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Abstract
The 2014-2015 eruption at the subglacial Barðarbunga volcanic system heightened
awareness of volcanic hazards, particularly to the potential impacts of jökulhlaups. One area
in southern Iceland, located around the Þjórsá River and bordered by the Hvítá and Rangá
rivers, is particularly vulnerable to the effects of a potential jökulhlaup. Vulnerability of the
human, natural, and built environments was investigated, analysed, and mapped using GIS
methods using data from the engineering company Verkís and by Landsvirkjun, as well as
from Statistics Iceland, OpenStreetMap, the National Land Survey of Iceland and the
Icelandic Institute of Natural History. Visualisation of risk and vulnerability as a
communication tool is discussed. Vulnerability depends on a wide range of factors, ranging
from social factors such as a person’s country of origin to physical factors such as the
location of their residence within the floodplain. Out of the four municipalities, Flóahreppur,
Skeiða- og Gnúpverjahreppur, Ásahreppur and Rangárþing ytra, intersecting the Affected
Area, Flóahreppur municipality was found to be the most vulnerable, due to the higher
proportion of cultivated agricultural, horticultural, and domestic habitats and grassland upon
which people depend on for their livelihoods, in addition to a higher population and
infrastructure density. Results can be used by planners and policy makers to improve
community awareness and preparation in the event of a future jökulhlaups.
Keywords: jökulhlaups; vulnerability; risk; visualisation

Útdráttur
Samfara eldsumbrotum í Bárðarbungueldstöðinni á árunum 2014-2015 var hætta af
hugsanlegum jökulhlaupum til norðurs, vesturs og suðvesturs frá eldstöðinni. Ef hlaupvatn
bærist í Þjórsá væri svæði í nágrenni hennar í hættu. Í verkefninu var með hjálp
landfræðilegra upplýsingakerfa rannsakað hversu viðkvæmt samfélag, manngert og
náttúrlegt umhverfi í nágrenni Þjórsár, að Hvítá í vestri og Rangá í austri, er gagnvart slíku
hlaupi. Byggt var á gögnum um áætlaða útbreiðslu flóðs, samfélag og náttúrlegt og manngert
umhverfi í fjórum sveitarfélögum; Flóahreppi, Skeiða- og Gnúpverjahreppi, Ásahreppi og
Rangárþingi ytra. Þá var mikilvægi myndrænnar framsetningar á hættu og viðkvæmni vegna
jökulhlaups rædd. Hversu viðkvæmt samfélag er fer eftir ýmsum þáttum samfélags t.d.
þjóðerni eða legu s.s. hvar byggð er á flóðasvæðinu. Af þeim svæðum sem voru á
áhrifasvæði hamfarahlaups var Flóahreppur viðkvæmastur. Þar eru íbúar flestir, innviðir sem
eru í mestri hættu eru þéttastir auk þess sem stærsti huti ræktaðs landbúnaðarlands,
garðræktar og graslendis sem íbúar byggja lífsviðurværi sitt á er í hættu í þessu sveitarfélagi.
Niðurstöður hættumats og myndræn framsetning þess getur gagnast skipulagsaðilum og
sveitarstjórnum til að auka vitund íbúa um hættu á jökulhlaupum og viðbrögðum við þeim
til framtíðar litið. Lykilorð: jökulhlaup; viðkvæmni; áhætta og myndræn framsetning
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1. Introduction
In the summer of 2014, the largest eruption in Iceland for more than 200 years occurred on
one of the most active subglacial volcanic systems in Iceland, the Bárðarbunga system
(Gislason et al., 2015; Schmidt et al., 2015; Gudmundsson et al., 2016). Beginning on 31
August 2014 and finishing on 27 February 2015, the eruption was preceded by two weeks
of intense seismic activity and several minor eruptions located at the caldera of the
Bárðarbunga central volcano (Schmidt et al., 2015; Hjartardóttir 2016; Larsen &
Gudmundsson, 2014). The effusive fissure eruption took place on the outwash plains of the
Dyngjujökull glacier, at the northwestern edge of the Vatnajökull glacier. The vents
reoccupied those of the Holuhraun lava field, which was formed from eruptions in 1797 and
1862–1864 (Schmidt et al., 2015; Ágústsdóttir et al., 2016).
The new lava field formed in 2014–2015 now covers about 85 km2, and extends northeast
from the vent system toward the Jökulsá á Fjöllum River. Based on the area and thickness
of the lava ﬂow ﬁeld, lava discharge rate was estimated to begin at 200–280 m3/s, gradually
declining to 10–100m3 by November 2014 (Gudmundsson et al., 2017). However, the impact
of the eruption on humans and infrastructure was minimised due to the location of the
eruption just north of the Vatnajökull glacier edge, narrowly escaping the formation of a
jökulhlaup that would flood the Þjórsá River (Gislason et al., 2015).
A jökulhlaup is a sudden glacial outburst flood of meltwater caused by high rates of heat
transfer from magma to ice as a result of volcanic or geothermal activity under glaciers.
Therefore, there is a high potential risk associated with subglacial eruptions, especially in
the highly active Bárðarbunga system (Jakobsson & Gudmundsson, 2008). The 2014
eruption alerted scientists, policy makers, and the general public as to the hazard of
jökulhlaups and the vast damage that they could cause for certain vulnerable communities
in Iceland. Both agricultural land and buildings would be flooded, which would have
detrimental effects on livelihoods, especially those dependent on farming. The power and
electricity network would also suffer a major disruption due to jökulhlaup flooding on the
Þjórsá River. The Þjórsá River has been used extensively for hydroelectricity. Therefore,
effects of flooding in the Þjórsá area would be detrimental within the flood zone as well as
to the basic infrastructure of the country, to include: electricity generation, transmission, and
distribution, in addition to telecommunications, and transport.
In response to the activity within the Bárðarbunga volcanic system, and with the goal of
enhanced preparation in case volcanic activity spread or increased, a working group was
established in order to create a contingency plan to develop and analyze a scenario whereby
flooding would occur on the Þjórsá River. The plan emphasised the necessity for added
preparation in the event of a volcanic eruption on the Bárðarbunga volcanic system, due to
the potential damages a resulting large scale flood could inflict upon the surrounding society
(Almannvarnir, 2015).
Headed by the Icelandic Civil Protection (AVD), the working group included a number of
institutions playing different roles in the crisis response, from monitoring bodies, policy
makers, and research institutions. At the national level, AVD responsibilities are delegated
to the National Commissioner of the Icelandic Police (NCIP). The NCIP runs a Department
of Civil Protection and Emergency Management, and is also responsible for monitoring and
supporting research and studies related to reducing risk factors and damages in the event of
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natural catastrophes (Department of Civil Protection, 2017). The District Police
Commissioners in Iceland are in charge of all civil protection operations within their
jurisdictions ("Civil Protection Act no 82/2008," 2008). The District Police Commissioner
in North-East Iceland was in charge of the operations after the 2014 eruption (Almannvarnir,
2015). Landsvirkjun (the National Power Company of Iceland) contributed to the mapping
of the potential spread of the flooding, based on the company’s own contingency plans. The
Icelandic Met Office, the Institute of Earth Sciences, the Environment Agency, the
Directorate of Health, the Administration of Occupational Safety, and the Icelandic Food
and Veterinary Authority became involved as the eruption continued.

1.1. Problem Statement
This area of study was chosen because of the new awareness of the threat that a subglacial
eruption on the Bárðarbunga volcanic system could pose, resulting in a jökulhlaup flowing
south onto the Þjórsá floodplain. A jökulhlaup in this area has the potential to disrupt
hydropower plants that produce much of the Iceland’s energy and electricity. In addition,
the loss of agricultural and livestock grazing land could result in losses of livelihoods for
those individuals and communities dependent on agriculture for their income. Roads,
buildings, tourism infrastructure, and energy and power infrastructure could all be adversely
impacted. Hazard management requires coordination between various institutions and
communities. Increased research is needed in the field of hazard vulnerability mapping in
order to improve not only communication between institutions and individuals after a
hazardous event occurs, but also to preemptively improve awareness and preparedness.

1.2. Objective and Research Questions
The objective of this study is to investigate and map the vulnerability of the Þjórsá
floodplain in Southern Iceland to jökulhlaup hazards in the event of a subglacial eruption
at the Bárðarbunga volcanic system. This thesis will investigate the physical and
socioeconomic landscape of the Þjórsá floodplain, identifying, mapping, and analysing
aspects of vulnerability in the human, natural, and built environment for each of the
municipalities contained within the area. In addition, the use of hazard vulnerability
mapping as a tool for communicating risks and enabling community preparedness is
investigated.
The following research questions guided the study:
1) How can the vulnerability of the human, natural and built environment be quantified
within the flood zone?
2) Which municipalities are the most vulnerable to a jökulhlaup occurring within the
Bárðarbunga volcanic system?
3) How can visualisation techniques be used to communicate vulnerability? Further,
how can hazard vulnerability mapping be used as a tool for communicating risks to
government officials and policy makers with regards to emergency procedures and
preparedness?
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This thesis begins with a literature review outlining hydrological modeling, specifically as
related to subglacial hydrology. Previous works in the field of vulnerability studies are
discussed both in general terms and as related to jökulhlaups. The geologic background of
the study area is outlined, as well as the existing human, natural, and built environment. The
various data sources used are presented along with methodology. Results of the vulnerability
analysis relating to the human, natural, and built environment are presented and then
discussed. Finally, an outlook and conclusion provides some perspective for the future.
In this study, the area potentially affected by a jökulhlaup on the Þjórsá floodplain will be
referred to as the “Affected Area”. When displayed on maps, this area will be referred to as
the “Area affected by a potential jökulhlaup”.
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2. Literature Review
2.1. Hydrological Modelling
Direct measurements of discharge and velocity of major jökulhlaups are difficult because
large scale floods will overflow riverbanks, distort river courses, and damage instruments.
Monitoring is also hindered by limited direct access to some of the most remote regions in
the world (Carrivick, 2011). The exact topographic location of eruptions and the nature of
the ice-magma interactions influence the routing of jökulhlaups. This variability provides a
challenge to estimating the probability of a subglacial eruption and associated jökulhlaup at
a particular location in space and time (Pagneux & Roberts, 2015). Therefore, the creation
of accurate hydrological models is important to the understanding of jökulhlaup behaviour.
2.1.1. Subglacial Hydrology
The hydrograph of a jökulhlaup generally shows an exponential rise to a peak discharge,
followed by a steep fall in discharge as the water supply to the drainage system ceases
(Klingbjer, 2004; Alho, Roberts, & Kayhkö, 2005). The exponential increase is due to
positive feedback where larger discharge causes more heat production and melting of ice,
which in turn increases the size of the flood. The melting of ice during eruptions therefore
controls the extent and duration of a jökulhlaup. The high rate of heat transfer leads to a
higher temperature of meltwater, which in turn increases the rate of enlargement of
subglacial tunnels which is a key factor in the swiftness and destructive power of jökulhlaups
(Gudmunsson, 2003).
Jökulhlaup behaviour can be assessed using several hydraulic variables such as basal shear
stress or critical shear stress. More simple equations such as flow velocity, boundary shear
stress, and stream power can also be used to gain some understanding of jökulhlaup
movement (Gudmundsson, Högnadóttir, & Magnússon, 2015).
For a glacier that is a few hundred meters thick, any water at the base of the glacier is
pressurised. Water pressure is similar to the lithostatic pressure exerted by the load of the
overlying ice. Therefore, when ice is thicker than 200m, flow paths of water at the base of a
glacier are controlled by a static fluid potential (Björnsson, 1976):
𝜑 = (𝜌𝑤 − 𝜌𝑖 )𝑔𝑧𝑏 + 𝜌𝑖 𝑔𝑧𝑠
Where g is acceleration due to gravity and zb and zs are the height of respectively the glacier
base and the ice surface. Flow paths of meltwater at the glacier base will be down the
gradient of this potential. This equation shows how important the slope of the ice surface is
in driving water flow. It has been demonstrated that this equation describes the flowpaths of
jökulhlaups at Vatnajökull glacier. This implies that flowpaths of jökulhlaups from eruption
sites may be predicted (Gudmundsson, 2003)
In a glacier the slope of the ice surface is generally away from the centre towards the edge
of a glacier. This drives water from the interior towards the glacier margins and away from
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the eruption site. Ice surface slope is 10 times more influential than bedrock slope
(Gudmundsson, Högnadóttir, & Magnússon, 2015).
2.1.2. HEC-RAS and HEC-GeoRAS
Hydrologic Engineering Centers River Analysis System (HEC-RAS) is a computer program
that models the hydraulics of water flow through natural rivers and other channels. The
program was developed by the US Department of Defense, Army Corps of Engineers, and
since 1970 has been widely used in around the world including the United States, Columbia,
Poland, France, Haiti, Bangaladesh, Turkey, and Italy (Demir & Kisu, 2016). When a
hydrologic model such as HEC-RAS is used together with a Geographic Information System
(GIS), the extent of flooding can be visualised in order to produce flood hazard maps which
can be used to analyse vulnerability.
The HEC-RAS model can estimate the flood profile based on raster data structures. Grid
data such as elevation, land use, soil type, are used to determine the hydrologic features of
each grid, such as slope, flow accumulation, flow direction and flow length, are also
calculated. The HEC-RAS export file then contains the hydraulic information about the
floodplain. This includes the depth of the water on floodplain, the extent of the floodplain,
river velocity and flow in the river for a given storm simulation event. Users must also define
cross sections, reach lengths, left and right overbanks, roughness coefficients, and blocked
obstructions. To show water surface HEC-RAS generates a Triangulated Irregular Network
(TIN) defining the zone that outlines the outer points of the bounding polygon of the
floodplain (Brunner, 2016).
The file from HEC-RAS can be exported using GIS export, and can then be used in ArcGIS.
A particularly arranged GIS information exchange document (.sdf) is utilised to perform the
GIS data import and export between RAS and ArcMap (Demir & Kisu, 2016). In order to
perform inundation and velocity mapping in ArcMap, the HEC-GeoRAS toolbar is required.
As defined by the Army Corp of Engineers, HEC-GeoRAS is a set of procedures, tools, and
utilities for processing geospatial data in ArcGIS using a graphical user interface. Using
HEC-GeoRAS, flood depth and velocity maps can be obtained (Brunner, 2016).
Advantages to using HEC-RAS and Hec-GeoRAS include the fact that the program is in the
public domain, peer reviewed, and easily accessible. Download of the program includes
extensive documentation making it comparatively easy to use. However, there are some
disadvantages to HEC programs, namely that they are at times less stable and can crash
especially if there are many reaches in the model, in steep and/or highly dynamic rivers and
streams (Demir & Kisu, 2016).

2.2. Vulnerability
According to available global statistics, least developed countries represent 11% of the
population exposed to hazards but account for 53% of casualties. On the other hand, the
most developed countries represent 15% of human exposure to hazards, but account only for
1.8% of all victims (Peduzzi et al., 2002).
In a study of community vulnerability after Hurricane Katrina in New Orleans, Masozera,
Bailey, & Kerchner (2007) found that vulnerability to natural hazards can be seen as function
of social conditions and circumstances. Social vulnerability is a measure of both the
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sensitivity of a population to natural hazards and its ability to respond to and recover from
the impacts of hazards (Cutter & Finch, 2008). It was found that Hurricane Katrina
disproportionately affected the most socially vulnerable sections of the population in New
Orleans (Zoraster, 2010). There are various social conditions and circumstances that can
result in increased vulnerability to hazards (Table 1).
Table 1: Explanation of social vulnerabilities
(compiled from Dwyer, Zoppou, Nielsen, & Roberts, 2004; Chakraborty, Tobin, & Montz,
2005).
Social Vulnerability
Socioeconomic status
and income

Explanation
Lack of access to economic or human resources of a community
could impede installation of safety measures or slow recovery.
Wealth enables people to absorb and recover quicker from losses
through access to funds for home repairs, clean up, and supplies.
Evacuation requires a method of transportation and also involves
the risk of missing work, as well as the cost of food and temporary
shelter.

Education

Knowledge of the hazard and its effects on the surrounding
environment leads to better understanding of warning information,
and overall understanding of the risk/hazard and how to prepare
and cope.

Ethnicity

Being of a different culture leads to different customs, different
perceptions of hazards and experiences with hazards, as well as a
general mistrust of authorities which can be detrimental to
preparedness measures and evacuation procedures.

Primary language

If the individual’s primary language is not the language of the
host country then there could be a lack of access to
comprehensible knowledge provided by that country which leads
to communication difficulties and overall lack of awareness.

Age

Elderly people are more likely to have physical limitations that
lead to an unwillingness or even inability to comply with
evacuation orders. They may also have declining cognitive
abilities to process hazard information.

Gender

It is often more difficult for women to recover from a hazard, due
to lower wages and larger family care responsibilities.

23

Housing tenure

Renters are often more transient. Therefore, they are less
established in their community and may not have obtained the
general knowledge of potential hazards that is shared between
established community members. In addition, renters often do not
have the financial ability to purchase a house. Renters may be less
willing to take on the time and responsibility needed to perform
pre-hazard safety and preparedness measures. Finally, apartment
buildings can be built of lesser quality than stand- alone houses
meaning that renters can lack sufficient shelter in the event of a
natural hazard.

Employment

Depending on the level of an individual’s employment there could
be a lack of financial resources that would enable them to better
prepare and recover from a natural disaster.

Housing type and
quality

The value, age, quality, and density of the housing/community
could hinder a community’s ability to withstand and recover from
a natural disaster. If the building is made of low quality materials,
is older, costs less and is densely populated then it is more likely
to incur greater damages.

Family size

Poverty is somewhat proportional to family size; the greater the
family size the more income is required to support the family,
putting strain upon the budget of the supporters of that family.
Families evacuate as a unit, yet in the evacuation there could be
problems coordinating multiple generations of people due to the
restricted capabilities of children and the elderly.

Health and disability

Those with pre-existing medical conditions or disabilities are
more vulnerable due to their restricted mobility and possible
inability to absorb the necessary information

Tourists

Tourists traveling through foreign countries lack information and
background on the countries that they are visiting. They also often
do not speak the native language, therefore further restricting the
information on local hazards and safety procedures that are
available.
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2.3. Vulnerability to Jökulhlaups
Ice melts instantaneously in volcanic eruptions, and the associated outburst flood can last
for hours up to several weeks depending on the flood mechanism (Rushmer, 2006,
Björnsson, 2010). Jökulhlaups are a concern not only in Iceland, but also occur in glaciated
regions throughout the world. For example, in 1941 a glacial outburst flood in Cordillera
Blanca in Peru destroyed a third of the city of Huarez, killing over 6000 people (Klingbjer,
2004).
The composition of jökulhlaups consists of water, ice, volcanic products, and sediment
(Jóhannesdóttir & Gísladóttir, 2010). The density can range from water floods to
hyperconcentrated debris flows (Roberts & Gudmundsson, 2015). There are two main types
of volcano-related jökulhlaups. The first type of jökulhlaup occurs where subglacial
geothermal areas continuously melt the ice, with the meltwater accumulating in a subglacial
lake which drains at intervals when the lake level exceeds a certain threshold. This second
type is smaller in magnitude, and is much more common (Gudmundsson et al., 2008; Jones
et al., 2015). Although this type of jökulhlaup is capable of washing away structures such as
bridges, they generally cause limited damage. In the second case, meltwater is produced in
volcanic eruptions by the release of thermal energy from rapidly cooling volcanic material.
In this case, jökulhlaups occur very soon after the start of an eruption, since there is no pond
available to hold the meltwater produced (Gudmundsson, 2005). This type of flooding can
be catastrophic. For example, Holocene jökulhlaups draining from under Vatnajökull have
been estimated on the order of 700,000 m3/s. In a more recent example, jökulhlaups initiated
by Katla’s eruption in 1918 peaked at 300,000 m3/s (Jóhannesdóttir & Gísladóttir, 2010;
Jones et al., 2015).
Water discharge in jökulhlaups can be up to 2 or 3 orders of magnitude greater than natural
floods (from non-volcanic sources) (Eliasson et al., 2006). Frequent jökulhlaups are among
the most common hazards related to volcanic activity in Iceland (Gudmundsson 2005; Alho,
Roberts, & Kayhkö, 2007; Bird, Gísladóttir, & Dominey-Howes, 2009b; Carrivick, 2011).
In addition to damaging infrastructure, property, and livelihoods, jökulhlaups can be life
threatening for local populations in the floodplains of the glacial rivers. Since glacial
meltwater is generated almost instantly after a subglacial volcanic eruption, generally very
little early warning is possible. For instance, the 1918 jökulhlaup took the inhabitants of the
agricultural community within the floodplain by surprise, since they had not experienced
any early warning signs. In this instance, many farms were built on hills and others were
able to escape to higher ground (Jóhannesdóttir & Gísladóttir, 2010).
Factors such as water depth, flow intensity, flow velocity, sediment load, bed shear stress,
shear power, and floodwater temperature all influence the degree of societal disruption that
the flood can cause (Björnsson, 2010, Carrivick, 2011). A separate factor is land use on the
floodplain. Land use modifies the sediment load, the depth, and the width of a river channel.
Heavier sediment load from decreasing natural vegetation increases sedimentation in the
river bed, leading to shallower river depths nearby. With the same quantity of water, a river
may overtop its banks and flood areas previously unexposed to that same magnitude of flood
(Keller & DeVecchio, 2014). Debris and sediment deposited by the jökulhlaup of 1918 and
another in 1955 raised the outwash plain more than one meter, increasing the vulnerability
of communities living within these plains (Jóhannesdóttir & Gísladóttir, 2010).
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All Icelandic volcanoes are well monitored, and emergency response teams become active
during increased sub-glacial volcanic activity. In addition, preparedness measures including
the development of evacuation plans in some areas (specifically around Katla and
Eyjafjallajökull) and the development of flood simulations (specifically around
Bárðarbunga) have been taken by the Icelandic Civil Protection, the Icelandic
Meteorological Office, and by researchers at the University of Iceland Earth Sciences
Institute (Almannavarnir, 2017; Icelandic Meteorological Office, 2017; University of
Iceland Institute of Earth Sciences, 2017).
2.3.1. Cultivated Agriculture
Potential damages caused by floodwaters to agricultural land are dependent on the depth,
duration, and velocity of floodwaters (Forster, Kuhlmann, Lindenschmidt, & Bronstert,
2008; Brémon, Jongman et al., 2012). Plant vulnerability is dependent on plant type and the
stage of growth. Flood depth affects crops, because inundation can cause anoxic conditions,
which stress plants and eventually leads to the plant drowning and death. Anoxic soils can
also leach the soil of critical nutrients, such as nitrogen. Plants are sensitive to extended
inundation. Even small amounts of pooling water for a long duration can leach nutrients
from the soil and encourage root and leaf rot, damaging and destroying the crops. Because
of potentially heavy sediment load covering the vegetation re-suspension of sediment and
initiation of erosion can be severe for agricultural land. Prolonged and extreme conditions
will cause the death of entire crops in very serious flood conditions (Grelot, & Agenais,
2013).
Excessive moisture in and around the plant over time can also mar the plant via root or leaf
rot. High velocity of flood waters leads to the physical deterioration of the plant from
battering by floodwater and debris. Sedimentation also occurs, and plants can become buried
under sediment or debris. High floodwater velocity also causes soil erosion and may uproot
plants. Topsoil is a valuable commodity and can be carried off by high velocity flood waters
via soil erosion. For instance, soils in Iceland are dominated by Andosols when covered by
vegetation, Vitrisols in deserted areas, and the highly organic Histosols in some wetland
areas. The Andosols are characterised by high organic content and water holding capacity
so are generally very fertile. In Iceland, wetland has been drained to increase hay production
at low cost in andisidic soils. However, these soils generally lack of cohesion and as such
these soils are vulnerable to erosion by water or wind, making them especially vulnerable to
floodwaters (Arnalds, 2008).
To understand the overall agricultural nature of Iceland, one must first examine its unique
climate and soil conditions. Climate and soil conditions impose several limitations on
farming in Iceland, most of which is located in the deep valleys of the north and in the
southern lowlands (Jóhannesson, 2010). In terms of climate, summer temperatures are low.
Only about 25% of Iceland’s total landmass is below 200 meters in elevation. Although grass
can grow above 200m, other crops like barley and wheat grow below this elevation. Another
challenge is the large fluctuations in temperature that Iceland can experience. Due to the
climatic conditions, agriculture in Iceland has for a long time been focused on livestock
farming and hay production, with grass as the main food for livestock. Recent development
towards crop production has increased (Jóhannesson, 2010). Iceland’s estimated production
value of agriculture was about 54 billion in 2014 (Farmers Association of Iceland, 2016).
About 6,700 farms are registered in Iceland. 3150 farms produce various products and 3,900
people are employed in agriculture. In total, about 10,000 jobs are related to agriculture in
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one way or another. In 2015, the production value of agriculture was approximately 57
billion (Farmers Association of Iceland, 2016).
The more agricultural damages that an area incurs the higher their overall vulnerability
becomes for future crop holdings and yields (Brémon, Grelot, & Agenais, 2013). When
considering the damages to Icelandic agriculture, specifically the municipalities within the
affected flood hazard areas, there are multiple elements to consider, such as: crop loss and
yield reduction; damage to or destruction of the perennial plant material; fatalities and
injuries to livestock; loss of livestock products like milk, eggs, and meat; damage to soil
through erosion, debris and sediment deposit; damage to agriculture structures and buildings;
damage to machinery and equipment; damage to stored materials like inputs, feed and fodder
(Keller & DeVecchio, 2014). Damage to feed and fodder for livestock was of particular
concern to farmers on the floodplains surrounding Katla (Jóhannesdóttir and Gísladóttir,
2010). The seasonality of a flood also affects the damage it may incur. A flood affecting
cropland in the winter may not have as dire an effect, as a flood affecting cropland in summer
when there are standing crops that can be stressed or killed in the field (Keller & DeVecchio,
2014).
2.3.2. Built Environment
Buildings
As with agricultural land, the depth, duration, and velocity of floodwaters are the most
important factors influencing damages to concrete buildings. More specifically, the
hydrostatic and hydrodynamic actions of the floodwater affect the physical integrity of
buildings. Hydrostatic actions involve lateral and vertical pressures inside buildings, which
may lead to the collapse of load-bearing walls (Pagneux & Roberts, 2015). While buoyancy,
the “uplift force exerted on submerged objects” (Pagneux & Roberts, 2015, pp. 104), can
cause unanchored single-story buildings to float at flood depths of >1.9 m, causing their
displacement and destruction (Black, 1975).
Pressure impact from the flow of water, infiltration through openings in buildings, and
scouring due to the presence of debris can compromise building stability as well. Scouring,
or erosion caused by swiftly moving water, can compromise the structural integrity of
buildings at flow velocities greater than 1.5-2 m/s (Pagneux & Roberts, 2015). High velocity
flood waters have erosive capabilities and can erode and undermine a concrete foundation
or separate load bearing walls from their horizontal supports, causing total or partial
collapse. Non-structural elements like stairs, or external elements can be battered or
destroyed by violent flood waters (Kreibich & Dimitrova, 2010). In severe cases, high
velocity flood waters of sufficient depth can carry off buildings. Flow velocities are
especially high behind dike breaches and collapsed sea walls, leading to the increased
potential for fatalities in these zones (Kreibich et al., 2009).
Flow velocity has a particularly strong impact on road infrastructure, whereas water depth
has a stronger impact on buildings due to the hydrostatic action imparted by water depth.
However, although water depth has only a moderate impact on road infrastructure, the
buoyancy of vehicles is greatly influenced by water depth and therefore the efficiency of
emergency response may be compromised (Pagneux & Snorrason, 2012). Structures hit by
flows at impact pressures > 34 kPa are generally damaged beyond repair (Pagneux &
Roberts, 2015).
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When examining the specific effects of jökulhlaups, massive jökulhlaups can transport
boulders and large ice blocks, causing great damage in the local built environment as well.
For example, the jökulhlaup caused by the eruption of Eyjafjallajökull in 2010 had a peak
discharge of 10,000-15,000 m/s, and transported boulders weighing hundreds of tons
(Pagneux & Roberts, 2015). The hypothetical impact of jökulhlaups on infrastructure can be
estimated using steady-flow calculations based on flow depth, boundary shear-stresses, and
stream-power. For instance, a jökulhlaup with an estimated stream power of 9,000 W/m2
would have a devastating impact on a bridge (Alho, Roberts, & Kayhkö, 2005).
High water depth can enter buildings and damage the contents within via contamination,
cracking, and warping (Kreibich & Dimitrova, 2010). The quantity and type of sediment
transported and deposited by floodwaters can also incur damages. Heavy sediment loads can
leave coatings of mud on all surfaces affected by the flood once the flood waters have
receded, and can then become a source of Aeolian material feeding future dust storms
(Bullard et al., 2016). The presence of debris and sediments increases the potential for
structural damage by increasing the dynamic forces exerted against a structure. It has been
found that complete destruction of a brick and concrete structure ranging from one- to three
stories can be expected with a debris height of 2.5-3.6 meters (Akbas et al., 2009; Luna et
al., 2011). The higher the flood water, the higher the level of sediment and contamination
(Pagneux & Roberts, 2015).
Long duration of flood waters means that more water accumulates and resides for a longer
time within buildings. Long flood durations can damage non-structural elements, and over
time, contaminated or polluted flood waters will ruin building interiors by seeping into walls,
floors, and cracks. Over time, mold and other dangerous organisms begin to colonise in the
moist environment presenting an added health risk to inhabitants. It is also important to note
that the type of building or building material is necessary to consider when evaluating the
potential for structural damage due to high velocity flooding (Pagneux & Roberts, 2015).
For example, wooden, concrete, and metal structures all have different properties and will
have different degrees of damage, as will anchored or unanchored structures (Black, 1975;
Dutta et al., 2003; Kreibich & Dimitrova, 2010).
These building damages reduce safe spaces for people to weather the flood. Flood waters
are not safe to be in extended contact with because of the likelihood of hazardous waste
contamination, unseen, floating debris, and dangerous, fast-moving waters. The possibilities
for shelter decrease with increasing water depth as lower stories of buildings fill with flood
water. Low-lying and densely populated areas, such as reclaimed areas or polders, are most
at risk. The combination of larger water depths and rapid rise of waters is especially
hazardous. In these cases people have little time to reach higher floors and shelters and they
may be trapped inside buildings (Jonkman et al., 2008).
The most important factor in reducing mortality relating to a flooding event is a timely
warning in advance of the hazard. Many casualties happen when flooding and flash flooding
occurs at night when people are home asleep. Even if the time available is insufficient for
evacuation, warnings can reduce the loss of life since people may have time to find some
form of shelter shortly before or during the flood. Shelter can include moving to buildings
on higher ground or moving to a second story. Flooding events with the highest level of
injury and fatality generally occur unexpectedly and without substantial advance warning
(Tsuchiya & Kawata, 1981). Difficulty of warning the threatened population increases at
night, making the time of day that the flood hazard occurs an important factor influencing
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mortality. When exposed to a severe and unexpected flood, children and elderly were more
vulnerable. This suggests that chances for survival are related to an individual’s stamina and
his or her ability to find shelter (Jonkman et al., 2008).
Flood characteristics can be used to aid in predicting damages based on certain quantitative
thresholds (Table 2). Damages to buildings and casualties correspond to each hazard rating.
However, the actual level of damage is a consequence not only of flood characteristics but
also of structural integrity and design of buildings (Pagneuz & Roberts, 2015).
Table 2: Table 2: Hazard ratings and associated damages to buildings
(Pagneux & Roberts, 2015)
Hazard
Rating

Quantitative
Threshold

Damage to Buildings

Casualties

dv
(m2/s)

d

Low

< 0.25

< 0.5

Mostly limited to furniture Injuries or fatalities are
inside buildings
unlikely

Moderate

0.25–
1.3

0.5–1

Damages to buildings Danger for some (including
expected but structural children, the elderly and the
integrity of buildings infirm) inside and outside
preserved
buildings

High

> 1.3

>1

Partial or total collapse of All lives in jeopardy,
light buildings expected
outside
and
inside
habitation buildings

Extreme

≥7

>6

Total destruction of non- All lives in jeopardy,
reinforced
buildings outside
and
inside
expected.
Structural habitation buildings
damages to reinforced
concrete
dwellings
expected to a degree that
would require demolition
in the recovery phase

Power and Energy
Flooding can affect power and energy infrastructure, leading to widespread power outages.
Lack of electricity, internet, heat, and cellular service for example can disrupt transportation,
communications, and the ability of emergency services to reach people in need. The severity
of impacts to power and energy generally depends most on flood velocity, and duration. Fast
moving water can carry away telephone poles and wash away power lines. Power plants
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built along rivers that become flooded can cease functioning. If the area surrounding a power
plant or other energy infrastructure remains flooded for a long duration, it means that the
infrastructure is not functional during that time period, slowing down other related services
such as telecommunications, as well as causing lasting damage to the infrastructure
(Almannvarnir, 2015).
2.3.3. Society
Humans can be injured by a flood directly if they are caught up in the floodwaters. There is
a risk of drowning due instability in deep, running water. Therefore, water depth and velocity
are important factors contributing to the risk of drowning, along with stress, poor lighting or
darkness, water temperature, and injuries, particularly due to transported debris (Jonkman et
al., 2008). Certain segments of the population are also more vulnerable, especially the
elderly, children, and the disabled. Drowning has been identified as the primary mode of
death in flash floods (Pagneux & Roberts, 2015).
Those more vulnerable to floodwater hazards such as drowning, are single occupancy
households, due to their relative isolation, and newcomers to the community, due to their
unfamiliarity with the surrounding area. The general resilience of community members
depends on their access to resources that the community contains, so that they may then
recover from the effects of a hazardous event efficiently and quickly (United Nations, 2009).
More specifically farmers show an increased vulnerability to flood hazards because of their
economic, social and psychological ties to the land, which is their livelihood. A flood can
cause great damage to the land it passes over, ravaging local vegetation as well as any crops
or agriculture, making farmers directly susceptible to multiple damages and physical and
monetary losses (Mahmood et al., 2016). Livelihoods of many of the community members
are at risk due to damage to their built environment, agriculture, power supply. Therefore it
is imperative that values of personal responsibility, community involvement and cooperation
be emphasised in order to work to reduce community vulnerability to natural hazards such
as floodwaters (Jóhannesdóttir and Gísladóttir, 2010; Bird, Gísladóttir, & Dominey-Howes,
2011; Pagneux, Gísladóttir, & Jónsdóttir, 2011).
One of the contributing factors to community vulnerability is a lack of public information
and awareness. So an increased general and local knowledge of the surrounding area, as well
as a general knowledge of possible hazards would give community members better
informational resources to pull from in emergency and disaster situations, such as evacuation
routes or nearby healthcare facilities (United Nations, 2009).
Studies show that knowledge of the hazard, a sense of community, and attachment to that
community and livelihood indicate higher levels of resilience and decreased vulnerability.
A familiarity with the warning signs and nature of a hazard allow for better preparation and
quicker response to the hazard, meaning fewer casualties and more on-ground assistance.
When a community is better prepared and more invested, they will be more likely to work
cooperatively toward an efficient and successful response and recovery (Bird, Gísladóttir, &
Dominey-Howes, 2009a, 2009b, 2010; Bird & Gísladóttir, 2012).
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2.4. Perception of Risk
Risk can be defined as “the combination of the probability of an event and its negative
consequences” (United Nations, 2009, pp. 25). The probability of a hazard occurring as well
as the societal impact of the hazard. However, there is a difference between the perception
of the risk and the true risk. This difference manifests itself in the amount of risk tolerance
people may display. For example, even if two people have the same perception of a risk,
they may differ in how much they value a risky experience (Bird, Gísladóttir, & DomineyHowes 2009a).
Risk for life versus risk of economic loss may have different meanings for people. For
instance, a farmer has both social and economic ties to his livelihood. Pagneux, Gísladóttir,
& Jónsdóttir (2011) found that some farmers stated that flood risk was acceptable to them in
light of their situation. The example of the farmers’ shows that risk perception is influenced
by one’s relationship with their physical and social environment. People perceive risks in
certain ways due to a variety of factors, including education, life experience, culture, and
religion, and local importance of social values and of livelihood. It is this combination of
social, economic and environmental factors, coupled with time intervals that begins to
comprise an individual’s perception of risk (Alexander, 2000).
When there is a long interval between hazardous events, people may either have not
experienced an actual event before, or may have forgotten the event, or have become
complacent. Bird, Gísladóttir, & Dominey-Howes (2009a, pp. 107) found that the “memory
of a hazardous event is a vital element of community resilience”. Even though they are more
common, people may not perceive a great risk from a small jökulhlaup in comparison to a
larger event causing damage to livelihoods and infrastructure. Bird, Gísladóttir, & DomineyHowes (2009a, 2009b) and Pagneux, Gísladóttir, & Jónsdóttir, (2011) also found that the
most effective source of flood hazard awareness was experience of a prior flooding event.
People who have not lived through a flooding event will not have this awareness, and the
longer that passes between hazardous events this leads to a progressive loss of collective
memory. The culture of living and dealing with floods weakens, and preparedness and
hazard prevention decreases (Jóhannesdóttir & Gísladóttir, 2010).
Inherited knowledge contributes to raising awareness of hazards, and people living in the
location of their birth have been found to demonstrate better knowledge of their natural
environment in comparison to immigrants, especially those coming from areas which lack
the specific hazards of their final destination (ie. volcanic or flood hazards). Therefore,
emergency management agencies should consider the correlation between inherited
knowledge and risk perception (Bird, Gísladóttir, & Dominey-Howes, 2011). Knowledge of
natural environment is not only based upon where the individual is born but also when they
were born as well. Generationally, older individuals who have experienced a hazardous
event first hand have increased knowledge and therefore hold the hazard at a higher level of
risk than younger individuals who have not experienced a recent hazard. The sharing and
passing on of knowledge is paramount to increasing awareness and resilience to future
hazards (Bird, Gísladóttir, & Dominey-Howes, 2011).
Historically, volcanic hazard mitigation efforts have not always included the human
dimension of risk. Yet the necessity to include it has become more and more relevant in light
of recent studies and events. The more aware a community is of the potential risks the more
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willing they are to be prepared for any future risks that present themselves (Bird, Gísladóttir,
& Dominey-Howes, 2010).
The Icelandic Civil Protection has in the past been reactive to emergencies, placing more
emphasis on responding to hazardous events and less on prevention and preparedness. But
it is being proactive as opposed to reactive that garners better results, quicker response time
and higher levels of preparedness. Proactivity is increasing with the promotion of public
awareness of risk by local and national civil protection authorities (Bird & Gísladóttir,
(2012).
Mitigation developed for natural hazards generally correlates to the perception of how
dangerous the risk is, rather than some absolute quantitative conditions (Alexander, 2000).
In order to continue living under threat, sometimes people will deny the existence of the
hazard, which is unrealistic, or will believe that it would never happen to them. For example,
a survey in southern Iceland showed that despite living within a flood hazard zone, many
residents did not perceive that their homes could be affected by a jökulhlaup. With improved
public education and emphasis on the severity of the hazard potential that surrounds them,
local communities could be moved to take the hazard and therefore their own risk more
seriously (Bird, Gísladóttir, & Dominey-Howes, 2009b).
Risk perception is governed by a person’s social context, as well as individual factors
including attitude, risk sensitivity, and specific fear (Bird, Gísladóttir, & Dominey-Howes,
2010). People are generally unmotivated to prepare for the consequences of a hazardous
event unless they actually perceive the risk associated with the hazardous event. Within
communities, different social, cultural and economic factors, as well as individual beliefs
and values, have an important influence on people’s perceptions of natural hazards and how
they deal with potential risk to lives and livelihoods (Jóhannesdóttir & Gísladóttir, 2010).

2.5. Geographic Visualisation
Geographic visualisation, or “geovisualisation”, refers to the visual representation of
geographic space, whether this be through conventional, two dimensional maps, or through
alternative ways of displaying spatial data such as three dimensional maps, animated models,
or interactive media (Kurowski, & Hedley, 2009). Advancements in computer technology,
data collection, and dynamic graphic methods have led to the development of new methods
of visualising and interacting with geographic data beyond a traditional cartographic map.
(Kostelnick et al., 2013). Geospatial information can be explored, analysed, and displayed
with the use of a geographic information system in order to understand complex
relationships between humans and their environment, and thereby improve policy and
decision making, planning, and education, among other purposes (MacEachren & Kraak,
2001; Dkyes, MacEachren & Kraak, 2005; Slocum, 2009).
It is important that the information that the map maker wants to convey comes across in the
final output. Maps are useful to stimulate visual thinking about geospatial patterns,
relationships, and trends (Monmonier, 1996; Kraak, 2003). However, maps have a great
capacity to be misleading and even controversial depending on the choices the creator makes
in terms of visualisation, such as over or under representing the geographic extent of a
hazardous zone. The way in which the creator of a map chooses to represent geographical
elements can have great influence on the way the land is perceived; from the choice of size
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of representation to the colour that certain features are represented in, all have an effect on
the viewer and their understanding of the area (Monmonier, 1996).
The use of colour and correct map orientation is paramount to the enhancement of visual
appeal, readability and the conveyance of the correct information. While thematic
symbology (e.g., choropleth, graduated/proportional symbol, dot maps) is used aid in the
visualisation of quantitative data, some ingenuity may be required to adapt new symbology
for new visualisations according to the specific output that the author would like to show.
The challenge is to decide which visualisation techniques should be used to enhance the
efficiency of communication (Kostelnick et al., 2013).

2.6. Flood Risk Mapping
Hazard maps are an important tool used to communicate the effects of natural hazards to
scientists, government officials or policy-makers, and the general public. Cartographic
representations of risk are valuable for planning and mitigation purposes, as well as for postdisaster response and recovery. Flood hazard maps visualise the magnitude and likelihood
of a flooding event within a certain area, whereas flood risk maps emphasise the adverse
consequences of flood hazards (de Moel et al., 2009; Pagneux & Snorrason, 2012).
Visual information displayed in flood risk maps includes: inundation extent, water depth,
and flow velocity, as well as information about the human environment such as the number
of inhabitants within the affected communities, and the types of activities or livelihoods that
are affected. Depth and velocity may be shown in flood risk maps (Figure 1 and Figure 2);
these two criteria may be utilised to create a map showing ratings of flood (Figure 3).

Figure 1: Aggregated maximum depths of flooding (Manning’s n 0.05 and 0.10 combined).
Depths in excess of 10 m cover nearly 20% of the flooded area, mostly along the main axes
of flow propagation. Settlements are shown as black dots (Helgadóttir et al., 2015).
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Figure 2: Aggregated maximum flow speeds (Manning’s n 0.05 and 0.10 combined). Speeds
in excess of 3m/s are found on 85% of the flood area. Settlements are shown as black dots
(Helgadóttir et al., 2015)

Figure 3: Provisional rating of flood hazards due to eruptions of Öræfajökull volcano.
Depths of flooding and flow velocities computed by Helgadóttir et al. (2015) were used,
along with considerations on debris and water temperature (Pagneux & Roberts
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Depth of flooding and flow velocity are particularly important parameters to pay attention
to, and are commonly used in flood risk mapping due to their impact on the human and built
environment, especially regarding the safety of people, man-made structures, and emergency
response measures (Pagneux and Roberts, 2015). Flood direction and the time it may take to
reach certain areas are also important factors to include on flood risk maps, and their relation
to infrastructure such as roads and power lines (Figure 4).

Figure 4: The potential jökulhlaup hazard zone on Mýrdalssandur, estimated in 2005.
(Jóhannesdóttir & Gísladóttir, 2010).
All this information can create a very in-depth and informative picture of the area and extent
of the effects of hazards, however, these maps are not always geared towards public
communication, and difficulty in reading and interpreting them can lead to confusion among
audiences. That is why it is imperative that the maps be designed and formatted in a way
that is accessible and intelligible to the general, non-scientific community as well. For
example, Preppernau and Jenny (2016) found that the public had better success in
interpreting 3D maps over simple topographic maps due in part to participant’s ability to
recognise familiar landmarks (Figure 5).
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Figure 5: 3D visualisation of roads and rivers, representing the path of a lahar at Mount
Hood, Oregon (Preppernau & Jenny, 2016)
A central challenge in visualisation of natural hazards, including inundation risk, is to
coherently symbolise the nature of the hazard, the human, built, or natural environment that
may be impacted, and the degree of resilience with which each system (human, built, or
natural) may respond (Kostelnick et al., 2013). In creating a comprehensible visualisation of
a specific geographical area, all elements of that representation must come together in order
to make sense. There must be consistency of color, precise representation of size, and clear
delineation of symbols.
Even with careful measurement and study there can always be an element of uncertainty due
to the predictive nature of risk mapping; a key cartographic decision related to risk mapping
is whether or not to convey uncertainty on a map and, if so, how to display it (Kostelnick et
al., 2013). Varying spatial resolution of DEMs can affect the visualisation of potentially
inundated areas (Figure 6).
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Figure 6: Impacts of varying spatial resolutions of input DEMs on potentially inundated
areas off the coast of Maine (Kostelnick et. al, 2013)
Spatial uncertainty refers to the level of accuracy and precision. In the case of hazard
mapping, this refers to the areas displayed on a map as predicted to be inundated by
jökulhlaups. Uncertainty is influenced by the scale, accuracy, and precision of input data,
for example digital elevation models (DEMs) or other topographic or land cover data. In the
case of DEMs, spatial uncertainty is influenced by horizontal or spatial resolution and the
vertical accuracy and precision of the elevation values. The ways in which spatial uncertainty
are portrayed vary depending on the intentions of the creator; therefore the creator of the
map needs to keep in mind their intentions and the overall purpose of the map itself, in order
to properly convey the level of spatial uncertainty present (Kostelnick et al., 2009).
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3. Volcanic Systems in Iceland
Construction of the Icelandic landmass is a consequence of the dynamic interaction of the
divergent plate boundary separating the North American and Eurasian tectonic plates which
bisects the country from southeast to northwest, in addition to the Iceland Mantle Plume, an
area approximately 1000 km in radius of anomalously hot material rising from the mantle
located beneath the island. This unique situation leads to the high levels of volcanic activity
prevalent throughout Iceland (Gudmundsson et al., 2008).
Iceland, an island containing 30 volcanic systems, is a place where volcanic eruptions are a
common occurrence. Throughout the 11 centuries of settlement in Iceland, the population
has been repeatedly affected, both directly and indirectly, by volcanic activity. Individual
volcanic events occur on an average 3-4 year interval. Small eruptions occur approximately
once every 4-5 years, whereas the largest eruptions occur at an average 500-1000 year
interval. Volcanic activity is confined to the active volcanic zones, where the 30 volcanic
systems exist. A volcanic system consists of a central volcano and associated fissure swarm,
which may extend away from the volcano for tens of kilometers. Of these volcanic systems,
16 have been active within the past 1100 years (Gudmundsson et al., 2008).
Iceland’s abundant volcanism and a high latitude climate results in the presence of subglacial
volcanic systems. Subglacial eruptions are those that occur from a vent situated beneath a
valley glacier or ice sheet. Throughout the Pleistocene, the surface of Iceland was covered
in ice to a varying degree, and during the maximum glacial extent Iceland was almost
completely covered with ice sheets. Therefore, throughout history subglacial volcanism has
been a dominant form of volcanic activity in Iceland. Landforms indicative of subglacial
volcanism include steep-sided tuyas (table mountains), as well as ridges, which are formed
in eruptions under ice during Pleistocene glaciations and are composed of pillow lava and
hyaloclastite (Gudmundsson, 2005).
The magma-ice interaction that occurs when a subglacial volcano erupts below an ice cap
causes an explosive phase of eruption which in turn produces a large quantity of meltwater
(Sigmundsson, 2006). Excess meltwater results in jökulhlaups. Jökulhlaups have reshaped
the land on much of Iceland’s south and southeast coast. For instance, the large sandur plains
in southern Iceland are considered to have formed from sediment deposited from repeated
jökulhlaups resulting from volcanism in Vatnajökull (Gudmundsson, 2005; Björnsson,
2010). Jökulhlaups resulting from violent volcanic eruptions can transport on the order of
108 tons of sediment (Björnsson, 2010). The canyon of Jökulsá á Fjöllum, the second longest
river in Iceland, was carved from prehistoric Holocene jökulhlaups caused by volcanic
activity in Vatnajökull.
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4. Study Area
4.1. Vatnajökull Glacier
Vatnajökull is the largest ice cap of both Iceland and Europe, below which lies some of the
most active volcanoes in the country as well as the origins of some of the largest rivers. This
region has the highest eruption frequency of any region in Iceland due to its location over
the mantle plume situated below the centre of Iceland (Óladóttir & Larsen, 2011). Volcanic
activity in Vatnajökull has generally occurred at intervals of approximately 130-140 years,
and close to 80 eruptions have been recorded over the last 800 years (Björnsson, 2017).
Vatnajökull covers one twelfth of Iceland with a surface area of 7800 km2, and is 400-700
m thick. The western part of the glacier covers the Eastern Volcanic Zone, containing parts
of several volcanic systems, including Bárðarbunga, Kverkfjöll, Grímsvötn and Hamarinn,
as well as the fissure swarms extending from them. Jökulhlaups frequently emerge from the
volcanic systems situated below the ice cap, both due to eruptions and due to the geothermal
activity occurring beneath the glacier which constantly melts the ice which accumulates in
subglacial lakes which burst when they have reached their capacity (Björnsson, 2017).

4.2. Bárðarbunga Volcanic System
Bárðarbunga is one of Iceland’s largest volcanoes, rising 2009 m a.s.l. at the northwestern
edge of Vatnajökull. The Bárðarbunga volcanic system is approximately 190 km long and
up to 25 km wide, and consists of a central volcano with an 80 km2 ice-filled caldera and a
fissure swarm that is partially covered by the Vatnajökull glacier. Fissure is part of the
boundary between North American and Eurasian plates. High rates of heat transfer from
magma to ice, such as the magma from the Bárðarbunga volcanic system, can cause the ice
to quickly melt which rapidly produces large volumes of meltwater (Jakobsson &
Gudmundsson, 2008). The ice in the caldera with the Bárðarbunga volcanic system is up to
850 m thick, giving it the potential to cause large jökulhlaups in the event of a large eruption
within the caldera (Hjartardóttir et al., 2016).
The section of the fissure swarm southwest of Vatnajökull strikes SW-NE at elevations
between 560 and 1100 m. The lowest part of the fissure lies in an area with high groundwater
and vast surface water. Hamarinn, a potential second central volcano, is located 20 km
southwest of Bárðarbunga. The Bárðarbunga system was highly active during the Holocene,
producing some of the largest known eruptions in Iceland and has had approximately 26
eruptions over the last 11 centuries (Larsen & Gudmundsson, 2014).
The Bárðarbunga system is the second most active in historical time, after Grímsvötn,
producing approximately 14% of the confirmed eruptions in Iceland. Although 70% of the
system is ice free, only 3 of 23 confirmed eruptions have occurred along the ice-free fissure
swarm throughout recorded history (Óladóttir & Larsen, 2011). Óladóttir & Larsen (2011)
found that there were approximately 33 eruptions during the 6500 prehistoric years, and on
average 48 eruptions per 1000 years or 5 per century. Bárðarbunga is seismically active,
with around 100 earthquakes between magnitude 1.5 and 5 detected every year (Larsen &
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Gudmundsson, 2014). However, seismic activity has been increasing over the last seven
years. In May 2014 there was a swarm of over 200 events (Figure 7).

Figure 7: Seismic activity around the 2014 Bárðarbunga event (Hjartardóttir et al., 2016)
Depending on the location of an eruption within the Bárðarbunga system, jökulhlaups can
be routed to five different river systems: Jökulsá á Fjöllum, Skjálfandafljót, Köldukvísl,
Tungnaá, or Skaftá. The jökulhlaup could also flow towards Grímsvötn and then to
Skeiðarársandur, as occurred in 1996 (Gudmundsson et al., 2017). The flow of water and ice
down the Bárðarbunga central volcano follows a path over the ridge and onto the glacial
tongue Köldukvíslarjökull. At this point, the path diverges into the Kaldakvísl River, which
flows through the geothermal Vonarskarð valley and the Hágönguhraun lava field into the
Hágöngulón lake. In 1972 the Kaldakvísl River was diverted into the Þórisvatn reservoir.
The Skaftá River flows from below Vatnajökull in two main branches. One flows from the
southern part of Tungnaárjökull glacier, and the other from the northern part of Síðujökull
glacier. Also originating below the glacier, the Tungnaá River has a catchment area of 120
km2 reaching all the way to Hamarinn (Gudmundsson et al., 2017).
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An increase in volcanism is projected in the next 1000 years due to deglaciation (Carrivick,
2011). There is evidence of this occurring in the past, when a magma pulse was generated
shortly after the last deglaciation and appeared as high lava flow at Bárðarbunga at 9-8 ka
(Óladóttir & Larsen, 2011). Isostatic rebound refers to the uplifting of land when glaciers
melt and the pressure on continents is reduced. As Vatnajökull shrinks, an increase in
volcanic activity can be expected in the Bárðarbunga system as well as in the Grímsvötn and
Kverkfjöll systems due to the release of stress within the Earth’s mantle and lithosphere.
(Gudmundsson et. al, 2017). The crust beneath Vatnajökull would uplift by over 100 m if
the ice cap were to vanish completely. Jökulhlaups will be more frequent and of higher
magnitude in correlation with increasing volcanism (Carrivick, 2011). Tephra and ash that
fell would be dispersed over the glacier, exacerbating the rate of shrinkage in a feedback
loop. The area with the fastest and highest magnitude of change is the southern part of
Vatnajökull, with the Jökulsárlón lagoon expanding the most rapidly (Gudmundsson et al.,
2017).
In historical times, subglacial eruptions have been most frequent under the Vatnajökull
glacier (Gudmundsson, 2005, Jakobsson & Gudmundsson, 2008). The largest and most
catastrophic jökulhlaups occurred as a result of prehistoric eruptions at Bárðarbunga. Peak
discharges were on the order of 106 m3/s. The largest effusive eruption was the Great Þjórsá
Lava, which occurred 8600 years ago on the fissure swarm southwest of Vatnajökull. Lava
covered over 900 km2 (Sigmundsson et al., 2015).
Eruptions under the part of the system that is covered by Vatnajökull, both the central
volcano and associated fissures, have the potential to cause major jökulhlaups from rapidly
melting ice, causing damage to the natural and built environments, and the people who
depend on them. Jökulhlaups with peak discharge of 5,000-10,000 m3/s have occurred in the
last 1000 years. Much larger jökulhlaups with maximum discharge greater than 100,000 m3/s
occurred before 2500 BCE. Small jökulhlaups (less than 2000 m3/s) are caused by a
geothermal field under the ice near Hamarinn, the most recent being in July 2011 (Larsen &
Gudmundsson, 2014).
A large fissure eruption on the SW part of the fissure swarm may extend across Tungnaá
River, obstruct water flow and cause temporary dams and unstable lakes. Floods through
breached dams could be of the order 10,000 m3/sec. The warning period for an eruption on
the SW part of the fissure swarm is unknown, but likely to be similar to that on the northern
part of fissure swarm (i.e. increase in seismic activity). Floods from the SW part of the fissure
have the potential to carry ice blocks and large amounts of sediment, causing damage to
roads and bridges, and could even reach power stations on the Tungnaá River (Larsen &
Gudmundsson, 2014).
Larsen & Gudmundsson (2014) created a series of possible eruption scenarios for the
Bárðarbunga system based on events of the last 1100 years. In all cases where the eruption
occurs under ice, jökulhlaups are to be expected and could cause floods in Jökulsá á Fjöllum
as in 1717, or in the rivers Þjórsá, Kaldakvísl, or Skjálfandafljót, depending on the location
of the eruption site. Maximum discharge could range from 10,000 to 100,000 m3/s causing
damage to roads and bridges (Larsen & Gudmundsson, 2014).
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4.3. Area Affected by a Potential Jökulhlaup
The Affected Area studied consists of the Þjórsá floodplain located in Southern Iceland,
covering an area of approximately 346 km2 and extending approximately 82 km inland from
the southern coast. While the Þjórsá River, Iceland's longest river, extends through the
middle of the Affected Area, the Hvítá River is north of the Affected Area and the Rangá
River runs to the south and are both outside the area of study for this thesis (Figure 8). Þjórsá
is a glacial river, with its source on the Hofsjökull glacier.

Figure 8: General study area surrounding the Area affected by a potential jökulhlaup
4.3.1. Natural and Built Environment
There are a total of 64 habitat types established in Iceland, divided into land, freshwater and
coastal habitats (National Institute of Iceland, 2016). The lowlands close to the coast contain
mostly cultivated agricultural, horticultural, and domestic habitats interspersed with
grasslands, wetlands, and patches of moss. Moving further away from the coast, the
landscape becomes more sparsely vegetated. Natural birchland and cultivated woodland
cover a very small area, almost exclusively within the lowlands within the study area. The
Hvítá, Rangá, Þjórsá Rivers along with their tributaries also run through the study area.
Glaciers present within the broader study area include the Vatnajökull glacier to the
northeast of the map, as well as Mýdarsjökull and Eyafjallajökul to the east.
Agricultural land plays an important role within the study area. Cultivation in Iceland is
mostly limited to permanent grass fields, sown with Timothy and Smooth Meadow-grass.
Perennial ryegrass is gaining popularity but cannot be regarded as widespread. Hay is the
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principal crop; other staple crops are potatoes, turnips, oats, and garden vegetables. In
Selfoss for example, vegetables, flowers and even tropical fruits are cultivated for domestic
consumption in greenhouses heated using geothermal heat (Jóhannesson, 2010).
Due to harsh climatic conditions and the unique volcanic soil, agricultural production in
Iceland is almost entirely animal based. Limited amounts of barley are grown, but mostly
for animal fodder and still, most grain for fodder is imported (Jóhannesson, 2010). Grassland
in southewestern Iceland has for centuries been a valuable common grazing land for
livestock, mainly sheep (Gísladóttir, 2001).
Although not within the Affected Area, Selfoss is the closest large settlement outside the
Affected Area, containing approximately 6934 residents (Statistics Iceland, 2016). Highway
1, which rings Iceland, runs along the southern coast. Other main roads link various
settlements within the study area.
4.3.2. Geology
Bedrock is classified on the basis of its age, type and composition. Postglacial lavas are
divided into prehistoric and historic lavas. The geology in this part of Iceland characterised
by successive layers of lava visible one above the other. Much of the study area is underlain
by postglacial basic and intermediate lavas dating from both historic and prehistoric time, as
well as basic and intermediate extrusive rocks dating from the upper and lower Pliocene
(Figure 9). This rock type is comprised of basalt, a dark rock of igneous origin. The oldest
rocks were formed about more than 3.3 million years ago.

Figure 9: Geological landscape surrounding the area affected by a potential jökulhlaup

43

4.3.3. Power and Energy
Out of the 12,485 GWh produced by hydroelectric power in Iceland in 2011, about 935 GWh
is produced within and around the study area (Landsvirkjun, 2017).
The largest hydropower system is the Þjórsá and Tungnaá River system in south Iceland.
There are six hydropower stations in the catchment area of this river system: Búrfell,
Sultartangi, Hrauneyjafoss, Vatnsfell, Sigalda and Búdarháls. These six stations generate a
combined energy of 935 MW. Water for all the power stations is provided by three main
reservoirs, Thórisvatn, Hágöngulón and Kvíslarveita, along with smaller reservoirs
connected with each station. Landsvirkjun has also proposed the development of additional
power plants, Holt and Urriðafoss, along the lower reach of the Þjórsá River (Landsvirkjun,
2017).
4.3.4. Society and Employment
The Affected Area includes the municipalities of Flóahreppur, Rangárþing ytra, Skeiða- og
Gnúpverjahreppur, and Ásahreppur. The total population of these municipalities combined
is approximately 2906. On average, 9% of the population of these municipalities, or about
194 residents, comes from outside Iceland (Statistics Iceland, 2017).
A report by Byggðastofnun investigates employment by 8 areas (not municipalities) in
Iceland (Ragnarsson, 2016). The largest employment sectors are finance, fisheries, and trade.
Agriculture represents 8% of employment within South Iceland (Figure 10).

Figure 10: Employment within South Iceland (Ragnarsson, 2016)
4.3.5. Risk from Natural Hazards
The study area is in a location where it is vulnerable to a variety of volcanic hazards,
including tephra, lightning, ash, air pollution from noxious gases as well as ash, pyroclastic
density currents, and lava flow (Gudmundsson et al., 2008). Both Eyjafjallajökull and Katla
have been known to produce jökulhlaups as well as significant ash fall. For example, farms
in Southern Iceland were severely impacted by ash fall during the 2010 Eyjafjallajökull
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eruption (Bird & Gísladóttir, 2012). Katla eruptions have also been known to result in
lightning hazards and small tsunamis affecting Iceland’s southern coast (Larsen, 2000). In
addition to volcanic hazards, excessive rainfall in Southern Iceland can cause the Hvítá,
Þjórsá, and Rangá to becoming flooded (Iceland Monitor, 2016).
4.3.6 Evacuation
Existing strategies for evacuation and communication in the event of a natural hazard have
been formulated within southern Iceland. Volcanic risk mitigation strategies were developed
in 1973 by regional and national officials from the Icelandic Civil Protection Office.
However, these plans did not take the social context of the region into account
(Jóhannesdóttir and Gísladóttir, 2010). A regional evacuation exercise took place in March
2006 to test the effectiveness of the plans for a Katla eruption. However, few residents
attended the informational meetings regarding hazard and response. If a Katla eruption is
determined as imminent, the Icelandic Civil Protection Office notifies residents via a
recorded voice message to their landline or a short messaging service (sms) to their mobile
phone. Once received, residents in Álftaver and Meðalland will have 30 min to prepare to
evacuate (Bird, Gísladóttir, & Dominey-Howes, 2011).
In the event of a sub-glacial volcanic eruption at Bárðarbunga resulting in a jökulhlaup, an
evacuation plan was developed based on a scenario whereby the flow can be expected to
increase below Búrfell due to the manual interruption of dams of river water after about 7
hours (Almannvarnir, 2015). Flooding is then projected to slow down again after about 20
hours, and later again increase. The likely journey time of flood peak from the eruption site
of the glacier could be about 1.0 to 1.5 hours (Table 3).
Table 3: Journey time for a jökulhlaup originating under a glacier at the Bárðarbunga
volcanic system and eventually reaching the South coast (Almannvarnir, 2015)
From

To

Time (h)

Length (km)

Eruption site

Glacier

1.0 to 1.5

Unknown

Glacier

Bridge over the Þjórsá River at
Sultartangi

34

90

Glacier

Bridge over the Þjórsá River at 40
Highway 1

160

Glacier

South coast

180
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It would take approximately 23 minutes for a jökulhlaup originating from the Bárðarbunga
volcanic system to reach all the way to the southern coast (Figure 11). This information is
valuable for planning community evacuation strategies.
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Figure 11: T time it would take for a jökulhlaup originating from the Báarðarbunga volcanic
system to reach certain locations throughout the floodplain. Modified from Almannvarnir
(2015)

4.3.7. Tourism
The number of foreign tourists has more than doubled since 2010. The yearly growth rate
has been on average 21.6% since 2010. The southern coast is a popular destination for
tourists, due to the relatively short distance from Reykjavik along the ring road. In 2015, the
majority of day-trips were to South Iceland, when 58.5% of people took a daytrip to this
region (Statistics Iceland, 2016).
This area is also a popular location for summerhouses, both for Icelandic residents to own
as well as to rent to foreign visitors. Therefore, the Affected Area is located in a region that
experiences a shifting and transient portion of the population as tourists come and go. In
2015, 59% of Central and Southern European visitors came during the summer, as did 44%
of North American visitors, 36% of Nordic visitors, 18% of UK visitors and 42% of those
categorised as from “elsewhere”. Rooms available for rent have increased 52% in South
Iceland, and there was an annual increase in room occupancy from 2014 to 2015 during all
months of the year in South Iceland. Tourists come to Iceland from around the world,
bringing with them different cultures and perceptions of the environment they are visiting
and the risk that potential hazards present (Statistics Iceland, 2016).
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5. Data and Methods
5.1. Jökulhlaup Model
A shapefile was created by Verkis of the area susceptible to inundation as a result of a
potential subglacial volcanic eruption at the Bárðarbunga volcanic system
(Ríkislögreglustjóri og Verkís, 2014). The susceptible area covers approximately 346 km2.
Verkis used existing data and information from a prior study (Pagneux, Gísladóttir, &
Snorrason, 2010) that gave a spatial aggregation of inundations from 1825 to 2006 to
determine susceptibility in the area. The data used by Verkis from this study combined
contextual information from residents, newspapers, and other media, as well as image data,
collected field data, and remote sensing material. There were 54 flooding events between
1825 and 2006 that were taken into account in this study (Pagneux, Gísladóttir, & Snorrason,
2010).
The model scenario for an eruption at Bárðarbunga that Verkis used is based on the study
by Pagneux, Gísladóttir, & Snorrason (2010) and assumes a 6000 m3/s jökulhlaup lasting
four days flowing into the glacial lake Hágöngulón and eventually reaching the ocean on the
south coast of the country (Ríkislögreglustjóri og Verkís, 2014). The source of the flooding
would stem from the Dyngjujökull glacier, at the northwestern edge of the Vatnajökull
glacier. The extent of the flood plain was estimated at 397 km2 (Pagneux, Gísladóttir, &
Snorrason, 2010).
The programs HEC-RAS and HEC-GeoRas were used by Verkis in conjunction with
ArcMap for flood simulation, modelling, and analysis (Ríkislögreglustjóri og Verkís, 2014).
Bed friction angle was set to zero and the turbulent friction coefficient was adapted to fit a
predefined average Manning’s n coefficient value. The Manning’s n coefficient is an
empirical coefficient with dimensions s/m1/3. It represents flow roughness and ranges from
0.035 to 0.15 (Helgadóttir et al., 2015). The Manning’s n values used in this model were
derived from previous glacial outbursts and roughness estimates for riverbeds. Several
factors influence the Manning’s n value, including surface roughness and sinuosity of
channels. Landscapes in Iceland are typically devoid of mature trees and other vegetation
that would lead to high frictional effects. The uncertainty in rheology of the supraglacial
floods was dealt with by choosing three Manning’s values n = 0.05, n = 0.10, n = 0.1
(Helgadóttir et al., 2015).
It is important to note that the modelled area only takes into account flooding on the Þjórsá
River. Flooding on the Ytri-Rangá and Hvítá/Ölfusá Rivers were not considered. In addition,
the simulation assumes that floodwater descends initially from the surface of the ice cap at
predetermined elevations. In reality a fraction of the flood would also propagate across the
glacier bed (Ríkislögreglustjóri og Verkís, 2014).

5.2. OpenStreetMap
Data regarding infrastructure (roads), buildings, points of interest (tourism), buildings
(residential and commercial), and waterways was downloaded from OpenStreetMap (OSM)
(Geofabrik, 2017). The goal of OSM is to enable free, worldwide access to current
geographical information (Haklay & Weber, 2008). OSM is continually updated through
crowdsourcing. Crowdsourcing combines contributions from multiple participants in order
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to achieve a common goal and create a cumulative result. In the case of OSM, data is created
and edited online by a large group of independent volunteers. Although over 50,000 people
have contributed, there is a smaller group of volunteers who performs the majority of the
mapping (Haklay, 2010).
Advantages to data obtained from OSM are lower costs, and greater flexibility and diversity
of data. Although information may be available from commercial providers and national
mapping agencies, it is often too expensive to be accessible for individuals and smaller
organisations. In addition, it can be quicker to obtain the data from OSM rather than waiting
for information from private sources. Budget limitations can mean that national mapping
agencies are not able to frequently update their data to take into account rapid changes,
meaning that data obtained from OSM can sometimes be more up-to-date and accurate.
Finally, greater detail can be provided by OSM users beyond traditional landmarks such as
roads. Because OSM volunteers work based on their own interests and local knowledge,
they may add data relating to other sites of interest such as landmarks or green spaces.
However, since data can come from many different unidentified public sources, it does not
follow common standards in terms of data collection, verification, and use. Participants to
OSM are not professionals but amateurs (Keen, 2007). The data may therefore be of
inconsistent quality. In addition, OSM data cannot be more accurate than the quality of the
GPS receiver, which varies from user to user (Haklay, 2010).
In a study by Hacklay & Weber (2008) which found OSM roads and streets to be comparable
with the Ordnance Survey dataset in the UK. Specific to flood hazard assessment, a study
found OSM to be acceptable to identify elements at risk in the event of a flood in Cologne,
Germany (Schelhorn et al., 2014). Errors are always inherent in any sort of data, even
collected by “professionals”, and as long as one is aware of the limitations within OSM, it
provides a suitable and cost effective alternative to data acquisition.

5.3. Land Cover
Land cover data in raster format was obtained from the Icelandic Institute of Natural History
(Icelandic Institute of Natural History, 2016). This raster layer includes data for woodlands
and forests which are contributed to this dataset by the Icelandic Forest Service, and
cultivated land which was mapped and contributed to this dataset by the Agricultural
University of Iceland. All other vegetation cover (habitat types) are mapped directly by the
Icelandic Institute of Natural History for inclusion in this dataset. Land habitats for this data
were mapped using remote sensing. The satellites used were RapidEye, Spot-5, and Landsat8. Each image was classified by automatic process, ISODATA. The classification along with
measurements of vegetation and a variety of formats available data were used to determine
habitat types in Iceland. Fieldwork and data collection for land habitat types in central
Iceland took place between years 1999-2002 and more recently in the lowlands from 20122015. The definition and classification of natural habitats in Iceland took into account the
standard classification of the European Environment Agency (Icelandic Institute of Natural
History, 2016).
The land cover classes included in this study are as follows: grasslands, cultivated
agricultural, horticultural, and domestic habitats, heathlands, woodlands, mixed forestry
plantations, moss, wetlands, exposed Aeolian soils, fell fields, moraines and sands, and
water. Cultivated agricultural, horticultural, and domestic habitats includes all regularly or
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recently farmed arable land, gardens and greenhouses, and enclosed land for livestock.
Lawns and sports fields, shrub orchards, and tree nurseries and plantations are excluded.
Open grazing land is also not included in this category (Icelandic Institute of Natural History,
2016). This study only considered grassland as livestock grazing land, and did not include
wetlands or heathlands in the calculation of potential grazing land.

5.4. National Land Survey of Iceland
The National Land Survey of Iceland produces and maintains a variety of data. In this thesis,
a vector shapefile showing distribution of buildings was used. Although this data includes
the name most of the buildings, it does not include what the type of structure. Metadata for
the layer specifies that the buildings may include residential houses, cottages, cabins,
schools, churches, lighthouses, among others (National Land Survey of Iceland, 2016).
Data was collected by the National Land Survey of Iceland using SPOT-5 satellite images
and aerial photographs obtained from the Icelandic private company Samsýn. Information
about the population was derived from Statistics Iceland, compared to January 1st of each
year. Data was initially collected in 2013, and was updated in 2016 (National Land Survey
of Iceland, 2016).

5.5. Statistics Iceland
Statistical data including demographic information for the Affected Area and surrounding
study area was obtained from Statistics Iceland (2017). This data includes such information
as population size and density and country of origin. Municipality-specific data was used
whenever available, but in some cases data for south Iceland was used as a reference for the
Affected Area.
A report from Byggðastofnun in conjunction with Statistics Iceland produced in 2016
investigated total employment-income by the largest municipalities, which can then be used
as an indicator of sectoral structure within the smaller municipalities (Árnason, 2016).

5.6. DEM
Topographic data on the study area was extracted from the USGS satellite GMTET 2010 at
a scale of 7.5 arcsec. This data was obtained through the USGS EarthExplorer web database
(USGS, 2017).

5.7. Methods
Due to time constraints and limitations to the data used in this research, it was not possible
to build a new model simulating the flowpath of a jökulhlaup south from the Bárðarbunga
volcanic system. Instead, the analysis was performed using the Verkís model focusing on
the modelled flood area of the Þjórsá River (Ríkislögreglustjóri og Verkís, 2014).
After the abovementioned data was downloaded and imported, the following analysis was
performed utilising ESRI ArcMap 10.4.1: an overlay of the Affected Area shapefile with the
multiple spatial information described above obtained from OpenStreetMap, the National
Land Survey of Iceland, and the Icelandic Institute of Natural History was created and the
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relevant information for the Affected Area extracted in order to investigate the locations of
vulnerable infrastructure. Maps were then created visualising areas of increased
vulnerability to the human and/or built environment. Impacts to certain sectors such as
agricultural and livestock grazing land are investigated in relation to country-wide
information. The goal of creating each of the maps is to create a product that would be
applicable for hazard and risk education.
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6. Results
6.1. Land Cover
Land cover types in the Affected Area include grasslands, wetlands, exposed Aeolian soils,
fell fields, moraines, and sands, cultivated agricultural, horticultural, and domestic habitats,
moss, heathlands, and woodlands (Figure 12). The majority of land cover in the Affected
Area (28%) consists of fell fields, moraines, and sands (Figure 13). Together with exposed
soils, which comprise 12% of the Affected Area, 124.8 km2 can be considered barren land
that is generally unsuitable for the growth of plants, agricultural production, or livestock
grazing. On the other hand, cultivated agricultural, horticultural, and domestic habitats
comprise about 9% or 31.7 km2 of the Affected Area. Livestock graze primarily on
grasslands, but can also graze to some extent on wetlands and heathlands. There are
approximately 29 km2 of grassland within the Affected Area. If wetlands and heathlands
were also included, the potential grazing land would make up about 135 km2 or 39% of the
land cover within the Affected Area. Therefore, when these land cover types are taken in
combination we can see that land that has the potential for agricultural use or livestock
grazing comprises the majority of land cover within the Affected Area. Although the
Affected Area represents only 0.34% of the total land area of Iceland, it comprises
approximately 5% of the country´s land that is covered by cultivated agricultural,
horticultural, and domestic habitats, and 1.2% of the country´s grassland

Figure 12: Land cover surrounding the area affected by a potential jökulhlaup
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Figure 13: Breakdown of land cover types within the Affected Area
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The Þjórsá River runs down the center of the Affected Area, providing the area with water
that allows for lush grasslands, wetlands, and moss (Figure 14). These grasslands as well as
some of the heathlands present provide important grazing land for livestock. The immediate
area surrounding the river is composed of fells, moraines and sands exposed because of the
rise and fall of the river levels. The area is also comprised of a large amount of agricultural,
horticultural, and domestic habitats due to the relatively fertile soil and proximity to a viable
water source. There are some areas of exposed Aeolian soils, which indicate some level of
soil erosion (Figure 14 and Figure 15). Woodlands and mixed forestry plantations make up
a negligible portion of the Affected Area, as does area covered with glaciers and snow.

Figure 14: Land cover within the Affected Area
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Figure 15: Land cover focusing on the outlet of the Þjórsá River
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6.1.1. Cultivated Agricultural, Horticultural, and Domestic
Habitats
The Ásahreppur municipality contains the least amount of area within the potential flood
area (Figure 16), meaning it has the lowest risk level to flood damages. The Rangárþing ytra
municipality contains the largest amount of land area, as well as the largest amount of
cultivated agricultural, horticultural, and domestic habitats area that is within the Affected
Area because of its more central and southernly location. Though because it is such a large
area, its percentage of cultivated agricultural, horticultural, and domestic habitats to land
area is still quite low. The Skeiða- og Gnúpverjahreppur municipality has a relatively large
amount of overall land area, and it has the third largest amount of cultivated agricultural,
horticultural, and domestic habitats. Yet its areas of overlap within the Affected Area are a
smaller percentage due to its more northernly location. The Flóahreppur municipality is the
smallest land area with the largest amount of cultivated agricultural, horticultural, and
domestic habitats relative to its size. The proximity of those agricultural, horticultural, and
domestic habitats to the Þjórsá River also puts them into potential risk areas of future
flooding. Its southernly location also gives it the greatest area of overlap with the area
affected by potential flooding, making it the most at risk municipality. As such, impacts to
agricultural and livestock production would be particularly adverse within the Affected
Area, which could have negative implications on the agricultural output of Iceland as a
whole.

Figure 16: Distribution of cultivated agricultural, horticultural, and domestic habitats
within the municipalities intersecting the Affected Area
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The Ásahreppur municipality is the second largest in terms of land area, yet it is only
comprised of a small amount of cultivated agricultural, horticultural, and domestic habitats,
making it less at risk for agricultural damage due to flooding: only 0.6% of the municipality’s
land area consists of cultivated agricultural, horticultural, and domestic habitats (Table 4).
The Rangárþing ytra municipality has the largest amount of land area, and the second largest
amount of cultivated agricultural, horticultural, and domestic habitats, but due to the overall
large size of the area, the percent of land that is cultivated agricultural, horticultural, and
domestic habitats is still considered small (only 3.3% of total land area). The Skeiða- og
Gnúpverjahreppur municipality is the third smallest municipality that also contains the third
smallest amount of cultivated agricultural, horticultural, and domestic habitats. The
Flóahreppur municipality has the smallest amount of total land, but the largest percentage of
cultivated agricultural, horticultural, and domestic habitats due to its relative size (14.9%).
The Flóahreppur municipality therefore has the highest potential to incur damage from
flooding to its agricultural lands.
Table 4: Total land area and total area of cultivated agricultural, horticultural, and
domestic habitats within each municipality that intersects the Affected Area
Municipality

Total land
area (km2)

Area of
cultivated
land and
domestic
habitats
(km2)*

Percent (%) of total land area
consisting of cultivated land and
domestic habitats*

Ásahreppur

2942

18

0.6

Rangárþing ytra 3188

106

3.3

Skeiðaog 2231
Gnúpverjahrep
pur

39

1.7

Flóahreppur

43

14.9

289

*agricultural, horticultural, and domestic habitats.
The municipality of Ásahreppur shows the smallest amount of land within the affected, as
well as the least amount of cultivated agricultural, horticultural, and domestic habitats likely
to be affected by flooding (Figure 17). The municipality of Rangárþing ytra has the largest
amount of total land area within the Affected Area, and the second largest amount of
cultivated agricultural, horticultural, and domestic habitats within the Affected Area,
because of its larger size and more southernly location there are more frequent areas of
overlap. The Skeiða- og Gnúpverjahreppur municipality has the third largest amount of land
area within the Affected Area, and because of its greater proximity to the river, a higher
percentage of cultivated agricultural, horticultural, and domestic habitats within the Affected
Area. The municipality of Flóahreppur, contains the smallest amount of overall land area
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within the Affected Area, yet that land area is comprised of the largest amount of cultivated
agricultural, horticultural, and domestic habitats. The municipality of Flóahreppur is shown
to have the most concentrated amount of cultivated agricultural, horticultural, and domestic
habitats overall, as well as the greatest amount of cultivated agricultural, horticultural, and
domestic habitats located within the risk area.

Figure 17: Cultivated agricultural, horticultural, and domestic habitats within the Affected
Area
The Ásahreppur municipality is a relatively large area of land, yet it is only comprised of a
small amount of cultivated agricultural, horticultural, and domestic habitats within the
Affected Area (1.5%), making it less at risk for agricultural damage due to flooding (Table
5). The Rangárþing ytra municipality has the largest amount of land area, and the second
largest amount of cultivated agricultural, horticultural, and domestic habitats, but due to the
overall large size of the area, the percent of land that is cultivated agricultural, horticultural,
and domestic habitats at 6.3% is still considered small in regards to total area (9.4 km2). The
Skeiða- og Gnúpverjahreppur municipality is the third smallest municipality, yet it also
contains the second largest percent of cultivated agricultural, horticultural, and domestic
habitats relative to total land area within the Affected Area. Even though the Flóahreppur
municipality contains the second biggest amount of land within the Affected Area (90 km2),
it has the largest total amount of land within the Affected Area that is comprised of cultivated
agricultural, horticultural, and domestic habitats (17.7 km2 or 15.2%), making it the most at
risk of flooding affects.
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Table 5: Total land area within the Affected Area and area of cultivated agricultural,
horticultural, and domestic habitats within the Affected Area
Municipality

Total land
area
within the
Affected
Area(km2)

Ásahreppur

20.2

Area of
cultivated land
and domestic
habitats*
within the
Affected Area
(km2)

Percent (%) of total land area
within the Affected Area that is
cultivated land and domestic
habitats*

0.30

1.5

Rangárþing ytra 150.4

9.4

6.3

Skeiðaog 85.6
Gnúpverjahrep
pur

8.3

9.7

Flóahreppur

13.7

15.2

90.0

*agricultural, horticultural, and domestic habitats.
Flóahreppur contains the greatest area of cultivated agricultural, horticultural, and domestic
habitats, as well as the greatest percent of this land cover type that is located within the
Affected Area, at 13.7 km2 and 31.9%, respectively (Table 6). Skeiða- og Gnúpverjahreppur
contains the next greatest percent of cultivated agricultural land that is contained within the
Affected Area, but Rangárþing ytra contains the next greatest area of cultivated agricultural
land in terms of square kilometers. Ásahreppur contains the smallest total amount of
cultivated agricultural, horticultural, and domestic land, as well as the smallest percentage
of that land cover type within the Affected Area, at 0.3% and 1.7 km2, respectively.
Therefore, overall Flóahreppur municipality would be the most adversely affected in terms
of impacts to agricultural, horticultural, and domestic habitats.
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Table 6: Percent of cultivated agricultural, horticultural, and domestic habitats in each
municipality that is within the Affected Area
Municipality

Area
of
cultivated land
and
domestic
habitats* within
Municipality

Area of cultivated
land and domestic
habitats*
within
the Affected Area
(km2)

Percent (%) of cultivated
land
and
domestic
habitats*
in
each
municipality that is within
the Affected Area

Ásahreppur

18

0.30

1.7

Rangárþing ytra 106

9.4

8.9

Skeiðaog 39
Gnúpverjahrepp
ur

8.3

21.3

Flóahreppur

13.7

31.9

43

*agricultural, horticultural, and domestic habitats.

6.1.2. Livestock Grazing Land
Out of its total land area Flóahreppur municipality has the greatest percent of grassland
(19.4%), while at 0.8% each, Ásahreppur and Skeiða- og Gnúpverjahreppur municipality
have the smallest percent of grassland within the municipality (Table 7).
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Table 7: Total land area and total area of grassland within each municipality that
intersects the Affected Area
Municipality

Total
land Area
of Percent (%) of total land area
2
area (km )
grassland
consisting of grassland
(km2)

Ásahreppur

2942

24.4

0.8

Rangárþing ytra 3188

66.0

2.1

Skeiðaog 2231
Gnúpverjahrep
pur

18.7

0.8

Flóahreppur

56.1

19.4

289

The Flóahreppur municipality has the greatest percentage and total area of grassland within
the Affected Area 20.1% and 18.1 km2), while the Rangárþing ytra municipality has the
smallest percentage. Ásahreppur only contains a very small area of grassland (1.4 km2), but
this comprises the second largest percent of grassland in a municipality that is within the
Affected Area (Table 8).
Table 8: Total land area and total area of grassland within the Affected Area

60

Municipality

Total land area Area of grassland Percent (%) grassland in
within Affected within the Affected each municipality that is
Area (km2)
Area (km2)
within the Affected Area

Ásahreppur

20.2

1.4

6.9

Rangárþing ytra 150.4

5.7

3.8

Skeiðaog 85.6
Gnúpverjahrepp
ur

3.8

4.4

Flóahreppur

18.1

20.1

90.0

Flóahreppur municipality has the greatest percentage and total area of grassland that is
within the Affected Area (32.3% and 18.1 km2), while the Ásahreppur municipality has the
smallest amount of grassland within the Affected Area both in terms of percent of land cover
and of total area (Table 9). This means that the Flóahreppur municipality will be the most
affected by damages to its grassland due to flooding.
Table 9: Percent of grassland in each municipality that is within the Affected Area
Municipality

Area
of Area of grassland Percent (%) of grassland in
grassland within within the Affected each municipality that is
Municipality
Area (km2)
within the Affected Area

Ásahreppur

24.4

1.4

5.7

Rangárþing ytra 66.0

5.7

8.6

Skeiðaog 18.7
Gnúpverjahrepp
ur

3.8

20.3

Flóahreppur

18.1

32.3

56.1

6.2. Built Environment
Roads can be seen to connect settlements, many of which appear in clusters spread
throughout all the municipalities (Figure 18). Road types illustrated include primary and
residential roads. Service roads, footways, and other paths are not shown. Water would flow
over Highway 1 by the Þjórsá Bridge (Ríkislögreglustjóri og Verkís, 2014). Past the Þjórsá
Bridge the flood would spread out onto the lowland in Flóahreppur and Ásahreppur. The
municipalities of Skeiða- og Gnúpverjahreppur and Flóahreppur contain a number of farms,
settlements, and hamlets, including the small town of Árnes. There are smaller settlements
located along the Þjórsá River in the Rangárþing ytra municipality.
The flood would spread out between the Sultartangi and Búrfell power stations, while lands
west of the Þjórsárdalsvegur (Highway 32) would be partially or completely under water
when the flood peak.
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Figure 18: Roads and settlements within the Affected Area
Two waterfalls can be seen along the Þjórsá River running down the middle of the Affected
Area (Figure 19). Many of the hotels and campsites are located along waterways. Indeed
points of interest such as waterfalls are dependent upon waterways. Most of the tourist
infrastructure is located within Flóahreppur, Rangárþing ytra, and Skeiða- og
Gnúpverjahreppur municipalities. Therefore, these municipalities would contain the greatest
impacts to tourist infrastructure in the event of a jökulhlaup.
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Figure 19: Tourism infrastructure and sites within the Affected Area
Due to data limitations it was not possible to identify each building specifically, but it is
known that these buildings represent either farms or other permanent residents, support
structures such as barns or storage units, or seasonal dwellings such as summerhouses
(Figure 20). Buildings occur in every municipality, and are mostly clustered in small
communities and hamlets closer to the coast. Since Skeiða- og Gnúpverjahreppur and
Flóahreppur have the largest population and population density within the Affected Area,
proportionally this means that the largest number of affected buildings would also be located
around the Skeiða- og Gnúpverjahreppur and Flóahreppur municipalities.
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Figure 20: Settlements and other buildings within the Affected Area.
Spatial patterns show buildings within the Affected Area within the low-lying floodplain
(Figure 21). Since water drains to the lowest point, these buildings are more vulnerable to
flooding. However, as discussed earlier, these regions have the most fertile soil for
agriculture in addition to plenty of grasslands for livestock to graze, which means that these
areas are often chosen for residents to build their livelihoods.
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Figure 21: Settlements and buildings within the Affected Area showing topography

6.3. Power and Energy
Important power and energy infrastructure are within the area susceptible to flooding (Figure
22) Power lines also appear to follow waterways. Voltage is either 66000 W or 220000 W,
and the operator is Landsnet. The Sultartangi and Búrfell hydropower plants are shown, as
well as the proposed locations of the Holt and Urriðafoss stations.
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Figure 22: Power and energy infrastructure within the Affected Area
The consequences of flooding in Hágöngulón depend on whether one or more of the eight
dams in the floodway are breached. It is likely that an outburst of 6000 m3/s would indeed
overflow reservoirs and break one or more dams, causing water to then run alongside the
flow of lava. Flooding would occur in the Sultartangi dam, the largest dam in Iceland, which
would have drastic consequences on the associated Sultartangi power plant and related
infrastructure such as roads and bridges. The Búrfell power station would also be affected,
and the two proposed power stations would also be inundated.

6.4. Society
Some municipalities such as Flóahreppur are almost completely contained within the
Affected Area, whereas the other municipalities only slightly fall within the Affected Area
(Figure 23 and Figure 24).

66

Figure 23: Municipalities intersecting the Affected Area

Figure 24: Municipalities comprising the Affected Area
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6.4.1 Population
Flóahreppur has the greatest population density at 52 people/km2. Ásahreppur has the lowest
population density, but all municipalities besides Ásahreppur have a population density of
less than one person per square kilometer (Table 10). Proportionally, impacts will be greater
to municipalities with larger populations and population densities.
Table 10: Population and population density of municipalities that intersect the Affected
Area (Statistics Iceland, 2017).
Municipality

Total land area
(km2)

Population
(2016)

Population density
(people/km2)

Ásahreppur

2942

218

0.07

Rangárþing Ytra

3188

1548

0.5

Skeiða- og
Gnúpverjahreppur

2231

521

0.2

Flóahreppur

289

619

2

More detailed demographic information for each municipality within the Affected Area,
including country of origin and gender breakdown, is as follows:
The population of Ásahreppur is comprised of 88% Icelanders (Figure 25), the remaining
12% consist largely of those from Poland, followed by Lithuania and the Czech Republic.
There are no registered nationals of countries outside of Europe within this municipality.

Figure 25: Country of origin of the population of Ásahreppur municipality (Statistics
Iceland, 2017)
Rangárþing Ytra consists of 91% Icelanders and of the remaining 9%, the great majority
(67%) are from Poland (Figure 26). This municipality has a relatively large proportion of
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residents from Asian countries, at 10%. Other residents come from Scandinavia and other
European countries.

Figure 26: Country of origin of the Rangárþing Ytra municipality (Statistics Iceland, 2017)
In Skeiða- og Gnúpverjahreppur 90% of the population is Icelandic. Of the remaining 10%,
the biggest group is Germans consisting of 305, followed by Polish and residents from
Scandinavia at 20% each (Figure 27). A very small percentage of the population comes from
South America.

Figure 27: Country of origin of the Skeiða- og Gnúpverjahreppur municipality (Statistics
Iceland, 2017)
The population of Flóahreppur is made up of 95% Icelanders (Figure 28). This municipality
has the smallest percentage of non-Icelanders. However, this is also a relatively small
municipality at 588 total residents. As shown in Figure 26, of the 5% non-Icelandic, 36% of
the population comes from Germany. Another 29% comes from the Scandinavian countries,
and the rest come mostly from other European countries. Just 6% of the population comes
from Poland, and 3% come from Asian countries.
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Figure 28: Country of origin of the Flóahreppur municipality (Statistics Iceland, 2017)
6.4.2 Household demographics
Single-family households make up the majority of household types in this region in South
Iceland, which is typical of the Affected Area (Figure 29). Non-family households and oneperson households make up the two next largest groups. Multi-person households make up
a very small percent of household types.

Figure 29: Household types within the Southern region of Iceland, typical of the Affected
Area (Statistics Iceland, 2017)
Family types within smaller localities and rural areas in the south region of Iceland are
typical of the Affected Area (Statistics Iceland, 2017). Married couples make up the largest
percentage of family type at 70%, while lone father families make up the smallest percentage
of family type at 3% (Figure 30).
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Figure 30: Family types within the Southern region of Iceland, typical of the Affected Area
(Statistics Iceland, 2017).
6.4.3 Employment
The largest sources of revenue in Ásahreppur and Rangárþing Eystra1 combined are fisheries
(22% or 1767 million ISK) and public administration (13%). Communication (1%) and
finance (2% or 723 million ISK) make up the smallest sources of revenue (Figure 31).

Figure 31: Shares of revenue from various employment sectors in Ásahreppur and
Rangárþing Eystra municipalities combined (Árnason, 2016).

1

The report from Byggðastofnun combines the Ásahreppur and Rangárþing Eystra municipalities for the
purposes of calculating employment revenue (Árnason, 2016).
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The largest sources of revenue in Grímsnes- og Grafningshreppur 2 , Skeiða- og
Gnúpverjahreppur, and Flóahreppur are agriculture (21% or 1579 million ISK) and
construction (17%). Finance, science, and communications make up the smallest sources of
revenue (Figure 32).

Figure 32: Shares of revenue in various employment sectors in Grímsnes- og
Grafningshreppur, Skeiða- og Gnúpverjahreppur, and Flóahreppur municipalities
combined (Árnason, 2016).

6.5. Overview of Results
Most of the buildings in the floodplain are farms, highlighting the high risk of the agricultural
livelihood of those surrounding communities (Figure 33). Their close proximity to the Þjórsá
River and the flood plains makes the settlements and the buildings (including farms, as
indicated, as well as other houses or structures) have the greatest risk of damage and the
highest potential for economic and agricultural loss due to flooding hazards. Roadways can
be seen connecting all of the municipalities, and many of those roadways are within the
bounds of the potential flood area. This means that should any flooding occur, those
roadways would be flooded or blocked, hindering transportation and movement between
municipalities, slowing down evacuations, any rescue efforts, and disrupting daily life. All
municipalities will be effected in some way, though the Flóahreppur municipality will likely
be impacted the greatest due to the large amount of overlap within the Affected Area.
2

The report from Byggðastofnun combines the Grímsnes- og Grafningshreppur, Skeiða- og
Gnúpverjahreppur, and Flóahreppur municipalities for the purposes of calculating employment revenue
(Árnason, 2016).
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Figure 33: Overview of the built and natural environment within the Affected Area, including cultivated agricultural, horticultural, and domestic
habitats, settlements, buildings, roads, and power and energy infrastructure.
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6.5.1 Impacts to the Southernmost Section of the Affected
Area
A closer look shows that a number of farms, built structures, roadways, and settlements
the Flóahreppur, Ásahreppur, and Rangárþing ytra municipalities will be affected by
potential flooding hazards (Figure 34). A large number of farms and settlements are
interconnected by roadways and reach those cultivated agricultural, horticultural, and
domestic habitats. This maps shows a close-up of one of the largest Affected Areas, and
the societal, built, and agricultural elements that are at stake within that area. Once again
it can be seen that the Flóahreppur municipality contains the largest number of farms,
hamlets, roadways and agricultural areas within the affected flood area.
The municipalities of Skeiða- og Gnúpverjahreppur and Flóahreppur contain a number
of farms, settlements, and hamlets, including the small town of Árnes. Therefore, these
municipalities have the biggest population and associated infrastructure (buildings,
roads). There are smaller settlements located along the Þjórsá River in the Rangárþing
ytra municipality. Therefore, the greatest impacts to the built environment would occur
within the Flóahreppur municipality.

Figure 34: Cultivated agricultural, horticultural, and domestic habitats, settlements,
buildings, and roads within the southernmost part of the Affected Area
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The Affected Area consists of a large amount of grasslands and cultivated agricultural,
horticultural, and domestic habitats. It can be seen that all farmlands are connected together
between a network of roadways, while varying civilisations are interspersed along those
roadways as well (Figure 35). It can be seen that members of the varying municipalities have
built their farms near more fertile and well irrigated areas of land, which is why they have
settled around the Þjórsá River. This also puts them at a higher risk due to their proximity to
the river within the low-lands where flooding is most likely.

Figure 35: Land cover, settlements, buildings, and roads within the southernmost part of the
Affected Area
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6.5.2. Impacts to Individual Farmers
Focusing on a particular farm within the Affected Area provides an illustration on an
individual level regarding how a farmer may be impacted by flooding from a jökulhlaup,
and provides an example of how vulnerability information may be presented (Figure 36).
The visual information displayed on this figure provides information about a specific human
environment that may be affected by a jökulhlaup such as the number of buildings
surrounding the particular farm. The farm and those buildings are connected by roadways
which run through the center of the farmland, with access roads reaching out to various areas
within the farmland, making sure that farmers can reach all sections of their land. Based on
the surrounding land use cover, the types of activities or livelihoods that are affected can
also be investigated. Based on the presence of cultivated agriculture, horticultural and
domestic habitats it can be inferred that there is a great dependence on farming for
livelihoods. There are also surrounding grasslands and wetlands which can be used for
livestock grazing. This farm and the surrounding natural and built environment that allows
the farmer to support his livelihood would be inundated in the event of a jökulhlaup.
Hazard vulnerability mapping can be used as a tool for communicating risks both to local
populations as well as to government officials and policy makers with regards to emergency
procedures and preparedness with the help of certain visualisation techniques. These include
basic tools such as the use of colour and map orientation, as well as the decisions made in
terms of the use of thematic symbology (Kostelnick, 2013). For instance, colours were
chosen to represent certain natural features that closely resemble their true appearance, such
as blue for water and green for grassland. Although this may seem like a straightforward
decision, it is still one that was made keeping in mind the ease of reader understanding,
rather than choosing to display the river as red, for example, which would be more difficult
for a reader to comprehend.
In terms of symbology, if a farmer were to view the vulnerability map, he or she would be
able to see their farm easily identified with a red star, and due to the standard north-south
orientation of the map would also be able to easily locate themselves in space in relation to
the buildings, roads, and natural features surrounding the farm (Figure 36). One residential
road, Villingholtsvegur, is clearly marked, and the other roads are tracks or unclassified
roads. The way that geographical elements are represented in terms of colour, size, and
orientation can influence the way that the land is perceived by a local farmer, and can
therefore affect the farmers understanding of the area and the risk it presents. For instance,
if the map were orientated with west facing the top of the page, it may be harder for a farmer
to orient himself, and would also be more confusing for policy makers inexperienced at map
reading who are viewing the map with the goal of developing evacuation strategies. It is
important that the geographic extent of a hazardous zone such as the distance from the farm
to the river in Figure 36 is not over or underestimated, as this can adversely affect the
farmer’s perception of the severity of risk that the hazard poses, and can also influence policy
makers in their preparedness and evacuation planning.
Consistency of color, precise representation of size, and clear delineation of symbols allow
this map to be used as a comprehensible visualisation of a specific geographic area by
farmers on a local level as well as by government officials for the purposes of risk
identification, communication, and preparedness.
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Figure 36: Impacts to an individual farm located in the southern portion of the Affected Area
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7. Discussion
7.1 Vulnerability of the Human, Natural, and
Built Environment
Multiple municipalities and their communities will be affected by the flooding hazard
described in this scenario. Within those communities lie a large number of individuals and
sectors that are invested in the well-being of the Affected Area. Based upon the projections
of this study, it is apparent that the communities that fall within the areas potentially affected
by a jökulhlaup event will be impacted greatly by the flood hazards; the water damage will
impede such industries as agriculture, because of damage to soils and crops, health care
systems because of potential water damage to equipment and sterile environments, and
rescue divisions because of potential roadway damage and blockage due to debris. It can be
inferred that proximity to the Þjórsá River (the source of flooding) increases the potential
damage that could be caused by flooding.
The jökulhlaup would also halt or disrupt the operation of the Sultartangi and Búrfell power
plant stations. The hydroelectric stations in the river basin produce about 40% of the
electrical demand of the country. There are also important area electricity transmission
structures within the potential flood zone; the consequences of the cessation or interruption
of the operating power plants in flooded areas and the interruption of electricity transmission
lines can result in an electricity shortage not only within the flooded areas but could also
result in extensive electricity shortages in southwest Iceland (Almannvarnir, 2015). As such,
jökulhlaup events could result in impacts on the national level, leading to negative
implications for communications throughout the whole of Iceland. However, Landsvirkjun
is currently preparing measures to strengthen the dams to Háganga, with the aim of slowing
down the erosion of the dam and reducing the risk of erosion from excess flooding in the
dam. Another aim is reducing the flood peak from Hágöngulón during an event of this kind
(Landsvirkjun, 2017).
A community’s overall level of true risk, as well as that community’s individual level of
perceived risk, is influenced by a variety of factors for each individual within the community,
such as language, housing type and quality, housing tenure and location, family size, gender,
age, tourism, employment, and socioeconomic status and income. (Dwyer, Zoppou, Nielsen,
& Roberts, 2004; Chakraborty, Tobin, & Montz, 2005.
When it comes to such social vulnerabilities as ethnicity, being of a different culture leads
to different customs, perceptions of hazards and experiences with hazards. The large variety
of non-native citizens living within each municipality is likely to increase the vulnerability
of residents in the area (Bird, Gísladóttir, & Dominey-Howes, 2011). Jóhannesdóttir &
Gísladóttir (2010) found that Icelandic residents of small communities in Southern Iceland
perceived visitors to the region to be more vulnerable to volcanic hazards than native
Icelanders who had grown up in the area. Rangárþing ytra municipality contains the greatest
number of ethnicities, over 22, with immigrants originating from Poland and other European
countries (Appendix A). It can be assumed that immigrants living within Iceland do not hold
Icelandic as their primary language. For instance, the overall majority of the non-Icelandic
population within all municipalities in the Affected Area consists of Polish nationals. After
Poland, many foreign residents come from other eastern European countries such as Latvia
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and Lithuania. However, all continents are represented throughout the study area, with
individuals coming from countries such as New Zealand, Thailand, Namibia, and Honduras.
Knowing the demographics of each municipality and its particular needs can help with the
customisation of disaster warnings meaning better dissemination of vital information to the
public. For instance, Bird, Gísladóttir, & Dominey-Howes (2011) found a difference
between rural and urban communities’ knowledge and perception of risks to natural hazards.
In addition, Bird, Gísladóttir, & Dominey-Howes (2009b) concluded that emergency
management officials must understand how each community interprets its individual
situation relating to volcanic hazards and the risk they pose. Therefore, it is clear that the
varying backgrounds of the community members within the Affected Area must be taken
into account in order to improve pre-event preparedness and post-event procedures.
Information could be disseminated in multiple languages, and education could be provided
for new residents who do not have the inherited knowledge about natural hazards that their
Icelandic neighbours might have.
Preparatory measures such as public warnings, which are intended to help mitigate disaster
impacts, and commonly are dissembled through the media, need to be both comprehensible
and believable. To improve upon this warning system, hazard and evacuation warnings
should be better customised for the recipient populations (Bird & Gísladóttir, 2012).
Knowing which locations have high numbers of elderly, children, or specific language or
cultural groups may allow for more efficient and effective disaster preparation and
management.
The increase in foreign citizens within the municipalities that could be affected by the flood
hazards, means that there thousands of citizens within those communities who are not as
familiar with the local area and environment or its history of flooding and risk. This lowers
the overall perception of risk that the community has for the particular hazard, making them
less likely to even perceive the need to respond or be proactive in the face of the risk of
jökulhlaups created by the eruption of the Bárðarbunga system.
Because of the number of people living within the potential flood boundary it is vital to
update existing evacuation procedures when further information is available about the
possible spread of the flooding. For instance, fully developed evacuation plans for an
Eyjafjallajökull eruption were not completed until the first eruption began on 20 March 2010
(Bird & Gísladóttir, 2012), showing a reactive rather than a proactive response to emergency
management. Lessons learned from this event include the fact that both residents and
officials recognised the need for more detailed and concise information. In addition,
residents should be involved in developing response plans for their community. More
recently the inclusion of local input has marked an “important shift in emergency
management” (Bird & Gísladóttir, 2012, pp. 1265).
Housing type and quality can be related to the location, size and age of the farms, hamlets
and buildings within the surrounding municipalities. The majority of the housing belongs to
farmers and those with an agricultural occupation. This can be attributed to the location of
the built environment, which is close to the river where the fields, grasslands and wetlands
are well irrigated and the soil is richer in nutrients. Yet because of these requirements, it has
placed housing within the Affected Area where flood hazards are most likely to occur, a
practice that is common outside of Iceland as well (Mahmood et al., 2016). In an
investigation of farmers on the banks of the Panikora River in Pakistan after a flash flood,
Mahmood et al. (2016) found that those that were most adversely affected were located close
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to the source of flooding, where they were the first reached by the flood and where depth of
water was highest. Therefore it can be projected that the municipalities whose households
and farms are within the flood area will incur damages and loss within their agricultural
sectors, and those farms that are located closer to the Þjórsá will be even greatly impacted.
The Flóahreppur municipality in particular has the highest amount of agricultural,
horticultural, and domestic elements within the Affected Area. It also has the highest
percentage of grasslands within the Affected Area. This is significant because it shows that
this is the municipality that is most at risk to flooding damages. Thanks to its close proximity
to the river, as well as its more southernly position within the low-land drainage areas, it has
the most land area within the Affected Area. Even though it is one of the smallest areas of
land, it has the highest population density, greatest amount of agricultural land, and
grasslands; with all of these elements at stake it places the Flóahreppur municipality as the
municipality with the most to lose economically, socially, agriculturally, and ecologically.
For example, farmers in Álftaver, a small agricultural community in southern Iceland at risk
of jökulhlaup from an eruption at Katla, have been concerned about their livelihoods during
and after an eruption (Jóhannesdóttir & Gísladóttir, 2010). During the eruption when farmers
must evacuate, they cannot take care of their livestock. The loss of livestock can be
devastating to a farmers’ livelihood. The loss of electricity (including for electric fences for
livestock), phone connections, access to equipment and also to transportation can also
contribute to the destruction of livelihoods. Modern farmers depend on these critical
infrastructures for their survival. With both economic and social ties to their livelihoods,
farmers are severely vulnerable to jökulhlaup hazards (Jóhannesdóttir & Gísladóttir, 2010).
In Flóahreppur municipality 31.9% of the municipality’s cultivated agricultural,
horticultural, and domestic habitats lie within the Affected Area. In addition, 32.3% of the
municipality’s grassland (potential livestock grazing land) lies within the Affected Area.
Respectively, these two land cover types comprise 13.7 km2 and 18.1 km2 of total area, the
most out of all municipalities within the Affected Area. With over 60% of the municipality’s
land area having the potential to be used for farming livelihoods, there is a great potential
for disruption in the event of a jökulhlaup. In contrast, only 1.7% of Ásahreppur
municipality’s cultivated agricultural, horticultural, and domestic habitats lie within the
Affected Area, and only 5.7% of its potential grazing land, comprising just 1.7 km2 of the
municipality’s land area (Table 4, Table 6).
Another element to include in disaster response methods is the unique aspect that is
characteristic specifically to Iceland, which is the isolation of its communities. Households
and farms are more isolated and have only one major roadway allowing them to enter and
leave their residence. The Rangárþing ytra municipality has the smallest population density,
and there are few farms or houses within that mapped area. With far-spread urban areas and
individual dwellings and farmlands that are not as easily accessible, hazard response
methods should include having accountability for all dwellings, businesses and
establishments within the Affected Area. Not only must there be an awareness of the location
and demographics of those living in the area, but also safety measures and rescue and
evacuation plans to include those more isolated from larger and more accessible
communities (Bird, Gísladóttir, & Dominey-Howes, 2009b). Although some evacuation
strategies are in place, including notification of residences by mobile phone, and the
provision of volunteers who “sweep” the community to ensure that no one is left behind,
information also needs to still be disseminated to the more isolated communities, and to
marginal groups (such as people who do not speak Icelandic). A working warning and
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disaster surveillance system should be in place. With the rise in tourism and the increase in
the overall population, there is also a chance that those communities who are currently in
more isolated areas will become less isolated as immigrants and tourists begin to settle in or
around those areas (Bird, Gísladóttir, & Dominey-Howes, 2009b).
Family size, gender and age are also important social vulnerabilities to be examined.
Household demographics, single-family households make up the majority of household
types within the municipalities. Non-family households and one-person households make up
the two next largest groups, while multi-person households make up a very small percent of
household types. Married couples make up the largest percentage of family type at 70%,
while lone father families make up the smallest percentage of family type at 3% (Figure 30).
Depending on the age of those within the family household, could lead to higher
vulnerability to natural hazards because of the movement constraints very young or elderly
people place upon a family, as was found by Masozera, Bailey, & Kerchner (2007) in a study
of community vulnerability in New Orleans. In this case, vulnerability to natural hazards
could be seen as function of social conditions and circumstances. The fact that single family
households make up the greatest number of households within the Affected Area means that
they could have higher likelihood of risk because of their larger family size or the age of the
individuals within the family. Though the fact that married couples make up 70% of family
types means that the municipalities within the Affected Area are at a lower risk than those
whose families consist of large single parent communities because of the financial strain that
can be put upon that single parent to support the family (Cutter & Finch, 2008; Zoraster,
2010).
Tourism is another societal vulnerability to consider as well. Although currently only 4% of
volcanogenic fatalities in Iceland are attributed to jökulhlaups, this number could increase
in the future as tourism and rural development increase (Bird, Gísladóttir, & DomineyHowes, 2009a). For instance, the sandur plains on Iceland’s south coast are part of an
important agricultural community, as well as having increasing summerhouse developments
and becoming an increasingly popular tourist destination (Statistics Iceland, 2016). A variety
of cultures are now settling or visiting Iceland, specifically within the municipalities at risk.
Vulnerability to jökulhlaup is heightened by the number of both permanent and transient
residents in this area. As the demographics of an area develops and changes, so too must the
methods of communication, the distribution of information and the disaster preparedness
measures that the municipalities utilise (Bird, Gísladóttir, & Dominey-Howes, 2009b; Bird
& Gísladóttir, 2012).
In his study of New Orleans after Hurricane Katrina, Zoraster (2010) concluded that factors
include poverty, home ownership, poor English language proficiency, ethnic minorities,
immigrant status, and high-density housing must be considered when planning for disaster
preparation, mitigation, and response. As Tsuchiya & Kawata (1981) found in their study of
the risks storm surges create in Japan, advanced warning systems and preparedness
decreases the risk to life and livelihoods. Society is ever-changing because of the fluid nature
of human aspects, meaning that a flexible and perpetually evolving system of disaster
prevention and response is key to successfully aiding communities in preparing and
recovering from natural disasters.
The largest sources of revenue in Ásahreppur and Rangárþing Eystra are fisheries (22% or
1767 million ISK) and public administration (13%), while the largest sources of revenue in
Grímsnes- og Grafningshreppur, Skeiða- og Gnúpverjahreppur, and Flóahreppur are
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agriculture (21% or 1579 million ISK) and construction (17%). From this it can be deduced
that the five municipalities will be hit hardest in the sectors of fishing, public administration,
agriculture and construction (Figure 31, Figure 32). Depending on the location of these
municipalities and the businesses within them, will determine the overall severity of impact
that each sector will feel. For instance, Flóahreppur, with its large percentage of agricultural
employment, as well as its high percentage of agricultural land within the area of affect,
means that the Flóahreppur municipality’s agricultural livelihood is at great risk. Further
study could include a more detailed analysis of livestock grazing land in order to analyse
whether vulnerability of Flóahreppur or another municipality would increase.
A community’s overall perception of risk directly correlates to an individual’s ties to the
surrounding community, societal connections, beliefs, values as well as their cultural and
economic values; depending on what elements of an individual’s livelihood are at risk, as
well as how much value the individual has placed on each specific element, determines the
level of concern the individual will attribute to the potential hazard (Jóhannesdóttir &
Gísladóttir, 2010). According to projections, at risk elements within the Affected Area
include: roadways, transportation, electricity, and the built environment. For example,
although the flooded area represents only 0.34% of the total land area of Iceland, it comprises
approximately 5% of the country’s agricultural land and 2% of the country’s livestock
grazing land. Given that livestock and farming is important for residents in communities in
south Iceland, this could pose a great risk to the livelihood of the Affected Area’s farmers
(Gísladóttir, 2001). Yet depending on how much value farmers place upon their land, as well
as other social and economic factors, determines the level of risk they attribute to the hazard.
If members of the community do not place much value on elements of their livelihood that
are at risk from the flooding, or if they do not believe in the probability of the event even
occurring, then mitigation developed for that natural hazard will suffer. The community’s
collective perception of risk does not necessarily match the true risk the jökulhlaup hazard
poses to the Affected Area (Bird, Gísladóttir, & Dominey-Howes, 2009a).
A natural disaster, such as a jökulhlaup, will impact the livelihood of all those individuals
residing in the municipalities projected to be within the Affected Area. With its far-reaching
destructive capabilities, a jökulhlaup will have great impact not just on individual
households within the area, but the society of those communities as a whole. Therefore,
because of the numerous cultures, ethnicities, ages, minorities and peoples within the
Affected Area, proper and thorough response to the flood water hazard is imperative to a
successful recovery. Further research into each category of stakeholder should be
implemented in order to better understand, inform and prepare the community for the hazard.

7.2 Hazard Mapping as a Communication Tool
Increasing human activity, such as new infrastructure development and tourism, is occurring
in areas where jökulhlaups have historically happened, underscoring the need for increased
understanding of jökulhlaup behaviour under varying scenarios. As Björnsson indicated in
his 2010 paper (pp. 2), “knowledge of jökulhlaup behaviour is essential for recognising
potential or imminent hazards, prediction and warning of occurrences, enacting preventive
measures, assessing consequences and responding for the purpose of civil defense”. The
need for better and more efficient natural disaster response plans is even more vital due to
the increasing Icelandic and foreign population and communities. Improvements to hazard
communication are essential to ensuring safety for vulnerable communities. To facilitate
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efficient risk communication, scientists must provide these communities with information
that is easy to understand (Jóhannesdóttir & Gísladóttir, 2010). Not only does further
research need to be done when considering the risks and range of jökulhlaup floodwaters,
but researchers also need to provide that spatial information to residents, scientists, national
and local government, etc. on the dangers of jökulhlaups and their damage potential within
the study area.
This spatial information can be communicated through visualisation. Through geographical
visualisation, cartographers and researchers will be able to clearly convey the flood risks,
inundation areas, and other geographical features, both of the natural and built environment,
that may be affected by jökulhlaups (Kostelnick et al., 2013; Pagneux and Roberts, 2015).
Mapping risks is a highly beneficial tool to reducing vulnerability, and by communicating
these risks through visualisation they can be better understood by those who need them
(Pagneux & Snorrason, 2012). Risk mapping of social vulnerabilities can lead to a greater
knowledge of risk factors, which can be used by government officials and planners to
preemptively improve pre-hazard conditions. When attempting to further motivate a
community to respond and prepare for potential natural hazard risks, it is imperative that the
information on those risks be communicated properly. By properly portraying the Affected
Area through accurate and comprehensive visual representation, researchers will be able to
clearly communicate the risks that flooding hazards will present to municipalities within the
inundation areas. These geographical visualisations will help ensure the proper distribution
of hazard risk information to the public, thereby increasing awareness and preparedness for
future jökulhlaups. In addition, through maps researchers would be able to disseminate a
large amount of information out to developers, city planners and other officials, ensuring
that the community has the right tools to increase the safety of the municipalities within
range of the hazard risks (Pagneux & Roberts, 2010; Preppernau & Jenny, 2016).
Existing jökulhlaup hazard maps for southern Iceland are difficult for users to determine
their location, flooding extent, or the designated escape routes (Figure 37). Unclear maps
can lead to confusion for users, jeopardising safety in an emergency evacuation (Bird,
Gísladóttir, & Dominey-Howes, 2010). Through geographical visualisation and
representation, the extent and range of risks can be clearly communicated to the public in a
way that demands their attention and participation in the prevention of those risks. Maps
showing different aspects of vulnerability and risk surrounding the Affected Area are
therefore essential tools in showing individuals in the community the importance and need
to prepare for future jökulhlaups, and the damage that those jökulhlaups can create if no
preventative or precautionary steps are taken. As Preppernau and Jenny (2016) found during
their study of lahar risk mapping in Oregon, if reliable information represented by easily
comprehensible flood inundation maps were to be provided to the public, the massive
damages and losses caused by flooding could be prevented and reduced.
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Figure 37: The jökulhlaup hazard map from the ‘Emergency Eruption Guidelines’ brochure
which has been distributed to tourists in the Þórsmörk region (Bird, Gísladóttir, & DomineyHowes, 2010, from Almannavarnir, 2007).
Cartographic literature is lacking empirical studies examining the impact of various
cartographic techniques/representations on the perception of risk and its effects on the
decision making process (Kostelnick et al., 2013). In order to properly gauge how effective
cartographic techniques and representations are there need to be studies done that determine
how those elements are being perceived and absorbed by users. With the help of empirical
studies, cartographers would be able to pinpoint areas that need further improvement for
better comprehension and visualisation, as well as those elements that are successful and
need to be sustained. This type of research would hold a mirror up to the cartographic
literature and studies being created as well as enable a better system to fulfill the overall
need for effective cartographic representations at global, regional, and local scales.
The more information on the Bárðarbunga system and jökulhlaups that is provided and made
publicly available to the community the better and more prepared that community will be.
An individual’s perception of risk is greatly based upon their past experiences of the
particular risk and knowledge of the risk that they may face in future (Alexander, 2000; Bird,
Gísladóttir, & Dominey-Howes, 2009a, 2009b; Pagneux, Gísladóttir, & Jónsdóttir, 2011).
The jökulhlaup caused by the eruption of the Bárðarbunga system is predicted to have
numerous impacts on the surrounding municipalities’ built environment, power and
electrical systems, agriculture, roads and health and welfare. Information, data and statistics
of these impacts and the areas of life they will affect need to be made public knowledge to
ensure that the community is properly informed and therefore prepared for future hazards.
When an individual’s values and way of life are at risk, it greatly increases their motivation
to prepare for future risks (Bird, Gísladóttir, & Dominey-Howes, 2010, 2011). By educating
communities about jökulhlaups, how they are created and their area of effect, it can create a
public desire for improvement and increased level of preparedness, thereby achieving a
higher level of flood-disaster prevention as well (Bird, Gísladóttir, & Dominey-Howes,
2010).
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Also connected to increased human activity, is the increase in land use for the built
environment. As immigrants settle in Iceland and as tourism increases, there will be greater
land use and further development of the built environment. Yet though people native to
Iceland will be aware of the environment and any natural hazards it contains, an immigrant
unfamiliar to the landscape may choose to develop their residence in an area that would be
negatively impacted by an eruption of the Bárðarbunga system and the jökulhlaup to follow.
As tourism increases in Iceland, so does the development of summerhouses and other built
structures in order to facilitate the new demand for residence (Statistics Iceland, 2016).
Increased tourism, a rising area of interest, requires that there be further research into the
Affected Area regarding jökulhlaups and their range of impact.
Utilising the information from inundation maps, emergency response teams can develop
routes of egress for high risk areas. For this, the accuracy of the inundation map is of critical
importance so as to prevent confusion and mistakes, such as routing citizens through a
flooded road or low water crossing. The maps are used to determine the safest evacuation
route. If ruled unsafe for evacuation by vehicle, another type of evacuation method may be
considered. Rescues in flooded areas can be very dangerous if there is high velocity water
(Pagneux & Roberts, 2015). Swift water rescues are commonly used during these events and
having a prediction of the velocity across the floodplain allows and prepares emergency
responders for these conditions. Similar to mitigation, these inundation maps can be used
determine the extent of flooding from a storm event. This affects the allocation of recovery
resources following a flood event, which in turn can allow for a more efficient recovery
process because resources can and will be directed to areas impacted most by the flooding
event. This behavior was seen during the recovery from Hurricane Katrina in New Orleans
(Hick, Hanfling, & Catrill, 2011).
Hazard maps are often the basis for the operations of emergency management (Cutter, 2003).
Emergency responders in areas that lack these resources are at a serious disadvantage. The
use of these maps can be used to significantly improve emergency response, especially in
rural areas where there may not be any flood mapping. ArcGIS as an excellent platform for
performing this type of mapping. For a rural area, with no flood maps on the local level, the
addition of jökulhlaup hazard and risk maps would be huge improvement for emergency
planning.
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8. Outlook and Conclusion
8.1 Outlook
The information contained in this study may be used as a starting point for future
investigations. For instance, the age of a building can also affect how the structure is
impacted by flood waters from a jökulhlaup. Due to a lack of data, building ages were not
considered in this study. It would be useful for further study to investigate the age of
structures in order to further assess vulnerability to identify areas needing improvement,
thereby increasing levels of preparedness. Depending on when the building was made and
out of what material can affect how well the building can withstand the flood waters from a
jökulhlaup. It would be advisable in future to ensure that structures made in municipalities
close to the Bárðarbunga system are reinforced with material that will last through high flood
waters. Increased damage has been incurred by those older buildings that are primarily
comprised of wood, due to their vulnerability to moisture and large amounts of water.
Further research into economic yet durable building material is recommended. When
decided where to start construction, building developers need to be given information, data
and maps outlining the areas of hazard impact, to ensure that new buildings are not placed
in at-risk areas.
In order to better understand the scale of risk associated with jökulhlaup and to aid future
planning for such events, it is essential to research volcanic activity, flood-generating
mechanisms and flood routes of past events. This allows links to be drawn between eruption
size, duration and productivity, with volcanic floods, to map the most at-risk areas and to
predict scale and behaviour of future events. A more detailed model is needed to obtain
detailed flood depth and velocity information. This will allow a more detailed and accurate
vulnerability analysis to be performed, which will allow planners to come up with more
accurate evacuation and preparedness plans, thereby increasing the safety of communities.
A floodplain map identifies vulnerable areas that are prone to flooding. This can be used to
inform and raise awareness in floodplain communities. These inundation maps can be used
to mitigate future damage.
When examining the effects of inundation on the surrounding areas, another important factor
to represent and consider is agriculture. Also, because of the unique nature and damage
effects of a flood hazard, calculated agricultural loss must add up and extend past the initial
loss of value. This is due to the loss of yield that will occur in the first years after replanting
perennial plant material (orchard, vineyard) or reseeding grass. Also there needs to be
consideration of the loss of added value due to unavailability of production factors, because
of water damage incurred by machinery, inputs etc. Lastly, the cost of relocation or
premature sales of livestock, the cost of additional food for livestock, and the overall
anticipated reduction of herd size should be examined as well when looking at the effects
that flood hazards will have on the agriculture of the affected municipalities.
Though research on the flood patterns and characteristics of jökulhlaups has advanced, many
questions and areas of improvement still remain. Further studies are needed on the physics
of how jökulhlaups begin to enable a more precise timing of their onset. Also a deeper
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understanding of the sedimentary processes that operate during jökulhlaups, such as the
geological mapping of deposits and erosion from older floods, should be developed; this is
a necessary step to identifying flood hazards more accurately as well as projecting
magnitudes and recurrence times with a better degree of confidence, therefore improving the
overall management of flood hazard risk (Rushmer, 2006).
The impact of jökulhlaups is not only limited to erosion of the landscape; they can also cause
extreme disruption to human society. They pose a threat to human populations, farms, and
infrastructure such as roads, bridges, and hydropower plants, the destruction of which also
comprises a financial hazard. Therefore, further studies of the jökulhlaup and its impact upon
the surrounding community is necessary as well more information distribution throughout
the affected community. For instance, Figure 36 provided a closer look at the vulnerability
of one particular farm. However, the resolution of this map (and many of the maps in this
study) could be improved to create a smoother, less grainy surface. In addition, there are
some limitations to the cartographic tools in ArcGIS. For instance, it would be useful to see
the depth and velocity of water at this particular farm, but this requires advanced modelling
knowledge outside the scope of ArcGIS. Nevertheless, this type of map is still valuable in
providing spatial context to individual farmers and local communities. If the community is
more informed on the risks that the jökulhlaup presents, to include the areas and aspects of
their livelihoods that will be impacted, then their perception of the risk may change,
increasing their awareness and decreasing their vulnerability.

8.2 Conclusion
This thesis investigated the physical and socioeconomic landscape of an area in Southern
Iceland that would be affected by a jökulhlaup resulting from a subglacial eruption on the
Bárðarbunga volcanic system. The vulnerability of the human, natural, and built
environment of each municipality intersecting the Affected Area was quantified using
statistical analysis within a GIS. Vulnerability depends on a variety of factors, including
income and socioeconomic status, age, gender, education, housing tenure, family type and
size, and whether a community member is a longtime resident or a tourist. However, this
study focussed on ethnicity and primary language as the primary indicator of vulnerability,
due to the high percentage of foreign residents moving into the communities wihtin the
Affected Area, especially those of Polish origin. Perception of risk is also influenced by
many of these vulnerability factors. Those of foreign origin have been found to have a lower
perception of jökulhlaup risk than those who grew up with inherited knowledge of natural
hazards.
Due to the highest proportion of cultivated agricultural, horticultural, and domestic habitats
combined with the largest total amount of grassland which can be used for livestock grazing,
in addition to the greatest amount of buildings and infrastructure within the Affected Area,
Flóahreppur municipality was found to be the most vulnerable to a jökulhlaup, followed by
Skeiða- og Gnúpverjahreppur municipality.
Hazard risk and vulnerability maps were created with the goal of enhancing communication
of vulnerability, both for community residents on an individual level, as well as for
government officials and policy makers with regards to emergency procedures and
preparedness. This study recognises the importance of visualisation techniques such as the
use of colour, map orientation, and symbology to aid in the readability of hazard risk maps.
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This study concludes that better maps are needed to improve communication in disaster
preparedness planning and response. In a modern, digital society, GIS can be used to create
clear and comprehensive maps.
Although vulnerability of communities as a result of a subglacial volcanic eruptions causing
a jökulhlaup is the subject of this study, the principles of vulnerability, risk perception, and
effective hazard risk mapping could be applied to other natural disasters as well as to other
regions of the world. However, it is important to consider the uniqueness of each situation
and each community, and to tailor any resulting maps to the needs of each community.
This study looked only at one potential jökulhlaup situation originating from the
Bárðarbunga volcanic system. Future work could be done to extend existing results
regarding potential melting scenarios, recurrence times, and probabilities for subglacial
eruptions in different areas of western Vatnajökull, where historical records indicate
repeated occurrence of jökulhlaups.
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Appendix A
Demographic Information by Municipality
Ásahreppur
Coutry of Origin

Total

Males

Females

Iceland

192

97

95

Denmark

2

0

2

Czech Republic

5

2

3

Germany

1

0

1

Hungary

1

0

1

Lithuania

5

4

1

Poland

11

8

3

Romania

1

0

1

Coutry of Origin

Total

Males

Females

Iceland

1526

684

674

Denmark

6

2

4

Norway

2

0

2

Sweden

3

0

3

Rangárþing ytra

97

Austria

1

0

1

Belgium

1

0

1

Czech

1

0

1

Germany

4

0

4

Spain

2

1

1

France

1

0

1

UK

5

4

1

Hungary

1

1

0

Italy

2

2

0

Lithuania

14

4

10

Latvia

2

1

1

Poland

103

57

46

Portugal

1

1

0

US

2

1

1

Namibia

1

1

0

Mongolia

1

1

0

Pakistan

1

0

1

Thailand

13

5

8

Skeiða- og Gnúpverjahreppur

98

Coutry of Origin

Total

Males

Females

Iceland

466

239

227

Denmark

4

1

3

Finland

1

0

1

Norway

2

0

2

Sweden

4

0

4

Austria

2

1

1

Germany

16

7

9

Hungary

2

1

1

Latvia

5

2

3

Netherlands

2

2

0

Poland

11

6

5

Slovenia

1

1

0

Slovakia

1

1

0

Ukraine

2

1

1

Honduras

1

0

1

Total

Males

Females

Flóahreppur
Coutry of Origin

99

100

Iceland

588

318

270

Denmark

3

2

1

Norway

3

0

3

Sweden

3

0

3

Czech Republic

1

0

1

Germany

11

1

10

Estonia

1

0

1

Spain

1

0

1

France

1

0

1

United Kingdom

1

0

1

Netherlands

1

0

1

Poland

2

2

0

Switzerland

1

0

1

Philippines

1

0

1

Other

1

1

0

