow into mangroves is underscored by the numerous 

ecological and socio-economic benefits these ecosystems offer. Mangroves act as vital buffers, 

protecting coastlines from erosion, storm surges, and tsunamis. Their dense root systems dissipate 

wave energy and stabilize sediments, acting as a natural defence mechanism against coastal hazards. 

A study by Alongi (2015) demonstrated that mangroves can reduce wave heights by up to 66% and 

attenuate storm surge heights by 80-90%. By reducing sediment inflow, we can help maintain the 

integrity of mangrove forests as protective coastal barriers. 

Furthermore, mangroves are renowned for their high biological productivity and serve as nurseries 

and feeding grounds for a variety of fish, crustaceans, and other marine organisms. The sediments 

that accumulate in mangroves can adversely affect the availability of oxygen and nutrients in the 

water, impacting the food web and reducing the abundance and diversity of fish and invertebrates. 

This has significant implications for local fishing communities and economies that rely on these 

resources for sustenance and livelihoods. The value of estuarine and coastal ecosystem services, 

including those provided by mangroves, has been highlighted by Barbier et al. (2011). 

To safeguard the future of mangrove forests, concerted efforts must be made to reduce sediment 

inflow. Implementing sustainable land management practices, such as reforestation, erosion control 

measures, and responsible coastal development, can help mitigate soil erosion and sedimentation. 

Besides endangering mangrove forests, sediment inflow can also significantly hamper the ability of 

coral reefs to sequester carbon dioxide. Excessive sedimentation reduces light availability and 

smothers the coral reefs, inhibiting the growth and calcification of reef-building organisms. This 

diminished calcification leads to decreased carbonate production and limits the reef's capacity to act 

as a carbon sink (Gattuso et al., 2015). Furthermore, sedimentation can negatively affect the growth 

of seagrass meadows and mangrove forests associated with coral reefs, impeding their role in carbon 

dioxide sequestration (Gattuso et al., 2015). 

Therefore, reducing sediment inflow into mangrove forests and coral systems is crucial for preserving 

the ecological integrity and the benefits these ecosystems provide. By minimizing sedimentation, we 

can protect the delicate balances of mangrove and coral habitats, maintain their roles as coastal 

defences, sustain biodiversity, and support the livelihoods of communities dependent on their 

resources. The studies conducted by Bouillon et al. (2008), Alongi (2014) further emphasize the 

importance of mangroves in carbon cycling, storage, and their contribution as valuable carbon sinks 

in the fight against climate change. 

Given the immense ecological, economic, and societal value of coral reefs and mangroves, as well as 

their importance in carbon dioxide sequestration, it is imperative to protect them from the negative 

impacts of sediment inflow. Implementing effective land and coastal management strategies, such as 
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sediment control measures, reforestation, and sustainable agricultural practices, can help mitigate 

sediment runoff and reduce its impact on coral reefs and mangroves(Burke et al., 2011).  

Both of these systems are found on the island of Bonaire in various bays around the island. As no 

research was previously done near Lagun bay, this bay will be the study area for this research. A land 

management perspective to reduce sediment inflow by designing dams that can be implemented by 

island officials. 

Research Objective 
The main objective of this research is therefore to help and protect coastal and near-coastal 

ecosystems in Lagun Bay Bonaire by mapping the potential erosion risk. By assessing the areas where 

the potential erosion risk is highest, a design will be made of a sediment control measures in the form 

of several dams throughout the area. 

Therefore, the main research question and several specific research questions were formulated as 

follows:  

“To what extent can the implementation of hard interventions help in reducing the erosion risk and 

sediment inflow in Lagun bay Bonaire?” 

1. What is the potential soil erosion risk in the Lagun bay catchment area? 

2. What kinds of hard interventions are already present in the area and how are they functioning? 

3. What hard interventions would be ideal to set up in this area? 

4. Where should hard interventions be located in this area? 

Study Area 
Bonaire, a Dutch island located in 

the Leeward Antilles in the south-

east of the Caribbean sea and about 

80km north of Venezuela. Bonaire 

comprises an area of approximately 

288 km2 and is home to 24090 

inhabitants as of January 1st 2023, of 

which most live in the capital 

Kralendijk. (CBS, 2023) 

In terms of climate, Bonaire has a 

tropical savanna climate with warm 

temperatures throughout the year. 

The average annual temperature 

ranges from 26 to 28 degrees Celsius. Bonaire lies outside the hurricane belt, which minimizes the 

risk of tropical cyclones. (Caribbean Climate Portal). Additionally, Bonaire's arid climate and limited 

rainfall contribute to the island’s ecology. With an annual average precipitation of 552 mm over the 

years 2017-2022. (KNMI, 2023) The vegetation on the island has adapted to survive in this dry 

environment, with drought-tolerant plants such as divi-divi trees, aloe vera, and prickly pear cacti 

dominating the landscape. Bonaire's flora and fauna have evolved to thrive with the island's climatic 

conditions. 

The island is relatively flat, with its highest point, Mount Brandaris at 241 meters above sea level. Its 

terrain comprises a mix of rugged coastline, sandy beaches, and arid landscapes dotted with cacti and 

Figure 1: Location of Bonaire (Wikipedia) 
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other resilient vegetation. However, most of the island is bare due to the low precipitation and the 

overgrazing by wild goats (Campbell & Donlan, 2005). In some parts of the lower terrace vegetation 

the only vegetation that can be found are in small erosional pits or in shallow soils (de Freitas et al. 

2005) 

The geology of Bonaire consists of two main units, a volcanic rock called the Washikemba Formation. 

This unit covers around 31% of the island and it is mostly found in the north-west around Slagbaai 

Nationaal Park and Rincon and the east of Bonaire from Lagun to Seru Largu. This is the formation 

that show the largest elevation differences. The second unit is the quaternary limestone layer on top 

of the Washikemba Formation. This layer covers around 58% of the island and consists of several 

terraces on both the east and west-side of the island (de Freitas, 2005). These terraces were formed 

due to sea-level fluctuations and a slow tectonic uplift. The southern part of Bonaire does not exceed 

elevations of around two meters above mean sea-level (de Mayer, 1998).   

 

Figure 2: Geological formations Bonaire (Geological Map of Bonaire | Dutch Caribbean Biodiversity) 
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Case study area – Lagun bay catchment 
The case study area is the catchment of Lagun bay which is located in the eastern part of Bonaire. It 

covers an area of roughly 622 ha (2.3% of the total area of Bonaire). As the name suggests, this 

catchment drains towards Lagun Bay. At the inlet’s shore is a small mangrove area, where die-off can 

be seen on the land side. Therefore, the mangrove system is becoming smaller and only very few 

mangrove trees are left.   

 

Figure 3: Computed waterways of Lagun catchment (ArcGIS) 

The topography of the catchment is quite hilly for Bonaire, with the highest hills about 80 meters 

high, which are sloping towards Lagun Bay. The catchment contains large villas along the main road 

which is Kaminda Lagun. Small farms are located further from the main road, which own the typical 

Kunukus in the area. The area is sparsely vegetated with mostly low and high bushes and cacti. Many 

feral goats can be seen roaming the catchment freely, causing overgrazing.  

The most common soil type in the catchment is loamy sand or sandy loam. The saliña deposits near 

the bay are silt. The whole catchment is situated in the Washikemba Formation, which consists of 

volcanic rock, and its erosion products The topsoil is quite hard to penetrate and is very shallow as 

well, with a depth of 5 cm at max, beneath this topsoil you get to the bedrock as found in figure 2.  

The locations of watercourses are shown in figure 3. They are mostly dry, but are flowing during the 

rainy season. In the lower parts of the area gullies are formed by these streams and can be as wide as 

15 meters and often not deeper than 1.5 meters as the slope is low. At steeper parts gullies are no 

more than 2 meters wide and it quickly becomes unable to traverse due to all the shrubs and cacti. 
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In addition an open landfill is located in this catchment. It is located in the most right bottom part of 

the catchment, one small stream flow can be seen running out form it in figure 3. The landfill is used 

for dumping waste like batteries, freezers/fridges, magnets, paint and rain pipes (Ouwersloot, 2022). 

Therefore it is likely that run-off from the landfill entering Lagun bay contains dissolved pollutants and 

floating debris. A study by Ouwersloot (2022) showed that Lagun was the most eutrophied and 

polluted bay on Bonaire due to terrestrial run-off of sediments, nutrients and pollutants. Next to the 

pollution from land, the bay is also polluted from sea, where a large influx of sargassum is happening 

every year. The study by Ouwersloot (2022) also showed that the impact of sargassum is highest in 

Lagun. Sargassum can damage mangroves and corals because it can add heavy metals and toxins to 

the waters and beaches (Jessica, 2021).  

Figure 4: Land use map of Lagun catchment (Land Use Map of Bonaire | Dutch Caribbean Biodiversity Database, z.d.) 
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Methodology 

RUSLE equation 
To determine the most ideal locations for hard interventions, a potential soil erosion map had to be 

created. To make this map, the RUSLE equation was used. The RUSLE equation is an empirical model 

used to estimate the potential sheet and rill erosion using field measurements (Renard et al., 1997). It 

was initially derived as the USLE equation (Wischmeier & Smith). This USLE equation was limited to 

estimating soil losses on sloping croplands. The revised RUSLE equation allows to also calculate the 

potential soil loss in forests, rangelands and disturbed areas (Renard et al., 1997). In this study the is 

used, defined as:  

𝐸 =  𝑅 ∗  𝐾 ∗  𝐿𝑆 ∗  𝐶 ∗  𝑃 (1) 

The factors used are explained in table 1. ArcGIS Pro will be used to generate the potential soil 

erosion map using remote sensing data and collected soil data. All factors and coherent maps will first 

be determined independently and afterwards combined into the potential soil erosion map. 

 Table 1: The RUSLE factors explained 

The unitless factors will have values ranging between 0 to 1.  

The rainfall erosivity factor (R) 
The rainfall-runoff erosivity factor is derived from the total storm energy multiplied by the maximum 

30-minute intensity of a rainfall event (Renard et al, 1997). It was derived from many data sources 

(Wischmeier & Smith, 1960). The data used showed that precipitation is directly proportional to 

erosion when all other factors are held constant. The R factor reflects the rainfall capacity to cause 

sheet and rill erosion (Toy et al., 2002).  

𝑅 =  ∑𝐾𝐸 ∗  𝐼30 (2) 

In this research the empirical formula of Wischmeier and Smith (1960) was used to derive the R 

factor (Equation 3). Hourly data from the Royal Netherlands Meteorological Institute (KNMI) for 2017-

2022 was used. As only one meteorological station is available, rainfall in the catchment had to be 

assumed to be homogeneous. The value of R was calculated as 1653 T ha-1 year-1 using: 

𝑅 =  1.11 ∗  10−3  ∗  𝑎 ∗  𝑏 ∗ 𝑐 +  660 (3) 

Where: 

a = Average annual precipitation (mm)      = 553 mm 

b = maximum 24-hour precipitation with a return period of two years (mm) = 57 mm 

c = maximum hourly precipitation with a return period of two years (mm) = 28 mm 

Symbol Meaning Unit 

E The annual soil loss rate T ha-1 year-1 

R The rainfall-runoff erosivity factor MJ mm ha-1 h-1 year-1 

K The soil erodibility factor T ha-1 

L The slope length factor - 

S The slope steepness factor - 

C The cover management factor - 

P The erosion control practice factor - 
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Soil erodibility factor (K)  
Renard et al (1997) describes the K-factor as, ‘In practical terms, the soil-erodibility factor is the 

average long-term soil and soil-profile response to the erosive powers of rainstorms; that is, the soil-

erodibility factor is a lumped parameter that represents an integrated average annual value of the 

total soil and soil profile reaction to a large number of erosion and hydrologic processes’. 

The K-factor is described as t * ha * h * ha-1 * MJ-1 * mm-1 and the equation used in this research is 

based on Wischmeier and Smith (1978) (Equation 4). 

𝐾 =  (27.66 ∗  𝑚1.14 ∗  10−8 ∗ (12 − 𝑎)) +  (0.0043 ∗  (𝑏 − 2)) +  (0.0033 ∗  (𝑐 − 3)) (4) 

m is the soil texture which is calculated using equation 5, a is the organic matter content in 

percentages (equation 6), b is the soil structure code and c is the soil permeability, the latter can be 

seen classified in table 2.  

𝑚 =  (𝑠𝑖𝑙𝑡 (%) +  %𝑣𝑒𝑟𝑦 𝑓𝑖𝑛𝑒 𝑠𝑎𝑛𝑑) ∗  (100 –  𝑐𝑙𝑎𝑦(%)) (5) 

Soil texture (m) 
The jar method was used to estimate the soil texture. This method is not very accurate, but it can 

easily be executed in absence of a laboratory and can give a general idea of the soil texture (Jaja, 

2016). At several sites throughout the catchment soil samples were taken, these can be seen in figure 

5. These soil samples were then put into a jar in such a way that about 1/3 of the jar was filled with 

the soil and the rest of the jar was filled with water. Then the jar was shaken for approximately 5 

minutes and left standing for 48 hours. After one minute of settling, the sand layer should be visible 

and was indicated with a line on the jar. This process was repeated after two hours for the silt 

particles and after 48 hours for any clay particles present in the soil. Soil texture was determined 

using the soil texture triangle.  

 

Figure 5: Map with soil sample locations, at every location two samples were taken (ArcGIS) 
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Loss on ignition method 
The loss on ignition method was used to calculate the organic matter percentage. Samples were 

placed in a pizza oven at a temperature of 100 °C to calculate their dry weight. Then the samples 

were put in the pizza oven at the ovens at a temperature of 500 °C to combust any organic matter 

present in the soil. After combustion the sample was weighed again and OM % was calculated 

according to equation 6. 

𝑂𝑀 (%) =  100 – 
𝑚 (500 °𝐶)

𝑚 (100 °𝐶)
∗  100% (6) 

Soil structure and soil permeability 
The soil structure and soil permeability were based on classification that were developed by the FAO 

(Food and Agriculture Organization) and the US Department of Agriculture’s National Soils Handbook 

No. 430, (cf. table 2). Using these data a K-factor map was generated by using interpolation between 

our sample sites.  

 Table 2: Soil structure classes 

 

 

 

 

 

The slope steepness factor (LS) 
The slope-steepness factor quantifies the relative impact of topography on the potential soil erosion. 

The factor is dimensionless and combines two factors, as they can often be calculated together easily 

and in the same model (Zhang et al., 2017). The LS factor used in this study was calculated according 

to Stone and Hilborn (2012): 

𝐿𝑆 =  (𝑆𝑙𝑜𝑝𝑒
𝑙𝑒𝑛𝑔𝑡ℎ

22.13
)

𝑚

 ∗  (0.065 +  0.0456 ∗  (𝜃) +  0.006541 ∗  𝜃2) (7) 

where:  

Slope length in meters 

θ = slope steepness in % 

m = factor based on general slope steepness, which was set to 0.5 for the Lagun catchment 

Using the DEM map created by Mucher & Stuiver (2017) with 10m spatial resolution and 1m height 

resolution, an LS factor for the catchment was generated using ArcGIS Pro spatial analyst extension.  

Cover management factor (C) 
The C-factor reflects the effects that land cover, cropping and management practices have on the 

potential soil erosion in agricultural lands and the effects of canopy and ground cover for forested 

areas (Lu et al., 2004). The C-factor is determined by using the Normalized difference vegetation 

index (NDVI). It is a widely used indicator that measures green and red vegetation through spectral 

reflectance differences in the red and near-infrared bands of satellite images (Gamon et al., 1995; 

Carlson & Ripley, 1997). It is calculated as can be seen in equation 8. 

Texture Structure code (b) Permeability code (c) 

Silty clay, clay 1 6 

Silty clay loam, clayey loam 2 5 

Sandy clay loam, clayey loam 2 4 

Loam, silty loam 2 3 

Loamy sand, sandy loam 2 2 

Sand 3 1 
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𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 –  𝑅

𝑁𝐼𝑅 +  𝑅
(8) 

This equation gives a value between -1 and 1, where 1 indicates a high vegetation cover, 0 is bare soil 

and -1 is water. With the NDVI the C-factor can be calculated by using the linear least square method 

(de Jong, 1994). This is done by assigning the NDVI values of sites where the C-factor is known to 

either 1 or 0. This gives figure 6. 

The regression curve was used to calculate the C values according to equation 9: 

𝐶 =
(𝑁𝐷𝑉𝐼 –  0.3509)

−0.3058
 (9)  

The NDVI values were obtained  using Sentinel 2 data downloaded from gisgeography.com. The data 

had a spatial resolution of 10 meters. Using these data and formulas a C-factor map was generated in 

ArcGIS Pro.  

 

 

Figure 6: Calibration line of NDVI and C-factor values, the low R2 shows that the precision is quite low 

Support practice factor (P) 
The support practice factor allows the RUSLE to include measures taken to decrease soil erosion. 

These can be practices such as contour farming and strip cropping to terracing or subsurface draining. 

It accommodates practices that modifies the flow pattern, grade or direction of surface flow (Renard 

et al., 1997). This factor has been set to 1 over the whole catchment given that there are currently no 

support practices in use. 

Current interventions 
This study defines hard interventions as those employing hard materials to manage water flow and 

sediment, such as terraces, culverts, check dams, or retention basins. To get an overview of the 

interventions already present, the study area was investigated. When an intervention was found, it 

was measured with a measuring tape and a picture was taken. Culverts often had a length exceeding 

the limit of the measuring tape. The length was then estimated by pacing the length by the rule that 

one step aligns with a meter. Photos were taken as well, to document maintenance state.  
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Designing the dam 
The design storm was calculated according to the Rational Method (Hydraulic Design Manual: 

Rational Method, z.d.). The rational method uses the catchment area (m2), rainfall intensity (m s-1) 

and runoff coefficient (-) to determine a peak discharge according to equation 10. 

𝑄𝑝  =  𝐶 ∗  𝑖 ∗  𝐴 (10) 

The runoff coefficient is calculated by adding different watershed characteristic factors, according to 

equation 11 (Hydraulic Design Manual: Rational Method, z.d.). 

𝐶 =  𝐶𝑟  + 𝐶𝑖  +  𝐶𝑣  +  𝐶𝑠 (11) 

These components are given estimated values according to table 3. 

Table 3: Runoff coefficients for a rural watershed (Hydraulic Design Manual: Rational Method, z.d.) 

 

The assumptions are made by the designer, for this catchment these values can be seen in table 4. 

Table 4: Estimated values for each watershed characteristic 

Watershed 
characteristic 

Estimated 
values 

Relief - Cr 0.17 

Soil infiltration – Ci 0.14 

Vegetal cover - Cv 0.12 

Surface storage - Cs 0.06 

Total 0.49 

 

The rain intensity is taken from KNMI weather data transforming hourly values to rain intensities 

using the Gumbel method (Sen, 2015). In this research a rain intensity of 110 mm d-1 was used with a 

return period of 20 years that resulted in a peak discharge of 1.38 m3 s-1.  

The spillway of each dam was designed according to equation 12. 

𝑄 =  𝐶 ∗  𝐿 ∗  𝐷
3
2 (12) 

Where C is a discharge coefficient which depends on the type of dam that is used. In this research a 

broad-crested weir will be designed. The value of C is set to 0.35 as typical values for broad-crested 

weirs are normally between 0.32–0.385 (Chen et al., 2017). L is for the length of the spillway 

(perpendicular to the flow) and D is the depth of the spillway. With the Q and C value known, the L 



12 
 

and D values are found by trial and error, whereby it is important that the length of the spillway is not 

greater than the gully width.  

The spillway is the part of the dam where water can flow through at a certain height, the effective 

height. The spillway therefore has to be placed at the deepest point of the gully. The location is 

chosen as this will be the place where the water pressure is highest and  is therefore the most likely 

point to cause a breakthrough. The spillway also has to be level (Garcia & Lenzi, 2010). 

To design the dam’s effective height, there are a few rules. The height of the dam always has to be 

higher than the depth of the spillway. Gullies in Lagun catchment can be more than 15 m wide, which 

means that a high dam will become expensive when it is also very wide. However, the height 

influences the volume of sediment deposits, where a higher effective height can store more sediment 

deposits. Since that is the objective, high dams are preferred.  

Spacing is another important aspect when designing dams. Spacing can greatly influence the water 

level in the gully. That is not the case in this instance, but spacing can also influence the sediment 

that can be caught. Spacing can be determined using equation 13 (Heede and Mufich, 1973). 

𝑆 =
𝐻𝑒

(𝐾 ∗ tan(𝛼) ∗ cos(𝛼))
(13) 

Where: 

He = the effective dam height 

α = original slope angle of the gully floor in degrees 

K = constant 0.3 for tan α <= 0.20 

  0.5 for tan α > 0.20 

Finally, the sediment volume that can be trapped was calculated. The volume can be used to verify if 

the designed dams can adequately store the sediment amount that is required, if this amount would 

be known. If the amount is insufficient a higher dam has to be designed and calculations have to be 

repeated. The sediment volume is calculated using equation 14. 

𝑉𝑠  =
𝐻𝑒

2

2 ∗ 𝐾 ∗ tan(𝛼)
∗ 𝐿𝐻𝑒 (14) 

Where: 

He = the effective dam height 

α = original slope angle of the gully floor in degrees 

K = constant 0.3 for tan α <= 0.20 

  0.5 for tan α > 0.20 

LHe = average length of dam 

The design ideas and the material to be used was based on the interventions present and an 

interview with a heavy machinery operator who constructs dams on Bonaire. 
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Results 

Potential soil erosion 
Figure 5 shows the calculated potential soil erosion for 

the Lagun catchment. It can be seen that the potential 

soil erosion is highest among the steepest slopes and in 

the salt marshes. 

Figure 5 also shows 

the values related 

to the erosion 

classes. The centre 

of the area shows 

nearly no soil 

erosion. The soil 

erosion does not 

seem to follow any 

of the 

watercourses 

particularly. 

 

Design of dams 
The potential soil 

erosion map clearly 

shows erosion in 

the salt marsh near 

the bay. When this 

much erosion can 

happen close to 

the bay, it is easy 

for sediments to 

reach the mangroves or corals. To be able to reduce the soil erosion, the amount of water influx has 

to be limited by creating dams upstream, simultaneously reducing sediment transport. Four locations 

were chosen a location for dams. These locations can be seen in figure 6. Especially the location of 

dam 4 is important to control overland flow 

from the landfill (Ouwersloot, 2022). Each 

dam was then designed based on the gully 

width and upstream catchment area. This 

resulted in the designs which can be seen in 

figure 7 for dam 1, figure 8 for dam 2, figure 

9 for dam 3 and figure 10 for dam 4. The 

dam design is flawed in one dimension, 

which is the length as seen in a cross-

section. No literature could be found on how 

to calculate the length and they were thus 

designed to have them to be thicker where 

they have to withstand a larger volume of 

water. A 1:1 scale for slope length and top 

Figure 7: The potential soil erosion map of the Lagun catchment 

Figure 8: Locations of the designed dams 
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level length and under an approximate angle of 45° between soil level and slope.  For each of them 

the total sediment volume was calculated according to equation 14. These values can be seen in table 

4. It is low for dam 4 due to a steeper slope. The spacing of dams 3 and 4 is more than 530 m, which 

is the minimum needed for effective spacing as follows by using equation 13.   

 

Figure 9: Design of dam 1 as a front view 

 

Figure 10: Design of dam 2 as a front view 

 

Figure 11: Design of dam 3 as a front view 

 

Figure 12: Design of dam 4 as a front view 

  

 

 Table 5: Sediment volume that can be trapped for each dam 

 

Dam number Sediment volume (m3) 

1 14920 

2 8952 

3 2652 

4 2339 

Figure 12: Design of the cross section for dams 1, 2 and 3 Figure 14: Design of the cross section for dam 4 
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The dams are designed for a scenario in which all of 

the same strength, which means they should be able 

to take on a storm with a strength that has a 1 in 20 

years chance of appearing. A decision could be made 

to make the upstream dams 2 & 3 larger, to relieve 

stress upon dam 4 in case of a heavy rainfall event. 

Therefore, the effective height of dam 2 and 3 their 

should be increased. To give an example, if their 

effective height is increased by 1 meter, up to 1.4 m, 

the dams can hold a total sediment volume of 35000 

m3 and 10600 m3 .  

Another possibility is to make the dams 2 & 3 smaller 

and build a higher dam 4. This scenario would be ideal 

for a rainfall event with an exceedance once every 30 

years. In this case dam 2 and 3 could have a 

breakthrough, but by enlarging dam 4 it can still safely withstand the water volumes. In this case dam 

4 has an increased effective height of 1 meter (1.8 m) and can store a sediment volume of 6600 m3. 

However, it is difficult to calculate the design storm for such a scenario with such little precipitation 

data available. If the dams were to be built higher, their length should also increase, according to the 

1:1 rule for the cross section.  

The area already has two existing dams. Their locations can be seen in 12. Dam 2 is still functioning 

and a large volume of sediment already filled the basin, to the point that the road which once led 

there can’t even be seen anymore. Dam 1 is between the landfill and the bay. This one recently broke 

through as can be seen in figure 15. Both dams consists of locally available material. This makes it the 

cheapest to construct and still quite sturdy. The material is called diabase and it is the weathered rock 

that can be dug up. Another option would be to build the smaller dams with stone corals, they can 

function as ideal building blocks and then filled up with other material and pressed together. They are 

abundantly found at the Cargill company, which is the salt company on the southern part of the 

island (interview Rafnildo Damascus). The price of such a dam would depend on the hardness of the 

foundation and how big the dam has to be. It is important that the dam is thoroughly pressed 

together by a bulldozer. Otherwise a dam is not strong enough to withstand the power of the water 

(interview Rafnildo Damascus).  When the foundation does not seem to be strong enough it could be 

filled with ‘kalichi’, which is a hard sedimentary rock.  

The dam can also be built by using Sulphate, a little bit of magnesium and sodium chloride. According 

to Rafnildo this material is also used on roads. When mixed, it becomes really hard and it possibly is 

an even better option than diabase as these materials are not damaging to corals. These materials are 

also waste products at Cargill. To limit the erosion of the spillway it could be strengthened by the mix 

of sulphate, magnesium and sodium chloride. Another possibility would be to line the spillway with a 

small layer of concrete. 

Figure 13: Photo of dam 1 between the landfill and Lagun bay 
(Photo by: Sabine Engel) 
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So, there are multiple possibilities to construct the dams. From a nature conservation point of view, 

the most ecological healthy solution would be to build it with the sulphate, magnesium and salt 

combination. However, this would mean that transport would be needed from the Cargill salt plains 

to Lagun. So, from an economical standpoint it would probably be better to construct the dams with 

locally available material like the diabase the observed dams in the area have been constructed in an 

arch-like form, bending with the flow path. Overflow options were situated on the sides. In the 

designs presented in this study the spillway should be in the position where the gully is deepest, and 

where the water will automatically collect. The spillway in the schematic figures is centered for 

visional purposes and should be re-considered for each dam independently.  

Figure 16: Waterways and already existing dams in Lagun catchment 
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Besides the dam that failed, there also culverts in the area, mainly to guide the flow of water 

underneath a road. These culverts clearly show a lack of maintenance in the area. Around 40% of 

these culverts are either halfway filled with sediments, limiting the water flow, or obstructed by 

debris and litter.  In the near future it is likely that this can cause nuisances, like the roads to flood 

near the bay.  

 

Figure 17: Culvert in Lagun catchment, filled with sediment Figure 18: Culvert completely overgrown 
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Discussion 
The purpose of these dams is to limit sediment transport towards Lagun bay. As the designs are now, 

they would certainly reduce the potential soil erosion when they would be constructed. Also, they 

should be able to withstand storms that occur once every 20 years. However, there is always a chance 

that such a storm occurs closely after construction. In such a case, it would be important that re-

construction is done swiftly and if possible constructed for a higher peak discharge, following the 

methodology on dam design of this report.  

The trapped sediments before the dam could be measured after the first raining season. This could 

give more insights in the effectiveness of these dams when compared with the total trapping capacity 

presented in this study. However, the dams should be regularly monitored during the rainy season as 

well, so to gain an insight in how many sediments the dam can trap after one rain event.  

Dam design 
First of all, these design are not to be seen as blueprints for something that must be built. It is n 

example of how problems can be handled for this catchment or other parts of Bonaire. The width of 

every dam has to be taken leniently as it is fully dependent on the width of the gully. It is therefore 

imperative that this is remeasured. Fortunately, no other dimensions of the dam are dependant of 

the width other than that the spillway obviously cannot be longer than the width of the gully.  

As stated the precipitation data is not fully representing the area. Therefore the rain intensity could 

turn out to be either higher or lower. In this study, the intensity with a return period of 20 years has 

been taken. The runoff coefficient is also estimated by using table 3 and 4, lowering the overall 

validity of the peak discharge.  

Maintenance is vital for structures such as dams. Sediment is trapped as a purpose of the dam. Over 

a certain timespan the amount of sediment will get close to the sediment volume. At this point the 

sediment has to be removed and transported to another site, otherwise the dams function will be 

gone. Another option would be to make the dam higher, but this is only possible until you reach the 

height of the gully walls, as you do not want the gully overflowing. If that is the case, another 

possibility would be to build another dam upstream in order to reduce the influx for the other dam. It 

is advised to again follow the methodology when building this upstream dam.  

RUSLE Limitations and Improvements 
Although the potential soil erosion map is by far not accurate enough, it was able to provide useful 

information that was used to determine possible locations of the dams.  

The model created by the RUSLE equation only shows the effects of sheet and rill erosion and ignores 

the gully erosion. The actual erosion can be even larger than the model is telling us, which is also part 

of the reason the locations of the designed dams are at locations where the potential erosion is not 

that high. They do still affect the lower situated areas by limiting the peak of water to the salt 

marshes.  

One of the validity issues is found in the DEM data used to calculate the LS factor and the stream 

flows. The spatial accuracy of this DEM map has a resolution of 10 meters with a 1 meter height 

resolution. This can be translated to a spatial accuracy of 10%. Also, due to this low resolution of the 

DEM, the LS factor is often given as a value of 0. This results in a value of the potential soil erosion as 

0. Another limitation of this DEM is that it is showing an error which occurs as a line with 

questionable DEM values. It is the result of integrating various sources of DEMs to create the 
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improved ASTER DEM. A good example of this line is the horizontal line in the north-eastern part of 

the catchment.  

The RUSLE quality is based on the quality and availability of data. For Bonaire, this has proven to be 

difficult. For instance, the rainfall data is taken from Flamingo weather station which is at the airport 

of Bonaire. The airport is almost 7.5 kilometres away from Lagun catchment and although Bonaire is 

relatively small there can be differences in precipitation amounts. The amount of rainfall is therefore 

not representing Lagun bay. Own precipitation measurements could have been performed, but 

historical data is also needed, therefore it was better to take the most available data over a longer 

timespan than local data for a short timespan.  

The limited resources on Bonaire are once again a limitation regarding the soil analysis. In absence of 

a laboratory we had use less accurate methods to estimate soil texture, which was done by using the 

jar method, where different layers are often hard to distinguish. This method is very likely to 

introduce biases and human errors. The organic matter estimation by using pizza ovens (500 °C) has 

been shown to be too low (Hoogsteen et al., 2015). This could mean that organic matter estimates 

were too high, and therefore could lead to overestimation of potential soil erosion rates in Lagun 

catchment.  

Sampling was done throughout the area, but the area is difficult to traverse off the paths and roads. 

The only sampling was therefore done next to roads, as can be seen in figure 5. The sampling points 

were then interpolated to create a rough soil map. Thus, the validity between these points is not 

optimal and therefore the output of the potential soil erosion. 

This research is therefore only explorative and further research is a necessity to construct more valid 

potential erosion maps  for the area. This can be done by creating more precipitation measure 

devices on the island. Measures like tipping buckets and rain gauges can improve the rainfall data 

substantially.  

Another suggestion would be to create a small scale laboratory to improve soil sampling. Especially 

the soil texture analysis could be greatly improved by using sieve analysis and hydrometer analysis. 

Add to that a laboratory oven to improve the estimation of organic matter content and the erosivity 

factor would be greatly improved already.  

If all these factors or most of them, could be improved it could lead to a different potential soil 

erosion map. Those maps could set the area into a different perspective by showing a larger potential 

soil erosion in the homogeneous centre of the area. In that case the location of the prescribed 

locations for the dams should be revised to control their effectiveness.  

Other Potential Erosion Control Measures 
Apart from dam design, there are various other potential erosion control measures that could be 

considered for the Lagun catchment. These measures encompass both soft interventions, which 

involve the restoration and enhancement of natural vegetative cover, and hard interventions like 

terracing and contour farming. Reforestation and vegetation restoration play a crucial role in 

stabilizing soil, reducing surface runoff, and enhancing biodiversity. By reintroducing native 

vegetation, the catchment's overall resilience to erosion can be greatly improved. However, the 

success of these interventions may depend on factors such as appropriate species selection, 

establishment techniques, and long-term maintenance efforts (FAO, 2019). 

Contour farming and terracing are examples of hard interventions that can significantly mitigate soil 

erosion. Contour farming involves ploughing and planting across the slope contour lines, creating 
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ridges and furrows that reduce runoff velocity and soil loss. Terracing, on the other hand, consists of 

constructing level platforms on steep slopes, effectively converting them into a series of smaller, flat 

surfaces that trap and slow down water flow. While both techniques offer notable benefits, their 

implementation may require significant labour, financial investment, and changes in land use 

practices. Furthermore, terracing can sometimes lead to land fragmentation and reduced crop yields 

due to smaller field sizes (Blanco-Canqui & Ruis, 2018). 

In conclusion, the potential erosion control measures in the Lagun catchment should encompass a 

combination of soft and hard interventions, each with its advantages and disadvantages. Integrating 

these measures into a comprehensive erosion management plan could lead to more effective and 

sustainable erosion reduction. However, careful consideration of site-specific conditions, community 

engagement, and long-term maintenance strategies is essential to maximize the success of these 

interventions and ensure the preservation of the catchment's ecosystem services (Sudmeier-Rieux & 

Fernández, 2016). 



21 
 

Conclusion 
The research objective was to map the potential erosion risk in the Lagun Bay catchment area on the 

island of Bonaire and design sediment control measures in the form of dams. The first part of the 

study showed significant potential soil erosion in the salt marshes near the bay and at the steeper 

slopes of the catchment. To mitigate sediment runoff, four dam locations were chosen based on gully 

width and catchment area and the dams were designed to reduce sediment transport effectively. 

Scenarios for other possibilities were also presented.  

However, the research has some limitations. Rainfall data from a nearby weather station might not 

fully represent the Lagun Bay catchment area, and the low-resolution DEM data affected the accuracy 

of the LS factor calculations. Additionally, limited resources on the island affected the soil analysis 

process, and sampling points were mainly confined to roads, potentially introducing biases. 

While the dam designs provide potential solutions, they should not be considered definitive 

blueprints, as they depend on specific conditions and the available resources. Moreover, proper 

maintenance of these structures is crucial to ensure their effectiveness in trapping sediment. 

Despite these limitations, this study addressed the issues of sediment inflow and potential soil 

erosion in the Lagun Bay catchment area. Further research is necessary to improve data quality and 

expand the study area. Implementing sustainable land and coastal management strategies, as well as 

conducting regular maintenance of sediment control measures, can significantly help protect the 

balances of mangrove and coral habitats, maintaining their roles as coastal defences, sustain 

biodiversity, and support the livelihoods of communities dependent on their resources. 
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