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Abstract 
Finding an optimal route for a new highway alignment is a task which requires a lot of resources. 
In the planning phase, choosing the location of a new highway alignment is very important as it 
will heavily affect the total construction cost. However, the perfect location of a new highway 
alignment is ambiguous depending on many parameters. The objective of this study is to explore 
the use of Geographical Information Systems when designing candidate locations, in the planning 
phase of the construction, of new highway alignments. This will be executed by finding least-cost 
corridors in a raster space known as a cost map based on stated criteria. The least-cost corridors 
are calculated using a Least-Cost Corridor algorithm (Shirabe, 2015) and will represent an area of 
the optimal location. 

The study is based on calculations performed in an area containing parts of the E4-highway in 
Jönköping, Sweden. The study area is approximately 50,000 hectares, containing features such as 
water bodies, urban areas, fields, forests, hills and more. Lantmäteriet provides the datasets 
available at the Swedish University of Agricultural Sciences. All feature layers are converted to 
raster in ArcMap, which allows the use of ArcGIS Spatial Analyst tools and to assign values to 
different fields in a layer. Due to limitations of the algorithm, the study area is divided into two 
sections and the raster layers are aggregated from a cell size of 2 meters to a cell size of 20 meters. 

By assigning scoring to the different feature layers, and allocation of criterion weights between 
the layers, cost criteria maps will be calculated. Three cost maps are calculated with three 
different allocations using Analytical Hierarchy Process (AHP). Finally, to generate the optimal 
candidate highway alignments using the algorithm, the corridor width is set to 400 meters which 
is 20 pixels in the raster space. 

In conclusion, what we found is that GIS works well as a tool for the purpose of designing 
candidate locations of alternative routes of existing highways. However, the results are suggestive 
which means that the computer cannot be left alone to choose a final alignment. Instead, it 
facilitates the work and perfects a problem based on human conceptualizations of the real world. 
The limitations of GIS for this purpose is mainly the cost assessment and allocation of weights 
between criteria. It is difficult to establish the significance of one layer to another since all criteria 
do not have an actual cost. It is important to note that any weights will be subjective, further 
reinforcing GIS as a means for getting suggestive results for highway alignment problems. 



 

 

Sammanfattning 
Att hitta en optimal linjeföring för en motorväg är en resurskrävande uppgift. Det är också den i 
särklass viktigaste uppgiften vid vägbyggnation eftersom det kraftigt påverkar kostnaden för hela 
projektet. Däremot finns det ofta inte ett självklart svar på vilken sträckning som kommer 
medföra lägst kostnad, miljöbelastning, etc. Syftet med denna studie är att utforska användningen 
av Geografiskt Informationssystem, i planeringsstadiet av en vägkonstruktion, för framtagning av 
alternativa linjeföringar för existerande motorvägar. Detta kommer att genomföras genom att ta 
fram korridorer med lägst kostnad i framtagna kostnadskartor i rasterformat som beräknats 
baserat på nämnda kriterier. Korridorerna beräknas med hjälp av en “Least-cost Corridor”-
algoritm (Shirabe, 2015) som kommer representera området där de optimala linjeföringarna för 
motorvägen finns. 

Studien utförs i ett område som innehåller delar av E4 genom Huskvarna och Jönköping. Området 
har en area på ungefär 50 000 hektar och innehåller bland annat sjöar, tätbebyggelse, åkrar, skog 
och berg. All geografiska data är insamlat av Lantmäteriet och finns tillgängligt på Sveriges 
Lantbruksuniversitet. Genom att konvertera all data till rasterformat i ArcMap kan verktyget “ArcGIS Spatial Analyst” användas för att tilldela kostnadsvärden till de olika lagren som 
representerar olika geografiska och topografiska förhållanden. Detta är nödvändigt för att kunna 
generera kostnadskartorna som lägger grunden till de genererade korridorerna. På grund av 
begränsningen av algoritmen som beräknar korridorerna så delas området in i två delar, samt en 
reducerad upplösning i raster-lagren från en ursprunglig cellstorlek av 2 meter till en reducerad 
cellstorlek av 20 meter. 

Tre olika kostnadskartor kommer att beräknas genom olika viktfördelningar. Vikt-konstanterna 
tas fram genom metoden Analytical Hierarchy Process (AHP), vilket är ett verktyg för att 
analytiskt ta fram en tillförlitlig viktfördelning. Slutligen, vid generering av korridorerna så väljs 
en bredd på 400 meter, vilket motsvarar 20 pixlar i raster-lagret. 

Sammanfattningsvis kom vi fram till att Geografiska Informationssystem kan användas för 
framtagning av alternativa linjesträckningar för existerande motorvägar i planeringsstadiet. 
Tyvärr är de resultat som togs fram tvetydiga och trots att alla korridorer är pålitligt framtagna 
så kan inte GIS lämnas själv till att dra en slutsats om vilken av de sex korridorerna som lämpas 
bäst. Resultaten fungerar därför som underlag i beslut, snarare än slutliga linjeföringar, och 
fungerar bra som verktyg i framtagning av de potentiella lämpligaste rutterna. Den största 
begräsningen med GIS är kostnads- och viktfördelningen mellan lagren, då det är komplicerat att 
bestämma ett mått på lagers signifikans mot ett annat eftersom alla attribut inte kan mätas med 
en kostnad. Det är därför viktigt att nämna att de viktfördelningar som görs är subjektiva, vilket 
är en nackdel i problemet för att hitta en alternativ linjeföring.   
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1 Introduction 
There are multiple criteria to evaluate when planning for the most suitable route, many of which 
have been developed historically due to our increasing relationship to motor vehicles. In the 
planning phase, choosing the location of a new highway alignment is very important as it will 
heavily affect the total construction cost. However, the perfect location of a new highway 
alignment is ambiguous depending on many parameters.  

The perfect route between two locations is ambiguous depending on resources, application, 
limitations etc. Geographic information system is a helpful tool which can provide complex 
calculations such as the most optimal route, based on human oriented evaluations and weighting 
of different characteristics such as topography, hydrology, land use etc. 

Roads have been constructed since long before the era of computer science and geographical 
information systems, but in order to optimize a route and store information regarding the road 
networks, a GIS system is very efficient and the information is accessible. 

1.1 Background 

Historically, roads are said to have been created by humans and animals following natural paths 
between two different locations. This path has then been the central route of transportation 
between the two locations. In its simplicity, a road is an improvement of the ground in order to 
allow easier travel by walking, riding a horse or other forms of transportation. 

In modern times both roads and the vehicles traveling on them have changed because of 
technological advancements and our increasing relationship with transportation. In modern road 
construction, the term road geometry describes the shape of the road on the surface of the earth. 
For example, this entails the width and the number of lanes of the road. Three important aspects 
in the planning phase of the road geometry are slopes, turn angles and the geological conditions 
of the area. All these mentioned aspects of road construction are determined from what needs are 
to be fulfilled by the road. The needs are determined from a prognosis of future traffic levels 
(Agardh & Parhamifar, 2014). 

As mentioned, our increasing relationship to transportation is what drives modern vehicles to 
become faster and safer, hence heavier as well as larger to carry greater amount of goods. This 
leads to an increase of pollution and noise.  

The geometric design of a road can be broken down into three main parts: cross section, alignment 
and profile. The cross section of a road contains the information about the number of lanes and 
the width of the road. The alignment of the road shows how the road is vertically placed in the 
terrain. Finally, the profile illustrates how the road is vertically placed in the terrain. 
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1.2 Objectives 

The research objective is to find how GIS can be used for the purpose of designing candidate 
locations of alternative routes of existing highways using a Least-cost Corridor, while considering 
the main aspects affecting road construction costs. 

2 Study Area and Data Collection 
The study area of this project is located around the cities of Jönköping and Huskvarna. The E4 
highway runs through the area, in the southern area through Jönköping and Huskvarna, then 
north of Huskvarna along the shore of lake Vättern for 14 kilometers. The highway was constructed in the 1960’s when values and priorities were different, and the very convenient and 
cost-effective (when it comes to investment cost) solution decided upon then is still in use.  

In recent times the highways location has come under scrutiny after several problems with its 
location has presented themselves. Some of the problems with the highway’s location are: high 
noise and pollution levels in close proximity to residential areas and cutting of access to the 
attractive waterfront in Huskvarna (SVT, 2017). The high noise levels have in recent times 
resulted in several measures aimed at reducing the problem. In 2010 the road surface was 
replaced with a very expensive and experimental noise reducing asphalt solution. The surface has 
a short lifespan and needs to be replaced regularly causing large traffic complications (Jacobson 
& Viman, 2015). For these above reasons the study area gives an interesting example for road 
alignment planning. 

Lantmäteriet provides geographic and geological information through a geodata extraction 
service provided by SLU, Swedish University of Agricultural Sciences (Swedish University of 
Agricultural Sciences, 2019). 

2.1 Elevation Map 

The elevation data will be used to calculate slope of the study area. Road construction costs is 
highly dependent on the height differences, slopes, of the terrain. Transportation of land mass 
between different sections of the road usually accounts for over half of the construction cost for a 
new road (Björk, et al., 2016).  The elevation raster map will be used to calculate slopes from the 
height differences in the terrain. It is provided free of charge by Lantmäteriet, with a spatial 
resolution of two meters, presented in Figure 1. 
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Figure 1. Elevation map of the study area with 2-meter spatial resolution obtained from Swedish 
University of Agricultural Sciences. 

2.2 Land Cover Map 

The land cover is provided in vector form by Lantmäteriet. Originally, the data contained 5844 
vector shapes with 11 unique attribute values representing each land cover. Translated from the 
original land cover aliases, the land cover is presented in Table 1. 

Table 1. Attributes of the land cover map vector shape. 

Feature ID Land Cover Alias Land Cover Polygon Count 

0 BEBSLUT Closed Buildings 7 
1 BEBHÖG Tall Buildings 37 
2 BEBLÅG Low Buildings 90 
3 ÖPTORG Town Squares 4 
4 BEBIND Industrial Area 39 
5 SKOGBARR Coniferous Forest 1054 
6 SKOGLÖV Deciduous Forest 640 
7 ÖPMARK Open Fields 2409 
8 ODLÅKER Farmland 1296 
9 ODLFRUKT Fruit Farmland 19 
10 VATTEN Water 249 
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In order to calculate cost maps, assign scoring to different elements in the map and get 
information on how big the land covers’ coverage are, the vector features may be converted to a 
raster map. By converting the vector model to raster data using ArcGIS Conversion tool Feature 
to Raster, a raster layer of the area is created. The resolution of the raster is established in the 
conversion and is assigned the maximum resolution of all input layers of the study. The snap raster 
is ideally set to the origin layer, from which all raster layers is derived, to ensure cell alignment. 
By applying this to all vector layers converted to raster, all future raster layers may be calculated 
with no coincident layers. Figure 2 presents the land cover map with translated land covers. 

 

Figure 2. Land Cover map converted to raster layer with a 2-meter resolution.  
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2.3 Existing Infrastructure 

The dataset of existing buildings is provided in vector form by Lantmäteriet. Originally, the data 
contained 42317 vector shapes. Parts of the map presented in Figure 3 show the presence of 
buildings in the study area.  

 

Figure 3. Existing buildings obtained from Swedish University of Agricultural Sciences. 

The layer containing existing buildings will be used to calculate the distance to the closest 
building. 
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3 Methodology 

3.1 Dividing the Study Area and Data Size Limitations 

For a highway construction project, the study area is large, and the data needed to conduct a GIS 
analysis becomes accordingly large. Large data size quickly becomes a problem when dealing with 
certain GIS methods. For example, the computation of a cost distance map becomes impractical 
using a normal computer when the raster data exceeds approximately 600 by 700 pixels. Since 
the study area of this thesis covers an area approximately 50,000 hectares creating a cost distance 
map for the whole study area becomes impossible when using a pixel resolution of a reasonable 
scale. 

To get around these limitations the study area is divided into two sections. Since the objective of 
the study is to find candidate locations of the E4 highway there arise some obvious assumptions 
that can be made to simplify the problem. First, the candidate alignments going from the source 
point to the destination point will all be located east of Huskvarna. Secondly, all candidate 
alignments must pass the line shown in Figure 4. The project can thus be simplified by selecting 
points located east of Huskvarna that are placed on the line in Figure 4. These points then have 
their least cost path to the source and destination points computed respectively. When combined, 
this creates a candidate alignment for a path from the source point to the destination point passing 
through the candidate points. For this study the two candidate points located on this line were 
selected arbitrarily. 

 
Figure 4. The two new study areas with two candidate check-points, source point and 

destination point. 
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3.1.1 Reduced Resolution by Aggregation 

Another method of dealing with data size limitations is to reduce the resolution of the raster data. 
The problem with this method is that the loss in resolution means a loss in quality of the analysis. 
Particularly, if the goal of an analysis is to find a corridor path of a certain width it is crucial that 
the raster spatial resolution is significantly smaller than the width of the corridor. Take the 
example where the spatial resolution of the raster and the width of the corridor path are the same, 
in this case the corridor path is really no corridor at all. Instead it is a least cost path (which by 
definition has a one-pixel width). The main problem with this case is that paths in raster data 
suffer from large distortions, and when considering a least cost path, the distortions leads to 
completely inaccurate cost calculations. Consider the case of a path, shown in Figure 6. The 
calculated cost of this path only considers the cost of the particular pixels included in the path. 
However, in real life, such a path is impossible, and the real extent of the path includes area, and 
accordingly cost, much greater than what is considered. The case of a corridor with one-pixel 
width is the most extreme case, and as resolution increases, distortions decrease. This method 
was used to reduce the size of the resulting cost maps calculated in Section 3.3 Cost Map. In Figure 
5, the difference between a 2-meter resolution raster and a reduced 20-meter resolution raster is 
established in a part of the cost map. 

 
Figure 5. Reduced resolution from a 2-meter resolution (left) to a 20-meter resolution raster 

layer (right) using ArcGIS Spatial Analyst tool Aggregate.  

3.1.2 Mask 

One final way of dealing with large datasets is to apply a mask that includes only the areas that 
could reasonably be expected to contain a candidate corridor alignment. Considering that most of 
the water in the study area was classified as NoData (see Section 3.2 Cost Criteria Map 

Preparations), and thus cannot be included in a candidate corridor alignment, several large areas 
could be excluded from the study since they were cut off from the area by a body of water or a 
river. Furthermore, some areas were excluded because an assessment was made that it was very 
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unlikely that the Least-Cost corridor would pass through those areas. The masks suffer from 
eventual human error, since it can be difficult for a human to make these assessments accurately. 
The masks applied to the two study areas in presented in Figure 7. 

 

 

Figure 6. One-pixel width distortion. The dark red pixels symbolize the path as it is interpreted 
by any software dealing with raster data. The softer red shows the more realistic extent of the 

path. 

 

Figure 7. Masks applied to the north and south study areas. 
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3.2 Cost Criteria Map Preparations 

Generation of cost criteria maps is an important task when generating a suitability map. Several 
cost criteria maps are generated based on data collected by remote sensing through different 
databases. The cost maps are based on economic, social and ecological values from a road planning 
perspective. Hence, the area with the lowest dispersal cost will be the most suitable.  

The practical use of the corridor alignment depends on the accuracy of the cost map used to 
compute the alignment. The accuracy of the cost map is in turn dependent on the criteria used to 
create it, and the allocation of criterion weights of the cost map. Choosing the criteria is straight 
forward in the sense that the criteria are the same whether GIS is used for the problem or not. The 
weights used to create the cost map, however, are not straight forward to determine, for more on 
that problem see Section 3.3.1 Allocation of Criteria Weights. The final cost map will be derived 
through evaluations of the dispersal costs established by the following criteria: 

• Water bodies will not be crossed, with the exception of the river Huskvarnaån, and it is 
considered high cost to go closer than 100 meters from all water bodies. 

• The ideal slope is lower than 3 %, above 10 % is considered very high cost. 

• Proximity to buildings, where it is considered higher cost the closer the alignment is to 
existing buildings, 150 meters and above is preferred. 

• Land cover, where the preferred land cover is ranked in descending order: fields, forest, 
industrial areas, low density development, high density development and water. 

There are many more criteria that could be used, for example, geological conditions and property 
maps. For simplicity only the four listed above will be used. Because the different criteria use 
different scales it is necessary that their costs are standardized so that they later can be combined 
(see Section 3.3 Cost Map). Typically, this is achieved by using the minimum and maximum values 
as scaling points. For this study a simple linear scaling method was used to standardize the 
criteria, see the Equation 1 below (Eastman, Kyem, & Toledano, 1993). 

 i min
i

max min

R R
x m

R R

−= 
−

  (1) 

Where ix  is the standardized cost of criteria i , iR  is the raw cost of criteria i , and m  is a scale 

factor. The scale factor is usually required to make analysis in GIS software possible. 

3.2.1 Slopes 

In order to use the ArcGIS Spatial Analyst tool, the elevation map must be a raster layer. A raster 
consists of a matrix of cells organized into rows and columns, or a grid, where each cell contains a 
value representing information (ESRI, 2019). In this dataset, each cell represents the elevation 
above sea level in meters for the corresponding cells, which each have the dimension of two by 
two meters. For each cell, the Slope tool calculates the maximum rate of change in value from that 
cell to its neighbors (ESRI, 2019). Basically, the maximum change in elevation over the distance 
between the cell and its eight neighbors identifies the steepest downhill descent from the cell. The 
slope raster layer is calculated using the elevation map, presented in Figure 1, as an input raster 
layer and the output slope raster layer is presented in Figure 8. 
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Figure 8. Slope map of the study area calculated from the elevation map using ArcGIS Spatial 
Analyst tool Slope. 

 

By experience, future calculations are executed much more effectively, and the amount of storage 
needed is heavily decreased since the file size is lowered if the raster layer contains fewer unique 
values. Due to the poor storage allocated to our accounts on the KTH servers, this process is 
necessary in the study. By using ArcGIS Spatial Analyst tool Reclassify, the amount of unique 
values of the original slope raster layer is decreased to 6 unique values in the reclassified slope 
raster map presented in Figure 9. The raster layer is assigned scoring using the method Analytical 
Hierarchy Process (see Section 3.3.1 Allocation of Criteria Weights) and is presented in Table 
2. 

 
Table 2. Scoring of slopes. 

Slope Scoring Standardized Cost 

0 – 2 % 0 0 
2 – 3 % 3 0.12 
3 – 5 % 5 0.20 
5 – 6 % 7 0.28 

6 – 10 % 10 0.40 
> 10 % 25 1 
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Figure 9. Slope raster layer with standardized scoring. 

 

3.2.2 Land Cover Map 

In a sense of planning for a new road alignment, some land types may be merged due to their 
similarities in area of use, potential construction cost per unit length and limitations. In this case, 
the only input raster layer is the elevation map, which has a cell size of 2 meters. Hence, the land 
cover raster layer is assigned a cell size of 2 meters. Snap raster is also set to the elevation raster 
layer to ensure cell alignment. When the layer is converted to a raster map one can then merge 
the different attributes using ArcGIS Spatial Analyst tool Reclassify. Each land cover type is 
assigned a unique Feature ID which can be used to merge the desired land cover types. Table 3 
show the Feature ID, area in hectares, land cover type and coverage of the original land cover map, 
Table 4 show the same attributes for the six new layers. Figure 10 show which layers were merged 
in the reclassification of the raster layer. 
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Table 3. Attributes of the original land cover raster layer. 

Feature ID Area (hectares) Land Cover Type Cover 

1 6208.0 Farmland 12.7% 
2 5135.4 Fields 10.5% 
3 2990.6 Deciduous Forest  6.1% 
4 18544.4 Coniferous Forest  37.9% 
5 13779.6 Water 28.2% 
6 1314.6 Low Buildings  2.7% 
7 573.7 Industrial Area  1.2% 
8 250.0 Tall Buildings  0.5% 
9 67.1 Closed Buildings  0.1% 
10 2.4 Town Squares  0.0% 
11 67.2 Fruit Farmland  0.1% 

 

 

Figure 10. Reclassification process of the land cover raster layer. 

 

Table 4. Attributes of the reclassified land cover raster layer. 

Feature ID Area (hectares) Land Cover Type Cover 

1 11410.6 Fields 23.3% 
2 21534.9 Forest 44.0% 
3 13779.6 Water 28.2% 
4 1314.6 Low Density Development 2.7% 
5 319.5 High Density Development 0.7% 
6 573.7 Industrial 1.2% 
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The reclassified land cover map contains six unique layers, presented in Figure 11; fields, forest, 
water, low-density development, industrial and high-density development. The water layer is 
extracted into a separate raster layer, which is described in Section 3.2.3 Water. 

 

Figure 11. Reclassified land cover raster layer with extracted water. 

 

From the land cover raster layer, new raster layers were created for each unique land cover type 
in order to have more manageable data in future weighting and scoring inside the land cover layer. 
Each cell in the raster layer is assigned the value 1 for all cells containing the corresponding land 
type, and every other cell is assigned the value 0. The raster layers are assigned scoring using the 
method Analytical Hierarchy Process (see Section 3.3.1 Allocation of Criterion Weights) and 
then its standardized cost which ranges from 0 to 1. 

 
Table 5. Scoring of different land covers. 

Land Cover Standardized Cost 

Fields 0 
Forest 0.034 

LDD 0.427 
HDD 1 

Industrial 0.239 
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3.2.3 Water 

The water features in the area are extracted from the land cover map, presented in Figure 12. The 
shore protection is regarded by adding a buffer zone the size of 100 meters. This is done with the 
ArcGIS tool Buffer. Since the river, presented by a dark blue 

 

Figure 12. Water raster layer. 

The raster layer is assigned scoring using the method Analytical Hierarchy Process (see Section 
3.3.1 Allocation of Criteria Weights) and is presented in Table 6 with the standardized cost 
which ranges from 0 to 1. 

 
Table 6. Scoring of water bodies. 

Water type Standardized Cost 

Water Bodies Not Allowed 
Shore Protection 0.3 

River 1 

 
  



15 

 

3.2.4 Proximity to Buildings 

Boverket established a table and a chart which estimate the level of noise depending on different 
traffic environments (Boverket, 2016). The chart considers daily traffic count, speed limit, road 
surface and distance to the road center. According to Trafikverket’s traffic census map 
(Trafikverket, 2019), the annual average daily traffic, AADT, of the E4-highway in point number 
7410127 between Huskvarna and Jönköping is 21,730 between the year 2011 and 2015. Reading 
the table and chart from Boverket, given an AADT of 20,000, speed limit of 100 km/h and a hard 
road surface, the level of noise reaches 60 – 75 dBA depending on the distance to the road center. 
However, the AADT is most likely not going to remain at the extreme levels of the considered 
point, an AADT of approximately 10,000 as we see at periphery points is more reasonable. At 150 
meters from the road center, the noise level should then drop to approximately 60 dBA which is 
considered a benchmark value (Naturvårdsverket, 2019) and should be low enough for the 
alignment we seek. 

Using the existing buildings vector layer, a raster layer with a resolution of two meters was 
calculated using ArcGIS Spatial Analyst tool Euclidean Distance, which calculates the closest 
distance to a specified feature (ESRI, 2019). Using a maximal distance of 150 meters, all cells 
located more than 150 meters from the nearest building is assigned the value NoData, the result 
is presented in Figure 13.  

 

Figure 13. Proximity to buildings calculated from the buildings vector layer using ArcGIS Spatial 
Analyst tool Euclidean Distance.  
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By using ArcGIS Spatial Analyst tool Reclassify, the interval was assigned scoring depending on 
the distance to the closest building accordingly, presented in Table 7, where a higher score intends 
a higher cost.  

Table 7. Scoring of proximity to buildings. 

Distance to Building Scoring Standardized Cost 

0 – 50 m 3 1 
50 – 100 m 2 0.67 

100 – 150 m 1 0.33 
> 150 m 0 0 

 

The linear interval scoring is converted to a discrete scoring, presented in Figure 14, which will 
potentially prevent the corridor from passing very close to, or straight over, existing buildings. 
The greatest difference between the two is, as previously mentioned in Section 3.2.1 Slopes, the 
decreased file size and computation time. 

 
Figure 14. Reclassified proximity to buildings from the above layer with assigned scoring. 

 

3.3 Cost Map 

The calculation of the cost map was made through the criteria, established in Section 3.2 Cost 

Criteria Map Preparations, using ArcGIS Spatial Analyst tool Raster Calculator. As the spatial 
resolution was kept at the maximum cell size of the input layers through the execution of the 
raster calculation, the spatial resolution of the final cost map is two meters.  



17 

 

3.3.1 Allocation of Criteria Weights 

To reflect the relative importance of the different data layers, each layer is allocated a weight. It 
follows that 

  1i

i

w =  

where iw  is the weight of data layer i . Since the individual criteria data layers are standardized 

(see Section 3.2 Cost Criteria Map Preparations) the allocated weights have a large effect on the 
importance of each criteria when creating the cost map (Heywood, Cornelius, & Carver, 2002). 

There will be three different weighting scenarios detailed in their respective subsections below: 

• high regard to water, 

• high regard to land cover, and 

• high regard to slope. 

One method of allocating criteria weights is to use the Analytical Hierarchy Process (AHP). Using 
AHP, weights agreeing with the above criteria, can be derived by taking the principal eigenvector 
of a square reciprocal matrix of pairwise comparisons between the criteria (Eastman, Kyem, & 
Toledano, 1993). 

The pairwise comparisons between the different criteria works by comparing two criteria and 
giving them a relative score towards each other. These ratings are done on a nine-point 
continuous scale, see Table 8. Take the example of the first weighting produced in this study. The 
first pairwise comparison done for this weighting was between the water criteria and the Land 
cover map criteria. Water was in this comparison regarded between strong importance and very 

strong importance and thus given a score of 6, see Table 8. Conversely, it then follows that the Land 
cover map criteria compared to the water criteria is given the score of 1/6. These scores are then 
entered in a matrix, see Table 10 for this example. It is worth noting that the matrix is symmetrical, 

and only the lower triangular part of the matrix needs to be filled in, since the remaining cells are 
the reciprocals of the lower triangular cells (Eastman, Kyem, & Toledano, 1993). 

Table 8. Nine-points scale for pairwise scoring between criteria in AHP.  

1/9 1/7 1/5 1/3 1 3 5 7 9 

extremely very strongly moderately equally moderately strongly very extremely 

less important more important 

 
Using this method, three different allocations of criteria weights were established. In all three 
cases, the same raster layers were used in the comparison. The layers created from the criteria 
outlined in Section 3.2 Cost Criteria Map Preparations are water, land cover map, slope and 
proximity to buildings. Tables showing the process of creating the three different weighting 
scenarios are shown in the subsections below. In Table 10, 13 and 16 “LCM” and “PtB” are 
abbreviations for land cover map and proximity to buildings. 
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3.3.1.1 High Regard to Water 

Table 9. Pairwise comparison of criteria, with highest regard to water. 

Importance Equal Scale 
  

1 2 3 4 5 6 7 8 9 

Water Land Cover Map      x    

Water Slope     x     

Water Prox. to Buildings       x   

Land Cover Map Slope   x       

Land Cover Map Prox. to Buildings  x        

Slope Prox. to Buildings  x        

 

Table 10. Decision matrix with high regard to water.  

 Water LCM Slope PtB 

Water 1 6 5 7 

LCM 1/6 1 3 2 

Slope 1/5 1/3 1 2 

PtB 1/7 1/2 1/2 1 

Table 11. Weights with high regard to water. 

Criteria Weight 

Water 64.8% 

Land Cover Map 17.6% 

Slope 10.4% 

Proximity to Buildings 7.2% 

 

3.3.1.2 High Regard to Land Cover 

Table 12. Pairwise comparison of criteria, with high regard to land cover. 

Importance Equal Scale 
  

1 2 3 4 5 6 7 8 9 

Water Land Cover Map   x       

Water Slope       x   

Water Prox. to Buildings   x       

Land Cover Map Slope     x     

Land Cover Map Prox. to Buildings x         

Slope Prox. to Buildings     x     
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Table 13. Decision matrix with high regard to land cover. 

 Water LCM Slope PtB 

Water 1 3 7 3 

LCM 1/3 1 5 1 

Slope 1/7 1/5 1 1/5 

PtB 1/3 1 5 1 

 
Table 14. Weights with high regard to land cover. 

Criteria Weight 

Water 52.8% 

Land Cover Map 21.0% 

Slope 5.2% 

Proximity to Buildings 21.0% 

3.3.1.3 High Regard to Slope 

Table 15. Pairwise comparison of criteria, with high regard to slope. 

Importance Equal Scale 
  

1 2 3 4 5 6 7 8 9 

Water Land Cover Map       x   

Water Slope   x       

Water Prox. to Buildings       x   

Land Cover Map Slope     x     

Land Cover Map Prox. to Buildings x         

Slope Prox. to Buildings     x     

 
Table 16. Decision matrix with high regard to slope. 

 Water LCM Slope PtB 

Water 1 7 3 7 

LCM 1/7 1 1/5 1 

Slope 1/3 5 1 5 

PtB 1/7 1 1/5 1 

 
Table 17. Weights with high regard to slope. 

Criteria Weight 

Water 58.3% 

Land Cover Map 6.7% 

Slope 28.2% 

Proximity to Buildings 6.7% 
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3.3.2 Cost Map Creation 

Since there are no conclusive answers as to where a new highway 
alignment would be ideally situated, generating a series of cost 
maps with different allocations of criteria weights will 
potentially provide more reliable results if corridors between the 
different cost maps intersect. As well as different alignment 
options, based on other priorities or criteria that are not 
established in this study.  

Due to the limitation of ArcGIS Spatial Analyst tool Raster 
Calculator only accepting integer values, the standardized 
weighting is multiplied with 1000, giving the opportunity to have 
1001 unique values in the cost map, which would be similar to a 
value field with the precision of three decimals if the weighting 
were to range from 0 to 1. 

The mathematical formulation of a cost map is as follows 

 i i
C w x=   (2) 

Where C  is the cost map, iw  is the weight of criteria i , and ix  is the standardized cost map of 

criteria i . Note that to perform the cost map calculation in practice it is often necessary to use a scaling factor because many GIS software’s can only handle integers. Since the scaling factor m  

was used when standardizing the cost maps ( ix ) the same has to be done with the weights ( iw ) 

calculated in Section 3.3.1 Allocation of Criteria Weights. This scaling factor was set to

1000m = . That means that in the equations shown below a weight of 1000 corresponds to 100%. 

This allows for an accuracy to one decimal point for the cost map. 

The criteria used to calculate the cost maps were, as described in Section 3.2 Cost Criteria Map 

Preparations: 

Criteria Cost notation Weight notation 

Water waterx  waterw  

Land Cover Map LCMx  LCMw  

Slope slopex  slopew  

Proximity to Buildings PtBx  PtBw  

 

The cost maps are calculated using the following equation, 

 water water LCM LCM slope slope PtB PtBC x x xw x w w w= + + +   (3) 

For an illustrative example of the equation see Figure 15. 

Figure 15. Illustration of 
the cost map creation. 

creatioprocess. 
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3.3.2.1 Cost Map 1 – High Regard to Water 

To calculate the first cost map, with high regard to water, the weights, iw , from Table 11 were 

used in Equation 3, 

1
648 176 104 72water LCM slope PtBC x xx x=  +  +  +   

The result is presented in Figure 16, were red color represents high cost, white color represents 
medium cost and blue color represents low cost. 

 

Figure 16. Cost Map of the study area using high regard to water weighting. 
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3.3.2.2 Cost Map 2 – High Regard to Land Cover 

To calculate the second cost map, with high regard to land cover, the weights, iw , from Table 14  

were used in Equation 3, 

2
528 210 52 210water LCM slope PtBC xx x x=  +  +  +   

The result is presented in Figure 17, were red color represents high cost, white color represents 
medium cost and blue color represents low cost. 

 

Figure 17. Cost Map of the study area using high regard to land cover weighting. 
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3.3.2.3 Cost Map 3 – High Regard to Slope 

To calculate the third cost map, with high regard to slope, the weights, iw , from Table 17 were 

used in Equation 3, 

3
583 67 283 67water LCM slope PtBC x xx x=  +  +  +   

The result is presented in Figure 18, were red color represents high cost, white color represents 
medium cost and blue color represents low cost. 

 

Figure 18. Cost Map of the study area using high regard to slope weighting. 
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3.4 Least-Cost Corridor 

For the generation of a least-cost corridor, the resolution of the corresponding cost maps are 
decreased, see Section 3.1 Dividing the Study Area and Data Size Limitations, from a cell size 
of 2 meters, to a cell size of 20 meters. This implies that the generation of a least-cost corridor will 
be more effective using the aggregated cost grid, than that of an input cost grid with the original 
cell size of 2 meters.  

Highways are regulated by requirements set by Trafikverket to ensure safety and quality of the 
roads. The minimum width of a highway alignment is 21.5 meters (Trafikverket, 2012), but may 
differ due to special terrain formations, placement of bridge supports, lights or other 
environmental factors, which would require an increase in width of the central reservation. A 
highway alignment is also regulated by maximum slopes, turn angles, minimum safety distances 
from indispensable objects in the terrain, etc. Many of which are human-oriented due to the 
limitation of the computer system. The generated corridors are aiming to fit a new highway 
alignment, hence the width of the sought corridor in this study is 400 meters in order to generate 
an area of interest wide enough for an alignment, illustrated in Figure 19, which may be used in 
the planning phase, much like a national interest in the Swedish Environmental Code (SFS 
1998:808).  

 

Figure 19. Candidate road alignments inside a corridor. 

The calculations of the least-cost corridors are based on the three generated cost maps. Each 
corridor is generated by merging the two calculated section corridors, one calculated in the South 
Study Area and the other in the North Study Area, using ArcGIS Spatial Analyst tool LocalMax 
(ESRI, 2019) illustrated by Figure 20. With three different cost maps, two candidate passing points 
(see Section 3.1 Dividing the Study Area and Data Size Limitations) and the study area divided 
into two zones, 12 least-cost corridors will be calculated to finally generate the 6 final corridors. 
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0 1 1  0 0 0  0 1 1 

0 1 0 + 0 1 0 = 0 1 0 

0 0 0  1 1 0  1 1 0 
Input Grid 1  Input Grid 2  Output Grid 

Figure 20. Illustration of how ArcGIS Spatial Analyst tool LocalMax works. 

The corridor connecting the source point and the destination point is calculated using a Least Cost 
Corridor algorithm, a tool for calculating the least cumulative cost in raster space (Shirabe, 2015). 
The tool uses a cost map, a source point and a destination point in the raster grid as input, for 
which the extent of the corridor is determined. The width of the corridor is established, and the 
generation of a least-cost corridor is initialized. 

The least-cost corridor problem is similar to the more standard case of the least-cost path 
problem. The underlying algorithm is the same, in the case of this study the Dijkstra algorithm, 
but in the case of the least-cost corridor it is not the cost of the length between two points that is 
considered but instead the cost of the area of the corridor connecting two points. It is worth noting 
that since the same algorithm is used for both problems that the computational power used to 
solve both problems is the same (Shirabe, 2015). 
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4 Results 

Figure 21. Least-Cost Corridors for the 
cost map using the high regard to water 

weighting. 
Figure 22. Least-Cost Corridors for the 
cost map using the high regard to land 

cover weighting. 

Figure 23. Least-Cost Corridors for the 
cost map using the high regard to slope 

weighting. 

Figure 24. Map of all corridors combined. 
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4.1 Total Corridor Cost 

The total cost of the generated least-cost corridors in the three cost maps are of very different 
magnitude due to the allocation of weights. As presented in Table 18, the cost map with high 
regard to slope, third weighting, has a much larger cost than the other two. This does not 
necessarily mean that the corridors of the third cost map are worse, simply because the weights 
are distributed over all feature layers where some features have few areas with zero or low cost. 

Table 18. Total cost for all corridor alignments. 

Weight 1 

 High regard to water 

Weight 2  

High regard to land cover 

Weight 3 

 High regard to slope 
 

West East 
 

West East 
 

West East 

North 1712608 1652545 North 1190976 1025704 North 4228942 4274424 

South 1599212 1646760 South 1153040 1072438 South 3832113 4082406 

Sum 3311820 3299305 Sum 2344016 2098142 Sum 8061055 8356830 
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5 Analysis 
The first abnormality is the different locations in which the corridors cross river Huskvarnaån. 
One would imagine that there would be an obvious crossing were the river is the narrowest, given 
that water is considered very high cost in all three cost maps. Instead, only two corridors share a 
common crossing location. That is the corridors of the first cost map, represented by a light red 
color, and the third cost map, represented by a light green color in Figure 25.  

 

 

Figure 25. Different crossings of Huskvarnaån. 

 

Another abnormality is the corridor of the third cost map, represented by a dark green color in 
Figure 26, which is the only corridor to choose a path in-between the small lakes, represented by 
a white color which indicates a high cost. One would think that, since the third cost map has a 
relatively high regard to water, the algorithm would choose a path further away from lakes rather 
than going very near to one. The most obvious answer to this result is that the slopes are regarded 
much larger cost in the third cost map than the other two.  
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Figure 26. Abnormal alignment in the first cost map, dark green corridor. 

 

As Figure 27 suggests, the slope in the corridor of the third cost map has a much greater rise in a 
shorter distance. The algorithm might have chosen that particular path since the cost over the 
total distance is lower than that of going at an incline for a longer distance. This does not really 
solve the real-world problem very well, since road alignments through areas with sever slopes, 
like in mountain areas, are often aligned parallel to the slope. Constructing a road perpendicular 
to a steep hill, as the corridor of the third cost map suggests, would intend a very high cost which 
is not calculated properly in this study. Therefore, alignments that fit the rest of the calculated 
corridors would be more suitable in the specific area.  
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Figure 27. Slope map with least-cost corridors overlay. 

 

As mentioned in the introduction, the biggest economic investment cost in road construction is 
the cost of transporting land masses between different sections of the new road. In this study the 
concept of slope, explained in Section 3.2.1 Slopes, was used as a proxy for this problem. Although 
both concepts concern the height variations of the roadway, they are not interchangeable. A more 
exact method of dealing with the problem of mass transportation would be to regard at the road 
profile and the way that height variation of the road alignment changes over distance. The reason 
for this is that the problem with height variations is not only the change in height, but the fact that 
there will be sections of the road alignment that requires mass to be added to compensate for a 
large increase in height.  
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6 Conclusion 
In conclusion, GIS may very well be used as a tool for the purpose of designing candidate locations 
of alternative routes of existing highways. However, the results are suggestive, which means that 
the computer cannot be left alone to choose a final alignment. Instead, it simply facilitates the 
work and perfects a problem that human cannot complete. 

The major problems that all integrated programs in the study faces is the limitation of the software 
and or the performance of the computer. What we found is that a raster grid containing a total of 
approximately 400,000 pixels is approaching the limit of what a normal personal computer can 
handle within reasonable time. This means that the accuracy of the results will decrease as the 
study area gets larger due to the required down sampling of the data, if the study area is not 
divided into sections. Obviously, for the purpose of designing highway alignments, the study area 
will be very large. If the maximum resolution of a raster grid is 0.4 megapixels, given that the 
resolution of the acquired datasets has a resolution of 2 meters as in this study, an area larger than 
160 hectares will potentially have to be divided into sections and or lowered in resolution. For 
reference, the total area of the original study area in this study is approximately 50,000 hectares. 

Another large problem that arises is how to assign criteria costs, and then how to weight the 
criteria. For a real-world implementation extensive study would have to be made into the costs as 
they relate to the different criteria and to road construction. It would also be necessary to more 
rigorously define what is meant by cost in this context. Perhaps the cost of one pixel should 
correspond to the cost of constructing 1 m2 of highway. But then there is the problem of 
overestimating the cost since the corridor includes area much greater than a potential highway.  
When it comes to the weighting, it is by its nature a subjective task. Using AHP, as in this study, 
can be a useful method for creating weights that are consistent. But it is still important to note that 
any weights will be subjective, further reinforcing GIS as a means for getting suggestive results for 
highway alignment problems.  

When dealing with road alignment, dealing with wide corridors is necessary. The results seem to 
indicate that with wide corridors, in this case 20 pixels wide (400m), the different solutions using 
different weights are still quite similar. It seems likely that as the width of the corridor increases 
the solutions converge. It is also worth pointing out that as the corridor becomes wider it also 
becomes straighter since the least-cost algorithm aims to minimize cost and by turning, a greater 
neighborhood is confined which increases the number of pixels, if the corridor is wide enough, 
hence the cost. It is like a cost penalty when initiating a turn so it chooses not to. 
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6.1 Further Work 

6.1.1 Cost Assessment 

The ranging value field in the calculated cost maps are standardized and weighted, this means that 
there is no way of estimating the true cost of a potential road construction. If the cost is studied 
further, and every layer is assigned its true construction cost per length unit and keeping the cost 
unit consistent, it would be possible to translate the total cost of each alignment to the true cost. 
As is now, one can only state conclusions by looking at the total cost of each path relative to 
another. It would also be necessary to deal with the fact that the corridor assigns cost to an area 
larger than any eventual highway placed inside the corridor. 

6.1.2 Finding Final Highway Alignments 

The objective of this study was to explore the use of GIS in the planning phase, therefore finding 
an area most suitable for, rather than the actual alignment of the road. However, the final 
alignment is supposedly situated inside the generated least-cost corridors. If the study area was 
downsized to the size of the found corridors, one can run the same Least Cost Corridor algorithm 
again inside the found corridors with a lower width. This would also, possibly, allow the 
opportunity to use a cost map with a higher resolution to enhance the accuracy of the result. 

6.1.3  Elevation Model 

A more exact method of dealing with the problem of mass transportation would be to regard at 
the road profile and the way that height variation of the road alignment changes over distance. 
The reason for this is that the problem with height variations is not only the change in height, but 
the fact that there will be sections of the road alignment that requires mass to be added to 
compensate for a large increase in height. An elevation model would be a suitable solution. It could 
also be interesting to regard how the elevation effects energy use of the vehicles using a future 
road. 

6.1.4 Comparison Between Least-cost Corridors and Least-cost Paths 

It would have been interesting to compare the least-cost corridors computed with least-cost paths 
using the same input data. It would have also been interesting to compare least-cost paths with a 
buffer and see to what degree the least-cost corridor is beneficial for this type of problem. 
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