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The Soetendalsvlei wetland is represented by the letter A in figure 7. This wide, shallow 

wetland is in the Southern cape coast of South Africa (Gordon, 2012). The Soetendalsvlei 

wetland is one of the major water bodies in the Heuningnes catchment. According to Hoekstra 

and Waller (2014) this is the second biggest wetland in South Africa after the Chrissie wetland. 

These inflows are normally alkaline and brackish. Alkaline and brackish waters are the result 

of rivers flowing through limestone-bearing Strandveld sands and Bokkeveld shales (Noble 

and Hemens, 1978). Back-then before the existence of a weir between the Soetendalsvlei and 

the Heuningnes River, these freshwater bodies used to be connected. Clarke et al (2018) 

claimed that water flows from the Soetendalsvlei Wetland to Heuningnes River only during 

high-flow periods. The shape of the Soetendalsvlei wetland is defined by two waterbody 

sections (i.e., the Soetendalsvlei north and the south) separated by reeds. Fortune (2018) 

claimed that Soetendalsvlei wetland becomes a single waterbody when it is inundated only in 

years with high rainfall. This study site is approximately 8 km long and 3 km wide (Gordon et 

al, 2012; Ndlala and Dube, 2022). According to Noble and Hemens (1978) the Soetendalsvlei 

wetland has a water surface area that covers about 20 km2 of spatial extent with the average 

water depth of 2 m. Due to the strong winds that blow in the area all year long, reed growth is 

only seen along the western shore (Gordon. 2012). The agricultural practices on the eastern 

shore and freshwater extraction from the Nuwejaars River are the main human-induced 

influences on the Soetendalsvlei wetland. Moreover, there is a deficit of fresh or brackish water 

exchange between Soetendalsvlei and the Heuningnes river and estuary because the artificial 

breach that keeps the estuary mouth permanently open and the existence of a weir where the 

river and the wetland merge (Clarke et al. 2018) 

The Heuningnes river is formed from the excess water from the Soetendalsvlei wetland and 

Kars River (Clarke et al., 2018). The Heuningnes river is 15 km long including the estuary. 

According to van Niekerk et al (2020) an estuary is a partially enclosed permanent body of 

water that is open to the sea on a continuous or periodic basis and extends as far as the upper 

bound of tidal action, saltwater penetration, or back-flooding under closed mouth conditions. 

The shape of the river varies greatly from the convergence with the Soetendalsvlei wetland 

downstream to the Estuary mouth at the De Mond nature reserve. The system is characterized by 

a numerous number of river bends. The Heuningnes river is narrow in the upper portion, wider 

and flatter in its lower portion (C – D). Zone B (upper portion of the river) as represented in figure 

1 mainly consists of mud and fine sand mixture. The upper portion of the river is also 

characterized by the invasion of the reeds and sedges (Phragmites australis and Schoenoplectus 
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scirpoides). While zone C (middle portion) comprise of muddy reach. with considerable mud 

deposits covering the channel floor and banks. The river’s middle to lower portions is invaded 

by salt marshes (Limonium. Salicornia and Sarcocornia species). The Lower portion or estuary 

(zone D) is covered by marine sediments (Clarke et al., 2018). The estuary is reported to be 

invaded by expanses of seagrass known as Zostera capensis (Anchor Environmental 

Consultants. 2018). 

 

Figure 7. Location and segmentation of the study area. 

 
The Soetendalsvlei wetland and Heuningnes river are one of the major water bodies in the 

Heuningnes catchment hence they were selected as study areas for investigation of morphology 

dynamics and area changes. Also, the wetland has been reported to be invaded by vegetation 

on its banks and inside the channel. On the other hand, Parry et al (2007) anticipated coastal 

wetlands to keep declining. While Zedler and Kerher (2005) argue that about 50 percent of 

wetland ecosystems have already been lost and degraded due to land use and land cover 

changes, mainly by conversion of wetlands to agricultural lands. Whereas agricultural areas 

constitute most of the Heuninges catchment’s spatial extent (Anchor Environmental 

Consultants, 2018). Furthermore, City of Cape Town survived the 2018 drought, but the 

likelihood of a similar drought occurring again in future is considerable (Burls et al., 2019; 
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Enqvist and Ziervogel, 2019). Hence drought preparation strategies are required, and for 

drought preparation strategies to be established studies like morpho-dynamics studies are 

critical to assist with valuable information that can help planners to make better decisions 

choices beforehand. On the other hand, the Heuningnes river shows signs of bend erosion. This 

is supported by Ende (2015) noting that at a certain point of the river there is a submerged 

cement wall that prevents further erosion and that safeguards a cottage next to it. Also, the 

Heuningnes river has its river flows controlled by weirs, bridges, and is artificially breached at 

the mouth of the Estuary (Anchor Environmental Consultants. 2018). The control of river 

flows; invasion of alien vegetation at the estuary (Clark et al., 2015); and agricultural activities in 

this system all have impact on morphology dynamics because of their influences to geomorphic 

processes i.e., sediment erosion, transport, and deposition. These controls and the land use and 

land cover (LULC) changes make the surface water resources to be vulnerable to changes in 

their forms by inducing changes through erosion and deposition of sediments in geomorphic 

units found in these water resources. Therefore, evaluation of the extent and rate of channel 

morphology changes is a necessity. The mouth of the Heuningnes river has been open since the 

year 1940 and no back-flooding to the coastal lakes or wetlands and to nearby communities 

has occurred (Lubke and Hertling, 2001). The river mouth was opened to protect valuable 

agricultural lands and nearby riparian communities from inundation and flooding (Bickerton, 

1984; Lubke and Hertling., 2001). However, Adams and hand van Niekerk (2020) recommended 

that the river mouth should be permitted to close for high natural water levels to scour 

accumulated sediments. The evaluation of this system’s channel morphology changes helps 

relevant and governing bodies figure out how the control of river flows; invasion of alien 

vegetation that is Acacia cyclops and Acacia saligna at points of the estuary (HiLand 

Associates, 2009) and Acacia Longifolia at riparian zones (Kinoti, 2018) affect this system. 

Notably, there is no study that sufficiently addresses the issue of morphological changes on this 

system. It remains unclear why spatiotemporal channel morpho-dynamics of this system are 

not monitored if the is a need for it to be conserved, protected, and managed as stated in the 

research papers by HilLand Associates (2009), Kraaij et al (2009) and Clarke et al (2018). 

3.2.2 Remote sensing data set acquisition 

Landsat TM image for year 1990 and three Landsat OLI images for 2015, 2017, and 2020 were 

downloaded from USGS Earth Explorer database. The Landsat OLI image was captured on 

February 27, 1990, and the other three Landsat OLI on March 20, 2015, January 4, 2017, and 

April 2, 2020. These images were collected from level1 which means that they are already 
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geometrically corrected (Young et al., 2017). The images were all for the first 3 to 4 months 

(i.e., summer: from January to April). The reason behind the selection of images for summer 

season was to make sure that the water surfaces polygons for these areas are extracted at their 

average water levels, because it is believed that rainfall does not occur much in this region in 

summer. These images were all initially projected at Universal Transverse Mercator (UTM) 

ZONE 34 North, using the Word Geodetic System (WGS) 84 datum. 

3.3 Image pre-processing 

Figure 2 demonstrates a procedure and methods that were utilized to extract water bodies for 

change detection analysis. All the images were individually imported into ArcGIS version 10.3 

for radiometric correction. The radiometric correction was a two-step procedure. The two-step 

procedure included the conversion to radiance (i.e., digital numbers (DN) converted to at- 

sensor radiance) and conversion of at-sensor radiance to top of atmosphere (TOA) reflectance. 

The radiometric correction was done by using the rescaling factors. These rescaling factors (or 

calibration coefficients) were found in metadata files. Each image is downloaded from the 

USGS database with its own metadata file. Different formulas were applied using the raster 

calculator in ArcGIS and different rescaling factors from each image metadata file were 

inserted to get radiation and reflectance for the images. After, the radiometric corrected images 

were then individually imported to QGIS version 2.18 for atmospheric correction. Dos (Dark 

Object Subtraction) correction was employed for atmospheric correction. Images were then 

georeferenced using the image-to-image method. The selected ground control points were on 

road intersections and the bridges that cross the river especially those in its upper portion. The 

ground control points were distributed over the images that were being georeferenced. The root 

mean square error was constantly checked. The accuracy of image georeferencing relies on the 

quantity and location of ground control points (Baboo and Devi., 2011). All the images 

georeferenced resulted to root mean square that of less than 0.5 of a pixel. The root mean square 

error obtained for all the images georeferenced proven that the image alignments were good 

for change detection analysis. The images were clipped to the study area extent to reduce 

processing and computation time, as well as to have a specific focus area. 

3.4 Water feature extraction 

Figure 8 shows methods and procedures that were followed for extractions of the wetland and 

the river. For the Wetland the Modified Normalized Difference Water Index (MNDWI) (Xu, 

2006) was applied for enhancement and to outline the wetland water surface feature. After the 

classification using the MNDWI, the images were converted from raster to polygon. Water 
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polygons for the Wetland were then extracted. The MNDWI algorithm was utilized in this study 

because it is one of the widely used surface water extraction techniques for identifying the land- 

water interface and has been shown to be a reliable water extraction index (Rokni et al., 2014; 

Sunder et al., 2017). Xu (2006) claimed that the MNDWI can effectively reduce or even 

eliminate built-up land noise, vegetation noise, and soil noise at the same time enhancing 

surface water areas. This is due to Xu (2006) discovery that in SWIR band water features have 

a spectral signature where they are characterised by low reflectance and high absorption, while 

built-up features and soils have high reflectance in SWIR. The MNDWI uses the green and the 

SWIR as shown in table 6 for water surface detection and outline. Green represents the green 

band, and the SWIR represents the shortwave infrared. The green band which is effective in 

distinguishing vegetations from other land cover classes. It is also sensitive to changes in water 

turbidity, sediment, and pollution plumes. Whereas the SWIR is sensitive for vegetation and 

soil moisture measurements. Additionally, Roy et al (2014) claimed that the SWIR is also 

helpful in mapping water quality in wetlands, rivers, and coastal wetlands. 

Since the Heuningnes river and estuary are relatively small, the utilization of MNDWI alone 

would have been inappropriate because MNDWI could not detect the entire river (upper part: 

B could not be detected). Only the middle to lower part of the river could be detected by the 

MNDWI. Hence the on-screen manual digitization was employed to outline and extract the 

entire river, this was done with the help of spectral band combination to highlight water surface 

area for further processing for all different year images. The GIS manual digitization tools were 

employed in ArcGIS version 10.2. The on-screen manual digitization utilizes the GIS tools i.e., 

polyline features of ArcGIS to digitize both the left and right banks of the river channel. 

Polylines were then converted to polygons shapefiles for all different date images, which were 

created projected under the same projection WGS_1984 UTM zone 34N. Special attention was 

paid to assure that the river's on-screen digitalization was consistent and reliable. The images 

were digitized at a zooming scale of 1: 30 000 for integrity. Several studies have used this 

approach e.g., (Wang et al., 2011; Langat et al., 2019; Matin and Hasan, 2021; Hasan et al., 

2022). Since scientists can use their judgment and understanding to determine where the border 

(or interface) between land and water is located, manual digitization technique for bank-line 

outline may have advantages over automatic delineation or computer-aided techniques. 

Nevertheless, the on-screen manual digitization approach is tedious, time-consuming, and 

somewhat inefficient when a large number of Landsat images need to be digitized. Manual 

digitization has been shown to be the most accurate technique. 
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Table 6. MNDWI equation for Landsat TM and OLI. 

 
MNDWI index Landsat sensor Equation 

 

= 
𝐺𝑟𝑒𝑒𝑛 −  𝑆𝑊𝐼𝑅 

𝐺𝑟𝑒𝑒𝑛 +  𝑆𝑊𝐼𝑅 

Landsat TM MNDWI = (band2 – band5) / (band2 + 
band5) 

Landsat OLI MNDWI = (band3 – band6) / (band3 + 

band6) 

 

 
 

 
Figure 8. water polygons extraction workflow. 
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3.5 Results 

3.5.1 Morphology changes of the wetland and river 

Results in figures 9 and 11 reveal morphology changes of the wetland, whereas Table 7 

highlights the area covered by the wetland from 1990 to 2020. The 1990 and 2020 maps showed 

the greatest changes relatively compared to other maps. The changes observed occurred in 

shape and sizes of wetland water polygons. In 1990, the wetland was almost unseparated, the 

distance or gap between the two water body sections (i.e., Soetendalsvlei north and south) was 

the smallest compared to years. However, the gap between the Soetendalsvlei south and 

Soetendalsvlei north increased over the study period. All the maps showed similar changes, 

where the Soetendalsvlei south was always decreasing showing the significant changes in its 

shape and size during the study period. The Soetendalsvlei north had no significant channel 

morphology changes, as compared to Soetendalsvlei south for all the years studied. 

Nevertheless, the 2020 polygon demonstrated the presence of vegetation inside the 

Soetendalsvlei north section, as well as open spaces. Those open spaces signify patch of reeds. 

The surface water areas got smaller and smaller as the study period moved from 1990 to year 

2020. In the Soetendalsvlei south smallest changes are observed on its eastern bank and great 

shifts on its western bank, this implies that the eastern bank is expanding inwards the channel 

at a slower rate than its western side. The Soetendalsvlei wetland shape has been shown to 

remain almost unchanged on its north water body section. 

Figures 10 and 12 demonstrate that the biggest river morphology dynamics occurred in its 

middle to lower (C – D) portions for the study period. In time intervals 1990-2015 and 2017- 

2020 river channel shifts can be seen in fewer parts of the rivers than in other two-time intervals 

i.e., 2015-2017 and 1990-2020. Overall, as shown in table 8 there were no huge differences in 

channel sizes and shapes of the river for all the different year water polygons. That is its channel 

size remained almost the same for all these years. Insignificant changes of the river are observed 

in its upper portion (B). 
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Figure 9. wetland morphology changes for time intervals: 199-2015, 2015-2017, 2017-2020, 

and 1990-2020. 
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Figure 10. river morphology changes for time intervals: 1990-2015, 2015-2017, 2017-2020, 

and 1990-2020. 
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Figure 11. combined wetland morphology 

changes for all the years. 

 

 

Figure 12. combined river morphology changes 

for all the years. 
 

 
 

Table 7 presents the statistical results associated with the changes in wetland area between 1990 

and 2020. According to statistical results provided in table 2 the surface water area covered 

12.85 km2, 8.79 km2, 7.45 km2, and 5.32 km2 for the years 1990, 2015, 2017, and 2020 

respectively. The results above show a continuous decreasing trend of the water surface area 

for the study period. The wetland surface water area decreased by 4.06 km2 between 1990 and 

2015, which is relatively the highest decrease observed in the table as compared to other time 

intervals. The decrease between 2015 and 2017 was 1.34 km2, and the decrease from year 2017 

to 2020 was 2.14 km2. The overall water surface area reduction from 1990 to 2020 is –7.53 

km2. The minimum decrease being -1.34 km2 between 2015 and 2017. The wetland always got 

narrower and narrower from 1990 to 2020. Even though, significant changes are observed in 

the Soetendalsvlei south, especially on its western side. Overall accuracy for wetland 

classification was 98.18 %, 94.55 %, 92.73 %, and 92.73 % for 1990, 2015, 2017, and 2020 

respectively. 

Table 7. Soetendalsvlei wetland area changes. 
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Year Surface 

water area 

(km2) 

Surface water area change (km2) 
   

Total surface water 

area changes (km2) 

(1990 – 2020)  (1990 – 2015) (2015 – 2017) (2017 – 2020) 

1990 12.85     

2015 8.79 -4.06 
   

2017 7.45 
 

-1.34 
  

2020 5.32 
  

-2.14 -7.53 

 

 

The statistical results in Table 8 show changes of the river surface water area for the entire 

period of the study. According to these results the surface water area covered 1.56 km2, 1.52 

km2, 1.55 km2, and 1.31 km2 for the years 1990, 2015, 2017, and 2020 respectively. These 

results show a fluctuating area trend (constant increase and decrease). The overall surface water 

area changes from 1990 to 2020 summed up to -0.26 km2 that is, the area decreased by 0.26 for 

the whole study period. Relatively the greatest decrease was between the year 2017 and 2020 

and it was -0.24 km2. The smallest surface water area decrease was observed between the year 

1990 and 2015, the decrease was -0.04 km2. In summary significant Heuningnes river 

morphology changes are observed in its middle and lower. Especially, the estuary (or part D) 

has been constantly changes its shape and its position. 

Table 8. Heuningnes river area changes. 

 
Year Surface 

water area 

(km2) 

Surface water area change (km2) Total surface water 
area change (km2) 

 
(1990 – 2020) 

 (1990 – 2015) (2015 – 2017) (2017 – 2020) 

1990 1.56     

2015 1.52 -0.04 
   

2017 1.55 
 

0.02 
  

2020 1.31 
  

-0.24 -0.26 
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3.5.2 Accuracy assessment of remote sensing image classification 

Table 9 shows the classification accuracies associated with the classification of Landsat from 

1990 to 2020 for wetland. Overall accuracies for wetland classification were 98.18 %, 94.55 

%, 92.73 %, and 92.73 % for all the years from 1990 to 2020. The lowest overall accuracy was 

92.73 % which was obtained for 2017 and 2020. The highest overall accuracy was 98.18 %, it 

was obtained for the polygon produced from 1990 image, it had no misclassifications for water 

surface which made it to have a commission error of 0.00 % and user’s accuracy being 100 %. 

The 1990 polygon with highest overall accuracy had 3.23 % omission error (that is the number 

of river water surfaces that were left out from the classified image), resulting to it to have 

producer’s accuracy of 96.77 %. 

Table 9. accuracy assessment table for wetland. 

 

 
1990 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 30 0 30 0.00% 100.00% 

Non-water bodies 1 24 25 4.00% 96.00% 

Total 31 24 55   

Omission error 3.23% 0.00%    

Producer's 

accuracy 

 
96.77% 

 
100.00% 

   

Overall accuracy 98.18%  

Kappa coefficient 0.96 

 
2015 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 28 2 30 6.67% 93.33% 

Non-water bodies 1 24 25 4.00% 96.00% 

Total 29 26 55   

Omission error 3.45% 7.69%    

Producer's 

accuracy 

 
96.55% 

 
92.31% 

   

Overall accuracy 94.55%  

Kappa coefficient 0.89 
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2017 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 30 0 30 0.00% 100.00% 

Non-water bodies 4 21 25 16.00% 84.00% 

Total 34 21 55   

Omission error 11.76% 0.00%    

Producer's 

accuracy 

 
88.24% 

 
100.00% 

   

Overall accuracy 92.73%  

Kappa coefficient 0.85 

 
2020 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 29 1 30 3.33% 96.67% 

Non-water bodies 3 22 25 12.00% 88.00% 

Total 32 23 55   

Omission error 9.38% 4.35%    

Producer's 

accuracy 

 
90.63% 

 
95.65% 

   

Overall accuracy 92.73%  

Kappa coefficient 0.85 

 

 

Table 10 shows accuracy metrices of image classification for river morphology from 1990 to 

2020. The overall accuracies for river classification were 87.06 %, 77.65 %, 81.18 %, 78.82 % 

for 1990, 2015, 2017, and 2020 respectively. The lowest overall accuracy for the river 

classification was 77.65 % which was obtained from the 2015 image, with user’s accuracy of 

65.45 % and producer’s accuracy of 100 % (meaning that there was no river water surface was 

left out from the classified polygon). Highest overall accuracy for river polygon was obtained 

for 1990 image being 87.06 %, with user’s and producer’s accuracies being 85.45 % and 94.00 

% respectively. 

 
Table 10. Accuracy assessment table for river. 
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1990 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 47 8 55 14.55% 85.45% 

Non-water bodies 3 27 30 10.00% 90.00% 

Total 50 35 85   

Omission error 6.00% 22.86%    

Producer's 

accuracy 

 
94.00% 

 
77.14% 

   

Overall accuracy 87.06%  

Kappa coefficient 0.73 

 
2015 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 36 19 55 34.55% 65.45% 

Non-water bodies 0 30 30 0.00% 100.00% 

Total 36 49 85   

Omission error 0.00% 38.78%    

Producer's 

accuracy 

 
100.00% 

 
61.22% 

   

Overall accuracy 77.65%  

Kappa coefficient 0.57 

 
2017 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy 

Water bodies 42 13 55 23.64% 76.36% 

Non-water bodies 3 27 30 10.00% 90.00% 

Total 45 40 85   

Omission error 6.67% 32.50%    

Producer's 

accuracy 

 
93.33% 

 
67.50% 

   

Overall accuracy 81.18%  

Kappa coefficient 0.62 

 
2020 

Water 

bodies 

Non-water 

bodies 

 
Total 

Commission 

error 

User's 

accuracy % 

Water bodies 37 18 55 32.73% 67.27% 
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Non-water bodies 0 30 30 0.00% 100.00% 

Total 37 48 85   

Omission error 0.00% 37.50%    

Producer's 

accuracy 

 
100.00% 

 
62.50% 

   

Overall accuracy 78.82%  

Kappa coefficient 0.59 

 

 

 

 

 

3.6 Discussion 

The objective of this chapter was to expand knowledge about the spatiotemporal channel 

morphology adjustments that occurred in Soetendalsvlei wetland and Heuningnes river since 

year 1990 until 2020 using remote sensing and water-based index. Wetland water features 

(polygons) were extracted using spectral indexing through MNDWI, while river water features 

were extracted using on-screen manual digitization. The human activities such as LULC 

changes, water abstraction, flow modifications and others have led surface water resources to 

being dynamic environmental systems. The Soetendalsvlei wetland and Heuningnes river are 

no exception, and their morphological dynamics are influenced by a range of factors including 

tides, sea level fluctuations, controlled flows, and vegetation growth inside channel or on 

banks. These factors have altered its natural morphological dynamics. 

According to the results of this study as shown in table 7 the water surface area of the wetland 

covered 12.85 km2, 8.79 km2, 7.45 km2, and 5.32 km2 for the years 1990, 2015,2017, and 2020 

respectively. Noble and Hemens (1978) anticipated that the Soetendalsvlei wetland covered an 

area of 20 km2. This shows that the wetland is continually decreasing in its size, and this is 

occurring at a fast rate. If the decreasing trend continues like this, that means the wetland will 

be lost in the near future, especially its southern section. The decline in size of the 

Soetendalsvlei wetland overtime supports predictions by Parry et al (2007) that coastal wetland 

will keep declining because of human, climate, and sea level rise effects. 

The results from this study showed that the gap between these water body sections increases 

continuously. Liira et al (2010) and Canavan et al (2018) claim that changes in hydrology, 

enhanced sedimentation, and enrichment of nutrients from escalated agricultural activities are 

the most likely factors to contribute to growth of reeds inside and on banks of the Soetendalsvlei 
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wetland. This possibly implies that reed stands are expanding in this area and that they may 

need to be eradicated or best be minimized because they also provide habitats for animal species 

and help in well-functioning of the wetland to control high flows e.g., from flooding. Anchor 

Environmental Consultants (2018) claim that reed stands separate the Soetendalsvlei north and 

south sections. Soetendalsvlei south section’s western bank grows inward the channel. This 

also due to growth of reed stands expanding fast on the western side. This is supported by 

Gordon (2012) claiming that strong westerly winds in this area facilitate the growth of 

vegetation in the western banks of the wetland. These reed stands can also be observed growing 

inside the channel, as a result small open spaces were observed during accuracy assessment. 

These very small patches (coverage by vegetation) made accurate classification of water 

surface area for wetland to decrease slightly because these in most of the times were could not 

be detected by MNDWI, and they were only seen during accuracy assessment. 

Heuningnes river shows no significant changes in its shape in the upper section (B). Significant 

shape changes are observable in the middle to lower sections of the river. River water surface 

area changes showed a fluctuating trend. This trend can be caused by several factors such as 

rainfall variability, climate changes, human activities because a river is shaped by a variety of 

forces and factors. River channel is shaped through interactions between flows, sediment 

movement, and vegetation (Corenblit et al., 2009; Paola, 2011; Gurnell et al., 2012; Bertagni 

et al., 2018), and Heuningnes river is no exception. Gurnell (2014) labelled vegetation as river 

system engineers. Gurnell (2014) also further articulated that the above ground biomass of 

vegetation influences the flow and sediment regimes, whereas the below ground biomass of 

vegetations has a huge impact on the river channel stability (i.e., its susceptibility to soil 

erosion). Ende (2015) claim that upper section (B) of the Heuningnes river is bound by 

vegetation on its banks and the vegetations becomes sparse going down the river and river gets 

wider, until to the estuary where sandbanks are observable, and river becomes unconfined. This 

implies that vegetation keeps the Heuningnes river channel confined and stable because there 

are no significant channel changes observed in upper section (B) with intense vegetation on its 

banks. An estuary is found where a river meets the sea. Ende (2015) also claims that 

Heuningnes river on its lower section (D) is not well defined. On the other hand, Bickernton 

(1984) claims the Heuningnes estuary to be very active depending on hydrodynamics and that 

its location and depth changes with time. According to the results of this study, what Bickerton 

(1984) and Ende (2015) claim is also true. As shown in the map the river polygons for all the years 

have different
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shapes, sizes, and location of the river mouth (D) or estuary. This implies that the estuary 

sandbanks are significantly impacted by tidal effects and sea level fluctuations influencing the 

river hydrodynamics, which then makes the river estuary to constantly shift and to change in 

its shape. The staircase edge effect made it a bit challenging to manually digitize (on screen) 

the river. However, due care was taken while the river polygons were extracted. 

Results of area changes for wetland and the river do not show the same trend. The results for 

the wetland showed a decreasing trend while river results showed a fluctuating trend. This 

proves the claims by Clarke et al (2018), that the wetland and river are not connected. Or this 

can be due to tidal effects and sea level fluctuations, as their impacts would not be the same for 

river and wetland dependable on their distance from the shore. Factors and forces affecting the 

Heuningnes river include sediment supplies form agricultural lands via wind currents and river 

flows, to hydrodynamics which are mainly influenced by rainfall variability, flows being 

controlled and tidal effects since the river mouth is open (Ende, 2015; Anchor Environmental 

Consultants, 2018). 

3.7 Conclusion 

The objective of this chapter was to assess morphological dynamics of the Heuningnes river 

and Soetendalsvlei wetland from 1990 to 2020. This study was executed by processing Landsat 

images for analysis and interpretation through use of GIS techniques. Spectral indexing (i.e., 

use of MNDWI) for extraction of wetland water surface area. Manual digitization method was 

only utilized to detect and extract river water feature (or polygon). The study revealed that the 

greatest water area changes occurred between 1990 and 2015 for the wetland. Which revealed 

that the water surface area of the wetland decreased by -4.06 km2. While the greatest area 

change for the river was observed between 2017 and 2020 showing a decrease by -0.24 km2. 

Significant changes in channel form were observed in the Soetendalsvlei south where reed 

stands were observed constricting this water body section dramatically. River showed 

significant channel form changes on its middle, and lower portion (estuary) constantly shifting 

changing its position and shape. It is fair enough to predict that the wetland will be lost if the 

decreasing trend follows continuously, especially the Soetendalsvlei south section. The 

Soetendalsvlei wetland is predominantly affected by the reed stands i.e., vegetation growth. It 

is also appropriate to conclude that the river is mostly influenced by agricultural areas since 

agricultural areas are the main landcovers surrounding the river. Nevertheless, these 

agricultural areas are not critically influencing it because the fluctuation trend was observed 

for the river area changes. 
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3.8 Recommendations 

Based on the findings, several recommendations have been proposed for future studies in the 

field: 

 

• To ensure consistency in the analysis, it is crucial to consider using images captured 

during periods when water levels are similar. This is important because variations in 

water levels can significantly affect the appearance and shape of water bodies, 

potentially impacting the reliability of the analysis. 

• For effective extraction of surface water bodies, it is recommended to focus on larger 

water bodies that can be easily detected and delineated with high accuracy. This ensures 

that water features or water body polygons can be extracted without significant 

difficulties. 

• When studying small water bodies such as rivers and streams, it is advisable to utilize 

finer resolution images. Finer image resolution provides greater information and clarity, 

enhancing precision in the analysis. Researchers analysing small rivers or streams 

should prioritize the use of finer resolution images for their research. 

• To improve the reliability of the study, it is advised to incorporate as many images as 

possible. Increasing the number of images used in the analysis can enhance the accuracy 

and robustness of the findings. 

 
By implementing these recommendations, future studies can enhance the quality and reliability 

of their analyses regarding surface water bodies. 
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CHAPTER 4 

 
An assessment of river and wetland morphology dynamics using geospatial 

techniques 

 
 

4.1 Findings 

The study investigated the fluctuating area trends of waterbodies in relation to LULC changes. 

The results revealed that the waterbodies class exhibited varying area changes, likely due to 

these LULC modifications. Conversely, the changes in the bare land class had no correlation 

with the waterbody class area alterations. This suggests that the bare land class has no 

significant impact on waterbody area changes within this catchment. Regarding LULC classes, 

the study observed a decrease in vegetation class in the northern parts of the Heuningnes 

catchment, while the middle to southern areas showed consistent vegetation maintenance. 

Agriculture class expansion was evident on sloped terrains, low-lying flat areas, and the north- 

western part of the catchment. Both agriculture and vegetation were found to be the most 

influential LULC classes concerning changes in the waterbodies within the study area. 

 

 

To investigate the impacts of LULC changes on waterbodies, the study focused on two major 

waterbodies in the area: Soetendalsvlei wetland and the Heuningnes River. Monitoring their 

area changes and morphology dynamics led to discoveries that the expansion of vegetation and 

agriculture near waterbodies in the catchment led to reduced water availability. This reduction 

was mainly attributed to water consumption effects, irrigation purposes, sediment supply 

effects, and their extensions, all of which compromised the shapes of the waterbodies. 

Specifically, Soetendalsvlei wetland experienced adverse effects due to the continuous 

constriction caused by the expansion of vegetation (reeds). On the other hand, vegetation was 

found to support the shape of the Heuningnes river, as the upper portion of the river, surrounded 

by dense vegetation, showed no changes in shape. However, the middle portion, with mild 

vegetation cover on the banks, exhibited shape changes. The lower portion (estuary) with sand 

banks showed significant shape changes, emphasizing the influence of vegetation absence on 

the sand banks, resulting in more shifts and shape changes. The study's results also revealed 

that the Heuningnes estuary exhibited different morphological dynamics over the years. The 

expansion of vegetation near water-related ecosystems is believed to be caused by an improved 

supply of sediments and nutrients from the agriculture class. This highlights the intricate 
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relationships between LULC changes, vegetation expansion, and their impacts on water bodies 

within the Heuningnes catchment. 

4.2 Conclusion 

The primary objective of this study was to assess the LULC changes in the Heuningnes 

catchment and their impact on surface water resources. The major classes identified as 

influential in this catchment were the vegetation class and agriculture class. These classes were 

observed to expand in areas with concentrated water bodies, specifically in low-lying flat 

terrains of the catchment. As these classes expanded, there was a noticeable reduction in the 

sizes of water bodies. The expansion of vegetation, especially reeds, had a significant influence 

on the morphology dynamics of these water resources, particularly the wetland. The growth of 

vegetation within these water bodies led to a reduction in their sizes. Therefore, it can be 

concluded that these two LULC classes contributed to the reduction of water body sizes in this 

catchment. Furthermore, the expansion of the vegetation class was likely driven by the increase 

in Agriculture, as the rise in vegetation in water resources seemed to be linked to a higher 

supply of sediments and nutrients from the agriculture class. 

 

 

The study's results and conclusions have practical implications for water managers and 

governing bodies. The findings can be used to develop effective mitigation and adaptive 

strategies for conserving and ensuring the sustainability of water resources in the Heuningnes 

catchment. By understanding the relationship between LULC changes, particularly the 

expansion of Vegetation and Agriculture, and their impacts on water bodies, appropriate 

measures can be taken to protect and manage these valuable resources. This, in turn, will 

contribute to the overall conservation and long-term sustainability of water resources in the 

Heuningnes catchment. 
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