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ABSTRACT

	Mangrove ecosystems provide a significant number of ecosystem services to communities and are also considered strategic areas for socioeconomic development. However, these ecosystems are becoming increasingly fragile due to the overexploitation of resources and natural phenomena. To improve its functioning and productivity, it is therefore essential to characterize mangrove ecosystems to implement effective strategies for the protection and conservation of biodiversity. The objective of this study was to contribute to a better understanding of the land use/cover dynamic and factors of change in the mangrove ecosystem of the Saloum Delta. To do this, a methodological approach combining remote sensing and surveys was used. Survey, processing and analysis of Landsat 7 and Landsat 8 satellite images were used to document the state, dynamics, and factors of change in the mangrove. The results showed a different pattern of land use/cover change between 2002 and 2024. Mangrove and urban area increased while other vegetation, tan and mudflat area decreased. Mangrove area increased by 8.81% in GMPA and 1.5% in SMPA between 2002 and 2024. The higher increase of urban area was recorded in Gandoule (23.58%) compared to Sangomar (2.07%). Other vegetation declined by 11.87% in Gandoule and 5.38% in Sangomar. Tan (-2.68%) and mudflat (-19.86%) in Gandoule lost surface area. Surveys revealed that the factors contributing to mangrove degradation were anthropogenic or natural. The primary cause of mangrove degradation is the exploitation of mangrove resources (90.1%), followed by coastal erosion (38.9%), decreased rainfall (3.8%), and salinization (3.8%). Despite these threats, mangrove ecosystems have been able to maintain an increase of mangrove.   
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1. INTRODUCTION 

Mangrove ecosystems provide numerous ecosystem services that are essential to the livelihoods of millions of people, made possible by their high-quality diversity (Aubry, 2021). Mangrove is vital both for wildlife and local communities that depend directly on its natural goods and services (Francoeur, 2009). For local communities, mangrove ecosystems are a source of livelihood, particularly for small-scale fishing and aquaculture (Jelibseda et al., 2025). 
Unfortunately, mangrove ecosystems are undergoing continuous degradation from various anthropogenic and natural sources (Francoeur, 2009). These include deforestation, land use change, direct exploitation of resources (particularly fish), pollution, and population growth (Matoko et al., 2025). Land conversion for aquaculture and agriculture, industrial pollution, timber extraction, climate change, and sea level rise are also factors contributing to the degradation of mangrove ecosystems (Jelibseda et al., 2025). Anthropogenic pressures are the main cause of these changes, which lead to degradation and consequently hurt the ecosystem services provided by mangrove and its productivity (Ranaivojaona & Ranarijaona, 2021).   The exploitation and development of the coastal fringe by a multitude of ethnic groups has reached a level of perfection that demonstrates remarkable mastery of a difficult environment (Salomon, 1987). Declining health indicators reflect the state or dynamics of mangrove ecosystems and can serve as a proxy for their degradation (Wei et al., 2025). These various factors constantly lead to changes in the structure of mangrove ecosystems, sometimes leaving marks that make the restoration of these ecosystems particularly problematic (Proisy and Mougin, 1998; Fousseni et al., 2017). In Senegal, beyond the constraints linked to human presence and activity, coastal area is also subject to natural phenomena (Dièye et al., 2013). In Saloum Delta, declining rainfall and fishing and harvesting activities are suffering the consequences of the scarcity of resources (Fall, 2009).
In response to these threats to mangrove ecosystems, a multitude of mangrove reforestation projects are being carried out around the world, mainly by civil society organizations working with local communities (Bocquet, 2018). Environmental protection solutions have been implemented with the support of biodiversity protection and conservation projects in Saloum Delta Biosphere Reserve, “mangrove reforestation, tree planting, restoration of devastated natural habitats, adoption of less predatory production techniques, and environmental education in villages bordering Saloum Delta National Park (PNDS) and villages on the outskirts of the reserve”. Training has also been provided on the need to avoid cutting the roots of mangrove trees when harvesting and, above all, on the reforestation or cultivation of degraded areas (Fall, 2009).
Weighing the importance of factors influencing the spatial dynamics of mangroves has been a scientific challenge (Lombard, 2023). However, these changes have a significant impact on the sustainability of mangrove resource exploitation. The objective of this study was to analyze the spatio-temporal changes in mangrove ecosystems of the Saloum Delta. Specifically, it aimed to characterize land use/cover and document dynamic factors contributing to mangrove ecosystems degradation.
2. material and methods 

2.1 Presentation of the study area
Located in central-western Senegal in the natural region of Sine Saloum, Saloum Delta covers approximately 500,000 ha (Dia, 2003). The study area is bounded to the north by the Saloum River and to the south by the Gambian border (Figure 1). Saloum Delta is a reverse estuary now classified as a wetland of international importance (Guissé et al., 2007). The soils of the Saloum Estuary, known as tans, cover a relatively large area (Marius, 1973). The vegetation covers an area of approximately 80,000 ha (Guissé et al., 2007). The Saloum Delta Biosphere Reserve (SDBR) has at least 188 species, representing 9% of Senegal's woody and herbaceous plant species, grouped into 50 families, including 30% of Senegal's higher plant families (DIA, 2005). Six woody mangrove species, which are Rhizophora mangle, Rhizophora racemosa, Rhizophora harrisonii, Laguncularia racemosa, Avicennia germinans, and Conocarpus erectus were recorded (Ndour et al., 2012).
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Fig. 1.  Location of the study area

2.2 Data collection
              2.2.1 Acquisition and processing of satellite images
Landsat7 and Landsat8 satellite images were used for this study (Table 1). These data were acquired during the dry season when cloud cover is reduced to a minimum due to variations in the phenological phase of vegetation (Clerici et al., 2007; Sambou et al., 2016).
Table 1. Acquisition of Landsat satellite images
	Satellites
	Sensors
	Dates
	Resolution

	Landsat7
	+ETM
	18/04/2002
	30m

	Landsat8
	     
OLI-TIRS
	24/04/2013.  
	      30m

	
	
	10/02/2024
	



ENVI version 5.6 and ArcGIS version 10.8 software were used for image processing. Color composition, supervised classification, and classification validation are the three steps performed for image processing. A segmentation-based method was used to represent mangroves. For color composition, bands 5-4-3 for 2002 and 6-5-4 for 2013 and 2024 were used. These were chosen because they provide good discrimination between different types of land cover and natural colors. Supervised classification consisted of constructing a classifier and transforming the images into a thematic map (Mephu Nguifo & Njiwoua, 2005; Dibi Nda et al., 2019). The maximum likelihood algorithm method was adopted due to knowledge of the study area. The maximum likelihood classification of Landsat8 images from 2024 was first performed, followed by Landsat8 images from 2013 and Landsat7 images from 2002 based on color composite images. The classification made it possible to distinguish the different spectral signatures that characterize the study area. Seven land cover units or classes were identified: mangrove, other vegetation, dwelling, bare soil, tan, mudflat, and water surface. A post-classification comparison was used to analyze the states and changes of the different land cover units. Image classification and change detection provided general statistics on the states, changes, spatial structure, and dynamics of the different land cover units. RStudio was used to represent the state and evolution of the land cover classes. To understand the evolution of each land use unit over time and space, the ensemble method of Poulon (2015) was used. Let U1 be the set of pixels on date 1, U2 the set of pixels on date 2, and ΔU the variation of a pixel of any land use unit between dates U1 and U2. ΔU = 0 reflects a stable state (no change); ΔU < 0 indicates regression (decrease, loss, etc.) and ΔU > 0 reflects progression (increase, gain, etc.). The accuracy of the image classification was evaluated and reported using overall accuracy and kappa statistic or coefficient (Appendix). This information on land use/cover was then used to validate the classification and to deduce the spatio-temporal dynamic of land cover units in the study area (Top et al., 2024). The overall accuracy of the image classification was 97.80%, 96.65%, and 93.44% for 2002, 2013, and 2024, respectively, with a kappa coefficient between 0.93 and 0.98 (Appendix).

      2.2.2 Surveys
Perception surveys were conducted using a questionnaire to identify the factors driving land use dynamics. An interview guide was developed for the population of villages bordering the Gandoule and Sangomar MPAs. A total of nine villages from Palmarin and Niodior in the department of Foundiougne were sampled for the surveys. These were Ndonrogu Longu, Soum, Baout, Djirnda, Diamniadio, Palmarin, Dionewar, Niodior, and Falia. Regarding sampling, Fisher's method was used to determine the number of people to be surveyed. The formula used is as follows:
Nf= n/1+ (n/N) with n=1/d^2 and a margin of error of 10%.
Applying this formula, 178 people, over 2192 fishermen, were selected for the interviews. The survey was conducted using a questionnaire to document people's perception on state, dynamics over 20 years, causes of degradation, and protection strategies of mangrove ecosystems.
The survey data were collected and analyzed using Sphinx Plus version 5 and Excel, then transferred to RStudio for graphical representation.

3. results 

3.1 Land use status                                                                                                                                                                                                                                                                                                                                                                                    
A spatiotemporal variation of land use/cover was noticed between 2002 and 2024 (Figure 2). Statistics revealed variations in area between the different land use units in Gandoule Marine Protected Area (GMPA). In 2002, mangrove occupied the largest area (29.10%), followed by water (25.37%), mudflats (20.62%), other vegetation (14.95%), tans (8.56%), and bare soil (1.4%). In 2013, land use/cover was dominated by mangroves (32.94%), water (31.33%), mudflats (20.81%) and dwellings (9.56%). However, more recently in 2024, mangrove (37.91%), water (27.93%) and dwelling (23.59%) occupied the largest areas in Gandoule. While tans (5.88%), other vegetation (3.09%), bare soil (0.83%), and mudflats (0.77%) occupied smaller areas.
In Sangomar Marine Protected Area (SMPA), more than half of the total area was covered by water. In 2002, 76.88% of the total area was covered by water, followed by mangrove (10.43%), other vegetation (9.30%), and mudflats (1.57%). Bare soil (1.35%) and tans (0.46%) were represented small area. Changes in land use were observed in 2013, with water occupying the largest area (78.33%), followed by mangroves (12.27%), dwellings (2.91%) and other vegetation (2.78%). The area occupied by water (77.14%), mangrove (11.93%), and other vegetation (3.92%) remained larger in 2024. The area occupied by mudflats (3.36%), dwellings (2.07%), bare soil (0.86%) and tanning areas (0.72%) was small.
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Fig. 2 . Land use/cover status from 2002 to 2024 in Gandoule MPA (a) and Sangomar MPA (b)



3.2 Changes in land use/cover classes                                                                                                                      
Changes in land use/cover have occurred over time and spatial (Figures 3 and 4).  In Gandoule MPA, land use/cover between 2002 and 2013 was marked by a gradual increase in mangrove (3.84%), dwellings (9.56%), bare soil (0.35%), water (5.96%) and mudflats (0.19%). In contrast, other vegetation (-12.29%) and tans (-7.61%) saw a decrease in area. Between 2013 and 2024, mangrove area (4.98%), other vegetation (0.43%), tans (4.93%) and dwellings (14.03%) increased. Meanwhile, mudflats (-20.05%) and bare soil (-0.92%) saw a decrease in area. Between 2002 and 2024, the dynamic showed a decrease in area for most classes. Mudflats (-19.86%), other vegetation (-11.87%), tans (-2.68%) and bare soil (-0.57%) recorded losses in area. In fact, area occupied by buildings (23.58%) and mangrove (8.81%) increased.
In Sangomar MPA, changes in land use/cover have resulted in an overall increase in mangrove and dwellings and a loss of vegetation and bare soil.  Mangrove (1.83%), dwellings (2.91%), tans (0.22%), and bare soil (0.16%) increased between 2002 and 2013. Vegetation (-6.52%) and mudflats (-0.07%) lost area between 2002 and 2013. Land use/cover between 2013 and 2024 was characterized by a decline of mangrove (-0.33%) and dwellings (-0.84%) area. The change in land use/cover between 2013 and 2024 indicated an increase of mudflats (1.86%), other vegetation (1.13%), tans (0.03%), and bare soil (0.66%). The observed dynamics of land cover/use between 2002 and 2024 showed an increase in mangroves (1.5%), dwellings (2.07%), mudflats (0.18%) and tans (0.26%). On the other hand, other vegetation (-5.38%) and bare soil (-0.49%) have lost area.
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Fig. 3. Land use/cover dynamic in  Gandoule MPA (a) and in Sangomar MPA (b)
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Fig. 4. Changes in land use/cover units in Gandoule MPA (a) and in Sangomar MPA (b)

3.3 Local populations' perception of changes in land use
The surveys revealed that mangrove area has overall increased.  71.6% of respondents reported an increase, while 28.5% observed a decrease in mangrove area (Figure 5). 
The factors contributing to mangrove degradation were anthropogenic (exploitation of mangrove resources) and natural (coastal erosion and climate change). The surveys revealed that the main factor contributing to mangrove degradation is the exploitation of mangrove resources (90.1%). The exploitation of mangrove resources in the Saloum Delta mainly involves cutting mangrove wood for smoking, cooking oysters, cooking, and construction. Poor fishing and harvesting practices not only destroy habitats but also degrade mangrove ecosystems. The overexploitation of mangrove resources and the use of certain fishing nets that catch juveniles (purse seines) were cited as the most significant factors causing the degradation and imbalance in mangrove ecosystems, with increasing loss of biodiversity and scarcity of resources. Some fishing nets abandoned at sea, such as monofilament nets, can trap fish but also damage mangrove roots and make them vulnerable. Seawater pollution and poor waste management were also mentioned as a result of human activities in mangrove areas, subsequently harming fish stocks and mangroves. Coastal erosion (38.9%) was one of the main factors cited by local populations contributing to mangrove degradation. In Saloum Delta, islanders were facing to sea encroachment as a result of rising water levels, tidal phenomena, and the breach of the Sangomar spit. This breach has altered the topography with sedimentation downstream of the estuary and the disappearance of the mangrove. Upstream, the submersion of the mangrove is also remarkable. Climate change (7.6%) also contributed to the degradation of mangrove ecosystems. Among the factors caused by climate change, surveys have indicated that low rainfall was responsible for the degradation of the mangrove. The latter has increased the salinity gradient of the water as a result of evaporation processes, which was also raised during the surveys and has consequently caused the mortality of the mangrove (Figure 6).
To address these threats, strategies for mangrove conservation, preservation, and restoration were recommended (Figure 7). Among these strategies, reforestation (29.33%) was the most frequently cited by local communities. Local populations have proposed reforestation as a restoration measure with the help of MPA services and civil society (Figure 8). Another strategy for preserving mangrove was to ban the cutting of mangrove wood (22.67%). The involvement of the population in the preservation of mangrove resources through awareness-raising campaigns on their importance (18%) is also mentioned. Bans (16%) on certain monofilament fishing nets and purse seines are also recommended because they do not comply with regulations and do not allow for resource renewal. A six-month biological rest period for night fishing with purse seines is approved by fishermen, even with a total ban on fishing. For shrimp fishing, a biological rest period (8.6%) has been recommended for better management and conservation of fishery resources. Finally, to reduce the threats caused by the exploitation of fishery products, the populations have proposed improving market gardening and poultry farming (6%).
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Fig. 5. Mangrove evolution according to population perceptions
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Fig. 6. The main factors contributing to the degradation of the mangrove ecosystem in the Saloum Delta
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Fig. 7. Strategies for the conservation, preservation, and restoration of mangroves
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Figure 8 : Reforested mangrove
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Fig. 9. Images of mangrove ecosystem degradation: coastal erosion (a) and drying up of mudflats (b)

4. Discussion
· Occupancy status and dynamics of the mangrove ecosystem
The results showed that water and mangrove were the units that occupied the largest area, followed by other vegetation and mudflats in Gandoule and Sangomar over the three years. These results corroborate those of; in mangrove ecosystems, water occupied the largest areas (32.60%) followed by mangrove (22.12%) (Sow et al. 2025). According to BONOU et al. (2021), mangrove occupied 37.89% of the area, followed by water bodies at 27.69% of the area. Analysis of mangrove dynamics revealed a spatio-temporal change characterized by a decline and an increase in surface area. In Sangomar MPA, a period of mangrove regression was observed between 2013 and 2024 and an increase between 2002 and 2013 and 2002 and 2024. Meanwhile, in Gandoule MPA, an increase was observed between 2002 and 2024. The same trend was observed for almost the same periods in the studies by Dièye et al. (2013) between 1986 and 2001, with regressions mainly occurring in the northwestern part of the estuary and the Sangomar spit break zone. Dieng et al. (2022) demonstrated an upward trend in mangrove cover between 1980 and 2021, with the area increasing from 1,105.82 ha to 1,482.32 ha. However, between 2001 and 2010, it reappeared in concentrated and significant numbers in the northern and northwestern parts of the estuary (Gandoule MPA). A more significant appearance of mangrove was observed mainly in Sangomar spit break zone (Sangomar MPA). Observations made on the incease of tans depended on the degradation of the mangrove, while their disappearance was marked by the development of other vegetation. According to Andrieu (2017), mangrove deforestation areas were tanns, sometimes covered with dead shrubs or even senescent vegetation. In Sangomar, the area of tans increased between 2002 and 2024, covering 69.34 ha. This result corroborated those of Faye et al. (2022), who stated that the area covered by tans has expanded significantly in recent decades in Haut-Saloum, primarily due to long periods of drought. The built-up area is expanding more rapidly in Gandoule AMP during the period 2013-2024 than in Sangomar AMP, where there has been a slowdown in construction by the population during the same period. The demographic change can be explained on the one hand by the spatial expansion of the city of Mbour-Saly and on the other hand by the development of trade towards Kaolack and, above all, by the development of activities related to fishery resources in Joal-Fadiouth (Ackermann et al., 2006).
· Factors contributing to the degradation of the mangrove ecosystem in the Saloum Delta
The exploitation of mangrove resources was one of the most frequently cited factors. Indeed, the most significant form of exploitation remained the cutting of mangrove wood. As Diouf (2017) indicated in his work within Gandoule MPA, smoking activities contributed more to the destruction of mangrove and other vegetation cover, with 55% of wood being used. Over-exploitation was also a factor in degradation caused by population growth, with fishing efforts increasing over time. Activity was relatively high in the area (on average, 93% of registered canoes were in operation and 1 in 3 canoes maked a daily trip) (Bousso, 2000).  Demersal resources were practically exhausted (4,000 tons in the 1980s compared to only 700 tons in 2000 (Dème et al., 2001; Failler & Dème, 2010). According to Dahou (2010), fishing was much more intensive at the estuarine mouths of Saloum, Diombos, and Bandiala rivers. Domestic wastewater, plastics, industrial waste, pesticides, and agricultural fertilizers are the main sources of marine pollution. Coastal areas that have been heavily impacted by human activity, such as aquaculture, fishing, and maritime transport, offer habitats that are less suitable for fish development and survival (Amara, 2011; Fonty, 2021). The Saloum estuary is marked by significant sea encroachment, causing coastal erosion. The results of the study by Prost and Charron (1994) in French Guiana showed that mangroves are not an obstacle to shoreline retreat. Their death is not the cause of coastal erosion but rather the effect of erosion. Similarly, the results of Barry (2017) reveal that among the consequences of erosion, mangrove degradation is estimated at 8.51% between 2000 and 2015. Rainfall in the Saloum Delta between 2019 and 2023 shows a low average precipitation of 700 mm per year. This regressive dynamic is largely linked to the decline in rainfall and its associated effects (Sow and Ba, 2019). These low rainfall levels led to drought and an increase in the salinity gradient of seawater in the estuary. From a chemical point of view, the effects of drought lead to a general decrease in pH in the surface layer and deep horizons of mangroves. Most plant species disappear, with Rhizophora largely replaced by the Avicennia-Sesuvium association, which seems well adapted to a very wide range of salinity levels (Marius, 1979). With regard to salinization, these observations corroborate those of Diop (1990) that in Saloum, the salinity front of certain rivers rises far upstream. Indeed, the scarcity of rainfall results in increased salinity and salt intrusion (DIEYE et al., 2011). According to Faye et al. (2007), high salinity and coarse textures (medium sand) are not conducive to the healthy development of mangroves, particularly Rhizophora. The results of Faye et al. (2019) showed that salt-affected land increased by 21,000 ha between 1994 and 2014.
· Strategies for the conservation, preservation, and restoration of mangrove ecosystems
To address the degradation of these ecosystems, strategies are being implemented to support ecosystem balance and promote the return of mangrove resources. Reforestation is the main focus, along with raising awareness about resource exploitation. This is confirmed in the work of Bocquet (2018), which shows that there is a growing trend towards mangrove preservation, with increased participation in reforestation and lower consumption of green wood compared to dead wood. The ban on cutting mangrove wood and the ban on certain fishing nets are being observed. According to Macera (2024), wood cutting is prohibited, and fishing activities are regulated. Managing the RDBS is complex due to the need to comply with a diverse set of policies, laws, and regulations, as well as to collaborate with several institutions.

4. Conclusion
The mangrove ecosystem of Saloum Delta is home to a thriving and productive biodiversity. Water and mangrove areas occupied the largest area, followed by other vegetation and mudflats. Analysis of the dynamic of mangrove ecosystems in protected areas (GMPA and SMPA) showed a more or less significant increase despite urban expansion between 2002 and 2024. Mangrove experienced negligible losses of area compared to increase at the SMPA over the period 2013-2024. However, other vegetation continued to disappear. The mangrove ecosystems were disrupted by natural phenomena and human activities such as declining rainfall, coastal erosion, salinization, and pressure caused by the uncontrolled exploitation of resources. Reforestation, a ban on mangrove logging, awareness-raising and monitoring with the involvement of local communities, a ban on certain fishing nets, the adoption of biological rest periods, and conversion to market gardening and poultry farming are the strategies recommended by local populations to preserve and restore mangrove ecosystems. Despite these constraints, the resilience of mangrove ecosystems was strengthened by community efforts and restoration actions carried out with MPAs and civil society.

Acronyms
MPA: Marine Protected Area
GMPA: Gandoule Marine Protected Area  
SMPA: Sangomar Marine Protected Area
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Table 2: Confusion matrix for the different land cover classes in the Saloum Delta in 2002.
	Land use units
	Mangrove
	Vegetation
	Bare soil
	Tans
	Mudflats
	Water
	Production accuracy
	Error of omission

	Mangrove
	98.07
	
	0.03
	
	
	0.08
	98.07
	1.93

	Vegetation
	1.47
	97.77
	1.04
	7.69
	2.41
	0.11
	97.77
	2.23

	Bare soil
	
	2.23
	98.9
	
	
	
	98.9
	1.10

	Tans
	
	
	
	92.32
	0.10
	
	92.32
	7.68

	Mudflats
	0.46
	
	0.03
	
	97.49
	1.75
	97.49
	2.51

	Water
	
	
	
	
	
	98.05
	98.05
	1.95

	User accuracy
	99.84
	96.88
	95.39
	99.77
	93.96
	100
	

	Commission error
	0.16
	3.13
	4.61
	0.23
	6.04
	
	
















Table 3: Confusion matrix of the different land use classes in the Saloum Delta in 2013.
	Land use units
	Mangrove
	Vegetation
	Bare soil
	Dwellings
	Tans
	Mudflats
	Water
	Production accuracy
	Error of omission

	Mangrove
	99.32
	0.04
	
	
	
	
	
	99.32
	0.68

	Vegetation
	0.10
	88.6
	
	3,27
	
	
	
	88.6
	11.40

	Bare soil
	
	0.40
	95.02
	9.66
	
	
	
	95.02
	4.98

	Dwellings
	
	10.96
	4.82
	86.55
	1.47
	
	
	86.55
	13.45

	Tans
	0.55
	
	0.17
	0.52
	98.53
	
	
	98.53
	1.47

	Mudflats
	0.03
	
	
	
	
	100
	0.03
	100
	

	Water
	
	
	
	
	
	
	99.97
	99.97
	0.03

	User accuracy
	99.98
	99.29
	97.03
	42.39
	98.95
	89.27
	99.97
	
	

	Commission error
	0.02
	0.71
	2.97
	57.61
	1.05
	10.73
	0.03
	
	













Table 4: Confusion matrix of the different land use classes in the Saloum Delta in 2024.
	Land use units
	Mangrove
	Vegetation
	Bare soil
	Dwellings
	Tans
	Mudflats
	Water
	Production accuracy
	Error of omission

	Mangrove
	98.57
	
	
	
	
	
	
	98.57
	1.43

	Vegetation
	
	97.88
	5.81
	12.85
	
	1.13
	
	97.88
	2.12

	Bare soil
	
	1.13
	94.15
	3.40
	0.49
	4.79
	
	94.15
	5.85

	Dwellings
	
	0.99
	0.04
	79.91
	25.73
	0.47
	
	79.91
	20.09

	Tans
	
	
	
	3.55
	73.79
	0.28
	
	73.79
	26.21

	Mudflats
	1.30
	
	
	0.30
	
	93.33
	0.32
	93.33
	6.67

	Water
	0.13
	
	
	
	
	
	99.68
	98.68
	0.32

	User accuracy
	100
	74.54
	96.40
	89.13
	84.92
	96.50
	99.76
	
	

	Commission error
	
	25.46
	3.60
	10.87
	15.08
	3.50
	0.24
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