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ABSTRACT 11 

Urban areas may develop and change its character over time, but the urban drainage system is often 12 
more constant in character – as the technical design life can be up to 100 years. The hydraulic capacity 13 
of an existing urban storm water system is affected by future changes, e.g. rate of imperviousness 14 
(urbanization), changes in the rainfall characteristics (e.g. by climate change) and system deterioration 15 
(pipes and other facilities). Recently the urban planning process in Sweden and elsewhere has become 16 
more appreciative of urban drainage issues, and the need to include these earlier in development 17 
processes. In this paper a small urban catchment is used to study how future factors affect the 18 
hydraulic capacity and the potential development of the area. Factors tested are scenarios of: (1) 19 
Urbanization; (2) Climate change and (3) Pipe system deterioration. The results show that each of 20 
these factors impact on the hydraulic capacity and that any sensitivity analysis should include all of 21 
them to understand future development potential for the area. This type of investigation can increase 22 
the understanding of the needs of the infrastructure provision in the area in a planning process context, 23 
and provide information about appropriate areas of development within the catchment.  24 
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1 INTRODUCTION 27 

An urban area may develop and change character over time, but the urban drainage system is often 28 
unchanged apart from some maintenance – as the operational life is often up to 100 years or more. 29 
Most storm water systems are designed with historical rainfall statistics, and the existing urban 30 
situation regarding imperviousness usually with some allowance for increases. Nowadays the system 31 
should be designed according to the European standard EN 752 (EN, 2008) and national 32 
recommendations (e.g in Sweden P90, Swedish Water and Wastewater Association [SWWA], 2004) 33 
such that the hydraulic capacity fulfills the required service level (system should retain 10 year return 34 
period flood). In addition, according to European Standard (EN, 2008), the design criteria for the 35 
system should not only take into account the historical behaviour of rainfall but also “take into 36 
account any changes in flows expected over the design life of the drain or sewer system if these 37 
changes are not otherwise taken into account in the design”. These changes can relate to climate, the 38 
system function and also the urban area. Related to these changes are the urban planning processes, 39 
which in Sweden are now such that urban drainage (especially storm water) issues are becoming 40 
included in the development process earlier than in the past. In the newest Swedish national 41 
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recommendations (P105) the involvement and usage of modeling tools for storm water management 1 
are also emphasized (SWWA, 2011b). From these recommendations and context some aspects are 2 
important: (1) the routes for conveying water if the storm water system fails; (2) the foundation height 3 
levels of buildings and roads (and also the function of roads as possible transport routes for water); in 4 
combination with (3) the capacity of the system to drain the area (SWWA, 2011b). The climate has 5 
changed and is expected to continue to change global mean temperature and the rainfall characteristics 6 
in the future (Intergovernmental panel on climate change [IPCC], 2007). When the atmosphere is 7 
warming, the hydrological cycle will be intensified, thus more extreme weather events are likely with 8 
more intense rainfall events. At the same time urban areas have become more and more sensitive to 9 
extreme weather events, e.g. by urbanization and increased rates of imperviousness in urban areas. In 10 
addition, the pipes and storm water infrastructure will deteriorate over time with structural decay and 11 
also accretions. All of these factors may change the hydraulic capacity of the system, and thus the 12 
capacity of the urban area to convey water during times of flooding and extreme weather events. In the 13 
newest recommendations about how to include storm water issues in the urban planning process in 14 
Sweden (SWWA, 2011b), most focus is on new areas rather than dealing with the much more 15 
extensive existing stormwater networks. For existing drained areas the situation is often more 16 
complicated when existing infrastructure is combined with newer infrastructure and is still expected to 17 
continue to fulfill requirements.  18 

The objective of this paper is to examine the impacts of future changes on the hydraulic capacity of an 19 
urban storm water system, using a simple sensitivity analysis on a small catchment in Luleå, Sweden. 20 
Three factors have been tested: (1) Urbanization - as increased rate of imperviousness; (2) Climate 21 
change - as increased intensity of rainfall; and (3) Pipe deterioration - as roughness in the pipes (k-22 
value) and changed pipe cross-sectional area. The time frame is until year 2100 for the rainfall 23 
changes (climate), but a shorter time span for changes to urbanization and the pipe system. The results 24 
have also been studied in the context of using urban drainage model simulations to support decisions 25 
early in the urban planning process and thus increase the possibility to create and maintain a 26 
sustainable urban environment.  27 

2 METHOD 28 

2.1 Study area 29 

The study area is a small industrial/business area in Luleå, in the north of Sweden. The catchment is 30 
7.7 ha and consists of 72 manholes (nodes) with pipes. The system was built in 1988. The 31 
imperviousness for the whole area is about 49%, but related to the already developed part of the area 32 
(4.7 ha) the rate is 80%. Runoff from surrounding pervious surfaces is conveyed by open ditches. The 33 
time of concentration for the existing network is about 7 min. The pipe diameters range from 150-34 
1000mm, and the differences in elevation across the area are small (mean slopes 0.9%). Modeling 35 
tools are a coupled hydraulic and hydrological model 1D/2D MikeFlood (MikeUrban andMike21) by 36 
DHI (2011). The surface runoff model with Mike21 has grid sizes of 2x2m, and a total of 37500 cells. 37 
Figure 1 shows the catchment. Calibration of the model has been performed in a simplified manner, 38 
thus the results should not be used as detailed outputs for rehabilitation of the urban drainage system.  39 

2.2 Scenarios and model runs 40 

The study has been performed as a small-scale sensitivity analysis where factors are organized in three 41 
scenario groups, and one baseline scenario (Table 1). Within the scenario groups the factors are either 42 
tested one at a time or in combinations – related to a scenario of future changes. The factors are: 43 
Urbanization (Urb); Climate change (CC); and Pipe status (k-value and cross-sectional area -CSA). 44 
The rainfall is based on return period (RP) of 10 years and of Block type for all groups except the 45 
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extreme event in group 3, model run nr 7, for which CDS rainfall has been used. CDS – Chicago 1 
Design Storm, first described by Kiefer and Chu (1957) and a rainfall design type often used in 2 
Sweden, but with Swedish rainfall statistics, and has a skewness factor of 0.375.  3 

 Baseline scenario: k-value: 3mm, existing system, historical rainfall statistics.  4 

 Group 1: Three scenarios are tested, varied in single steps from the baseline scenario.  5 

 Group 2: Combined factors: assuming climate change and urbanization – what will the pipe 6 
system deterioration add to the consequences.  7 

 Group 3: Extreme scenario: Rainfall of 100 year return period and urbanization with worst 8 
case of pipe deterioration. 9 

Table 1. Scenarios and model runs, Urb – Urbanization, CC – Climate change, CSA – Cross-sectional 10 
area, RP – Return period. The parameter/s in focus for each model runs are presented in bold italic.  11 

Group 
 

No 
 

Urb 
[%] 

CC 
[%] 

Pipe 
k [mm] 

Pipe 
CSA [-] 

Rainfall, 
and RP 

Baseline 0 - - 3 - Block, 10y 
 

1 

1  80 - 3 - Block, 10y 
2  - 20 3 - Block, 10y 
3 - - 6 1/3*D Block, 10y 

 

2 

4 80 20 3 - Block, 10y 
5 80 20 6 - Block, 10y 
6 80 20 6 1/3*D Block, 10y 

3 7 80 - 6 1/3*D CDS, 100y 

2.3 Urban development - Urbanization  12 

An increase of imperviousness in an urban area will lead to increased runoff (less infiltration) and 13 
more rapid runoff pattern (the peak flow will increase). For any future development of the area, the 14 
same rate of imperviousness as the already developed part of the area has been used (80%) as it is 15 
assumed that the same type of housing will be introduced. The existing and the new development in 16 
the area, including storm water system, are presented in Figure 1.  17 

    18 

Figure 1. The study area in Luleå (7.7 ha). Left: current situation. Right: possible future development 19 
of the area. Impervious areas: buildings (pink), roads and parking lots (grey), new development in the 20 
future (marked orange). Pervious: open areas with grass (light green), and trees (dark green).  21 

N 



 4 

2.4 Rainfall statistics and Climate change 1 

For evaluation of hydraulic capacity of the existing urban storm water system the Swedish national 2 
recommendations are to use the Block-type of rainfall in a sequence, with durations corresponding to 3 
the time of concentration for the area (SWWA, 2011a). The durations used for the Block rainfalls are 4 
5, 6, 7 and 8 min with intensities 113, 105, 98 and 92 mm/h respectively, corresponding to a 10 year 5 
return period (based on rainfall statistics from 1939-2000 (Dahlström, 2010). For the extreme weather 6 
event a CDS-rainfall type (Kiefer and Chu, 1957), with return period of 100 years has been used (211 7 
mm/h for 7 min duration (Dahlström, 2010)). The CDS-rainfall has a total duration of 6h and with a 8 
skewness factor of 0.37. There are numerous climate model predictions and scenarios of the future, but 9 
the interpretation of the data into practice is a more difficult task especially at the scale of an urban 10 
drainage system. For Sweden the models suggest an increase in rainfall intensity of about 10-20% for 11 
the major part of Sweden until year 2100 (SWWA, 2011a). In this paper 20% has been chosen as a 12 
climate factor.  13 

2.5 Pipe condition/status 14 

When designing a storm water system, the friction losses in the pipes are a fundamental aspect. The 15 
friction losses are strongly related to the roughness of the pipe wall – described as equivalent sand 16 
roughness size (ks) (Butler and Davies, 2010). Another way to describe the impact time has on a 17 
system is the decrease of available cross-sectional area, due to sediment deposits, biofilm 18 
accumulation, pipe system deterioration etc (Butler and Davies, 2010). According to Swedish 19 
recommendations (SWWA, 2004) the k-value can rise over time to about 6mm, although much higher 20 
values have been documented in extreme cases. The two values tested in this case study are k=3mm 21 
and k=6mm. The decrease of cross-sectional area has been decided from a few visual inspections in 22 
the area, which showed a sediment depth of up to 30 cm. These depths may have been caused by the 23 
extensive use of sand and grit during the winter, as the main part of the pipe sizes and slopes in the 24 
area (150-1000mm, mean slope 0.9%) would not cause such build ups (Ashley et al 2004). In an 25 
earlier study, deposit depths in Swedish storm sewers were taken as 20% to 40% (Perrusquía 1990). 26 
For this study a decrease of available cross-sectional area of 1/3rd has been used. 27 

2.6 Evaluation parameters 28 

To evaluate the hydraulic impacts from model runs nr 0 to nr 6, the following parameters are used: 29 
Nodes - Water levels: Number of nodes where water level is exceeding (1) Ground level – GL, which 30 
means that there is a flood and (2) a “Critical” level - CL, which for this system is set correlating to the 31 
pipe crown level (in connection to the nodes). The critical level can be seen as a reflection of changes 32 
in the safety margin in the system (Berggren et al, 2012). Also the differences in actual water level are 33 
considered. Pipes - pipe flow ratio (Q/Qfull): Number of pipes where Q/Qfull are either less than 1 or 34 
more than 1, i.e. pipes are running full. Also the differences in pipe flow ratio are considered. The 35 
sensitivity of the study area to extreme weather events (model run nr 7) is evaluated considering 36 
the surface flooding and runoff routes. The characteristics of the area are also considered (e.g. close to 37 
a building or a road, or a green area), and the direction of the runoff. From this analysis suggestions of 38 
possible urban development of the area are made.  39 

3 RESULTS 40 

3.1 Baseline scenario 41 

The baseline scenario (number 0) should correspond to a situation where the system is not flooded, 42 
according to national guidelines (SWWA, 2011). One reason for the detected floods (17 as shown in 43 
Table 2) is that the system was built using rainfall intensities based on earlier statistics (1931-1960) 44 
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which are lower than current statistics from 1931-2000 (Dahlström, 2010). The difference between the 1 
baseline scenario (0) and the scenarios 1-6 are therefore of more relevance than the actual numbers.   2 

Table 2. Results from model runs: Baseline, and 1-6. In Table 1 a description of set up for all model 3 
runs and scenario groups. GL – Ground level, CL – “Critical” level (Pipe crown level). 4 

  Max water level in nodes Max pipe flow ratio (Q/Qfull) 
  ≥ GL ≥ CL <1 1-2 2-4 ≥4 
Group No (Number of nodes affected) (Number of pipes affected) 
Baseline 0 17 30 45 10 10 5 

 

1 

1 18 39 46 13 7 4 
2  21 32 46 15 6 6 
3 22 33 35 19 8 8 

 

2 

4 21 63 39 17 8 6 
5 21 63 31 23 10 6 
6 26 68 23 28 12 7 
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3.2 Group 1: Urbanization, Climate change and Pipe system deterioration 6 

All the factors of urbanization (model run 1), climate change (model run 2) and pipe system 7 
deterioration (model run 3), have an impact on the hydraulic capacity of the system (Table 2). The 8 
number of flooded nodes will increase, and the safety margin in the system will decrease as a result of 9 
higher water levels in the system (water exceeds the pipe crown level, connected to the nodes). The 10 
number of pipes affected due to a higher pipe flow ratio also increases, for climate change scenario 11 
and for pipe system deterioration. The urbanization scenario will not cause much more flooding, 12 
although there is an increase in the water levels in the system – so more nodes are affected by 13 
exceeding the critical level (CL); which in this system is set to correspond to the pipe crown level in 14 
the system. When comparing the actual differences in maximum water levels in nodes it is clear that 15 
there is a significant difference compared to the baseline scenario. In Figure 2 these differences are 16 
shown as boxplot diagrams, with 95% confidence level.  17 
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 18 

Figure 2. Maximum water levels in nodes and Pipe flow ratio, shown as differences between model 19 
runs 1 (Urbanization), 2 (Climate change), 3 (Pipe system deterioration) vs Baseline scenario (0). 20 
“1(chosen)” is the urbanization impacts investigated only for the part of the system directly affected 21 
by increased imperviousness (18 nodes included). 22 



 6 

When comparing all 72 nodes in the system, it seems that urbanization and climate change create 1 
relatively equivalent effects in the future (similar to results found elsewhere (Mott MacDonald, 2 
2011)), and the pipe system deterioration impacts the system most. When impacts of the urbanization 3 
scenario only are studied for the specific part of the system (nodes and pipes) that directly will be 4 
affected by changes in imperviousness (see Figure 1) the local character becomes more significant. 5 
The area in which imperviousness is increased comprises some 4.7ha (of the total 7.7ha), and 6 
comprises 18 nodes. In Figure 2 the effects of these changes can be seen. The same pattern is apparent 7 
for both maximum water level and pipe flow ratio.  8 

3.3 Group 2: Pipe system status with constant climate and urbanization 9 

Based on results from scenario group 2, where climate and urbanization are seen as “constants”, this 10 
shows that the different approaches to describe pipe system deterioration also provide different results. 11 
Increasing the k-value does not increase the number of nodes affected (comparing model run nr 4 with 12 
k of 3 and model run nr 5 with k of 6). But there is a difference in the pipe flow ratio – demonstrating 13 
that the k-value is potentially significant. It is the assumed decrease of cross-sectional area (model run 14 
nr 6) that gives the largest impact on the system when added to the increased k-value (model run nr 5).  15 

3.4 Group 3: Extreme event and suggestions about future development 16 

The extreme event approach tested in model run nr 7 (CDS rainfall with 100 years return period) will 17 
add to the understanding of the sensitivity of the hydraulic performance of the system. These results 18 
provide information for the classification of suitable areas within the catchment for development. In 19 
the area two types of classes have been identified for areas likely to be flooded. Three locations within 20 
the area can be seen as sensitive to flooding, due to water running towards buildings or ponding close 21 
to buildings where damage could occur. Two locations are seen to be less critical, although flooded, as 22 
the water is running away from the buildings and collecting in places where there is less risk of 23 
damage to buildings or infrastructure. From this, suggestions about how the area should be managed in 24 
the future can be presented (in Figure 3). Not all of the catchment is suitable for paving over. From 25 
these results the areas shaded in red are suggested as being suitable for future urban development even 26 
if the changes postulated in impervious area, rainfall and deterioration of pipe capacity occur.  27 

 28 

Figure 3. To the left: flooding in the catchment area due to extreme weather event (model run nr 7), 29 
and runoff routes connected to this. To the right: suggestions about suitable areas of new development 30 
(in red), and possible future runoff routes where care needs to be taken in the future.  31 

 32 
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4 DISCUSSION 1 

The results from this study are part of a master thesis and are to be further developed. The area is quite 2 
small and the model should be further calibrated for use in a more detailed manner. For future studies 3 
into the potential effects of rainfall, impervious area and deterioration in pipe conveyance capacity, 4 
results from more catchments should be compared, as well as an increase of the range and level of the 5 
studied parameters – so that the impact which different parameters may have on the hydraulic capacity 6 
of a system and the sensitivity of the urban area to extreme rainfall events can be further understood. 7 
The factors represent a specific future scenario set, and are chosen so as to reflect this specific 8 
catchment. Urbanisation was chosen with the same type of development as already extant in the area, 9 
and the climate change factor from the Swedish national recommendations. Pipe system characteristics 10 
were chosen so as to reflect a future development (deterioration of the system), although the cross-11 
sectional area decrease of 1/3rd can be seen as rather pessimistic and is without good management of 12 
the system. The observed 30cm of sediments in the system are high and can be caused by the 13 
extensive use of sand and grit during the winter, and can be seen more as a worst case scenario and not 14 
normal sediment depth throughout the system. More field observations in combination with model 15 
simulations of more levels of sediment depth would improve the study, as also mentioned earlier in 16 
suggestions for future studies. It is, however, clear that all parameters (as they are described in this 17 
study) have an impact on the hydraulic capacity. The urbanization impact can have a significant local 18 
character. Urbanization impacting the hydraulic capacity has also been shown by others (e.g. Ashley et 19 
al, 2005; Semadeni-Davies et al, 2008; Mott MacDonald 2011), and also climate change impacts on 20 
the urban drainage systems (e.g. Berggren et al, 2012). Climate change parameters affect the whole 21 
catchment, as does the pipe system deterioration parameters.  22 

5 CONCLUSIONS 23 

 Results from the area studied here suggest that deteriorating pipe condition is an important 24 
factor to consider when evaluating system capacity for the future. This can be evaluated using 25 
both the k-value (roughness coefficient) and a decreased cross-sectional area, however, more 26 
evidence is needed to assign realistic future values for these parameters.  27 

 All factors studied (climate change, urbanisation and pipe deterioration) have impacts on the 28 
hydraulic capacity and should be included in studies when evaluating the future situation. 29 
Increased imperviousness in an urban area will result in a local decrease in the hydraulic 30 
capacity of the drainage system, whereas the climate factor and the pipe conditions have 31 
impacts on the drainage of the whole area.  32 

 This type of assessment of sensitivity of the piped drainage systems for an urban area based 33 
on models of surface and urban drainage network should be used to complement the early 34 
parts of the development planning process as a tool to motivate development of the area 35 
supporting more sustainable urban water management. It is also possible to test different 36 
types of SuDs and how they may improve the situation, with such a tool.  37 

 In future it is likely that greater use will be made of SuDS to manage surface water on the 38 
surface or at source, rather than trying to extend below ground piped drainage systems to 39 
cope. The type of study presented here can help inform what additional capacity would be 40 
needed to be provided by such systems in new developments and where necessary, for 41 
retrofitting (Cettner et al, accepted). 42 

 43 
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