
Master’s thesis
Physical Geography and Quaternary Geology, 30 Credits

Department of Physical Geography

Hydrological modeling 
enhancement using GIS

An improved topographical wetness index 
for wetland detection

Patricia Rull

NKA 140
2016



 
 
 
 
 

 

 

 
 



  
 

 

 

 

 

 

 

 

 

Preface 
 

 

This Master’s thesis is Patrica Rull’s degree project in Physical Geography and Quaternary 

Geology at the Department of Physical Geography, Stockholm University. The Master’s 

thesis comprises 30 credits (one term of full-time studies). 

 

Supervisors have been Jerker Jarsjö at the Department of Physical Geography, Stockholm 

University and Michael Ledwith from Metria AB. Examiner has been Ian Brown at the 

Department of Physical Geography, Stockholm University.  

 

The author is responsible for the contents of this thesis.  

 

 

 

Stockholm, 16 January 2016 

 

 
 

Steffen Holzkämper 

Director of studies 



 
 
 
 
 

 

 

 
 



Abstract 

Hydrological modeling, like runoff modelling for flood prevention, is based on digital elevation 

models (DEMs). The fact that the DEMs do not represent existing road culverts can lead to 

considerable hydrological misinterpretations. In order to overcome this limitation, a GIS method 

was developed to automatically adjust the elevation model, hydrologically enforcing the DEM, 

so that the results of hydrological modeling accounts for flow through culverts. The hydro-

enforced DEM showed to better represent the drainage network than the former DEM when 

compared with the river map.  

 

The topographic wetness index is the most commonly applied topographic index and a good 

indicator of soil moisture distribution. It has been integrated into many hydrological models and 

pollution risk indices as well as into the prediction of wetland distribution. Using the hydro-

DEM from the previous step and the soil map in conjunction with the TWI, an improved TWI 

was achieved, namely a soil-topographic wetness index (STI). The linkages between specific 

soil types and TWI or STI values were analyzed. They revealed a clear linkage between STI 

values and soil type based on the soil transmissivity (R2=0.77). However, the TWI values 

showed low correlations to the soil types (R2=0.02).  

 

As a specific application, both TWI and STI were tested for the detection of wetlands. Wetlands 

are important ecosystems which act as buffer zones by filtering pollutants and slowing 

floodwater. Being able to identify their distribution is important in landscape planning and 

ecology. A wetland threshold value was determined for each index and their results where 

compared with the wetland map from the property map (assumed as ground truth) and with the 

potential wetland area. Finally, a visual validation was performed with the use of an aerial 

photography. The results showed that the STI performed slightly better than the TWI for the 

detection of wetlands, detecting 3% more wetlands. The impact of the soil map on the 

topographic wetness index was therefore determined as positive.  
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Introduction 

Under this section, the goal of the project will be presented and the theory behind each of the different 

parts will be explained. 

Goal description: 

Hydrological modeling is based on digital elevation models (DEMs), which currently are available at 

meter-resolution. Flow paths derived from DEMs are influenced by the presence of roads, which act as 

barriers to runoff (DNR Waters, 2010). Despite good resolution, existing culverts that drain water 

below the roads may not be represented in the DEMs. This can lead to considerable hydrological 

misinterpretations (Metria, 2012a). 

The goal is to develop a method to automatically adjust the elevation model so that the results of 

hydrological modeling accounts for flow through culverts. The elevation model will be based on the 

new Swedish national elevation model NH (Ny national höjdmodel) 2m/lidar data that exist for the 

entire Sweden beneath the mountains. To find culverts a method developed by Metria (2012b) will be 

used. This method has been validated by Trafikverket to find 90-95% of the culverts in test areas 

(Metria 2012b).  

Subsequently, the Topographic Wetness Index (TWI) will be calculated over the test area, based on 

the adjusted elevation model. Topographic Wetness Index (TWI) is based on the upstream area and 

soil wetness is strongly correlated with soil properties. By using the soil map in conjunction with the 

calculated TWI, an aim of this work is to evaluate if this can lead to an improved TWI over the test 

area. The linkages between specific soil types and TWI values will be identified.  

Finally, Naturvårdsverket in Skåne (southern region of Sweden) is interested on information about the 

wetland´s capacity to regulate water and the role that the soil type plays, e.g. infiltration. As a specific 

application and test example, the improved TWI results will be compared with true wetlands in Skåne. 

The aim is to evaluate the impact of the soil map on TWI, and in particular check to which extent the 

location of the wetlands can be better predicted with the enhanced method.  
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Theory: 

Hydrologically enforced DEM 

- Blue Spots:  

Blue Spots can be defined as areas sensitive to flooding under extreme rainfall (Larsen and Pihl, 

2010). They are topographic depressions where runoff is limited or impossible (Metria, 2012a). Blue 

Spots analysis is of importance mainly when located close to roads or urban areas, in order to be able 

to assess the flood risk. It is important to take them into consideration when performing hydrological 

modelling to avoid error due to unidentified flow direction (Metria, 2012a).  

The analysis of Blue Spots is made possible thanks to the high resolution of modern Digital Elevation 

Models (Axelsen. & Larsen, 2014). Nevertheless, these DEMs must be hydrologically enforced, i.e. 

digital dams (see Digital dams. Culverts) must be removed before the analysis, in order to avoid 

potential false water accumulation areas around roads, and to correctly represent hydrological 

processes across the terrain. For the purpose of this project, Blue Spots will be detected with the aim 

of identifying potential digital dams, e.g. road culverts, and a Hydro-enforced DEM will be achieved.  

According to the method developed by the Danish Road Directorate (DRD), initiated by ERA-NET 

Road project SWAMP (2010), the analysis of Blue Spots can be divided into three levels in order to 

have a better overview of the flood risk, but for the purpose of this project, just the first level 

“screening” will be performed (see Method: Detect Blue Spots). 

- Digital dams. Culverts:   

Culverts (Figure 1) are structures installed under the roads to allow water to drain from one side to the 

other and flow across the landscape (Minnesota Digital Elevation Committee, 2011). Roads are 

delineated on the DEM acting as barriers to runoff due to the lack of representation of these drainage 

structures, e.g. bridges and culverts. These virtually hidden structures are called “digital dams”, as 

water does not seem to flow through them as it is supposed to do in reality. DEM must be manipulated 

in order to allow water flow through digital dams in the process above mentioned as hydrological 

enforcement.   

Traditionally, culvert inventory has been performed using a field-based survey, which provided the 

most accurate data. However, it is not an efficient way to carry it out in terms of time and cost, and 

when large areas must be covered. Office-based inventory by means of GIS is then a more efficient 

way, but can only be used to derive positional information about the culverts (Minnesota Digital 

Elevation Committee, 2011). Metria has developed an automatic method to detect the potential 

location of road culverts which is based on the presence of streams, Blue Spots and the drainage 

network.  

According to Metria (2012a), the method is built based on the surest indications, which in this case is 

represented by the hydrological lines from the property map, namely rivers, with the highest score. 

Blue Spots and the drainage network are scored in descending order. The results are summarized 

showing an increasing probability of culvert location, from 1 to 7, being 7 the maximum likelihood to 

find a culvert (see Method: Detection of Culverts). This method has been validated by Trafikverket 

and showed to find 90-95% of the culverts in test areas (Metria, 2012b). 
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Figure 1. To the left, culvert (LMNO Engineering, Research and Software, 2001-2010); to the right, main road 

box culvert, Huntington, VT (Parent Construction, Inc. 2015) 

- Hydro-enforced DEM: 

According to Djokick (2014) a hydrologically conditioned DEM is “a DEM whose flow direction 

defines expected flow of water over the terrain”. Hydrologically conditioned DEMs are imposed 

drainage conditions that may contradict elevation data. For this reason, they are used solely for 

hydrological purposes since the actual elevation values are no longer correct but neither important. 

The only aim of these corrected DEM’s is to accurately represent the resulting flow pattern.  

However, despite most papers describe hydrologically conditioned DEMs the same as hydrologically 

enforced (hydro-enforced) DEMs or as the latter being a part of the hydro-conditioning, it exists a 

difference between both processes. According to Heidemann (2014) from the U.S Geological Survey, 

“”hydrologically-conditioned” is relevant to the entire surface so that the flow of water is continuous 

across the surface, whether the flow is in a stream channel or not, whereas a “hydrologically-enforced” 

is relevant to drainage features that are generally mapped”, so both are modifications of the 

topographic DEM but produce functionally different hydrological surfaces.  

Hydro-enforcement is a modification of the topographic DEM, which produces hydrological surfaces, 

differing from a normal DEM because it excludes road stretches over culverts or bridges in the 

landscape (The Sanborn Map Company, Inc., 2015), enabling hydrologic and hydraulic models to 

represent water flow under them.  

For the purpose of this project, a hydro-enforced DEM will be performed as the method to adjust the 

elevation model so that the results of hydrological modeling accounts for flow through culverts.  

Improved Topographic Wetness Index 

The topographic wetness index (TWI) is an index presented by Beven and Kirkby (1979) to 

quantitatively indicate the balance between water accumulation and drainage conditions (Pei et al., 

2010). Since then, it has been integrated into many hydrological models and pollution risk indices 

(Buchanan et al., 2013). It is considered the most commonly applied topographic index and a good 

indicator of soil moisture distribution. TWI shows a significant relationship with soil organic matter 

(SOM) (Pei et al., 2010) and has been used as well to predict wetland distribution (Infascelli et al., 

2013). Moreover, Sørensen et al. (2006) found correlations between TWI and groundwater depth, soil 

pH and plant species richness (Buchanan et al., 2013).  
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According to Infascelli et al. (2013), the index is based on the hypothesis that the local slope 

represents the hydraulic gradient of shallow water table, while soil hydraulic conductivity and 

precipitation are considered uniform over the study area (Sorensen and Seibert, 2007).  

TWI is defined as: 

                                                               𝑇𝑊𝐼 =  ln(
𝛼

𝑡𝑎𝑛𝛽
)                                                          (1) 

Where 𝛼 is the specific catchment area (SCA) or upslope contribution area per unit contour length 

(Buchanan et al. 2013), and 𝛽 the local slope (m-1). Being so, high TWI values indicate areas where 

much water accumulates and the slope is low, while low TWI values indicate areas where little water 

accumulates and the slope is high (Ågren et al., 2014). According to Pei et al. (2010), SCA indicates 

the potential flow accumulation to a specific place. The Soil & Water Research Group at Cornell 

University (nd) defined the relationship between SCA and flow accumulation as:  

                                        𝑆𝐶𝐴 =  (𝐹𝑙𝑜𝑤 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 +  1) 𝑥 𝐶𝑒𝑙𝑙 𝑆𝑖𝑧𝑒                            (2) 

The importance of high DEM resolution and accuracy, the Hydro-DEM from the previous step, is 

demonstrated by Vaze et al. (2010). They stated that high accuracy and high resolution offers the 

capability of improving the quality of hydrological predictions of important spatial indices derived 

from the DEM. Sørensen and Seibert (2007) found in their study that a simple change in resolution 

from 5 to 10 m affected considerably the results of the topographic indices. Moreover, Buchanan et al. 

(2013) suggest that a high resolution lidar-DEM (3 m resolution) provides a better fit to observed 

patterns of soil moisture when calculating the TWI than a 10 m resolution DEM. They highlighted 

that, in general, previous studies found that higher quality elevation information provides noticeable 

improvements in the representation of topographic surfaces and gives more accurate delineations of 

hydrologically parameters.  

Slope can be performed as a local slope or downslope index. The downslope index calculates the slope 

as the closest point that is d meters below the cell of interest (Buchanan et al, 2013). On the other 

hand, local slope algorithms consider only the cell of interest and its neighbors. Buchanan et al. (2013) 

stated that local slope algorithms perform generally better as they achieve higher correlation with 

observed soil moisture patterns and wetness degree (Sørensen et al, 2006). Above all, the local slope 

algorithm “maximum triangular slope” (MTS; Tarboton, 1997) resulted in the best-fitting TWI 

according to Buchanan et al. (2013).  They define the MTS approach as a calculation of the slope as 

the tangent of the slope angle along planar triangular facets on block-centered grids.  

Buchanan et al. (2013) consider that the most influencing parameter for TWI values is the contributing 

area 𝛼 (SCA). In order to calculate it, there exist plenty of algorithms which can be classified into 

single flow direction algorithms (SFD) vs. multiple flow direction algorithms (MFD). The main 

difference is that SFD algorithms assign flow only to one downslope cell, whereas MFD algorithms 

split the flow among multiple cells.  They observed that MFD algorithms fit soil moisture patterns 

better than SFD when using 3 and 10 m lidar-derived TWIs, however they found little difference in 

performance between MFD algorithms.  

The most common method for the calculation of flow accumulation is D8, a single flow direction 

algorithm (SFD), which is the default method in ArcGIS. According to Tarboton (1997) this approach 

has disadvantages like the discretization of flow into only one of eight possible directions separated by 

45º, and according to Buchanan et al. (2013) to the oversimplification of actual flow paths by 

assigning all flow into a single downslope cell.  
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Tarboton (1997) developed a new method which proved to perform better, D∞, and was motivated in 

the need to avoid grid bias and increase the precision of flow direction solutions. D∞ represents the 

flow direction as the steepest downwards slope on the eight triangular facets centered at each pixel. 

D∞ is a multiple flow direction algorithm (MFD) where flow is assigned to the two downslope cells 

nearest to the steepest direction weighted as a function of their distance from this direction (Buchanan 

et al. 2013), as shown in Figure 2.  

 

Figure 2.D∞ flow direction. The flow direction is represented as the steepest downwards slope on the eight 

triangular facets centered at each pixel. The flow is portioned to the two downslope cells closest to the steepest 

direction. (Tarboton, 1997) 

D∞ produces converging and divergent flow patterns while D8 only deals with flow convergence 

(Ågren et al., 2014). Sørensen et al. (2006) concluded that the use of D∞ improved soil wetness 

mapping. However, this method, as well as D8, only allows a single flow direction and it has been 

improved by Seibert and McGlynn (2007) into a MD∞ which is essentially a D∞ algorithm but 

allowing multiple flow directions.  

The aim of this project is to achieve an improved TWI over the test area by combining it with the soil 

map. One of the weaknesses of the traditional TWI is that it considers a uniform soil hydraulic 

conductivity, being purely topography-based. For this purpose, the soil-topographic wetness index 

(STI) extends the TWI by accounting for spatial variation in soil properties (Buchanan et al. 2013). 

The STI introduces the soil transmissivity, T (m2d-1), computed as the product of the average saturated 

hydraulic conductivity (m day-1) of each type of soil and the depth of the soil (m).Transmissivity is an 

important hydraulic property which provides notion about the water-bearing characteristics of the 

materials (Krásný, 1993) and in this case, the soils.  

STI is defined as: 

                                                                   𝑆𝑇𝐼 =  ln(
𝛼

𝑇∙𝑡𝑎𝑛𝛽
)                                                    (3) 

Buchanan et al. (2013) found that the STI fits the empirical data set better than the TWI in the 99% of 

the cases in their study. Moreover, they suggest that due to the inclusion of soil data, there is a 
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substantial improvement in the accuracy of the prediction regardless of DEM source. The inclusion of 

soil transmissivity is significant for a scale where variations in soil characteristics are notorious. 

However, though the apparent improvement achieved with the STI, Infascelli et al. (2013) explain that 

sometimes the soil transmissivity can be neglected compared to the variations of slope and drainage 

area.   

For the purpose of this project, the TWI and STI will be computed. In order to evaluate if the STI 

represents an improvement of the TWI, the linkages between specific soil types and both TWI and STI 

values will be identified.  

       Wetland detection 

There exist different definitions of wetland depending on different interpretations and purposes. For 

this project, the definition used by VMI (the swedish national wetland inventory) was considered, 

being the most accepted definition for natural conservation in Sweden (Våtmarksinventering, 2009). 

According to the VMI, wetlands are defined as (Löfroth, 1991): “those lands where the water is sub-

surface or above the surface for a large part of the year as well as water areas covered by vegetation. 

At least 50% of the vegetation should be hydrophilic, i.e. with a strong affinity for water. One 

exception is the periodically drained bottom areas of lakes, sea and rivers, which are counted as 

wetlands even though they lack vegetation”. In this definition, in contrast to the definition provided by 

the International Wetland Commission (Ramsar Convention), open lakes and sea are not included.     

Wetlands can be permanent or seasonal. According to the Water Education Foundation (2016), 

permanent wetlands are those which stay saturated with water all year around, while seasonal wetlands 

experience saturation or flooding only part of the year. Despite carrying water only a few weeks per 

year, seasonal wetlands contain the same soils, plants and animal life as the permanent wetlands.  

Wetlands are important and sensitive ecosystems which act as buffer zones by filtering pollutants and 

slowing floodwater. Their location, according to Infascelli et al. (2013), depends primarily on 

flowpath convergence, slope and the hydraulic conductivity of the soil. Being so, a topographic 

wetness index which includes soil transmissivity, i.e. STI, might perform better detecting wetlands 

than an only topography-based index.    

In order to evaluate the impact of the soil map on the TWI values, the results of both STI and TWI 

maps will be validated against true wetlands in Skåne and the capacity of both indexes to detect 

wetlands will be assessed.  
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Study Area  

 

Figure 3. Overview map of the study area .The map shows the soil use and settlements as well as the 

municipality borders on the detailed image to the right. (Own production map, 2015) 

Skåne is the southernmost region in Sweden; its climate is warm-temperate with a strong maritime 

character. The rainfall is of 500-750 mm per year with a maximum up on the ridges. The region is a 

peninsula which borders to the north with Halland and Småland, and to the northeast with Blekinge. 

Its surface covers 11,007 km2, and in 2014 it contained 1,271,779 inhabitants (Nationalencyklopedin, 

2015).  

Skåne is a lowland region characterized by its plains and open land. One third of its surface is lower 

than 30 m above sea level, mainly along the coast. Only one fourth of the surface is higher than 100 m 

above sea level, being the highest point located on the south ridge of 212 m above sea level 

(Nationalencyklopedin, 2015).  

As the extent of the region would demand a huge amount of data processing, just one of the catchment 

areas will be analyzed (Figure 3). The study area has an extent of 57.85 km2 and a difference in 

elevation of 141.5 m (ranging from 45.09 m to 186.56 m above sea level). The study area is included 

mainly in Lund municipality but also in Svedala municipality, Skurup municipality and Sjöbo 

municipality. Furthermore, in order to avoid miscalculations near the borders, a buffer area of 10 m 

will be considered. 

Projected Coordinate System: 

SWEREF99_TM 

Projection: Transverse Mercator 

Datum: SWEREF99 

Metadata: Lantmäteriet, 2015 
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Data  

The project is based on geographic data and it is dependent on the availability of such information, as 

well as on the level of detail achieved nowadays. Data was provided by the Swedish National Land 

Survey (Lantmäteriet), the Swedish Geological Survey (SGU), the Swedish Meteorological and 

Hydrological Institute (SMHI) and Metria AB. The data processing and analysis was performed using 

the software ArcMap and its extensions. Table 1 shows the data used for the geographical analysis, 

their resolution, their format and their source.  

Table 1. The table shows the data used for the geographical analysis 

Data Resolution Format Source 

DEM, grid 2+ 2x2m/pixel Raster Lantmäteriet 

Ortophoto 1x1m/pixel Raster Lantmäteriet 

Culvert layer Vector Shapefile (.shp) Metria 

Overview map Vector Shapefile (.shp) Lantmäteriet 

Road map Vector Shapefile (.shp) Lantmäteriet 

Soil map Vector  Shapefile (.shp) SGU 

Streams map (from 

Fastighetskartan) 
Vector Shapefile (.shp) Lantmäteriet 

Catchment areas map Vector Shapefile (.shp) SMHI 

Soil depth map 10x10m/pixel Raster SGU 

Wetland map (from 

Fastighetskartan) 
Vector Shapfile (.shp) Lantmäteriet 

 

 

 

 

 

 

 

 

 



9 
 

Method 

Under this section, the methodology followed within the different parts will be described. First, the 

process to achieve a Hydro-enforced DEM, including the detection of blue spots and culverts; second, 

the method to develop the Topographic Wetness Index (TWI) and Soil-topographic wetness index 

(STI) and how the linkages with specific soil types will be identified; and third, the method to evaluate 

the impact of the soil map on the TWI values, i.e. the STI, and its validation against true wetlands.  

Hydrologically enforced DEM 

- Detection of Blue Spots: 

As mentioned above (Theory: Blue Spots), for the purpose of this project, just the first level of analysis 

from the ERA-NET Road project SWAMP (2010), “screening” using terrain analysis, will be 

considered for the detection of Blue Spots. It simply implies that the depressions on the terrain must be 

detected assuming a surface runoff of 100% and no drainage.  

To detect the Blue Spots, the DEM will be “filled”, removing small sinks in the data, and a Blue Spot 

raster will be calculated as the difference between the “filled” DEM and the raw DEM. Then, all zero 

values will be erased and the raster will be converted into a polygon layer. After that, a table with 

zonal statistics will be created to show the average depth of the detected Blue Spot polygons, and the 

volume will be calculated as the result of multiplying the average depth by the area. For further 

analysis, Blue Spots will be taken into account when reaching a minimum volume of 10 m3 (Metria, 

2012a). 

 

Figure 4. Blue Spots (volume ≥ 10m3) 
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- Detection of culverts:  

Culverts are detected following the method developed by Metria (2012b). According to their method, 

a culvert may be located where a road intersects with a river; where it intersects with the drainage 

network, considering only the areas with at least 4 hectares of upstream flow; and where it is close to a 

Blue Spot; in all cases taking into account a buffer area of 15 m.  

The probability of actually finding a culvert where it has been detected varies depending on which of 

these three layers is present on each place.  The river layer is given the greatest weighting, getting a 

weight value of 3. The drainage network is built based solely on the DEM, so it does not necessarily 

represent actual runoff flow. Hence, both the drainage network and the Blue Spots are valued with a 

weight of 1. Thus, these three layers are merged and the weights are summed up. The result is 

represented as a line on the road, which indicates the probability of occurrence of culverts, being the 

value range from 1, least probable, to 7, most probable (Metria, 2012b).  

In order to perform the hydro-enforced DEM, true culverts were extracted using the 3rd to 7th classes of 

probability. Moreover, in order to be able to use them, the culverts must be represented as 

perpendicular lines to the road. To do so, the tool “Create Perpendicular Lines at the Midpoint of a 

Line” developed by Gabrisch (2015) for ArcGIS/Python, was used. The newly created culvert line is 

defined to have a length of 10 m across the road (Figure 5).  

 

                  

Figure 5. To the left, culvert´s probable location, detected by Metria.  To the right, culverts (10 m) generated as 

a perpendicular line at the midpoint of each culvert´s probable location (when the probability is equal or more 

than the probability class 3). 
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- Topo to Raster method: 

The Hydro-DEM will be created by using an interpolation method called “Topo to Raster” in ArcGIS. 

The Topo to Raster tool is designed to create hydrologically correct elevation models, based on the 

ANUDEM system developed by Michael Hutchinson at the Australian National University. The 

purpose of this system is to create a surface that represents better the natural drainage while preserving 

ridgelines and stream networks (Hutchinson, 1989). According to Arun (2013), the ANUDEM 

interpolation is preferable above other interpolation methods when dealing with streams and ridge 

lines, where it shows the lowest RMSE (Root mean square error) value.  Joseph (2015) from AWT 

also affirms that ANUDEM has proven to be a very good tool when creating hydrologically 

conditioned DEM’s.  

Topo to Raster is essentially the implementation of ANUDEM, which uses an iterative finite 

difference interpolation technique (ESRI, 2012). According to Sinha (2000), the interpolation method 

could be defined as a discretized thin-plate spline technique (Wahba, 1990) with a modified roughness 

penalty in order to allow the DEM to follow abrupt changes in the terrain, namely streams and ridges.  

Topo to Raster imposes constraints in the interpolation in order to correctly represent the drainage 

structure. The default number of iterations is 20 and it could be increased according to the level of 

detail desired. The process of drainage enforcement attempts as well to remove spurious sinks in the 

terrain, as long as it does not contradict the input elevation data by more than a value of Tolerance of 1 

(ESRI, 2011).  

The inputs for the Topo to Raster tool are a DEM point shapefile preserving the elevation values, 

culvert lines without elevation value which will be the constraints in the interpolation process, and the 

study area boundary. Eventually, the output of this process will be the hydro-enforced DEM, i.e. 

Hydro-DEM.  

In order to evaluate the results a Flow Accumulation raster was created from the Hydro-DEM. As 

described from ESRI (2011) a flow accumulation raster shows the accumulated flow to each cell, 

determined by the count of the number of cells that flow into them. It will be possible to compare the 

Hydro-DEM´s flow accumulation raster with the former DEM’s flow accumulation raster and see the 

changes of the flow accumulation pattern. For this analysis, flow accumulation will be considered 

when reaching a drainage threshold area of 1 ha, i.e. a cell receives flow from more than 2500 

upstream cells (2x2m).   

     Improved Topographic Wetness Index  

TWI parameters slope and contributing area, presented in equations (1) and (2), were calculated using 

TauDEM 5.1.2 toolbox. First, the pits from the Hydro-DEM were removed and it was transformed to 

TIFF format. Second, the contributing area (SCA) was computed by means of the D∞ algorithm 

developed by Tarboton (1997) and the slope was calculated with the local slope algorithm “maximum 

triangular slope” (MTS; Tarboton, 1997). The TauDEM 5.1.2 toolbox performs directly the tangent of 

the slope and 0 values were transformed into 0.0001 in order to avoid problems when applying 

equation (1) (Soil & Water Research Group, Cornell University, nd). Finally, the TWI map was 

normalized to a scale from 0 to 1 in order to be able to compare future results.  

As shown in equation (3) in the Theory section, the STI, soil-topographic wetness index, introduces 

the soil transmissivity into the TWI. Transmissivity, T (m2/d), is calculated as the product of the soil 



12 
 

depth (cm) with the saturated hydraulic conductivity, K (𝜇m/s); and a unit conversion factor, following 

the expression: 

                                    𝑇 (
𝑚2

𝑑
) = 𝑆𝑜𝑖𝑙 𝑑𝑒𝑝𝑡ℎ (𝑐𝑚) ∗ 𝐾 (

𝜇𝑚

𝑠
) ∗ 0.000864                              (4) 

The soil depth raster (10 m resolution) was resampled to 2 m resolution in order to adapt it to the 

resolution of the DEM. In the soil map, a new field was created to assign a saturated hydraulic 

conductivity value to each soil type according to Table 2. Then, a 2x2 m saturated hydraulic 

conductivity raster was computed. The transmissivity map was created and 0 values are transformed 

into 0.00001 with the purpose of avoiding NoData errors in the STI index calculation (Soil & Water 

Research Group, Cornell University, nd).  

Table 2. Saturated Hydraulic conductivity for each type of soil ordered from less to more hydraulic conductivity 

(Reworked from Svensson (2012),  Andersen (2015) and Katsura et al.(2005)) 

Soil type 
Saturated Hydraulic 

Conductivity (𝝁m/s) 

Loamy moraine 0.0001 

Coarse clay moraine 0.0001 

Fen peat 0.01 

Gyttja 0.01 

Fine clay 0.01 

Coarse clay 0.01 

Clay 0.01 

Loamy clay 0.055 

Clay-silt 0.055 

Silt 0.1 

Sandy moraine 0.1 

Filling (Malmö Airport) 1 

Bedrock (Granite) 1 

Coarse silt- fine sand 55 

Fine sand 100 

Sand 1000 

 

Finally, the STI map was performed. Negative values were excluded, as they are just the result of 

negative planform curvature, i.e. ridges (Momm et al., 2013), and they were transformed to 0 to 

represent null soil moisture. The map was normalized to a scale from 0 to 1. Water bodies were 

excluded in both TWI and STI maps, as well as a topographically altered area, an open mine located in 

the study area, which could distort the results for the bedrock soil type.    

In order to identify the linkages between specific soil types and both TWI and STI values, the average 

values of transmissivity for each type of soil, assumed as defining the soil type, will be contrasted with 

the average values of TWI or STI for each type of soil.  
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      Wetland detection 

In order to evaluate the impact of the soil map on the TWI values - positive, negative or null-, the 

results of both STI and TWI maps will be validated against true wetlands in Skåne. The wetland map 

from the property map (Fastighetskartan) will be assumed as the ground truth due to the lack of more 

detailed data.  

The soil types included within the wetland map will be considered for this project as “hydric soil 

types”, being soils where wetlands might potentially be located. A threshold value of STI and TWI 

will be chosen according to their value on the determined hydric soil types and it will be considered as 

a wetland threshold, above which wetland may be assumed as detected for each index. Both maps, STI 

and TWI, above their respective wetland threshold value, will be clipped according to the wetland 

map.  

As well, a majority filter will be passed using four orthogonal neighboring cells in the kernel of the 

filter so that three out of four connected cells must have the same value before replacement. The 

boundary between zones will be as well smoothed by performing a boundary clean.  

In order to assess the quality of the prediction of wetlands of both indexes, and so the impact of the 

soil map on the TWI results, the percentage of pixels that were well predicted will be compared to the 

total of pixels of the true wetlands map, namely the wetland map from the property map.   

Finally, as a matter of fact, not all true wetlands are regarded in the assumed ground truth, i.e. the 

wetland map from the property map. Being so, in order to assess the quality of prediction of wetlands 

beyond the boundaries of the ground truth map, the hydric soil types will be taken as potential 

wetlands.  

STI and TWI maps above their respective wetland threshold and only over hydric soil types will be 

then considered as detected wetland. Thus, the percentage of pixels that were well predicted will be 

compared to the total of pixels of the potential wetlands, namely the area covered by hydric soil types. 

In order to validate the results of this final stage, a visual validation over the orthophoto will be carried 

out.  
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Results 

Under this section, the results achieved will be displayed according to the three different parts of the 

project: Hydrologically enforced DEM, improved topographic wetness index and wetland detection.  

Hydrologically enforced DEM 

Figure 6 shows the resulted Hydro-DEM, which excludes road stretches over culverts in the 

landscape. This enables hydrologic and hydraulic models to represent water flow under them. The 

elevation background and the contour lines display an open passage through the culvert that did not 

exist previously.  

      

 

Figure 6. To the left, raw DEM and its contour lines (1m equidistance) in an area where a road culvert is 

detected. To the right, hydro-enforced DEM (Hydro-DEM) and its contour lines, in an area where a road culvert 

is detected.  
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Figure 7 and Table 3 below show the reduction of Blue Spot area and volume between both DEM 

models: the raw DEM and the Hydro-DEM. While the Blue Spot area in the former DEM represents a 

21.9% of the total study area, in the Hydro-DEM represents a 20.1%, accounting for a reduction in 

volume of 2,499,189 m3. Furthermore, Table 3 shows the difference in the number of sinks detected 

for both DEM models, accounting for a reduction of 38,264 sinks when creating the Hydro-DEM. 

 

 

  

 

Figure 8 below represents the drainage network, namely the flow accumulation raster with a drainage 

threshold area of 1 hectare (more than 2500 pixels flowing to each cell), for the raw DEM and the 

Hydro-DEM. Image a), visualizing the river network from the property map, is assumed as a “ground 

truth” for comparison despite the coarse resolution used during its production ; image b) visualizes the 

drainage network for the raw DEM; and image c) shows the drainage network for the Hydro-DEM.  

It can be noticed that for the image b), raw DEM flow accumulation, the drainage network does not 

represent the flow through the culvert. Image c) shows a change in the accumulation pattern. Unlike to 

b), image c) seems to represent better the drainage network with regard to the river map and the 

location of the culverts.  

In almost all cases, the results of the Hydro-DEM show a more accurate representation of the drainage 

network regarding the river map and culvert location, a more concentrated accumulation pattern or a 

more logic representation of it (see Appendix 2: Figure 14 and 15). 

 Raw DEM Hydro-DEM 

Sinks 

(number) 
79,549 41,285 

Blue Spots 

volume (m3) 
15,044,104 12,544,915 

Blue Spots 

area (km2) 

12.68 (21.9% 

of the total 

area) 

12.1 (20.9% 

of the total 

area) 

167,099 m3 246,850  m3 

Table 3. Comparison between raw DEM and 

Hydro-DEM: amount of sinks, volume and area 

of Blue Spots. 

 

Figure 7. Example of difference in Blue Spot area and 

volume between the raw DEM and the Hydro-DEM 
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Figure 8. A) River layer from the property map (Fastighetskartan) assumed as “ground truth”over the 

orthophoto; B) Drainage network from the raw DEM; C) Drainage network derived from the Hydro-

DEM. 

Improved Topographic Wetness Index  

Possible linkages between specific soil types and the TWI values were analyzed. Graph 1 below 

shows the average STI values for each type of soil ordered from lesser to greater average 

transmissivity. A table showing the soil type associated to each average transmissivity value is shown 

in Appendix 6. Graph 2 below shows therefore the average TWI values for each type of soil ordered 

from lesser to greater average transmissivity, according to Table 5 and 6 in Appendix 6.  

Graph 1 shows a high correlation (R2 = 0.7767) between STI values and soil type transmissivity so 

that the higher the transmissivity of a soil type the lower the STI values. However, according to Graph 

2 there is a very low correlation (R2=0.0263) between soil transmissivity and TWI values. 

b) 
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Graph 1. Linkages between average STI values for specific soil types and their respective average soil type 

transmissivity. 

 

Graph 2. Linkages between average TWI values for specific soil types and their respective average soil type 

transmissivity. 

      Wetland detection 

Table 4 below shows the percentage of each type of soil found within the wetland boundaries from the 

wetland map. Those with value greater than 0 were considered as hydric soil types for further analysis. 

Table 4. Percentage of each type of soil within the wetland boundaries from the wetland map. 

 % within wetland area 

Fine clay 0 

Coarse clay 0 

Gyttja (peat) 1 

Loamy clay 1 

Clay 0 

Sand 1 

Fen peat 92 

Loamy  moraine 0 

Coarse clay moraine 0 

Fine sand 0 

Sandy moraine 2 

Clay-silt 4 

 

R² = 0,7767 

0,000

0,100

0,200

0,300

0,400

0,500

0,600

ST
I v

al
u

e
s 

Soil transmissivity 

R² = 0,0263 

0,000

0,100

0,200

0,300

0,400

TW
I v

al
u

e
s 

Soil transmissivity 



18 
 

According to our interpretation of Table 4, gyttja, loamy clay, fen peat and clay-silt can be considered 

as hydric soil types, which potentially can bear wetland. Sandy moraine and sand, though representing 

a 3% of the soils within the wetland map, are not to be considered as hydric soil types because of their 

high transmissivity and the rough resolution from the soil map (10x10 m) which indicates that it might 

be a misclassification. 

TWI and STI values for the different soil types are found to be widely dispersed, i.e. every type of soil 

includes a wide range of values of TWI and STI, showing both high and low values. Being so, it is not 

possible to choose a threshold value that precisely defines a specific soil type.  

Thus, the wetland threshold to be used is chosen to be the average value of the fen peat, being the soil 

type that covers most of the wetland area (92%). Therefore, the wetland threshold for the TWI map is 

a value of 0.33, while the wetland threshold for the STI map is a value of 0.49. 

Graph 3 below show the percentage of pixels of both TWI and STI results that correctly detected 

wetland within the wetland boundaries from the wetland map, assumed as ground truth.  

 

Graph 3. Percentage of detected and not detected wetland within the wetland boundaries from the wetland map 

(assumed ground truth) for both indexes TWI and STI. 

The TWI map detects correctly a 67.51% of the wetlands from the wetland map while the STI map 

detects correctly a 70.67% of the wetlands from the wetland map.  

Now, considering hydric soil types as potential wetland area, Graph 4 below shows the percentage of 

pixels of both TWI and STI maps that correctly predict wetland over potential wetland area, both 

inside and outside the wetland map boundaries.  

 

Graph 4. Percentage of detected and not detected wetland within the potential wetland area for both indexes 

TWI and STI. 

67,51% 

32,49% 

TWI 
Correctly detected Not detected

70,67% 

29,33% 

STI 
Correctly detected Not detected

65% 

35% 

TWI 
Correctly detected Not detected

68% 

32% 

STI 
Correctly detected Not detected
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The TWI map detects a 65% of the potential wetlands while the STI map detects a 68% of the 

potential wetlands. 

In order to validate these results, images below (Figure 9-12) show some examples of wetlands 

detected with the STI map within the potential wetland area (hydric soil types), that are not included in 

the wetland map from the property map (Fastighetskartan). The visualizations are displayed over an 

orthophoto (1x1 m). 

 

Figure 9. The image shows some wetland areas that are detected by the STI map within the potential wetland area (hydric 

soil type) but not included in the wetland map from the property map (Fastighetskartan) previously assumed as ground truth.  

 

Figure 10. The image shows some wetland areas that are detected by the STI map within the potential wetland area (hydric 

soil type) but not included in the wetland map from the property map (Fastighetskartan) previously assumed as ground truth.  
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Figure 11. The image shows some wetland areas that are detected by the STI map within the potential wetland area (hydric 

soil type) but not included in the wetland map from the property map (Fastighetskartan) previously assumed as ground truth.  

 

Figure 12. The image shows some wetland areas that are detected by the STI map within the potential wetland area (hydric 

soil type) but not included in the wetland map from the property map (Fastighetskartan) previously assumed as ground truth.  
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Discussion 

On the first part of the project, creation of a hydrologically enforced DEM, a more realistic 

representation of the landscape hydrology and flow through culverts was achieved. The new Hydro-

enforced DEM was found to better represent the drainage network (DNR Waters, 2010). First, it 

matched better with the river map considered as “ground truth”, and allowed the water to flow under 

culverts or to have a more logic representation of the flow across the landscape. This was translated 

into a reduction of the Blue Spots, which may mean that the flow under culverts allowed water not to 

be retained as false Blue Spots. Moreover, as mentioned by ESRI (2011), the process of drainage 

enforcement attempts to remove spurious sinks in the terrain, and the results also showed a great 

reduction of sinks.  

The limitations of the method employed are the large amount of data that is required, i.e. the elevation 

data that must be introduced in the Topo to Raster interpolation method is an extensive point shapefile 

(ESRI, 2012). Long data processing times result in place limitations on the applicability of the method 

to large areas.  Furthermore, in the detection of culverts, the creation of perpendicular lines to 

represent the culverts is easily automated by locating them at the middle point of the probable area of 

location, by using the ArcGIS tool developed by Gabrisch (nd). This location might not be the exact 

position of the culvert as it would be the lowest point in that area (M. Ledwith 2015, pers. comm., 5 

September). Finally, the different resolution which the shapefiles used were created, in comparison 

with the 2x2 m resolution DEM, may show some discordances with the terrain.  

Future recommendations are to find a method to automate the perpendicular lines of the culverts 

locating them in the lower point of the detected probable area. As well, it would be useful to perform 

more iterations of the Topo to Raster interpolation method, according to the level of detail needed, and 

see the variation in the results.  

On the second part of the project, it was evaluated if the conjunctive use of the soil map with the TWI 

could lead to an improved TWI. The topographic wetness index (TWI) and the soil-topographic 

wetness index (STI) were computed. The linkages between specific soil types and both TWI and STI 

values were identified in order to check that the STI represents and improvement of the TWI. Using 

the transmissivity as defining soil property, the STI values showed clear linkages to specific soil types, 

i.e. the higher the soil transmissivity the lower the soil wetness. This seems logical, as soil types with 

high transmissivity like sand are not supposed to retain water and vice versa.  

On the other hand, TWI, an index based solely on topography, did not show linkages to specific soil 

types or soil properties. These results agree with Buchanan et al. (2013) who explained that the STI 

extends the TWI by accounting for spatial variation in soil properties. Being so, the use of the soil-

topographic wetness index, STI, achieves the goal of using the soil map in conjunction with the TWI 

to achieve an improved TWI which accounts for soil properties.  

In a first attempt to produce both indexes, TWI and STI, the bedrock had the highest values of soil 

wetness, exceeding the values of fen peat or gyttja. After analyzing the study area, a large, deep open 

mine was found in the bedrock classed region. This mine was considered an anthropogenic 

topographic depression and was extracted from the results to avoid erroneous values of the linkages 

with the bedrock soil type.   

The limitations of the STI for this study are due to the coarse resolution of the soil depth map 

(10x10m) and the high dependence on inaccurate saturated hydraulic conductivity data (K). A future 
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recommendation would be to perform a thorough research in order to identify an accurate K value for 

the soil types in the study area.  

On the third part of the project, the results from the previous stage were compared with true wetlands 

in the study area and the impact of the soil map on the TWI, namely the STI, was evaluated. 

According to Buchanan et al. (2013), few studies have directly examined the benefits of including soil 

data in the TWI. Additionally, the performance of the improved index, i.e. STI, for the detection of 

wetlands was analyzed. Infascelli et al. (2013) studied the improvement of the prediction of wetland 

distribution by using different topographic indexes other than the common TWI. The TWI, though 

showing no correlation with specific soil types, showed the high significance of topography for the 

detection of hydric soil types, e.g. gyttja and fen peat (Graph 2). Infascelli et al. (2013) already 

explained that sometimes the soil transmissivity can be neglected compared to the variations of slope 

and drainage area.   

In response to the lack of detailed data, the wetland map from the property map (Fastighetskartan) was 

used as ground truth. Fen peat was detected as the main source of wetlands, i.e. 92% of the wetlands 

were located over fen peat; and gyttja, loamy clay and clay-silt were also considered as hydric soil 

types. As mentioned in the results, sandy moraine and sand, though representing a 3% of the soils 

within the wetland map, were not to be considered as hydric soil types because of their high 

transmissivity and the rough resolution from the soil map (10x10 m) which indicates that it might be a 

misclassification. 

Furthermore, due to the dispersion of the TWI and STI values for each soil type, it was not possible to 

choose a wetland threshold value that precisely defined a specific soil type. Being so, the average 

value of the fen peat was chosen to be the wetland threshold. However, using this average value 

supposes a limitation in the accuracy of the output.  

The lack of a real ground truth was a limitation when trying to prove the improvements introduced by 

the STI. This limitation was partially overcome by using the wetland map from the property map, 

“ground truth”, as a first validation. A second validation was performed by detecting the potential 

wetland area having use of the soil types considered as hydric soil types. A third and final validation 

was performed as a visual validation using the orthophoto. 

The STI performed slightly better than the TWI when comparing with the “true” wetlands from the 

wetland map and when comparing with the potential wetland area beyond the wetland map 

boundaries, detecting a 3% more of the wetlands in both cases. The results agree with Buchanan et al. 

(2013) who found that the STI fits the empirical data set better than the TWI in the 99% of the cases in 

their study. Thus, the impact of the soil map on the TWI values, i.e. the performance of STI, was 

positive.  

A final visual validation was carried out, in order to validate the capacity of the STI to detect wetlands 

beyond the boundaries of the wetland map from the property map, and within the potential wetland 

area, namely hydric soil types. The images (Figure 9-12) presented in the results, show some of the 

areas where the STI map could correctly detect more wetlands than those detected by the wetland map. 

Therefore, it was achieved a better performance in wetland detection.  

Nevertheless, the wetland map from the property map has a resolution coarser than the wetlands 

detected by the STI, due to the lack of a minimum mapping unit of the latter. Therefore, smaller 

wetlands detected by STI may not be considered in the wetland map from the property map. As well, 

there exists the possibility of false-positives, i.e. detected wetlands that do not really exist. However, 
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the wetlands detected by the STI may include both permanent and seasonal wetlands. Being so, it is 

possible for a visually non-existent wetland detected by the STI to be either a seasonal wetland or a 

false-positive. For that reason, field verification should be carried out to ensure accuracy and avoid the 

under-detection of seasonal wetlands (The Wildlife Society, 2015)    

Other limitations of the wetland detection were the difference in resolution with which the soil map 

was produced and the lack of a real ground truth. The soil map, because of its coarse resolution 

(presentation scale 1:25,000 and estimated position error of 25m), contained misclassifications and in 

some places was clearly distorted (see Appendix 4: Figure 19 and 20) in comparison with the wetland 

map, assumed as ground truth. Being so, it was edited in order to match it with the wetland map area 

as it highly affected the results of the STI. The misclassifications were evident when analyzing the 

resulting hydric soil types (Table 4) as mentioned before.  

Thus, as final future recommendation, the acquisition of a high resolution soil map would improve the 

performance of the STI. As well, an exhaustive visual and/or field validation of the results achieved by 

the STI for wetland detection, including the search for either seasonal wetlands or false-positives, 

could result in the creation of new and detailed ground truth data.  
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Conclusions 

The Hydro-DEM methodology was found to better represent the drainage network than the original 

DEM. It proved to be a good method which adjusts the elevation model so that the results of 

hydrological modeling account for flow through culverts. However, it can just be applied to small 

areas due to the huge amount of data to be processed.  

The soil-topographic wetness index (STI) extended the topographic wetness index (TWI) by including 

the transmissivity as a defining soil property. The STI showed clear linkages between its values and 

specific soil types, so that the higher the average transmissivity of the soil type, the lower the soil 

wetness value. On the other hand, the TWI values showed no linkages to specific soil types being an 

only topography-based index.  

Finally, the STI method, apart from taking into account soil properties, performed slightly better than 

the TWI for the detection of wetlands. The STI proved to perform better both inside the wetland map 

boundaries (assumed “ground truth”) and within the potential wetland area (considered as the area 

covered by hydric soil types). Being so, the impact of the soil map on the topographic wetness index is 

positive. However, the results are affected by the lack of a real ground truth and the difference in 

resolution and low accuracy of part of the data, e.g. the coarse resolution of the soil map and the lack 

of accuracy of the hydraulic conductivity values assigned to each soil type. 
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APPENDIX 1- Another example of the Hydro-DEM 

Figure 13 below shows another example where the Hydro-DEM considers digital dams.  

 

Figure 13. To the left, raw DEM in an area where a road culvert is detected. To the right, hydro-enforced DEM 

(Hydro-DEM), in an area where a road culvert is detected.  
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APPENDIX 2- Differences in flow accumulation pattern when using Hydro-DEM 

Figure 14 below shows one situation where the flow accumulation pattern representation seems more 

logic when using the Hydro-DEM; and Figure 15 shows one situation where the flow accumulation is 

more concentrated by using the Hydro-DEM.  

 

Figure 14. A) River layer from the property map assumed as “ground truth); B) Drainage network 

from the raw DEM; C) Drainage network derived from the Hydro-DEM. 

a) 

b)

) 

 a) 

c)

) 

 a) 
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Figure 15. A) River layer from the property map assumed as “ground truth”; B) Drainage network 

from the raw DEM; C) Drainage network derived from the Hydro-DEM. 

a) 

b) c) 
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APPENDIX 3 - Blue Spot map of the raw DEM, the Hydro-DEM and a comparison of both  

 

Figure 16. Blue Spots map from the raw DEM over the study area 
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Figure 17. Blue Spots map from the Hydro-DEM over the study area 
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Figure 18. Comparison of Blue Spots maps. (In blue: blue spots detected by both the raw DEM and the Hydro-DEM; in red: blue spots detected by the raw DEM that 

disappear when using the Hydro-DEM). 
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APPENDIX 4- Distortion of the soil map in comparison with the wetland map 

Figure 19 A) and Figure 20 A) show the distortion of the soil map in comparison with the wetland 

map caused by the difference in resolution.  Figure 19 B) and Figure 20 B), shows the same area after 

it was edited in order to match the soil map with the wetland map area (assumed as ground truth). 

   

 

Figure 19. A) Shows the distortion between the wetland map and the soil map. B) Shows the fixed soil map after 

editing in order to match it to the wetland map, assumed as ground truth.  

A) 

B) 



36 
 

 

 

Figure 20. A) Shows the distortion between the wetland map and the soil map. B) Shows the fixed soil map after 

editing in order to match it to the wetland map, assumed as ground truth. 

A) 

B) 
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APPENDIX 5- Fixed Soil map 

 

Figure 21. Fixed soil map after editing in order to match it to the wetland map, assumed as ground truth
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APPENDIX 6- Average transmissivity values of each soil type. Average STI and TWI 

values of each soil type 

 

Table 5. Average transmissivity values (m2/day) for each type of soil 

Soil Type 
Average Transmissivity 

(m
2
/day) 

Loamy moraine 4.6 x10-5 

Coarse clay moraine 6.5 x 10-5 

Clay 0.0002 

Bedrock (Granite) 0.00041 

Gyttja 0.00041 

Fen peat 0.00049 

Coarse clay 0.0005 

Fine clay 0.00051 

Loamy clay 0.00131 

Clay-silt 0.00135 

Silt 0.00329 

Sandy moraine 0.00353 

Filling 0.09299 

Coarse silt- fine sand 2.43174 

Fine sand 4.01933 

Sand 31.9126 

 

Table 6. Average TWI and STI values for each type of soil 

Soil Type Average TWI values  Average STI values 

Loamy moraine 0.465 0.465 

Coarse clay moraine 0.466 0.466 

Clay 0.414 0.414 

Bedrock (Granite) 0.435 0.435 

Gyttja 0.341 0.510 

Fen peat 0.330 0.499 

Coarse clay 0.194 0.394 

Fine clay 0.191 0.390 

Loamy clay 0.209 0.378 

Clay-silt 0.233 0.397 

Silt 0.182 0.333 

Sandy moraine 0.172 0.330 

Filling 0.221 0.273 

Coarse silt- fine sand 0.158 0.134 

Fine sand 0.225 0.172 

Sand 0.187 0.089 
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APPENDIX 7- TWI map 

 

 

Figure 22. Normalized topographic wetness index (TWI) map over the study area

 



40 
 

APPENDIX 8- STI map 

 

 

Figure 23. Normalized soil-topographic wetness index (STI) map over the study area
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APPENDIX 9- Wetland map from the Property map (Fastighetskartan) 

 

 

Figure 24. Wetlands from the property map (Fastighetskartan) assumed as “ground truth”
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APPENDIX 10- Wetlands detected by using TWI or STI inside the wetland map boundaries 

 

Figure 25. Wetlands detected by TWI inside the boundaries of the wetland map (from Property map) assumed ground truth. 
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Figure 26. Wetlands detected by STI inside the boundaries of the wetland map (from Property map) assumed ground truth. 
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APPENDIX 11- Potential Wetland map 

 

Figure 27. Potential wetland area map seen as the area covered by the considered hydric soil types. 
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APPENDIX 12- Wetlands detected by using TWI or STI within the potential wetland area 

 

Figure 28. Wetland detected by TWI over the potential wetland area. In blue: potential wetland area detected as wetland by TWI; in red: potential wetland area not detected 

as wetland by TWI. 
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Figure 29. Wetland detected by STI over the potential wetland area. In blue: potential wetland area detected as wetland by STI; in red: potential wetland area not detected as 

wetland by STI. 
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APPENDIX 13- Blue Spots model  

Blue Spot Model used for the detection of blue spots. A second phase, not shown below, includes calculating the volume of the blue spots and ignoring those with less than 

10m3.
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APPENDIX 14- Topo to Raster method- Creation of the Hydro-DEM  

Model of the creation of the Hydro-DEM by using the Topo-to-raster method. 

 

APPENDIX 15- Flow accumulation model used for the Hydro-DEM 

Flow Accumulation  model used for visualizing the results of the hydrologically enforced DEM 
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APPENDIX 16- TWI and STI model 

Topographic wetness index and Soil-topographic wetness index model.  

 

 

 


	Avancerad nivå engelsk mall
	tomsida
	Mall_förord_xjobb_eng_150101
	tomsida
	DocumentFinal

