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Abstract 
In this study, regional climate data was used to investigate the trend of changes for some cli-
matic parameters, i.e. temperature, precipitation and maximum hourly precipitation in four 
different regions in Sweden. The general trend shows that Sweden will have warmer and wet-
ter climatic conditions by 2100; however, the seasonal changes will affect the system differ-
ently, which makes them one of the main factors to be considered. The climatic data was used 
to determine the probable magnitude of changes by 2100 and to investigate the climate 
change impacts on urban drainage systems. The problems arising due to such changes were 
discussed regionally and seasonally and finally BMP methods, as an alternative way, to miti-
gate the climate change impacts were considered. As an example, green roof was applied to 
different urbanized conditions to estimate the approximate reduction of the extra water into 
the drainage system. As well as to investigate how much each of the BMP methods (green 
roof as an example for opening the further studies) could be useful for city planners towards 
more secure and sustainable cities in the future against the climate change. 
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Introduction 
Many studies have been performed related to climate change and there is still much to learn, 
such as the impact of climate change on urban areas. According to the Intergovernmental 
Panel on Climate Change (2007), the mean temperature has increased globally by 0.7ºC 
(±2.0ºC) in the past 100 years. The world has also experienced a decrease in snow and ice 
extent as well as a significant increase in precipitation since 1900 (McKibben, 2007). Accord-
ing to Mailhot et al. (2007) more energy has been brought by global warming to the hydro-
logical system, which results in more active hydrological circulations. The climatic parame-
ters will therefore most probably continue to change in the future. 
 
The effects of climate change are not evenly distributed, which means that they are spatially 
and temporally different. For example annual precipitation for northern Europe is assessed to 
increase and the temperature increase is also estimated to be larger in winter. These changes 
are different for the Mediterranean region where the annual precipitation is decreasing and the 
maximum temperature is estimated to increase more in summer. A study made in Denmark 
(Mark et al., 2008) showed more intensive rains during summer. In Sweden there would be 
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more rainfall during autumn and winter while less in summer time. In Norway the largest in-
crease of rainfall would be during autumn as well as in the number of intense rains. Since the 
annual mean temperature is increasing all over Europe, the snow period and depth are conse-
quently decreasing, although the magnitudes of such changes would be different for different 
regions. (Solomon et al., 2007).  
 
Climate change could affect people’s life directly. In urban regions where there are many 
impervious surfaces, some areas will encounter problems in their drainage systems due to the 
changes in precipitation. Surface flooding, surcharging sewers, combined sewer overflow and 
basement flooding are the problems which have already affected the urban areas (Nie et al., 
2009); such problems could also be amplified if the region is suffering from a fast urbaniza-
tion and unsuitable drainage systems for future conditions. The flooding in 2000 and 2001 in 
Värmland and Västra Götland and the storm Gudrun in 2005 are examples of such problems 
in Sweden (Dotto et al., 2007). An overview of changes shows a trend toward worsening ur-
ban drainage conditions; however, when it comes to making practical decisions by engineers 
and authorities, the important issue is how differently climate change could affect urban 
drainage systems locally and seasonally. 
 
A number of studies have been made to investigate the probable future climate impacts on 
urban drainage systems. They all illustrated failure of the conventional systems due to such 
changes (Berggren 2007; Mark et al., 2008; Watt et al., 2003). The results show considerable 
impact on the systems. Nie et al. (2009), for example, estimated an 89% increase of CSO 
when the precipitation increased by 50% for Fredrikstad, Norway. For Helsingborg, Sweden, 
Semadani-Davies (2008a& b) estimated double CSO caused by only a 20% increase in pre-
cipitation. 
  
The climate change impacts on the urban drainage, specifically storm water systems, will re-
sult in a larger volume of water in the system in a shorter time period, which will be caused 
by more precipitation and intense rains as well as a change of the snow melt pattern due to 
higher temperature. Besides the climatic variability and changes, other issues like urbaniza-
tion and land-use changes must be taken into consideration. Therefore an analysis of the sys-
tem integrated with all other involved factors seems necessary. To combine it with the sus-
tainable development concept, an alternative solution to tackling climate change impacts on 
the drainage systems is the ‘Best Management Practice’ (BMP). BMP makes it possible to 
integrate the conventional drainage systems with alternative storm water drainage methods to 
mitigate the climate change impacts. Soak ways, swales, ponds, porous pavement infiltration 
trenches, water butts and green roofs are examples of the BMP approaches.  
 
There are some estimations of the functionality of BMP in a number of articles (e.g. Butler 
and Davies, 2004; Berndtsson, 2010). For instance a 50-60% reduction could be achieved by 
combining grass swales and porous pavements (Bäckström, 2002). The BMP reductions in 
volume and peak flow depend on many factors, e.g. the climatic characteristics, the urban area 
conditions and their interactions and it is therefore site specific. The percentage of total vol-
ume reduction for green roofs, as an example, is different in different regions and seasons. In 
Germany the annual reduction of the total precipitation is estimated to be between 27% and 
81% depending on where the green roof is implemented (Mentens et al., 2006). Studies made 
in southern Sweden also illustrated the seasonal variation of the green roof functionality. 
(Bengtsson et al., 2005).  
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Considering the problems caused by climate change and also the ne-
cessity of more research to mitigate such effects on urban areas for 
safer and more secure conditions, the objective of this paper is to in-
vestigate the effect of the climate change on urban precipitation re-
gionally and seasonally; also to investigate if it is possible to handle 
the extra volume of water with green roofs. 
 

Methods 
In this study four different regions were investigated in Sweden based 
on spatial variation. The first area is a southern coastal area (Skåne) 
adjacent to the Baltic Sea; the second area is an inland region to the 
west (Värmland); the third area is an inland area up north with cold 
climate (Norrbotten); and the fourth area is a coastal area along the 
Gulf of Bothnia to the east (Gävleborg), Figure 1. Total precipitation, 
maximum hourly precipitation and temperature were obtained from 
SMHI’s open data source (Kjellström et al., 2011) for these regions. 
The data was used to observe how the climatic parameters change 
over time, regionally and seasonally. An approximate analysis of the 
climate change impacts on the urban drainage systems was also made. 
 
The climate data used for this study was generated by the regional atmospheric climate model 
(RCA3), developed by Rossby Centre, SMHI (Kjellström et al., 2005). This regional model 
has been used to downscale the output of the global climate model, ECHAM4 (Roeckner et 
al., 1996). The outcome from the SMHI open data source is 5050 km spatial and monthly 
temporal resolution for Sweden; however the monthly values are presented in mm/sec in 
SMHI data base and therefore the same unit is presented in the study. The data was separated 
into four seasons, spring as Mar/Apr/May, summer as Jun/Jul/Aug, autumn as Sep/Oct/Nov/ 
and winter as Dec/Jan/Feb; it should be mentioned that the seasonal classification is not based 
on the meteorological definition for the seasons. Each year’s seasonal value is replaced with a 
10-year average value, to smooth out the graphs and to present the trends in a more clear 
style. The first value, which is the mean value of the period between 1961 and 1971, is taken 
as a start or control value. The difference of each year’s mean values from the control value, 
in percentage (centigrade for temperature), are given from 1961 to 2100. In order to analyze 
the trend of such changes, a line equation is calculated for each graph by the linear regression 
method. The value from the linear regression for the years 2050 and 2100 is used later to ana-
lyze different regions’ climatic parameters. The presented results here in this study are based 
on simulated values by SMHI which includes some source of uncertainties e.g. selection of an 
emission scenario, or a climate model. 
 
The trends showed more precipitation in the future and therefore there will be extra volumes 
of water flowing into the drainage system to be handled. BMP as an alternative way of deal-
ing with the problems was investigated. The interaction of the changes in precipitation and 
one of the BMP’s mitigation methods, green roof, were studied for urban catchment condi-
tions, to see to what extent it is effective in reducing the volume of the extra precipitation in 
an urban area.  
 
 

 

Figure 1.  Four selected 
regions in Sweden 
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Results and Discussion 
Climate Data 
The 10-year mean values from 1961 to 1971 are tabulated for Norrbotten as the control value, 
in Table 1. The percentage of change from the initial values is graphed for the same area in 
Figures 2a & b. The mean values for all regions and for different seasons are tabulated in Ta-
ble 2. The mean values, calculated by the linear equations for the years 2050 and 2100, show 
the climatic conditions of that period. 
 
Table 1 10-year mean as initial values 

 Winter Spring Summer Autumn 

Temperature (C°) -10.7 -1.88 11.26 0.75 

Max Hr Precipitation(mm/s) 3.30E-08 3.50E-08 6.10E-08 4.90E-08 

Total Precipitation (mm/s) 2.20E-05 2.50E-05 3.70E-05 3.40E-05 

 

  
Figure 2 a) Total Precipitation Change; b) Maximum Hourly Precipitation Change; from 1961 to 2100 [%] 

 
 
The seasonal variation can be seen from the results, for instance in Norrbotten the temperature 
values for wintertime show a positive tendency; even though the graph’s peaks and dips show 
that the trend will change in the short term. Taking the long period analysis into considera-
tion, the temperature will increase by 4 and 7°C until the years 2050 and 2100 respectively. 
The temperatures for the other seasons i.e. spring, summer and autumn, will also increase but 
not as much as those during winter, Table 2. 
 
 
Table 2 Climatic Values Changes 

Seasons Winter Spring Summer Autumn 
Regions 

Year 2050 2100 2050 2100 2050 2100 2050 2100 

Gävleborg 3.1 5.9 2.9 5.5 1.9 3.6 2.0 4.1 

Norrbotten 4.0 7.1 2.2 4.7 1.4 2.9 2.4 4.8 

Skåne 2.4 4.9 2.4 4.6 2.0 4.0 2.1 4.3 

Värmland T
em

pe
ra

tu
re

 

(°
C

 )
 

2.7 5.3 2.6 5.0 1.9 3.7 2.0 4.1 

Gävleborg 30.5 64.4 14.7 35.2 0.9 3.5 16.1 38.2 

Norrbotten 31.3 63.1 16.8 45.5 6.1 11.0 20.4 45.8 

Skåne 34.9 68.2 22.6 41.9 -7.6 -16.2 11.9 27.4 

Värmland M
ax

 H
r 

P
re

c.
 

(%
) 

32.9 68.0 26.5 55.5 -7.0 -9.1 16.1 36.9 

Gävleborg 15.0 41.0 -0.7 8.2 -2.5 -2.4 9.6 23.0 

Norrbotten 27.1 54.2 7.2 27.6 1.9 4.1 11.6 28.0 

Skåne 23.4 49.3 6.6 14.3 -13.9 -26.9 8.5 17.6 

Värmland T
ot

al
 P

re
c.

 

(%
) 

20.5 46.3 13.9 32.3 -13.0 -21.0 6.8 19.5 
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The total precipitations will increase for all seasons for the long period till 2100, Fig 2a. The 
highest increase is for winter with 54% and the lowest for summer with 4%. By 2050 summer 
and autumn will be the critical period with the largest volume of water (both 3.8 × 10-5 mm/s), 
while by 2100 autumn will alone be the critical period (4.4 × 10-5 mm/s), 13% more than dur-
ing summer, 57% more than spring and 29% more than winter. Moreover, the largest increase 
in maximum hourly precipitation, Fig. 2b, will be during winter with 31% in 2050 and 63% 
by 2100. Since the mean temperature will rise and come closer to 0 C°, this might mean that 
some of the intense precipitation during winter can come as rain, which may result in a more 
rapid and larger runoff due to rain on snow events. The smallest increase will occur during 
summer, but since summer has the largest initial value (Table 1) it will still be the period with 
the second highest intense rainfall (6.8×10-8 mm/s in summer and 7.1×10-8 mm/s in autumn by 
2100). 
 
The analysis of the other region’s changes shows that Skåne and Värmland will have a de-
crease in both total precipitation and maximum hourly precipitation during summer. It also 
shows that Gävleborg will have a small decrease in total precipitation for spring 2050 and for 
summer till 2100. For temperature, all regions will have the largest increase during winter 
resulting in only Norrbotten having a mean temperature below 0ºC during winter by 2100. All 
other seasons will have plus degrees for all regions.  
 
For the hourly maximum precipitation all regions except Skåne have the highest value during 
summer for the control period (1961-1971) and for Skåne it is for the autumn. By 2050 the 
patterns looks the same even though the values will have increased by 1-11%. By 2100, how-
ever, the critical seasons with the highest intense rainfall will have changed to autumn for all 
regions except for Skåne where it is the winter. The same may be seen for total precipitation, 
which will also have the same critical seasons for the control period and the same change in 
seasons by the year 2100. Regardless of some differences in the results of the regional com-
parison, the general trend for all regions shows a more critical situation for urban drainage 
systems by the year 2100, Table 2. 
 
Adaptation of the Urban Drainage Systems 
Climate changes’ most important outcome related to urban drainage is the extra volume of 
water entering the system. Drainage systems are mainly designed for the past and present cli-
mate conditions, while more stress will be imposed on the available systems due to increase in 
total precipitation, more intense rains as well as temperature increase. Therefore the systems’ 
failure during the precipitation time will cause flooding and CSO, etc. For instance in Norr-
botten, Sweden, precipitation would increase by 54% and intensive precipitation by 64%. It 
shows that the systems that are not designed for handling that much volume of water would 
not function properly. Adding snow melt to the system due to temperature increase by 7 °C 
makes the situation even worse. 
 
Extra water entering the system must be handled for the future anyway. The conventional 
approach, renewing the traditional systems, will cause problems for future needs; since the 
renewing is already too slow today and changing the large number of pipes is not economi-
cally reasonable.  BMP is a suitable option to mitigate the impact of climate change with the 
aim of having a sustainable urban area. As already mentioned there are a number of methods 
that can be used in urban areas. However, each region needs its own unique approach due to 
the fact that the functionality of the methods differs due to climatic conditions and how the 
overall urban plan is designed for the region. Green roof is one of BMP’s methods that could 
be used in most urban areas, and will here be used as an example. The BMPs including green 
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roof should be studied for each site specifically regarding their own conditions. However, as a 
general overview, reduction factors from published green roof studies have been used to in-
vestigate its mitigation response to different conditions. In order to apply green roof reduction 
to an urban catchment, 5 different levels of green roof implementation were chosen, with 5, 
10, 15, 25 and 40% of the whole catchment covered by green roofs. Another factor involved 
in the green roof reduction calculation is the amount of water, which can be reduced by spe-
cific kinds of green roof. The studies made in north and west Europe showed an approximate 
volume reduction between 15 and 90% for each individual green roof for different seasons 
and conditions.  
 
For extensive roofs with 50 to 150 mm thickness, the annual runoff reduction is 27-81% in 
the southern part of Sweden (Berndtsson, 2010), the run-off reduction is 70% for the warm 
season , 49% for in-between seasons and 33% for the cold season for a warm period in Ger-
many (Mentens et al., 2006). Another study (Bengtsson et al., 2005) showed a 19% reduction 
for February, 88% for June, 34% for the period from September to February as well as 67% 
for March to August in southern Sweden. Even though the studies were made of a specific 
area, the ‘Reduction’ percentage used in this study, Table 3, was based on the values men-
tioned above and on other articles stated in the introductory section. In Table 3, the values of 
individual green roof reductions are converted to catchment conditions. The results are the 
percentages of total precipitation reduction over an urban catchment.  
 
Table 3 Total precipitation green roof volume reduction 

 

Combining Tables 2 & 3 gives an idea of how an implemented green roof in an area can miti-
gate the volumetric effect of climate change. It is assumed that the future climatic condition of 
Sweden will be comparable with the approximate values from the studies in the west and 
north of Europe, presented in Table 3. Then the value of the individual green roof reduction 
for each region can be chosen from the table regarding the season and its general climatic 
condition in the future. The catchment volumetric precipitation reduction is calculated based 
on green roof area and reduction percentage. 
 
Catchments with 15% and 40% of the whole area covered with green roofs are chosen as ex-
amples. The reductions due to green roofs are applied to the increased total precipitation by 
the year 2100 and then the reduction of the extra water over the catchment is calculated. To 
calculate the percentage of extra water reduction, the new total volume for 2100 is first multi-
plied by the green roof reduction in Table 3; the results are used to calculate the percentage of 
extra water reduction, Table 4, as a quotient between the received and the increased precipita-
tion volume due to climate change. The seasonal comparison of extra precipitation reduction 
shows how effectively the green roofs function in different seasons for the different regions in 
the future. 
 
According to the results, for a catchment with 15% of green roof over the whole urban area, 
in winter for Skåne, Gävleborg and Värmland, there would be approximately a 15 % reduc-

Reduction* (%) 15 30 50 75 90 

 Cold 
1
 Cold 

2
 Mild Warm 

1
 Warm 

2
 

5 0.75 1.5 2.5 3.75 4.5 

10 1. 5 3.0 5.0 7.5 9.0 

15 2.25 4.5 7.5 11.25 13.5 

25 3.75 7.5 12.5 18.75 22.5 G
re

e
n 

ro
of

 A
re

a*
* 

(%
) 

40 6 12 20 30 36 

Cold
1
:  very cold and wet condition 

Cold
 2

:  cold condition during winter and autumn; 
Mild: mild condition during spring & autumn 

Warm
1
 : warm conditions during spring and sum-

mer; Warm 
2
 : very warm summer condition 

*Total precipitation reduction from an experiment 
green roof unit (%); ** Implemented green roof area 
to the whole catchment area (%) 
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tion of the extra precipitation. For Norrbotten there is no reduction estimated during winter, 
since green roofs do not function during that period due to freezing temperature and snowing. 
This means that more water must be handled during melting periods later on. 
 
Table 4 Reduction of extra precipitation in volume (values in %) 

 
Precipitation during summer is decreasing for all regions except for Norrbotten, which has a 
small increase which could not affect the system. In summer for skåne and Värmland the sys-
tem will not have any problems handling the volume of water received 2100 since there will 
be a decrease so in that case green roof is not necessarily, while for Norrbotten and Gävleborg 
in the same season green roofs will be effective and can handle almost all extra pressure on 
the drainage systems for Norrbotten and Gävleborg. In general green roof can handle between 
20 and 50% of the extra volume and these values will be up to 99% during spring for all four 
regions. The reduction of extra volume is different in different regions, but it seems that it is 
possible to handle part of the extra stress by means of green roofs’ higher precipitation. If the 
area covered by green roof extends, for example to 40% of the whole catchment area, the re-
duction capacity would be increased considerably, Table 4. This shows that green roofs can 
be very useful and reasonable for higher urbanized regions with higher build-up density.  

Conclusion  
This study has addressed the climate change, its trends up to the year 2100, and the probable 
problems arising due to it, as well as investigating suitable methods to tackle its impacts on 
the drainage systems in urban areas.  
 
The results of this study show a similar trend for the all investigated regions in Sweden to-
wards more precipitation and higher temperature. However, the magnitude of changes is dif-
ferent in different regions. The highest increase will occur in Norrbotten in the northern part 
of Sweden, while Skåne located in the southernmost part will experience the smallest increase 
among all the regions. Moreover, the variation in seasonal changes is considerable. The tem-
perature during winter in Norrbotten will increase by 7ºC, while it would be only 3 ºC warmer 
in summer by 2100. 
 
Green roof as an example of the BMP methods was studied to investigate the volume reduc-
tion efficiency due to climate variation. Green roofs reduction factors and the increased values 
were combined where results an estimation of green roofs’ extra volume reduction in different 
regions during different seasons. The results also showed that one specific BMP approach 
could not be a solution for urban areas with regional and seasonal variation. The present urban 
characteristics, expected future conditions and integration of them constitute a complex sys-
tem, which demands detailed research considering all involved parameters as a real system. 
This study showed that different regions respond differently to the climate change, even 

  Winter Spring Summer Autumn 

* 15.0 99.0 - 40.0 Gävleborg 
** 41 100 - 100 

* - 20.0 100 20.0 Norrbotten 
** - 55 100 54 

* 13.0 60.0 - 50.0 Skåne 
** 36 100 - 100 

* 14.0 30.0 - 45.0 Värmland 
** 37 81 - 100 

Percentage decrease of extra water for *15% and ** 40% of area covering by green roof for the specific climatic condition in 
2100 
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though their general trend is almost the same in all regions. Besides, it also showed the impor-
tance of seasonal variation for each region; green roofs do not function in winter, while they 
could work efficiently in summertime in Norrbotten. As regards economic aspects, it is very 
important to choose the appropriate BMP method for each region. Urban areas with lower 
roof density cannot provide big volume reductions; however, there is probably more green 
area that can take care of the extra water in such urban areas. For denser urban regions where 
there is not enough space for green areas or expanding conventional methods, it would be 
very important to consider a method like green roof to use dead areas such as roofs to mitigate 
the extra volume of water. 
 
Information about the variations mentioned above is an important factor for city planners and 
policy makers to tackle the climate change impact and guarantee a secure region for the peo-
ple, and therefore more studies are needed to estimate all suitable BMP methods in order to 
get an overview of each region’s possible alternative solution to deal with climate change 
impacts on the urban drainage systems.  
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