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Session summary 

 Effects of CC in urban areas are mostly of indirect nature: e.g. change of raw water 

quality, change of pH, change of process rates,  

 Direct effect is mostly urban flooding, increase of flooding volumes are strongly over-

proportional to the rain increase  

 In many respects dry-weather periods are decisive: increased sediments 

accumulation on catchment surface and in sewers, reduced low flow rate in receiving 

waters make them more sensitive to impacts, …  

 Management tools and measures are available to act without perfect knowledge of 

the future: improve robustness and resilience, interdisciplinary planning 
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Abstract 
Climate change has influenced the magnitude and the distribution of rainfall, where some 

regions may receive more rainfall while others may become drier (IPCC, 2007). Episodes of 

flooding and drought, according to the World Water Council (2010), have already been 

observed and are expected to become more apparent in the coming decades. Being located 

within the arid belt, the urban areas of Khartoum State, the capital of Sudan, experience 

erratic and intense rainfall during the short rainy season and dryness and heat throughout 

the dry season throughout the rest of the year. Rainstorms with a short duration have 

become more frequent in the area since the last two decades, e.g. 1994, 1998, 2001, 2003, 

2007, and 2009, resulted in cities inundation. From another hand, a study by Elagib (2010a) 

has proved the existence of the Urban Heat Island (UHI) phenomenon in the city of 

Khartoum, where the highest warming rate is registered for the hot season and is more than 

twice that for a rural surrounding. Therefore, the present study has investigated the potential 

of rainwater harvesting in the urban area of Khartoum State, represented by Khartoum city 

center, as runoff water management and drought mitigation tool during the wet and dry 

seasons, respectively. In other words, to change the dominant concept of the immediate 

drainage of runoff water to its retention within the area for later beneficial utilization. The 

characteristics of the drainage system were examined using ArcGIS platform revealing that 

the drainage system covers about 42% of the city center area (6 km2) with total capacity of 

24000 m3. Daily rainfall data for 32 years was used to calculate the probability and the return 

period of the rainfall, as well as the potential runoff. The Natural Resources Conservation 

Services method provided by the United States Department of Agriculture (US-NRCS) was 

implemented to calculate the potential runoff that could be generated from a certain rainfall. 

Accordingly, the curve number (CN) was determined corresponding to the land use/land 

cover and the hydrologic soil group (HSG). The weighted curve number is found to be 94%, 

indicating dominant imperviousness. Consequently, runoff volume that equals the drainage 
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system capacity is produced from 13.1 mm rainfall with return period of one year; whereas 

the 30 mm rainfall depth, which is considered the threshold for raising flood hazard, has 

resulted in more than four folds the drainage system capacity. Accordingly, it is found that, 

the application of roof water harvesting in 18% and 72% of the commercial and business 

district buildings can accommodate the runoff resulting from the 13.1 and 30 mm rainfall 

depth, respectively. The stored water could be used for creating more green cover for urban 

environment enhancement. Hence, the results of this study show that water harvesting in this 

part of the arid built is an adaptation measure with high potential for mitigating the impact 

extreme events that may result from climate change.    
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Abstract 
Since the beginning of the 1990ies increasing concentrations of natural organic matter 

(NOM) can be noted in European surface waters. These increasing levels of organic 

substances can at least partly be attributed to climatic changes. Enhanced biomass 

formation due to extended vegetation periods and shortened frost periods resulting from 

global warming is assumed. Since there are also projections of more frequent and more 

intense hydrological extreme situations, e. g. strong rain events following heat and dry 

periods, inputs of organic matter in surface waters may increase due to wash out, leaching 

and erosion. 

Consequently, changes in raw water quality will occur that will have a considerable impact on 

drinking water treatment and distribution. Enhanced levels of natural organic matter and 

changes in their composition can have significant effects on the treatment processes 

coagulation and filtration. Higher concentrations of organic substances require higher 

coagulant dosages to guarantee the conversion of dissolved, fine suspended and colloidal 

compounds into a separable form for removal. Increasing coagulant dosages in turn result in 

shorter filter run times and backwash intervals and consequently increasing volumes of 

backwash water and sludge. Moreover, treatment performance will be affected due to 

changes in floc formation and decreases in floc strength as a consequence of increasing 

NOM-concentrations. When treatment efficiency decreases, more disinfectants will be 

required, more disinfection by-products will be formed and bacterial re-growth as well as 

recontamination may become a growing problem for drinking water distribution. 

Due to these circumstances, water suppliers have to adapt drinking water treatment in order 

to continuously guarantee high drinking water quality. To be able to react in a timely and 

sufficient manner to climate change related variations in raw water quality, adaptation 

strategies have to be developed that will allow resilient compensation of future climate-
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induced changes while saving high drinking water quality at minimal economic 

consequences. 

To identify, describe and assess treatment performance in terms of dissolved organic carbon 

(DOC) removal, the applicability of a semi-empirical model was evaluated. The main 

objective of these studies was to develop a method to support process control of the 

treatment process coagulation. This is possible since the semi-empirical model can be used 

to calculate the residual DOC-concentration after coagulation depending on the DOC-

concentration of the raw water and the conditions of the coagulation process (i. e. coagulant 

dosage and pH).  

Knowing the maximum achievable DOC removal can support decisions to appropriately 

adapt treatment technology to changes in raw water quality. For example, treatment should 

guarantee a residual DOC-concentration below 2.5 mg/L to meet the trihalogen methane 

(THM) standards of the German Drinking Water Ordinance (TrinkwV). In cases where this 

DOC-threshold cannot be achieved by adapting coagulation pH and coagulant dosage, 

further adaptation strategies have to be taken into account. Such adaptation measure can 

include the integration of sedimentation steps, the application of measurement and control 

technology to control the floc formation process, and the addition of enhanced treatment 

processes to remove residual DOC (e. g. ozonation in combination with biological treatment, 

activated carbon adsorption).  
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Abstract 
Mexico is an emerging nation where basic water and wastewater management is developed 

at a high degree. It is estimated that currently around 95% of the population in urban areas 

count with access to drinking water and are connected to sanitary sewer. Furthermore, a rain 

sewer usually complements the sanitary sewer in a separated or in a mixed scheme. 

Nevertheless due to the high sealing degree in the cities and to blockages in the sewers, 

problems appear when the rain events are intense and the consequence is flooding in the 

cities. The climate change may affect the rain events in certain regions of the country, by 

making them more intense than before. This increases the flooding risk as the installed 

sewers may collapse with the increasing water volume to be conducted. It may also increase 

the infiltration of rain water to the sanitary sewers. The situation calls for creative 

improvements in the rainwater management to relieve the pressure on the sewers, to avoid 

or reduce the negative impacts of flooding and to ensure a proper operation at the WWTPs. 

In order to suggest improvements for the stormwater management in the urban context of 

middle sized Mexican cities, the present case study was carried out for the city of Tepic in 

Mexico, where the population by 2030 it is estimated to be 470,000 Inhabitants. The study is 

based on the simulation of the water (including rain) and wastewater management in the city 

in year 2030 and the objective of the suggested alternatives was to relieve the pressure on 

the rain and sanitary sewer after rain events and thus to help to avoid flooding. On the other 

side, groundwater is the main source of drinking water in the city. The aquifer named Valle 

de Matatipac provides water for Tepic, nearby rural settlements and for the local agriculture. 

In 2003, the groundwater demand in the region had already exceeded the recharge of the 

aquifer by 12 Millions of m³. The situation nowadays is expected to remain unchanged or 

have worsened as no comprehensive water saving measures have been implemented and 
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the demand has growth in the last years. Therefore, it was a parallel objective of the study to 

provide for stormwater alternatives that could improve the groundwater recharge. 

The alternatives considered as appropriate for the city included the reconditioning of disused 

groundwater abstraction wells as recharge shafts, the construction of dry wells and of 

infiltration trenches coupled with vegetated swales and the use of pervious pavements. 

Three implementation scenarios were simulated in the model in direct relationship with the 

level of engagement of the decision makers: 

a) Modest scenario: realistic changes estimated by low engagement. 

b) Medium scenario: larger changes and greater investments by higher engagement. 

c) Challenging scenario: maximum estimated achievable improvements. 

The presentation will deal on the results of the carried out simulations focusing on the factors 

that could promote or hinder the implementation of the suggested measures in this and other 

similar Mexican middle-sized cities. 
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Abstract 
Introduction 

Urban sewer systems react sensitively to shifts in extreme value characteristics of rain. The 

consequence of more frequent extreme rain events due to climate change will be an 

increased frequency of urban flooding events, which are associated with damage to 

buildings, streets and the sewer system itself. In our study carried out within the REGKLAM 

project, a climate-related hazard classification has been developed as a tool for adaptation of 

the sewer system to climate change. 

Study Site 

The effects of Climate Change on sewer systems were evaluated for the entire city of 

Dresden. A pilot area in the Friedrichstadt district was selected to demonstrate the potential 

hazard of surface flooding from the sewer 

system and the development of strategies to 

minimize the potential damage. 

Figure 1 shows the selected study area, which 

borders to the city center and is close to the 

river Elbe. It has a size of 92.6 hectares with an 

imperviousness of approximately 51%. About 

4,100 inhabitants live in the area. The land use 

is representative for the city of Dresden. It is a 

combination of residential and commercial use, 

of public buildings such as a central hospital 

complex as well as of larger wastelands. Major 

transport infrastructure such as main roads, 

Figure 1: Aerial view of the "pilot area Dresden 

- Friedrichstadt" 
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long-distance railway and tram systems pass through the area. The area is drained mainly to 

a combined system. The original sewer system was predominantly about 80 to over 100 

years old in the main constituents. In the last 20 years, it was hydraulically and structurally 

rehabilitated in some areas. 

Results and Discussion 

Basis of the examination regarding the urban flooding events was the sewer system model 

(HYSTEM EXTRAN) of the wastewater operator of the city of Dresden. Since projected 

extreme rain events are not available in the required resolution in time and space, design 

events were used in order to be able to compare the present and the future effect of extreme 

events with similar frequencies. Projections of design events were provided by Franke and 

Bernhofer (2011). A block rain with a return period of 20 a, a duration of 12 h and a total rain 

height of 67.9 mm and an Euler type II rain to represent a local thunderstorm with 20 a return 

period and a duration of 15 min were used as meteorological basis. 

In a first step a hazard classification has been carried out for the entire area of Dresden. 

Using the example of the pilot area Friedrichstadt, a detailed assessment of hazard potential 

that arises from surcharging water from the sewer system was realized. It was found that 23 

areas in the pilot area have a hazard potential. In the following adaptation options have been 

compiled based on literature and enhanced in terms of their applicability in the pilot area. 

Detailed flood simulation was performed for the critical points in the pilot area with a coupled 

sewer-surface-runoff model. To simulate the surface flow originating from sewer surcharge a 

digital elevation model has been created. For the 23 identified hazard areas the coupled 

simulation was carried out by linking the software programs RisoSurf (surface) and Hystem-

Extran (sewer). Both, the direction of flow and the water level on the surface could be 

estimated by using this coupled surface-sewer-model. 

The results showed that maximum 44 manholes were flooded with a total volume of 165000 

m3. Depending on the overflow volume per manhole a hazard classification was mapped. 

Based on the water level predictions, the potential damage caused by the flooding event was 

estimated by combining this information with a specific damage function for the pilot area 

Friedrichstadt. For 6 areas a serious flood risk was identified with a potential damage of more 

than 10,000 €. 

Adaption options (e.g. targeted aboveground drainage or sewage network control) have been 

developed and tested for the reduction of hazard potential for these areas. Among these, a 

combination of on-line flow control in the sewer system to provoke overflow a few spots and 

then provide surface runoff pathways where the probability of damage is minimized, seems 

most promising. 
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The method developed here is transferable applicable to other cities and conditions when the 

required information are available. 
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Abstract 
Processes of pollutant accumulation, wash-off and transport are very heterogeneous in 

space and time. In dry-weather conditions all sewage and extraneous water is discharged to 

the wastewater treatment plant (WWTP). At the same time, pollutants accumulate on 

impermeable and permeable surfaces. Under storm water conditions the accumulated 

pollutants are mobilised and partly or totally discharged to surface water bodies. In case of 

combined systems, also sewage can be discharged along with stormwater via overflow 

structures (CSO). The expected changes of the precipitation characteristics due to climate 

change can potentially affect the emissions characteristics as well as the flow and impact 

characteristics of the receiving water. The combination of both might influence the ambient 

water quality either due to change in hydraulic stress or pollutant loading characteristics. 

The evaluation of these complex potential developments is currently not possible, due to the 

rather uncertain projections of precipitation characteristics of the climate change models. 

However, one can analyse historic events and conclude for the expected changes. This 

approach is proposed and demonstrated here. For the model based assessment, the 

following procedure was implemented: 

 selection of representative urban drainage system with discharge into an ecologically 

sensitive creek 

 definition of criteria to assess hydraulic stress and critical pollution 

 setup of a detailed hydrodynamic pollutant transport model 

 setup of a combined hydrologic/hydrodynamic model of the entire basin of the creek 

 coupled long-time simulation of sewer system and creek model 



 
 
 
 
 

12 
 

 
 

CCRR-2013 
Cl Climate Change and Regional Response 2013 

To stay updated visit us under www.ccrr-2013.de or respond to info@ccrr-2013.de 

 identification of critical events in the simulation results and correlation with 

meteorological indicators 

deduction of climate-induced changes of emissions and critical events for the meteorological 

indicators identified as being the reason for changes To detect clear cause-effect 

relationships a characteristic investigation area was searched for which should fulfil the 

following requisites: i) clear system boundaries of urban catchment and receiving water, ii) 

distinct emission situation, iii) good data availability for model setup and calibration. Finally, a 

sub-catchment of Dresden’s sewer system (Niedersedlitz) was selected which has two 

discharge points (one CSO, one stormwater overflow) into the creek Lockwitzbach. 

As criterion for hydraulic impact, the relationship between the statistical one-year flood flow 

of a potentially natural river basin (HQ1,pnat) and the actual flow below the second discharge 

point was used. According to the German protocol (BWK, 2001) this relationship should not 

exceed 1.1 to 1.3; in this study we estimated this factor as 1.2. As an indicator for pollution, 

the concentration of free ammonia (NH3) was selected to assess acute toxicity based on the 

intensity-duration curve approach of the Swiss protocol (VSA, 2007). As proxy for 

accumulative pollution, the emitted TSS load was chosen. 

To assess the effect of urban emissions into the natural water body, an integrated model of 

sewer and creek, the hydrodynamic pollutant transport model SWMM 5.0 (Rossman, 2005) 

was used. Unfortunately, no online measurements at the outflow of the system were 

available for calibration purposes. To achieve a highly realistic model, all roofs and streets 

were included with their correct area, connection point to the sewer, surface material and 

slope. The build-up and wash-off parameter for TSS were defined for the different surface 

materials based on a comprehensive literature review and on detailed plausibility checks of 

the model (Dawood, 2012). For the sewage, a realistic daily pattern of flow, NH4-N and TSS 

load was defined. The runoff model of the creek is a hybrid of a hydrologic response duration 

model and a hydrodynamic approach for the river. For the calibration, measured flow data 

from 2005 to 2011 were available. This time period was also used to estimate the HQ1,pnat. 

NH3 was calculated from the NH4-N concentration as function of temperature and pH in the 

water, which were estimated from the known air temperature. 

As potential causes for the calculated emissions and effects in the creek, the following 

meteorological variables were evaluated: i) sum of precipitation, ii) mean rain intensity, iii) 

climatic water balance, iv) preceding dry-weather days, v) composite parameters from the 

before mentioned ones. 

For the statistical assessment Matlab (V2009b) with its statistics toolbox was used. In total 

930 events were evaluated using i) scatterplots, ii) correlation analysis, and iii) regression 

analysis (decision tree, MLR). Generally, correlations were rather weak. Critical ammonia 

correlates strongest with precipitation intensity (+0.30) and duration (-0.34). TSS correlates 



 
 
 
 
 

13 
 

 
 

CCRR-2013 
Cl Climate Change and Regional Response 2013 

To stay updated visit us under www.ccrr-2013.de or respond to info@ccrr-2013.de 

strongly with the sum of precipitation (+0.67) and intensity (+0.45). The decision tree shows I 

more detail which combinations of meteorological variables are especially critical. However, 

no climate projection will be able to predict those combinations reliably. The MLR provides a 

mediocre statistic prediction for TSS loads based on sum, intensity and climatic water 

balance, while the MLR of ammonia based on the meteorological parameters was not 

satisfying. 

The last step of the analysis, the quantitative deduction of climate change induced impacts 

on urban discharges and ambient water quality is so far not accomplished. However, two 

clear conclusions can be drawn: 

i) Critical events will mainly occur in summer. 

ii) For summer rain events that might be rarer but more intense in the future one must expect 

an accentuation of critical short term effects due to suspended matter (and particle bound 

pollutants) and toxic ammonia, even more when the base flow rate in the receiving water is 

reduced. 

The concrete situation will be different for each event but the trend is clear. 
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Abstract 
The annual damage due to pluvial flooding in urban environments has in the last decade 

increased substantially. In Denmark alone the annual damage has increased from 5-20 

million € in the 1980’s to 600 million € in 2011. Damage of this range affects the whole 

society and damage is expected to increase further in the future due to climate change 

impacts.  There is a need to adapt urban areas to flooding and mitigate the consequences.  

Technological development, such as flood modeling with 1D-2D inundation models and high 

resolution DEM, is meanwhile providing new means to assess the flood risk and damage. 

These models are becoming increasingly popular for inundation and damage assessments, 

as well as climate change adaptation and flood mitigation planning. The problem with these 

models is that calibration and validation of these models is challenging. There are very few 

means for confirming that the simulated inundation areas are consistent with actual flooded 

areas in case of a flooding. To insure careful mitigation and adaptation planning there is a 

need to address the issues concerning the correctness of the models and input data used in 

the planning stage.  

In this study we took a practical approach to this problem. We took a closer look at a 

residential area, Risskov, in the northern part of Aarhus (Denmark) for which we have a 

detailed 1D-2D inundation model (MIKE URBAN). Risskov has in recent years experienced 

flooding and damage in this area has been reported. From the Danish Insurance Association 

(Forsikring & Pension) we deputed insurance data for time period 2005-2010 with 80 % 

coverage in the study area. The data set includes information on the locations of the reported 

claims and the damage costs. We chose historical precipitation events with the largest 

number of reported insurance claims and simulated these actual flood events. Further, we 

compared the simulations with the actual insurance claims. In total 4 simulations were made 

with differing precipitation durations and intensities. The rain events had each resulted in 10-

13 reported insurance claims. As boundary conditions for the model we used precipitation 

data obtained from a rain gauge (tipping bucket) approximately 2.5 km from the actual study 
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area. The overall objective was to: 1) determine whether the reported insurance claims can 

validate the flood inundation simulations and 2) explore the reasons for dissimilarities in the 

simulations and reported damage locations.   

The comparison of insurance claim data and inundation simulations showed that there is a 

considerable mismatch. Especially with low intensity precipitation the model fails to simulate 

any flood inundation whatsoever in the insurance claim locations. Hence, we continued the 

study by examining closer the used data (DEM, precipitation, insurance claims) and the 

model so as to develop hypotheses on the causes for mismatches.  

We conclude with a discussion on whether the flood simulations are adequate for the current 

use of them in for example risk assessments and flood mitigation planning, and the 

implications of the dissimilarities. Our comparison of simulations and actual damage 

suggests that while much focus is put on developing a detailed model of the area to 

understand surface runoff and develop flood adaptation plans, less emphasis is put on 

accuracy of the input data and how this impacts the simulation result. Especially, we 

acknowledge that the spatial distribution of rainfall considerably impacts the actual flooded 

area and assuming evenly distributed rain according to one rain gauge does not provide a 

sufficient description of the actual flood event. Further, we recognize that even DEM with the 

highest resolution cannot describe small topographical changes in an urban environment that 

may be crucial for accurately describing actual damage.  

 


