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Abstract 
 

To contribute to the reduction of greenhouse gas emissions, energy production from 

renewable energy resources should be markedly increased to supply the rising global energy 

demand (Marchant, 2018). This thesis investigates the solar energy potential in Tromsø which 

is used as a basis for estimating total energy yield from photovoltaic (PV) systems on 

rooftops. The energy yield is compared against energy load from Cruise ships visiting Tromsø 

to investigate the potential for supplying the ships with renewable, local produced PV solar 

energy to substitute the ships own production of energy. 

The aim of this thesis is to investigate the solar potential on Tromsøya by creating a solar map 

in ArcGIS. The solar map could be used as a basis for investigating energy yield from PV 

systems installed on buildings. The suitable areas for PV systems on Tromsøya were 

determined by qualified estimations based on building area statistics and utilization factors. 

The energy load from Cruise ships was estimated by using given information from Port of 

Kristiansand, the only harbor in Norway which offer the possibilities for shore power.  

This thesis has created the first 0.25-meter resolution solar map ever made of Tromsøya. The 

resulting solar map shows accurate results with a relative RMSE of 0.007 W/Í  when 

compared against averaged pyranometer values at Holt weather station. The resulting 

potential from buildings on Tromsøya shows that the PV energy yield with 10% integration 

scenario could cover the load from Cruise ships for all summer months during the tourist 

season. The solar fraction (SF) shows a positive energy balance between PV energy yield and 

Cruise ship energy load for all months, except from March where the load was higher than 

yield. Calculations based on electricity spot price shows that Tromsø municipality could earn 

economic benefits by selling produced PV solar energy to Cruise ships.  
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1 Introduction 

1.1 Background 
 

The global population continues to rise, and the global energy demand is increasing. As a part 

of the 2015 Paris agreement, the global warming should be limited to 1.5ЈC before the end of 

the century by markedly increase the percentage of energy production from renewable energy 

resources (Marchant, 2018).    

Since the beginning of the new millennium, the global photovoltaic (PV) marked has grown 

rapidly from less than 1 GW in year 2000 to exceeding 500 GW in year 2018 (Solar Business 

Hub, 2019). India was one of the countries with highest growth in 2018 with 10.8 GW, 

Australia close to 3.8 GW, Mexico 2.7 and Korea with 2.0 GW (Solar Business Hub, 2019). 

The middle east and African countries have also grown, but these results would be more 

viable in 2019. Europe experienced growth in PV market, with Germany and Netherland as 

most significant countries. In summary, the global PV marked grew by 99.8 GW in 2018. The 

total production from PV systems contribute close to 2.6% of the electricity demand in the 

world (Solar Business Hub, 2019). For 2019, a 25% growth with 129 GW new capacity is 

predicted to be installed (Sustinable Enterprises Media, Inc, 2019). In the future, PV has the 

potential to become a major source of electricity with an expected exponential growth. PV 

systems has the advantage that it could easily vary from small individual production systems 

to large power plants. To continue rising, the PV marked need to be supported by decreases in 

battery prices and rapid uptakes of electric vehicles (Solar Business Hub, 2019).  

In Norway, the interest in PV has been low with an installed capacity of only 6 890 k7 in 

2004, and the marked growth was low with a yearly increase of 5% from 2004 to 2013. In 

2016, the PV marked in Norway exploded with a 75% increase from 2015 and the marked has 

continued to rise with a 59% increase in capacity from 2016 to 2017 (Multiconsult, 2018). 

The installed capacity changed from almost 100% off-grid systems to 50% off-grid and 50% 

connected to grid. In 2018, the solar energy marked continued to rise with 29% from 2017 

and the total installed capacity is 68-megawatt peak (M7 . This extreme increase in PV 

marked in Norway from 2015 until today is caused by reduced prices for installations, higher 
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efficiency for modules and a growing interest in renewable energy resources, in addition to 

several new businesses that are focusing on solar energy.  

In conjunction with the increased focus on PV marked worldwide and in Norway, UiT- The 

Arctic University of Norway has established a PV system for research purposes to increase 

knowledge about PV system potentials in the Arctic regions. In addition, the Institute for 

Physics and Technology (IFT) at UiT has installed several instruments in different locations 

in Troms county to investigate the solar potential. In 2017, UiT established the Arctic centre 

for Sustainable Energy (ARC) which is an interdisciplinary centre focusing on Arctic 

challenges and conditions within renewable energy and greenhouse gas management (UiT, 

2019).  

1.2 Idea and Aim of Thesis 
 

The idea for this thesis was conceived by Professor and leader of ARC, Matteo Chiesa during 

a discussion with author. We discussed the Cruise ships in Tromsø harbor which emits huge 

amounts of greenhouse gases and particulate matter due to self-production of energy when in 

harbor. We were curious about if it  was possible to supply these Cruise ships with renewable 

solar energy from PV systems on Tromsøya. Pollution from Cruise ships is a highly debated 

field regarding to climate change and supplying with renewable shore power when in harbor 

is something to consider. To investigate energy yield potential from PV systems, Professor 

Tobias Boström suggested to create a solar map in ArcGIS which could be used as a basis for 

mapping the solar potential in Tromsø.  

The main aim of this thesis is to create a high-resolution solar map in ArcGIS software that 

can be used as a basis for mapping solar potential on rooftops on Tromsøya. A solar map for 

Tromsøya has been created before in a former master thesis but has not been used for PV 

energy yield purposes. The former solar map has a resolution of 1- meter, while in this thesis 

a solar map of both 1-and-0.25-meter resolutions is to be created to investigate differences in 

high-and-low resolution solar maps.  

When the solar map is created, it is possible to use this map to evaluate the potential for 

energy yield from PV systems. Total number of buildings must be identified to thereafter 
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estimate solar-architecturally suitable roof and façade areas by using utilization factors. The 

areas could thereafter be used to calculate the total energy yield from PV systems on 

Tromsøya. The total production could be set in context with energy consumption from Cruise 

ships visiting Tromsø to investigate if enough energy could be produced by renewable solar 

energy to supply Cruise ships. Finally, a simple calculation is performed to investigate the 

opportunities for economic benefit for Tromsø municipality by selling PV solar energy.  

1.3 Significance 
 

The PV solar potential conditions in urban environments can vary significantly according to 

tilt and orientation of roof in addition to surrounding factors as shadowing effects. The local 

conditions can differ between neighbouring areas because of topography and surrounding 

buildings, and therefore all areas must be considered when investigating local PV solar 

potential. In addition, the global solar irradiation varies significantly during the year, 

especially in Arctic regions. Arctic regions north of the polar circle has 24-hours polar nights 

during winter where solar irradiation is non- existent. On the other hand, during the summer 

period in the 8 weeks when sun never sets, PV generation potential could be significant. 

During this period, the electricity load from Cruise ship is significant with an increased traffic 

as the tourism in Tromsø is at its peak in summer months.  

Creating solar maps can make it possible to visualize the solar potential on both buildings and 

surrounding terrain. In this thesis, GIS is used as a tool for investigating the solar potential on 

all rooftops on Tromsøya regarding to orientation, tilt and surrounding effects. This solar map 

could be a valuable asset when considering where to place a PV system with optimal 

production. 
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1.4 Structure of the Thesis 
 

Including the introduction, the thesis consists of 6 chapters: theory, method, results, 

discussion and conclusion with suggestions for further work. 

Chapter 2 provides the theoretical backgrounds needed to understand the methodology in the 

thesis. The chapter holds an introduction to solar energy and working principles of PV cells. 

Geographical information system (GIS) is thereafter described.  

Chapter 3 presents the methodology used to reach the results. It describes the process of 

creating the solar map in ArcGIS, case studies, and mapping of total building area, and 

estimation of energy consumption from Cruise ships.  

Chapter 4 provides monthly energy yield from PV systems on Tromsøya and presents the 

energy yield/need balance between PV systems and Cruise ships. In addition, a case study for 

one day in June 2018 is performed to show how much area of PV systems are needed to cover 

a Cruise ship 10 hours energy demand.  

Chapter 5 holds a discussion of method based on when creating the map, it debates how the 

calculation of these solar maps could be done in more efficient ways. The validity of the 

estimating method for the total building area on Tromsøya is discussed. Finally, uncertainties 

regarding to estimating energy load from Cruise ships is examined.  

Chapter 6 summarizes the results and proposes suggestions for future work. 

In addition, monthly solar maps for 1-and-0.25-meter resolution are added in the appendix 

which could be used for closer investigation of solar potential for specific months. The 

bibliography with all sources of information is provided in the end. 
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2 Theoretical background 

2.1 Solar energy 
 

Solar energy is the source for almost all energy on the earth. Humans, animals and plants need 

the sun for heat and food. Humans also use the sunôs energy in many other ways than food 

and warming. For example, fossil fuels are widely used for transportation and electricity 

generation. Fossil fuel is solar energy which has been stored in millions of years (Honsberg & 

Bowden, 2018). Similarly, humans use biomass which converts the sunôs energy into  fuel, 

and wind energy uses air current that are created by solar heated air and the earthôs rotation 

(Honsberg & Bowden, 2018). Hydroelectricity is also indirectly energy we receive from the 

sun. The sun heats up water, which evaporates and return to earth as precipitation, and gets 

stored in dams where we can install hydro power plants to make use of the stored water for 

hydroelectricity (Honsberg & Bowden, 2018).  

The solar energy can be viewed as parcels of energy, where each parcel is in form of photons. 

The photons have energy given as 

Ὁ ςȢρ

,where ‗ is the photons wavelength, h is given as the Plankôs constant  and c is the speed of 

light and is often considered as constant (Honsberg & Bowden, 2018). Therefore, the energy 

of the photon is dependent on wavelength ‗, where short wavelength photons have high 

energy, and vice versa.  Photons of different wavelength reach different parts of the Earthôs 

atmosphere. As solar radiation passes through the atmosphere, dust, gasses and aerosols 

absorbs photons. Some specific gasses such as ozone, carbon dioxide and water have high 

absorption of photons. A big part of the infrared light with high wavelength above 2 ʈm is 

absorbed by water vapor and carbon dioxide, while most of the ultraviolet light with shorter 

wavelength below 0.3 ʈm is absorbed by ozone (Honsberg & Bowden, 2018).  

The absorption of photons by specific gasses is not the only factor which affect the solar 

radiation trough the atmosphere. The major factor for reduction in power from solar 

irradiation to surface, is absorption and scattering of light due to molecules in the air and dust. 

If the sun is not directly overheaded at the surface, the photons must travel longer distance 
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trough the atmosphere. In this case, higher energy photons with shorter wavelengths are more 

absorbed and scattered than low energy photons with longer wavelengths. If the sun is 

directly overheaded at surface, the absorption due to atmospheric elements causes a relatively 

uniform reduction across the visible spectrum (Honsberg & Bowden, 2018).  

2.1.1 What is solar irradiance? 
 

Solar irradiance is the amount of  energy from the sun that hit the earth over a square meter 

per second, and has unit  ÏÒ  (Garner, 2008).By measuring the irradiance of the sun 

at a wavelength of light, we find the solar spectral irradiance. The spectral irradiance 

variations are seen in many photons with different wavelengths. The photons in the visible 

light and infrared part of the electromagnetic spectrum have long wavelengths, and the 

photons in the X- ray part has short wavelengths (Garner, 2008). By measuring spectral 

irradiance, we get more knowledge about which wavelengths are absorbed in the atmosphere, 

and which wavelengths does reach the surface. Radiation in the visible and infrared spectrum 

reaching the surface, while ultraviolet and X- ray radiation is absorbed by the atmosphere at 

higher altitudes (Garner, 2008).   

 

Figure 2-1: The electromagnetic spectrum (Honsberg & Bowden, 2018) 
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2.2 Atmospheric effects on solar radiation 
 

Since the earthôs surface is covered by an atmosphere, the solar radiation which reach surface 

is affected by atmospheric effects. Some of the major atmospheric effects are reduction of 

solar radiation intensity due to absorption, scattering and reflection of photons. In addition, 

the photons will have a change in spectral content due to absorption or scattering. When the 

photons radiate through the atmosphere, a diffuse or indirect component would occur due to 

scattering. The final major component which affects solar radiation on Earthôs surface is local 

variations in water vapor contents, pollution and clouds (Honsberg & Bowden, 2018). An 

overview of atmospheric effects on a typical clear sky situation is given in figure 2-2. 

 

Figure 2-2: Atmospheric effects on Solar radiation (Honsberg & Bowden, 2018) 
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2.2.1 Air Mass 
 

In addition to atmospheric effects as such absorption, reflection and scattering, the distance 

the photons travel through the atmosphere affects solar intensity on earth. Air Mass (AM) is 

the distance the photons travel through the atmosphere normalized to the shortest distance 

where the sun is directly overhead (Honsberg & Bowden, 2019).  Air mass is defined as  

ὃὓ
ρ

ÃÏÓ— 
ςȢς 

,where — is the zenith angle and represent the angle away from vertical. The bigger — is, the 

smaller is AM. Therefore, AM represent the reduction of power of light which reach the earth 

surface with respect to angle. If AM=1, then power of light is only dependent of other 

atmospheric effects.  

 

Figure 2-3: Air Mass effect of solar radiation on surface, where ɗ represent the angle away 

from vertical (Honsberg & Bowden, 2019). 

However, equation (2.2) assumes that the Earthôs surface is a flat horizontal layer and is also 

non-physical at high degrees because of an infinite AM when the sunôs angle is ωπЈ at 

sunrise. Therefore, the curvature of the earth must be considered. Equation 2.3 incorporates 

Earthôs curvature (Honsberg & Bowden, 2019) 
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ὃὓ
ρ

ÃÏÓ— πȢυπυχςωφȢπχωω— Ȣ
ςȢσ 

Equation (2.3) gives AM at sunrise 

ὃὓωπЈ
ρ

ÃÏÓωπ πȢυπυχςωφȢπχωωωπ Ȣ
σχȢω ςȢτ 

Based on atmospheric effects as scattering, absorption, reflection, change in spectral contents, 

local variations and AM, it is possible to calculate a value of the direct component of solar 

intensity on Earth surface. The intensity of sunlight at sea level could be calculated as a 

function of air mass from an experimentally determined equation with good accuracy 

Ὅ ρȢσυσϽπȢχ
Ȣ

ςȢυ 

Where Ὅ is the sunlight intensity on a flat disk perpendicular to the sun in Ë7ȾÍ . The 

number 0.7 arises from approximately 70% of the incident radiation is transmitted through the 

atmosphere. The factor 0.678 is an empirical term which should fit observed data that also 

takes non-uniformities in atmospheric layers into account. It is important to notice that these 

constants could be slightly different for calculations above the polar circle, as the sun has 

lower angle compared to typical conditions at lower latitudes. The constant value of 1.353 is 

the solar constant given in Ë7ȾÍ  (Honsberg & Bowden, 2019).  

To achieve an even more accurate value for solar intensity, height above sea level is an 

important factor as the solar intensity increases with height. With height considered, the direct 

sunlight intensity Ὅ could be written as 

Ὅ ρȢσυσϽρ ὥὬπȢχ
Ȣ

ὥὬ ςȢφ 

Where a = 0.14 is an empirical constant and h is height above sea level given in kilometers 

(Honsberg & Bowden, 2019). In addition to direct radiation from the sun, the diffuse radiation 

is about 10% of the direct component on a clear day (Honsberg & Bowden, 2019). The total 

global irradiance on a solar module on a clear day could therefore be calculated as 

Ὅ ρȢρϽὍ ςȢχ 
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This derivation assumes typical atmospherically conditions with given empirical terms and 

could varies at high latitudes in the Arctic regions where AM is different due to different 

angle between sun and surface. 

2.3 Photovoltaics 
 

Photovoltaics (PV) is the conversion of sunlight directly into electricity by using solar cells 

(Honsberg & Bowden, 2019). The first PV devices were demonstrated in the 1950s and later 

used for satellite applications in space. In the beginning, PVôs was very expensive to produce 

and have a low efficiency. In recent years, PVôs has lower cost and ever increased efficiency 

and is the fastest growing energy resource in the world with an investment increase of 16% in 

2017 compared to 2016 (Berke, 2018) .   

 

Figure 2-4: Global growth in net electricity generation capacity (Berke, 2018) 
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2.3.1 Physics of PV 
 

 

Figure 2-5: Schematic overview of PV cell construction (Alternative Energy Tutorials, 2019) 

As the name photovoltaic implies, ñphotoò means light and ñvoltaicò represent electricity. 

When photons with an intensity of global irradiance Ὅ hits the surface of solar cell, photons 

are reflected, absorbed or transmitted. The portion of absorbed photons depends on albedo 

and band gap of a semiconductor material. The albedo gives fraction of radiation that is 

reflected and is dependent on the properties of the material. Materials with dark surfaces has 

low albedo and high absorption. Band gap is the minimum amount of energy which is 

required for an electron to break free of its bound state and get into a free state where it can 

participate in conduction, which makes it possible to transfer internal energy inside the 

semiconductor material (Honsberg & Bowden, 2019). Photons with equal or higher energy 

than band gap will be absorbed, while lower energy photons will weakly interact and gets 

transmitted through the material (Honsberg & Bowden, 2019).   

When a photon gets absorbed, its energy is transferred into a semiconductor material. A 

semiconductor is a material where the individual atoms are bonded together in a regular, 

periodic structure where each atom is surrounded by eight electrons (Bowden & Honsberg, 

2019). Silicon (Si) is a semiconductor material and the most common material used in solar 

cell because of low cost and good efficiency. The energy which gets absorbed into the 

semiconductor material is transferred to an electron surrounding the atom (Seale, 2016).  If 

enough energy is transferred, the electron escapes from its normal position and leaves a hole 
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behind. The electron is negatively charged, while the hole (empty space where the electron 

used to be) is positively charged. A photon with enough energy could normally free exactly 

one electron- hole pair. The electron- hole pair is free to move and could be current carriers 

under influence of energy from photons (Seale, 2016). 

The simplest solar cell has three layers. A top junction made of N- type semiconductors, the 

depletion region and P- type semiconductor. N- type represent Negatively charged 

semiconductor composed mostly of negatively charged electrons. This type semiconductor 

has been doped with certain impurity atoms which is negatively charged and is called donors 

(Andrews & Jelley, 2013). The depletion region is the absorber layer where interaction 

between electron and holes occurs. P- type represent the Positively charged layer which 

compose mostly of positive holes. This type has been doped with impurity atoms which is 

positively charged and is called acceptors. In the depletion region, a junction between positive 

layer and the negative layer occurs and is called P-N junction. Inside the P-N junction, an 

electric field is created. This electric field released by light absorption provides the voltage 

needed to force the electrons and holes in a certain direction. If we provide an external current 

path, the electrons will flow through this path from N- side to P- side to interact with holes to 

provide current (Seale, 2016). Current from flow of electrons and voltage from electric field 

provides power production from solar cell as power is given as the product of voltage and 

current 

ὖ ὠὍ ςȢψ 

Where P represent power from the product of voltage V and current I.  To make use of the 

produced electric current inside solar cell, metallic contact layers are put on top and bottom to 

allow the electric current to flow in and out of the solar cell. In addition, solar cells are often 

covered with antireflective coatings to reduce losses from reflection. When installed out in the 

real world, the cells are often covered with materials which protects from external factors as 

snow, ice or dust (Seale, 2016).  
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2.3.2 Effect of temperature  
 

This master thesis is written in Tromsø, which is in an Arctic region with low temperatures. 

Therefore, it is important to consider temperature effects on production from solar cells. The 

results in this section will show that solar cells have higher efficiency at low temperatures 

compared to high temperatures. 

Solar cells as a semiconductor device are sensitive to temperature. If the temperature 

increases, the band gap of the semiconductor reduces. With decreased band gap, the energy of 

the electrons inside the material increases. Therefore, lower energy is provided to break the 

bond. In a bond model of a semiconductor band gap, reduction in bond energy reduces the 

band gap, which provides reduction in band gap with increased temperature (Honsberg & 

Bowden, 2019).  

There are many factors in a solar cell which is affected by a change in temperature. The most 

significant factor is the open-circuit voltage. The increasing temperature effect for the open-

circuit voltage is shown in the figure below 

 

Figure 2-6 Effect of temperature on IV properties on a typical solar cell (Honsberg & 

Bowden, 2019) 
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Where Ὅ  and ὠ  represent short- circuit current and open- circuit voltage respectively. The 

open circuit voltage decreases with temperature because of temperature dependence of the 

saturation current Ὅ  

Ὅ ήὃ
Ὀὲ

ὒὔ
ςȢω 

This equation measures the current from one side of a P- N junction. The different parameters 

in equation (2.9) are 

q = electronic charge constant 

A = Area 

D = Diffusivity parameter. Measures the diffusivity of the minority carrier for silicon as a 

function of doping 

L = Minority carrier diffusion length 

ὔ  = Doping 

ὲ = Intrinsic carrier concentration 

Many of these parameters have temperature dependency, but the most significant parameter is 

the intrinsic carrier concentration (Honsberg & Bowden, 2019). The intrinsic carrier 

concentration is a measure of number of electrons and holes which participates in transfer of 

internal energy (conduction). This parameter depends on band gap and the carrierôs energy as 

ὲ τ
ς“ὯὝ

Ὤ
άά ÅØÐ

Ὁ

ὯὝ
ὄὝÅØÐ

Ὁ

ὯὝ
ςȢρπ 

Where the parameters represent 

T = Temperature 

h & k = Planckôs constant & Boltzmann constant 

ά Ǫ ά  Masses for electrons and holes 

Ὁ  = Band gap energy 

B= Constant independent of temperature 
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Now we can substitute equation (2.10) into (2.9) to get an expression for Ὅ 

Ὅ ήὃ
Ὀ

ὒὔ
ὄὝÅØÐ

Ὁ

ὯὝ
ὄὝÅØÐ

Ὁ

ὯὝ
ςȢρρ 

In equation (2.11) we impose a constant ‎ to make the temperature dependence for Ὅ useful 

for other materials and set ὄ ὄᴂ to distinguish the approximation in (2.11). To further 

investigate temperature dependence of ὠ , we use the expression for the saturation current. 

ὠ
ὯὝ

ή
ÌÎ
Ὅ

Ὅ

ὯὝ

ή
ÌÎὍ

ὯὝ

ή
ÌÎὄὝὩὼὴ

ήὠ

ὯὝ
 

ὯὝ

ή
ÌÎὍ ÌÎὄ ‎ÌÎὝ

ήὠ

ὯὝ
ςȢρς  

Where Ὁ ήὠ . Further we assume that the derivative of the open circuit voltage does not 

depend on the derivative of the short circuit current. This gives expression for circuit voltage 

Ὠὠ

ὨὝ

ὠ ὠ

Ὕ
‎
Ὧ

ή
ςȢρσ    

Equation (2.13) shows that the temperature sensitivity for a solar cell is dependent on open 

circuit voltage and band gap, where higher voltage gives less temperature sensitivity. By 

using typical values for silicon (Honsberg & Bowden, 2019), the decrease in open circuit 

voltage as a function of temperature is 

Ὠὠ

ὨὝ
ςȢςÍ6 ÐÅÒ Ј# ςȢρτ 

The increase in short- circuit current for silicon is 

ρ

Ὅ

ὨὍ

ὨὝ
πȢπππφ ÐÅÒ Ј# ςȢρυ 

Now, to find the temperature dependence for maximum power output for a solar cell, we need 

to introduce the Fill Factor (FF), a parameter which determines the maximum power output 

from a solar cell (Honsberg & Bowden, 2019).  
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FF is defined as the ratio of the maximum power output ὖ Ὅ Ͻὠ ) to the short circuit 

current and open circuit current for a solar cell 

ὊὊ
Ὅ ὠ

Ὅὠ
ςȢρφ 

With some algebra, FF could be expressed as 

ρ

ὊὊ

ὨὊὊ

ὨὝ

ρ

ὠ

Ὠὠ

ὨὝ

ρ

Ὕ
πȢππρυ ÐÅÒ Ј# ςȢρχ 

Finally, the temperature effect for maximum power output ὖ  can be calculated as the sum of 

open circuit voltage, short- circuit current and FF 

ὖ
ρ

ὖ

Ὠὖ

ὨὝ

ρ

ὠ

Ὠὠ

ὨὝ

ρ

ὊὊ

ὨὊὊ

ὨὝ

ρ

Ὅ

ὨὍ

ὨὝ
πȢππυ7 ÐÅÒ ᴈ ςȢρψ 

The results of these calculations show that the maximum power output decreases with 

approximately 0.005 W or 0.5% per degree Celsius, giving that solar cells have higher 

efficiency in colder conditions. This gives that a solar cell in cold climate conditions at 0 Ј# 

will have 10% higher efficiency than a solar cell in warmer climate of 20 Ј#. 
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2.4 Geographical Information System 
 

To map the solar irradiation potential for PV systems on Tromsøya, Geographical Information 

System (GIS) software is used. GIS is a system for collecting, analyzing and administrating 

geographical and spatial data. GIS analyses layers of information into visualizations by using 

maps and 3D scenes, giving deep insight to data rooted in the science of geography. In the 

past two decades GIS has increased significantly and has become an important part of  IT- 

infrastructure. Today GIS is widely used in many industries, spread from agriculture 

assessment to space technology and environmental monitoring.   

2.4.1 Retrieving Data 
 

Receiving geographical data is either recorded by low altitude aircraft in the atmosphere, or 

satellites in space. There are two different kind of sensors used for receiving data, passive or 

active sensors such as LiDAR. 

Active sensors have its own source of light and sends a pulse (small packet of electromagnetic 

energy) towards the surface. The reflected wave gets measured, giving information about the 

surface under the sensor. Passive sensors measure reflected sunlight and measure the sunôs 

energy when it radiates on Earthôs surface (GISgeography, 2018).  

(a)                                          (b) 

 

Figure 2-7: Example of (a) Passive sensor which measure reflected solar irradiation. (b) 

Active sensor which sends his own wave towards earth surface, the wave gets reflected on the 

surface towards a building and gets reflected to sensor again (GISgeography, 2018) 
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Depending on surface, the active sensor has the capability of distinguish the surface based on 

different properties, giving information about how the surface varies with respect to 

buildings, terrain, water etc.  

 

Figure 2-8: Radar image example of a surface with double bounce, specular reflection and 

diffuse backscatter (GISgeography, 2018) 

This radar picture shows the difference in surface properties, the specular reflection gives 

dark spots which indicates smooth surfaces which in this picture represent a river. The double 

bounce is visualized with lighter surfaces which could represent urban areas with buildings as 

in figure 2.7 (b) (wave bounces from surface to building and back to sensor). The Diffuse 

Backscatter represent rough surfaces as vegetation and agriculture (GISgeography, 2018). In 

this thesis, LIDAR data which is an active sensor will be used, and the resulting visualizations 

will clearly show the differences in urban areas, vegetations and smooth surfaces based on 

radiation properties.  
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2.4.2 Universal Transverse Mercator (UTM) Projection 
 

When data is retrieved, it needs to be projected to be successfully utilized by GIS software. 

The projection method is based on the ellipsoid form of the globe. The globe is divided into 

sixty equal zones where each zone is flattened out. UTM is one of the most common used 

map projections today and is widely used in GIS. Each UTM zone is φЈ, giving 60 UTM 

zones all over the globe. The Transverse expression is derived as the Mercator uses an upright 

cylinder for map projection, where the Transverse Mercator takes a cylinder and places it on 

its side. This method must be done for each UTM zone. See figure 2.9 for UTM zones and 

cylinder method (GISgeography, 2018) 

(a)                                                                (b) 

   

Figure 2-9: (a) UTM zones around the globe (b) Transverse cylinder method (GISgeography, 

2018) 
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This secant cylinder intersects the earth along two small circles parallel to central meridian, 

giving constant scale along north- south direction, but the scale varies in east- west directions. 

In addition, two circles are added 180 kilometers east and west of the central meridian with a 

scale factor of 1, giving 100 meters in the ellipsoid would be the same on the map projection. 

The central meridian line has a scale factor of 0.9996, giving 100 meters on an ellipsoid 

would be equal to 99.96 meters on a map (GISgeography, 2018).  

 

Figure 2-10: Transverse method with added circles in east- west directions (GISgeography, 

2018) 

In this thesis, the projection methods will not affect the results significantly as the working 

area will be very small compared to the globe.  
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2.4.3 Elevation Models in GIS 
 

When data is retrieved and projected into a GIS software, there are two main structures for 

storing GIS data. i.e. vector and raster. A raster layer consists of pixels organized in matrix 

form, where each pixel contains information such as temperature, radiation, elevation, 

buildings etc. The pixel cell must be small enough to capture the surface details, but it should 

not be too small as it could affect analysis and computer storage efficiency (Esri, 2016).   

Vector data consist of points, lines and polygons. The vector points are X-Y coordinates in 

latitude- longitude directions. Points is often used to display cities and other features which is 

too small to be represented as polygons. Vector lines represent the connections between 

vector points and is often used to show features which are linear. Examples of vector lines 

could be roads and rivers. Finally, to get a complete vector layer polygon connect the vector 

points and lines. The area inside the closed path gives polygons which is often used to 

represent city areas, building footprints, agricultural field etc. (GISgeography, 2018) 

(a)                                                         (b) 

  

Figure 2-11: (a) Vector layer consisting of red dots and connecting lines in a closed path 

giving polygon area in green. (b) Raster data in matrix form where each pixel has information 

about feature. Smaller cells give higher accuracy, but longer computing time (Esri, 2016), 

(GISgeography, 2018). 
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When a vector or raster layer contain information about elevation, it is referred as ñDigital 

Elevation Modelò (DEM). DEM is a general term which involving ñDigital Terrain Modelò 

(DTM) and ñDigital Surface Modelò (DSM), where DTM represent surface with only terrain 

and DSM contains both terrain and objects like buildings. For example, a DTM layer would 

show Tromsøya without any buildings, roads and other types of objects and vegetation, but 

the DSM layer includes all objects on Tromsøya in addition to bare surface. In this study, 

DSM will be widely used to calculate and investigate solar irradiation at rooftops on 

Tromsøya. 

(a)                                                                               (b) 

  

Figure 2-12: Difference between DSM and DTM (a) Schematic horizontal view (b) Vertical 

view in map (Singh, 2016) 

InSAR 

To capture elevation surface, some common remote sensing methods are used. Interferometry 

Synthetic Aperture (InSAR) is an active remote sensing technique which acquires images of 

the earth and is a powerful technology for modelling surface deformation and elevation 

mapping. Synthetic Aperture Radar (SAR) acquires images of the Earth in the microwave 

spectrum with long wavelengths (Milliano, 2016). Waves in this spectrum can penetrate 

clouds, making SAR sensitive for all weather types and gives good information to the user in 

many applications. SAR instrument are usually mounted on airplanes, space satellites and 

terrestrial platforms (Milliano, 2016).   
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The SAR satellites orbits the Earth at an altitude of 500-800 km and returning to each location 

on Earth after a specific period. The time between two returningôs (repeat cycle) depends on 

the satellite orbit and vary normally between days to approximately one month. Limitations in 

orbit control could cause the satellite would not be in an exact same position again after one 

repeat cycle. The distance between these two spots perpendicular to the satellite viewing 

direction is known as a ñperpendicular baselineò. In InSAR acquiring method, this distance 

causes a 3D effect (Milliano, 2016). These satellites emit radar waves and measures the 

amplitude and phase of the reflected wave for each pixel in the image. The information from 

the phase could be very precisely measured and forms the basis for radar interferometry. The 

simplest form of InSAR combines two SAR images of the same scene into an interferogram 

where the difference in phase is computed. The resulting interferogram is often displayed in 

color based on differences in phase, resulting in a colorful image (Milliano, 2016).    

 

Figure 2-13: InSAR interferogram produces DEM via calculation of phase difference between 

reflected waves (Tarikhi, 2019) 

 


























































































































































































