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Abstract 

 This study aims at assessing the fate of MV Wakashio oil spill, and the driving forces 

responsible for possible environmental consequences of polluted coastal region. GNOME 

simulations were performed, considering various meteo-oceanographic forcings such as (i) winds 

and currents, (ii) only winds, and (iii) only winds with different diffusion coefficients, and validated 

with the satellite images. The results revealed that the simulations performed with ‘only winds’ 

reasonably match with the satellite observations, indicating that winds are the primary driving forces. 

The conducive stokes drift is an added contribution to the predominant northwestward drift of the 

spill. The oil budget analysis suggests that beaching and evaporation together accounted for a 

significant portion of the spilled oil (1000 tons), in which ~60% of the oil was accounted only for 

beaching. Our results depict that the diffusion coefficient of 100,000cm2/sec and 3% windages are 

optimal for oil-spill simulations off the southeastern Mauritius coast.  
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1. Introduction 

Several oil spills accidents (major and minor oil spills) have occurred around the world in the past 

few decades (e.g. Exxon Valdez 1989, Gulf War 1991, Prestige 2002, Hebei Spirit 2007, Deepwater 

Horizon 2010, MV MSC Chitra 2010, Sanchi 2018). Some of these incidents have  witnessed their 

impacts on the marine ecosystem (Peterson et al. 2003; Kujawinski et al. 2011; Kim et al. 2014; 

Boufadel et al. 2014; Xu et al. 2015; French-McCay et al. 2015; Yim et al. 2017; Nissanka and Yapa, 

2017, Zhu et al. 2018; Yim et al. 2020). The oil spill incidents are also often evident in the Indian 

Ocean waters. For example, one of the major oil spill accidents  on August 07, 2010, was a collision 

of the M.S.C. Chitra with MV Khalijia resulting in ≈ 800 tons of fuel oil off the Mumbai coast in the 

Arabian Peninsula Sea (Prasad et al. 2014). The MT Dawn Kanchipuram collided with BW Maple on 

January 28, 2017, resulting in ~200 tons of oil spill just two nautical miles away from the Chennai 

coast in the Bay of Bengal (Prasad et al. 2018). Both incidents have created massive damage to the 

marine environment. Oil spills in the marine environment would severely damage the marine 

ecosystem, mainly if they occurred near coastal and estuarine regions. In general, the sources of oil 

spills near coastal areas, harbours, and rivers are due to the grounding of ships, failures at oil rigs, 

cracked oil pipelines, and other factors (Chiu et al., 2018). 

Remote Sensing technique played a significant role in oil spill detection, and the satellite SAR is 

widely used to monitor the oil spills in the marine environment (Garcia-Pineda et al., 2012; Caruso et 

al., 2013; Suresh et al. 2015; Zhao et al., 2015; Garcia-Pineda et al., 2017; Fingas and Brown, 2018; 

Suneel et al. 2019; De Dominicis et al., 2016; Pisano et al., 2016). Besides, these satellite 

observations have become very much helpful to validate several Lagrangian oil spill trajectory 

simulations due to the scarcity of in situ data (De Dominicis et al., 2016; Pisano et al., 2016, Prasad 

et al., 2018). Daneshgar Asl et al. (2017) have validated the hindcast model trajectories forced by the 

winds and currents (considering the deflection 20° and wind scaling coefficient 0.035) with the 

satellite observations and achieved good agreement between simulations and satellite observations. 

Tian et al. (2017) developed a new method to calibrate the Lagrangian model, and the calibrated 

model was further validated by the satellite Envisat ASAR images. Recently, Naz et al. (2021) 

studied four oil spill events that occurred during 2017-18 based on remote sensing observations and 

used them to validate the GNOME simulated trajectory predictions. Rajendran et al. (2021) have 

proved that SAR (Sentinel-1 and 2) sensors have the best ability to detect oil spills near the Mauritius 

region. In this study, the sentinel-1 Synthetic Aperture Radar (SAR) images have been considered to 

evaluate the GNOME model simulations.  
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Oil spill modelling is an effective tool for predicting its trajectory and identifying the coastlines that 

are likely to be affected. It is necessary for decision-makers during oil spill emergencies to initiate an 

effective clean-up operation immediately after the spill (Guo and Wang, 2009; Abascal et al., 2017a, 

b). Drifting of the oil slick on the sea surface is primarily due to the combined effects of wind stress, 

surface current, and the wave-induced stokes drift (Abascal et al. 2009, Spaulding, 2017). These 

forces are considered principal inputs for the simulation of a spill trajectory using a numerical 

modelling approach (Vethamony et al., 2007; Dominicis et al., 2016; Li et al., 2019; Pan, 2020; 

Barker et al. 2020). Kim et al. (2014a,b) studied the effects of wind drift factor on the drift of oil 

slick under strong tidal conditions at the western coastal area of Korea, considering the surface 

currents, wind speed and wind drift factor forcing parameters. However, the relative importance of 

these individual forces on spilled oil trajectory is regional dependent and can vary from incident to 

incident.  

On July 25, 2020, the bulk carrier MV Wakashio ran grounded at Pointe- d'Esny, the southeastern 

coast of Mauritius, during its voyage from Singapore to Brazil. The ship carried ≈ 1.1 million gallons 

of low-Sulphur fuel oil, 63,000 gallons of diesel fuel, and 26,000 gallons of lube oils (NOAA, 2020). 

The Southeastern coast of Mauritius contains a wide range of sensitive coral, mangroves and 

fisheries. To protect this high sensitivity coastline and mitigate the spill's damage, the Government 

has attempted to pump off the oil from the tanker.  Nevertheless, the persistent bad weather caused 

the rupture in the ship hull resulting in ≈1000 tons of fuel oil spilled (Latitude: -20.43 N, Longitude: 

57.74 E) into the pristine waters of Mauritius Island, just 2 km away from the shore of Pointe 

d'Esney. The spill from the vessel was evident on August 06, 2020, and continued for a few days 

before the ship broke into two parts on August 15, 2020 (NOAA, 2020). 

Therefore, the present study aimed to simulat the trajectories of MV Wakashio oil spill with 

different input forcing, primarily to unravel the dominant meteorology and oceanographic forces 

responsible for the deposited spill along the Southeastern Mauritius coast. These case studies are (i) 

Simulation of the model with only winds and currents influence, (ii) Simulation of the model with 

only winds influence, (iii) Simulation of the model with the only winds but different dispersion 

coefficient. The simulated trajectories were also validated with the Synthetic Aperture Radar (SAR) 

satellite imagery. Finally, the fate of oil spill has been estimated through oil budget analysis.   

2. Study Area  

The Republic of Mauritius is an Island located in the southwestern Indian Ocean basin 

(~20.10°S and 57.30°E) (Fig. 1), with 2.3 million km2 of Exclusive Economic Zone (EEZ) 
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(Doorga et al. 2018). This Island has a coastline of ~ 200 km covered with 243 km2 of lagoon area 

and 150 km fringing reefs in its vicinity (159 hard corals in 43 genera). The coastal fisheries are 

also confined to narrow coastal shelf (Lutz and Wills 1994). The coastal area consists of various 

habitats, including beaches, lagoons, mangroves, seagrass, corals (Daby, 2003, 2006). This study 

area is environmentally sensitive and protected under the international treaty for Ramsan 

conservation on wetlands (World Bank Group, 2017; Lewis 2020). The most densely maritime 

routes used for oil transportation in the Indian Ocean are situated close to this Island.  

Fig. 1(a). Aerial view of Mauritius Island and its topography with the marked red colour square box 

is the study area, (b). The zoomed view of a red square marked in Fig. 1a. 

 

Handling of the bunker fuel oils in Port Louis, the capital city of Mauritius Island, has been 

increasing due to the rise of shipping activities between Mauritius to Asia, Southern Africa, and 

South America. Increases in shipping activities are the potential risk for accidental oil spills 

(Singh et al., 2015). Therefore, this Island is highly vulnerable to the oil spills. 

3. Data and Methodology 

3.1. Data 

3.1.1. Sentinel -1 Satellite imagery  

Several studies have been conducted to detect oil spills using sentinel-1 Synthetic Aperture Radar 

(SAR) imagery (Topouzelis et al. 2016, Suneel et al. 2019, and Naz et al., 2021). The high resolution 

(10×10 m) images of Sentinel-1 (1A and 1B), Level 1, Interferometric Width (IW), Grid (GRD) 

products were obtained from European Space Agency's Sentinels scientific data hub 

(https://scihub.esa.int/) for the days of 10, 16 and 22 August 2020; acquired at 01:37 hrs. These 
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images are used to validate the GNOME simulations. The discrimination of oil spills from look-

alikes using single polarized (VV) sentinel-1 SAR imagery includes three steps viz. dark area 

detection, feature extraction and classification of oil/look-alike (Fingas and Brown, 2014; Migliaccio 

et al., 2015; Rajendran et al. 2021). The images were processed using Sentinel Application Platform 

(SNAP) programming, and the complete details of the image processing are given in Topouzelis et 

al. (2016), and Suneel et al. (2019). 

3.1.2. Currents  

The measured currents during the simulation period are not available in this region. Therefore, 

HYCOM (Hybrid Coordinate Ocean Model) global model surface current velocities 

(http://hycom.org) were used. HYCOM is one of the most widely used models for operational 

oceanography, considering its potential to simulate the oceanic process with reliable ocean currents 

(Yao and Johns, 2010; Mezic et al., 2010; Mariano et al., 2011). It maintains significant advantages 

in stratified regions while allowing more vertical resolution near the surface and the shallow coastal 

area, hence providing a better representation of the upper ocean physics. Dauji et al. (2016) have 

evaluated the accuracy of the HYCOM simulated currents and found that excellent accuracy in the 

Indian Ocean. The global HYCOM provides currents with good spatial (0.083o x 0.083o) and 

temporal (3 hrs.) resolutions (Dauji and Deo, 2020) than any other available currents. Therefore, this 

study makes use of the freely available HYCOM currents.   

Fig. 2 (a) and (c) show spatially averaged currents near the spill location. The current speed in our 

selected domain (20.228- 20.479 S and 57.636- 58.113 E) varies between 0.129-0.434 m/s, with an 

average speed of 0.284 m/s. The predominant current direction is towards the southwest near the 

spill location (Fig. 2a). However, the general circulation pattern in the South Equatorial Currents 

(SEC) intensifies at the surface, and it reaches up to 1400m depth whereas reduced when it's 

reaching the near shore. Besides, the reef canopy can also cause a reduction in current velocity (East 

et al. 2020) on the shelf. 

3.1.3. Winds  

 In addition to the currents, the surface winds are  essential parameter for the GNOME model 

(Cheng et al. 2011). In this study, the hourly wind data were obtained from the reanalyzed wind 

fields of the European Centre for Medium Weather Range Forecast (ECMWF) Reanalysis (ERA5) 

(https://ecmwf.int) were used to force the GNOME model. Fig. 2 (d and e) shows a time series of 

wind speed and direction plotted from 06-24 August 2020. During this period, the moderate winds 

blowing from the southeast with the average speed of 6.1 m/s.  

http://hycom.org/
https://ecmwf.int/
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Fig. 2. Temporal averages of (a). HYCOM currents and (b) ERA5 winds in the study domain 

during 06-24 August 2020. (c) Spatially averaged current and (d) wind speed with time in the 

domain used for the oil spill simulation. (e) Wind Ross plot for the simulation period.  

3.1.4. Stokes drift 

The transfer of momentum from atmosphere to ocean is primarily through the wind and wind-

generated waves, which contribute to generating ocean surface currents (Mao and Heron, 2008). 

According to Stokes (1847), water particles have an additional movement in the direction of wave 

propagation, called Stokes Drift. The effect of wave-driven surface drift is mainly accounted by the 

Stokes Drift (Tang et al. 2007). Combined forces of wind, currents and waves (stokes drift) are the 

natural phenomenon that can primarily drift the oil spill both horizontally as well as vertically (Rohrs 

et al. 2018). Dominicis et al. (2016) studied the impact of currents, waves and winds on the multi-

model approach. They found that the accuracy of oil spill model has been increased with the addition 
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of the Stokes drift when provided by wave. Therefore, accounting the influence of wind, currents and 

stokes drift is crucial to obtain the appropriate results on oil spill transport. 

Stokes drift is dependent on wave field, which fluctuates by the smaller time scale within the area 

(Bennett and Mulligan, 2017; Montiel et al., 2018). The CMEMS (Copernicus Marine 

Environmental Monitoring Service) provides the stokes drift data for daily and monthly mean 

velocities (Fig. 3). The CMEMS database produces the information using the Meteo-France WAve 

Model (MFWAM) by Meteo-France global wave system. Here, the wave products are the integrated 

parameters computed from the total wave spectrum (significant wave height, period, direction, 

Stokes drift) and the wind wave, the primary and secondary swell wave. The spatial resolution for 

the model domain is 1/12° (approx. 8 km) with the regular grid of 4320 x 2041. 

 
Fig. 3. The temporal average of Stokes drifts in the study area during 6-24 August 2020. 

3.2. Methodology 

In this study, we used the diagnostic mode of the GNOME model driven by ocean surface winds and 

currents (Beegle-Krause, 2003, 2005). The GNOME oil spill model developed by the Hazardous 

Materials Response Division (HAZMAT) of the National Oceanic and Atmospheric Administration 

Office of Response and Restoration (NOAA OR&R) (Duran oet al. 2018). This 2D 

Eulerian/Lagrangian model has been used widely for the marine, coastal and riverine regions 
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(Farzingohar et al. 2011; Cheng et al. 2011) to track the possible oil slick movement (Zelenke et al. 

2012, ITOPF 2019). The movement of oil caused by the wind is known as windage, which is 

typically 3% of the wind speed on the surface. Reed et al. (1994) suggested a 3.5% wind factor gives 

a good simulation while using the wind without wave breaking. Abascal et al. (2009) experimented 

with the oil spill drift by using two different wind drag coefficients (0.025, 0.044); and found that 

both the simulations have predicted the same place of stranding, but a difference of 20 km was 

observed between those simulations. Several works of literature reported the mean wind factor varies 

from 3-3.5%. Based on the analytical derivation, observations and overflight reports, the GNOME 

model recommends 1%-4% as the default wind factor (Stolzenbach et al. 1997; GNOME, 2012).  

The performance of the GNOME oil spill model is depending on the model configuration 

including the input forcing. Therefore an attempt has been made to simulate the model with different 

windage factors in the range minimum to maximum, such as 0%, 3%, 4% and 6%, to account the 

effect of wind drag on the oil slick movement (Figure not shown). The simulation results showed 

that the 0% windage resulted very low beaching, and the 6% windage resulted very high beaching in 

line with Boufadel et al. (2014). Therefore, we considered 3% wind factor may be optimal for the 

simulation, which was also used by Prasad et al. (2018).  Diffusion, i.e. random spreading, is also 

included in this model by a simple random walk with a square unit probability. The random walk is 

based on the model's diffusion value, which represents the horizontal eddy diffusivity. The 

Stochastic diffusion processes in GNOME can be applied using the Cartesian coordinates diffusion 

equation (GNOME, 2012). 

                                      Equation 1 

C is the concentration of a material, and D  and D  is the scalar diffusion coefficients in the x and y 

directions. So, diffusion can be simulated with a random walk with any distribution. The resulting 

diffusion coefficient is one half the variance of the distribution of each step divided by the time-step. 

                          Equation 2 

GNOME compute a (Δx, Δy) from the input diffusion coefficient D, and at each diffusion time-step, 

dx and dy are chosen randomly from a uniform distribution (of floating-point numbers) between -1 

and 1 such that −Δ𝑥 ≤ dx ≤ Δ𝑥, −Δ𝑦≤ dy ≤ Δ𝑦, and Δ𝑥 = Δ𝑦. The value of horizontal diffusion varies 

from 1000 to 100,000 cm2/s−1 (low to high), with the default value of 100,000 cm2/s−1. Thus, the 

simulated oil diffusion area also varies by magnitude. GNOME recommends a default value of 

100,000 cm2/s−1, widely used for spilled oil movement (Zelenke et al., 2012; Prasad et al., 2018). 
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Therefore, the diffusion of 100,000 cm2/s-1 is used in the present study for the model simulations. 

However, to ensure the role of diffusion on the spreading area of floating oil and beached oil and 

hence to depict the probabilistic minimum and maximum contaminated site, we choose two different 

coefficient values considering 20,000 cm2/s−1 as low and 100,000 cm2/s−1 as default values for the 

simulations. Although both values yield more or less similar results, the default value of 100,000 

cm2/s−1 delivers relatively better results (Table 1). 

GNOME also uses a simplistic 3-phase evaporation algorithm (Equation 3) where the pollutant is 

treated as a three-component substance with independent half-lives (Boehm et al. 1982). 

Equation 3 

 

T and t1 are the time elapsed (age; in hours) at time-step i and the previous time-step i-1. H1, H2, and 

H3 are the half-lives of each constituent (in hours), and P1, P2, and P3 are the percentages of each 

constituent (as decimals). 

GNOME has an option for refloating or resuspension of oil determined by refloating half-life, which 

is defined as the number of hours in which the beached oil removed by (i) the offshore wind or 

diffusion transport (Zelenke et al. 2012; Amir-Heidari et al. 2019) and (ii) same or higher the sea 

level. The spilled oil may move towards the wind direction to reach the coast, and they may again 

return to the water to pollute the nearshore region (Amir-Heidari et al., 2019). Though the 

predominant winds are southeasterlies, they had varied between easterlies to southerlies (Fig. 2e), 

and whenever high tide occurs, the sea level rises and may favour the refloating of oil. Therefore, to 

include a rising tide effect, we considered the GNOME recommended default refloat half-life in this 

study, which is 1 hour. Jones et al. (2016) have considered 12 hours refloat half-life for the shelf 

model to sandy beaches.  

The MV Wakashio oil spill trajectories have been simulated using currents and winds (case-1) are the 

driving forces and the diffusion coefficient of 100,000 cm2/sec. Initially, the spill quantity of 1000 

tons was released during 06-16 August 2020, followed by the release of another 50 tons during 16-22 

August 2020 at the location where the ship MV Wakashio has grounded (Latitude: -20.43 N, 

Longitude: 57.74 E). Therefore, the total simulation period was 18 days. 
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  Table 1. GNOME model setting for the three cases of oil spill simulations. 

Case study Forcing Diffusion 

(cm2/s) 

Spill 

location 

Simulation 

period 

Spill 

Quantity(tons) 

1 3 hourly Current + 

Hourly wind 

100,000 20.438 S 

57.745 E 

06-24 

August 2020 

1050 

2 Hourly wind 100,000 20.438 S 

57.745 E 

06-24 

August 2020 

1050 

3 Hourly wind 20,000 20.438 S 

57.745 E 

06-24August 

2020 

1050 

 

The location of the oil spill was identified from the Synthetic Aperture Radar (SAR) imagery. The 

volume of spill oil has denoted as a 'splot' representing the portion of spilled oil in the actual 

scenario. An amount of 1000 tons of fuel oil (10000 splots) have been released continuously between 

06-August-2020 06:30 am to 16-August-2020, 23:00. The ship had broken into two parts before it 

sank on August 15, and there were around 50 tons of oil remaining (Press Report: CBS News, 

2020a). Therefore, additional 50 tons of fuel oil (1000 splots) have been released from August 16, 

2020, 23:30 to August 22, 2020, 23:00 in the simulation. These splots represent the average amount 

of oil released to the water surface daily until the leak ends.  

4. Results and discussion 

4.1. Case 1: Simulation of oil spill trajectory with current and wind 

Snapshots of the simulation taken after the days of 1st, 2nd, 4th, 8th, 16th, and 22nd were illustrated in 

Fig. 4. The black and red colour dots in Fig. 4 represent Best Guess Solution (BGS) and Minimum 

Regret Solution (MRS), respectively. Fig. 4 depicts that initially, the floating oil has drifted 

westward and reached the southeast Mauritius coast at Pointe d'Esny in 2 hours 30 minutes, and until 

the first 6 hours, it had continued to move in the same direction and reached the shore. After 6 hours, 

some portion of the oil started drifting towards the northwest direction (NW). The model result 

illustrated the beaching of the oil particles at Blue Bay and Aigrettes Island on August 06 at 17:00 

hours. After that, part of the oil particles moved towards the NW direction; however, ≈12 tons (at 

time of 17:00 hours) of oil beached along the coastal stretch of Pointe d'Esny. The current speed was 

constantly reducing from August 06 to August 08 2020 (Fig. 2). As also evidenced in Fig. 2 (e), 

winds could have played a significant role in drifting the spill westward during the study period.  

The simulation after four days depicts that most of the oil particles were drifted only in the SW 

direction for the entire simulation period. As shown in Fig. 4, the oil is primarily drifted westward to 

northwestward direction during the early days of simulation, after that drifted southwestward 
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direction. These simulation results are not reasonably matching with the SAR imagery (discussed in 

later sections). Therefore, the simulation has been performed, considering only the wind forcing as 

case study 2. 

 

Fig. 4. Simulation of oil spill with both wind and current forcing and default diffusion of 100000 

cm2/sec. Panels (a), (b), (c), (d), (e) and (f) represents the snapshots of the simulations taken at 1, 2, 

4, 8, 16 and 18 days respectively. 
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4.2. Case 2: Simulation of oil spill trajectory with only wind 

In this case, we considered wind as the only forcing parameter for the oil spill simulation. Fig. 5 

depicts the drift of the spill was predominantly northwest during the simulation period (06-24 August 

2020). Initially, the oil particles were drifted westward and started beaching along the coast of Pointe 

d'Esny, which is ~2 km away from the spill location. According to the model simulation, ~0.2 tons of 

oil was beached along the Pointe d'Esny (-20.434 S, 57.727 E) within 3 hours 15 minutes from the 

spill time. The spreading has extended ~0.8 km along the Pointe d'Esny (centre part- northern part) 

within 5 hours and 30 minutes indicates that the oil spill severely impacted the sandy beaches along 

the coast of Pointe d'Esny. Although most of the oil patches drifted towards the northwestward 

direction, the Aigrettes Island located in between was also affected after August 08 2020, at 12:15 

pm. The prevailing southeasterly solid winds advected the oil particles northwestward along the 

coastline of Mahaburg. According to the GNOME simulation, after initial 24 hours, about 41 tons of 

oil beached along ~7 km from Pointe d'Esny to reef entrance towards Vieux Grand Port. Overall, 

coastal regions such as Pointe d'Esny, Mahaburg, Morcelement Ferney, Grand Port, and Coral 

residence were highly impacted by the spill. The local news report also confirms that clean up 

activities have been initiated in these coastal areas (Press Report: Scientific American; Press Report: 

news18).  

 As evident in Fig. 5(a), the large amount of beached oil is continued to be stranded along the shore, 

but the refloating of oil back to the sea is comparatively less. The northwestward drift pattern was 

observed for the first 48 hours (6-7 Aug 2020). After that, oil has moved northward (from August 08, 

11:30) under the wind speed of 5 m/s. During this period, 80% of the beached oil also refloated with 

fresh floating oil and settled along the coast of south Vieux Grand Port to Bambous Virieux (~8 

km). Allshouse et al. (2017) have reported these complex advective phenomena of 

beaching/refloating that depend on various shoreline types, as well as detailed windage analyses.  
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Fig. 5. Simulation of oil spill with only wind forcing and default diffusion of 100,000 cm2/sec. 

Panels (a), (b), (c), (d), (e) and (f) represents the snapshots of the simulations taken at 1, 2, 4, 8, 16 

and 18 days respectively. 

Time evaluation of spilled oil trajectory for 18 days study period follows the wind pattern, 

predominantly moves northwestward. The quasi-permanent high-pressure system in the Indian 

Ocean generates constant southeasterly winds and waves throughout the year, with wind speeds vary 

from 5 m/s to 25 m/s from June to September (Dhunny et al., 2015). Wind speed varies between 1.4 

m/s and 10.5 m/s with an average of 6.1 m/s. They directed between 85.7° to 190.4° with an average 

of 115.1° in the present domain (Fig. 2e). These strong southeasterly winds that prevailed on the east 

coast of Mauritius must have contributed majorly to the movement of oil towards the northwest 

direction. Relatively, fewer particles were drifted southwestward up to Souillac coastal area. Fig. 5 
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clearly shows that floating MRS is more than the floating/beached BGS along the southwest coastal 

region, which significantly high in case study-1, where the simulation was performed with both wind 

and current forcing. These results indicate that winds have played a significant role in drifting the 

MV Wakashio oil spill towards the Mauritius coast. Maslo et al. (2014) found that the wind effect 

decreases the velocity of the slick by pushing it towards the shore. Pradhan et al. (2020) studied the 

hypothetical oil spill trajectory off Odisha coast, Bay of Bengal using the GNOME model; their 

result showed that wind speed and direction have a significant role in the oil spill movement. 

The validation of the model simulations with current and wind; and the wind was performed 

comparing with the available SAR imagery. The images obtained on the days of 10, 16, and 22 

August 2020 (at 01:37) were compared with snapshots of the GNOME model captured at 01:30 am. 

Good agreement between the GNOME simulation (only with the wind) and the SAR imagery was 

observed, as showed in Fig. 6 (b, d, and f). It shows that the oil particles were primarily drifted 

towards the northwest as observed in SAR imagery, and there was also a southwestward drift with 

BGS and MRS. BGS is comparatively less than MRS, which is shown in Figs 2 and 4. It may be 

noted that according to the SAR images available on 10th, 16th, and 22nd August 2020, there was no 

clue of oil slicks towards south or southwest from the spill location. However, the simulation on 16 

and 22 August (Fig. 6d, f) indicates a significant drift of oil particles towards the southwest.  
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Fig. 6. Model simulations overlaid with SAR images. Figs (a), (c) and (e) are the simulations 

performed with wind and current. Figs (b), (d), and (f) are the simulations performed with only wind 

considering 100,000 cm2/sec diffusions for all the cases. 

There could be multiple reasons for this erroneous southwestward drifting of oil. (i) GNOME does 

not consider tides: Tides may play a significant role in drifting the oil particles towards the 

shore/coast during the high/low tide (Lee et al. 2020; Kim et al. 2013). (ii) Errors in hydrodynamics 

used in the GNOME: The HYCOM currents used in this study are of 1/12 ° resolution (9.5 km), are 

one limitation to the very nearshore region studies, and a coarser bathymetry may also lead to errors 

in the hydrodynamic simulations (Barker et al. 2020). Hence such errors may not depict the realistic 
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currents in the nearshore region. (iii). GNOME does not consider the actual barriers (booms etc.):  

The proximity of the containment activities such as booms, handmade natural floating material (dried 

sugarcane leaf or straw), and crisscrossed fibres were actually deployed in the near sensitive regions, 

including the seaward entrance of Blue Bay Marine Park (Press Report: The India express, 2020). 

These effects are not included in the model simulation. Thus, the non-inclusion of tides and booms 

effect in the GNOME, and the limitations of HYCOM currents, could have caused the 

southwestward drift of spill in the GNOME simulations. 

The other important force that can influence the surface oil spill drift is Stokes Drift. The Stokes 

Drift has been considered in numerous studies particularly to simulate the drift, deformation and 

prediction of oil slicks trajectories (Christensen and Terrile 2009, Daniel et al. 2003; Abascal et al. 

2009; Azevedo et al. 2009). Unfortunately, the GNOME could not include the influence of Stokes 

Drift. Therefore, in this study we separately analysed the influence of Stokes Drift. The Fig. 3 

illustrates that the spatially averaged Stokes drift is primarily northwestward during the study period, 

similar to the prevailed wind pattern (Fig. 2b). Therefore, based on Fig. 2b, and Fig. 3 it evident that 

the stokes drift might have also contributed to the predominant northwestward drift of the spill in 

addition to the winds. Tuomi et al. (2018) have shown that the direction of Stokes drift mostly 

followed the wind direction and found to be very similar although the magnitudes of the wind drift 

are found to be larger. Therefore, it is evident that the predominant northwestward drift of oil spill is 

due to the cumulative forcing of winds and stokes drift.   

4.3. Case- 3: Simulation of oil spill trajectory with the only wind but different diffusion  

In this case, the simulation was performed with the only wind and diffusion coefficient of 

20,000 cm2/s to understand the influence of diffusion on slick spreading. SAR imagery was used to 

validate the simulations. Fig. 7 illustrates the validation of case-2 and case-3 model results with SAR 

observations. The Fig depicts that both the simulation performed with the diffusion of 20,000 cm2/s 

and 100,000 cm2/s are similar. Still, the careful examination suggests that simulation of 100,000 

cm2/s are in better agreement with SAR in terms of spreading over the larger area of the image (Fig. 

7(b), (d), and (f)). Therefore, our results also suggest the default diffusion value of 100,000 cm2/s 

yields comparatively good results in supporting the previous studies (Zelenke et al. 2012 and Prasad 

et al. 2018). 
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Fig. 7. Comparison of case-3 (only wind but different diffusion coefficients) and case-2 (only wind with 

default diffusion coefficient) simulations with SAR imagery. Fig. (a), (c) and (e) are the simulations 

performed with 20,000 cm/s2 overlaid by the respective SAR imagery (case-3). Similarly, Fig. (b), (d) and (f) 

are the simulations performed with 100,000 cm/s2(case-2) overlaid by the respective SAR imagery. 

4.4. Mass balance of the spilled oil 

GNOME can estimate the mass balance of the spilled oil during its exposure to the surface water. 

Assessment of approximate quantities of the floating oil, beached oil, evaporated, and dispersed oil 

have been performed to understand their impact on the marine environments. Fig. 8a and b depict the 

simulated oil budget during the study period. The evaporation process is activated within 1 hour 30 
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minutes after the simulation has started, and it increased gradually till the end of the 1000-ton spill 

(August 16). After that, no changes have occurred, and it continued to be more or less the same till 

the end of the simulation (Fig. 8a). During the initial time of simulation (06-08-2020; 08:00hrs), ~0.1 

ton of oil were evaporated out of 5 tons released, but on the whole, 344 tons (out of 1000 tons) and 

15.3 tons (out of 50 tons) of oil is evaporated (Fig. 8a and b). The relationship between beached oil 

and floating oil is evident. When the amount of beached oil has increased, then the floating oil has 

decreased, indicating a significant portion of the oil is getting beached. The estimated amount of 

beached oil is about 584 and 30.5 tons out of 1000 tons and 50 tons, respectively, with the 

cumulative amount of 614.5 tons (Fig. 8a and b). This amount of spill could surely make severe 

impacts on the marine environment. The biodiversity of coral reefs, mangroves, fisheries, and 

seagrass will be highly under threat. Almost 39 dolphins, crabs, sea birds, and starfish have been 

found dead and washed ashore after this worst spill. Based on the model result, it is evident that the 

beached oil may have severe impacts on the River Des Creoles. The local report also confirmed 

through clean up activities in the mangroves region of the River Des Creoles (Press Report: 

NYTimes; Press Report: cbsnews, 2020b). Model results showed that around 75.3 tons of oil 

remained floating on the water (on 24-08-2020 06:30) and might have reached the coast in 

subsequent time (after 18 days from the spill). Therefore, effective clean up activity and continuous 

monitoring of the marine ecosystem shall have to be continued further. 

 

 

Fig. 8. GNOME derived Mass balance (a) during the period 06-16 August 2020 represents the scenario of 

1000 tons, and (b) during the period 16-22 August 2020 represents the scenario of 50 tons spill.  
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5. Conclusion 

This study investigated the fate of the MV Wakashio oil spill in the Indian Ocean Island of Mauritius 

by using the well-known GNOME model. Its simulated trajectories were also validated with SAR 

imagery. Thus, an attempt has been made to identify the meteorology and oceanographic forces 

responsible for the observed drift of spill during this episodic event of the Wakashio oil spill. 

Simulations were performed as three cases considering the influence of (i) wind and current, (ii) only 

wind (iii) only wind but with different diffusion. The simulation model results are in good agreement 

with SAR data when performed only with wind, indicating that wind played a major role in drifting 

the MV Wakashio oil spill towards the coast. The depicted stokes drift also suggests its additional 

contribution to the drift of spill towards the northwest. Therefore, most of the oil particles that drifted 

northwestward matching with the SAR imagery were due to the cumulative effect of wind and stokes 

drift pattern. Our analyses also revealed that the diffusion coefficient of 100,000 cm2/sec and 3% 

windages are optimal for the oil-spill simulations off the Mauritius coast. Based on the oil budget 

analysis, it is estimated that ~ 615 tons of oil have been beached along a 15 km long coastline 

between Pointe d'Esny to Vieux Grand Port, including Mahaburg. Although there are no in situ 

observations to validate the same, according to the National Crisis Committee report, ~1122 tons of 

contaminated liquid waste (oil mixed with seawater) and ~ 792 tons of contaminated solid on the 

shore has been carted away (NCC, 2020). The one limitation of the present study is that the tides and 

waves were not considered, which could undoubtedly improve the model performance. Further 

investigation should be needed to highlight the environmental and ecological impacts. 
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