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ABSTRACT 

 

Climate change represents a critical threat to electrical infrastructure. With reliance on 

electricity expected to increase in Sweden due to the transition from fossil fuel based 

energy to greener energy sources, it is important that the reliability of the electrical grid 

be upheld. This thesis studies the potential climate affected effects of extreme 

precipitation, annual average temperature change, water pooling after 100/500-year rains, 

and sea level rise. The RCP scenarios used for extreme precipitation and temperature 

change are RCP 4.5 and RCP 8.5. These climate effects will be studied in this thesis to 

understand and determine the extent of the climate effects on the electrical grid of Gotland 

and Klintehamn. The possible issues on infrastructure that can be exacerbated by these 

climate effects will be presented. This thesis will use spatial analysis to find results using 

GIS as a tool. GIS will be used to compare the various climate effects over the electrical 

grid data. Data was received from various sources, extreme precipitation and temperature 

change were sourced from SMHI, water pooling, and sea level rise were sourced with 

permission from Region Gotland. The electrical grid data for both Gotland and 

Klintehamn was received from GEAB, this data is considered nationally sensitive 

information therefore the location of this data is not shown. 

The results generally show that climate change, no matter the scenario presents a 

threat to the infrastructure. Although it should be noted as well that the scenario will 

impact the severity of the effects. RCP 8.5 will likely have more of an effect for both 

extreme precipitation and temperature than RCP 4.5. Water pooling is expected to have a 

greater effect on the <20kV lines than on the 70kV infrastructure. Finally, sea level rise is 

expected to have a much greater effect from 2-meter sea level rise over the 1-meter sea 

level rise. The overarching theme found is that climate change will have impacts over the 

electrical grid.  

Keywords: Sustainable Energy Transition, Electrical Grid, Climate Change, Spatial 

Analysis, RCP Scenarios.  
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CHAPTER 1. Introduction 
 

Climate change is a universal global hazard, with the potential for electrical grids to be 

adversely impacted. Climate changes potential effects can only be forecasted to a certain 

extent as there is uncertainty in how the climate functions, and how it may change over 

time. There have been attempts to forecast these potential changes through the creation of 

global climate models that are based on the RCP scenarios that were created by the IPCC 

(van Vuuren et al., 2011). The RCP scenarios were created to standardize various paths 

that may be followed by the global north countries through climate policies and the energy 

transition (van Vuuren et al., 2011). The global models have been downscaled to better 

determine and model the possible regional effects and changes. SMHI has created a model 

that explores how climate change could affect the weather and climate over Sweden. These 

scenarios are publicly available to use in research and personal use for the exploration of 

possible future effects (SMHI, 2021a).  

The electrical grid plays a critical role in modern day life. The changing climate 

may create issues in reliability of the electrical grid and may create unbalances in the 

delicate system that need to be planned and accounted for. When the electrical grid goes 

down, many of the systems that are reliant on the electrical grid go down as well. In 

modern times this can impact telecom, payment, and hospital functions among many 

others (IVA, 2017b). This is especially true since it is likely that electricity use will 

increase as electricity is used to replace fossil fuels (IVA, 2017a). The electrical grid is 

very complex and delicate, with failure in any of the various parts potentially leading to a 

whole system failure. Weather can play a crucial role in causing interruptions to electrical 

power, with almost 50% of unplanned power interruptions in 2014 in Sweden being 

caused by weather related events (IVA, 2017b).  

Electricity will be one of the cornerstones of the energy transition, since it is widely 

available, and the infrastructure is pre-existing. It is one of the options being widely used 

to phase out fossil fuels. Therefore, having an electrical grid that is reliable and able to 
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withstand the future changes in climate is important, as demand is expected to increase so 

does the reliance on the grid for even more of our daily activities (IVA, 2017c). 

This thesis examines how the central regional electric distribution grid of Gotland, 

and the local <20kV distribution grid of Klintehamn may be impacted by some of the 

climate effects that are affected due to climate change. Gotland is an island in the Baltic 

Sea that is a part of Sweden, it has a mild climate that draws many tourists over the year 

to the island for a summer escape. Figure 1 shows a map of the island. Since Gotland is 

an isolated island it represents an interesting case, it is connected to the mainland by two 

large electrical cables, along with some local generation capability (Nilsson, Soares and 

Ivanell, 2018). Gotland’s isolation can present some difficulty in responding to 

emergencies and possibly performing repairs, along with the possible future impacts of 

climate change representing a threat to the island. (Meier et al., 2022). Klintehamn is a 

low-lying coastal community with a large harbour and main road running through it as can 

be seen in Figure 2. A consultation with GEAB highlighted that they were interested in an 

analysis of this area as it has already started to experience the effects of climate change 

(GEAB, 2023b). GEAB has a monopoly on the <20kV distribution grid making the 

analysis of the grid easier than other areas in Sweden where there are many grid owners 

present in one location for different voltages. 

Existing research on the potential effects of climate change on the electrical grid 

is somewhat limited as this is a newer issue (Brockway and Dunn, 2020). This is especially 

true for scientific literature, as quite a bit of research has been done by institutions and 

agencies that are typically related to electrical activities and industry. These studies and 

reports are also focused on the US power grid (Gibson, 2017; Allen-Dumas, KC and 

Cunliff, 2019; Brockway and Dunn, 2020; Fant et al., 2020), which may have some 

differences in how it operates compared to the Swedish grid. The reports that do exist 

however state that the effects of climate change will have to be researched and understood 

as there is likely to be widespread issues relating to the electrical grid and climate change 

(Gibson, 2017; Brockway and Dunn, 2020). 
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Research Gap 

Understanding of how climate change may affect electrical grid has not been extensively 

studied, especially in Sweden. With the Baltic expected to experience the effects of 

climate change at a faster rate than the more southern latitudes (Meier et al., 2022) and 

that some of the electrical infrastructure may already be experiencing some of the effects 

(GEAB, 2023b) it is important that the effects be understood and studied. 

Aim of Study 

The aim of this study is to examine how extreme precipitation, change in annual average 

temperature, water pooling, and sea level rise caused by climate change may potentially 

affect the existing electrical grid infrastructure on the island of Gotland, and the town of 

Klintehamn, using the IPCC’s scenarios of RCP 4.5 and RCP 8.5 where applicable. The 

climate effects were chosen through availability of data, and relevance to the study and 

GEAB. The end result will be statistics on which parts of the grid have the potential to be 

affected by the different effects, along with the extent of the effects on the grids various 

components. 

Research Question(s)  

What is the potential impact from some of the effects of climate change on the electrical 

distribution grid of Gotland and Klintehamn? 

- What is the potential impact of extreme precipitation and annual average 

temperature change on the electrical distribution grid of Gotland and Klintehamn, 

comparing between RCP 4.5 and 8.5? 

- What is the potential impact of water pooling from a 100-year and 500-year rains 

on the electrical distribution grid of Gotland and Klintehamn 

- What is the potential impact of climate change caused sea level rise on the <20kV 

electrical grid of Klintehamn, with 1-meter and 2-meter of rise? 
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Boundaries 

The central regional grid analysis will include the 70kV and 33kV distribution lines, with 

the substations that are a part of the central grid. The effects that will be analyzed for the 

central grid are extreme precipitation, temperature change, and water pooling. The 

majority of the central grid is inland, so sea level rise does not present a major threat and 

is not considered in this analysis. The Klintehamn analysis will examine the low and high 

voltage transformers, and the 11kV and 400V distribution grids. The climate effects that 

will be analyzed for the Klintehamn analysis are extreme precipitation, temperature 

change, water pooling, and sea level rise. The temporal scale for the project will be using 

RCP data for the year 2070 where relevant, with only currently installed infrastructure 

being considered. 

 

This study will be conducted using a spatial analysis with data sourced from 

GEAB, Region Gotland, and SMHI. There is a limitation placed by GEAB on the 

researcher as the distribution grid is considered nationally sensitive information, therefore 

only statistics will be presented, and any maps present do not contain electrical grid 

information.  
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CHAPTER 2. Background 
 

Climate change is an extensive topic that will affect many different areas and many types 

of infrastructure, this section will describe how climate change is progressing, how climate 

change will affect the Island of Gotland, and lastly how climate change has the potential 

to affect the various grid components that are relevant to the study. The components of the 

electrical grid will also be described to provide some background knowledge on their 

functions and their various vulnerabilities. To complete this section a review of existing 

literature on the subject was completed, with most of the literature being scientific 

literature, however when it comes to finding literature on the effects of climate change on 

the grid, several reports were used due to lack of scientific sources. It should also be noted 

that most of the sources used were analysing the United States electrical distribution grid, 

which may affect the conclusions due to the differing nature of the electrical grids. The 

effects that are studied in the thesis were chosen due to their detrimental effects on the 

electrical infrastructure mentioned in scientific literature, and their relevance to GEAB 

after consultation.  

Climate Change 

The Intergovernmental Panel on Climate Change (IPCC, Lee et al., 2023) have released 

their latest report for 2023, where they have reported on many different metrics they use 

for the progression of climate change and the actions taken against climate change (Lee et 

al., 2023). As of the latest report the IPCC have reported that human actions have caused 

the global average temperature to rise 1.1°C above 1850-1900 levels. The IPCC has found 

that emissions are still growing but the growth rate of these emissions is being reduced. 

Severe weather events are becoming an increasing occurrence as global weather and 

climate is being affected, and severe weather events are becoming more serious and 

damaging (Lee et al., 2023). Extreme precipitation is one of the effects that is foreseen to 

cause many issues and the IPCC is expecting these events to worsen in the near future. 

The effects of climate change vary depending on the region, hence, looking at the specific 

effects on Gotland will follow in the next section. As climate change continues to occur, 
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it is expected that these effects will only gets worse and cause more issues, especially for 

the electrical grid (Brockway and Dunn, 2020). 

Climate Change on Gotland 

The impacts of climate change felt in the Baltic Sea area and the surrounding countries 

are accelerating faster than the rest of the earth (Meier et al., 2022; Lee et al., 2023). Meier 

et al., (2022) have concluded that the warming felt in the area of the Baltic Sea is 

anthropogenically forced and has increased by approximately 0.10° C every decade since 

1878. An increase in precipitation has also been observed, with average precipitation in 

the present being higher than when record keeping began (Meier et al., 2022). Sea level 

rise is a major concern for the communities around the Baltic, and Meier et al., (2022) 

have found that there has been an increase in sea level, with yearly deviations caused 

mainly by shifts in weather, and the occasional cyclone causing changes. The specifics of 

sea level rise are hard to predict, however Meier et al, (2022) and Lee et al, (2023)  both 

concluded that it is likely that higher emissions scenarios such as RCP 8.5 will reduce the 

amount of time before 1-meter and 2-meter sea level rise could affect Gotland, which 

according to SMHI may arrive at the end of the century (SMHI, 2020). Storm surges and 

wave action can also represent a major threat to coastal communities due to fears of 

excessive erosion, with storm surges having been recorded at a height of 1.2 meters in the 

seas around Gotland (Meier et al., 2022). There has not been a notable increase in the size 

of storm surges from climate change, however, with the rise in the sea there may be more 

areas at risk from damage than previous sea levels. All of these different changes represent 

potential future effects to the electrical grid.  

Climate Effects 

Extreme precipitation occurs when there is 20mm or more in a 24 hour period 

(SMHI, 2021b). Extreme precipitation can lead to flooding and an excess in water in a 

local area representing a considerable threat to infrastructure. The days of extreme 

precipitation are expected to increase due to climate change (SMHI, 2021b).  
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Annual average temperature change can cause issues in the ability of the  electrical 

infrastructure to function. However, extreme temperatures are likely to cause more issues, 

due to the difficulty in predicting extreme weather events annual average temperature 

change was used as an analogue to show how there may be a rise in temperatures and 

possibly extreme temperatures in the future (Lee et al., 2023). 

Water pooling from 100-year and 500-year rains with water pooling depth of 10cm 

or more represents issues to the infrastructure from water. This climate effect was chosen 

as it can create many issues with ground-based infrastructure from possible issues relating 

to flooding. 100 year and 500 years are extreme weather events, and their occurrence can 

be altered from climate change . 

Sea level rise represents a major threat to all coastal areas (Meier et al., 2022). For 

this study 1 meter and 2 meters were used to show the potential future area that can be 

affected. This effect can be influenced through the scenarios through the timescale, i.e., 

RCP 8.5 will have the sea level rise sooner than in the case of RCP 4.5. Current estimates 

by SMHI show that drastic sea level rise as shown in this study are unlikely until the end 

of the century (SMHI, 2020).  
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 Figure 1. Shaded Relief Map of Gotland, showing major roads in black and tertiary roads in 

grey along with Visby and the study area of Klintehamn (Lantmäteriet, 2021a; OpenStreetMaps, 

2023). 
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Figure 2. Shaded relief map of Klintehamn showing buildings, roads, and the coastline 

(Lantmäteriet, 2021a; 2021b; OpenStreetMaps, 2023). 

Electrical Infrastructure 

The electrical grid is a complex amalgamation of different components and actors. There 

is the electrical generation sections, transmission and distribution lines, and the substations 

and transformers. Distribution lines are used for the distribution of electricity from 

substations to the end customer, these lines cross many kilometers under and over ground 
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depending on their voltage. Substations and transformers are used to transform voltages. 

Substations are where larger changes in voltage take place, such as from large transmission 

lines to distribution lines, or from central distribution to <20kV distribution grids. 

Transformers are used for smaller voltage changes, typically from the <20kV distribution 

grid to the final consumer. All of these different components are vulnerable in different 

ways to the affects of climate change. 

Reliability of the Electrical Grid 

Reliability of the electrical grid to distribute electricity without interruptions and hiccups 

is very important to modern society, with many modern-day functions reliant on electricity 

to function (IVA, 2017b). It is important that these events are reduced as much as possible. 

Therefore, study of the potential weather effects that could cause reliability to worsen is 

important. Age of the various components is major factor in reliability, as most electrical 

grid elements are designed to have a lifespan of roughly 40 years (Fant et al., 2020; GEAB, 

2023a). However, as they near the end of their lifecycle their ability to complete the task 

is reduced and the chance for failure or breakdown increases (Fant et al., 2020).  The 

electrical infrastructure of Sweden is already ageing, as of 2017 70% of the grid was older 

than 20 years old, and 37% was older than 38 years (IVA, 2017b).  

Severe weather events play a large part in interruptions to power, in 2014 in 

Sweden 50% of unplanned power interruptions were caused by weather events (Gündüz, 

Küfeoğlu and Lehtonen, 2017; IVA, 2017b). Typically, extreme weather events push 

policy makers to better prepare the grid, after some severe storms in the early 2000s policy 

changes were introduced to better prepare the grid against future severe weather events 

(IVA, 2017a). These policy changes introduced incentives to put the <20kV distribution 

grids underground due to the less vulnerable nature of underground cables especially to 

effects such as wind (Kufeoglu, Prittinen and Lehtonen, 2014; IVA, 2017b), along with 

policies to introduce penalties for having disconnected customers over extended periods 

of time (Gündüz, Küfeoğlu and Lehtonen, 2017; IVA, 2017a). Reliability of the grid is 
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very important, and it is important to understand how climate change may affect how the 

electrical may be impacted in the future. 

Climate Change and Electrical Infrastructure 

Electrical infrastructure is critical to the functioning of everyday life. It is therefore 

important that infrastructure is well designed and placed so as to maximize its life span 

and usefulness. With climate change becoming a major influence and issue in everyday 

life it is imperative that electrical infrastructure should be looked and studied to determine 

how the effects of climate change will effect electrical infrastructure (Gibson, 2017; 

Brockway and Dunn, 2020; Fant et al., 2020).  

Substations 

Substations are highly critical infrastructure for the grid. They are especially vulnerable 

to the effects of climate change since they occupy a larger area with larger components 

that make it difficult and expensive to make any changes (Kufeoglu, Prittinen and 

Lehtonen, 2014). Therefore, it is important that the effects of climate should be understood 

and forecasted for, to make sure that any necessary precautions are taken early to reduce 

any major damage to the substations. Substations are vulnerable to extreme precipitation, 

and water pooling. They can especially be at risk for flooding from rain and the 

degradation of components from excess moisture, along with potentially causing short 

circuits in older or un-maintained infrastructure (Kufeoglu, Prittinen and Lehtonen, 2014; 

Brockway and Dunn, 2020). In areas that are close to the coast, substations are vulnerable 

to sea level rise, and the excess moisture that may be in the air (Gibson, 2017; Fant et al., 

2020) and inundation by future storm surges that are at a higher elevation due to the sea 

level rise (Gibson, 2017). Since substations are critical to the grid it is important that they 

be properly prepared for the potential future effects of climate change. 

Transformers 

Transformers are critical infrastructure that are particularly vulnerable to climate change. 

Therefore, it is important that the impact to transformers from climate change are 



 12 

understood and can be prepared against, due to their large numbers and prevalence across 

the entire grid. One of the major impacts that could impact transformers is a rise in 

temperature. Rising temperatures affect most electrical products by decreasing their 

efficiency and increasing the resistive losses (Allen-Dumas, KC and Cunliff, 2019; 

Brockway and Dunn, 2020). Rising temperatures may also have the effect of reducing the 

lifespan of transformers overall, with Allen-Dumas, KC and Cunliff (2019), Brockway 

and Dunn (2020), and Fant et al., (2020) suggesting that even minor increases in the 

ambient temperatures will have an effect on the oil used for thermal management, causing 

the oil to reduce the capability for thermal management and breaking down the other 

chemical insulators, possibly resulting in a higher failure rate than was expected by the 

manufacturer. Rising temperatures will also reduce the efficiency of the transformers by 

increasing the resistive losses through out the year, especially during the warmer months 

(Allen-Dumas, KC and Cunliff, 2019). Precipitation is also likely to adversely affect 

transformers. Water intrusion can be very detrimental to transformers, as water can cause 

short circuits in the transformer and higher moisture content in the air can lead to further 

issues by infiltrating and degrading electrical components (Brockway and Dunn, 2020). 

Ground transformers are more vulnerable to ground water intrusion, hence the pooling of 

water and sea level rise will be one of the major issues faced by the transformers on 

Gotland (Gibson, 2017). 

Distribution Lines 

Electrical lines are critical for the transmission of electrical energy, and they connect all 

of the various components, therefore it is important to study how they might be vulnerable 

to the effects of climate change to prevent any potential issues that may arise. The 70kV 

and 33kV lines criss-cross the island above ground and are held aloft by wooden poles 

(GEAB, 2023b). Electrical lines are susceptible to changes in temperature, with overhead 

lines more susceptible than underground lines to temperature changes (Allen-Dumas, KC 

and Cunliff, 2019). with rising temperatures occurring all over the island. Allen-Dumas, 

KC and Cunliff, (2019) found that at temperatures of 37.78 degrees Celsius there is a 7% 

- 8% reduction in the capacity of the line to transport electricity compared to the design 
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ratings, leading to lower efficiency overall if the temperature rises significantly. This has 

the potential to coincide with peak loads as more air conditioners are used to combat 

potential heat waves, which can lead to peak stress of the lines which may be detrimental 

to the reliability of the Gotlandic electricity system (Gibson, 2017; Brockway and Dunn, 

2020; Fant et al., 2020). The wooden poles used by the 70kV and 33kV lines are also 

susceptible to weathering, particularly the increase in moisture and precipitation 

(Brockway and Dunn, 2020; GEAB, 2023a). With the future electrification of many 

sectors, it is not unlikely that the existing electrical infrastructure may be pushed to its 

limits, especially during times of extreme temperature, this could potentially lead to an 

increased ageing and dilapidation of the lines during these times, the capacity of the lines 

to transport electricity may also decrease (Gibson, 2017; Brockway and Dunn, 2020; Fant 

et al., 2020).  

RCP Scenarios 

The RCPs were created by the IPCC to create scenarios for human caused climate change 

by 2100 (van Vuuren et al., 2011). The RCP scenarios were created from an amalgamation 

of academic created forecasts, then standardized so they all have the same starting date 

and reference date (van Vuuren et al., 2011). The different pathways are named for the 

various radiative forcing targets that will be reached by 2100 (van Vuuren et al., 2011). 

This study uses the RCP scenarios for extreme precipitation and temperature change, due 

to the availability of the data, while also being able to compare two scenarios, due to the 

difficulty in predicting extreme weather, annual average temperature change is used as a 

guideline to show the overall increase and possible increase in extreme temperatures. RCP 

4.5 is considered the more likely scenario, with RCP 8.5 considered a worst-case extreme 

scenario. According to the latest IPCC synthesis report CO2 levels have already risen to 

the expected Shared Socioeconomic Pathways SSP2-4.5 level about 80 years too early, 

this however does leave room for a reduction in emissions and reduction of pollutants in 

the air (Lee et al., 2023).  
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RCP 8.5 is the “worst-case/business as usual” scenario, where the equivalent of 

CO2 in the atmosphere is 1370 ppm, and there is little consideration of climate change in 

policies and there would be little control over the emission and pollution overall, and CO2 

levels in the atmosphere will continue to increase past 2100 (van Vuuren et al., 2011). 

RCP 4.5 is considered the middle of the road scenario, where climate change is taken 

account in decision making and there are measures taken into place for reduction of 

climatic effects. In RCP 4.5 emissions are somewhat controlled and reduced along with 

aerosol pollutants being controlled as well (van Vuuren et al., 2011). RCP 4.5 will have 

an equivalent CO2 of 650 ppm, with the CO2 levels stabilizing in the atmosphere by 2100 

(van Vuuren et al., 2011).  

The Swedish Meteorological and Hydrological Institute (SMHI) uses various RCP 

and SSP scenarios for running their climate models (SMHI, 2021a). For the 

meteorological simulations the RCP scenarios are used (SMHI, 2021a). For the creation 

of a climate baseline, the years 1970-2000 were chosen to base the climate projections on 

which use daily average temperature, daily minimum/maximum temperature, and daily 

precipitation, on a grid of 2.5km2 over Sweden (SMHI, 2021a), the models have a start of 

2006 which coincides with the start date of the various RCP scenarios (van Vuuren et al., 

2011; SMHI, 2021a). For their meteorological predictions they ran several different 

climate models (called ensembles) using the same variables to create a range of results 

that can be compared and combined to create a final result (SMHI, 2021a).  

The enemy of a functional and reliable electrical grid is weather. Therefore, it is 

important to investigate how the future changes in weather from climate change and how 

it may impact the functioning of the electrical grid.  
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CHAPTER 3. Methods and Data 
 

This research was carried out as quantitative research, using statistical and visual analysis 

to find results. GIS was used to find the spatial relationship between climate data and 

electrical grid data. The overlayed data was then extracted to excel to perform the 

comparison and analysis. This technique was used to determine the relationships and to 

find the extent of their relationships. A simple statistical analysis was performed in excel. 

This chapter will go in detail about the methods used, along with information about the 

data that was used. 

Methods  

The study was conducted using quantitative research design to analyze the relationship 

between the electrical grid and climate change. Quantitative research deals with the 

relationship of variables between spatial and temporal frames (Creswell and Creswell, 

2018). The results and conclusion have been influenced by a postpositivist worldview, and 

has been written with that theoretical perspective as a framework. (Creswell and Creswell, 

2018).  This thesis contains an analysis of the spatial relationship of the electrical grid and 

the climate data across Gotland and Klintehamn, which describes the potential spatial 

effects on the electrical infrastructure. There was also an informal interview where GEAB 

has answered some questions posed by the researcher in relation to the results from the 

analysis. The answers from GEAB were used in the discussion to support the existing 

literature and to provide insight on the degree of severity and the reliability of the scientific 

literature.  

Spatial analysis was undertaken in this study to determine the extent of the 

relationship between the electrical grid and the climate effects. Specifically, to determine 

where there is overlap and influence, which will produce statistics that can be used to 

determine how much of the grid will be affected by what climate effect. Analysis will then 

be conducted to determine the extent of the effects on the grid and to make the 

visualization and interpretation of the results, along with allowing an easy comparison of 

the scenarios.  
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Geographical Information Systems (GIS) is the digital mapping of temporal and 

spatial features. GIS is used as a way of visually presenting different datasets and variables 

that have overlapping characteristics in a way that is easy to understand and is often used 

to analyze their spatial relationships. ArcGIS is the program that will be used to conduct 

the analysis. It is created by ESRI and is widely used for GIS work. ArcGIS has many 

inbuilt tools and functions that make it easy to conduct the analysis.  

To conduct the work in ArcGIS the data was added to the software and transformed 

to make the data more easily analyzed and viewed. These transformations were symbology 

changes, to change the visuals and symbols of the data. The spatial reference system used 

in this analysis was SWEREF 99 TM 18 45, which is the spatial reference that is used by 

GEAB. Once the data was ready the Overlay tool was used to generate another dataset 

with the attributes and features of both of the combined layers. This tool was used to 

determine the relationship of the various parts of the infrastructure and the climate. Once 

the result was produced the Table to Excel tool was used to export the data to be analyzed 

in Excel. Excel was then used to analyze the data statistically; the data was then graphed 

to enable easier visual comparison of the data. 

To clarify the method with a visual example, Figure 5 and Figure 8 contain some 

of the main roads that cross the island, this can be used as an analogue to the electrical 

grid. To begin the analysis the two datasets are added to the map, both the roads and 

climate effects showing their extent on the island. Then the overlay tool would take the 

length of the road that lies in each climate grid square. The output of the overlay tool is a 

dataset that contains the roads, with the climate grid square data attached. In areas where 

a long road would intersect multiple grid squares, the road is broken up into segments, that 

ends at the edges of grid squares. The output dataset contains the length of each segment 

of road. The data will then be exported to Excel to allow easier analysis with charts and 

figures being created from this data.  
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 The statistical analysis that was used was very simple. In the case of substations, 

the mean and standard deviation were found using Excels in-built functions. For the other 

data the sums were used to create tables and allow easier graphing.  

The two flowcharts below (figure 3 and figure 4) describe in broad strokes the 

process that was used in conducting the spatial analysis. All of the transformation of the 

data was used to make the map more legible to read and interpret the spatial relationship 

of the data.  

 

Figure 3 Regional map methods flowchart. 

 
 
Figure 4 Klintehamn map methods flowchart 

Data 

Data used for the analysis was gathered from different sources, most of the data used was 

pre-transformed and ready to analyze. Electrical grid data was sourced from GEAB; 

however, it is sensitive information and cannot be shown in the paper. The 100-year, 500-
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year, and sea level rise was received from Region Gotland with permission to use and 

show the data in the analysis. Climate data was taken from SMHI, this data has been 

created and presumably edited extensively before publishing publicly. This section will 

describe the data specifics, such as how it is created and the ones who have created the 

data.  

Climate Data 

The extreme precipitation and temperature change data that was used for this analysis was 

sourced from the Swedish Meteorological and Hydrological Institute (SMHI) from their 

advanced climate change scenario service. This data is compiled from many different 

models that they ran using the RCP scenarios as guides, the results are called ensembles, 

and the spread of the results from the different models is used as the standard deviation 

(SMHI, 2021a). The baseline climate data used for these models is from the years of 1971-

2000. The creation of the regional climate models is compiled from downscaling global 

climate models to a European model with grid squares being 12.5km x 12.5km, which is 

then downscaled to a Sweden sized model with grids being 2.5km x 2.5 km (SMHI, 

2021a), downscaling is achieved through interacting the global analysis and adding more 

local datapoints to create and more thorough model (SMHI, 2021a). Even though the data 

is largely downscaled through the use of reanalysis of the datapoints, these grid squares 

are still quite large (SMHI, 2021a). The scale for this data is for the whole of Sweden.  

Water pooling data was sourced from Region Gotland, who created this data along 

with SMHI. This data was provided on a special request, but it is available from Region 

Gotland. This dataset is to measure and show the areas that would be affected by 100-year 

and 500-year rains where water would pool to at least 10cm deep. This data has been 

adjusted by 1.25x to show how climate change may affect the rainfall, this adds to the 

amount of precipitation that is likely to fall, they adjusted the data to account for changes 

in future climate as it is expected that it will increase (Region Gotland, 2023). 

Sea level rise data was provided from Region Gotland. This data represents sea 

level rise in 1, 2, 3, and 4 meters. For the purpose of this report a comparison will be made 
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using 1-meter sea level rise and 2-meter sea level rise to provide a comparison. Since it is 

likely that sea level rise could occur sooner under RCP 8.5 than under RCP 4.5. 

Grid Data 

Electrical grid data was sourced from the distribution system operator GEAB. This 

information is considered nationally sensitive, so the location of the electrical network 

will not be shown. For the regional map GEAB provided the central 70kV and 33kV 

distribution line network and the substations linked to that network. GEAB provided 

transformer and line data for the analysis of Klintehamn. The data they provided was 

shapefiles with lines and points.  

Background Data 

Background data will be used to add context in this study. Most of the background data 

was sourced from the GeoData Extraction Tool (GET) hosted by SLU and the 

OpenStreetMap project.  GET contains many different datasets from different Swedish 

sources such as  Lantmäteriet. The OpenStreetMap database contains files for mapping 

and requires a third party to extract their data. All of the data is created by the users to 

create an opensource world map with data being freely available for use (OpenStreetMaps, 

2023). For this project an external program was used to extract this data to make it 

compatible with GIS, this website is GeoFabrik. GeoFabrik provides the OSM data in a 

format that is compatible with ArcGIS pro.  

Ethics 

This study deals with sensitive data and therefore the researcher has to be careful so as not 

to disseminate any of the protected data. All of the results that were achieved in this study 

should be able to be reproduced, if a thorough dissemination of the methods is wanted 

then the author should be contacted. All of the results that were achieved are shown in the 

final results, and no results have been left out. All of the data used in this thesis have been 

for research purposes, with no intent to commercialize, and the sources shall be properly 

referenced.   
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CHAPTER 4. Results 
 

The results from the GIS analysis will be presented here, the order will follow the climate 

effects analyzed, with the subsections following the various electric infrastructure that 

were analyzed. The results will be shown in the form of graphs and tables for easier 

visualization along with an explanation of the graphs and tables to provide clarity.  

Temperature 

The rise in average temperature on the island of Gotland is represented in Figure 5, with 

the two scenarios being shown. From Figure 5, it is clear that the areas around the coast 

and specifically the Baltic Sea will experience the largest rise in average annual 

temperature, with the inland sections having smaller increases. The baseline annual 

average temperature for Gotland is +7.1C (SMHI, 2021d). From the maps it can be seen 

that the Island and its related infrastructure are going to be affected by a rise in annual 

temperature. RCP 8.5 represents a larger warming, with some areas reaching an annual 

average of over 10C. RCP 4.5 still has some warming, but to a lesser extent than in RCP 

8.5, with an average yearly temperature of around 9C.  
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Figure 5. Maps for the comparison of RCP Scenarios for change in annual average temperature 

on Gotland, for enlarged maps see the appendix (SMHI, 2021d; 2021e; OpenStreetMaps, 2023). 

Substations 

The results from the graph in figure 6, show that RCP 8.5 indicates a more significant 

effect on the substations than RCP 4.5, with the substations experiencing a mean warming 

of around 3°C for RCP 8.5 and around 2°C for RCP 4.5. The bars represent the range of 

temperatures that the substations could potentially be exposed to.  
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Figure 6. Graph showing the mean change in temperature that substations are likely to 

experience, with bars showing the variation of effects on the population of subsations (SMHI, 

2021d; 2021e; GEAB, 2023b) 

Central Electrical Lines  

The results from the graph in figure 7, show that the electrical lines on Gotland will 

experience a higher average temperature under RCP 8.5 than RCP 4.5. With most of the 

central lines experiencing the lower end of the effects from both scenarios.  
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Figure 7. Graph showing the distance of 70kV electrical lines that are likely to be affected under 

the RCP scenarios (SMHI, 2021d; 2021e; GEAB, 2023b). 

Transformers and <20kV Distribution Lines 

In Klintehamn the transformers could experience a range of 2.3C to 2.8C in the 

surrounding areas with Klintehamn likely experiencing 2.4C in RCP 4.5. For RCP 8.5 

the range of surrounding areas is 2.8-3.2C with Klintehamn likely experiencing 2.8C. 

The baseline temperature this data is based on is 7.1C for Gotland (SMHI, 2021d).  

Extreme Precipitation 

These graphs below present the results from the analysis for extreme precipitation with a 

direct comparison of the two scenarios to show the difference of effects on the grid 

infrastructure. The maps in figure 8 show that the trend is that extreme precipitation is 

likely to increase inland, with less of an increase on the coasts and sea areas. The data is 

based on an average of 2.1 days per year with 20 mm or more precipitation per day in the 

0

20

40

60

80

100

120

140

160

2.3 2.4 2.5 2.7 2.8 2.9 3 3.2

K
ilo

m
et

er
s 

o
f 

Li
n

e 
A

ff
ec

te
d

 (
km

)

Change in temperature

70kV Distribution Lines RCP 
Comparison

RCP 4.5 RCP 8.5



 24 

reference period (SMHI, 2021b). There is an overlap between infrastructure that will 

experience the high end of RCP 4.5 and the lower end of RCP 8.5.   

 

Figure 8. Maps showing the change in days of extreme precipitation under the two RCP 

scenarios, for enlarged maps see the appendix (SMHI, 2021b; 2021c; OpenStreetMaps, 2023). 

Substations 

The results from the substations analysis are presented in figure 9. With substations under 

RCP 8.5 likely to experience a mean increase of almost 1.1 days, and RCP 4.5 

experiencing a rise of around 0.9 days. There is some overlap between the scenarios in 

terms of the change in days being similar across the scenarios, but the spread of affects for 

both of the scenarios is quite broad.  
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Figure 9. Graph depicting the mean change in days of extreme precipitation with the bars 

representing variation of effects across the population (SMHI, 2021b; 2021c; GEAB, 2023b) 

Central Lines 

The results from the analysis shown in figure 10 of the 70kV lines show that RCP 8.5 will 

have more of an impact on the lines than RCP 4.5. However, the overlap between the two 

scenarios is quite significant. It should be noted that the difference of the largest range 

affected by both of the scenarios is 0.9 days for RCP 4.5 and 1.1 days for RCP 8.5.  
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Figure 10. Graph showing the distance of line possibly affected under the two RCP scenarios 

(SMHI, 2021b; 2021c; GEAB, 2023b).  

Transformers and <20kV Distribution Lines 

The areas surrounding Klintehamn are likely to experience 0.9-1.1 days change of extreme 

precipitation, with Klintehamn likely experiencing a change of 1 day in RCP 4.5. Under 

RCP 8.5 the areas surrounding Klintehamn will experience 1-1.3 days change of extreme 

precipitation with Klintehamn likely to experience 1.2 change of days of extreme 

precipitation. The average amount of days of extreme precipitation that this data is based 

on is 2.1 days of extreme precipitation for Gotland annually (SMHI, 2021b).  

Water Pooling  

Water pooling data is used to show how water may collect after a 100-year (1% annual 

chance of occurrence) and 500-year (0.2% annual chance of occurrence) rains with areas 

that will have a depth of 10cm, it is expected that these issues will be more frequent and 

become worse. This data is climate adjusted by Region Gotland and SMHI, by a factor of 
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1.25 to account for the expected increase in precipitation due to climate changes. This data 

shows how the electrical grid may be affected by the occurrence of these events. 

Substations 

The analysis showed that water pooling represents a threat to one substation, for both the 

100-year and 500-year rains it was the same substation that was under threat.  

Central Lines  

Table 1 shows the distance of the line that will be affected by water pooling. It should be 

noted that no 33kV lines will be affected by water pooling in both scenarios.   

Table 1. Distance of 70kV Lines that are likely to be affected by 100-year and 500-year rains 

(GEAB, 2023b; Region Gotland, 2023). 

 100 Year Rain 10cm Depth 500 Year Rain 10cm Depth 

Distance of lines affected 

(70kV) 

6.05% 6.43% 

 

Transformers  

Transformers that were overlayed on the water pooling data for both 100-year and 500-

year water pooling showed that there would not be a significant threat to both the low 

voltage and high voltage transformers. The analysis showed that 1.12% of the low voltage 

transformers are in areas at risk, whereas 10.52% of the high voltage transformers are in 

areas that are at risk. For both 100-year and 500-year water pooling it is the same 

transformers are at risk from water pooling.  

 

<20kV Distribution Lines 

For the 100-year water pooling the analysis showed that 2.48% of the 400V lines are 

expected to be affected, and 4.41% of the 11kV lines affected. Under the 500-year water 

pooling scenario there is the possibility that there could be 13.09% of the 400V lines 

affected and 57.43% of the 11kV lines.   

Table 2. Water pooling’s impact on the 400V and 11kV lines (GEAB, 2023b; Region Gotland, 

2023). 
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 400V lines 11kV lines 

100-year rain 2.48% 4.41% 

500-year rain  13.09% 57.43% 

Sea Level Rise  

Sea level presents a threat to any infrastructure present. Using the data sourced from 

Region Gotland this analysis uses a 1-meter sea level and 2-meter sea level rise.  

 

Figure 11. Map showing the potential sea level rise effecting Klintehamn (Lantmäteriet, 2021b; 

2021a; OpenStreetMaps, 2023; Region Gotland, 2023). 
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Transformers and <20kV Lines  

Using the sea level rise data from Region Gotland for 1 meter of sea level rise and 2 meters 

of sea level rise, it is clear to see that 2 meters of sea level rise would present a much 

greater threat than 1 meter of sea level rise. With 1 meter of sea level rise no high voltage 

transformers are likely to be affected and only 1.12% of low voltage transformers affected. 

The lines affected by 1 meter sea level rise is low as well, with 2.55% of 400V lines likely 

to be affected and 3.16% 11kV lines affected. 2-meter sea level rise will have a greater 

affect on transformers and lines. 8.98% of low voltage transformers likely to be affected 

and 31.57% of high voltage transformers affected. It is likely that 20.59% of the 400V 

lines will be affected and 24.34% of the 11kV lines by 2m sea level rise.  

Table 3. Sea level rise effects on the low and high voltage transformers (GEAB, 2023b; Region 

Gotland, 2023). 

 Low Voltage Transformers High Voltage Transformers 

1m Sea level rise 1.12% 0 

2m Sea level rise 8.98% 31.57% 
 

Table 4. Sea level rise effects on the 400V and 11kV distribution lines (GEAB, 2023b; Region 

Gotland, 2023). 

 400V Lines 11kV Lines 

1m Sea level rise 2.55% 3.16% 

2m Sea level rise  20.59% 24.34% 
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CHAPTER 5. Discussion 
 

This section will show how the infrastructure may be affected by the effects of climate 

change along with why these effects may be detrimental to the infrastructure. This is 

accomplished by looking at the different areas and comparing the possible effects of 

climate change over the electrical infrastructure. Then an  assessment of the possible 

effects that the electrical may face will follow. These possible effects are listed below in 

Table 5, grouped by the climate effect and the possible effects on infrastructure.  

Table 5. The climactic effects on the various pieces of electrical infrastructure analyzed with 

sources. 

 Transformers Substations 70kV and 33kV 

Lines 
<20kV Lines 

Extreme 

Precipitation 

-Water 

infiltration  

-Moisture in the 

air 

-Water 

inundating the 

transformer 

(Gibson, 2017; 

Brockway and 

Dunn, 2020) 

-Moisture 

degradation 

-Water 

infiltration 

-Flooding 

(Kufeoglu, 

Prittinen and 

Lehtonen, 

2014; Gibson, 

2017; 

Brockway and 

Dunn, 2020) 

-Degradation of 

poles  

(Brockway and 

Dunn, 2020; 

GEAB, 2023b) 

 

 

-Water 

inundation 

-Erosion 

(Allen-

Dumas, KC 

and Cunliff, 

2019; 

Brockway and 

Dunn, 2020) 

Temp 

Change 

-Decreased      

cooling 

efficiency 

-Ageing of the 

components 

-Resistive losses 

(Kufeoglu, 

Prittinen and 

Lehtonen, 2014; 

Gibson, 2017; 

Allen-Dumas, 

KC and Cunliff, 

2019; Brockway 

and Dunn, 

-Ageing of 

components 

-Resistive 

losses 

(Brockway and 

Dunn, 2020; 

Fant et al., 

2020) 

-Decreased 

transmission 

capability 

-Increased 

ageing 

(Gibson, 2017; 

Allen-Dumas, 

KC and Cunliff, 

2019; Brockway 

and Dunn, 2020; 

Fant et al., 2020) 

-No issues 

identified 
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2020; Fant et 

al., 2020) 

100/500 

Year Rain 

-Water 

Infiltration 

-Water Intrusion 

-Moisture 

intrusion 

-Accessibility 

issues 

(Kufeoglu, 

Prittinen and 

Lehtonen, 2014; 

Gibson, 2017; 

Brockway and 

Dunn, 2020)  

-Water 

Infiltration 

-Water 

Inundation 

-Moisture 

Intrusion 

(Kufeoglu, 

Prittinen and 

Lehtonen, 

2014; 

Brockway and 

Dunn, 2020) 

-Pole 

Degradation 

(Brockway and 

Dunn, 2020; 

GEAB, 2023b) 

-Water 

infiltration 

-Access 

issues 

(Allen-

Dumas, KC 

and Cunliff, 

2019; 

Brockway and 

Dunn, 2020; 

GEAB, 

2023b) 

Sea Level 

Rise 

-Water 

infiltration 

-Destruction 

-Erosion  

(Gibson, 2017; 

Brockway and 

Dunn, 2020; 

Fant et al., 

2020) 

-Destruction 

-Flooding 

(Gibson, 2017; 

Brockway and 

Dunn, 2020; 

Fant et al., 

2020) 

-No issues 

identified 

-Erosion 

-Water 

infiltration 

(Allen-

Dumas, KC 

and Cunliff, 

2019; 

Brockway and 

Dunn, 2020) 

 

 

Extreme Precipitation 

From the results it is clear that RCP 8.5 will have more of an effect on Gotland than under 

scenario RCP 4.5, which is to be expected, the difference in the effects from inland. Under 

RCP 4.5 the areas that will experience the worst effects are inland, and they will 

experience roughly 1 extra day of extreme precipitation per year, with RCP 8.5 

experiencing up to 1.2 days extra. This difference when compared against the average of 

2.1 days (SMHI, 2021c) during the baseline time period is potentially significant, as the 

potential increase is around 1/3rd  from climate changes effects. The area of Klintehamn 

will likely experience more extreme precipitation in RCP 8.5 than in RCP 4.5, with 0.2 

days extreme precipitation more in RCP 8.5, since Klintehamn is a coastal town, it is less 

likely to have more extreme precipitation than its inland counterparts. The difference in 
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the change is not as large as well, the inland areas are expected to see larger changes 

between the scenarios.  

The effects of extreme precipitation on infrastructure are both direct and indirect. 

For infrastructure that contains parts that are sensitive to moisture, such as transformers 

and substations, they can be affected by water infiltration, this can cause issues such as 

short circuiting and arcing (Gibson, 2017; Brockway and Dunn, 2020; Fant et al., 2020) 

as can be seen in Table 5. This has the potential to cause temporary power outages in the 

grid, or possibly cause the transformers or substations to be damaged. Moisture from 

extreme precipitation can also cause degradation of  the various components over time 

(Brockway and Dunn, 2020). Therefore, in areas where more extreme precipitation may 

occur, such as in RCP 8.5 there may be an increased rate in degradation of transformers 

and substations. This has the potential to lead to further issues of grid reliability. For the 

central distribution lines extreme precipitation does not present a direct risk (Brockway 

and Dunn, 2020), however the wooden poles that are used to carry the lines can be at risk 

from increased degradation of from the excess moisture, which will be more likely to 

occur under RCP 8.5 than RCP 4.5 (Brockway and Dunn, 2020; GEAB, 2023b). GEAB 

(2023b) have also mentioned that the lifespan of the wooden poles is reduced in wetter 

conditions. The distribution lines used in Klintehamn are underground lines that are 

<20kV may not be directly affected by extreme precipitation; however, the extra water 

may present issues with water inundating the ground and soil (GEAB, 2023b). This has 

the potential to cause erosion in and around the lines along with the potential that water 

may infiltrate the lines and cause the electricity to “ground” (Brockway and Dunn, 2020). 

An increase in the effects of extreme precipitation could have a multitude of effects on the 

electrical infrastructure of Gotland and Klintehamn.  

Temperature 

The average rise in temperature annually for Gotland shows that RCP 8.5 will have around 

a degree Celsius of warming more than RCP 4.5. The temperature change is expected to 

be felt the most during the colder months as noted by SMHI (SMHI, 2021e; 2021d). For 
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RCP 8.5 the range of temperature is roughly 2.8C to 3.2C, making the average annual 

temperature rise to around 10C, while under RCP 4.5 the annual average temp could rise 

to around 9C. Klintehamn could potentially see an annual average temperature rise of 

approximately 2.8C under RCP 8.5, and 2.4C under RCP 4.5, leading to annual average 

temperatures of around 9.9C and 9.5C respectively, the overall warming that is expected 

to be felt will be warmer since it is a coastal town, especially compared to inland towns. 

The change of temperature’s potential effects on electrical infrastructure are likely 

to affect the efficiency of the electrical components. Higher temperatures can cause the 

lifespan of transformers and substations to be reduced, leading to earlier replacement of 

the components than intended (Fant et al., 2020). Higher overall temperatures under the 

RCP 8.5 could lead to more replacements than planned for than under RCP 4.5. This is 

also relevant for substations and transformers that both use oil-based coolants to cool the 

insides (GEAB, 2023b), Fant et al., (2020) mentions that higher than usual temperatures 

can cause issues with the coolant fluid causing the fluid to start breaking down the internal 

components causing failures and further issues (Brockway and Dunn, 2020; Fant et al., 

2020). A rise in temperature will also potentially have an effect on the distribution lines, 

both central and local, as stated above. As the air temperature rises the lines’ ability to 

dissipate heat from resistive losses reduces, if there is a need for the lines to be overcharged 

during peak loads, the lifespan of the lines could be reduced through extra wear and tear 

(Brockway and Dunn, 2020). Under RCP 8.5 the overall warmer temperatures could have 

a greater effect than under the RCP 4.5 scenario, leading to reliability issues of the grid.  

Water Pooling, 100/500-year Rains 

 Water pooling from 100-year and 500-year rains has been adjusted by a factor of 1.25 to 

adjust for changes in the climate, however both of the “scenarios” represent some risks to 

the infrastructure, these risks are also similar to the risks from extreme precipitation. 

Under a 100-year rain there is expected to be effects all over the Island and Klintehamn, 

however these effects are expected to be less than the effects of the 500-year rain which 

was expected, this is especially true for the electrical lines. Where just over 57% of the 
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11kV lines affected under the 500-year rain, and just over 4% under the 100-year rain 

scenario. The 400V lines have less of a difference with only 11% difference between the 

100-year and 500-year rains. 70kV lines have less of a gap between the rains, with there 

being roughly 0.37% difference in the lines being affected between the two scenarios.  

Water pooling can present a threat to the infrastructure for a myriad of reasons. It 

is well known that water is the enemy of electrical systems. Therefore, having 

infrastructure that is surrounded and even sitting in these 10cm deep water pools can create 

issues. For substations and transformers water pooling can lead to moisture intrusion and 

water infiltration, which can cause them to short circuit and arc (Brockway and Dunn, 

2020). The substations on Gotland are less likely to succumb to this threat, as there is one 

substation at risk for both of the scenarios. Transformers however are at risk, especially 

since there are ground transformers in Klintehamn, which are even more susceptible to 

these issues since they lie on the ground (Gibson, 2017; GEAB, 2023b). The analysis 

showed that most of the high voltage transformers were placed in areas that were at risk 

from water pooling, as opposed to low voltage transformers where there is a lower 

percentage that are likely to be affected. The 70kV electrical distribution lines are not 

directly threatened by water pooling as GEAB (2023b) have said that there are currently 

some of the 70kV lines through areas that are already wet environments, however if there 

are some areas that are not as prepared for moisture the risk may increase. GEAB (2023b) 

have also mentioned that one of the causes of wooden pole failure is moisture infiltrating 

and rotting the wood, the amount of time the pole is standing in the water can exacerbate 

this issue. The underground <20kV lines are more directly susceptible, if there is damage 

to the cable, or water manages to infiltrate the line there is the risk that the line could short 

circuit and need replacement (GEAB, 2023b). Water pooling is a danger to electrical 

infrastructure, and it is clear that having excess water around infrastructure is never good.  
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Sea Level Rise 

No matter the scenario, the effects of sea level rise pose a serious threat for all coastal 

areas. The “worse” scenarios have the potential of creating more issues. In this thesis sea 

level rise of 1 meter is used to represent a middle of the road climate scenario, and 2 meters 

to represent a worse climate scenario. Under a sea level rise of 1-meter the amount of 

infrastructure that is affected is less than under 2 meters of sea level rise. The effects of 2-

meter sea level could be catastrophic for the community of Klintehamn as can be seen in 

Figure 11, it can be seen most of the land to the west of Norra Kustvägen will be under 

water, along with the harbour and the related industries. This is also true for electrical 

infrastructure that lies in these areas. A sea level rise of 1 meter is expected to affect 1.12% 

of low voltage transformers, with no high voltage transformers at risk, whereas under 2 

meters sea level rise almost 9% of low voltage transformers and almost 1/3rd of the high 

voltage transformers at risk. For electrical lines the risk of 1 meter sea level affecting the 

400V lines is 2.55% and 3.26% for the 11kV lines, 2 meters of sea level rise is going to 

have a much larger affect, with just over 20% of the 400V lines at risk, and just over 24% 

of the 11kV lines likely to be affected. It is important to keep in mind that this is just a sea 

level rise analysis, the effects of storm surges could be much more catastrophic, with 1.2-

meter-high storm surges being recorded in the Baltic could present a threat to electrical 

infrastructure that lies further inland.  

Sea level rise presents a major threat to infrastructure, with any electrical units that 

lie under the future water line expected to be destroyed as coastal erosion takes place 

(Gibson, 2017; Brockway and Dunn, 2020; Fant et al., 2020). Infrastructure that lies near 

the coast can also be at risk of corroding at a quicker rate, since salt water is very corrosive 

which may affect any transformers that are near to the coast (Brockway and Dunn, 2020). 

Erosion will also be an issue for all infrastructure that lies near the coast, as time goes on 

there will be the issue that the land around the infrastructure may wash away and sweep 

away the infrastructure that is placed there. Sea level rise is probably the gravest threat 

that climate change can throw at Gotland’s electrical infrastructure, therefore it is 
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important to gauge how extensive the threat is and how it may affect or remove electrical 

infrastructure. 

Limitations 

There were various limitations encountered through the study. As with all quantitative 

studies some of the limitations encountered were in the data used to conduct the analysis. 

The climate data from SMHI has low spatial resolution, making detailed local analysis 

difficult, to surmount this problem in the local analysis, the data from surrounding grid 

cells was used. For future studies on a regional scale, the researcher recommends creating 

a new grid that will balance the difference between the grid squares to downsize the data 

and create a more even transition between various grid cells. The climate data is also just 

a potential forecast, and since the IPCC has released new scenarios, the data used in this 

study may already be obsolete with newer scenarios being present, however the data used 

in this thesis is the best data that is available.  
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CHAPTER 6. Conclusion 
 

Climate change will undoubtedly have an effect on the electrical infrastructure of Gotland 

and Klintehamn. The extent and severity of the effects are affected by the scenario that 

was used in the analysis. Under RCP scenario 8.5 the electrical infrastructure will likely 

experience greater effects from climate change, for both extreme precipitation and 

temperature change effecting both Gotland and Klintehamn which was to be expected 

since climate change progresses further in this scenario. RCP 4.5 compared against RCP 

8.5 is not likely to have as great of an effect, however the effects are still above the baseline 

and still present a threat to infrastructure. When preparing electrical infrastructure for RCP 

8.5, the electrical infrastructure is also being prepared for RCP 4.5. Water pooling’s 100-

year and 500-year impacts on the 70kV grid is less severe than the possible effects on the 

<20kV grid of Klintehamn. The electrical infrastructure of the <20kV grid is also more 

susceptible to these effects, which has the potential of creating major issues for 

Klintehamn. Sea level rise represents a major threat to the coastal infrastructure, especially 

2-meters of sea level rise, which will create major issues for Klintehamn, and most likely 

create issues for all coastal towns and coastal infrastructure. Therefore, considerations 

should be made to prepare and plan for these effects as they represent a major threat. All 

of the effects of climate change represent a clear threat to the electrical infrastructure, 

regardless of the effect or scenario. Therefore, further research should be conducted to 

understand more effects, such as severe weather events and other climate effects. Looking 

further ahead temporally would also be useful since electrical infrastructure has a long 

lifespan. Sea level rise should also be studied further, and conducted on a larger scale, to 

create a more exact analysis. Lastly updated climate models could be used to further 

enhance the reliability of the analysis and better understanding of the extent of the possible 

effects. Climate change represents a major threat to the electrical infrastructure of Gotland 

and Klintehamn, thus it is imperative that the effects be understood to reduce any issues 

that may arise.  
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APPENDIX A. Regional Map 

Enlarged maps to better show details. 

Figure 5a. Map for RCP 4.5 showing the change in annual average temperature on 

Gotland (SMHI, 2021d; 2021e; OpenStreetMaps, 2023). 
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Figure 5b. Map for RCP 8.5 showing the change in annual average temperature on 

Gotland (SMHI, 2021d; 2021e; OpenStreetMaps, 2023). 
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Figure 8a. Map showing the change in days of extreme precipitation under RCP 4.5 

(SMHI, 2021b; 2021c; OpenStreetMaps, 2023). 
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Figure 8b. Map showing the change in days of extreme precipitation under RCP 8.5 

(SMHI, 2021b; 2021c; OpenStreetMaps, 2023). 



 45 

APPENDIX B. Local Map 

Figures not present in the text but may still be useful for context. 

 

Map showing the 100-year rain water pooling on Klintehamn.  
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Map showing the 500-year rain water pooling on Klintehamn. 

 

 


