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Abstract 
 

This study presents areas in Nacka municipality that are potentially vulnerable to extreme 
rainfall events. GIS based methods have been used to identify and visualize these areas. 
Initially, topographic depressions were identified using a new method developed as part of 
this study. Within these depressions inundation can potentially take place, particularly in 
case outlets from these areas in the form of surface channels, pipes and sinks are being 
blocked by for instance vegetation debris, sediments or snow and ice. A risk map was 
produced showing areas in Nacka within which inundation might occur during extreme 
rainfall events. These potential inundated risk areas have been identified on the basis of 
multi-criteria of depressions, hard surfaces, slope steepness and soil conditions. The 
identified risk areas will be useful in order to find public and private infrastructure or assets 
that might get damaged during extreme rainfall events, and for hazard preparedness. 
Furthermore, calculations on how much the lake levels would rise in four of Nacka’s lakes 
during an extreme rainfall event were calculated. Based on the lake level rise, areas around 
the lake that would become inundated were identified and visualized. These results can be 
useful for urban planning purposes. 
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1. Introduction 
Climate change as a result of global warming is one of the main global challenges of the 21st century. 
The global warming, enhanced by human activities, will bring changes to the hydrological cycle which 
in turn will impact nature and society. This impact will be more or less severe depending on which 
part of the planet that is of concern, and how the societies in the particular areas are prepared to 
meet the challenges. In many cases, the increased severity in rainfall – total amount, intensity and 
seasonality – can cause problems to existing infrastructure and their design to deal with excess 
water. Therefore, there is need to conduct climate vulnerability assessments and risk management to 
support climate resilient communities (Karl et al., 2009). Vulnerability assessments and preparedness 
must be undertaken on the national as well as local levels. In Sweden, municipalities need to assess 
risk areas and identify potential adaptation measures.  

This study intends to identify and visualize areas vulnerable to current and predicted future intense 
rainfall events in the Nacka municipality. Such problems exist already and are expected to get worse 
in the future. In times of intense rainfall, roads, pathways, parks, private gardens and basements are 
affected by temporary floods and inundation in Nacka municipality. In the past the municipality has 
received numerous complaints about damages caused by heavy rainfall. Impact from climate change 
is likely to enhance problems that already exist today. Thus, there is a need for better urban planning 
in Nacka when it comes to addressing problems linked to climate change. 

The identification of problem areas linked to intense rainfall is very important and a challenging task 
in itself. Assessing the exact magnitude of the problem is highly complex and brings additional 
challenges, which has been given less emphasis in this study. Emphasis has rather been on 
identification and visualisation of areas vulnerable to local flooding using GIS as a base for methods 
and maps. The study uses simple hydrological estimations, and certain assumptions, in order to 
identify the vulnerable areas. More comprehensive hydrological methods would probably change the 
details of the areas affected, but the vulnerable areas pinpointed would largely remain the same.  

Aim and Research Questions 
The aim is to a) identify areas of potential risk to inundation as a result of increased lake levels in 
selected lakes in Nacka; b) map additional areas potentially vulnerable to local flooding by the use of 
information on areas with hard surfaces, low lying areas, local depressions, and built-up areas. This 
information will be useful for urban planning and climate risk mitigation in Nacka municipality. The 
following research questions have been posed: 

1. Which are the areas potentially vulnerable to local flooding in Nacka municipality due to intense 
precipitation?  

2. How will lake levels increase during intense rainfall event when the ground is saturated? 

1.2. Background 
Global warming is the rise in the average temperature of Earth's atmosphere and oceans. The 
warming will change the hydrological cycle. This in turn will lead to alterations in the amount, 
frequency and magnitude of rainfall, which will differ between different parts of the world. Dry areas 
might get drier and wet areas wetter, and in some areas the number of rainfall events will be 
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reduced while the intensity will increase. Such changes may increase the challenges to the society 
from intense rainfall. 

The Swedish Meteorological and Hydrological Institute (SMHI) have compiled climate information as 
part of a vulnerability study for climate change for the city of Stockholm (Krieg et al., 2006). The work 
is part of the research programme “Sweclim” carried out at the Rossby Centre at SMHI. It builds on 
the emission scenarios produced by IPCC. In general the precipitation in Sweden has increased with 
7% when comparing the years 1991-2005 with the period 1960-1990 (Nacka Kommun, 2007). In 
some parts of Sweden the precipitation increased with 15-20%. However, the annual precipitation in 
Stockholm area increased only marginally (0-5%). It is of interest to note that the precipitation 
increased during the spring in particular (10-20%), but also during the winter and summer (0-10%) 
while it decreased during the autumn (Nacka Kommun, 2007).  

Future climate prognosis for 2100, compared to the 1961-1990 average, shows that the precipitation 
in Eastern part of Sweden (Eastern Svealand) will increase in the magnitude of 10-20% (Nacka 
Kommun, 2007). In particular precipitation will increase during the autumn (20-30% of the increase), 
spring (20-30%) and winter (20-60%) while it is likely to decrease during the summer. Thus, a shift in 
precipitation from the warm months to the colder autumn, winter and spring will occur. Although 
evapotranspiration depend on several factors, the lower temperature during these periods may also 
result in lower evapotranspiration which in turn might result in increased surface runoff (Svenskt 
Vatten, 2010). Furthermore, the precipitation is predicted to occur as more intense, extreme rainfall 
events in both summer and winter, which also may result in increased runoff during these events. It 
is predicted that the changes in rainfall will lead to an increase in runoff of 5-25 % in Sweden, with 
large differences between regions (Svenskt Vatten, 2010). This finding is supported by other studies 
done by SMHI which indicated an increase in precipitation during summer by 10-30% and 20-40% 
during winter (Nikulin et al., 2009). A change of this magnitude is likely to have an impact on the 
society. 

1.2.1. Impact and consequences from climate change 
According to the climate scenarios produced by SMHI, the annual average precipitation and extreme 
rainfall events will increase (Nikulin et al., 2009). Given the above described scenarios, a general 
increase in the total amount of precipitation, in the form of rain, and extreme rainfall events, will 
lead to a higher surface runoff and lower infiltration into the ground where the surface consist of 
hard areas or bedrock. This may result in increased flow in water courses and risk for inundations. 
The risk for inundations caused by short term intense rainfall is thereby increased. This could among 
other things affect public infrastructure such as roads, walking and biking paths, parking lots, park 
arrangements, etc. It may also affect the functionality of sewage systems, and installations for 
provision of electricity and communication. Another consequence that may become problematic is 
that the lake levels in the numerous lakes in Nacka would rise temporarily so that shore lines would 
be affected. Many house owners could find their plots and basements under water. A study 
undertaken by SWECO (2009) on behalf of Nacka municipality concludes that there is need to identify 
risk areas and to produce inundation maps for lakes and stream courses. 

Infrastructure and houses will be affected particularly by expected increase of extreme weather 
events such as intense precipitation, storms and to some extent heat waves. When building new 
infrastructure, as well as rebuilding existing, dimensions might have to follow new building codes. 
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Extreme precipitation and water flows will increase the risk for inundations, erosion and landslides. 
Among other things, the risk for undermining and failure of roads. The dimensions of surface water 
systems and their capacity are critical for reduction of damages during extreme precipitation (Nacka 
kommun, 2007). Depending on the amount of sea level rise, infrastructure and houses close to the 
sea may have to be protected or moved. Storms can completely or partly stop traffic on roads and 
railways as a result of wind thrown trees and power lines. 

Roads can be temporarily inundated during intense rainfall if the surface water system does not have 
capacity to drain the precipitation quickly enough. One example in Nacka is the main road “Södra 
Länken” which is partly situated in low levels, even below the mean sea level. During extreme rainfall 
there is also risk for damage to roads by erosion (Nacka kommun, 2007). The railway communication, 
Saltsjöbanan, also may be impacted from intense rainfall. Harbours may be impacted by wave 
erosion if sea level increases. Corrosion of harbour infrastructure may also be a problem. The water 
and sewage system will carry a heavier burden due to high water flows, and may need repair more 
often. Houses may need to be repaired more often and drainage of water from roofs and around 
houses may need to be improved. Wooden structures may also be impacted by increased moisture. 

1.2.2. Surface water discharge 
Increased number of events with extreme rainfall and increased average rainfall will lead to 
increased problems of surface water management. During intense rainfall events, it may not be 
possible for the surface water drainage system to remove all water rapidly enough. Excess water will 
inundate low areas on roads and nearby terrain. Private house owners will also experience problems 
if they do not have accurate roof and ground drainage. Basements might get inundated. 

In order to protect lakes and coastal water from excessive nutrients and pollutants from road traffic 
and from industrial areas, pre-treatment of surface water may be needed. Such installations exist 
today at Långsjön, Myrsjön, Kocktorpssjön and at Svindersviken. Simple treatment installations also 
exist at parking lots, petrol stations and in industrial areas (Nacka kommun, 2007). 

Natural hazards can cause disasters in terms of human and economic loss. The problems that Nacka 
municipality encounters in relation to impact from climate change are linked to water (SWECO, 
2009). These are mainly of two types. One is potential problems linked to the increasing sea level, 
which is not dealt with in this study. The other is linked to changes in rainfall, its total amount and 
intensity, and possibly also its arrival during different times of the year as snow or water. Due to 
climate change it can cause a serious impact in the municipality (SWECO, 2009). In Nacka there are 
numerous lakes which are connected to each other and with the Baltic Sea via smaller streams and 
drainages lines. According to Nacka municipality the lakes which have problems with inundation are 
Ältasjön, Karbosjön, Långsjön and Myrsjön. However, the potential areas of inundation adjacent to 
these lakes are poorly assessed and described (SWECO, 2009). No maps showing the potential areas 
of inundation have yet been produced and made available to a larger audience. 

Recently, in November 2012 due to heavy rainfall and blockage of an outlet downstream from 
Karbosjön a large area was flooded. This caused severe problems nearby Karbosjön affecting houses 
and gardens in low lying topographic depressions (Fig. 1). The risk of land inundation from increasing 
lake levels is already a fact today. It is expected to become worse due to the fact that rainfalls with 
high intensity become more common in the future (Nikulin et al., 2009). 



4 
 

The problem of inundation and temporary flooding is accentuated by the presence of steep slopes in 
connection with flat areas, which is a common physical landscape feature in Nacka. The steep slope 
quickly collects large amount of surface water runoff and when deposited on flat areas below the 
slopes, which slows down the discharges, inundation might take place. The risk is particularly 
enhanced if the steep slope consists of bedrock which often has a low permeability. Bedrock in 
sloping terrain is common in Nacka municipality. Many houses in the municipality situated in a low 
lying position below a steep rocky slope have problems caused by increased surface runoff and 
related increase in ground water levels which may lead to flooding in the basement of these houses.  

 

 

Figure 1: The inundation of gardens and houses nearby Karbosjön in Kummelnäs, Nacka in November 2012 resulted in 
newspaper headlines in the local press (Nacka Värmdo Posten, 2012). 

1.2.3 Lake outlets and their susceptibility to blockages. 
Most of the lakes in Nacka have had their natural streams and discharge channels altered by 
expansion activities and development. In this process the former natural channels have been 
confined into constructed trenches and ditches and shorter and longer stretches are channelled in 
concrete tubes and pipes. The dimension of these pipes, as well as the presence or not of grids, 
intended to prevent leaves and branches to enter the pipes, determine the efficiency to discharge 
water from the lakes. In Nacka, there are several examples of blockage of pipes (Fig. 2) and other 
outlets from lakes which then have contributed to rapid increase of lake levels and consequent 
inundation of low lying areas close to the lakes as a result. The risk for outlets to become blocked by 
debris and thereby severely hampering discharge from the lake is particularly high during heavy 
rainfall events. At such occasions high surface runoff flush debris such as branches, leaves and 
sediments into the outlets and pipes. An example of such an event is the blockage of the drainage 
pipe downstream Karbosjön which happened during a high rainfall event in in Nov 2012 (Fig. 1). This 
led to severe inundation of low-lying areas upstream of the blocked pipe and downstream of the 
lake. The municipality had to intervene by digging and clearing the pipe which probably become 
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costly. Financial compensation (from insurance companies) also most likely had to be given to house 
owners for destructions of houses and gardens.  

In winter, blockages may worsen by snow and ice. Particularly during early and late parts of the 
winter when heavy rainfall might occur while the ground is frozen, this problem might be of a 
particular concern.  

In this study, focusing on extreme situations as an example of worst case scenarios, it is assumed that 
the ground is frozen, minimizing infiltration of surface water, and that the outlet is blocked. This is 
exactly what happened at Karbosjön in November 2012, which thereby can act as very recent real 
example of such a situation. 

 

 

Figure 2: Drainage pipe partly blocked by sediments and organic debris in Nacka municipality. 

2. Study Area 
The study area is located in Nacka municipality shown in figure 3. It is situated in the south-east of 
Stockholm. The total area in the municipality is about 100 km2 and it is the third largest municipality 
in Stockholm County. There are 91 000 residents living here (Nacka municipality, 2011). The lake 
inundation study is carried out in the north east of Nacka known as Boo municipality district. It is 
characterized by a blend of urban areas, settlement areas and green areas, including nature reserves. 
There are around 20 small and big lakes in Boo.  
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Figure 3: Study Area in Nacka municipality for determining the potential risk areas during heavy rainfall. The four study 
lakes in Boo and their catchment areas are also shown. (Source: Nacka kommun) 

2.1. Geographical history of Boo 

The bedrock in the Nacka municipality consists largely of various types of granite and granite -gneiss. 
These were formed during the formation of the Svecofennides mountain range about 2-1.7 billion 
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years ago (Möller and Stålhös, 1964). Today, the roots of this mountain range make up the exposed 
bedrock surface. 

The topography of the area is highly variable, dominated by the fissure valley landscape with deep 
troughs and high bedrock outcrops replacing each other as one travels through the landscape. The 
altitude varies from sea level up to 82 m.a.s.l. at the highest point. Troughs are to a large extent 
determined by fault zones resulting in weaker bedrock. Lake Sågsjön, for instance is situated in such 
a zone, with highly situated bedrock areas north and south of the lake. 

The bedrock is covered with a layer of till which in general is relatively thin, often only 0.5-1 m, and 
seldom more than 5 m (Möller and Stålhös, 1964). On the higher located areas the till is generally 
absent, leaving the bedrock exposed. Where the till remain it has been influenced by wave-washing 
to a depth of 0.2-0.3 m below the surface. This washing of the till by waves took place during 
different stages of the Baltic Sea development as the land rose subsequently to the release of the 
pressure from the ice sheet. The wave action following the progressive shore line displacement have 
thereby efficiently removed much of the till on steep and exposed bedrock outcrops and less so in 
more sheltered areas. The composition of the till can be classified as sandy till with coarse silt (Möller 
and Stålhös, 1964). Low lying areas in the terrain are filled with distinctly varved glacial clay. This is 
overlain by postglacial sediments consisting of re-deposition of material from till, glacifluvial deposits 
and glacial clay. Three main groups can be distinguished: a) beach deposits; b) post glacial clay and 
mud-clay; and c) alluvial sediments. However, the latter is almost insignificant in the study area 
(Möller and Stålhös, 1964). 

There is no official meteorological station in Nacka municipality operated by the Swedish 
Meteorological and Hydrological Institute (SMHI). However, data for Stockholm county, which can 
also be regarded as valid for Nacka, indicate an annual average temperature of 5.8 °C and an annual 
average precipitation amounting 612 mm/year, both based on the reference period 1961-1990 
(Länsstyrelsen i Stockholms län, 2011). The number of days with a rainfall amounting 10 mm or more 
in Stockholm County is 12 for the same reference period. It is expected to increase with around 5 
days in the coming 100 years. Since the data takes the entire county into consideration, this would 
mean a heavy rainfall over a very large area (Länsstyrelsen i Stockholms län, 2011). Locally, more 
intense rainfall may exist.  

Boo municipality district has relatively few remnants from early settlements during the Stone Age, 
Bronze Age, and Iron Ages, probably due to the fact that the district for much of the Holocene 
consisted of scattered rocky islands. Only during the last couple of thousand years these islands 
emerged, as a result of the post-glacial land rise, to become larger islands more suitable for long 
term settlements. No Stone Age settlements have been discovered, but some tools have been found 
(Jansson, 1946). From the Viking Age, graves become more common indicating that more continuous 
settlements occurred in Boo at least from that time period. 

Although the establishment of farms in Boo seems to be dated back to the 11th century, Boo still 
remained largely natural wilderness until towards the end of 19th century when the proximity to 
Stockholm resulted in increased farming, houses and road constructions (Jansson, 1946). During 
17th-19th century there were also development of mills which used the discharge from the 
numerous lakes and swamps in Boo. The development of the present land use in Boo characterized 
by areas with small roads and houses took place largely during the 20th century. Early during this 
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century, the larger farms, such as Velamsund and Boo, started to sell plots for construction of 
houses, mainly to affluent persons from Stockholm, who built houses either for permanent living or 
as summer houses (Jansson, 1946). This development continued during much of 20th century with 
large areas developed into summer house areas. Later much of these housing areas have developed 
into areas for permanent living. The original summer houses have thereby either been extended to 
larger houses, or replaced altogether. This development has mainly been facilitated by Nacka 
municipality as the plans for the housing areas have changed to accommodate permanent housing. 
The change of these plans has been accompanied by gradual extension of the water and sewage 
system in the municipality. This development is still continuing today. 

The Lake catchments have undergone land use changes over time. In general more and larger houses 
and roads have been built, and forested land has been replaced with gardens and built up areas over 
time. 

2.2. Target lakes in the Boo area 
The study area includes the bigger and more problematic lakes, Karbosjön, Myrsjön, Sågsjön, and 
Insjön, where previous inundation problems have been observed. The catchment area for each lake 
is the land area from which surface water and groundwater flows into the lake. In populated areas, 
storm sewers alter the natural catchment area. In most of the built up areas of the catchment there 
is no underground channel system for surface water (dagvatten).  

Karbosjön 
Karbosjön is a shallow lake, with an average depth of 1.2 m, located in Kummelnäs in an area of older 
residential buildings. The average lake level is 16.0 m.a.s.l. (RH2000). Extensive forest areas also exist 
in the catchment, mainly pine growing in shallow soil on bedrock. In low lying areas and depressions, 
swamp-forest grows on glacial and post-glacial clay. The lake area is 5.7 ha. The catchment area is 
about 121 ha, of which buildings covers about 53 ha and forest 65 ha (Nacka kommun). Aquatic 
vegetation is very extensive in the shallow lake and covers large parts of the lake’s water surface. 
Most of the shorelines around the lake are relatively steep, but there are also some very flat areas, 
particularly in the north-western part of the lake where extensive vegetation growth is gradually 
turning this area into land.  

The area is drained via roadside ditches northwards towards a naturally low area/marshland east of 
Vikingshillsvägen. The roadside ditches are connected through tubes/tunnels under the road. To this 
marshland is also the water from most of the catchment drained. About 70 ha of the catchment is 
drained to Karbosjön via the tubes/tunnels that cross Vikingshillsvägen in the northern part of the 
marshland. The problem with poor drainage to and from Karbosjön has been notified for long time. 
At several occasions during the 20th century there have been investigations spearheaded by people 
living in the area, about how to drain Lake Karbosjön. These discussions were intensified in 1924; in 
the beginning of the 1960s; and in the middle of 1970s. However, none of these led to any concrete 
changes in the drainage systems to and from the lake. Then, in 2009 a number of studies on how to 
best overcome the drainage problems around Karbosjön were undertaken by the consultancy firm 
WSP on behalf of Nacka municipality. These were followed up with additional studies by WSP in 2010 
and 2011, and in 2011 Nacka municipality applied at the District Court (tingsrätt) for permission to 
lower the lake level of Karbosjön and make changes to the drainage to and from the lake for better 
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regulation of discharge. In 2012 the court gave permission to Nacka municipality to undertake the 
following changes: 

• Rebuild pipes, channels and open ditches upstream and downstream from Karbosjön. 
• Build a threshold at the outlet of Karbosjön at the level +15.15 m.a.s.l. (RH 00) 
• Divert surface water from the southernmost part of Vikingshillsvägen to Sågsjön and to build 

pipes, channels and open ditches to Sågsjön. 

The work shall be undertaken within five years of the decision by the court. 

Myrsjön 
 
Myrsjön is a shallow lake located in a sub-urban area in northern Boo. The lake area is 12.2 ha and 
the catchment area is about 205 ha. The lake is located 28.9 m.a.s.l. and the average depth of the 
lake is 1.6 m. The lake is used locally for recreational purposes, such as swimming and fishing. The 
lake was man-made in the 18th century by damming a swamp with the purpose to increase water 
availability for a mill located close to the Baltic Sea. The drainage was thereby changed from its 
original easterly course towards Sågsjön, to a new northerly course towards the present day 
Kvarnsjön. The current road Hasseluddsvägen runs along the original dam. On a map from 1869 the 
lake is still named “the great reservoir” (Stora Dammen). All the houses surrounding the lake, and the 
houses located on an island in the lake, are younger than the creation of the lake in the 18th century. 

When heavy rain occur the runoff to the lake is greater than the discharge from the lake. This means 
that the lake's water level rises quickly, with the risk of low-located buildings to be affected by 
inundation. This fact has been noted by local residents in the vicinity of the lake, and complaints 
about the management of the lake level and discharge to and from the lake have been submitted to 
the Nacka municipality at several occasions during the last 20 years. Nacka municipality has refrained 
from interventions to control the lake level with reference to the fact that the houses have been 
constructed after the construction of the lake, and taking note of observations that the average lake 
level has not change much since at least the 1970s. However, substantial urbanisation and creation 
of hard surfaces has taken place within the catchment since at least the mid-20th century. This might 
have affected the surface runoff to the lake and with less infiltration accordingly. 

The outlet from the lake consists of an around 100 m long open ditch which leads into a pipe with 
600 mm diameter. On the side of the ditch, there are trees growing which also cause the blockage of 
the outlet. A local resident have created a small dam controlling the outflow from the lake. During a 
field visit made by Nacka kommun in the autumn of 2000, a substantial amount of leaves had 
gathered in the grid which reduced the discharge with approximately 25 % (HM Projektering 
Saltsjöbaden, 2001).  

3. Sågsjön 
Sågsjön is a deep fissure valley lake in northern Boo extended in a northwesterly-southeasterly 
direction (SwedEnviro, 2006). Neighbourhoods include most of the forest and meadow land and 
residential buildings and major roads. The road Värmdövägen passes near the lake's southern part. 
The lake is popular for swimming and fishing. The average level of the lake is 2.7 m.a.s.l. and the 
maximum depth of the lake is 19.4 m. The lake area is 31.9 ha and the catchment area is 442 ha. 
There are several inlets to the lake, mainly in the eastern and south-western side. The outlet is 
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located in the northern part, leading to the Baltic via the small lake Näckdjupet. The outlet between 
Sågsjön and Näckdjupet is a 150 m long flat stretch with many boulders fallen into the outlet and 
remaining of past dams (Water Revival Systems, 2009). In the northern part of Näckdjupet, the lake´s 
discharge is led through a tunnel with a 1000 mm diameter. During a field visit in January 2008 this 
outlet was blocked, probably by branches and vegetation debris from the nearby located swamp-
forest (Water Revival Systems, 2009).  

In the south, the lake is close to the Kilsviken Bay of the Baltic Sea. According to studies of the 
sedimentation history of the lake, it was part of the Kilsviken until about 700-800 years ago 
(Sohlenius et al., 2003). The main land use in the catchment is forest (43%) followed by built up areas 
(38%). Open areas are 13% and water is 6%. Particularly in the northern part of the catchment there 
are large areas with houses. These plots were originally summer houses, but have over time been 
turned into permanent houses. The process has meant more and larger houses, and more hard 
surfaces on the plots which increase the surface runoff and reduce the time for water to flow into 
the lake. Soil depth is relatively shallow throughout the catchment, particularly in the forested areas. 
In the lower areas the soils consist largely of glacial and post-glacial clay. The road “Värmdövägen” 
passes near the lake's southern end.  

Insjön 
 
Insjön is located in a fissure valley within Velamsunds nature reserve in northeastern Nacka. The area 
of the lake is 45.8 ha and the catchment area is 403 ha. The average lake level is located 1.3 m.a.s.l. 
with the outlet draining the lake towards north into Velamsundsviken. The maximum depth of the 
lake is 11.8 m. The catchment of the lake is mainly covered by forests and open fields within the 
former large farm of Velamsund, present day nature reserve. The lake is entirely within the nature 
reserve, and much of the catchment area is un-developed or moderately developed. Therefore, the 
area of artificially made hard surfaces, which can speed up surface runoff to the lake, is relatively 
limited in the catchment. However, naturally large parts of the catchment consist of pine forest 
growing on thin soils on bedrock, which thereby still contribute to rapid runoff. South and southwest 
of the lake residential areas consisting of villas in relatively large gardens exist. The lake is extensively 
used for recreation purposes, such as swimming, canoeing and various winter sports.  

3. Method 
The landscape analysis using GIS techniques helps us to understand and visualize problems and 
future predictions related to current and future climate. The use of GIS techniques as spatial data 
management and analysis tool provides an operative mechanism for hydrological studies (Pradhan, 
2009). The data in table 1 list the parameters used for analysing potential risk areas of inundation 
during heavy rainfall. 
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Table 1. List of datasets used for the analysis of the potential risky areas during heavy rainfall. 

Parameters GIS data type Projection Resolution 
DEM Raster SWEREF1800 2 m 
SLOPE Raster SWEREF1800 2 m 
Flow accumulation Raster SWEREF1800 2 m 
Lake Polygon SWEREF1800 1:10,000 
Catchment Polygon SWEREF1800 1:10,000 
Soil Polygon SWEREF1800 1:50,000 
Hard surface polygon SWEREF1800 1:10,000 
Buildings polygon SWEREF1800 1:10,000 
 

1. DEM  

The Digital Elevation Model (DEM) used for the study was provided by the Department of Land 
Survey in Sweden. A DEM is a representation of the terrain’s surface. The elevation data was created 
by scanning (Light Detection and Ranging or Laser Imaging Detection and Ranging) LIDAR. The flight 
height was 2300 m and accuracy of vertical height is estimated to 0.5 m in average and 0.2 m in flat 
terrain. The elevation data is processed data from the point cloud and the last returns are used as 
ground echoes. In the elevation data the buildings and most man-made structures are eliminated. 
This is done by the software looking for vertical facets which is regarded to indicate man-made 
structure (e.g. buildings) and thereby are removed. Sometime it identifies and removes  even big 
boulders (e.g.erratics) which are erroneously interpreted as man-made objects. 

2. SGU data 

Information on the soil (quaternary deposits) in the study area were derived from the soil map 
provided by Sveriges Geologiska Undersökning (SGU). The scale of the soil map is 1:50,000. A large 
part of the Nacka municipality consists of bedrock. For determining the potential risk area the soil 
data was reclassified as shown in table 2. The highest value, indicating high risk, is given to bedrock 
because the permeability and infiltration rate is assumed to be low and the lowest value, indicating 
low risk, is given to sand due to presumed high permeability and infiltration rate (Annex V). 

Table 2: Soil data reclassified for determining the potential risk areas for inundation during heavy rainfall in Nacka 
municipality. 

 

  

Classes Soil type Risk class 
1 Sand Low risk 
2 Peat Less low risk 
3 Till Medium risk 
4 Clay Medium high risk 
5 Bedrock High risk 
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3. Precipitation data from SMHI Gustavsberg (1971-2012). 

SMHI has a number of climate stations being part of the official synoptic network, but none of these 
is located in Nacka municipality. The closest station is located in Gustavsberg in the neighbouring 
Värmdö municipality. There are also meteorological stations in Observatoriekullen, Farsta, Norsborg 
and Bromma, all located in the wider city of Stockholm. The longest series is from Observatoriekullen 
where weather has been recorded since 1756. 

The precipitation data was provided by SMHI. The precipitation data consists of daily rainfall for 
41 years. The highest precipitation event in one day found in the data series is 57.3 mm. The study 
considers the impact of a heavy rainfall during one day when the ground is mainly saturated. The 
highest event was chosen for my calculations as an example event to assess how much the lake will 
increase and how consequent inundation will look like when there is heavy rainfall and the outlet is 
blocked. 

 

Figure 4: Daily rainfall data from Gustavsberg for 41 years provided by SMHI. 

 

3.1. Overall approach of processing data in ArcGIS for determining the potential risk area 
The overall method in figure 5 describes the data used in the ArcGIS for determining the result. The 
raster data used for the analysis is a 2 m DEM. By using ArcGIS tool spatial analyst the slope, 
depression, flow direction and flow accumulation has been determined. The data provided by Nacka 
municipality was the vector data which are soil, building, road, catchment and lake. For the analysis 
some vector data was converted to raster. The catchment of Myrsjön was re-delineated for this 
study. 
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Figure 5: Flow chart describing the overall method used for determining the potential risk area during heavy rainfall. 

The three methods have been carried out for calculating lake inundation, topographic depression 
and potential risk area. 

3.2. Calculating lake inundation  
The lakes included in this study are Karbosjön, Myrsjön, Insjön and Sågsjön. These lakes were 
selected because they are the largest lakes in the Boo area, and thereby have a higher potential to 
affect larger areas. They have also been pinpointed by municipality government officials to be 
potentially problematic in terms of inundation. The purpose of this part of the study was to 
investigate the impact on the water level in the lakes during heavy rainfall events, and potential 
subsequent impact on low lying areas close to the lake shorelines. The method used for determining 
the lake inundation using DEM is described in figure 6. 

 

Figure 6: Flow diagram on the steps undertaken to identify potential areas for inundation in the vicinity of the studied 
lakes. 
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The potential areas for lake inundation were determined using GIS techniques as a basis combined 
with assumptions of rainfall amount coupled with simple hydrological calculations. There are various 
methods to determine the lake level increase using different hydrological models. In this study main 
focus was given to exploring the possibility of determining and visualizing the lake inundation using a 
Digital Elevation Model. 

First the area of water bodies (lakes) and the catchments had to be determined. The delineated 
vector data of the lakes and the catchment areas for each lake was provided by the Nacka 
municipality. However, for Myrsjön the catchment area had to be redefined since the catchment 
delineation provided by the municipality covered an area larger than only the lake catchment itself. 
The new catchment area was delineated and digitized in Arc GIS using a topography layer as a base. 
In order to determine the area that will potentially become inundated in case of a heavy rainfall 
event in combination with obstruction of the lake outlet, the DEM of each lake catchment had to be 
prepared for the analysis. The original DEM data display some roughness in the topography. Of 
particular importance for this study; the height values of the lakes surfaces varies within the lake. It 
means that the lake surface is not perfectly flat in the DEM. It is an error in the DEM caused due to 
the fact that the LIDAR method is not so good for determining the surface of water bodies since the 
water surface absorbs and reflects the light differently in different parts of the lake and therefore the 
reflection consists of scattered pixels This roughness has to be corrected in order to be able to use 
the GIS as a basis for calculations on increased lake levels. 

To make the lake flat the spatial analyst tool in Arc GIS named “zonal statistics” was used. The 
function uses both raster and feature datasets. The input data are DEM and lake polygon. The zonal 
statistics provide a possibility to determine basic statistical values from the raster pixels under the 
zone. In this case the mean value of the lake was extracted and incorporated into the DEM using 
conditional operator in ArcGIS. This function replaced the lake´s elevation values with a constant 
value being the above calculated mean height of the lake, while the rest of the pixels (outside of the 
lake) remain same in the DEM.                 

After identifying and incorporating the true values of the lake surface, the DEM for the entire 
catchment was sliced into 0.05 m thin segments by using the “Raster Calculator” in ArcGIS. 

   Equation 1:   INT � (DEM – ”Lake level”) 
0.05

� + 1 

For the generating the pixel count for each slice, the equation (1) has been used. If the DEM is less 
than the lake level the output raster will be negative and is excluded from further actions. If the DEM 
is equal to the lake level it will generate the raster output value equal to 1, which is the lake level. 
Finally if the DEM is greater than lake level then the raster output generated the slice number of 
pixels for each slice. The equation also automatically generates the number of pixel counts for each 
slice and reports it in the attribute table. Each new slice with 5 cm increased elevation above the 
original lake surface will have a larger number of pixels (representing the new area) than the 
immediate slice below. Figure 7 display the geometry of increments of the lake level. If the lake level 
increases with the height HS, the new larger lake area will consist of the combination of the original 
lake area (AL1) and the additional area (AS) consisting of the area outside the original lake. AL1 and AS 
make up the new larger lake area and AS outline areas that will be inundated by the additional higher 
lake level. 
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Figure 7: DEM slicing with 0.05 m for determination of the increase in lake level during heavy rainfall. 

For calculation of the volume of each DEM slice Equation 1 has been used. 

Equation 2: Increased Volume =Hs (AL1 +
As
2

) 

For calculation of the volume of each DEM slice, correction for the slope inclination outside the lake 
area has to be made. It is thereby assumed that on average only half of the volume accumulated 
under the AS area can be filled by water, while the other half consists of ground (Fig. 7). 

For determination of high intense rainfall events, 57 mm in a day was used as an example of an 
extreme event, based on the highest daily recording from the data series from the SMHI station in 
Gustavsberg covering the period 1971-2012. Calculation of the volume of water that would 
accumulate in the catchment was made in the following way. 

Equation 3: Accumulated volume = catchment area * (P – E – I) 

where: P = precipitation, E = Evaporation and I = Infiltration 

57 mm of rainfall amounts 57 l/m2 

During heavy rainfall, the large volume of water will be accumulated in the catchment. To determine 
how much the lake level will be increased during heavy rainfall. The accumulated volume for each 
slice is calculated which is shown in (Annex I).  

The evaporation is dependent on humidity and temperature and in this case during a one day 
extreme rainfall event it was assumed that the evaporation is insignificant. The infiltration of surface 
water for ground water recharge is dependent on the ground surface and soil conditions. In a study 
of the hydrological conditions in the catchment of Karbosjön, undertaken by WSP (2009), using 
studies of infiltration rates in Swedish soils (Rodhe et al., 2006), rough figures of ground water 
recharge was set to 2 mm/( m2 

* year) for clay, 40 mm/( m2
* year) for bedrock and 188 mm/(m2

*year) 
for till. In the Karbosjön catchment clay, bedrock and till cover roughly one third each of the 
catchment (WSP, 2009). These figures would result in an average ground water recharge of 77 
mm/(m2

*year) for the Karbosjön catchment. This in turn translates to an average groundwater 
recharge of around 0.3 mm per square meter per day. This figure is very small compared to the 
amount of rainfall that will arrive during an intense rainfall event. Thus, determination of the exact 
values of ground water recharge will probably have a limited effect on the resulting estimation of the 
lake level increase, and it will thereby have a small impact on the identification of the inundation risk 
areas. The true figures might be considerably higher (Davie, 2008) but for this study, the infiltration 
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and ground water recharge have been regarded as negligible for calculation of the water volume 
reaching the lake. This is particularly the case if the ground is frozen as was the case at Karbosjön in 
November 2012 (Fig1). Other variable parameters have probably a larger impact on the end result. 
For instance, the choice of the rainfall amount to represent an intense rainfall event has a 
considerably larger impact on the calculation of the lake level increase. For the study, two different 
scenarios have been taken into consideration. The present day scenario (Scenario 1) is based on the 
highest daily precipitation record from Gustavsberg (1971-2012) as a real example of an intense 
rainfall event. For the calculation an average infiltration rate of 0.3 mm/(m2

*day), which is near 
negligible, has been used and it is assumed that evaporation is negligible during the day when the 
intense rainfall takes place. The second scenario (Scenario 2) assumes a future climate subject to a 
15% increase of total rainfall amount and related increase in rainfall intensity. 

Assumptions: 

Scenario 1: 

The outlet is blocked, the ground is saturated and it is one day intense rainfall event 

• 57 mm of rain in one day. 
• Infiltration amounting 0.3 mm which is negligible. 
• Evaporation is negligible. 

Scenario 2: 

Future scenarios when total precipitation has increased with 15% 

• 65 mm rain (15% increase) in one day. 
• Infiltration amounting 0.3 mm. 
• Evaporation is negligible 

3.3. Calculating topographical depressions 
There are many locally low lying areas in Nacka municipality which can be referred to as 
topographical depressions (SWECO, 2009). Surface water that accumulates in such depression during 
periods of intense rainfall can become a potential problem for the society. With the terrain model as 
the basis, spatial analyst tool in ArcGIS has been used for identifying areas that are local 
topographical depressions in the terrain. However, there is no direct dedicated tool to determine the 
topographic depression using ArcGIS.  

The analysis undertaken was based entirely using the topography of the terrain. The DEM for the 
whole of Nacka varies from -4 m to 82 m.a.s.l. The method used for determining the depressions was 
based on applying threshold values to the DEM. Areas which lie in lower elevations than the 
threshold and are surrounded by higher elevations, is of particular interest. The threshold elevations 
go from 5 to 50 m.a.s.l. The function used in raster calculator gives a threshold less than the given 
number determining each slice. The slicing of the DEM was performed for every half meter. The 
threshold runs from 5 m to 50 m making up 90 slices. Each slice generated two classes namely 0 and 
1 which is shown in figure 8. The class 1 is the elevations which are less than the threshold value 
(True) and the class 0 is the elevations which are greater than the threshold value (False) in this case. 
The marked true (1) area is a potential depression, if and only if, it is surrounded by higher elevations 
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(0). The criteria is tested by applying a grouping function and rejecting group number 0 and 1 which 
apply to the group close to the periphery. The grouped slices are in the end added together to get 
the final depressions. Depression also includes the lake area, so the depression that contains a lake 
are disqualified and removed from the depression. The final result consists of larger as well as 
smaller depressions. Therefore, a threshold was set in the final depression file to remove areas 
smaller than 100 m2.  

 

Figure 8: Topographic Depression with the threshold elevation showing true value 1 and false value 0 for describing 
elevation above and below. 

 

3.4. Calculating potential risk areas 
The assessment of potential risk areas in the municipality that could be inundated during heavy 
rainfall was determined by combining the parameters slope steepness, soil type, houses with 10 m 
buffer, road, depression and flow accumulation. 

The slope steepness was determined using the DEM. The slope identifies the rate of maximum 
change in z-value from each cell of a raster surface. The inclination of the slope is calculated in 
degrees. The slope steepness generated from the DEM is reclassified into 5 classes which are shown 
in table 3. It is assumed that steep slope are low risk for inundation and flat low lying area are 
translates into a higher risk.  

Table 3: Slope data reclassified for determining the potential risk areas during heavy rainfall in Nacka municipality. 

Classes Slope Angle Risk class 

1 20⁰-80⁰ Low risk (Steep slope) 
2 10⁰-20⁰ Medium low risk 

3 5⁰-10⁰ Medium risk 

4 2⁰-5⁰ Medium high risk 
5 0-2⁰ High risk (Flat area) 
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The soil data from SGU is also reclassified shown in table 2. To determine the potential risk area, first 
areas classified as roads and houses were added together to generate a class of hard surface. The 
hard surface generates class 0 and 1. The depression data consist of class 0 and NoData. The hard 
surface and depression are then added together generating classes 1, 2, 3 and nodata. The class 
generated by the combination of hard surface and depression is reclassified into 3 classes multiplied 
by 5 giving it a high importance. The class of hard surface with depression will have 0, 5, 10 class. If 
the class is 0 it means its neither hard surface nor depression, and if the class is 5 it either hard 
surface or depression. If the class is 10 it means that it consists of both hard surface and depression, 
which is particular interest in determine the risk area. After combing the hard surface with 
depression the final equation 4 gives the result of potential risk area in Nacka municipality 

Equation 4: Potential risk area = Soil + Slope + Hard surface with depressions. 

Table 4: Determining the potential risk area using soil , slope, hard surface with depressions 

Parameter Class 
Hard surface with depression O = Neither hard surface nor depression 

5 = Either hard surface or depression 
10 = Both hardsurface and depression 

Soil 1-5 (1 = lower risk , 5 = Higher risk) 
Slope 1-5 (1 =Lower risk , 5 = Higher risk) 
 

This equation 4 generates the potential risk area. In this equation soil class 1-5, slope class 1-5 and 
hard surface with depression has class 0-10. These parameters are added together for risk map 
generation. After adding it generates the highest possible class 20 and lowest possible class 2. The 
class 20 comes from hard surface with depression = 10, soil = 5, slope = 5 and the lowest possible 
class 2 comes from hard surface with depression = 0, soil = 1 and slope =1. The highest possible class 
will be the area with hard surface and depression which lowest slope angle and its bedrock. After 
generating the potential risk area, it is reclassified into 0-5 classes for visualization of no risk, low risk, 
medium risk and high risk classes. 

4. Results and discussion 
The results from this study are presented in three different areas: first, the results from the 
identification of potential inundation areas in the four lake catchments are presented and discussed. 
Second, the results from the analysis of local depressions is presented and discussed. Thirdly, the 
map on identified potential risk areas for inundation in the municipality is presented and discussed. 
Table 4 describes the result of the two scenarios. Scenario 1 is the increase in water level subsequent 
to a rainfall event amounting 57 mm. In this scenario Myrsjön lake level increased to 0.9 m which is 
the highest among the four studied lakes. Scenario 2 is increase in water level subsequent to a 
rainfall event amounting 65 mm. This scenario also shows that Myrsjön is the lake with the highest 
potential lake level rise, and the lowest lake level increase would occur in Insjön. 
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Table 5: Scenario of increased water levels in Karbosjön, Myrsjön, Insjön and Sågsjön during heavy rainfall events. 

4.1. Karbosjön 
In case of the event of scenario 1 with a rainfall event of 57 mm within 24 hours and a blocked outlet 
of the lake, the lake level would rise with 0.85 m. The resulting areas of inundation are shown in 
figure 9a and b. In scenario 2, depicting a future scenario, the lake would rise with 0.95 m. The 
difference in areas of inundation between the two scenarios is difficult to recognize when visualized 
in the map because the increase is lower than the DEM resolution. Therefore only inundated areas in 
scenario 1 is shown in the map. Scenario 2 would look very similar. 

The result for Karbosjön shows that flat areas upstream of the inlet to the lake is susceptible to 
inundation. The very low gradient of the stream channel leading water to the lake, in combination 
with relatively narrow concrete tunnels under the road Vikingshillsvägen as well as more close to the 
lake gives rise to the inundation areas upstream of, and adjacent to Vikingshillsvägen, as well as even 
further upstream in a low lying, flat area occupied by swamp-forest. The large area immediately east 
and southeast of Vikingshillsvägen is of particular concern since water standing still in this low lying 
area, dammed by the road bank, for long periods is particularly destructive to the road (Fig. 10).  

The immediate shore lines around the lake are also potential risk areas in case of heavy rainfall 
events, and in particular the low-lying, flat area northwest of the lake is in the risk zone. Inundation 
of low lying areas upstream and downstream of Karbosjön have occurred in the past. Documentation 
of such events show close similarity with the results from this study. In addition, other studies of 
areas in potential risk for inundation at Karbosjön (WSP, 2009) are also well in line with the results 
from this study. Thus, the methods that I have used for this study are of good standard and highly 
useful for pinpointing areas of risk. The results show that no houses are in immediate danger of being 
inundated except  possibly one house located near the inlet of the lake. However, water logging of 
some gardens might cause problems to some house plots. In addition increased ground water levels 
might create additional problems. From the inundation map it is clear that severe problems will be 
caused to roads upstream of the lake. In particular Vikingshillsvägen will encounter real problems 
potentially leading to costly damages to the road. 

Lake Name Catchment Area 
 
(ha) 

Lake area 
(ha) 

Lake level  
(m a.s.l.) 
(RH2000) 

Scenario 1 
Increase water 
level  
(m) 

Scenario 2 
Increase water level 
(m) 

Karbosjön 121 5.8 16.0 0.85 0.95 

Myrsjön 
 

205 12.2 28.9 0.9 1.05 

Insjön 
 

403 45.8 1.3 0.5 0.55 

Sågsjön 
 

443 31.9 2.7 0.75 0.86 
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Figure 9a and b: Areas of potential risk for inundation in Karbosjön catchment. Figure 9a display the entire catchment 
and 9b display a close up of the lake and the areas most prone to inundation. Vikingshillsvägen is shown in figure 9b 
touching many of the potential inundation areas. House plots and buildings are shown in figure 9b (Source: Background 
map from Nacka kommun). 

 

Figure 10: Inundation southeast of Vikingshillsvägen, upstream of Karbosjön, may cause severe damage to the road 
(Source: Nacka kommun). 
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4.2. Myrsjön 
In case of the event of scenario 1 with a rainfall event of 57 mm within 24 hours and a blocked outlet 
of the lake, the lake level would rise with 0.9 m. The resulting areas of inundation are shown in figure 
11 a and b. In scenario 2, depicting a future scenario, the lake would rise with 1.05 m. The difference 
in areas of inundation between the two scenarios is difficult to recognize when visualized in the map. 
Therefore only inundated areas in scenario 1 is shown in the map. Scenario 2 would look very similar. 

In Myrsjön a heavy rainfall event will probably lead to the houses in the small island being inundated. 
At least the smaller house will be flooded while the bigger house might face problems with water in 
its basement. According to government officials at Nacka municipality this problem has also been 
pinpointed previously by the owners of this house. In addition, some gardens might face problems of 
inundation, particularly in the northern part of the lake, close to the outlet, and an area along the 
western shore line. Local residents have complained to the municipality at several occasions about 
the danger to properties linked to inundation following intense rainfall events. They have also made 
simple hydrological calculations to estimate the potential rise of the lake level. Their calculations are 
in line with the results of this study.  

     

Figure 11a and b: Areas of potential risk for inundation in Myrsjön catchment. Fig 11a display the entire catchment and 
11b display a close up of the lake and the areas most prone to inundation. The DEM of the catchment is shown in a and  
in b house plots an buildings are shown ( Source : Background map Nacka kommun). 
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    Figure 12: Inundation of gardens in Kummelnäs, Nacka (Source: Nacka kommun). 

4.3. Insjön 
In case of the event of scenario 1 with a rainfall event of 57 mm within 24 hours and a blocked outlet 
of the lake, the lake level would rise with 0.5 m. The resulting areas of inundation are shown in figure 
13 a and b. In scenario 2, depicting a future scenario, the lake would rise with 0.55 m. The difference 
in areas of inundation between the two scenarios is difficult to recognize when visualized in the map.  

According to the results this lake is facing only minor problems of inundation probably due to the fact 
that this lake is relatively large compared to the size of the catchment and even very heavy rainfall is 
not resulting in large increase in lake levels. However, during heavy rainfall events it is possible the 
problems will be given to some road stretches southwest and southeast of the lake. Only one area of 
inundation seems to affect private land, which are the house plots located at the western part of the 
south-eastern bay of the lake (A) shown in figure 13b. The inundation areas at the south-western and 
north-eastern corners of the lake only affect grazing land close to the shore lines. 
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Figure 13 a and b: Areas of potential risk for inundation in Insjön catchment. Fig 13a display the entire catchment and 
13b display a close up of the lake and the areas most prone to inundation. A in figure 13b display the only area around 
the lake which may affect private land notably. The DEM of the catchment is shown in a and in b house plots and 
buildings are shown ( Source : Background map from Nacka kommun). 

 

4.4. Sågsjön 
In case of the event of scenario 1 with a rainfall event of 57 mm within 24 hours and a blocked outlet 
of the lake, the lake level would rise with 0.75 m. The resulting areas of inundation are shown in 
figure 14 a and b. In scenario 2, depicting a future scenario, the lake would rise with 0.86 m. The 
difference in areas of inundation between the two scenarios is difficult to recognize when visualized 
in the map. Therefore only inundated areas in scenario 1 is shown in the map. Scenario 2 would look 
very similar. 

In Sågsjön high intense rainfall events may cause problems particularly in the low lying area east of 
the lake. This is a forested swamp area inhabiting an extension of the small bay in the eastern part 
(A) of the lake which is shown in figure 14. A road runs across the swamp and it may get inundated 
and damaged during high rainfall events. A number of small low lying “green” areas around the lake 
will get inundated in case of heavy rainfall. However, none of these contain any major infrastructure. 

The study undertaken by Water Revival Systems (2009) showed that a worst-case-scenario of intense 
rainfall, amounting to 168 mm in 45 hours (100 year recurrence interval), would result in a 0,72 m 
increase of the lake level. Thus, their result is in line with the results of this study. However, neither 
their study nor anyone else has attempted to visualize the areas that would be subject to inundation 
in case of such an extreme event. The potential areas of inundation around the lake during a worst 
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case scenario visualized in this report therefore seem to be relevant for this study as well as 
visualizing the result of the previously made study by Water Revival Systems in 2009. 

 

 

Figure 14 a and b: Areas of potential risk for inundation in Sågsjön catchment. Fig 14 a display the entire catchment and 
14b display a close up of the lake and the areas most prone to inundation. The DEM of the catchment is shown in a and 
in b house plots and buildings are shown ( Source : Background map Nacka kommun) 

 

4.5. Topographic depressions in Nacka municipality 
In figure 15 areas of topographic depressions have been outlined (areas shaded in purple). The fact 
that they are local depressions in the topography can make these areas more susceptible to become 
inundated during heavy rainfall than their surroundings. The methods to define these areas have 
been described in the methods chapter. In short they are determined using a DEM. However, the 
method do not distinguish whether they have an outlet (surface water sink, pipe or similar) or not, 
which most of them of course have. Else they would be water filled all the time.  

The areas are generally located in low lying road stretches, swamps, and in open areas and fields. 
These areas are more often located in lower elevation. However there are a few depressions also in 
higher elevation, although they are less common, also because there is a smaller part of the 
municipality located in higher elevation. The depressions in Boo area are located comparatively 
higher than in other parts of Nacka. 
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Figure 15: Topographic depression areas in Nacka municipality where the shaded areas indicate the depression areas. 
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4.6. Potential Risk areas for inundation during extreme rainfall events. 

In figure 16 areas of potential risk to become inundated during extreme rainfall have been outlined. 
The methods to define these areas have been described in the methods chapter. In short they are a 
factor of combination of hard surfaces, local topographic depressions, impermeable ground and low 
slope steepness. They have been categorised into four risk levels: High, medium, low and no risk, 
where the presence of topographic depressions and hard surfaces in general have resulted in 
relatively high risk rating. 

There are sizeable high risk areas where water can accumulate. Many of these occur in connection 
with low lying road stretches, some are industrial areas, and some consist of swamps and open fields. 
These are areas that can be subject to local flooding at times of heavy rainfall and thereby create 
temporary problems to traffic for instance. It can also be noted that some of the high risk areas lies 
within residential areas. 

There are numerous areas detected as medium risk areas. Many of them also consist of low lying 
road areas and some are local depressions, swamps or low lying fields in the Green Park and nature 
reserve areas of Nacka. In many cases they are extensions of high risk areas. Those that are located in 
green structure areas of Nacka are likely to pose less severe problems to society in case of extreme 
rainfall. The low risk and no risk areas there are no depressions which are vulnerable due to heavy 
rainfall; it lies in steep slope closer to the shorelines of the Baltic. 
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Figure 16: Potential Risk areas for inundation during heavy rainfall in Nacka municipality with high, low, medium and no 
risk areas displayed. 
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4.7. Scope of Errors 
For the lake inundation analysis, a technique used for slicing the DEM was introduced to help 
determine the areas that would be affected by inundation close to the lakes in case of an increased 
lake level. The results look fairly accurate when compared to areas that officials at the municipality 
have pinpointed as being problem areas in the municipality. However there are limitations in the 
analysis. First, the accuracy of catchment delineations provided by Nacka Municipality needs to be 
validated further.  

A few assumptions were made for the study of lake inundation. For instance, the study is based on 
the assumption that during the extreme rainfall event the infiltration and evaporation is negligible. 
For future improvements of the study, a more detailed analysis of the impact of some parameters, 
including infiltration and evaporation and discharge outflow will give even better understanding in 
terms of impact from climate change and related hazards. 

The resulting increase in lake level shown in table 4 might change with the scenario depending on 
which rainfall amount that is chosen for the study. The value chosen here is 57 mm which was the 
highest in the 41 years long daily record of rainfall data. However, if the highest value for the data of 
a 100 years record or 30 years record data is chosen, then the result might vary slightly. Such 
differences will change the exact height of the inundation, but the inundated areas pinpointed will be 
more or less the same. An improvement of the hydrological calculations would be desirable, and 
would certainly give better accuracy on inundation depth, but the location of the risk areas that have 
been identified should be of sufficient accuracy. The study shows that by using simple hydrological 
calculations and accurate GIS work, much information on potential risk areas to extreme rainfall 
events can be obtained. 

For identification of depressions, a threshold value is set in elevation. The method was based on 
analysis of the topography for each half meter slice from 5 m.a.s.l. and upwards. In this way, if a 
depression lies completely between two threshold values, it is not shown in the results. Furthermore, 
all depressions with an area less than 100 m2 were removed as being regarded too small areas. A 
field based analysis of the depressions is needed for improved understanding of areas at risk. 

For the potential inundation risk areas identified (Fig. 16) the result is based on the parameters soil 
classification, slope steepness, hard surfaces, and depressions, all of which influence the result. It is 
assumed that depressions and hard surfaces mainly increase the potential risk for inundation. 
However, if the slope steepness and soil type is set to influence the depression with less value, then 
the resulting values might slightly change. Thus, the relative importance given to the different 
parameters, used as basis for identification of potential inundation risk areas, will impact on the 
result. 

7. Conclusion 
There are a number of areas of potential risk to inundation in the Nacka municipality. These consist 
of local topographical depressions or low lying, flat, hard surfaces where water could accumulate in 
the event of extreme rainfall events. Figure 16 shows these potential risk areas, which could possibly 
give rise to problems of inundation in case surface water outlets, pipes or sinks are blocked. The risk 
areas indicate areas within which a problem may occur. Problems do not necessarily occur within the 
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entire identified area depending on how intense a particular rainfall event will be. The identified 
areas thereby provide useful help in a search for potential problem areas during extreme rainfall 
events. In this respect, each identified area could be searched for vulnerable infrastructure such as 
electrical installations or communication devices, cables or roads, pathways or similar that could 
potentially get damaged. Such a search in the identified areas could for instance be undertaken in an 
effort to contribute to further “climate proofing” of the municipality. Typically, the identified 
potential problem areas occupy roads, road sides, marches and swamps, very flat fields or dumping 
areas for heavy garbage from house and road constructions. Thus, the results could be useful for 
Nacka municipality in its work to address potential adverse impact from climate change. 

Of particular concern in relation to intense rainfall events are the lakes in Nacka municipality. The 
study has identified areas of potential risk for inundation, which could potentially damage costly 
infrastructure in the catchments of Karbosjön, Myrsjön and Sågsjön. Insjön seem to have less 
problems linked to inundation. At Karbosjön houses, gardens and roads may get damaged. Problems 
of this kind at Karbosjön have also happened in the past and the municipality have ongoing plans to 
address the problem through improvement of the discharge channels to and from the lake and by 
lowering the lake level. At Myrsjön houses and gardens may get affected. At Sågsjön one road is in 
the risk zone, which may get damaged from inundation. 

As part of this study new GIS based approaches were used to identify topographical depressions as 
well as to visualize inundations as a result of increased lake levels. Initial comparisons with 
knowledge of previously inundated areas indicate that the methods used in this study generate 
relatively reliable results. However, both the topographic depressions and the inundated areas close 
to the lakes, produced by this approach could be further validated through more detailed 
comparisons with actual areas of inundation in the past.  
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10. Appendices 
Appendix I: Calculation for determining the Karbosjön Lake inundation during heavy rainfall. 

 

Appendix II: Calculation for determining the Myrsjön Lake inundation during heavy rainfall. 

 

 

  

Value Min Max Count SQ_M Accum_area Lower area volume Volume per slice m3 Slice volume Acc_Volume
1 0.000 16.047 15022 60088 60088 0.0 0 0 0
2 16.047 16.097 578 2312 62400 3004.4 57.8 3062.2 3062.2
3 16.097 16.147 696 2784 65184 3120.0 69.6 3189.6 6251.8
4 16.147 16.197 670 2680 67864 3259.2 67 3326.2 9578.0
5 16.197 16.247 589 2356 70220 3393.2 58.9 3452.1 13030.1
6 16.247 16.297 531 2124 72344 3511.0 53.1 3564.1 16594.2
7 16.297 16.347 457 1828 74172 3617.2 45.7 3662.9 20257.1
8 16.347 16.397 437 1748 75920 3708.6 43.7 3752.3 24009.4
9 16.397 16.447 420 1680 77600 3796.0 42 3838.0 27847.4

10 16.447 16.497 422 1688 79288 3880.0 42.2 3922.2 31769.6
11 16.497 16.547 515 2060 81348 3964.4 51.5 4015.9 35785.5
12 16.547 16.597 592 2368 83716 4067.4 59.2 4126.6 39912.1
13 16.597 16.647 853 3412 87128 4185.8 85.3 4271.1 44183.2
14 16.647 16.697 921 3684 90812 4356.4 92.1 4448.5 48631.7
15 16.697 16.747 2060 8240 99052 4540.6 206 4746.6 53378.3
16 16.747 16.797 2312 9248 108300 4952.6 231.2 5183.8 58562.1
17 16.797 16.847 1898 7592 115892 5415.0 189.8 5604.8 64166.9
18 16.847 16.897 1538 6152 122044 5794.6 153.8 5948.4 70115.3
19 16.897 16.947 1275 5100 127144 6102.2 127.5 6229.7 76345.0
20 16.947 16.997 1166 4664 131808 6357.2 116.6 6473.8 82818.8
21 16.997 17.047 1095 4380 136188 6590.4 109.5 6699.9 89518.7
22 17.047 17.097 1048 4192 140380 6809.4 104.8 6695.2 96213.9
23 17.097 17.147 966 3864 144244 7019.0 96.6 6906.0 103119.9
24 17.147 17.197 883 3532 147776 7212.2 88.3 7107.3 110227.2
25 17.197 17.247 827 3308 151084 7388.8 82.7 7294.9 117616
26 17.247 17.297 678 2712 153796 7554.2 67.8 7456.6 125170.2
27 17.297 17.347 707 2828 156624 7901.9 70.7 7624.9 133072.1
28 17.347 17.397 697 2788 159412 8040.3 69.7 7971.6 141112.4

Value Min Max Count SQ_M Accum_area Lower area volume Volume per slice Slice volume Acc_Volume
1 0.00 28.86 30688 122752 122752 0 0 0 0
2 28.86 28.91 199 796 123548 6137.6 19.9 6157.5 6157.5
3 28.91 28.96 245 980 124528 6177.4 24.5 6201.9 12359.4
4 28.96 29.01 280 1120 125648 6226.4 28 6254.4 18613.8
5 29.01 29.06 400 1600 127248 6282.4 40 6322.4 24936.2
6 29.06 29.11 394 1576 128824 6362.4 39.4 6401.8 31338
7 29.11 29.16 409 1636 130460 6441.2 40.9 6482.1 37820.1
8 29.16 29.21 391 1564 132024 6523 39.1 6562.1 44382.2
9 29.21 29.26 316 1264 133288 6601.2 31.6 6632.8 51015

10 29.26 29.31 238 952 134240 6664.4 23.8 6688.2 57703.2
11 29.31 29.36 231 924 135164 6712 23.1 6735.1 64438.3
12 29.36 29.41 196 784 135948 6758.2 19.6 6777.8 71216.1
13 29.41 29.46 187 748 136696 6797.4 18.7 6816.1 78032.2
14 29.46 29.51 194 776 137472 6834.8 19.4 6854.2 84886.4
15 29.51 29.56 198 792 138264 6873.6 19.8 6893.4 91779.8
16 29.56 29.61 174 696 138960 6913.2 17.4 6930.6 98710.4
17 29.61 29.66 194 776 139736 6948 19.4 6967.4 105677.8
18 29.66 29.71 202 808 140544 6986.8 20.2 7007 112684.8
19 29.71 29.76 201 804 141348 7027.2 20.1 7047.3 119732.1
20 29.76 29.81 232 928 142276 7067.4 23.2 7090.6 126822.7
21 29.81 29.86 354 1416 143692 7113.8 35.4 7149.2 133971.9
22 29.86 29.91 383 1532 145224 7184.6 38.3 7222.9 141194.8
23 29.91 29.96 439 1756 146980 7261.2 43.9 7305.1 148499.9
24 29.96 30.01 575 2300 149280 7349 57.5 7406.5 155906.4
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Appendix III: Calculation for determining the Insjön Lake inundation during heavy rainfall. 

 

 

Appendix IV: Calculation for determining the Sågsjön Lake inundation during heavy rainfall. 

 

 

  

Value Min Max Count SQ_M Accum_area Lower area volume Volume per slice m3Slice volume Acc_Volume
1 0.00 1.32 116362 465448 465448 0 0 0 0
2 1.32 1.37 1576 6304 471752 23272.4 157.6 23430 23430
3 1.37 1.42 1309 5236 476988 23587.6 130.9 23718.5 47148.5
4 1.42 1.47 1606 6424 483412 23849.4 160.6 24010 71158.5
5 1.47 1.52 2212 8848 492260 24170.6 221.2 24391.8 95550.3
6 1.52 1.57 1536 6144 498404 24613 153.6 24766.6 120316.9
7 1.57 1.62 1052 4208 502612 24920.2 105.2 25025.4 145342.3
8 1.62 1.67 857 3428 506040 25130.6 85.7 25216.3 170558.6
9 1.67 1.72 753 3012 509052 25302 75.3 25377.3 195935.9

10 1.72 1.77 719 2876 511928 25452.6 71.9 25524.5 221460.4
11 1.77 1.82 785 3140 515068 25596.4 78.5 25674.9 247135.3
12 1.82 1.87 784 3136 518204 25753.4 78.4 25831.8 272967.1
13 1.87 1.92 759 3036 521240 25910.2 75.9 25986.1 298953.2
14 1.92 1.97 764 3056 524296 26062 76.4 26138.4 325091.6
15 1.97 2.02 745 2980 527276 26214.8 74.5 26289.3 351380.9
16 2.02 2.07 839 3356 530632 26363.8 83.9 26447.7 377828.6
17 2.07 2.12 855 3420 534052 26531.6 85.5 26617.1 404445.7
18 2.12 2.17 927 3708 537760 26702.6 92.7 26795.3 431241
19 2.17 2.22 953 3812 541572 26888 95.3 26983.3 458224.3
20 2.22 2.27 895 3580 545152 27078.6 89.5 27168.1 485392.4
21 2.27 2.32 960 3840 548992 27257.6 96 27353.6 512746

Value Min Max Count SQ_M Accum_area Lower area vo Volume per s  Slice volume Acc_Volume
1 0.00 2.71 80564 322256 322256 0 0 0
2 2.71 2.76 1314 5256 327512 16112.8 32.85 16145.65 16145.65
3 2.76 2.81 1605 6420 333932 16375.6 40.125 16415.725 32561.375
4 2.81 2.86 1960 7840 341772 16696.6 49 16745.6 49306.975
5 2.86 2.91 1853 7412 349184 17088.6 46.325 17134.925 66441.9
6 2.91 2.96 982 3928 353112 17459.2 24.55 17483.75 83925.65
7 2.96 3.01 614 2456 355568 17655.6 15.35 17670.95 101596.6
8 3.01 3.06 467 1868 357436 17778.4 11.675 17790.075 119386.675
9 3.06 3.11 424 1696 359132 17871.8 10.6 17882.4 137269.075

10 3.11 3.16 406 1624 360756 17956.6 10.15 17966.75 155235.825
11 3.16 3.21 435 1740 362496 18037.8 10.875 18048.675 173284.5
12 3.21 3.26 407 1628 364124 18124.8 10.175 18134.975 191419.475
13 3.26 3.31 444 1776 365900 18206.2 11.1 18217.3 209636.775
14 3.31 3.36 448 1792 367692 18295 11.2 18306.2 227942.975
15 3.36 3.41 458 1832 369524 18384.6 11.45 18396.05 246339.025
16 3.41 3.46 470 1880 371404 18476.2 11.75 18487.95 264826.975
17 3.46 3.51 436 1744 373148 18570.2 10.9 18581.1 283408.075
18 3.51 3.56 401 1604 374752 18657.4 10.025 18667.425 302075.5
19 3.56 3.61 431 1724 376476 18737.6 10.775 18748.375 320823.875
20 3.61 3.66 432 1728 378204 18823.8 10.8 18834.6 339658.475
21 3.66 3.71 485 1940 380144 18910.2 12.125 18922.325 358580.8
22 3.71 3.76 437 1748 381892 19007.2 10.925 19018.125 377598.925
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Appendix V: Reclassified soil map used for analysing the potential risk area for inundation in Nacka 
municipality (Source: soil data from SGU) 
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Appendix VI: Classified slope map used for analysing the potential risk area for inundation in Nacka 
municipality (Source: DEM, Department of Land Survey in Sweden)  
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Appendix VII: Topographic depression areas with flow accumulation. The red area is the depression 
where water can accumulate more. (Source : Orthophoto, Nacka kommun) 
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