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Sammanfattning 
 
Osäkerhet gällande avrinning i flacka områden 
Staffan Druid 
 
Hur vatten flödar i flacka landskap är oftast svårt att avgöra då det huvudsakligen är 
höjdskillnader som driver vattenflödet längsmed, eller strax under, ytan. Projektet 
består av ett experiment för att utröna osäkerheten i flödesriktningar och 
avrinningsområdets gränser. I olika program för geografiska informationssystem 
(GIS) användes en flödesalgoritm som fördelar flödet från en punkt till alla 
omkringliggande punkter med lägre höjd. Genom att analysera värdena för de 
avrinningsområden som skapades av denna algoritm kunde osäkerheten avgöras. 
Den huvudsakliga frågan blir således huruvida flödesalgoritmer går att använda till att 
beskriva osäkerhet i flacka avrinningsområden. 

Resultaten som erhölls utav undersökningen bestod av storleksangivelser för de 
olika avrinningsområdena kopplade till varje våtmark, samt fördelningen av värden 
inom dessa områden. Värdena angav hur stor procentandel av varje cell inom 
området som bidrog till områdets utloppspunkt. Genom att relatera spridningen av 
värden över vissa gränsvärden mot områdets storlek kunde slutsatsen dras att det 
generellt är de små områdena som påverkas av osäkerhet. 

Vidare studier utanför detta projekts ramar har föreslagits; att exempelvis 
undersöka skillnader i avrinning i olika typer av terräng, med olika upplösning på data 
eller undersöka sluttningens inverkan. Sammanfattningsvis erbjuder denna uppsats 
en början till en ny metod att undersöka osäkerhet i ett område som självklart kan 
breddas och upprepas för större säkerhet. 
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Abstract 
 
Uncertainties Associated with Hydrological Terrain Analysis in Flat 
Topography Wetlands 
Staffan Druid 
 
Describing how water flows in flat landscapes is generally difficult as the main driving 
force behind surface runoff is elevation differences. In an experiment designed to 
delineate the uncertainty in catchment areas created in software for geographical 
information systems (GIS), a flow algorithm that distributes the flow from one point to 
all of the neighbours with lower elevation was used. By analysing the values for the 
catchment areas created by this algorithm the uncertainty could be assessed. The 
main objective is therefore to investigate whether flow direction algorithms can be 
used to delineate uncertainty in catchment areas or not. 

The results acquired in this project consisted of area sizes for the different 
catchment areas connected to each wetland, as well as the distribution of values 
within these areas. The values signifies the percentage of each cell within an area 
that contributes to the drainage point. By relating the dispersion of values for certain 
thresholds to the size of the area, the main conclusion is that areas of small size are 
more affected by uncertainty.  

Finally, some further studies within this area has been suggested. For example, to 
evaluate differences in runoff in different kinds of terrain, with different data 
resolutions or to correlate it to the effect of slope. In conclusion this project supplies 
an entrance to a new method of evaluating uncertainty in a field that surely can be 
broadened and repeated for greater accuracy. 
 
Key words: uncertainty, runoff, flat landscapes, wetlands 
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1 Introduction 
When precipitation falls on the ground without infiltrating it, the water will flow along 
the surface, following the topography of the landscape until it drains into a sink, lake, 
stream or sea. In most cases in Sweden, precipitation actually does infiltrate into the 
ground water table. However, it’s also very common for the ground water table to be 
at shallow depths, following the actual surface. This is true as most of Sweden is 
covered in a soils with a low hydraulic capacity (poor water conducting abilities, such 
as moraine), or a thin layer of soil above impermeable bedrock. There is, of course, 
exceptions to this and talking about the surface runoff is therefore not synonymous to 
talking about the actual, ground water flow. When the ground consist of thicker layers 
of soils with a high hydraulic capacity, the surface might differ substantially from the 
ground water table (Rodhe 1997). Whether it goes below the ground surface or not, 
knowing in which direction the water flows is a knowledge useful for a number of 
questions related to resources, research, contamination etc. in modern society.  

As gravity is the main force driving flow of water above or below surface, runoff 
models (or catchment areas, the area that drains into a specific outlet) can be 
created using elevation data. It is, however, not always certain that the catchment 
areas are accurate enough, especially in flat areas where elevation show only a small 
variation over large distances, such as wetlands.  

This project aims to evaluate the uncertainty in catchment areas, using elevation 
data and software for geographic information systems (GIS) to analyse catchment 
areas. The background of the experiment in section 4 is connected to a broader 
research that takes place in the northern part of Sweden.  

The purpose of this project is to present different methods of determining and 
delineating catchment boundaries of areas of low topography. An important part of 
this is to conduct and assessing experimental GIS sessions of potential ways to 
determine the catchment areas. 

In order to more clearly answer the purpose stated above, a few research 
questions are used as minor objectives. They are centred on smaller portions of the 
project and will as a summary conclude the discussion: 

• Can multiple flow direction algorithms be used to quantify uncertainty in 
hydrological terrain analysis? 

• Is there a correlation between uncertainty of a catchment area and its size? 
• Is there a correlation between uncertainty and the proportion of wetland in a 

catchment area? 
The method of this project is mainly to conduct an experiment in GIS, with the 

necessary background information. As well as including a number of different articles 
and reports on uncertainties in runoff and catchment areas, some useful background 
information on the idea of using GIS software to simulate catchment areas is 
necessary. 

The main part of this project is to assess a new method for determining above 
mentioned boundaries in catchment areas. This is done in a case study of a wetland 
area outside of Umeå, in the north-west of Sweden. This study is conducted in 
different geographical information system (GIS) software, such as Saga GIS and 
Whitebox. The approach in this experiment is to compare sizes of catchment area 
(sometimes called upslope area) at a few different wetlands, based on a multiple flow 
direction. 
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2. Background 
2.1 Flow algorithms 
Understanding how water moves on the ground (as surface runoff) or in the ground 
(as groundwater) is one of the key aspects in hydrology. It can be used to determine 
a certain area where water will flow, which landmass that drain into a certain river 
and to understand how contamination would move from a source point to the rest of 
the landscape. It is also used to delineate a catchment area, which is the area 
draining into a specific outlet.  

Determining the catchment area can be done by analysing it digitally, using 
computer software. This is a kind of hydrological terrain analysis (HTA) One of the 
more common approaches is to use a Digital Elevation Model (DEM), which can take 
a few different forms. The most widely used is the grid DEM, consisting of elevation 
data arrayed in a matrix (Tarboton 1997). This is a data type commonly used in GIS, 
known as raster. A regular grid representing an area on earth consisting of a number 
of pixels (cells) that each inhabit a single value in some aspect of the area, such as 
elevation. Simulating gravity, the overall idea of HTA using DEMs is based on the fact 
that water flows downward, i.e. from high elevation to low elevation. In reality this can 
be seen as a drop of precipitation falling on the ground flowing downhill. The DEM is 
created by aerial laser scanning (see section 4 for details) with each cell having a 
certain elevation value. Naturally, the actual topography is simplified to the extent of 
the resolution of the DEM. With greater cell lengths, the DEM becomes an 
increasingly simplified and inaccurate representation of the actual landscape 
(Schwanghart & Heckmann 2012), just like a picture becoming fuzzier with fewer 
pixels. 

The main principle of using DEMs is based on the ideal case of precipitation falling 
equally on every cell (Zhang, Liu & Chen 2007). Thereafter each cell, depending on 
the type of algorithm, drains into one or more of the surrounding 8 cells. In the 
following paragraphs, some of the most common flow algorithms are described 
according to type. 

 In the simplest case, the precipitation falling on a cell will flow only to one of the 
surrounding cells, and consequently these types of algorithms are called single flow 
direction algorithms (SFD). Perhaps the most intuitive of these is the D8-model, 
where flow from a cell is determined by the steepest slope downwards (figure 1). The 
neighbouring cell with the highest elevation value gradient will receive all of the flow, 
and thereafter this cell drains into its lowest neighbour etc. The gradient is defined as 
 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑒𝑒𝑑𝑑𝑑𝑑𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒𝑑𝑑𝑒𝑒

𝑑𝑑𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒𝑒𝑒𝑑𝑑𝑒𝑒
 

 
For the 4 cells in the diagonal directions, the distance is multiplied with a factor of 

√2 in order to compensate for the additional length (O’Callaghan et al., 1984). SFDs 
are particularly useful when wanting to delineate a clear and distinct stream network 
as flow never disperse in this method (Tarboton 1997). As a given consequence, this 
kind of flow algorithm also allow for creation of catchment areas for drainage basins 
as a cell either does contributes to the downstream flow, or doesn’t. However, 
although intuitive and easily comprehensible, SFDs may be simplifying the natural 
(real) flow to an extent that make the flow pathways unrealistic (Wechsler 2007). This 
leads to a simple and distinct representation that can be used to explicitly define an 
upslope drainage area of a certain cell.  

 



3 
 

 
Figure 1. A schematic figure of flow pathways in a DEM grid by using the D8 single-flow 

direction algorithm. 
 

The secondary type of flow algorithms allow flow to more than one cell and are 
naturally called multiple direction flow algorithms (MFD). Depending on the particular 
model, flow is distributed to each cell of a lower height value (Wechsler 2007). The 
amount of receiving flow varies in accordance with parameters such as gradient, or 
more complex algorithms like fitting each cell with an imaginary plane and 
considering the flow as a ball rolling down the plane (Lea 1992). One study by 
Desmet and Govers (1996) showed that MFDs in general produce more realistic and 
probably results than SFs, and that the choice of flow algorithm plays a major role in 
the outcome.To choose an algorithm that best suits the landscape is therefore 
important in every individual catchment area examination. One major difference 
between SFs and MFs is the perhaps obvious fact that multiple flow direction 
algorithms will cause a dispersion of the flow, whereas single flow algorithms 
continuously converge, creating a network of increasingly large streams. MFDs 
produce grids where each cell that is part of the catchment area is assigned a value 
between 0 and 100. This values represent the percentage of water that will flow from 
this particular cell to the outlet (figure 4). Therefore, MFD can be used to derive fuzzy 
catchment areas (Schwanghart & Heckmann 2012) with weak boundaries that simply 
fade away towards the edges, simply because a landscape seldom is made up of 
defined ridges where water flows one way or the other. This high rate of dispersion 
could be one of the reasons why MFDs never reached the same popularity as the 
SFD alternative. 
 

 
Figure 2. A schematic figure of flow pathways in a DEM grid by using a multiple flow 

direction algorithm. 
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A common way to analyse the hydrological qualities of a DEM is to use flow 
accumulation. This tool is used to calculate the amount of flow each cell receives, 
based on the flow direction. As, for instance, a D8 algorithm is used in a DEM a 
certain cell receives a flow equal to the number of cells that have drained into it. As 
this applies to each cell, flow accumulates and becomes increasingly large towards 
the output cell at the edge of the DEM (figure 3). This function is used in a number of 
GIS software tools in order to distinguish streams and stream networks. 

 

 
Figure 3. a) A schematic visualisation of the D8 flow algorithm and b) the flow accumulation 

associated with it.  
 
2.2 Problems associated with DEMs 
When creating a digital elevation model, elevation data is acquired either by digitising 
existing topographical maps or by conducting new measurements of an area. These 
measurements can be done using a wide range of techniques, in the field (by using 
GPS) or by remote-sensing (such as radar or LiDAR) (Wechsler 2007). The particular 
elevation data used in this project was created by Lantmäteriet by laser scanning 
from a plane (lantmateriet.se). One problem often raised in connection to the creation 
and processing of DEMs is the amount of reliability in the acquired data. Like all kinds 
of scientific measurements, there is always a certain measure of uncertainty and 
when processing DEMs to evaluate catchment areas a few minor errors could lead to 
highly unrealistic and questionable results. 

As mentioned in the introduction, the flow that actually occurs is most of the time a 
ground water flow below the surface. As DEMs take advantage of height and 
therefore the physical surface rather than the ground water table. This usually isn’t a 
problem as the ground water table in most cases follow the surface closely at a 
shallow depth, but in the events that it diverges from the surface errors may occur. 
Usually this is not a problem as it’s safe to make the assumption that the ground 
water table experiences the same elevation differences, only below ground. That is, 
however, an essential assumption to make in order to actually be able to use DEM 
and elevation data for hydrological terrain analyses. 

Sinks are a particularly common feature in unprocessed DEMs, and refers to one 
or many cells with lower elevation than all of its surrounding neighbours. Both a 
single cell “trapped” between eight cells of higher elevations and a larger area “shut 
in” by ridges going all the way around the area would be considered sinks (Lindsay 
2015). These may occur naturally and actually represent a real terrain, or may have 
been created during some step of creating the DEM grid. Usually some kind of 
interpolation is required when transforming gathered data into a grid, and depending 
on the interpolation method some strange and troublesome features may occur. 

Although sinks may be the actual representation of a real landscape, dealing with 
them isn’t always ideal. The type of landscape also plays a role in the prevalence of 
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sinks and depressions. DEMs that have been created using remote sensing 
techniques generally contain more sinks if the terrain is flat (such as wetlands) than 
mountainous (Wechsler 2007). The problem of having sinks in a DEM is especially 
clear when conducting hydrological terrain analysis. As the flow from one cell to 
another is based on flow to a constantly lower elevation (regardless of the kind of 
flow algorithm), a sink would be a point of no further drainage and disruptive in the 
flow algorithm as a whole (Lindsay 2015). Therefore removal of sinks before 
conducting any further analysis is a well-established and accepted method of DEM 
pre-processing. There are two main processes to remove the sinks: the most 
common one, as well as widespread in GIS software, is to fill the sinks.  

Filling the sinks simply raises any cell with an elevation value lower than all of its 
neighbours, to the value of the lowest neighbour. This is a method which – similar to 
the SF algorithm – is relatively intuitive and common in GIS applications, though the 
quality of its actual representation of real landscape features remains to be 
investigated (Wechsler 2007). Considering a larger group of cells all being raised to 
the value of the ridges surrounding them, filling such an area would create a large 
flatland instead. 

The second kind of sink-removal method is called breaching. In contrast to raising 
the values of depressions, breaching lowers values of topographical barriers I order 
to allow a further downstream flow. This newly-created channel through the barrier is 
only one cell wide and, if ensuring a continuous downstream gradient, will not create 
the flat areas that the fill method generates. Breaching has shown to produce more 
realistic flow paths than filling, due to its lesser impact of the DEM itself. However, 
when dealing with single cells and very deep sinks, filling may be a more suitable 
alternative (Lindsay 2015). “Real” (as opposed to those created when creating the 
DEM) barriers may consist of hills or natural ridges, but another common barrier are 
man-made objects like elevated roads, bridges or building. Breaching a DEM is a 
better alternative in these cases as there usually is some way for water to flow below 
such features in the real landscape. Modifying the DEM slightly is sometimes 
necessary to achieve more realistic results than the DEM in itself would allow. 

A rather frequently recurring term in hydrological terrain analysis is DEM 
resolution. This is simply the resolution given to a DEM based on the side length of 
the cells, commonly 100, 50, 10, 4 or 2 m. With shorter length of the cell side, the 
resolution increases and increasingly more details are represented in the grid. 
Possible problems with increased data size, storage problems and processing time 
aside, one may think that a higher resolution always is better at representing the 
reality. This may not be the case, as a higher resolution risks picking up too much 
details, such as vegetation covers or buildings (Schwanghart & Heckmann 2012). 
Although the elevation measurements may be correct, those kinds of sudden peaks 
in the DEM doesn’t help when trying to generate catchment areas. Water flowing 
through the landscape is most easily calculated by the general trend of slope, which 
is why a higher resolution sometimes disrupts more than depicts reality. 

Still, it is obvious that a DEM with 2 m cell width is going to create a more detailed 
depiction of the catchment area than a DEM with 100 m cell width. There is no 
resolution of the landscape and therefore increasingly higher resolution DEMs are 
constantly sought after. The problem consists of choosing a DEM with high enough 
resolution to be useful, while trying to avoid a high enough resolution to contain 
disruptive details. 
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2.3 Uncertainty of catchment areas surrounded by flat topography 
Insights gained by HTA may be somewhat lost if the data or method is incorrect and 
generate inaccurate results. Therefore field measurements sometimes are vital to 
complement the model, just like GIS analysis can be a vital complement to field 
measurements. GIS could be a way to get a first – sometimes rough – estimate of the 
catchment areas and where to make additional field measurement in a continuous 
mutualism between the digital and the analogue.  

Using DEMs to evaluate catchment areas is the obvious choice when using GIS 
methods; as water moves in accordance with gravity the downward slope dictates the 
direction. It is, however, clear that catchment areas based on elevation differences 
will be more efficient and applicable when the differences are large. In mountainous 
terrain the discrepancy between downhill and uphill are clear, whereas it may not be 
as obvious in flat areas. Flat areas therefore produce more uncertain runoff areas 
(Schwanghart & Heckmann 2012). In a model where water flows downhill, it isn’t 
easy to say where water will flow if the hills are very unclear, if at all existing. This is a 
main concern within modern hydrology and a question that still remains unclear: how 
and where will water flow if the terrain is insufficient in topographical differences, and 
how large is the uncertainty? This is the background for the objective regarding 
wetland proportion of catchment area. Is there an inherent quality of uncertainty if the 
catchment area is made up of a larger portion wetland? 

Depending on the type of flow algorithm used, the uncertainty can be visualised in 
different ways. It’s obvious that single-flow algorithms disperse less than its multiple 
flow counterpart. Therefore, as flatland catchment area maps produced by SFs 
consist of defined stream networks, the uncertainty must be found between the 
distinct lines. On the contrary, MFs produce maps with gradual areas in which 
uncertainty already is displayed as low percentage cells (figure 4). This is the 
background for the following GIS experiment. 

 
Figure 4. An example of MFD for a catchment area. The close-up to the right displays the 

amount of the cell that contributes to the drainage point. 
 

Research in this area is still somewhat scarce, but there are a number of ways to 
assess the uncertainty of catchment areas. One approach is based on the statistical 
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distribution of values in the DEM, or for that matter a grid representing catchment 
area distribution. These so-called Monte Carlo techniques basically use an algorithm 
to generate another grid with random values added or subtracted to it and by running 
the same algorithm a very large number of times, constantly new, random grids are 
created. With this large data set it’s possible to analyse some common statistical 
attributes, such as standard deviation and in the end an error margin. This approach 
requires intense computing and data handling during a lot of iterations and is costly in 
both time and computational power in order to receive reliable results (Schwanghart 
& Heckmann 2012). 

Another recently published method was presented by W. Schwanghart and T. 
Heckmann in 2012. They took advantage of an entropy-based approach earlier used 
within uncertainty in other disciplines such as ecology. Shannon’s entropy index 
(often noted H), when applied to this hydrological context, is used to quantify the 
uncertainty that a certain area drains into a certain outlet. This becomes relevant 
when the flow algorithm used is of a multiple flow direction type, as there are more 
than one direction that a cell may drain towards. Therefore, if there is a high 
probability that a cell c drains into an outlet o, the entropy value for c is low, and vice 
versa. The uncertainty is considered to be related to the entropy index such that with 
high values of H, the uncertainty increases (Schwanghart & Heckmann 2012). In 
other words, if a cell using MFD has a high percentage value of draining into a 
particular outlet, the uncertainty is very low, with uncertainty increasing if the flow 
from this cell is split between a number of outlets, with equal distribution to each 
outlet. Likewise, the percentage value of a cell can also be seen as the probability 
that the cell will drain into a specific outlet. 

3 Method 
Part of this project aims to evaluate a possible method of delineating catchment 
areas of uncertain extent. The area used in this experiment is a wide flat area spotted 
with wetland, a characteristic landscape for the north of Sweden.  

When evaluating the uncertainty of flow directions, the idea is to compare drainage 
of flow from wetlands using multiple flow algorithm. By comparing the values given by 
the algorithm (values ranging from 0-100%) and the catchment areas that are created 
above a certain value threshold, an insight of the uncertainty should be reached. In 
practice, this means comparing the size of a catchment area for wetlands as the 
minimum value is changed. A catchment area that includes values of 25% and above 
naturally will be larger than one that only includes values of 75% and above. This 
percentage threshold is further explained in section 4.1. 

The following paragraphs lists the software programs and data used in this project. 
System for Automated Geoscientific Analysis is an open-source GIS software. It 

was the main software during the experiment and has most standard basic GIS 
functions, as well as a few unique to SAGA. It was created by a number of scientists 
at the University of Göttingen, Germany, mainly by O. Conrad and J. Böhner (saga-
gis.org). 

The Whitebox Geospatial Analysis Tool is another open-source software that, 
much like SAGA, was created by a small team at the initiative of J. Lindsay, at the 
University of Guelph in Canada (http://www.uoguelph.ca). For this experiment, its 
main use was the breaching tool. 

The elevation data was gathered from Sveriges Lantbruksuniversitet’s geodata 
extraction tool, GET. Here, data from a number of Swedish authorities such as 
Lantmäteriet is gathered and made available to students at several Swedish 
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universities. For this experiment, the data from the GET was Lantmäteriet: Höjddata 
2m raster (elevation data) and Lantmäteriet: Ortofoto raster (aerial photograph) (© 
Lantmäteriet).  

Apart from this, 15 point of measurement positions was used to determine which 
wetlands to calculate the upslope area of. These points are taken at different 
wetlands in the area of interest, ranging in size and elevation. They are gathered 
from a research project set north of Umeå, a project which aims to research on the 
greenhouse gas emissions from wetlands. Why the particular wetlands were chosen 
is not relevant as this project does not correlate any other attributes of them to the 
uncertainty measurements. A map of the area and the points for the 15 locations are 
seen in figure 8a. 

Additional data from GET was used, the soil ground cover from SGU from which 
the shapes for peat (“torv”) was extracted. 

How the experiment was conducted is summarised in the following paragraphs, as 
well as in table 1 and figure 7.  

Firstly, to account for the high resolution and possible problems with details that 
may arise from that, a smoothing pre-processing is done in two steps. This is done in 
order to remove unwanted vegetation covers, while keeping the general slope and 
high resolution. The first step is to resample the DEM so that each cell changes its 
elevation value to the minimum value of the surrounding pixel, while simultaneously 
changing the resolution from cell size 2m to 4m. The area is intersected by a large 
number of thin ditches used to redirect water between wetlands and field, which 
would otherwise be filled up in the second step: a smoothing filter. A filter is used to 
manipulate the data by a moving 3x3 grid that change the value of the cells 
according to a certain mathematical algorithm. In this particular case, a low pass filter 
was used to change the values to mean values based on the 9 surrounding cells 
(ESRI, 2016) The uneven surface caused by vegetation etc. is now smoothed to 
more easily preform the hydrological algorithms. 

The approach in this experiment is to use a method called stream burning. This is 
a surface modification technique that make use of a calculated stream grid (a vector-
based grid where the streams are assigned a cell value = 1, and all other cells = 0). 
By subtracting the cells that contain a stream from the smoothed DEM above, one 
can “burn” streams (once again specifically the thin but important ditches) into 
another DEM file of the same area. This is done by assigning an elevation value to 
the stream cells (a value large enough to distinguish the streams, but small enough 
not to have an otherwise significant impact on the DEM), and thereafter subtracting 
the stream raster from the DEM raster. 

Combining the two last paragraphs, the approach was to create a stream raster by 
appropriate hydrological tools, simultaneously resampling and filtering another DEM 
of the same area and then subtracting the first from the latter (fig. 7). 
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Figure 7. A schematic description of the experiment setup. The black ellipses represent 

tools used in order to create the different DEMs. 
 

As described above, the first step when trying to create a plausible hydrological 
terrain analyses is to use some kind of pre-processing tool to remove unwanted sinks 
and depressions. For this the breaching tool in Whitebox is used. Thereafter the 
breached grid was exported into SAGA v4.0.1, where most of the remaining data 
processing is made. Table 1 below sums the tools used in each software. 

 
  



10 
 

Table 1. A summary of the tools used in the GIS experiment. 
Smooth DEM 
tools 

Software Settings & Specifications Author(s) 

Resampling SAGA Preserve data type 
Minimum Value 
Cell size: 4 

Conrad 2003 

Simple Filter SAGA Smooth 
Square 
Kernel radius: 1 

Conrad 2003 

Stream grid tools Software Settings & Specifications Author(s) 
Breaching Whitebox   

Flow Accumulation SAGA D8 flow algorithm 
Threshold 22 500 

Conrad 2003 
O'Callaghan & Mark 1984 

Channel Network SAGA Threshold 22 500 Conrad 2001 
Reclassify Grid 

Values 
SAGA Reclassify range of all 

values to 1 
Reclassify no data to 0 

Wichmann 2005 

Resampling SAGA Preserve Data type 
Maximum value 
Cell size: 4 

Conrad 2003 

Stream burning 
tools 

Software Settings & Specifications Author(s) 

Grid Calculator SAGA Smooth grid – stream grid Ringeler 2003 
Breaching Whitebox   

Watershed 
analysis tools 

Software Settings & Specifications Author(s) 

Upslope Area 
(interactive) 

SAGA Both SF (D8) and 
MFD 

Conrad 2003 
O'Callaghan & Mark 1984 
Freeman 1991 

Analytical 
Hillshading 

SAGA  Conrad & Wichmann 
2003-2013 

Wetland 
proportion tools 

Software Settings & Specifications Authour(s) 

Shapes to Grid SAGA Wetland polygons as input. 
Cell size:4  

Conrad 2003 
 

Reclassify Grid 
Values 

SAGA Reclassify upslope area: 
● 0-50%→0; 50-100%→1 
●100%→1; all other→0 
Reclassify wetland grid: 
Wetland cells→1;  
No data→0 

Wichmann 2005 

Grid Calculator SAGA Multiply wetland grid with 
each of the four upslope 
areas seperately 

Ringeler 2003 

 
The next step in this experiment is to calculate the upslope area of the wetlands of 
every location. For this, the interactive Upslope Area tool is used. By superimposing 
an aerial photography and an Analytical Hillshade layer, it’s easier to see outlets of 
the wetlands and hence more accurately find the drainage point.  

When a point that included the wetland was chosen for each of the 15 locations, a 
number of upslope (catchment) areas was created, one D8 algorithm and one MFD 
algorithm for each point. This step is the most essential part as it generates the 
catchment areas used in the main part of the analysis, as well as the further steps. It 
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is the catchment areas that will help to answer the objective that concerns uncertainty 
relative to area size. 

One final aspect of this experiment is to delineate to which extent the upslope 
(catchment) area calculated actually consist of wetland. As stated as one of the 
objectives in section 1, the question is whether there is a correlation between 
uncertainty and the proportion of wetland in the calculated catchment area. In order 
to answer this, a grid that contains only the wetlands inside of a catchment area can 
be made and analysed. This was done using data from SGU and some tools in 
SAGA. First, two upslope areas were chosen (location 5 and 12), which were 
reclassified in such a way that two different CF threshold grids were created for each 
cell: one containing only cells with values above 50% and one only containing values 
at 100%. The aim was to acquire a binary grid that indicate which part of the 
catchment area that consist of wetlands. It’s essentially by superimposing the two 
and only keeping the spots which overlap. The SGU wetland shapes were converted 
to grids and reclassified so that 1 = wetland and 0 = no wetland. The corresponding 
reclassification was done to the catchment area grids and thereafter it was possible 
to multiply a wetland and a catchment area grid. The result was a grid that had 
isolated the wetland portion within a catchment area, as shown in figure 8 below. 

 

 
Figure 8. The wetland proportion of the 50% upslope area for location 5. 
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4. Results 
4.1 Threshold values in MFD upslope areas 
When using the upslope area tool with the MFD setting, the area produced consist of 
a graded shape of cells with different percentage values. The value depends on the 
drainage point and represents the amount of water that flows from that cell, to the 
particular drainage point. The distribution of the values in the cells can be visualised 
in a histogram.  

By using the upslope areas created using the MFD algorithm, it was possible to 
“remove” cells of a certain value by changing its no data settings. By doing this, and 
calculating the difference in number of cells between different threshold values 
(increasing the threshold increased the number of no data cells), it was possible to 
distinguish the ratio of high-value cells to low value-cells. This is called the 
contributing factor (CF). Four threshold values were chosen, removing all cells with a 
value lower than 25%, 50%, 75% and 100%, respectively. This way, four different CF 
areas of decreasing size (as the CF area of cells with values >25% includes all of the 
cells of upslope area 50% as well etc.) was created and analysed.  

The result of this experiment is presented in figure 10 below. A map of showing 
the locations and the extent of the areas is presented in figure 9a. Four locations in 
particular are shown in close-up in figure 9b. 
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Figure 9a. Locations of the wetlands measured and upslope area per threshold value (maps 

created using ArcGIS, data from Lantmäteriet). 
 

Contributing 
factor 
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Figure 9b. Four locations in close-up (maps created using ArcGIS, data from Lantmäteriet). 

 
The locations shown above are some of the more interesting ones, apart from stating 
a few examples of what the catchment and CF areas may look like. Location 1 and 2 
have two of the most uncertain areas (as described below). Location 5 is the largest 
in total size (see figure 10 below) and location 15 is too small to make any safe 
conclusions of. 

 

 
Figure 10. Contributing factor areas by location and percent values. 
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As seen in this figure, the values range quite a bit. The largest ones have a distinct 
peak above the rest whereas the smallest ones barely is visible. Location with 
extremely small areas (3 and 15) are not at all in the same magnitude and cannot be 
considered reliable (see discussion for greater detail). The diagram displays a wide 
range of values for the different locations. This is not very surprising as the wetlands 
associated with each point vary in size, with an additional explanation being 
unspecified computational errors. That aside, although the areas between locations 
vary quite a bit, the areas within each location have similar values for the CF variants. 

Using this data, it possible to create graphs for absolute change between the 
areas for 25%, 50% and 75% compared to the area for 100%, according to the 
formula 
 

𝐴𝐴𝐴𝐴 =  𝐴𝐴(25,50,75) − 𝐴𝐴100 
 
where AC is absolute change, A(25,50,75) is the CF areas for each percentage value 
threshold and A100 is the CF area with values no less than 100%. This is displayed in 
figure 11 below. The change for location 3 is removed from this diagram due to 
unreliable and unrealistic values, and problematic y-axis display proportions. 
 

 
Figure 11. Absolute change in contributing factor areas relative to the contributing factor 

area for 100%. 
 

The absolute change in area display a somewhat equal distribution, considered 
the great differences in size (fig. 10). Worth noting, of course, is that the locations 
with the largest absolute change are the ones with largest area size. As shown in this 
diagram, areas decrease as the CF threshold increases. It’s the locations with the 
largest total area (point 5, 6, 12 and 13) that decreases the most in absolute numbers 
across the CF areas.  

It is also relevant to look at the relative change in CF area size as some of the 
locations are much larger than others. The absolute change may therefore not 
always show the largest change in percent. The relative change in CF area 
compared to the 100% area is calculated using the formula 
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𝑅𝑅𝐴𝐴 =  
𝐴𝐴(25,50,75) − 𝐴𝐴100

𝐴𝐴100
 

 
where RC is the relative change, expressed in percent. This is displayed in figure 12 
below. Note that the change for location 3 is removed in this diagram as well for the 
same reason as above. 
 

 
Figure 12a. Relative change in CF areas relative to the CF area for 100% per location. 

 
 

 
Figure 12b. Relative change in CF areas relative to the CF area for 100% distribution per 

threshold area. 
 

The same values for relative change can be viewed as the distribution of all the 
locations across the threshold areas, as seen in figure 12b above. These figures 
effectively show a measurement of uncertainty. As the relative change increases, so 
does the variation across the CF areas. This indicates a greater portion of the area 
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which has lower probability of draining into the outlet, making the boundaries 
uncertain. Particularly locations 1, 8 and 2 display this uncertainty, relating to the 
objective concerning uncertainty and area size. 

The absolute change formula can be used in order to calculate the absolute 
change within threshold value areas, that is, how much the area differs for the 25% 
threshold area compared with the 50% threshold area etc. By doing this, it’s possible 
to see which threshold areas differs the most, and get a rough overview of which 
threshold value gives the largest difference in area. 
 

 
Figure 13. Absolute change between the threshold value areas for each location. 

 
Again, it is the larger areas that show greater absolute change, though not by as 
much as expected. Another interesting notion is that it usually is the “last” change in 
contributing factor (the transition between 75% and 100%) that give the largest 
change. The CF areas for 25%, 50% and 75% are generally more alike in size than 
the 100% CF area.  

To remove the effect of area size, the relative change formula is used. In this 
diagram, the values for location 15 are removed, as its small area gave some 
improbable and misleading results. 

Figure 13 displays another interesting feature of the change in area. When 
comparing the decrease in upslope areas within locations, the largest absolute 
change is, in almost all cases, between 75% and 100%. This is true for the relative 
change as well (fig. 14), indicating that the most significant CF threshold lies 
somewhere between 75% and 100%.  
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Figure 14. Relative change between the threshold value areas for each location. 

 
Here, 1, 8 and 2 once again display the greatest uncertainty.  
 
4.2 Total flow distribution in MFD catchment areas 
The overall distribution of cell values in the catchment area, not only those above the 
selected threshold, also displays a wide range. Some locations showed a drastic 
decrease in area only when excluding values below 25%, and most of the locations 
had two clear peaks: one towards 100% and another close to 0%. An example of this 
is location 1, as seen in figure 15. 
 

 
Figure 15. Total value distribution for location 1. 

 
Even more extreme were those locations similar to location 6, where the only clearly 
distinguishable peak occurred at very low values, as seen in figure 16. 
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Figure 16. Total value distribution for location 6. 

 
The most interesting aspect of these figures, and the differences between them, is 
that the value distribution varies a great deal for different locations. This mainly ties 
into a discussion on a broader scale, the discussion of overall reliability of this 
project. 
 
4.3 Wetland proportion in upslope area 
One final aspect of this area is the ratio that signifies to which extent an upslope area 
consist of wetlands. The result of one such calculation is displayed in figure 17.The 
wetland proportion calculation was executed for 6 of the 15 locations, numbers 5-9, 
and 11-12. The reason for choosing that particular number is mainly to make it fit into 
the time frame, but also because there really wasn’t many other locations that 
qualified to this experiment. The locations chosen are of different size, not too small 
and actually overlap with wetland shape data. These requirements exclude many of 
the remaining locations, while maintaining a rather wide base for reliable data. For 
every location, the four different CF areas (25%, 50%, 75% and 100%) were 
separately examined. 

Figure 17 below displays both the absolute size (in m2) of the wetland proportion of 
the different CF areas and the percentage of the catchment area that consist of 
wetland. The percentage is calculated according to the following formula: 
 

𝑊𝑊𝑊𝑊 =
𝐴𝐴𝑑𝑑𝑒𝑒𝑒𝑒 𝑒𝑒𝑑𝑑 𝑤𝑤𝑒𝑒𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒𝑑𝑑 𝑒𝑒𝑒𝑒𝑑𝑑𝑒𝑒𝑑𝑑𝑒𝑒 𝑑𝑑𝑒𝑒𝑒𝑒𝑑𝑑ℎ𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒

𝐴𝐴𝑒𝑒𝑒𝑒𝑑𝑑ℎ𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑑𝑑𝑒𝑒𝑒𝑒
∗ 100 

 
where WP stands for wetland proportion, the percentage of wetlands inside of the 
catchment area. 
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Figure 17. Wetland proportion of 7 different catchment areas and their CF areas. The bars 

show absolute values and the blue line show percentage of the entire area. 
 

This figure will help answer the objective whether there is some correlation between 
uncertainty and wetland proportion of a catchment area. Naturally, the pattern is 
recognised from figure 10, with the total catchment areas per contributing factor. That 
is, for a larger total area, generally the total wetland area within is larger. This is an 
expected result, and that is why the percent line has been added. Looking at the 
percentage gives an additional insight as total area no longer matters. Comparing the 
general trend from this diagram to the relative change diagram (figure 12a), there is 
no clear correlation. The blue line indicating percentage wetland of the different CF 
areas does not relate to relative change. Neither does it relate to the absolute values 
in the same diagram.  

Another approach is to analyse a location individually. By regarding the changes 
for the area that occurs when the CF varies (from 25% to 100%), specifically when 
observing a one location at a time. Figure 18 below displays the same as figure 17, 
but only for location 5: 

 

 
Figure 18. Wetland proportion of different catchment areas and their CF areas for location 8. 

The bars show absolute values and the blue line show percentage of the entire area. 
 
Location 8 is chosen as it is one of the smallest areas overall and actually show a 
rather large relative change (as seen in figure 12a). The size changes much across 
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the different CF areas, why it is interesting to look at how the wetland portion 
changes for the same CF areas. The result is not as exciting as it could be, however. 
The absolute change is not that large compared to the total area, as is visible in the 
percentage line. It remains steady at around 50% regardless of the CF, which can be 
interpreted as not having a great impact on the size of the area. In short, the 
catchment area size does not show any correlation to the wetland proportion. 

 

5 Discussion 
When observing figures 11 and 12a, the notable discrepancy between absolute and 
relative change becomes clear. Although the largest difference in total number of 
cells is concentrated to the locations with the largest total area, these locations do not 
provide the greatest relative change in any way. It is instead the locations 1, 2, 8 and 
15 (though the total area of 15 is so small that its relative change may not be reliable) 
that experience the greatest relative change. This is also visible in figure 9b, where 
the decrease in area is much more dramatic for locations 1 and 2 than for location 5. 
By this, it reasonable to conclude that there is no correlation between larger upslope 
areas and relative change. On the contrary, it rather seems like the opposite 
correlation rules: the smaller the area the greater is the relative change. 

There is, however, a clear correlation between relative change and uncertainty in 
catchment area. As seen in figure 12a, a location with upslope areas that consist of a 
larger number of low percentage values (i.e. high relative change between 25% area 
and 100% area) has large parts of the area where the flow disperse and does not 
flow uniformly to the drainage point. The cells with lower values tend to be found 
towards the outermost edges of the area (as seen in location 1 and 2, fig. 9b), 
indicating that the boundaries of that particular catchment area are unclear, fuzzy 
and uncertain. Compared to other areas – where the relative change is low and the 
edges does not differ as much in extent between 25%, 50%, 75% and 100% - the 
uncertainty is greater if there is a larger number of cells with low values. 

This relates to the Schwanghart and Heckmann (2012) article in a fitting way. As 
the correlation is made between uncertainty and water not uniformly flowing to a 
single outlet, the uncertainty should increase by a proliferation of the percentage 
values in the data set. The uncertainty is low if most of the values are concentrated or 
shifted towards 100%, and high if the values are more numerous in the low range 
relative to the 100% area. This is why the relative change is more relevant and 
significant than the absolute changes for the locations. Therefore, it’s safe to assume 
that those locations that have a larger value in relative change are more uncertain 
and have unclear and fuzzy boundaries; it is the locations 1, 8 and 2 that are the 
most uncertain. 

For the wetland proportion results, the conclusions drawn are somewhat vague. It 
is hard to see any correlation to uncertainty in the results presented in figures 17 and 
18. The expected result might be that a larger proportion (percentage) of the 
catchment area would correspond to a greater uncertainty. That is, the relative 
change in CF areas (figure 12a) would have peaks at the same locations as the line 
in figure 17. There is, as mentioned in the result section, however no such 
correlation. The change in size across CF areas is not affected by the wetland part of 
the catchment area. Had this been the case, the percentage wetland should increase 
at a much higher rate than it currently does. These results, of course, does assume 
that the SGU wetland data is correct and as reliable, if not even more so, than the 
DEM. The conclusions drawn at this particular objective are rough mostly due to the 
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unknown reliability of the wetland data. Only some of the locations actually 
overlapped with the data, instantly raising the question whether the data at all can be 
used for this kind of experiment. A better approach for a future study would probably 
be to manually delineate a wetland of known size and then preform the same 
method, instead of relying on the current data (as it does seem incomplete). 

Addressing the fact of computational error, this method did not work for every 
location. Although persistently trying to find upslope area that incorporated the entire 
wetland, some locations did not give adequate results. Most notably location 3 and 
15 presented very small areas for each threshold, making them more or less difficult 
to analyse in a helpful way. Of course, the case may be that the results acquired 
actually represent reality and these areas in fact are the most uncertain, but given the 
extreme results that were found that’s probably not the case. Keeping in mind the 
magnitude of the other catchment areas, location 3 and 15 consisted of areas of 
sometimes hundreds or even tens of cells. These anomalies are believed to stem 
from some step in the DEM processing, like the breaching. Likewise it could have its 
root even earlier, in the stage of collecting or digitizing data. It might also be an effect 
of the upslope tool algorithm in SAGA GIS. This could be a subject for further 
research. Whatever the reason may be, for the time being this report will focus on the 
more interesting and reliable results. 

Another subject of future research, which was briefly mentioned and possibly 
could have major impact on any similar project, is the effect of resolution. As 
mentioned in section 2.2, having a too low resolution results in inaccuracy because of 
insufficient nuances while too high resolution might include details that are irrelevant 
for the purpose, or even disturb it. In this study no consideration was taken to 
whether the resolution (cell side length = 4m) was too low or high, though it would be 
an interesting experiment to create the same upslope areas but with resolutions of 
2m, 6m, 10m or some other value. By comparing the upslope area in the same way, 
between resolutions, an insight into the role of resolutions could be reached.  

Not only is the question of single flow direction algorithm in contrast to multiple 
flow direction algorithm relevant in most hydrological delineations, whichever error 
that may follow of the algorithm isn’t the only problem in getting reliable results. This 
has to be considered along with random computational and DEM flaws, giving the 
results an unknown amount of uncertainty. It is, however, necessary to use a MFD 
rather than SFD when trying to evaluate uncertainty in this way. A single flow 
algorithm could be used to delineate a network of flows, but as only one cell receives 
all of the water, there are no “grey areas” where one would focus. Determining where 
the uncertainty regions are located is therefore preferably done in MFDs. 

Overall flow distribution, as seen in figures 15 and 16, tend to include numerous 
values shifted towards 0%. This is something that applied to most locations and most 
likely is an inherent property of upslope areas in flat terrain. Values could be as low 
as 10-45 %, which explains the great number of values in this range. One suggestion 
for further studies would be a comparison in value distribution between landscapes 
with high and low topography respectively. This would answer the question if 
uncertainty generally is higher in flat areas, but that is not the main thesis of this 
project. If there is no such correlation and a large part of very low values appear at 
every upslope area regardless of topography, it’s safe to assume that this effect 
rather is inherent to the tool algorithm used, or possibly the data. 

 By removing values below 25% in every threshold area, a great number of 
irrelevant cells disappeared, in turn making the interesting data visible. No longer 
clouded by the unnecessarily low values, the peaks concentrated at higher values 
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were distinguishable and ready for analysis. As most location displayed this effect, 
there is an obvious need of removing the low value cells, without the risk of 
manipulating the data in such a way that only certain locations were made more 
reliable. 

7 Concluding remarks 
By using the same reasoning as Schwanghart and Heckmann, uncertainty increases 
when a location displays a wider range of values, more notably towards low values. 
This of course, has to be related to the area of the location by calculating the relative 
change compared to the 100% threshold area. When doing this, the most uncertain 
locations showed to be 1, 8, 2 and 14, which also are the smallest areas (with 
plausible results). The correlation seem to be that uncertainty thus increases with 
smaller area. There is not, however, a clear correlation between the wetland 
proportion of a catchment area and the uncertainty.  

The method developed for this project seems to hold some significance, although 
the results naturally would be more certain if the study was broadened or expanded 
to another area or done multiple times. Further experiments have been suggested for 
a deeper understanding of the problem, which could be used to evaluate uncertainty 
in greater detail 
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