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Abstract 

Delineation of Ditches in Wetlands by Remote Sensing 
Andreas Gustavsson & Martin Selberg 
 
Wetlands have been heavily affected by human-alteration, this is done to drain the 
wetland so that the ground can be used for other purposes such as forestry or 
agriculture. With high accuracy data available now, it is possible to use different 
methods automatically to identify these ditches in wetlands or other areas. Four 
different methods were applied to two areas to delineate ditches.   

To compare the different methods, the results were quantified by comparing with a 
manually created map of the ditches. Drainage density and an agreement index were 
used. The results indicate that the methods of impoundment index and map gully 
depth are best able to distinguish the ditches in wetlands. The former gave a better 
result on areas inside wetlands while the latter gave a better result with non-wetland 
areas. The other two methods make mistakes and misjudgements that give 
misleading results, they ignore ditches partially or completely, or finds ditches in 
areas without them. Even so, all methods are at least a clear improvement over the 
currently available property map's water flows, but not in the same class as the time-
consuming manual method. 
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Sammanfattning 

Avgränsning av diken i våtmarker genom fjärranalys 
Andreas Gustavsson & Martin Selberg 
 
Våtmarker har påverkats mycket av människan genom dikning, detta görs för att 
dränera våtmarken så att marken kan användas för andra syften som skogsbruk eller 
jordbruk. Med höjddata i hög noggrannhet som nu finns tillgänglig är det möjligt att 
använda olika metoder för att urskilja dessa diken i våtmarker. Fyra olika metoder 
med applicerades på två olika områden för att undersöka möjligheten att urskilja 
diken. 

För att jämföra de olika metoderna kvantifieras resultaten genom att jämföras med 
en manuellt skapad karta över diken. Dränerings densitet och ett 
överensstämmelseindex användes. Resultaten pekar på att metoderna fördämnings 
index (impoundment index) och ravindjupskartering (map gully depth) klarar bäst av 
att urskilja diken i våtmarker. Där den föregående ger ett gav ett bättre resultat inom 
vårmarker och den senare gav ett bättre resultat generellt över området. De två 
andra metoderna gör missar och felbedömningar som ger missvisande resultat. 
Oavsett det, så är karteringen av dikena i nuläget en klar förbättring över 
Fastighetskartans vattenflöden, men inte i samma klass som den tidskrävande 
manuella metoden.  
 
Nyckelord: GIS, dräneringsnätverk, LiDAR 
 
Självständigt arbete i geovetenskap, 1GV029, 15 hp, 2018 
Handledare: Thomas Grabs 
Institutionen för geovetenskaper, Uppsala universitet, Villavägen 16, 752 36 Uppsala 
(www.geo.uu.se) 
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1. Introduction 

According to Naturvårdsverket’s (Environmental Protection Agency) environment 
goals, wetlands should be protected (Naturvårdsverket, 2003). They provide 
biodiversity, flood protection and work as a cleaning filter in the water cycle. They can 
also help reduce greenhouse gases in the atmosphere. However, if a wetland is 
drained, these functions are modified or lost. Wetlands have been drained through 
ditching for a long time, this means that a lot of ditches exist in the landscape 
(Länsstyrelsen i Norrbotten, 2004). Therefore, it is important to evaluate the drainage 
status of a wetland by finding ditches by remote sensing means for future restoration 
or mapping projects. 

Looking for ditches using high resolution data is still a new process but might give 
a better overview of the area being studied compared to mapping ditches in the field, 
where someone must map the ditches using a GPS. For Sweden the previously 
available digital elevation models (DEMs) with a resolution of 30x30m or 50x50m 
could not be used to delineate ditches, the low resolution does not show ditches 
accurately. With the current 2x2m DEM available for most of Sweden ditches can be 
seen, which makes manual delineation possible by manually digitizing ditch features. 
This process is easy to do and gives a good result, but it is very time consuming. 
Finding a way to automate the process using various tools in Geographical 
Information Systems (GIS) would make the process faster. 

Geographical Information Systems are used to handle spatial data, displaying 
these, solving problems and doing calculations (Jensen & Jensen, 2013), which is 
done by tools in different GIS software. The two main methods used for the study are 
called impoundment index and map gully depth. They are tools in a GIS software 
called Whitebox GAT that are promising for ditch delineation. The former being an 
experimental tool but designed for this purpose, and the latter a tool designed for 
finding small and narrow gullies (Lindsay, 2018), but applied in a new context. Two 
other methods are used too, the current method using flow accumulation is used for 
comparison to the first two methods. Sky-view factor is the last method, while also 
promising it requires significantly more pre- and post-processing to get a satisfying 
result.  

Accuracy analysis is needed to compare the methods and for finding the most 
suitable one. The performance of the methods to reproduce observed drainage 
density, a measure of how much drainage activity there is in an area, is evaluated as 
a comparison. Another is Cohen’s Kappa, it estimates how accurate the methods are 
in placing ditches and how many they missed. Comparison is done with a manual 
delineation which is in this case considered a correct map of the ditch networks. 

The purpose of this study is to compare different methods of delineating ditches in 
high resolution DEMs. Also, the following hypothesis is evaluated: Recent methods 
for analysing high resolution DEMs can produce more accurate maps of ditches in 
wetlands than maps available today. 
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2. Background 

The definition of wetlands according to the Ramsar convention signed in Ramsar, 
Iran 1971. 

“Wetlands are areas of marsh, fen, peatland or water, whether natural or artificial, 
permanent or temporary, with water that is static or flowing, fresh, brackish or 
salty, including areas of marine water the depth of which at low tide does not 
exceed six meters.” 

There are several other definitions of wetlands, differing between countries and 
areas of study (Mitsch & Gosselink, 2007). In this study, wetland areas were 
identified using the wetlands in the overview map from Lantmäteriet. According to 
Schoning (2017), a combination of wetlands as outlined by Lantmäteriet and peats 
defined by the quaternary deposits maps made by the Geological Survey of Sweden 
(SGU), might be the best way to find current wetlands and previous peat forming 
areas. These can be used to mask out the objects that can be of interest for nature 
preserving actions or for peat mining. 

2.1. Hydrological Significance 

Wetlands have an important role in the big picture of the water cycle. They both 
collect water and redistribute it into the surroundings. In the case of heavy 
precipitation wetlands can reduce the effect of flooding and similarly lessen the effect 
of droughts due to the reservoir of water inside them. Flora and fauna are dependent 
on the hydrological balance of the wetland (Länsstyrelsen i Norrbotten, 2004). 

Due to the long time that water stays in the wetland, the high level of vegetation 
diversity and density, and low variation in flow all contribute to the wetlands ability to 
purify water of pollutants. Phosphorus, nitrogen and suspended particles can be 
separated, and the wetland therefore acts as a buffer for surrounding areas. While 
the phosphorus and sediments accumulate over long periods of time, the wetland 
can act as a permanent denitrification area, since it is possible for bacteria to convert 
e.g., nitrate (NO3) into nitrogen gas (N2) (Tonderski, 2002). 

2.2. Human Alteration 

Land cover alterations in wetlands have an indirect and direct effect on local, and 
eventually global climate changes. Although natural disturbances are a factor, the 
human disturbances such as replacing wetlands and forests with farms and cities can 
rival the most intense natural factors (Zacharias et al., 2004). A reason for draining 
wetlands is to be able to mine it for use in other applications, such as burning for 
energy (Mitsch & Gosselink, 2007). Impervious surfaces such as roads and buildings 
are a large factor in increased storm water, this is usually counteracted by building 
storm drains and piping systems which can sometimes result in lower water inflow to 
wetlands (Azous & Horner, 2000). The quality of water drops in addition to the soils 
organic content when the wetlands are converted. Decreased groundwater supply 
and increased flooding risks are also possible. Locally an increase in 
evapotranspiration and water deficiency can occur when agricultural areas are 
increased compared to wetlands (Zacharias et al., 2004). 

Lowering the groundwater in a wetland has one of the most destructive effects 
(Tonderski, 2002; Länsstyrelsen i Norrbotten, 2004), ditching is the main way that this 
is done. The wetland functions as a regulator for pollutants, nutrients and discharge 
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are reduced. The discharge peak in a basin can be increased when the wetlands 
disappear which would mean a higher risk of flooding. Ditching done to protect 
logging sites can also harm wetlands since the water is redirected to them 
(Länsstyrelsen i Norrbotten, 2004). Lowering the groundwater changes the 
hydrological properties. Denitrification can be reduced due to the changed redox 
conditions. The increased aeration oxidises the organic nitrogen and will leach it into 
the surrounding areas. Phosphorus outflow is also increased, although a part of it 
adsorbed to iron oxides are most likely bound harder to the ground during aeration 
(Tonderski, 2002). 

2.3. Impact on the Climate 

CO2 and methane are produced in wetlands by different processes. The rate of 
production is controlled by the environment. Oxygen is a controlling factor, and is in 
turn controlled by the water level, temperature, and organic material. During higher 
water levels the diffusion of oxygen is reduced, and gas production will as a result be 
lowered. Wetlands in Sweden are considered to absorb more greenhouse gases 
than they produce (Tonderski, 2002).  

Evans et al. (2016) found that in general, higher emissions of CH4 have been 
recorded in relation to drainage ditches compared to neighbouring peatlands. The 
fluxes of CH4 in undrained peatlands are significantly lower than drained peatlands. 
Ditches were sometimes found to be the sole emitter of CH4 in the area. Boreal and 
temperate peatlands were found to give off more CH4 with more intensive land-use. 
The ditches in peatlands that have been altered into grassland had higher emissions 
of CH4, this is an indicator of organic material being transported to the ditches. The 
surface area of the ditch is a factor of emission, but a more significant one is the ditch 
to peatland proportion. 

CO2 and N2O emissions are not as affected by ditches as CH4 is. Studies have in 
general not measured a meaningful difference in ditches compared to surrounding 
peatlands (Evans et al., 2016). 

2.4. Hydrological Landscape Analysis 

Drainage density is a value derived from [1] (modified from Horton, 1932) that 
associates stream length and area. It is also related to how streams in a landscape 
has evolved and grown. A high degree of drainage density is linked to runoff systems 
that are very effective (Di Lazzaro et al., 2015). Its original definition for drainage 
density factor was suggested by Newmann in 1900 according to Horton (1932), as 
the total length of streams per drainage area. Drainage density is an important 
measurement for a basin, surface runoff, intensity of floods, water balance are some 
examples of what drainage density can help describe (Zavoianu, 2011). Drainage 
density gives an indication of the permeability of the landscape, with higher 
permeability giving a lower drainage density since the ground absorbs most of the 
rainfall (Horton, 1932). The drainage density calculations are based on digital 
elevation models (DEMs) that also are the basis for the project. 

The DEMs used for the project were obtained from Lantmäteriet. The resolution is 
2 meters with a height error of <0.5 meter, it is derived from Light Detection Ranging 
(LiDAR) measurements with a point density of about 0.5-1 point per square meter for 
the most of Sweden, the fell areas have a lower resolution of 0.25 points per square 
meter (Lantmäteriet). The point density of the LiDAR has a large impact on the 
quality on the drainage network map that can be obtained. To properly map a 
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drainage network a point density of 2 points per square meter may be needed, the 
interpolation method used to derive the DEMs does not affect the results as much 
(Rapinel et al., 2015).  

To produce maps and do calculations on these DEMs, different types of software 
are needed. Three different GIS programs were mainly used; Whitebox GAT, ArcMap 
and SAGA GIS. Whitebox GAT has important and powerful tools for terrain analysis, 
it is also a free, open source software. Two methods for delineating ditches were 
based on tools in this software. Similarly, SAGA GIS is also an open source software 
for digital terrain analysis and scientific modelling and analysis (Conrad et al., 2015).  

ArcMap is a licensed software and is a well-known and widely used program. In 
this project the main use for it was the raster to polyline tool. There are other GIS 
programs similar to ArcMap that could be used with some of them having the 
advantage of being free and open source. 
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3. Study Area 

Two areas in Västerbotten, Sweden where chosen for this study (Figure 1). One area 
has been subject to heavy ditching while the other is less impacted. These were 
chosen to compare how the methods work in different human-altered landscapes. 

  

Figure 1. The two study areas are located northeast of Umeå, Sweden 



 

6 
 

3.1. Area 1 

Located in Gräsnäs north-east of Sävar stream in Umeå Municipality. The landscape 
has a high drainage activity, so a higher drainage density can be expected. Many of 
the wetlands in the area have been changed into forests or agricultural fields. The 
peatlands are somewhat covered by trees and it has a high ditch density (Figure 2), 
even though some ditches are delineated, many of the smaller ditches are missing. It 
is located 10-40 meter above sea level (m.a.s.l) and the area is 10 km2. 

3.2. Area 2 

Located in Gunnismark north of Sävar in Umeå Municipality. The peatlands here 
have not been altered as much by humans as in site 1. It is an older landscape that 
also has high drainage activity. There are fewer ditches here than in site 1 and the 
peatlands are more open (Figure 3), in this area as well some ditches are delineated, 
but the smaller ditches are missing. Sävarån River runs through the area. It is located 
35-65 m.a.s.l and the area is 10 km2. 
 

     
 

     
 

  

Figure 2. Study area 1 with water ways 
according to Fastighetskartan, some ditches 
are delineated but several are missing. 

Figure 3. Study area 2 with water ways 
according to Fastighetskartan, some ditches 
are delineated but several are missing. 
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4. Methods 

Several different methods were studied to find a method that worked well with the 
dataset that was studied. All workflows are starting with the base DEM for the 
respective area. 

4.1. Manual Delineation 

To have a control ditch network to compare to, a manual delineation of ditches in the 
areas was made using ArcMap. Drainage networks from the property map made by 
Lantmäteriet were supplemented with manually drawn polylines based on studying 
hillshades of the areas (Figure 4). 

 

 

4.2. Flow Accumulation 

This method has been used for a long time to delineate water flow, it works by 
calculating the upslope contributing area to each grid cell. It normally works well on 
DEMs with a lower resolution when medium sized streams or rivers are the main 
interest. When using it on a ditched landscape the method works less well since an 
upslope accumulation area is needed. The general idea of this workflow (Figure 5) is 
to calculate flow based on maximum slope of the cells and generate a map of 
waterways from that (Jenson & Domingue, 1988). 

Fill locates and removes sinks in the data. The direction of flow was calculated by 
determining the direction of the steepest descent from each cell. Flow accumulation 
gives a weighting based on the total upslope accumulation area flowing into each 
downslope cell. Reclassify changes the values of cells in the raster dataset, in this 
case to remove low values. Higher values were all set to the same number since they 
are considered waterways. The threshold for what is considered a waterway will be 
different depending on the dataset used, but typically between 1000 m2 and 5000 m2, 
here 5000 m2 was used. Finally, the raster dataset was converted to polylines with a 
dangle length of 4 which means that pixel clusters of less than 4 will be removed, 
while larger ones were converted to polylines. The same threshold was used for all 
methods. 

 

Figure 4. Workflow for manual delineation method.

Hillshade
Add feature 

class
Draw 

polyline
Merge
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4.3. Impoundment Index 

The tool Impoundment index in Whitebox GAT is designed to find drainage ditches in 
wetlands, the tool is still in development (Lindsay, 2018). This tool evaluates the 
impoundment for each cell in a DEM, which is the volume or area of water that 
accumulates behind a dam, with height and with specified by the user, on these 
maps a 4 m by 4 m dam was used. It does this by adding a virtual dam to each cell of 
the DEM and applying a flood-order operation that uses a priority flood algorithm, to 
calculate the volume of water that would accumulate behind the dam (Lindsay, 2018). 
Most other accumulation operations propagate a single value, often area upslope, 
along flow-paths while this operation propagates an entire elevation distribution 
(Lindsay, 2015).  

The workflow for this method is described in Figure 6, starting with the 
impoundment index tool. After running the impoundment index the data was 
reclassified to remove values with a water accumulation below 30 m3, this removed 
areas that were flat, while leaving the cells with a high accumulation of water. These 
were depressions in the areas that was of interest for the study. 

Due to the raster to polyline tool in Whitebox GAT still being experimental, an 
export to ArcMap was necessary. In ArcMap to the data was converted from float to 
integers. The raster dataset was converted to polylines, a positive effect of this is that 
isolated cells can be ignored, a minimum of 4 connected pixels was set as the limit, 
reducing noise. 
 

 

 

Fill
Flow 

direction
Flow 

accumilation
Reclassify

Raster to 
polyline

Figure 5. Workflow for flow direction method.

Figure 6. Workflow for impoundment index method.
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4.4. Map Gully Depth 

The map gully depth tool in Whitebox GAT is designed to delineate small and narrow 
gullies while excluding larger natural ravines. In this case, the tool was applied for 
ditch delineation. Configuration can be done in a few ways, for example by changing 
the maximum and minimum depth and width that it will consider as a gully. Difference 
from mean elevation (DFME) is a part of the tool, it looks at local height differences. 
A threshold can be set to exclude locally elevated areas. A smoothing parameter is 
set by default, but it was not used in this case. In theory the tool should only 
delineate smaller gullies and ignore ravines since they are bigger (Lindsay, 2018). 

DFME accounts for the local neighbourhood (3 cell square) of a cell and calculates 
an average elevation. Low-lying and higher areas are highlighted with a low and high 
value. Map gully depth was applied, DFME was used as an input and its threshold 
was set to -0.15, and it was concluded to be the optimal value after trial and error. 
The gully parameters used were default, a gully is defined by a maximum width of 25 
meters, a maximum depth of 3 meters, and a minimum depth of 0.25 meters. 
Afterwards a reclassification was done, a lot of noise was picked up by the previous 
tool, and it can be reduced with this procedure. A threshold of 0.22 was used in this 
case. As in the previous method, an export to ArcMap was necessary for the polyline 
conversion, the thin tool was also used to make the raster lines one cell wide. See 
figure 7 for a summarisation.  

If larger waterbodies are included in the area these will show up in the result, since 
these are not ditches the need to be removed. To remove large bodies of water, a 
buffer of 6 m was made around polygons of the waterbodies obtained from 
Lantmäteriet, the buffered waterbody was converted to raster. With the use of raster 
calculator and the expression SetNull( ~(IsNull( [WaterbodyRaster] )), [DitchRaster] ), 
the waterbodies could be removed from the results before it could be converted to 
polylines. 

 

 

 

Figure 7. Workflow for map gully depth method, the grey boxes describing the workflow if no 
large waterbodies are in the area and the orange boxes for when large waterbodies are 
included. 
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4.5. Sky-view Factor 

Following the work flow in Figure 8, sky-view factor is applied through a tool in SAGA 
GIS. The sky-view factor [2] (Zakšek et al., 2011) value is defined by the amount of 
sky visible ( ) at a specific point.  is calculated by the horizontal distance to and 
height of the object obstructing the view of the sky (Figure 9) (Zakšek et al., 2011), in 
theory one should be able to see less of the sky from inside a ditch or depression 
compared to open flat ground. Sky-view factor will have a value from 0 to 1, with 1 
being a clear view of the sky (Zakšek et al., 2011). The data is thereafter reclassified 
to only include the values below 98.9. If larger waterbodies are included in the area 
they can be removed with the same method used in 4.4. 

 

Ω 1
∑ 	

2  

 

 
Figure 8. Workflow for sky-view factor method, the grey boxes describing the 
workflow if no large waterbodies are in the area and the orange boxes for when 
large waterbodies are included. 

 

 
 

Figure 9. Illustration of the sky-view factor method (Zakšek et al., 2011, p. 403). 
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4.6. Accuracy Assessment 

To determine the accuracy of the different methods a value of Cohen’s kappa index 
of agreement (KIA) is calculated comparing the manual with the automatic 
delineation of ditches. KIA is based on difference between perceived agreement and 
expected agreement. The latter is an estimation of how much agreement can be 
expected by random chance. The former is the actual agreement between the two 
input datasets. A kappa coefficient of 0.45 would be 45% better than a randomised 
dataset (Viera & Garrett, 2005). 

For the dataset comparison, raster files are needed. A short summary of the 
workflow is seen on figure 10. Since the polylines created in ArcMap have much less 
noise than the original raster files, the polylines were used as a base for the 
calculations. A 3 m buffer is made around the polyline, if only the polyline was 
converted into a raster without a buffer, the placement of the polyline would have to 
be very accurate to observe some agreement between the manually delineated 
reference ditch network and automatically detected ditch grid cells. The buffered 
polyline will be in a polygon format and is therefore converted from polygon to raster. 
The comparison tool needs the background cells to have a value, it is then necessary 
to reclassify no data values to values.  

The KIA tool is in Whitebox GAT, so an export is necessary. A conversion to float 
format was done for export to Whitebox GAT. To get the kappa coefficient the KIA 
tool was run. 

 

 

 
   

Figure 10. Workflow for accuracy assessment.
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5. Results 

The results are presented as two maps per method, one map for each area to 
evaluate how the methods work on areas that have been affected by human 
alteration to a different degree.  

5.1. Manual Delineation 

Figure 11 and 12 show the maps created by manually studying the hillshades for 
area 1 and 2, these are used as reference and there they are assumed to be entirely 
correct for the purposes of accuracy assessment. The drainage densities seen in 
table 1 are also assumed to be correct. As can be seen on Figure 11 and Figure 12, 
the Property map is clearly incomplete, and the manual delineation adds many 
ditches to the map. The different degree of human impact through ditching can be 
observed between the maps, Area 1 has a denser ditch network than Area 2, 
especially within the wetlands. 
 

      
   

Figure 11. Manual delineation of ditches 
and waterways made in ArcMap  
for area 1.  

Figure 12. Manual delineation of ditches 
and waterways made in ArcMap  
for area 2.  
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5.2. Automatic Delineation 

The predicted ditch networks in Figure 13c and Figure 14c based on the flow 
accumulation method include some of the man-made ditches as well as several 
natural water ways. The higher human impact on Area 1 is not as notable as in the 
manual delineation. The estimated human impact based on drainage density (Table 
1) on Area 1 is similar to the manual method. 

Impoundment index on Area 1, shown on Figure 13d has well delineated ditches 
within wetlands while the area outside the wetland looks a bit worse, although the 
former could arguably be more important since they are more common inside 
wetlands. Continuing with Area 2 on Figure 14d, there is a higher amount 
disconnected ditch sections, which increase the total length of streams and the 
drainage density.  

Figure 13e and Figure 14e shows the estimated ditches made with the map gully 
depth method. The non-wetland area for both maps has a lot of natural waterways or 
gullies, as can be seen by the meandering lines. Some straight lines can also be 
seen, which can be interpreted as ditches in farmland or perhaps old, drained 
wetlands. 

Figure 13f and Figure 14f contains the estimated drainage network for the sky-
view factor method, these maps are sparsely filled with diches and contains few 
natural waterways. The ditches delineated do not connect with other ditches, leaving 
out areas where there are ditches according to other studied methods. 
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Figure 13. Results from all methods when applied to area 1.
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Figure 14. Results from all methods when applied to area 2.
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When looking at this zoomed in comparison map (Figure 15) for in-wetland area it 
is clearly seen how flow accumulation does not delineate ditches correctly. In 
essence, it finds its own ways through the landscape and ignores a lot of ditches. 
Impoundment index shows most of the ditches but also smaller meandering 
waterways extending from the ditches. Whether these extra waterways exist is 
unclear. It does not identify ditches at the hill in the centre compared to map gully 
depth and sky-view factor. Map gully depth delineates almost all of the ditches with 
small breaks in the lines while sky-view factor misses a lot of them completely. 

 

 
 

Figure 15. Zoomed in images of a certain part in area 1, a) overview, b) manual delineation, 
c) flow accumulation, d) impoundment index, e) map gully depth, f) sky-view factor.  
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Figure 16 shows a zoomed in view of Area 2. An in-wetland area was chosen to 
show the differences between the methods delineation there. None of the methods 
was strongly affected by smooth forested hill. Flow accumulation barely shows any 
correct ditches as in Figure 15, while impoundment index and map gully depth pick 
up almost all of them with some breaks in the lines. Sky-view factor gives an 
approximate view of the ditches, but parts are clearly missing. Impoundment index 
has some scattered points outside the ditches that are not present in the other 
methods. 

 

 
 

Figure 16. Zoomed in images of a certain part in area 2, a) overview, b) manual delineation, 
c) flow accumulation, d) impoundment index, e) map gully depth, f) sky-view factor.  
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This comparison map (Figure 17) shows a zoomed in view outside the wetlands. 
Flow accumulation finds waterways where there do not seem to be any. 
Impoundment index mostly ignores the middle part while still showing ditches in the 
bottom right. Map gully depth does the same but includes parts of the middle 
waterway. Sky-view factor is very similar to the others in this comparison. In contrast 
to Figure 15, there are no irregular hills that create noise. 

In Table 1, the drainage density for all methods deviates from the reference value. 
The closest one for Area 1 is flow accumulation and sky-view factor for Area 2. Map 
gully depth has the highest kappa coefficients, so it correlates the best with the 
Property map. 

 

 
 

Figure 17. Zoomed in images of a certain part in area 1, a) overview, b) manual delineation, 
c) flow accumulation, d) impoundment index, e) map gully depth, f) sky-view factor.  
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Table 1. Table showing the results of the accuracy assessment. 

Method Drainage density (km/km2) Kappa coefficient 

   
Manual delineation 6.51 4.65 n/a n/a 

Flow accumulation 6.89 5.80 0.30 0.25 

Impoundment index 5.17 5.42 0.46 0.34 

Map gully depth 7.32 6.71 0.48 0.39 

Sky-view factor 4.13 4.15 0.36 0.29 
     

6. Discussion  

The results from the methods used are discussed here, in addition to factors that 
could influence the findings. When comparing all the created ditch networks to the 
property map, it can be said that all methods except the flow accumulation, can 
create a more accurate ditch network than the property map. Therefore, confirming 
the hypothesis presented in section 1. 

The parameters chosen for the different tools have not been optimized and 
validated by thorough testing, the parameters giving a result that looked promising 
was used to create datasets that was processed further. Values for reclassifying the 
results to filter out cells that were of interest was chosen by checking the values of 
cells that corresponded to ditches. Choosing different values and parameters would 
give a different result.  

6.1. Manual Delineation 

While looking at the DEM it is easy to see where the ditches are located, drawing a 
ditch network is relatively easy but time consuming. It is a robust way to create a 
realistic network since it is less sensitive to noise in the DEM. While the goal of the 
project was to test different automatic processes for delineation, this method is still 
important for a few reasons, the biggest one in this case being accuracy comparison. 
This being partly between the other methods and this one, but also between the 
official Property map and the visible ditch network. Since this method relies on 
human judgement, ditches might be missed, or other features might wrongly be 
identified as ditches. This would lead to less accurate comparisons. 

6.2. Flow Accumulation 

Flow accumulation finds some of the man-made features but not all since ditches are 
not always located at places with high upslope accumulated area. The flow direction 
method needs a slope to derive flow pathways correctly and it is therefore less 
suitable to use for delineation of ditches in rather flat wetland areas.  

The drainage density for Area 1 (Table 1) is surprisingly close to the manual 
delineation. While it might seem promising, it is most likely due to chance rather than 
accurately describing the ditching area, as can be seen by the kappa coefficient not 
giving it a good agreement value. Area 2 is more off the mark (Table 1) than Area 1. 
The reason for this could be that Area 1 might have better slope and accumulation 
areas that the method needs to function well. The kappa coefficient for this method is 
the lowest by far. At best it is only 30% better than a randomised raster image. 
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After the results were finalised, a possible improvement was found. Instead of 
using the tool “fill” in ArcMap the results could probably have been improved by using 
the “breach depressions” tool in Whitebox GAT. A comparison could not be made 
due to time constraints. 

6.3. Impoundment Index 

The impoundment index tool gives a good interpretation of the drainage network in 
both areas, without much noise after reclassifying the values. The method does 
however find small natural waterways extending from the ditches (Figure 15d), which 
will give the area a higher calculated drainage density than it would normally have.  

The lower values for drainage density in Area 1 do not need to mean a worse 
result, since it does not delineate all the surrounding natural ditches, this indicates 
that the method might not be suited to application on both wetland and non-wetland 
areas at the same time.  
Figure 17d shows the ditches outside wetlands were almost completely ignored. Due 
to fact that the property map has these ditches delineated while the method does not, 
a disagreement occurs which lowers the accuracy assessment of this method. It 
could be hypothesized that if only the wetland area according to SGU was used, a 
higher accuracy would be achieved.  

6.4. Map Gully Depth 

While not originally designed to identify waterways or streams, the map gully depth 
tool worked surprisingly well for detecting ditches. However, one problem was that 
natural gullies were also delineated fairly well, as seen by the high drainage density 
(Table 1). Even though the focus of this study is on man-made ditches, natural gullies 
are also important for a realistic picture of flow pathways. On Figure 15e, the in-
wetland ditches are represented relatively well, but the cells on the hill seen in the 
figure should be considered as an artefact that lowers the accuracy assessment.  

In Area 1 the higher drainage density value (Table 1) could be because of the 
roadside ditches that are also picked up, while this is a good thing they are not 
represented on the reference map. Area 2 is off by a large margin, most likely also 
because of roadside ditches and noise, it is very prominent in the southern parts of 
the map (Figure 14e). The kappa coefficients are the highest of all the methods, but 
as discussed before, it is likely because of the Property maps natural waterways that 
are also delineated with this method. This method seems to be very effective when it 
comes to delineating outside the wetland. 

6.5. Sky-view Factor 

The resulting maps are not satisfactory, the accuracy values are relatively low (Table 
1). The method can delineate some ditches, but in-wetland ditch-detection is worse 
compared to impoundment index and map gully depth because many ditches are 
ignored (Figure 15f). While still better than flow accumulation, the drainage density in 
Area 1, is far too low. Surprisingly, the drainage density in Area 2 is the closest to the 
manual delineation. When looking at Figure 14f some parts does seem to be 
correlating well with the manual map, why it worked better for Area 2 is not clear. The 
accuracy assessment is the second lowest for this method, probably because many 
ditches were not identified in both study areas. Many artefacts appeared since hills, 
moraine mounds, and other irregularities also blocked out the sky (Figure 15f). The 
tool then gave these cells the same sky-view values as the ditch cells. To improve 
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the results from this method, removing these irregularities would most likely enhance 
the results. It is probably vital for the results of this method. 

6.6. Resolution 

According to (Rapinel et al., 2015) a resolution of 2 elevation data points per square 
meter is needed to properly delineate ditches, when their method was applied to a 
similar landscape, which is higher than the resolution available for the data of this 
project. Having a higher resolution of the data would probably lead to the results from 
the different methods to have a more exact delineation of the ditches. For general 
remote sensing in Sweden, obtaining higher resolution is not possible since 
Lantmäteriet’s data is only 0.5-1 point per square meter for the largest part of the 
country, 0.25 points per square meter for fells.  

7. Concluding remarks 

To conclude the comparison between the different methods, it can be said that 
neither of the methods give a highly accurate result, but some of them were a huge 
improvement over the Property map. Impoundment index and map gully depth stand 
out as the best of the four, their results are similar but with focus on different aspects. 
Map gully depth performed better in an irregular landscape, in this case the area 
outside the wetlands. Impoundment index delineates better or similar inside the 
wetland, at least in Area 1. Impoundment index has more potential as a future 
method since it is still an experimental tool, with further development the results could 
be better.  

Sky-view factor and flow direction both performed relatively poorly in delineating 
ditches. Although sky-view factor could be improved if elevated areas where 
removed. All the different methods may give a better result if they are only applied to 
areas that are only wetland, since these areas are mostly flat. It is not clear which 
method would perform best in this case, therefore comparing the methods only on 
wetlands could be an interesting focus for a future study. Using DEMs with varying 
resolution would also be a good thing to test these methods on, since higher 
resolution data might lead to better results. 
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