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Vorwort des Herausgebers 

Am Institut für Siedlungswasserwirtschaft der TU Graz werden seit Jahren erfolgreich 

online-Messverfahren in Kanalsystemen eingesetzt. Während händische Beprobun-

gen keine zufriedenstellende Grundlage für Schmutzfrachtsimulationen ermöglichen, 

bieten im Abwasser situierte, kontinuierlich messende Sonden – die UV-VIS-Sonde 

liefert jede Minute ein Spektrum – eine gute Basis, um den Schmutzfrachttransport in 

Kanalnetzen zu beschreiben und über Simulationen nachzubilden.  

Diese Option greift Herr Dipl.-Ing. Dr. techn. Valentin Gamerith auf und entwickelt in 

seiner Arbeit eine Methodik, diese umfassenden Daten systematisch zu bearbeiten, 

zu prüfen und in Simulationsmodellen zu nutzen. Herr Gamerith entwickelt ein 

halbautomatisches Validierungswerkzeug und bewertet die Unsicherheit von online-

Wasserqualitätsdaten. Er erhebt die sensibelsten Modellparameter und bewertet 

ihren Einfluss auf die Simulationsergebnisse. Die Güte der Modellkalibration 

untersucht er mit einfachen und multiplen Optimierungswerkzeugen. Durch diese 

Methoden der Datenanalyse und der semi-automatischen Datenvalidierung 

ermöglicht Herr Gamerith eine exaktere Beschreibung und ein besseres Verständnis 

des Schmutzstofftransportes in Kanalnetzen.  

Die Anwendung seiner Methodik erfolgt an der Fallstudie „Graz West“. Eine 

Systemmodellierung zeigt sowohl für hydrologische als auch hydrodynamische 

Modelle eine zufriedenstellende Abbildung der gemessenen Abflüsse und Schmutz-

frachtganglinien. Die Kalibration an Hand mehreren Ereignissen führt dabei zu einer 

signifikant besseren Anpassung der Simulationsergebnisse.  

Herr Gamerith beschreibt in seiner Arbeit Möglichkeiten der Weiterentwicklung von 

automatisierten Testverfahren, der Verifizierung von Datenunsicherheiten sowie der 

globalen Sensitivitätsanalyse von Parametern. Er setzt damit weitere Schritte in 

Richtung der praktischen Nutzung von online-Qualitätsparametern zur Steuerung 

von Mischentwässerungssystemen. 

Graz, im Juni 2011    

Harald Kainz 
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Table 6-10: Events identified and chosen for sensitivity analysis 

Event No Date Peak flow 

(approx.) 

Start evaluation End evaluation 

#  L/s yyyy-mm-dd hh:mm yyyy-mm-dd hh:mm 

002 January 21st 500 2009-01-21 14:00 2009-01-22 03:00 

004 January 27th 700   

008 February 08th 1000   

013 March 03rd 700 2009-03-06 04:30 2009-06-03 17:00 

015 March 29th 1200   

017 April 04th 300 2009-04-19 20:30 2009-04-20 00:30 

018 April 23rd 500   

021 April 29th 2200 2009-04-29 03:00 2009-04-29 18:00 

022 April 29th 1300 2009-04-29 20:00 2009-04-30 10:00 

036 May 26th 600   

037 May 27th 1000   

047 June 24th 800   

048 June 24th 800   

060 July 07th > 2500** 2009-07-07 15:00 2009-07-07 21:00 

065 July 15th >>   

066 July 18th >>   

101 November 

08th 

800   

106 Dezember 

01st 

300   

108 December 

08th 

1100   

** only measurement independent values evaluated 

6.7.3 Settings for the GSA methods 

Simulation period for the SMUSI model in GSA was the whole year 2009. The 

continuous simulation over this period allows taking into account the effects of rainfall 

history for both the hydraulic model (affecting the runoff from pervious areas 

calculated by the SCS method) and the accumulation and wash-off approaches, 

where the accumulation of pollutants happens during the dry periods and the wash 

off during storm weather conditions. 

All model parameters were assumed as uniformly distributed within the parameter 

ranges discussed in chapter 5.3.1.5. It is important to note that the results presented 

in the following are only valid for this chosen parameter distribution. As exemplarily 

shown in this chapter, changes in the parameter limits can have significant effects on 

the outputs from the GSA. 

For evaluation of the SRCs, a Monte Carlo simulation with 500 runs as proposed in 

a study for a wastewater treatment plan model by Sin et al. (2011) with plain random 

sampling was used. 



Case study Graz West R05 

132 

For the Morris screening, a prior evaluation of the parameterisation for the number 

of r repetitions (or trajectories), p levels and the grid jump (see chapter 4.2.1.2 for 

more information) was done. In his original publication Morris (1991) proposed to use 

a setting with r=4, p=4 and a grid jump of p/2. Recommended values in Saltelli et al. 

(2004) increase the number of repetitions to r=10. 

A first evaluation carried out in this work for the case study SMUSI 2009 model 

showed that the use of 4 levels was insufficient especially for the water quality model. 

There the parameter range is not covered satisfactorily when using 4 levels. 

Therefore, for the results presented in the following, a setting with r=20, p=8 and a 

grid jump of 4 was chosen. The increase in the repetitions allows covering the 

variation of the parameters when using 8 levels. 

6.7.4 Non-linearity in SRC and Morris screening 

As stated in chapter 4.2.1.1, a low R² value from a multivariate linear regression 

shows that assumption of linearity in evaluation of the SRCs is no longer valid. Figure 

6-30 and Figure 6-31 show scatter plots of the parameter values against two 

objectives evaluated for the hydraulic model from the 500 Monte Carlo simulation 

runs.  

 

Figure 6-30: Scatter plots of parameter values against total runoff volume from 500 

Monte Carlo simulations 

In Figure 6-30 the evaluated objective is the total annual runoff volume. The scatter 

plots show that the imperviousness factor IF has a close to linear impact on the total 

annual runoff volume. The curve number (CN) value can be interpreted as slightly 

less linear, having some impact in its variation range. No functional behavior can be 

identified for the other parameters evaporation factor (EF), initial losses (IL), 
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depression losses (DL), pipe roughness (K) and concentration time factor (TF). The 

multivariate R² is high with a value of 0.99. 

 

Figure 6-31: Scatter plots of parameter values against absolute volume error (event 

E002) from 500 Monte Carlo simulations 

In Figure 6-31 the evaluated objective is the volume error (absolute value) calculated 

for event E002 from simulated and measured time series. A minimum of the volume 

error is reached for an IF value close to 0.6, for higher and lower IF values the 

absolute volume error increases. It is obvious that the effect of IF on the volume error 

cannot be described by a linear model. This is expressed in a low R² value of 0.17. 

The evaluation of SRC is not valid as sensitivity measure in that case. No functional 

behaviour for the other parameters can be identified. 

An evaluation of the two objectives with Morris screening and SRCs is shown in 

Figure 6-32. Many of the figures presented in the following are designed in the same 

scheme: on the left hand side of the plot the results of the Morris Screening are 

shown, on the right hand side the results for SRCs evaluation. Each left-right pair 

corresponds to one evaluated objective. The Morris screening plots on the left hand 

side show: i) the evaluated objective and ii) the standard deviation σ and mean µ* of 

the elementary effects on the y and x-axis respectively. The SRC plots on the right 

hand side show: i) the standardised regression coefficient value and the parameter 

name on the y and x-axis respectively, ii) the R² calculated from multivariate linear 

regression in the top left corner of the plot and iii) the squared SRCs multiplied by 

100 just above the x-axis, provided R² is higher than 0.7. The scales in the Morris 

screening result plots can vary for better legibility. 
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Figure 6-32: GSA results hydraulics – effect of non-linearity 

In Figure 6-32 both methods yield similar results for the total annual runoff volume. 

The Morris screening indicates high linearity and a strong effect of IF and higher non-

linearity or interaction for the CN value. The SRCs also identify IF as the most 

influential parameter, followed by the CN value. As approximate linearity holds (R² of 

0.99), the squared SRCs can be interpreted as follows: approximately 80% of the 

output variance are due to the variation of IF, about 10% due to the CN value. 

For the volume error, the high σ value for IF indicates high non-linearity or 

interactions. Compared to IF all other factors are negligible. For SRCs the low R² 

also indicates non linearity. The parameter ranking is different from the Morris 

screening results. Hence, the expected behavior identified from the scatter plots is 

indicated by the Morris screening method in both cases and for the SRC evaluation 

when R² is high. 

6.7.5 GSA results - measurement independent objectives for the hydraulic 
model 

In this chapter selected results from GSA of the hydraulic model with evaluation of 

measurement independent objectives are discussed that yield especially interesting 

information in interpretation. Additional results are presented in appendix 9.2. 

Figure 6-33 shows the results for the annual values total overflow volume and 

number of overflows. The Morris screening results in Figure 6-33 for total annual 

overflow volume show that the imperviousness factor IF has the highest influence on 

the results, followed by the CN value and possibly the depression losses. All other 
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parameters are grouped close to 0. The higher σ value for the CN value indicates 

either higher non-linearity or interaction effects of this parameter. 

The results for SRC evaluation show the same parameter ranking as identified by the 

Morris screening. The multivariate linear regression results in a high coefficient of 

determination R² with a value of 0.98, indicating that the assumption of linearity holds 

for this case. As the R² is close to 1, the squared SRCs can be interpreted as 

approximate percentage of the parameters influence on the result: about 80% of the 

variations in total annual runoff volume result from variation of the imperviousness 

factor. More than 15% can be apportioned to the effect of the CN value. All other 

parameters can be considered as non-influential. 

Concerning the number of overflows, the Morris screening identifies IF as most 

influential, followed by DL and the surface concentration time factor TF, both with 

significantly lower µ* values. As above the same ranking can be identified by the 

SRC method where again a high R² is reached. 

 

Figure 6-33: GSA results (Morris screening on the left, SRCs on the right hand side) 

for hydraulic model: annual values total overflow volume and number of overflows. 

Interpretation in sense of model application of these results can be the following: The 

total annual runoff is mainly influenced by the imperviousness and to a certain 

degree by the proportion of pervious areas contribution during large storm events. 

The number of overflows, on the other hand is not influenced by the pervious areas 

at all. This allows the interpretation that all events where the pervious areas 

contribute to the runoff already lead to an overflow regardless of these areas 

contribution. 
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This has consequences for model calibration: any parameter with low sensitivity for 

an objective cannot be identified in calibration of the model for this objective as any 

value within the parameter distribution would satisfy the calibration. For example the 

CN value could be set to any value within its defined ranged without influencing the 

number of overflows. The same is valid for initial losses IL, pipe roughness K and 

evaporation factor EF for both presented objectives. 

Figure 6-34 and Figure 6-35 show some results for the measurement independent 

objectives evaluated per event. In Figure 6-34 GSA results of peak flow sensitivity for 

a small (E017) and a large event (E060) are shown. It can be seen that in both cases 

IF is the most sensitive parameter. For the small event E017, also the depression 

losses have an important impact. Infiltration losses IL contribute to some amount. For 

peak flow sensitivity of the large event mainly IF and CN contribute to the output 

variance. Here the concentration time factor TF contributes to some amount. As 

above, high R² coefficients are reached for the SRC evaluation and the importance 

ranking of the two methods is similar. For model calibration on peak flow this implies 

that DL is better identifiable when using E017 and CN when using E060. In multi-

event calibration (discussed in chapter 6.8 of this thesis) it is therefore appropriate to 

use several events for which the sensitive parameters differ in order to best exploit 

the measurement data. 

 

Figure 6-34: GSA results for hydraulic model: using different events – comparison of 

peak discharge sensitivity for a small event (E017) and a large event (E060) 

This is also valid for the results presented in Figure 6-35. In this figure, the impact of 

using a continuous simulation can be seen based on the overflow volume of two 
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consecutive events (E021 and E022). CN becomes more sensitive for the event 

E022 as pervious areas are already saturated by the pre-rainfall from event E021. 

Again, this knowledge can be used in model calibration. 

 

Figure 6-35: GSA results for hydraulic model: using different events – comparison of 

overflow volume sensitivity consecutive events to evaluate the impact of continuous 

simulation 

While some interpretations given above are generally known in urban drainage 

modelling, it is shown that both GSA methods give sound results for the hydraulic 

model. It can be assessed that the model functions as expected. Furthermore the 

results allow identifying objectives and/or a set of events that yield most information 

in model calibration. 

6.7.5.1 Impact of parameter range 

As stated above, the results are only valid for the defined parameter ranges and 

distributions. 

In order to highlight this, additional runs were carried out for the hydraulic model, 

reducing the range of the imperviousness factor from 0.15 to 1 to 0.6 to 1. The value 

of 0.6 was again based on Illgen (2009), not taking into account partly pervious 

surfaces. Figure 6-36 shows the results for the evaluation of the total overflow 

volume and the number of overflows when using these adapted limits for IF. While 

the same parameter ranking as in Figure 6-33 is obtained, especially for the number 

of overflow other parameters – namely DL and TF – gain significantly in importance. 
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This behaviour is also valid for the other results discussed above. The choice of 

parameter limits is therefore crucial in order to obtain meaningful results. 

 

Figure 6-36: GSA results for hydraulic model:  

impact of changing parameter ranges (IF) 

6.7.6 GSA results – measurement independent values for sewer water quality 
models 

Sensitivity analysis for the sewer water quality model was performed for two sets of 

model parameters of the accumulation and wash-off approach described in 5.3.1.2: 

First for the basic accumulation and wash-off approach (AWO1) using the model 

described by Equation 5-5 and secondly for the wash-off approach (AWO2) 

described by Equation 5-6 including two additional parameters, namely the shape 

factor W and the limit rainfall intensity iLim. 

Figure 6-37 shows the results from GSA for the AWO1 model for the annual values 

total runoff COD load and overflow COD load. As for hydraulics, both methods lead 

to the same parameter ranking. The maximum accumulated pollutant mass Pmax is 

ranked higher than the accumulation-removal coefficient DISP and the wash-off 

coefficient Ke. These three parameters show high non-linearity or interaction effect. 

This has also been discussed e.g. in Mourad (2005) who shows that these 

parameters are strongly correlated. The initial accumulated mass Pinit does not 

affect the results. This can be explained by the continuous simulation and will not 

hold for single-event simulation.  
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Figure 6-37: GSA results for sewer water quality model (AWO1): annual values 

Appendix 9.3 shows the complete results for the evaluation of all objectives. In 

general the parameter ranking does not vary with the evaluated event or objective. 

This also implies that no identification of the objectives to use in optimisation or 

model calibration can be deduced. 

 

Figure 6-38: GSA results for sewer water quality model (AWO2): annual values 
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Figure 6-38 shows the results for the AWO2 model for the annual values total runoff 

COD load and overflow COD load. Pmax is identified as most influential parameter, 

for the other parameters however, ranking is different for the Morris screening and 

the evaluation of SRCs, even though a high R² is determined from the multivariate 

linear regression. All parameters except Pinit show interaction and/or non-linearity. 

Appendix 9.3 gives an overview of the evaluated measurement independent values. 

There it is shown that ranking also differs between the two methods. In general Pmax 

is identified as most influential by the SRC evaluation. For the Morris screening, the 

limit rainfall intensity iLim is the dominating parameter in some cases. 

Figure 6-39 shows scatter plots for the parameter values against the annual runoff 

COD load from the 500 Monte Carlo simulations. It can be seen that only a very 

small number of parameter combinations lead to high runoff loads (i.e. parameter 

sets where iLim is small and Pmax is high). This allows the assumption that the 

parameter space cannot be sufficiently covered by the methods and that these 

parameter combinations lead to the difference in results from SRC and Morris 

screening. From the behaviour shown in Figure 6-39 it can be safely assumed that a 

linear regression will be successful for Pmax, identifying the major influence of this 

parameter. On the other hand, the few high values derived from low iLim will not 

impact significantly on a linear regression. Hence, the effect of this parameter will not 

be identified by the SRCs. With the Morris screening, apparently, it can be identified. 

 

Figure 6-39: Scatter plots of parameter values against annual runoff COD load from 

500 Monte Carlo simulations 
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Overall no clear statements can be deduced from the obtained results for the choice 

of events or objective function combinations to best be used in calibration of this 

model. 

6.7.7 GSA results - impact of objective functions (measurement dependent 
values) 

As stated above, sensitivity was also evaluated for all objective functions 

implemented in the BlueM.OPT framework for the hydraulic model and the sewer 

water quality models. The plots of the results obtained for all objective functions are 

given in appendix 9.2 for hydraulics and appendix 9.3 for the sewer water quality 

models exemplarily for one event. 

The main interest of this was to evaluate if groups of objective functions can be 

identified that are sensitive to the same parameters. As for the event-based 

evaluation this would allow to define a set of objectives functions (from different 

identified groups) that should be evaluated in order to obtain the maximum of 

information about the parameters e.g. in automated model calibration. In a first step 

the obtained results were analysed visually to assess the major outcomes. Results 

from the AWO2 model were not evaluated as the results from both methods (SRCs 

and Morris screening) differed significantly. The following major findings can be 

stated for the GSA methods: 

 A visual evaluation of all obtained results showed that similar ranking is 

obtained with both methods when R² is high for the hydraulic and the AWO1 

model. In general the same parameter ranking is obtained for R² values of 0.6 

and higher.  R² of in the range of approximately 0.3 to 0.6 lead to the same 

parameters identified as influential but different rankings are obtained. With 

low R² < 0.3 no identification is possible with SRC evaluation. Non-linearity 

shown in low R² generally leads to high σ values in Morris screening. 

 SRCs are not applicable (or only to a limited extent) with power functions or 

absolute values where non-linearity results from the objective function. 

 The Morris screening proved robust for ranking the parameters as non-

linearity or interactions between parameters can be identified and do not 

impact significantly on the ranking. 

6.7.7.1 Proposed methodology for identifying informative objective functions 

In scope of the analysis a first methodology was proposed for grouping the objective 

functions in order to determine a set of objective functions that would yield the 

maximum of information in a parameter estimation or model calibration.  

Based on the results from the Morris Screening a grouping indicator is determined for 

each evaluated objective that indicates i) influential and non-influential parameters 

based on a user-defined threshold value for µ* and ii) the ranking of the parameters 

identified as influential. The grouping indicator is then composed as a string of one ID 
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per parameter as shown for an example in Table 6-11 (volume error for event E013): 

The k parameters are ranked from 1 to k in order of importance (highest to lowest 

µ*). If the parameter is not influential (µ* lower than the defined threshold value) the 

rank is set to 0. Then the indicator is composed by simply forming a string from the 

ranking vector. 

Table 6-11: Exemplary determination of grouping indicator from Morris Screening 

results (Volume error event E013) 

parameter CN EF IL DL K IF TF  

ranking based on µ* 2 3 6 7 5 1 4  

influential?  

(µ* > threshold of 

0.1) 

yes no no no no yes no 

 

Indicator: number 

corresponding to 

rank, 0 when not 

influential 

2 0 0 0 0 1 0 

= 

“2000010” 

 

Groups can then be defined for objectives with identical grouping indicators. 

Objectives within the same group yield information on the same parameter 

combination. It can be assumed that only limited additional information (for the same 

investigated value) will be obtained by using several objective functions within the 

same group in model calibration. An evaluation of all results from GSA for the 

hydraulic model identified 21 groups. Table 6-12 shows grouping results for all 

objective functions evaluated for event E013 for the hydraulic model. In total, 6 

groups are identified. From this evaluation it can be interpreted that the proposed 

grouping alone is not sufficient for reasonable choice of the objective function: e.g. 

the volume error (PBIAS) and the peak difference (PDIFF) are classified in the same 

group but target different behaviours in the hydrograph. While both are influenced by 

the same parameters the optimum parameter values do not necessarily correspond. 

Currently a master thesis is prepared on this topic at the Institute. 
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Table 6-12: Grouping results for 34 objective functions evaluated for Event E013 

Indicator # Objective functions names 

0000010 3 

Mean error (ME) 

Percentage Bias (PBIAS) 

Relative volume error (RVE) 

0000012 8 

Mean square derivate error (MSDE) 

Mean percentage error(MPE),  

Mean relative error (MRE) 

Mean absolute relative error (MARE),  

Mean square relative error (MSRE) 

Mean absolute percentage error (MAPE)  

Median absolute percentage error (MDAPE) 

Number of sign changes (NSC) 

2000010 7 

Volume error (Volf) 

Total mass balance Controller( TMC) 

Balance Criteria(CRBAL) 

Peak difference (PDIFF) 

Percentage error in peak (PEP)  

Index of agreement (IA) 

Mean square sorted errors (MSSE) 

2000013 4 

Mean squared error (MSE) 

Theil’s coefficient (U2) 

Coefficient of efficiencs (Nash-Suttcliffe - CE12) 

Coefficient of persistence (PI) 

2000031 1 Coefficient of determination (R2)0 

3000012 11 

Mean absolute error (MAE) 

Mean square logarithmic error (MSLE) 

Absolute maximum error (AME) 

Absolute relative volume error (MAER) 

Root mean squared error (RMSE) 

Fourth root mean quadrupled error (R4MS4E) 

Coefficient of efficiency, square root (CE122) 

Coefficient of efficiency, logarithmic (CELN2) 

Relative absolute error (RAE) 

RMSE standard deviation (RSR) 

Inertia root mean squared error (IRMSE) 

 

6.7.8 Summary – global sensitivity analysis 

To summarise the global sensitivity analysis carried out for the Graz Sewer R05 

SMUSI 2009 model, the following major findings can be stated: 

The evaluation of the results from GSA showed that in general both applied methods 

– the Morris screening and the evaluation of the SRCs – identified the same 

parameters as influential and led to the same parameter ranking for the hydraulic and 

the AWO1 model provided approximate linearity held for SRCs. For the AWO2 model 
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the methods yielded different results for the parameter ranking. Concerning the two 

methods the following findings can be stated: 

 The Morris screening proved more robust for ranking the parameters as non-

linearity and interactions between parameters do not impact significantly on 

the ranking. 

 However, SRCs are a valuable measure, especially as the effect on the 

variance can be quantified if approximate linearity holds. In this case the 

squared SRCs – corresponding to the variance in the result introduced by 

variation of the parameter – can be interpreted as a measure for uncertainty 

introduced to the model by the parameters for the objective in question.   

A direct comparison of the results from both methods led to identification of some 

limits for the case study: 

 The settings proposed in Morris (1991) and Saltelli et al. (2004) for the Morris 

screening proved to be insufficient for a detailed evaluation especially due to 

the small number of levels. For a preliminary screening or narrower parameter 

ranges, however, they might be applicable. Based on the case study results, a 

setting with r=20, p=8 and a grid jump=4 can be recommended. 

 Parameters with µ* < 0.1 in the Morris screening were generally identified as 

non-influential by the SRC method for the case study. 

 It was shown that generally for R² > 0.6 the same parameters were identified 

as influential and similar ranking was obtained for the case study model. 

It was confirmed that the chosen parameter range has an important impact on the 

results from GSA. Therefore the obtained results are only valid for the defined 

parameter ranges and distributions and the investigated model. This implies that 

using a different model requires a new analysis. 

It was demonstrated how the use of different objectives or different rainfall events for 

assessing model sensitivity changes the importance and ranking of the parameters 

for both the flow and water quality model. This information is highly useful e.g. when 

choosing events and objectives for model calibration in order to best exploit the 

available information. It should also be considered when applying more sophisticated 

uncertainty analysis methods in order to estimate what can be identified with a 

chosen combination of model, event (time series) and objective function. 

Concerning the GSA results for the water quality models, parameter ranking for the 

AWO1 model was not influenced by either the event or the objective function used in 

evaluation. For the AWO2 model, different rankings were obtained with the two 

methods. It is assumed that this is due to a small number of parameter sets that have 

significant impact on the model output where the parameter space is not covered 

satisfactorily. 
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A first method was proposed to use information from GSA in order to identify groups 

of objective functions that yield similar information. This method, however, still suffers 

from important drawbacks as the classification of objective functions as discussed 

e.g. in Hauduc (2010) is not yet considered. This surely is a field of interesting further 

research. 

Overall it could be shown that these methods are an appropriate tool for analysing 

the case study catchment model. They provided valuable insights on both the 

hydraulic and the water quality models. In addition assumptions on the parameter 

distributions can be validated and GSA yields important information for further model 

calibration 

6.8 Single- and multi objective optimisation in model calibration and 
validation (SMUSI 2003 model)7 

In this chapter the application of the BlueM.OPT framework for model calibration and 

validation of the SMUSI model is described. Several publications that are linked 

directly to this work were issued on this topic, namely Muschalla et al. (2008), 

Gamerith et al. (2009) and Gamerith et al. (accepted-b). For this part of the work, 

data from 2003 and the SMUSI 2003 model were used.  

The major aims in scope of this thesis were: 

 To propose a sound calibration procedure for automated model calibration. 

 To identify which sewer water quality model approach is best adapted for the 

case study catchment. 

 To compare and assess the performance of single- and multi event 

optimisation for both the hydraulic and the sewer water quality model. 

This chapter is organised as follows: first the choice of events and the choice of the 

objective functions for the 2003 model calibration are discussed. Next the calibration 

procedure used in this work is described. Some results for the dry weather calibration 

are given. 

Then the results from the comparison of three sewer water quality model approaches 

are discussed. Based on the model approach identified as best performing, finally a 

comparison of single- and multi event auto-calibration is discussed. 

6.8.1 Choice of calibration and validation periods/events 

As discussed above, due to the expansion of the sewer network between 2004 and 

2006, for the SMUSI 2003 model only a period of half a year with i) complete, 

                                                

 

 
7 This chapter is compiled from Gamerith et al. (2009, with permission from IWA Publishing) 

and Gamerith et al. (accepted-b, with permission from ASCE). 
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continuous data on rainfall, flow and pollutant concentrations and ii) a known sewer 

network structure was available for modelling purposes. 

Events for calibration and validation were chosen based on an evaluation of the 

available measurement data within the period 2003-07-01 to 2003-12-31. In this 

period, in total 28 events were identified. Within these i) two events surpassed the 

measurement limit of the flow meter ii) three events were subject to measurement 

gaps in either flow or pollution concentrations and iii) seven events were considered 

not significant based on the flow measurements (with maximum flow rates only 

slightly higher than the dry weather flow peak). Four events showed very similar 

characteristics. From these four only one was chosen for calibration/validation. 

Hence, in total, 13 events were used for model calibration and validation. An 

overview of the chosen events is given in Table 6-13. 

Table 6-13: Rainfall events and characteristics used in calibration (bold) and validation 

of the SMUSI 2003 model (Gamerith et al., accepted-b, with permission from ASCE) 

event/ 

period start  end duration prec. sum 

max. prec. 

intensity 

peak 

discharge 

- - - min mm mm/min m³/s 

I 

2003-07-22 

23:45 

2003-07-23 

01:55 130 16.9 4.0 2.73 

2003-07-23 

14:40 

2003-07-23 

17:20 160 15.9 1.3 1.05 

III 
2003-07-24 

22:15 

2003-07-25 

06:35 500 7.0 1.0 1.01 

IV 
2003-07-28 

17:45 

2003-07-29 

00:05 380 18.2 1.7 1.63 

II 
2003-10-04 

22:50 

2003-10-05 

10:05 675 21.1 0.6 2.16 

A 

2003-10-22 

01:30 

2003-10-22 

09:30 480 3.6 0.2 0.15 

2003-10-23 

15:05 

2003-10-24 

05:40 875 15.9 0.4 0.30 

D 
2003-11-01 

18:50 

2003-11-02 

11:45 1015 13.3 0.6 0.76 

C 
2003-11-26 

09:00 

2003-11-26 

21:35 755 11.1 0.9 0.62 

E 

2003-11-28 

10:10 

2003-11-28 

20:00 590 10.3 0.4 0.77 

2003-11-29 

11:30 

2003-11-29 

18:20 410 6.0 0.3 0.28 

B 

2003-12-29 

09:35 

2003-12-29 

23:15 820 4.8 0.2 0.16 

2003-12-30 

03:30 

2003-12-31 

21:20 2510 22.3 0.2 0.31 
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Eight of the events were grouped in couples in four periods (I, A, B, E). Events were 

classified as small, medium (A to E) and large events (I to IV) based on the peak 

discharge measured at the inflow of the CSO as discussed in chapter 6.6.3. The 

events given in bold (I, II and A, B) were used as calibration events (selected 

arbitrarily), the others for validation. For the comparison of the water quality models, 

events A and B were used in calibration. 

6.8.2 Choice of the objective functions 

As objective functions, the Nash-Sutcliffe efficiency coefficient E described in 

Equation 6-1 (chapter 6.6.3) and the absolute volume error (Equation 6-2) were 

chosen. Concerning the Nash-Sutcliffe efficiency coefficient, in the following the 

notation EQ is used when addressing discharge and EC when addressing COD 

concentrations. In that case the measured discharge QO is replaced by the measured 

COD concentration CO and the simulated discharge Qm is replaced by the simulated 

COD concentration Cm. 

                 
∑ |(  

     
 )|     

   

∑   
  

       
 Equation 6-2 

With: Qo … observed/measured discharge (L3 T-1), Qm … simulated discharge (L3 T-1)  

and    … time step (T) 

  

The choice was based on the interpretability and comparability of both values. Both 

objectives are often used in urban drainage and watershed modeling. Future runs 

could profit from combinations of objective functions identified by a GSA that yield 

most information on the model results. 

6.8.3 Step-by step calibration and validation procedure 

The model calibration is based on the high resolution measurement data of 

precipitation, discharge and CODeq concentrations. All the data was thoroughly 

checked for errors beforehand to avoid using erroneous data in the calibration 

process. The calibration and validation procedure itself was subdivided into five 

steps. 

1. Calibration of dry weather flow  

a. for discharge and   

b. CODeq concentrations. 

2. Wet weather discharge calibration  

a. for small and medium rainfall 

b. for large rainfall events using the best performing parameter set for 

small and medium events as the starting point.  
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3. Validation of wet weather discharge calibration with independent rainfall 

periods for both small/medium and large event calibration. 

4. CODeq calibration in wet weather conditions. The best performing parameter 

set for wet weather discharge calibration was used for runoff simulation. 

5. Validation of wet weather CODeq calibration with independent rainfall periods. 

6.8.4 Single and multi-event optimisation in model calibration and validation  

Single-event (SE) and multi-event (ME) optimisation was carried out for comparison 

of the implemented sewer water quality approaches and in order to assess the 

performance of these optimisation methods.  

Based on the calibration procedure described above, Table 6-14 gives an overview 

of all the model parameters used in calibration, the type of optimisation (SE or ME) 

and the calibration period (according to Table 6-13).  

Table 6-14: Calibration procedure for comparing single- and multi-event optimisation: 

calibration parameters, type and period (Gamerith et al., accepted-b,modified, with 

permission from ASCE) 

Dry weather conditions 

calibration step calibration parameters type calibration period 

1-a. dry weather flow 
daily production (l/(cap.d)) 

daily pattern (hourly distribution) 
- 

6 independent  

dry weather periods 

averaged after 

calibration 

1-b. dry weather 

CODeq concentrations 

mean concentration (mg/l) 

daily pattern (hourly distribution) 
- 

Wet weather conditions 

calibration step calibration parameters type calibration period 

2-a. discharge for 

small and medium 

rainfall events 

runoff concentration time factor  TF 

(min) SE A and B separately 

imperviousness factor IF* (-) 

evaporation factor EF (mm/a) 

ME 

A and B (weighted 

and Pareto 

optimization) 

initial losses IL (mm) 

depression losses DL (mm) 

2-b. discharge for 

large rainfall events 
SCS- curve number CN* 

SE I and II separately 

ME 

I and II (weighted 

and Pareto 

optimization) 

4. wet weather CODeq 

concentrations  

initial mass Pinit* (kg/ha) 

SE A and B separately maximum accumulated mass Pmax* 

(kg/ha) 

accumulation coefficient DISP* (1/d) 

ME 

A and B (weighted 

and Pareto 

optimization) 

wash off coefficient Ke* (1/mm) 

shape factor W*1 (-) 

limit rainfall intensity iLim*1 (mm/min) 
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As described in 6.6.1, the 44 modelled subcatchments were grouped in 5 groups 

based on similar slopes and land use for calibration proposes. All the model 

parameters marked with an asterisk were applied to subcatchments groups. The 

other parameters are global model parameters. 1The shape factor W and the limit 

rainfall intensity iLim were only used for the comparison of the sewer water quality 

model approaches with ME Pareto optimisation. 

The following optimization strategies were applied in steps 2, 3 and 4: 

 SE optimisation: The Nash Sutcliffe efficiency coefficient is minimised for one 

single event. This results in one optimum parameter set. 

 ME - weighted objective optimisation: The Nash Sutcliffe efficiency coefficient 

is calculated for each event and averaged over the calibration events. The 

averaged Nash Sutcliffe efficiency coefficient is minimised. This results in one 

optimum parameter set. 

 ME - Pareto optimum optimisation: The Nash Sutcliffe efficiency coefficient is 

calculated and minimised for each event as an independent objective. This 

results in a set of Pareto optimal solutions (see section 4.3.4.1). 

Validation (steps 3 and 5 in the proposed calibration procedure) were carried out with 

the chosen events not used in calibration. 

6.8.4.1 Results for dry weather calibration 

Dry weather flow was calibrated first for discharge and then for CODeq. As the daily 

flow and pollution concentration patterns vary by season, a separate calibration was 

carried out for several dry weather periods. The obtained optimised flow patterns and 

daily production (L/cap·day) for discharge as well as the CODeq patterns and mean 

CODeq concentrations were then averaged from the results for the evaluated periods. 

An overview of the results for the individual periods is given in appendix 10. The 

Nash-Sutcliffe efficiency was used as single objective for both discharge and CODeq 

calibration.  
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Figure 6-40: SMUSI 2003 results for dry weather calibration for Q inflow and CODeq 

(Gamerith et al., accepted-b, with permission from ASCE) 

Figure 6-40 exemplarily shows the calibration results for a one-week dry weather 

period in December 2003. Similar good results were obtained for the other dry 

periods. The dry weather pattern for discharge as well as COD concentration proved 

to be stable over the examined period with some seasonal fluctuations. These 

fluctuations as well as the impact of weekends on the daily patterns were not treated 

separately in the SMUSI model. 

6.8.4.2 Results for discharge calibration in wet weather conditions 

The discharge in wet weather conditions was calibrated with both SE and ME 

optimisation. In both cases the same set and variation range of calibration 

parameters were used. The Nash-Sutcliffe efficiency coefficient was used as 

objective function in all cases. In addition, the total percentage runoff volume error 

was calculated for all the periods to acquire additional information on the calibration 

quality. The volume error was, however, not used by the optimisation algorithm. 

From the Pareto optimum multi-event calibration three optimised parameter sets are 

compared: the two optimum solutions for the calibration periods and the compromise 

optimum solution determined by the minimum L2-metric from the ideal point (see 

Equation 4-4 in section 4.3.4.1). 

The calibration results for small and medium events are presented in Table 6-15. 

Calibration periods are given in bold. Regarding the Nash-Sutcliffe efficiency 

coefficient, the single-event optimisation fits the respective calibration periods better 

than the optimum solution obtained by any multi-event optimisation.  
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Comparing the results from SE-optimisation, the validation events are significantly 

better fit when using event B for calibration. Using only event A in optimisation leads 

to significantly worse validation results. This can also be seen in ME-Pareto 

optimisation where the optimum solution for period B leads to better results in the 

validation events. A comparison between the ME-weighted optimum solutions and 

the ME-Pareto optimum solution shows no significant difference.  The compromise 

solution was judged to be the best solution. It fits well to the calibration events and 

fits second-best for the validation period when evaluating both the Nash-Sutcliffe 

efficiency and the volume error. 

Table 6-15: SE and ME calibration results for small and medium events: Nash-Sutcliffe 

efficiency and volume error (Gamerith et al., accepted-b, with permission from ASCE) 

SE Event     A B C D E 

Period A - optimum solution 

EQ - 0.91 0.73 0.39 0.25 0.48 

Volume 

Error 
% 5 16 18 46 24 

Period B - optimum solution 

EQ - 0.65 0.93 0.85 0.65 0.83 

Volume 

Error 
% 15 2 11 28 8 

ME - weighted optimum 

(A&B) Event     A B C D E 

optimum solution (A&B 

weighted) 

EQ - 0.75 0.87 0.86 0.64 0.78 

Volume 

Error 
% 2 11 15 38 21 

ME - Pareto optimization  

(periods A&B) Event     A B C D E 

Optimum solution period A 

EQ - 0.87 0.86 0.63 0.44 0.67 

Volume 

Error 
% 1 9 15 39 19 

Optimum solution period B 

EQ - 0.70 0.92 0.86 0.66 0.83 

Volume 

Error 
% 7 0 8 30 11 

Compromise Optimum 

solution 

EQ - 0.81 0.90 0.72 0.53 0.75 

Volume 

Error 
% 3 4 11 34 15 

        

Table 6-16 shows the calibration results for large rainfall events. The differences 

between the SE and ME optimum solutions for the validation events are negligible. 

This was to be expected as only one model parameter – namely the CN value – was 

used in the optimization process. 

As for small and medium events, the compromise optimum solution provides the 

most stable overall results when comparing the three events for both EQ and volume 

error. Again, no significant difference between the ME-weighted and ME-Pareto-

optimum compromise solution can be identified. 



Case study Graz West R05 

152 

Table 6-16: SE and ME calibration results for large events: Nash-Sutcliffe efficiency 

and volume error (Gamerith et al., accepted-b, with permission from ASCE) 

SE Event   I II III IV 

Event I - optimum solution 
EQ - 0.88 0.76 0.51 0.81 

Volume Error % 1 24 31 10 

Event II - optimum solution 
EQ - 0.56 0.87 0.65 0.81 

Volume Error % 42 2 22 22 

ME - weighted (events I & II) Event   I II III IV 

optimum solution (I & II 

weighted) 

EQ - 0.86 0.81 0.55 0.84 

Volume Error % 12 18 29 1 

ME - Pareto optimization  

(events I & II) 
Event 

  I II III IV 

Optimum solution event I 
EQ - 0.88 0.75 0.51 0.81 

Volume Error % 2 24 31 9 

Optimum solution event II 
EQ - 0.61 0.87 0.65 0.81 

Volume Error % 38 3 22 22 

Compromise optimum solution 
EQ - 0.84 0.82 0.56 0.85 

Volume Error % 15 17 28 1 

6.8.4.3 Comparison of sewer water quality model approaches 

In order to assess which of the sewer water quality approaches implemented in 

SMUSI yields the most satisfying results for the case study catchment, first a 

comparison of the different model approaches was carried out. Therefore the 

performance of the three approaches i) constant stormwater concentration, ii) 

accumulation wash-off approach 1 (AWO1) using the basic wash-off equation 

(Equation 5-5) and iii) the accumulation wash-off approach 2 (AWO2) using the 

wash-off equation with two additional parameters W and iLim described by Equation 

5-6 was compared. 

Parameters for the hydraulic model were chosen as determined by the compromise 

optimum solution determined in ME Pareto optimisation for events A and B as 

discussed above. 

Three ME calibrations were performed using events A and B as calibration events. 

Figure 6-41 shows the hydrograph from the discharge calibration and the three 

resulting pollutographs from the CODeq calibration (compromise Pareto optimum 

solution). In the measured CODeq data a concentration peak can be recognised at the 

beginning of the first event, whereas a dilution occurs during the second. 

The calibrated datasets show a good correlation between measured and simulated 

COD concentration. Since it is not possible to consider a first flush using the first 

modelling approach (constant storm water concentrations), the accumulation and 

wash-off approaches show superior performance. They can better reproduce the 

concentration peak at the beginning of the first event as well as dilution during the 

second event. 
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Figure 6-41: Precipitation and calibration results for wet weather condition (hydraulic 

and CODeq with 3 model approaches – constant, AWO1 and AWO2) (Gamerith et al., 

2009, with permission from IWA Publishing) 

Table 6-17 shows the obtained Nash-Sutcliffe coefficients for the two calibration 

periods and the corresponding sewer water quality model approach for the obtained 

Pareto-optimum solutions. Three optimal solutions are compared: the two solutions 

that are optimal for the events A and B respectively and the compromise optimum 

solution. The results for the second accumulation and wash-off approach show that 

in this example the additional parameters W and iLim do not add to calibration 

quality. Actually, for this approach the optimum parameter set for event A leads to 

poor results for event B (resulting in an EC of 0.10). The first accumulation wash-off 

approach was therefore judged best performing. It also leads to satisfying results for 

the November validation resulting in a Nash-Sutcliffe coefficient of 0.63. 
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Table 6-17: Nash-Sutcliffe coefficients for different storm water pollution 

concentration approaches (ME calibration), (Gamerith et al., 2009, modified, with 

permission form IWA Publishing) 

  Approach 

  constant AWO 1 AWO 2 

  EC - A EC - B  EC - A EC - B  EC - A EC - B  

Optimum A 0.64 0.46 0.74 0.52 0.75 0.10 

Optimum B 0.64 0.46 0.74 0.59 0.73 0.57 

Compromise 

Optimum 
0.64 0.46 0.74 0.57 0.75 0.51 

6.8.4.4 Results for CODeq calibration in wet weather conditions 

Based on the choice of the best performing sewer water quality approach discussed 

above, a comparison of the performance of single- and multi event optimisation for 

CODeq was carried out. Table 6-18 shows the calibration results for wet weather 

CODeq concentrations. Here SE and ME optimisation perform equally well regarding 

model fit (EC) for the validation periods. Apparently, the validation periods chosen are 

not sensitive within the parameter range obtained.  

Table 6-18: SE and ME calibration results for CODeq calibration and validation - Nash-

Sutcliffe efficiency (Gamerith et al., accepted-b, with permission from ASCE) 

SE Event     A B C D E 

Period A - optimum solution EC - 0.75 0.13 0.66 0.56 0.36 

Period B - optimum solution EC - 0.16 0.56 0.64 0.70 0.28 

ME - weighted optimum (A&B) Event    A B C D E 

Optimum solution (A&B weighted) EC - 0.73 0.57 0.64 0.70 0.29 

ME - Pareto optimization (periods 

A&B) Event    A B C D E 

Optimum solution period A EC - 0.74 0.52 0.65 0.63 0.34 

Optimum solution period B EC - 0.74 0.58 0.63 0.67 0.32 

Compromise Optimum solution EC - 0.74 0.57 0.65 0.65 0.31 

 

A comparison of the results for events A and B show that using only data from one 

event (SE) leads - in this case - to significantly worse results for the other event. In 

ME all data from the two events is exploited. There the optimised parameter sets can 

explain both events with the same accuracy as the optimum set obtained in SE 

optimization. No preference for the compromise optimum solution over the optimum 

solutions for event A or event B can be deduced from the results. 

Figure 6-42 shows the measured and simulated hydrographs and pollutographs 

(CODeq) for the calibration event B. The simulated hydrograph comes from the 

compromise optimum of the ME discharge calibration. Simulated pollutographs are 

shown for the SE optimum solution for period A and the ME compromise optimum. 

The difference in fit indicated by the EC value is visible in the results. 
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Figure 6-42: Hydrograph and CODeq from SE and ME calibration results in wet weather 

conditions for event B (Gamerith et al., accepted-b, with permission form ASCE) 

Figure 6-43 shows the measured and simulated hydrographs and pollutographs (ME 

compromise optimum solution) for validation events C and E. In general the 

dynamics in the CODeq concentrations can be reproduced by the model. However, 

the fluctuations (accentuated peaks) in the simulated concentrations are still high 

compared to the measured values. 

.  

Figure 6-43: Hydrograph and CODeq from ME calibration results in wet weather 

conditions for validation events C and E  

(Gamerith et al., 2011, with permission from CHI Press) 
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6.8.5 Summary – single- and multi-event optimisation 

To summarise the results obtained from single- and multi-objective optimisation of 

the SMUSI 2003 catchment model, the following major findings can be stated: 

 The proposed five-step calibration and validation procedure seems reasonable 

for the case study catchment. 

 Of the three examined sewer water quality model approaches the 

accumulation wash-off approach using the basic wash-off equation led to the 

most convincing results. As concentration peaks can be observed at the 

beginning of several events the constant storm water concentration approach 

is not appropriate as it cannot reproduce this effect. The more complex wash-

off equation did not lead to better results than the basic one. On the contrary, 

the additional calibration parameters used in this equation led to significantly 

worse results for validation periods in one case. 

 From a comparison of single- and multi event optimisation, the compromise 

optimum solution from ME optimisation proved the most stable for runoff 

calibration. This was not observed in sewer water quality calibration, where all 

the solutions from ME optimisation performed equally well. 

 The results show that ME optimisation can lead to better model calibration 

depending on the event chosen in SE optimisation. This stresses the 

importance of using several events in model calibration. Based on a 

comparison of the validation data it is shown that the choice of the event used 

in SE optimisation can lead to a significant impact on the calibration quality. 

 No general predominance of the ME - Pareto optimum optimisation over the 

ME-weighted sum optimisation could be identified. However, exploiting the 

Pareto front offers several advantages, as the optimum parameter sets for 

each event as well as intermediary parameter sets can be analysed. For 

instance the impact of each event used in calibration on the model results can 

be easily assessed by comparing the Pareto-optimum solutions. 

 The results show that long term measurements in combination with the 

applied optimisation algorithm allow sound calibration and simulation of 

discharge as well as pollutant concentrations for the Graz West catchment.  

Currently the proposed procedure is under way for the calibration of the SMUSI 2009 

model. Based on the results from the GSA concerning the choice of event and the 

objective functions that yield most information on the results further improvement can 

be expected when moving from single-objective – multi event to a multi-objective 

multi-event optimisation. In addition high interest lies in the application of the 

optimiser to the hydrodynamic SWMM model. 
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7 Conclusion and outlook 

Several objectives were defined for this thesis based on several challenges identified 

in a screening of the available high-resolution online monitoring data collected 

continuously over the last years at the Graz West R05 catchment. There, flow and 

pollutant concentrations for several target parameters are monitored in-situ by flow 

metres and an ultraviolet-visible spectrometer probe. The identified challenges are 

mainly linked to the management and quality assurance of the measured data and 

the application of the data in sewer flow and water quality models. 

Therefore this work aimed at i) developing tools that allow the management and 

quality assessment (validation) of the measured data, ii) setting up and test state-of-

the-art tools for global sensitivity analysis, model calibration and assessment of 

model performance and link them to existing sewer water quality models and iii) 

applying the developed tools to the measured data and sewer models set up for the 

Graz West R05 case study. 

These developments should then allow i) estimating the uncertainties in the 

measurements – with focus on the performance of the UV/VIS probe in wet weather 

conditions, ii) analysing and validating the data by semi-automated data validation 

tools, iii) performing a global sensitivity analysis to identify the most sensitive model 

parameters, estimate their influence on model output uncertainties and identify 

combinations of events and/or objective functions leading to most information on the 

system and iv) evaluating the performance of single- and multi-objective optimisation 

in model calibration. 

Eventually the performance of the developed methods should be discussed and a 

framework proposed that allows following a step-by-step procedure from data to 

validated model output that is transferable to other case studies. 

In order to address these aims, first a literature review of the state-of-the-art in the 

management of combined sewer systems, measurement and data as well as 

modelling, sensitivity and uncertainty analysis and automated model calibration was 

carried out. From this, several promising methods could be identified. Many of them 

have not yet – or only to a limited extent – been applied in sewer modelling. 

Therefore, besides the organisation of the presented methods in a common 

framework, one major contribution of this work is the application and evaluation of 

these methods in an urban drainage context. 

Concerning the implementation of the developed tools and methods the following 

work was done in scope of this thesis: Tools – coded and realised in Visual Basic 

.NET and [R] – were developed and applied for data analysis and validation. For 

UV/VIS probe calibration, global sensitivity analysis and optimisation, the BlueM.OPT 

framework (coded in .NET) developed at TU Darmstadt and Université Laval was 

used and expanded: An additional class for UV/VIS probe calibration was 

implemented; two global sensitivity analysis methods – the screening method of 
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Morris and the evaluation of the standardised regression coefficients – were 

implemented via a link to [R] and coded; several objective functions were added and 

a stand-alone tool for evaluation of these quality criteria with pre-calculated time 

series was developed. In addition, some minor adaptions for the internal time series 

management and the time series visualisation tool were coded. 

Basically two models were set-up for the case study catchment, one in the 

hydrodynamic software SWMM, the other in the conceptual hydrological software 

SMUSI. The actual model set-up was not part of this thesis but carried out in closely 

related works (co-)supervised by the author. The models were then linked via the 

BlueM.OPT framework to the GSA methods and an already available optimiser 

based on evolutionary strategies, allowing multi-objective optimisation based on the 

concept of Pareto-optimality. Due to the significantly lower computational costs, the 

developed methods were so far only applied to the SMUSI catchment model. Within 

this model, one model approach for hydraulics and three different model approaches 

for sewer water quality were available, namely i) a constant stormwater concentration 

approach, ii) a basic accumulation and wash-off approach (AWO1) and iii) an 

extended accumulation wash-off approach using two additional parameters (AWO2). 

While the results from the case study are not directly transferable to other 

catchments, the proposed methodology itself is transferable. It is possible to apply 

the proposed methods e.g. to measurement data in standardised CSV format or any 

SWMM model available. 

Overall, the presented methods could only be usefully applied due to the availability 

of high resolution measurement data. However, especially the water quality data is 

obtained at significant costs: the costs for the UV/VIS probe itself are elevated 

compared to simpler measurement devices as e.g. turbidity probes and the relatively 

complex in-situ installation and required regular maintenance of the device lead to 

non-negligible overall costs. In addition, absolute concentration values can only be 

obtained with limited accuracy. The relative changes in the concentrations, however, 

can be assessed satisfactorily. Especially for smaller operators the costs for material 

and personal are demanding. However, the costs of such an installation have to be 

seen in relation to standard procedures: depending on the required number of data, 

taking manual samples and subsequent lab analysis might be significantly more 

expensive. Summarising, the probes seem especially suited 

 To understand the dynamics of pollutants in the investigated system and 

assess phenomena linked to pollution transport. Effectively this is only 

possible with high resolution measurements. 

 To validate or develop models for pollutant transport: Until now most models 

were developed based on grab samples. Even if taken over longer periods 

and with high frequency, data density as obtained with online-measurements 

cannot be reached.  
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 For real time control applications, the probes seem a useful tool to detect 

variations in the pollutant concentrations. However caution is advised when 

using absolute values for control strategies as they can only be measured with 

limited accuracy. 

Based on the experiences from the case study installation it is advised here that 

installing such devices should be well thought through:  

 Use such probes where the data is needed: e.g. when the understanding of 

the full dynamics of pollutant concentrations is crucial (i.e. in especially 

sensitive environments) or for the development of model approaches. 

 While several target parameters can be derived with UV/VIS probes it is 

advised to check if simpler probes can lead to similar results for the defined 

objective. 

 Keep in mind that local probe calibration is required with a sufficient database 

of calibration data in order to obtain relatively reliable measurements. 

7.1 Measurements, data analysis and validation 

Concerning the calibration of the UV/VIS probe, an evaluation of a global 

calibration provided by the manufacturer highlighted the importance of local probe 

calibration as significant errors of about 50% for COD and up to 100% for TSS were 

identified. For local probe calibration a class was implemented in the BlueM.OPT 

framework that allows using the available optimisation algorithms. Based on the 

obtained results, however, caution is advised when calibrating UV/VIS probes locally 

to samples from one single rainfall event or events with similar concentration ranges. 

In that case not all possible effects and variations in the wastewater matrix can be 

assessed. This might effectively lead to higher errors than using the provided global 

calibration. Without proper calibration or an insufficient data base, resulting errors 

might easily reach 100% or more. With local probe calibration using all available data 

no significant amelioration of the results compared to a correction by simple 

regression could be identified. Also, as already highlighted in previous studies, the 

validation of the raw spectra is crucial to avoid errors in the averaged spectrum used 

for calculation of the derived concentration value. Overall, with local probe calibration 

errors in an order of magnitude of 25% to 30% over the whole measurement range 

were obtained for COD concentrations in wet weather conditions. 

To summarise the data analysis and validation procedure of the Graz Sewer R05 

data, a visual data analysis is strongly advocated. It allows identifying obvious 

measurement gaps and errors and helps to understand the behaviour and overall 

functioning of the system. The analysis is, however, a laborious process and takes 

up a non-negligible amount of time.  

Several tests for semi-automated data validation, namely a min-max test, a cross 

validation test and the evaluation of the residuals from the moving average were 
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implemented, flagging measured values as either valid (A), not valid (C) or subject to 

additional analysis (B). The currently implemented tests proved sufficient for the 

purpose of this work as they allowed identifying major parts of erroneous data. The 

min-max and cross validation test were especially useful for validation of the 

hydraulics. The evaluation of the residuals from the moving average showed good 

performance for the noisy water quality data. From the experiences in this work, the 

use of relative and not absolute residuals is advocated. However, while this method 

is appropriate for measurements in dry weather conditions (i.e. for substituting noisy 

data values by the moving average) it is not fully recommended for highly dynamic 

storm weather conditions where abrupt changes can occur. 

In addition it is proposed here to add a (D) category to the validation routines, as 

some values might be correctly measured but might not useful in a special context or 

to treat the problem in question. 

In near future it should be possible to carry out the proposed tests within the 

OpenSDM framework currently being developed at the institute. 

7.2 Global sensitivity analysis and objective functions 

Two methods for GSA – the Morris screening and the evaluation of the 

standardised regression coefficients (SRCs) were implemented in the BlueM.OPT 

framework and applied to the SMUSI catchment model in this thesis. Both methods 

have been proposed in different scientific fields but until now only found limited 

application in urban drainage. Compared to other methods, they are rather easy to 

implement and especially the Morris screening is designed to work at low 

computational costs. In order to assess the impact of the choice of the objective 

function on the parameter sensitivities, additional objective functions were 

implemented in the BlueM.OPT code. The evaluation presented in this thesis is novel 

as these methods have not yet been applied in the context of sewer water quality 

modelling and high-resolution data. Especially for the sewer water quality models the 

high-resolution data allows a comprehensive evaluation of goodness-of-fit measured 

between simulated and measured data. 

The evaluation of the obtained results for the case study catchment showed that in 

general both methods identified the same parameters as influential and lead to the 

same parameter ranking for the hydraulic model and the basic accumulation and 

wash-off approach provided approximate linearity held for SRCs. For a more 

complex accumulation and wash-off model approach the methods yielded different 

results in the parameter ranking. Overall the Morris screening proved more robust for 

ranking the parameters. With this method, non-linearity and interactions between 

parameters can be identified and do not impact significantly on the ranking. The 

SRCs on the other hand, are a valuable measure, especially as the effect on the 

output variance can be quantified if approximate linearity holds. In this case the 
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SRCs can be interpreted as a measure for uncertainty introduced to the model by the 

parameters for the objective in question. 

It was confirmed that the chosen parameter ranges have an important impact on the 

results from GSA. Hence the obtained results are only valid for the defined parameter 

distributions and the investigated model. 

In addition it was demonstrated how the use of different objectives or different rainfall 

events for assessing model sensitivity changes the importance and ranking of the 

parameters for both the flow and water quality model. This information can be used 

e.g. when choosing events and objectives for model calibration in order to best 

exploit the available information. 

7.3 Single- and multi-event optimisation 

An optimisation algorithm based on evolutionary strategies that was available in the 

BlueM.OPT framework was used to assess the performance of the different sewer 

water quality approaches and to compare the performance of single- and multi-

objective optimisation. While the application of multi-objective optimisation has 

already been discussed and proposed in an urban drainage context, the work in this 

thesis provides novel insights in the performance of these methods and their 

applicability especially with high-resolution data. As for the GSA, the detailed 

evaluation of goodness-of-fit measured between simulated and measured data is 

only possible due to the high resolution data. 

With the used optimisation algorithm multi-objective optimisation results either in i) 

one optimum solution based on an aggregated objective from each event or ii) in a 

set of Pareto-optimal solutions. The optimised solutions obtained from SE 

optimization are compared to the optimised solutions obtained from ME optimization: 

the two solutions that are optimal for the two calibration periods respectively and a 

compromise optimum solution determined by the minimum L2-metric as well as the 

aggregated solution. 

In this work a five-step calibration and validation procedure is proposed that showed 

to work well for the case study catchment. In a comparison of the three sewer water 

quality model approaches, the basic accumulation wash-off approach led to the most 

convincing results.  

The comparison of single- and multi-event optimisation shows that ME optimisation 

can lead to better model calibration depending on the event chosen in SE 

optimisation. This stresses the importance of using more than one event in model 

calibration. Based on a comparison of the validation data it is shown that the choice 

of the event used in SE optimisation can lead to a significant impact on the 

calibration quality. No general predominance of the ME - Pareto optimum 

optimisation over the ME-weighted sum optimisation could be identified. However, 

exploiting the Pareto front offers several advantages, as the optimum parameter sets 

for each event as well as intermediary parameter sets can be analysed. For instance 
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the impact of each event used in calibration on the model results can be easily 

assessed by comparing the Pareto-optimum solutions. 

The results show that long term measurements in combination with the applied 

optimisation algorithm allow sound calibration and simulation of discharge as well as 

pollutant concentrations for the Graz West R05 catchment model: Concerning the 

hydraulic model, calibration events could be fitted with volume errors under 10% for 

small and medium events and about 15% for large events with Nash-Sutcliffe 

efficiency values ranging from 0.75 to 0.9. For validation events volume errors range 

in an order of magnitude of 15 to 20% and Nash-Sutcliffe efficiency coefficients from 

0.5 to 0.8. For COD concentrations, a percentage bias of 10 to 15% was obtained for 

calibration and validation events, Nash-Sutcliffe efficiency coefficients range with one 

exception between 0.5 and 0.8. 

7.4 Outlook 

This work treats a broad topic linked to data management, data treatment, sensor 

calibration, model analysis and optimisation. An overall procedure is proposed and 

developed that can be applied to facilitate the steps to get from data to validated 

model results. However, while several issues are addressed and novel insights are 

obtained, also many interesting questions for future research are raised. Some of 

them are currently treated in woks in preparation at the Institute. 

The UV/VIS measurements run stable at the measurement site. However, costs for 

maintenance and operation are non-negligible. Hence, this method will most likely 

not be used as day-to-day technology in near future. It is however strongly advocated 

if assessing the full dynamics of pollution concentrations in a system is crucial. 

Further research and efforts could be focused on simpler installation and 

maintenance requirements. 

Concerning data validation, only a limited number of tests is implemented so far. A 

refinement and implementation of additional tests is strongly recommended, a 

demand also highlighted in several publications issued over the last years. 

Uncertainty analysis is a topic of major importance in current research in urban 

drainage. From the proposed methodology only limited information on uncertainties 

can be obtained in the global sensitivity analysis. Hence, the implementation of state-

of-the-art methodologies for uncertainty analysis can only be recommended. 

In this work, a first method is proposed to use information from GSA in order to 

identify groups of objective functions that yield similar information. This method, 

however, still suffers from important drawbacks as the classification of objective 

function type cannot yet be considered. A refined definition on this would help 

identifying sets of objective functions to apply in optimisation and model calibration 

and is a field of interesting future research. 
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As the discussed GSA methods showed to give important insight in the model 

functioning and allow confirming or detecting obvious errors in the model structure 

they can be assumed to prove especially useful when setting up new models. 

Therefore it would be of high interest to test the procedure on newly developed 

models. 

Concerning the use of multi-objective optimisation algorithms in model calibration 

further improvement can be expected when moving from single-objective – multi-

event to a multi-objective multi-event optimisation based on the results from the GSA 

concerning the choice of events and objective functions that yield most information. 

In addition high interest lies in the application of the optimiser to the available 

hydrodynamic SWMM model. 

It should also be stated here that while the work is rather focused on the 

implementation and theoretical comparison of the methods, the developed 

methodology does not focus solely on research but also the application in practice is 

strongly advocated: the methods are readily available and can be used to address 

real-world problems. 

For instance, in a global sensitivity analysis any model parameter can be varied. This 

can include e.g. storage tank volumes, site specific reduction of impervious areas, 

change in throttle diameters etc. With the presented methods, sensitivity can be 

assessed over the multitude of possible variations rather than varying one parameter 

at a time and evaluating the impacts separately. 

Also the use of the optimisation algorithm is advocated for practice: First, compared 

to manual model calibration (that is still the method of choice in practice) it bases 

model calibration on objective measures and reduces subjectivity. Secondly, as for 

GSA it can be used to determine optimised combinations of measures in the sewer 

system e.g. for the reduction of overflow loads, determination of optimised control 

strategies etc. 

Nonetheless, it is advised to apply the presented methods with care and with a 

critical eye on the results, heeding engineering knowledge. The methods can only 

provide results within the defined settings and limits and over-confidence in the 

results just because of the use of sophisticated methods should be avoided. 
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1. Exemplary calculation of sensitivity measures 

For the exemplary evaluation of the standardised regression coefficients and the 

Morris screening method, a SWMM model was set up for the example catchment 

described in the ÖWAV guideline 11 (OEWAV 2009) for the rational method. For 

details on the model geometry please refer to the guideline document. Three model 

parameters (see below) were varied and sensitivity measures for the maximum flow 

at the catchment outlet were calculated based on simulations with a block rainfall. 

 
Model parameters that were varied:  

parameter description Min max 

IMP 

percentage of 

imperviousness 15 90 

MAn 

Mannings "n" (pipe 

roughness) 0.01 0.03 

SLP subcatchment slope 0.001 0.1 

 

All parameters were assumed uniformly distributed 

Evaluated objective:  

maximum flow at outlet  

 

1.1. Standardised regression coefficients 

 

For the presented example, 50 Monte Carlo simulations with the SWMM model were 

performed. The low number of simulations (recommended value ~ 500) was chosen 

for better readability, the results should therefore be regarded with care. 
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Monte Carlo Simulations 

 
input parameter model output  

 
Θ1 Θ2 Θ3 y 

Sim_ID IMP MAn SLP Maximum_Flow 
     

1 40.000 0.015 0.030 1.188 
2 67.916 0.021 0.058 1.634 
3 36.717 0.016 0.078 1.239 
4 16.051 0.025 0.082 0.431 
5 68.178 0.011 0.042 1.985 
6 79.696 0.026 0.038 1.485 
7 87.146 0.027 0.007 1.026 
8 86.217 0.017 0.053 2.006 
9 72.533 0.011 0.060 2.199 
10 50.153 0.016 0.063 1.521 
11 63.587 0.015 0.029 1.554 
12 77.235 0.026 0.059 1.552 
13 88.957 0.028 0.023 1.378 
14 67.134 0.030 0.025 1.174 
15 55.040 0.012 0.100 1.964 
16 65.713 0.010 0.058 2.123 
17 22.504 0.012 0.080 0.924 
18 36.336 0.011 0.030 1.270 
19 43.651 0.016 0.095 1.456 
20 88.487 0.018 0.029 1.745 
21 27.033 0.013 0.065 1.021 
22 45.755 0.018 0.072 1.365 
23 39.465 0.023 0.022 0.918 
24 28.951 0.022 0.009 0.648 
25 49.348 0.028 0.027 0.995 
26 73.891 0.018 0.030 1.620 
27 83.953 0.023 0.063 1.802 
28 47.134 0.012 0.057 1.612 
29 67.086 0.028 0.084 1.440 
30 16.697 0.021 0.092 0.506 
31 47.270 0.024 0.051 1.169 
32 53.530 0.019 0.036 1.338 
33 45.363 0.015 0.007 0.915 
34 33.288 0.030 0.007 0.598 
35 44.272 0.017 0.049 1.295 
36 26.675 0.019 0.026 0.748 
37 62.156 0.021 0.016 1.215 
38 85.391 0.023 0.051 1.730 
39 44.285 0.012 0.079 1.619 
40 49.473 0.025 0.060 1.196 
41 77.455 0.010 0.022 1.825 
42 20.546 0.012 0.034 0.785 
43 24.619 0.010 0.054 1.058 
44 64.279 0.021 0.083 1.660 
45 21.142 0.014 0.068 0.811 
46 49.066 0.017 0.016 1.132 
47 67.830 0.029 0.053 1.358 
48 21.723 0.025 0.041 0.557 
49 49.641 0.020 0.022 1.145 
50 39.730 0.012 0.059 1.448 

 

mean 

   
 

 
 ∑  

 

   

 

52.406 0.019 0.048 1.308 
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Standard deviation 

  
  

 

   
 ∑(     ) 

 

   

 
21.398 0.006 0.025 0.432 

 

 

From the results, a multivariate linear regression is performed in [R]: 

where:                           

 

The SRCs are then calculated as follows: 

   
   

  
    

 

 Θ1 Θ2 Θ3 
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IMP MAn SLP 

bi 0.019 -35.620 4.895 

   
 21.398 0.006 0.025 

   0.432 0.432 0.432 

SRCs    0.916 -0.499 0.284 

 

This procedure is implemented in the [R] package sensitivity used in this work with 

the function src: 

 

 

1.2. Morris Screening 

For the presented example, a Morris screening run with 9 repetitions, 4 levels and a 

grid jump of 2 was chosen. The 9 trajectories were composed using the morris 

function from the [R] package sensitivity 

  

input parameters output elementary effects 

  

original scaled (0 – 1) y 

   

     

Θ1 Θ2 Θ3 

    

Trajectory SimID IMP MAn SLP IMP MAn SLP 

Maximum 

Flow d(Θ1) d(Θ1) d(Θ1) 

1 

1 40 0.015 0.03 0.33 0.00 0.67 1.593       

2 90 0.01 0.067 1.00 0.00 0.67 2.603 1.51 

 

  

3 90 0.0233 0.067 1.00 0.67 0.67 1.862   -1.11   

4 90 0.0233 0.001 1.00 0.67 0.00 0.64     1.83 

2 

5 40 0.0233 0.1 0.33 0.67 1.00 1.117       

6 90 0.0233 0.1 1.00 0.67 1.00 1.98 1.29 

 

  

7 90 0.01 0.1 1.00 0.00 1.00 2.835   -1.28   

8 90 0.01 0.034 1.00 0.00 0.33 2.208     0.94 

3 

9 15 0.03 0.034 0.00 1.00 0.33 0.346       

10 65 0.03 0.034 0.67 1.00 0.33 1.201 1.28 

 

  

11 65 0.0167 0.034 0.67 0.33 0.33 1.581   -0.57   

12 65 0.0167 0.1 0.67 0.33 1.00 1.925     0.52 
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4 

13 90 0.0233 0.034 1.00 0.67 0.33 1.632       

14 40 0.0233 0.034 0.33 0.67 0.33 0.978 0.98 

 

  

15 40 0.01 0.034 0.33 0.00 0.33 1.429   -0.68   

16 40 0.01 0.1 0.33 0.00 1.00 1.687     0.39 

5 

17 90 0.01 0.001 1.00 0.00 0.00 0.712       

18 40 0.01 0.001 0.33 0.00 0.00 0.597 0.17 

 

  

19 40 0.0233 0.001 0.33 0.67 0.00 0.497   -0.15   

20 40 0.0233 0.067 0.33 0.67 0.67 1.067     0.85 

6 

21 65 0.03 0.1 0.67 1.00 1.00 1.389       

22 15 0.03 0.1 0.00 1.00 1.00 0.361 1.54 

 

  

23 15 0.0167 0.1 0.00 0.33 1.00 0.519   -0.24   

24 15 0.0167 0.034 0.00 0.33 0.33 0.49     0.04 

7 

25 90 0.03 0.001 1.00 1.00 0.00 0.611       

26 40 0.03 0.001 0.33 1.00 0.00 0.466 0.22 

 

  

27 40 0.0167 0.001 0.33 0.33 0.00 0.531   -0.10   

28 40 0.0167 0.067 0.33 0.33 0.67 1.274     1.11 

8 

29 65 0.0233 0.001 0.67 0.67 0.00 0.585       

30 15 0.0233 0.001 0.00 0.67 0.00 0.305 0.42 

 

  

31 15 0.01 0.001 0.00 0.00 0.00 0.417   -0.17   

32 15 0.01 0.067 0.00 0.00 0.67 0.688     0.41 

9 

33 65 0.0233 0.034 0.67 0.67 0.33 1.37       

34 15 0.0233 0.034 0.00 0.67 0.33 0.402 1.45 

 

  

35 15 0.01 0.034 0.00 0.00 0.33 0.654   -0.38   

36 15 0.01 0.1 0.00 0.00 1.00 0.705     0.08 

  Mean of elementary effects µ   
 

 
 ∑  

 

   

 0.99 -0.52 0.69 

  
Mean of absolute elementary 

effects µ* 
   

 

 
 ∑|  |

 

   

 0.99 0.52 0.69 

  Standard deviation   
 

   
 ∑(  

 

   

  ( ))  

0.57 0.43 0.57 

 

 

The elementary effects are calculated by   ( )  
 (                         )   ( ) 

 
 . 

I.e. for d1(Θ1) this would read   (  )  
             

         
 = 1.51 

The sensitivity measures are µ(*) and σ are the mean and the standard deviation of 

the elementary effect for the parameters. 

 

The results obtained with the [R] package sensitvity are given below. 
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2. GUI screenshots 

2.1. ConvertSensorData: Toolkit GUI 
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2.2. WAVE: GUI for file import 

 

2.3. BlueM.OPT GUI 
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3. BlueM.OPT 

3.1. Implemented Objective functions 

Legend: 

 Implemented and tested 

 Not implemented, possible to 

calculate in Post-Processing 

from results 

 

Abbreviation  

BOLD: as used in 

code & input files 

Equation Min Max Tar Adaption for optimization 

 

ME 

Bias, E1 

Mean error 

 



n

i

ii PO
n

ME
1

1
 

-∞ ∞ 0 Use absolute value  and 

minimize 

ME_OPT 

MAE 

=E'1 

Mean absolute error (' : abs) 





n

i

ii PO
n

MAE
1

1
 

0 ∞ min OK 

 

MSE 

=E2 

Mean Square Error  

 



n

i

ii PO
n

MSE
1

21
 

0 ∞ min 

 

OK 

 

MSSE 

=E(sorted)2 

Mean Square Sorted Errors (j pairs) 

 



n

j

jj PO
n

MSSE
1

21
 

0 ∞ min OK 

MSLE 

=E(ln)2 

Mean Square Logarithme Error 

 
2

1

1




n

i

ii PlnOln
n

MSLE  

0 ∞ min OK 

MSDE 

=E(deriv)2 

Mean Square Derivative Error 

    


 



n

i

iiii PPOO
n

MSDE
1

2

11
1

1

 

0 

 

∞ min OK 

AME 

=E∞ 

Absolute Maximum Error 

 ii POmaxAME   

0 ∞ min OK 

 

MPE 

=100.RE1 

Mean percent error  













 


n

i i

ii

O

PO

n
MPE

1

100
 

-∞ ∞ 0 Use absolute value and 

minimize 

MPE_OPT 

MRE 

=RE1 

Mean relative error   













 


n

i i

ii

O

PO

n
MRE

1

1
 

-∞ ∞ 0 Use absolute value and 

minimize 

MRE_OPT 

MARE 

=RE'1 

Mean absolute relative error 







n

i i

ii

O

PO

n
MARE

1

1
 

0 ∞ min OK 
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Abbreviation  

BOLD: as used in 

code & input files 

Equation Min Max Tar Adaption for optimization 

 

MSRE 

=RE2 

Mean square relative error 













 


n

i i

ii

O

PO

n
MSRE

1

2

1
 

0 ∞ min OK 

MAPE 

~MARE 

Mean absolute percent error 







n

i i

ii

P

PO

n
MAPE

1

100
 

0 ∞ min OK 

MDAPE 

~MARE 

median absolute error percentage 

















 100

i

ii

O

PO
MédianeMdAPE  

0 ∞ min OK 

PBIAS 

γ=1 

Percent Bias  

 












n

i

i

n

i

ii

O

PO

PBIAS

1

1100






 

-∞ ∞ 0 Use absolute value and 

minimize 

PBIAS_OPT 

RVE 

=PBIAS/100 

Relative volume error  

 












n

i

i

n

i

ii

O

PO

RVE

1

1  

-∞ ∞ 0 Use absolute value and 

minimize 

RVE_OPT 

MAER 

=PBIAS'/100 

 

MAER=absolute RVE 












n

i

i

n

i

ii

O

PO

RVE

1

1  

0 ∞ min OK 

 

U2 

Theil's coefficient 

=PBIAS2/100 

Theil's inequality coefficient 

 












n

i

i

n

i

ii

O

PO

U

1

2

1

2

2  

0 ∞ min OK 

RMSE 

Root mean square  

 

n

PO

RMSE

n

i

ii




 1

2

 

0 ∞ min OK 

R4MS4E 

Fourth root mean quadrupled error 

 
4

1
4

44
n

PO

EMSR

i

n

ii




   

0 ∞ min OK 

TMC 

Total Mass Balance Controller 

1100

1

1 









n

i

i

n

i

i

P

O

TMC  

0 100 0 OK 

CRBAL 

, Bilan 

Balance Criteria  ∞ 1 1 Remove term (1-) 

CRBAL_OPT 
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Abbreviation  

BOLD: as used in 

code & input files 

Equation Min Max Tar Adaption for optimization 

 















 
n

i

i

n

i

i

n

i

i

n

i

i

P

O

O

P

Bilan

1

1

1

11  

PDIFF 

Peak difference 

   ii PmaxOmaxPDIFF   

-∞ ∞ 0 Use absolute value and 

minimize 

PDIFF_OPT 

PEP 

Percent error in peak 

   
 

100



i

ii

Omax

PmaxOmax
PEP  

-∞ ∞ 0 Use absolute value and 

minimize 

PEP_OPT 

CE12 

CE1,2 

Coefficient of efficiency (Nash-Sutcliffe) 

 

 












n

i

i

n

i

ii

OO

PO

CE

1

2

1

2

1  

-∞ 1 1 Remove term (1-) 

CE12_OPT,  

NashSutt 

CE122 

CE1/2,2 

 

 

 












n

i

i

n

i

ii

,/

OO

PO

CE

1

2

1

2

221 1  

-∞ 1 1 Remove term (1-) 

CE122_OPT 

CELN2 

CEln,2 
 

 

 












n

i

i

n

i

ii

ln,

)Oln()Oln(

)Pln()Oln(

CE

1

2

1

2

2 1  

-∞ 1 1 Remove term (1-) 

CELN2_OPT 

RAE 

=CE1,abs 

Relative Absolute Error  














n

i

i

n

i

ii

OO

PO

RAE

1

1  

0 ∞ min OK 

RSR 

RMSE-observations standard deviation ratio  

 

0 ∞ min OK 

PI 

coefficient of persistance 

 

 














n

i

ii

n

i

ii

OO

PO

PI

1

2

1

1

2

1  

∞ 1 1 Remove term (1-) 

PI_OPT 

IRMSE 

Inertia Root Mean Squared Error 






RMSE
IRMSE

 
2

1

1








n

n

i

i

     





n

i

i
n 1

1
     1 iii OO  

0 ∞ min OK 

 

 












n

i

i

n

i

ii

OO

PO

RSR

1

2

1

2
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Abbreviation  

BOLD: as used in 

code & input files 

Equation Min Max Tar Adaption for optimization 

 

IAγ 

γ=2 

index of agreement 

 

 












n

i

ii

n

i

ii

OOOP

PO

IA

1

11






 

0 1 1 Remove term (1-) 

IA_OPT 

NSC 

Number of sign changes of residuals (Oi-Pi) 0 n-1 max  

R2 

Coefficient of determination 

   

   


























 



 



n

i

n

i

ii

i

n

i

i

PPOO

PPOO

²R

1 1

22

1

 

    

     

AIC 

Akaike Information criterion 

n data, k parameters 

  kRMSEnAIC  2ln  

   Based on RMSE – 

additional information 

needed (n and k) 

BIC 

Bayesian  Information criterion 

n data, k parameters 

   nlnkRMSElnnBIC   

   Based on RMSE – 

additional information 

needed (n and k) 

undermodelling kn

kn
)ˆ

n

k
ˆ(

n

RMSE
ellingmodUnder




 22 

    Based on RMSE – 

additional information 

needed (n and k) 

F-Test 

compare the RMSE of model 

)PN/(RMSE

)PP/()RMSERMSE(
F

jj

ijji




  

   Based on RMSE – 

additional information 

needed 

 

3.2. Residual statistics 

Abbreviation  

BOLD: as used in 

code & input files 

Equation 

Definition:            

Min Max Tar  

RES_MIN 

            
        

(  ) -∞ ∞  Minimum of residuals 

RES_MAX 

            
        

(  ) -∞ ∞  Maximum of residuals 

RES_MEAN 
           

 

 
 (∑(   )

 

   

) 
-∞ ∞  Mean of residuals 

RES_MED 

                
        

(  ) 

If n = even: 

upper and lower of n/2 are interpolated 

-∞ ∞  Median of residuals 

RES_SD        √
 

   
 (∑(      ̅)

 

 

   

) 

0 ∞  Residuals standard 

deviation  
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RES_SKEW          

 
 

∑ (      ̅)
  

   

(
 
 

∑ (      ̅)
  

   )

 
 ⁄
 

   Residuals sample 

skewness 

 

RES_KURT         

 
 

∑ (      ̅)
  

   

(
 
 

∑ (      ̅)
  

   )
    

   Residuals sample kurtosis 

3.3. Exemplary input files for BlueM.OPT (Example GSA hydraulic model) 

.ZIE file: Definition of objectives 

*Optimierungsziele 

       *================= 

       * 

         *Values 

        *------ 

        * 

         * ----- --------------- ------- ------------ --------- ------------------ ---------------- --------- --------- 

*  Opt   Bezeichnung     Datei       ZielFkt                 IstWert  

*                                                       (Block)            (Spalte)         RefWert            

* ----- --------------- ------- ------------ --------- ------------------ ---------------- --------- --------- 

    P    TotalRunoffVol   SUM    Summ          Diff     RunoffVolume       SumVol          0           

    S    TotalOverflowVol    SUM    Summ          Diff     OverflowVolume     SumVol          0           

    S    NoOverflow       SUM    B100          Diff     NoOverflows        No              0           

    S    OverflowDuration    SUM    B100          Diff     OverflowDuration   Duration        0           

    S    E0               SUM    Summ          Diff     E0                 E0              0           

*   S    RunoffLoad_COD      SUM    B100          Diff     RunoffLoad         COD_TOT         0           

*   S    RunoffLoad_TSS      SUM    B100          Diff     RunoffLoad         TSS_TOT         0           

*   S   

 

OverflowLoad_COD    SUM    B100          Diff     OverflowLoad       COD_TOT         0           

*   S    OverflowLoad_TSS    SUM    B100          Diff     OverflowLoad       TSS_TOT         0           

* ----- --------------- ------- ------------ --------- ------------------ ---------------- --------- --------- 

* 

         *ValueFromSeries 

       *--------------- 

       * 

         * ----- --------------- ------- ------------ --------- ----------------- ----------------- ----------- --------- 

*  Opt   Bezeichnung     Datei       ZielFkt     EvalZeitraum      Referenzwert                        IstWert  

*                                                            Start             Ende         WertTyp  

 

RefWert  

* ----- --------------- ------- ------------ --------- ----------------- ----------------- --------- --------- 

    S    E002_TOT_VOL     WEL    B100_Qzu      Diff    21.01.2009 14:00   22.01.2009 03:00  Summe    0 

    S    E002_OF_VOL      WEL    B100_QKu      Diff    21.01.2009 14:00   22.01.2009 03:00  Summe    0 

    S    E002_PEAK_Qzu    WEL    B100_Qzu      Diff    21.01.2009 14:00   22.01.2009 03:00  MaxWert  0 

*   S    E002_PEAK_Czu    WEL    B100_czu      Diff    21.01.2009 14:00   22.01.2009 03:00  MaxWert  0 

*   S   

 

E002_AVERAGE_C   WEL    B100_czu      Diff    21.01.2009 14:00   22.01.2009 03:00  Average  0 

    S    E013_OF_VOL      WEL    B100_QKu      Diff    06.03.2009 05:30   06.03.2009 18:00  Summe    0 

    S    E013_PEAK_Qzu    WEL    B100_Qzu      Diff    06.03.2009 05:30   06.03.2009 18:00  MaxWert  0 

    S    E013_TOT_VOL     WEL    B100_Qzu      Diff    06.03.2009 05:30   06.03.2009 18:00  Summe    0 

*   S    E013_PEAK_Czu    WEL    B100_czu      Diff    06.03.2009 05:30   06.03.2009 18:00  MaxWert  0 

*   S   

 

E013_AVERAGE_C   WEL    B100_czu      Diff    06.03.2009 05:30   06.03.2009 18:00  Average  0 

    S    E017_OF_VOL      WEL    B100_QKu      Diff    19.04.2009 21:30   20.04.2009 01:30  Summe    0 

    S    E017_PEAK_Qzu    WEL    B100_Qzu      Diff    19.04.2009 21:30   20.04.2009 01:30  MaxWert  0 

    S    E017_TOT_VOL     WEL    B100_Qzu      Diff    19.04.2009 21:30   20.04.2009 01:30  Summe    0 

*   S    E017_PEAK_Czu    WEL    B100_czu      Diff    19.04.2009 21:30   20.04.2009 01:30  MaxWert  0 

*   S   

 

E017_AVERAGE_C   WEL    B100_czu      Diff    19.04.2009 21:30   20.04.2009 01:30  Average  0 

    S    E021_OF_VOL      WEL    B100_QKu      Diff    29.04.2009 04:00   29.04.2009 19:00  Summe    0 

    S    E021_PEAK_Qzu    WEL    B100_Qzu      Diff    29.04.2009 04:00   29.04.2009 19:00  MaxWert  0 

    S    E021_TOT_VOL     WEL    B100_Qzu      Diff    29.04.2009 04:00   29.04.2009 19:00  Summe    0 

*   S    E021_PEAK_Czu    WEL    B100_czu      Diff    29.04.2009 04:00   29.04.2009 19:00  MaxWert  0 
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*   S   

 

E021_AVERAGE_C   WEL    B100_czu      Diff    29.04.2009 04:00   29.04.2009 19:00  Average  0 

    S    E022_OF_VOL      WEL    B100_QKu      Diff    29.04.2009 21:00   30.04.2009 11:00  Summe    0 

    S    E022_PEAK_Qzu    WEL    B100_Qzu      Diff    29.04.2009 21:00   30.04.2009 11:00  MaxWert  0 

    S    E022_TOT_VOL     WEL    B100_Qzu      Diff    29.04.2009 21:00   30.04.2009 11:00  Summe    0 

*   S    E022_PEAK_Czu    WEL    B100_czu      Diff    29.04.2009 21:00   30.04.2009 11:00  MaxWert  0 

*   S   

 

E022_AVERAGE_C   WEL    B100_czu      Diff    29.04.2009 21:00   30.04.2009 11:00  Average  0 

    S    E060_OF_VOL      WEL    B100_QKu      Diff    07.07.2009 16:00   07.07.2009 22:00  Summe    0 

    S    E060_PEAK_Qzu    WEL    B100_Qzu      Diff    07.07.2009 16:00   07.07.2009 22:00  MaxWert  0 

    S    E060_TOT_VOL     WEL    B100_Qzu      Diff    07.07.2009 16:00   07.07.2009 22:00  Summe    0 

*   S    E060_PEAK_Czu    WEL    B100_czu      Diff    07.07.2009 16:00   07.07.2009 22:00  MaxWert  0 

*   S   

 

E060_AVERAGE_C   WEL    B100_czu      Diff    07.07.2009 16:00   07.07.2009 22:00  Average  0 

* ----- --------------- ------- ------------ --------- ----------------- ----------------- --------- --------- 

* 

         * 

         *Series 

        *------ 

        * 

         * ----- --------------- ------- ------------ --------- ------------------- ------------------ 

 

--------- 

*  Opt   Bezeichnung     Datei     ZielFkt  

        Evaluierungs 

Zeitraum          

                          

Referenzreihe                                IstWert  

*                                                              Start            Ende          

        

 

                 

Datei                     

* ----- --------------- ------- ------------ --------- ------------------- ------------------ 

  *HYDRUALICS 

           S    E002_Q_Volf        ASC    B100_Qzu     Volf       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 

    S    E002_Q_ME          ASC    B100_Qzu     ME         21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MAE         ASC    B100_Qzu     MAE        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MSE         ASC    B100_Qzu     MSE        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MSLE        ASC    B100_Qzu     MSLE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MSDE        ASC    B100_Qzu     MSDE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_AME         ASC    B100_Qzu     AME        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MPE         ASC    B100_Qzu     MPE        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MRE         ASC    B100_Qzu     MRE        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MARE        ASC    B100_Qzu     MARE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MSRE        ASC    B100_Qzu     MSRE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MAPE        ASC    B100_Qzu     MAPE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_PBIAS       ASC    B100_Qzu     PBIAS      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_RVE         ASC    B100_Qzu     RVE        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MAER        ASC    B100_Qzu     MAER       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_U2          ASC    B100_Qzu     U2         21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_RMSE        ASC    B100_Qzu     RMSE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 

    S    E002_Q_R4MS4E      ASC    B100_Qzu    

 

R4MS4E     21.01.2009 14:00   22.01.2009 03:00  Q 

R.ASC 

    S    E002_Q_TMC         ASC    B100_Qzu     TMC        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_CRBAL       ASC    B100_Qzu     CRBAL      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_PDIFF       ASC    B100_Qzu     PDIFF      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_PEP         ASC    B100_Qzu     PEP        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_CE12        ASC    B100_Qzu     CE12       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_CE122       ASC    B100_Qzu     CE122      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_CELN2       ASC    B100_Qzu     CELN2      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_RAE         ASC    B100_Qzu     RAE        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_RSR         ASC    B100_Qzu     RSR        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_PI          ASC    B100_Qzu     PI         21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_IRMSE       ASC    B100_Qzu     IRMSE      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_IA          ASC    B100_Qzu     IA         21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MSSE        ASC    B100_Qzu     MSSE       21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_MDAPE       ASC    B100_Qzu     MDAPE      21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_NSC         ASC    B100_Qzu     NSC        21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
    S    E002_Q_R2          ASC    B100_Qzu     R2         21.01.2009 14:00   22.01.2009 03:00  Q R.ASC 
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Model parameter assignement 

*ModellParameter 
        *===================== 

       * --------- -------------- ------- ------- -------- ------- ----- ----- -------- 

* 
 
OptParameter  

 
Bezeichnung    Einh.   Datei  Elem. /o  Zeile   von   bis   Faktor  

* -<---------->- -<---------->- -<--->- -<--->- -<---->- -<--->- -<->- -<->- -<---->- 

*LOSSES AND EVAPORATION  # 
        EF  VPFaktor     ALL     66 38 41 1 

  IL              Benetz 
 

ALL     30 38 41 1 

  DL   NG1 
 

ALL     29 38 43 1 

  DL  NG2 
 

ALL     29 45 50 0.667 

  DL  NG3 
 

ALL     29 52 57 0.333 

  DL  NG3 
 

ALL     29 59 64 0.333 

*IMPERVIOUSNESS  ######### 
        IF  F100_VG    FKA 

 
10 17 20 0.57 

  IF  F101_VG    FKA 
 

11 17 20 0.72 

  IF  F102_VG    FKA 
 

12 17 20 0.53 

  IF  F103_VG    FKA 
 

13 17 20 0.65 

  IF  F104_VG    FKA 
 

14 17 20 0.6 

  IF  F105_VG    FKA 
 

15 17 20 0.66 

  IF  F106_VG    FKA 
 

16 17 20 0.32 

  IF  F107_VG    FKA 
 

17 17 20 0.3 

  IF  F108_VG    FKA 
 

18 17 20 0.39 

  IF  F109_VG    FKA 
 

19 17 20 0.44 

  IF  F10C_VG    FKA 
 

20 17 20 0.39 

  IF  F10D_VG    FKA 
 

21 17 20 0.51 

  IF  F10E_VG    FKA 
 

22 17 20 0.29 

  IF  F10F_VG    FKA 
 

23 17 20 0.33 

  IF  F10G_VG    FKA 
 

24 17 20 0.44 

  IF  F10H_VG    FKA 
 

25 17 20 0.36 

  IF  F10I_VG    FKA 
 

26 17 20 0.25 

  IF  F10J_VG    FKA 
 

27 17 20 0.33 

  IF  F110_VG    FKA 
 

28 17 20 0.2 

  IF  F111_VG    FKA 
 

29 17 20 0.38 

  IF  F112_VG    FKA 
 

30 17 20 0.15 

  IF  F114_VG    FKA 
 

31 17 20 0.26 

  IF  F115_VG    FKA 
 

32 17 20 0.24 

  IF  F116_VG    FKA 
 

33 17 20 0.24 

  IF  F117_VG    FKA 
 

34 17 20 0.39 

  IF  F118_VG    FKA 
 

35 17 20 0.21 

  IF  F120_VG    FKA 
 

36 17 20 0.33 

  IF  F121_VG    FKA 
 

37 17 20 0.21 

  IF  F122_VG    FKA 
 

38 17 20 0.25 

  IF  F123_VG    FKA 
 

39 17 20 0.38 

  IF  F124_VG    FKA 
 

40 17 20 0.35 

  IF  F125_VG    FKA 
 

41 17 20 0.38 

  IF  F126_VG    FKA 
 

42 17 20 0.29 

  IF  F127_VG    FKA 
 

43 17 20 0.45 

  IF  F128_VG    FKA 
 

44 17 20 0.37 

  IF  F129_VG    FKA 
 

45 17 20 0.35 

  IF  F130_VG    FKA 
 

46 17 20 0.11 

  IF  F131_VG    FKA 
 

47 17 20 0.21 

  IF  F132_VG    FKA 
 

48 17 20 0.07 

  IF  F133_VG    FKA 
 

49 17 20 0.17 

  IF  F200_VG    FKA 
 

50 17 20 0.38 
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  IF  F201_VG    FKA 
 

51 17 20 0.25 

  IF  F202_VG    FKA 
 

52 17 20 0.19 

  IF  F203_VG    FKA 
 

53 17 20 0.38 

  IF  F301_VG    FKA 
 

54 17 20 0.18 

  IF  F304_VG    FKA 
 

55 17 20 0 

  IF  F305_VG    FKA 
 

56 17 20 0.06 

  IF  F306_VG    FKA 
 

57 17 20 0.13 

  IF  F307_VG    FKA 
 

58 17 20 0.32 

  IF  F308_VG    FKA 
 

59 17 20 0.11 

  IF  F309_VG    FKA 
 

60 17 20 0.26 

  IF  F310_VG    FKA 
 

61 17 20 0.33 

  IF  F311_VG    FKA 
 

62 17 20 0.15 

  IF  F312_VG    FKA 
 

63 17 20 0.36 

  IF  F313_VG    FKA 
 

64 17 20 0.46 

  IF  F314_VG    FKA 
 

65 17 20 0.45 

  IF  F315_VG    FKA 
 

66 17 20 0.03 

*CONCENTRATION TIME ######### 
        TF  F100_TF    FKA 

 
10 30 33 6.1 

  TF  F101_TF    FKA 
 

11 30 33 6.9 

  TF  F102_TF    FKA 
 

12 30 33 7.3 

  TF  F103_TF    FKA 
 

13 30 33 6.2 

  TF  F104_TF    FKA 
 

14 30 33 5.7 

  TF  F105_TF    FKA 
 

15 30 33 6.9 

  TF  F106_TF    FKA 
 

16 30 33 6 

  TF  F107_TF    FKA 
 

17 30 33 5.7 

  TF  F108_TF    FKA 
 

18 30 33 5.4 

  TF  F109_TF    FKA 
 

19 30 33 10.1 

  TF  F10C_TF    FKA 
 

20 30 33 5.7 

  TF  F10D_TF    FKA 
 

21 30 33 6 

  TF  F10E_TF    FKA 
 

22 30 33 5.4 

  TF  F10F_TF    FKA 
 

23 30 33 5.2 

  TF  F10G_TF    FKA 
 

24 30 33 6 

  TF  F10H_TF    FKA 
 

25 30 33 5.4 

  TF  F10I_TF    FKA 
 

26 30 33 5.8 

  TF  F10J_TF    FKA 
 

27 30 33 5.5 

  TF  F110_TF    FKA 
 

28 30 33 5.5 

  TF  F111_TF    FKA 
 

29 30 33 6 

  TF  F112_TF    FKA 
 

30 30 33 7.6 

  TF  F114_TF    FKA 
 

31 30 33 7 

  TF  F115_TF    FKA 
 

32 30 33 9.7 

  TF  F116_TF    FKA 
 

33 30 33 6 

  TF  F117_TF    FKA 
 

34 30 33 6 

  TF  F118_TF    FKA 
 

35 30 33 5.6 

  TF  F120_TF    FKA 
 

36 30 33 5.8 

  TF  F121_TF    FKA 
 

37 30 33 5.8 

  TF  F122_TF    FKA 
 

38 30 33 5.6 

  TF  F123_TF    FKA 
 

39 30 33 6.3 

  TF  F124_TF    FKA 
 

40 30 33 5.1 

  TF  F125_TF    FKA 
 

41 30 33 5.7 

  TF  F126_TF    FKA 
 

42 30 33 7.8 

  TF  F127_TF    FKA 
 

43 30 33 6.3 

  TF  F128_TF    FKA 
 

44 30 33 5.9 

  TF  F129_TF    FKA 
 

45 30 33 6.4 

  TF  F130_TF    FKA 
 

46 30 33 6 

  TF  F131_TF    FKA 
 

47 30 33 5.3 

  TF  F132_TF    FKA 
 

48 30 33 5.5 

  TF  F133_TF    FKA 
 

49 30 33 5.6 

  TF  F200_TF    FKA 
 

50 30 33 10.7 

  TF  F201_TF    FKA 
 

51 30 33 7.6 

  TF  F202_TF    FKA 
 

52 30 33 9.7 

  TF  F203_TF    FKA 
 

53 30 33 6.4 

  TF  F301_TF    FKA 
 

54 30 33 5.8 

  TF  F304_TF    FKA 
 

55 30 33 6.5 
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  TF  F305_TF    FKA 
 

56 30 33 5.6 

  TF  F306_TF    FKA 
 

57 30 33 6.4 

  TF  F307_TF    FKA 
 

58 30 33 5.9 

  TF  F308_TF    FKA 
 

59 30 33 6.2 

  TF  F309_TF    FKA 
 

60 30 33 8 

  TF  F310_TF    FKA 
 

61 30 33 7.5 

  TF  F311_TF    FKA 
 

62 30 33 6.2 

  TF  F312_TF    FKA 
 

63 30 33 7.8 

  TF  F313_TF    FKA 
 

64 30 33 6.6 

  TF  F314_TF    FKA 
 

65 30 33 6.9 

  TF  F315_TF    FKA 
 

66 30 33 6.7 

*CN VALUE ############## 
        CN  F100_CN 

 
FKA 

 
10 25 28 1 

  CN  F101_CN 
 

FKA 
 

11 25 28 1 

  CN  F102_CN 
 

FKA 
 

12 25 28 1 

  CN  F103_CN 
 

FKA 
 

13 25 28 1 

  CN  F104_CN 
 

FKA 
 

14 25 28 1 

  CN  F105_CN 
 

FKA 
 

15 25 28 1 

  CN  F106_CN 
 

FKA 
 

16 25 28 1 

  CN  F107_CN 
 

FKA 
 

17 25 28 1 

  CN  F108_CN 
 

FKA 
 

18 25 28 1 

  CN  F109_CN 
 

FKA 
 

19 25 28 1 

  CN  F10C_CN 
 

FKA 
 

20 25 28 1 

  CN  F10D_CN 
 

FKA 
 

21 25 28 1 

  CN  F10E_CN 
 

FKA 
 

22 25 28 1 

  CN  F10F_CN 
 

FKA 
 

23 25 28 1 

  CN  F10G_CN 
 

FKA 
 

24 25 28 1 

  CN  F10H_CN 
 

FKA 
 

25 25 28 1 

  CN  F10I_CN 
 

FKA 
 

26 25 28 1 

  CN  F10J_CN 
 

FKA 
 

27 25 28 1 

  CN  F110_CN 
 

FKA 
 

28 25 28 1 

  CN  F111_CN 
 

FKA 
 

29 25 28 1 

  CN  F112_CN 
 

FKA 
 

30 25 28 1 

  CN  F114_CN 
 

FKA 
 

31 25 28 1 

  CN  F115_CN 
 

FKA 
 

32 25 28 1 

  CN  F116_CN 
 

FKA 
 

33 25 28 1 

  CN  F117_CN 
 

FKA 
 

34 25 28 1 

  CN  F118_CN 
 

FKA 
 

35 25 28 1 

  CN  F120_CN 
 

FKA 
 

36 25 28 1 

  CN  F121_CN 
 

FKA 
 

37 25 28 1 

  CN  F122_CN 
 

FKA 
 

38 25 28 1 

  CN  F123_CN 
 

FKA 
 

39 25 28 1 

  CN  F124_CN 
 

FKA 
 

40 25 28 1 

  CN  F125_CN 
 

FKA 
 

41 25 28 1 

  CN  F126_CN 
 

FKA 
 

42 25 28 1 

  CN  F127_CN 
 

FKA 
 

43 25 28 1 

  CN  F128_CN 
 

FKA 
 

44 25 28 1 

  CN  F129_CN 
 

FKA 
 

45 25 28 1 

  CN  F130_CN 
 

FKA 
 

46 25 28 1 

  CN  F131_CN 
 

FKA 
 

47 25 28 1 

  CN  F132_CN 
 

FKA 
 

48 25 28 1 

  CN  F133_CN 
 

FKA 
 

49 25 28 1 

  CN  F200_CN 
 

FKA 
 

50 25 28 1 

  CN  F201_CN 
 

FKA 
 

51 25 28 1 

  CN  F202_CN 
 

FKA 
 

52 25 28 1 

  CN  F203_CN 
 

FKA 
 

53 25 28 1 

  CN  F301_CN 
 

FKA 
 

54 25 28 1 

  CN  F304_CN 
 

FKA 
 

55 25 28 1 

  CN  F305_CN 
 

FKA 
 

56 25 28 1 

  CN  F306_CN 
 

FKA 
 

57 25 28 1 

  CN  F307_CN 
 

FKA 
 

58 25 28 1 

  CN  F308_CN 
 

FKA 
 

59 25 28 1 

  CN  F309_CN 
 

FKA 
 

60 25 28 1 
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  CN  F310_CN 
 

FKA 
 

61 25 28 1 

  CN  F311_CN 
 

FKA 
 

62 25 28 1 

  CN  F312_CN 
 

FKA 
 

63 25 28 1 

  CN  F313_CN 
 

FKA 
 

64 25 28 1 

  CN  F314_CN 
 

FKA 
 

65 25 28 1 

  CN  F315_CN 
 

FKA 
 

66 25 28 1 

Optimisation parameters 

*Optimierungsparameter 

       
*===================== 

       
* 

        
* -------------- ------- ----------- -------- -------- ----------- ---------- ----------- 

*  Bezeichnung    Einh.   Anfangsw.    Min      Max     Beziehung    Objekt    Zeitpunkt  

* -<---------->- -<--->- -<------->- -<---->- -<---->- -<------->- -<------>- -<------->- 

   CN              -     60 40 85                                    

   EF              -     1 0.8 1.2                                    

   IL              -     0.5 0.15 0.8                                    

   DL              -     1.5 0.2 3                                    

   K               -     1.5 0.5 3                                    

   IF               -    0.5 0.15 1                                    

*  VG2              -    0.5 0.2 1                                    

*  VG3              -    0.5 0.2 1                                    

*  VG4              -    0.5 0.2 1                                    

*  VG5              -    0.5 0.2 1                                    

*  VG6              -    0.5 0.2 1                                    

 

 TF               -    1 0.5 3                                    

*  Pinit            -    10 4 50                                   

*#  Pinit2          -    1 0.5 50                                   

*#  Pinit3          -    1 0.5 50                                   

*#  Pinit4          -    1 0.5 50                                   

*#  Pinit5          -    1 0.5 50                                   

*  Pmax             -    1 4 50                                   

*#  Pmax2           -    1 0.5 50                                   

*#  Pmax3           -    1 0.5 50                                   

*#  Pmax4           -    1 0.5 50                                   

*#  Pmax5           -    1 0.5 50                                   

*  DISP             -    1 0.01 3                                   

*#  DISP2           -    1 0.01 3                                   

*#  DISP3           -    1 0.01 3                                   

*#  DISP4           -    1 0.01 3                                   

*#  DISP5           -    1 0.01 3                                   

*  Ke               -    1 0.01 1                                   

*#  Ke2             -    1 0.01 1                                   

*#  Ke3             -    1 0.01 1                                   

*#  Ke4             -    1 0.01 1                                   

*#  Ke5             -    1 0.01 1                                   

* -------------- ------- ----------- -------- -------- ----------- ---------- ----------- 
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4. UV/VIS calibration: linear- and non-linear regression for global calibration 

 

Results from power regression and linear regression: black dots corresponding to 

global calibration values, blue line to regression function. Red dots show the values 

corrected be the obtained regression function. Dashed line indicates the bisector. 

 

Results from [R]-script evaluation of correction of the global calibration by linear 

regression 
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5. Rain gauges 

5.1. Measurement periods and registered data loss 

Graz West catchment - overview rain gauges and rainfall data 

Rain 

gauge Klusemanngasse (KLUS) Lutz (LUTZ) Karl Morre (KAMO) 

Abbr. RG_KLUS RG_KLUS_B RG_LUTZ RG_KAMO 

Type tipping bucket weighing tipping bucket tipping bucket 

Year 

measuring 

period calibration 

measuring 

period 

measuring 

period calibration 

measuring 

period calibration 

2003 
11.07.2003 

 

26.03.2003 - 

 

- 

 
31.12.2003 

 

31.12.3003 

    
 

       

2004 
01.01.2004 

 

01.01.2004 09.04.2004 - - 

 
15.01.2004 

 

28.10.2004 12.07.2004 

   
 

       

2005 
01.01.2005 02.09.2004 01.01.2005 - 

 

- 

 
31.12.2005* 

 

17.10.2005 

    
 

       

2006 
01.01.2006 

 

28.01.2006 01.01.2006 06.05.2004 - 

 
31.12.2006 

 

31.12.2006 31.12.2006* 

   
 

       

2007 
01.01.2007 

 

- 01.01.2007 19.07.2007 - 

 
31.12.2007 

  

31.12.2007 

   
 

       

2008 
01.01.2008 07.07.2008 - 01.01.2008 

 

28.11.2008 - 

31.12.2008* 

  

31.12.2008 

 

31.12.2008* 

 
 

       

2009 
01.01.2009 

 

- 01.01.2009 not calibrated 01.01.2009 summer 

31.08.2009 

  

31.08.2009 

   
* registered data loss 

       

Graz West catchment - rain gauges - registered data loss 

Rain gauge Klusemann (KLUS) Lutz (LUTZ) Karl Morre (KAMO) 

Code RG_GW01_A RG_GW02 RG_GW03 

Type tipping bucket tipping bucket tipping bucket 

Year start end start end start end 

2004 - - - - - - 

              

2005 21.01.2005 - - - - - 

  18.04.2005 26.04.2005 
   

  

  19.07.2005 22.07.2005 
   

  

  25.07.2005 - 
   

  

  03.08.2005 - 
   

  

  02.09.2005 - 
   

  

  13.09.2005 - 
   

  

  23.10.2005 - 
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  16.11.2005 - 
   

  

  26.12.2005 30.12.2005 
   

  

              

2006 - - 04.03.2006 05.03.2006 - - 

  
  

16.05.2005 01.06.2006 
 

  

  
  

25.07.2006 08.09.2006 
 

  

              

2007 - - 23.01.2007 29.01.2007 - - 

  
  

05.02.2007 08.02.2007 
 

  

  
  

07.03.2007 18.03.2007 
 

  

  
  

29.04.2007 04.05.2007 
 

  

              

2008 10.07.2008 13.07.2008 - - 07.12.2008 10.12.2008 

              

 

5.2. Identified events by the ConvertSensorData tool for 2009 

Event Start (earliest) End (latest) No.    duration (min)   Sum Hn (mm)   Max Hn (mm/min) 

- date/time date/time - 

 

KAMO KLUS LUTZ 

 

KAMO KLUS LUTZ 

 

KAMO KLUS LUTZ 

2009_1 14.01.2009 06:54 15.01.2009 14:02 3   660 279 1476   4.95 4.86 5.81   0.09 0.12 0.20 

2009_2 21.01.2009 09:30 22.01.2009 02:18 3 

 

954 1005 994 

 

12.41 11.98 15.22 

 

0.09 0.12 0.20 

2009_3 23.01.2009 20:24 24.01.2009 00:58 3 

 

171 196 272 

 

3.21 4.22 4.21 

 

0.09 0.12 0.09 

2009_4 27.01.2009 04:11 28.01.2009 00:59 3 

 

1215 1226 1248 

 

20.21 28.54 30.17 

 

0.09 0.12 0.20 

2009_5 01.02.2009 17:19 03.02.2009 11:53 3   450 520 2407   2.08 1.76 14.74   0.09 0.11 0.09 

2009_6 02.02.2009 07:31 03.02.2009 10:10 2   1591 1494 0   9.11 9.08 0.00   0.09 0.12 0.00 

2009_7 03.02.2009 21:57 04.02.2009 04:13 3 

 

358 362 371 

 

1.91 2.07 2.66 

 

0.09 0.11 0.09 

2009_8 07.02.2009 19:13 08.02.2009 12:24 3 

 

1017 1029 992 

 

16.56 14.20 18.52 

 

0.09 0.12 0.18 

2009_9 21.02.2009 19:26 22.02.2009 08:56 2 

 

779 0 810 

 

1.22 0.00 1.65 

 

0.09 0.00 0.09 

2009_10 02.03.2009 16:47 03.03.2009 02:46 3 

 

582 526 506 

 

1.48 1.39 1.58 

 

0.09 0.10 0.20 

2009_11 04.03.2009 19:00 05.03.2009 00:42 3 

 

336 328 330 

 

2.60 2.68 2.84 

 

0.09 0.11 0.09 

2009_12 05.03.2009 09:09 05.03.2009 22:57 3 

 

828 803 799 

 

6.94 8.47 8.42 

 

0.09 0.11 0.09 

2009_13 06.03.2009 02:34 06.03.2009 14:16 3 

 

572 520 700 

 

12.23 14.25 16.13 

 

0.09 0.12 0.09 

2009_14 19.03.2009 15:13 19.03.2009 22:15 3 

 

344 107 420 

 

4.08 4.01 4.03 

 

0.09 0.13 0.09 

2009_15 29.03.2009 12:32 30.03.2009 10:47 3 

 

935 1334 362 

 

22.62 28.57 16.45 

 

0.17 0.40 0.28 

2009_16 17.04.2009 11:17 17.04.2009 13:47 1 

 

0 0 150 

 

0.00 0.00 1.10 

 

0.00 0.00 0.18 

2009_17 19.04.2009 20:33 20.04.2009 04:59 3 

 

428 475 506 

 

4.25 5.53 5.32 

 

0.09 0.12 0.09 

2009_18 23.04.2009 03:24 23.04.2009 06:56 3 

 

146 157 208 

 

5.02 4.46 5.78 

 

0.26 0.12 0.09 

2009_19 23.04.2009 17:44 23.04.2009 23:43 2 

 

0 359 311 

 

0.00 1.20 1.10 

 

0.00 0.12 0.09 

2009_20 24.04.2009 21:07 25.04.2009 06:45 1 

 

578 0 0 

 

1.04 0.00 0.00 

 

0.09 0.00 0.00 

2009_21 28.04.2009 19:20 30.04.2009 10:52 3   1746 1130 1175   27.22 19.43 12.12   0.51 1.48 0.37 

2009_22 29.04.2009 19:30 30.04.2009 09:57 2   0 867 656   0.00 22.19 21.74   0.00 0.55 0.85 

2009_23 30.04.2009 19:44 30.04.2009 20:26 1 

 

0 0 42 

 

0.00 0.00 1.37 

 

0.00 0.00 0.09 

2009_24 03.05.2009 15:24 03.05.2009 15:54 1 

 

0 0 30 

 

0.00 0.00 2.67 

 

0.00 0.00 0.28 

2009_25 04.05.2009 12:21 04.05.2009 16:24 3 

 

136 171 198 

 

2.69 4.61 4.58 

 

0.17 0.25 0.09 

2009_26 05.05.2009 11:24 05.05.2009 11:25 1 

 

1 0 0 

 

1.50 0.00 0.00 

 

1.42 0.00 0.00 

2009_27 11.05.2009 21:16 11.05.2009 23:54 1 

 

158 0 0 

 

1.56 0.00 0.00 

 

0.09 0.00 0.00 

2009_28 12.05.2009 16:44 12.05.2009 19:43 3 

 

171 167 137 

 

22.99 47.33 31.61 

 

1.64 2.86 2.39 

2009_29 13.05.2009 03:18 13.05.2009 07:43 2 

 

190 257 0 

 

2.08 2.79 0.00 

 

0.17 0.13 0.00 

2009_30 13.05.2009 16:43 13.05.2009 17:58 3 

 

72 70 28 

 

3.90 4.52 2.57 

 

0.17 0.25 0.18 

2009_31 13.05.2009 22:15 14.05.2009 06:35 2 

 

459 491 0 

 

2.17 2.36 0.00 

 

0.09 0.11 0.00 

2009_32 16.05.2009 13:32 16.05.2009 18:30 3 

 

282 298 287 

 

22.60 25.18 14.63 

 

2.87 1.89 1.45 

2009_33 18.05.2009 18:49 18.05.2009 20:59 3 

 

124 130 85 

 

3.11 5.81 5.59 

 

0.51 0.90 0.95 

2009_34 19.05.2009 16:52 19.05.2009 22:24 3 

 

313 314 175 

 

24.78 49.95 42.97 

 

0.85 2.09 1.86 

2009_35 22.05.2009 16:14 22.05.2009 17:35 3 

 

81 62 34 

 

12.29 29.62 15.22 

 

1.72 3.32 2.07 

2009_36 26.05.2009 17:41 26.05.2009 23:21 2 

 

331 328 0 

 

5.11 8.38 0.00 

 

0.26 0.56 0.00 



Appendix 

204 

Event Start (earliest) End (latest) No.    duration (min)   Sum Hn (mm)   Max Hn (mm/min) 

- date/time date/time - 

 

KAMO KLUS LUTZ 

 

KAMO KLUS LUTZ 

 

KAMO KLUS LUTZ 

2009_37 27.05.2009 04:25 27.05.2009 17:09 2 

 

618 762 0 

 

11.44 16.12 0.00 

 

0.17 0.26 0.00 

2009_38 30.05.2009 05:15 30.05.2009 16:05 3 

 

601 632 61 

 

7.11 8.32 1.47 

 

0.09 0.12 0.09 

2009_39 05.06.2009 22:11 06.06.2009 01:07 3 

 

140 171 149 

 

1.39 1.31 1.74 

 

0.09 0.11 0.09 

2009_40 06.06.2009 20:07 07.06.2009 08:21 3 

 

108 727 58 

 

3.89 3.23 2.86 

 

0.26 0.11 0.37 

2009_41 07.06.2009 19:00 07.06.2009 23:10 3 

 

192 237 4 

 

4.46 2.09 2.65 

 

1.41 0.11 1.15 

2009_42 11.06.2009 14:12 12.06.2009 04:17 3 

 

32 830 22 

 

5.15 4.28 4.65 

 

0.76 0.11 0.56 

2009_43 16.06.2009 14:16 16.06.2009 22:24 2 

 

488 0 18 

 

10.57 0.00 2.39 

 

0.26 0.00 0.28 

2009_44 17.06.2009 08:44 17.06.2009 08:45 1 

 

0 1 0 

 

0.00 12.57 0.00 

 

0.00 8.71 0.00 

2009_45 19.06.2009 21:43 20.06.2009 13:17 3 

 

934 909 45 

 

32.72 41.81 14.09 

 

0.43 1.00 1.05 

2009_46 22.06.2009 15:30 22.06.2009 19:32 3 

 

204 229 204 

 

2.26 1.18 1.46 

 

0.09 0.11 0.09 

2009_47 23.06.2009 07:38 25.06.2009 02:26 2   2545 608 0   35.36 13.74 0.00   0.26 0.26 0.00 

2009_48 24.06.2009 00:06 25.06.2009 04:02 1   0 1676 0   0.00 30.15 0.00   0.00 0.26 0.00 

2009_49 26.06.2009 18:17 26.06.2009 20:56 3 

 

159 146 15 

 

12.34 18.50 8.75 

 

1.17 1.95 1.77 

2009_50 27.06.2009 12:25 27.06.2009 16:51 3 

 

238 260 20 

 

1.13 34.61 4.30 

 

0.17 2.71 1.05 

2009_51 27.06.2009 20:57 27.06.2009 23:53 2 

 

176 32 0 

 

4.41 1.40 0.00 

 

0.34 0.26 0.00 

2009_52 28.06.2009 07:48 29.06.2009 05:21 3 

 

1222 1293 3 

 

12.57 15.63 1.11 

 

0.17 0.26 0.47 

2009_53 29.06.2009 11:13 29.06.2009 16:51 3 

 

237 338 9 

 

1.13 2.08 1.85 

 

0.09 0.26 0.47 

2009_54 30.06.2009 11:47 30.06.2009 13:34 2 

 

89 0 59 

 

9.67 0.00 9.31 

 

0.34 0.00 1.26 

2009_55 01.07.2009 10:00 01.07.2009 11:30 2 

 

7 90 0 

 

2.65 17.66 0.00 

 

0.68 1.78 0.00 

2009_56 01.07.2009 18:38 01.07.2009 20:13 3 

 

71 95 3 

 

3.02 10.20 1.68 

 

0.51 1.10 0.66 

2009_57 02.07.2009 11:42 02.07.2009 13:39 2 

 

0 100 10 

 

0.00 2.47 3.73 

 

0.00 0.40 0.75 

2009_58 03.07.2009 13:42 03.07.2009 14:19 2 

 

26 37 0 

 

1.21 4.26 0.00 

 

0.09 0.40 0.00 

2009_59 06.07.2009 11:43 06.07.2009 14:27 3 

 

158 164 139 

 

1.56 2.77 2.29 

 

0.09 0.12 0.09 

2009_60 07.07.2009 15:34 07.07.2009 17:52 3 

 

105 132 58 

 

14.61 13.20 4.25 

 

1.56 1.46 0.37 

2009_61 08.07.2009 00:38 08.07.2009 04:39 2 

 

232 241 0 

 

1.74 1.77 0.00 

 

0.09 0.11 0.00 

2009_62 08.07.2009 23:32 09.07.2009 00:41 2 

 

59 67 0 

 

1.13 1.64 0.00 

 

0.09 0.12 0.00 

2009_63 10.07.2009 02:07 10.07.2009 11:41 2 

 

464 574 0 

 

2.34 3.67 0.00 

 

0.09 0.11 0.00 

2009_64 13.07.2009 09:43 13.07.2009 09:46 1 

 

0 0 3 

 

0.00 0.00 1.60 

 

0.00 0.00 0.87 

2009_65 15.07.2009 19:06 16.07.2009 00:52 3 

 

346 300 65 

 

40.50 69.18 57.10 

 

1.64 3.06 3.53 

2009_66 18.07.2009 08:54 18.07.2009 13:44 3 

 

290 268 183 

 

42.83 47.45 36.89 

 

1.57 1.83 2.00 

2009_67 24.07.2009 23:18 25.07.2009 05:53 3 

 

329 371 45 

 

12.55 21.50 8.91 

 

0.34 1.06 0.75 

2009_68 30.07.2009 16:09 31.07.2009 00:02 3 

 

473 367 324 

 

18.24 26.39 9.37 

 

0.51 0.97 0.28 

2009_69 03.08.2009 15:51 04.08.2009 21:36 3   1581 1779 509   53.78 72.23 11.65   0.34 1.30 0.95 

2009_70 04.08.2009 07:18 04.08.2009 14:11 1   0 0 413   0.00 0.00 1.65   0.00 0.00 0.18 

2009_71 10.08.2009 16:31 10.08.2009 22:53 3 

 

382 298 65 

 

35.89 37.52 30.48 

 

1.65 3.03 3.54 

2009_72 13.08.2009 18:13 14.08.2009 05:16 3 

 

663 657 314 

 

18.79 19.65 5.33 

 

0.26 0.39 0.37 

2009_73 14.08.2009 12:24 14.08.2009 12:51 1 

 

27 0 0 

 

1.04 0.00 0.00 

 

0.09 0.00 0.00 

2009_74 21.08.2009 19:55 21.08.2009 21:37 3 

 

75 90 41 

 

23.69 25.98 47.94 

 

1.01 1.31 3.20 

2009_75 22.08.2009 16:05 23.08.2009 01:03 3 

 

538 288 87 

 

17.32 19.69 7.47 

 

0.26 0.41 0.95 

2009_76 28.08.2009 23:42 29.08.2009 00:46 3 

 

64 54 49 

 

14.87 10.15 19.85 

 

1.87 1.11 1.56 

2009_77 29.08.2009 09:42 29.08.2009 22:47 2 

 

785 429 0 

 

5.80 3.28 0.00 

 

0.34 0.12 0.00 

2009_78 04.09.2009 00:18 05.09.2009 07:27 3   1827 1865 206   62.99 77.56 9.24   0.43 0.55 0.47 

2009_79 04.09.2009 17:04 04.09.2009 17:22 1   0 0 18   0.00 0.00 1.47   0.00 0.00 0.28 

2009_80 11.09.2009 13:02 11.09.2009 16:58 3 

 

235 131 115 

 

7.69 14.15 11.88 

 

0.43 0.70 1.10 

2009_81 12.09.2009 05:41 12.09.2009 08:36 2 

 

37 169 0 

 

1.04 1.08 0.00 

 

0.09 0.12 0.00 

2009_82 12.09.2009 15:03 12.09.2009 16:23 2 

 

0 72 16 

 

0.00 4.00 2.95 

 

0.00 0.40 0.37 

2009_83 13.09.2009 14:50 14.09.2009 05:09 2 

 

859 848 0 

 

14.39 20.09 0.00 

 

0.17 0.27 0.00 

2009_84 14.09.2009 09:25 14.09.2009 20:21 2 

 

656 651 0 

 

5.55 6.42 0.00 

 

0.17 0.69 0.00 

2009_85 15.09.2009 01:41 15.09.2009 05:43 3 

 

241 239 89 

 

4.92 5.24 2.41 

 

0.43 0.70 0.56 

2009_86 16.09.2009 20:37 17.09.2009 03:04 2 

 

387 337 0 

 

4.34 5.69 0.00 

 

0.17 0.56 0.00 

2009_87 17.09.2009 14:15 18.09.2009 03:21 3 

 

628 772 26 

 

5.12 10.73 15.55 

 

0.17 0.70 1.65 

2009_88 25.09.2009 13:48 25.09.2009 14:17 2 

 

0 29 13 

 

0.00 1.83 4.08 

 

0.00 0.41 0.47 

2009_89 01.10.2009 17:51 01.10.2009 23:16 3 

 

325 93 93 

 

3.88 5.73 3.71 

 

0.43 0.97 0.46 

2009_90 02.10.2009 07:23 02.10.2009 10:33 3 

 

127 190 95 

 

3.29 4.12 1.48 

 

0.26 0.40 0.28 

2009_91 09.10.2009 13:32 09.10.2009 19:31 1 

 

359 0 0 

 

3.27 0.00 0.00 

 

0.68 0.00 0.00 

2009_92 10.10.2009 03:02 10.10.2009 10:31 2 

 

405 0 449 

 

2.43 0.00 4.67 

 

0.09 0.00 0.09 

2009_93 10.10.2009 19:58 11.10.2009 03:38 2 

 

460 0 228 

 

10.23 0.00 6.14 

 

0.17 0.00 0.09 

2009_94 12.10.2009 00:02 12.10.2009 08:33 2   511 0 24   6.83 0.00 1.20   0.43 0.00 0.28 

2009_95 12.10.2009 08:14 12.10.2009 08:20 1   0 0 6   0.00 0.00 1.86   0.00 0.00 0.56 
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Event Start (earliest) End (latest) No.    duration (min)   Sum Hn (mm)   Max Hn (mm/min) 

- date/time date/time - 

 

KAMO KLUS LUTZ 

 

KAMO KLUS LUTZ 

 

KAMO KLUS LUTZ 

2009_96 22.10.2009 14:20 22.10.2009 18:15 1 

 

235 0 0 

 

1.99 0.00 0.00 

 

0.09 0.00 0.00 

2009_97 23.10.2009 17:53 24.10.2009 11:10 1 

 

1037 0 0 

 

8.50 0.00 0.00 

 

0.09 0.00 0.00 

2009_98 30.10.2009 05:03 30.10.2009 05:40 1 

 

37 0 0 

 

1.39 0.00 0.00 

 

0.09 0.00 0.00 

2009_99 02.11.2009 14:51 03.11.2009 16:23 1 

 

1532 0 0 

 

13.01 0.00 0.00 

 

0.09 0.00 0.00 

2009_100 04.11.2009 13:15 04.11.2009 23:02 1 

 

587 0 0 

 

5.29 0.00 0.00 

 

0.09 0.00 0.00 

2009_101 06.11.2009 11:15 07.11.2009 06:11 2 

 

1133 1120 0 

 

8.85 8.51 0.00 

 

0.09 0.12 0.00 

2009_102 08.11.2009 12:46 09.11.2009 05:08 2 

 

978 891 0 

 

13.44 13.94 0.00 

 

0.17 0.25 0.00 

2009_103 18.11.2009 15:06 18.11.2009 18:31 1 

 

0 205 0 

 

0.00 1.11 0.00 

 

0.00 0.12 0.00 

2009_104 28.11.2009 07:17 28.11.2009 10:15 2 

 

133 175 0 

 

1.65 3.05 0.00 

 

0.09 0.12 0.00 

2009_105 30.11.2009 01:35 30.11.2009 04:01 2 

 

111 146 0 

 

1.30 1.54 0.00 

 

0.09 0.11 0.00 

2009_106 01.12.2009 00:48 01.12.2009 09:32 2 

 

515 524 0 

 

4.68 6.57 0.00 

 

0.09 0.13 0.00 

2009_107 01.12.2009 14:13 01.12.2009 18:27 3 

 

254 226 194 

 

7.97 5.67 1.11 

 

0.17 0.21 0.28 

2009_108 08.12.2009 11:36 08.12.2009 14:29 2 

 

155 173 0 

 

8.49 10.48 0.00 

 

0.17 0.13 0.00 

2009_109 14.12.2009 13:30 14.12.2009 22:32 1 

 

542 0 0 

 

1.48 0.00 0.00 

 

0.09 0.00 0.00 

2009_110 19.12.2009 08:12 19.12.2009 20:21 2 

 

630 535 0 

 

3.82 4.51 0.00 

 

0.09 0.11 0.00 

2009_111 20.12.2009 10:20 20.12.2009 12:23 1 

 

123 0 0 

 

2.00 0.00 0.00 

 

0.09 0.00 0.00 

2009_112 23.12.2009 23:31 24.12.2009 01:32 2 

 

117 113 0 

 

1.82 2.78 0.00 

 

0.09 0.12 0.00 

2009_113 25.12.2009 09:03 25.12.2009 17:14 3   483 295 127   9.35 11.37 2.50   0.26 0.41 0.47 

 

5.3.  Substituting missing values for the KLUS rain gauge  

 

Visual evaluation of cumulative rainfall residuals for substituting missing values from 

KLUS rain guage by KAMO rain gauge 
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6. Visual data analysis 

6.1. Hydraulics and water quality 2003-2006 

127_CSO_Lutt Hydraulics - Visual Data Analysis 

Hydraulics - FLOW - general remarks 

Overflow measurement sometimes negative Values -> Pre-Validation! 

for night minima:  sometimes measured value values = 0. ? Problem of probe measuring very low flow?  

how to explain abrupt changes  in DWF (min. - and max. value) in Q and h? 

Measurement  limits  

 
Limits for Q:  2400 l/s 

Measurement gaps and errors / visual analysis 

   
2003 from 01.04.2003: based on corrected flow data (Hochedlinger) 

09.05.2003 13.05.2003 failure 

14.05.2003 17.05.2003 failure 

21.08.2003 02.09.2003 failure 

   
2004 based on corrected flow data (Hochedlinger) 

 

from August: no corrected data available 

29.03.2004 09:00 30.03.2004 15:00 failure 

15.04.2004 22.04.2004 no corrected flow data  

06.05.2004 13.05.2004 failure 

14.09.2004 14:00 20.09.2004 18:00 failure 

   
2005 

  
01.01.2005 23.02.2005 "unsteady" measurements (DWF, many values = 0) 

   
2006 

  

23.06.2006 28.06.2006 

measuerment failure for night minimum. Remark: after very strong rainfall 

event 

 

127_CSO_Lutz Parameters s:can - Visual Data Analysis 

s:can - general remarks 

visual comparison of COD, CODf and TSS 

CODf: high peaks do not react as with TSS and COD 

generally 2004: drifts clearly visible 

how to interpret differences as in November 2005? ("stability" of measurements?) 

s:can - measurement limits 

CODeq 1500 up to August 2003; from March 2004 

 
1800 from August 2003 - to March 2004 

CODf,eq 
  

TSSeq 1200 up to August 2003 

 
1450 from August 2003 to March 2004 

SAC254* 
  

SAC436* 
  

N03-N* 16 mg/l 
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*not checked in visual comparison 

Measurement gaps and errors / visual analysis 

   
2003 

  
11.10.2003 onwards drift? 

09.05.2003 13.05.2003 failure 

14.05.2003 17.05.2003 failure 

21.08.2003 02.09.2003 failure 

16.12.2003 20.12.2003 failure 

   
2004 

  
27.01.2004 12:00 28.01.2004 12:00 failure 

29.03.2004 09:00 30.03.2004 15:00 failure 

07.04.2004 17:00 08.04.2004 10:00 failure 

11.04.2004 23.04.2004 TSS concentrations erroneous 

29.04.2004 12:00 01.05.2004 13:00 failure 

06.05.2004 13.05.2004 failure 

22.06.2004 20:00 23.06.2004 11:00 failure 

10.07.2004 onwards drift? 

14.08.2004 00:00 17.08.2004 16:00 failure 

21.08.2004 05.10.2004 drift, wrong measurements? - TSS / COD >> 

14.09.2004 14:00 20.09.2004 18:00 failure 

01.11.2004 18:00 02.11.2004 09:00 failure 

   
2005 

  
04.04.2005 12:00 05.04.2005 18:00 failure 

18.04.2005 23:00 19.04.2005 17:00 failure 

27.04.2005 22:00 30.04.2005 17:00 failure 

28.05.2005 12:00 30.05.2005 00:00 failure 

17.07.2005 12:00 18.07.2005 12:00 failure 

03.08.2005 21:00 11.08.2005 04:00 failure 

13.08.2005 17:00 14.08.2005 22:00 failure 

10.10.2005 13:00 13.10.2005 15:00 failure 

15.11.2005 07:00 17.11.2005 15:00 failure 

17.11.2005 00:00 
 

change in behaviour 

   
2006 

  
23.01.2006 14:00 13.02.2006 18:00 failure 

16.05.2006 18:00 18.05.2006 15:00 failure 

14.06.2006 
 

change in behaviour - nothing noted in Log 
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6.2. Hydraulics and water quality 2009 

Visual analysis Q inflow 

measurement failure 
 

Measurement limit 
reached 

 

in-sewer storage - 
retained flow 

 
Begin End 

 
Begin End remark Begin End remark 

29.11.2008 
12:00 

01.12.2008 
12:00 

 

12.05.2009 
18:00 

12.05.2009 
19:00 

 

01.12.2008 
14:00 

01.12.2008 
18:00 

 18.12.2008 
12:00 

19.12.2008 
02:00 

 

16.05.2009 
16:45 

16:05.2009 
17:15 

 

28.01.2009 
03:00 

28.01.2009 
05:30 

 12.01.2009 
00:00 

21.01.2009 
00:00 

 

19.05.2009 
18:45 

19.05.2009 
20:00 

 

08.02.2009 
15:00 

08.02.2009 
20:00 

 05.02.2009 
14:00 

06.02.2009 
02:00 

 

22.05.2009 
17:45 

22.05.2009 
18:30 

 

29.04.2009 
14:00 

 

strong event, several follow 
up events - between event 

26.02.2009 
09:00 

28.02.2009 
10:00 

 

19.06.2009 
23:45 

19.06.2009 
23:45 

*some 
minutes only 

12.05.2009 
21:30 

13.05.2009 
05:00 

Follow up event - end not 
exact 

04.03.2009 
23:00 

05.03.2009 
14:00 

 

26.06.2009 
19:30 

26.06.2009 
20:00 

*2 peaks cut 
off 

13.05.2009 
19:30 

13.05.2009 
21:00 

? Check with rainfall. 
Possibly: event on 12. 05   

14.04.2009 
14:00 

18.04.2009 
04:00 

 

30.06.2009 
15:45 

03.06.2009 
16:00 

 

16.05.2009 
18:00 

 

Follow up event - end not 
exact 

20.06.2009 
12:00 

22.06.2009 
00:00 

 

07.07.2009 
18:00 

07.07.2009 
18:45 

 

16.05.2009 
21:00 

17.05.2009 
04:30 

 13.07.2009 
16:15 

13.07.2009 
18:00 

 

15.07.2009 
21:15 

15.07.2009 
22:00 

*2 peaks cut 
off 

19.05.2009 
23:00 

20.05.2009 
12:00 

 

15.07.2009 
06:00 

15.07.2009 
21:00 

 

18.07.2009 
10:45 

18.07.2009 
13:45 

*3 peaks, 
very strong 
event! 

22.05.2009 
20:00 

23.05.2009 
04:30 

 23.07.2009 
09:00 

28.07.2009 
23:00 

    

26.05.2009 
20:15 

25.05.2009 
21:15 

Small event (Qmax = 600 
l/s) 

05.08.2009 
08:00 

02.11.2009 
17:00 cable defect 

  

27.05.2009 
12:00 

27.05.2009 
15:30 

 09.11.2009 
19:00 

11.11.2009 
03:00 

    

07.06.2009 
21:30 

07.06.2009 
23:00 

 14.12.2009 
06:00 

16.12.2009 
04:00 

*marked in 
log 

  

11.06.2009 
17:00 

11.06.2009 
20:15 

 

      

20.06.2009 
02:00 

 

Measurement Failure and 
follow up events- 

      
23.06.2009 

 

Follow up event - cannot be 
evaluated 

      

26.06.2009 
22:00 

27.06.2009 
06:30 

 

      

27.06.2009 
00:30 

28.06.2009 
04:00 

*interesting: event 27.06. 
14:00 with same peak flow 
= no visible effect 

      

28.06.2009 
23:00 

29.06.2009 
02:00 

 

      

30.06.2009 
16:00 

01.07.2009 
10:30 

Follow up event - perhaps 
not exact 

      

07.07.2009 
20:00 

08.07.2009 
06:00 

Follow up event - perhaps 
not exact 

      

16.07.2009 
00:30 

16.07.2009 
10:00 

 

      

18.07.2009 
16:00 

19.07.2009 
12:00 

 

      

31.07.2009 
02:00 

31.07.2009 
07:30 

 

      

04.08.2009 
20:00 

05.08.2009 
03:30 

 

      

08.12.2009 
15:30 

08.12.2009 
19:00 

 

      

25.12.2009 
18:30 

25.12.2009 
21:00 

  

Visual analysis - CODeq_TSSeq_inflow 

measurement failure 
 

other 

Begin End 
 

Begin End 
 28.11.2008 02:00 01.12.2008 12:00 

 
05.05.2009 10:00 12.05.2009 00:00 inconsistent values  

18.12.2008 12:00 19.12.2008 02:00 
 

17.06.2009 00:00 19.06.2009 00:00 inconsistent values  

10.01.2009 09:00 21.01.2009 00:00 
 

08.07.2009 00:00 13.07.2009 00:00 inconsistent values  

05.02.2009 14:00 06.02.2009 02:00 
 

04.12.2009 00:00 
 

shift -> significantly higher 
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COD/TSS values 

26.02.2009 09:00 28.02.2009 10:00 
    04.03.2009 23:00 05.03.2009 14:00 

    14.04.2009 14:00 18.04.2009 04:00 
    20.06.2009 12:00 22.06.2009 00:00 
    15.07.2009 06:00 15.07.2009 21:00 
    23.07.2009 09:00 28.07.2009 23:00 
    05.08.2009 08:00 02.11.2009 17:00 
    09.11.2009 19:00 11.11.2009 03:00 
    14.12.2009 06:00 16.12.2009 04:00 
     

7. Data validation:  

7.1. Settings for semi-automated data validation 

Variable Unit Test settings 

  
min - max cross validation 

moving average 
residuals 

 min A max A min B max B 
 

percentage error 

H_CSO m 0 2.5 - - - - 

H_sewer_inflow m 0.03 1.6 - 1.7 - - 

H_sewer_overflow m 0.03 1.6 - 1.7 - - 

Q_sewer_inflow_mcb m³/s 
0 2450 - 2500 

if (Q_sewer_overflow - 
Q_sewer_inflow) < 0 then 
Q_sewer_inflow = B - 

Q_sewer_overflow m³/s 

1 2450 

- 

2500 

if H_CSO > 1 and 
Q_sewer_overflow <10 
then Q_sewer_overflow=B 
 
if (Q_sewer_overflow - 
Q_sewer_inflow) < 0 then 
Q_sewer_overflow = B 
 
if H_CSO<0.6 and 
Q_sewer_overflow>0 then 
Q_sewer_overflow =B - 

CODeq_inflow mg/L 5 1250 1300 - - (+-) 25% = B 

TSSeq_inflow mg/L 5 2200 2300 - - (+-) 25% =B 

Delta_t min 1 3 1 12 - - 
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7.2. Correlation plots for hydraulics 
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7.3. Dry weather evaluation 

Effect of antecedent dry weather days on minimum and maximum daily DWF 
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8. SMUSI 2009 model – geometry data 

Main sewer collectors 

Bez. dtf Typ L D,maxB Avoll kb H_unten H_oben Typ 

- min - m m qm mm mueNN mueNN 

 S121 0 2 5 0.6 

 

1.424 365.55 365.8 2 

S124 

 

5 4.6 

  

1.424 362.99 365.55 2 

S132 

 

1 410.8 0.5 

 

1.424 382.8 419.88 2 

S131 

 

1 483.6 0.5 

 

1.424 359.02 382.8 2 

S10I 

 

5 205.3 

  

1.424 357.85 359.02 2 

S10H 

 

1 120.7 0.25 

 

1.424 361.4 362.61 2 

S129 

 

5 317.7 

  

1.424 359.69 361.4 2 

S10F 

 

1 132 0.25 

 

1.424 361.13 362.99 2 

S10G 

 

5 159.5 

  

1.424 358.94 359.69 2 

S123 

 

5 577.3 

  

1.424 357.06 361.13 2 

S127 

 

2 200 0.7 

 

1.424 358.06 358.94 2 

S10E 

 

1 409.4 0.4 

 

1.424 361.59 365.55 2 

S120 

 

2 457.9 0.7 

 

1.424 358.98 361.59 2 

S125 

 

5 329.9 

  

1.424 357.06 358.06 2 

S13H 0 1 

      

1 

S122 

 

2 131.2 0.9 

 

1.5 356.73 357.06 2 

S12H 0 1 

      

1 

S117 

 

2 375.9 0.7 

 

1.424 359.71 361.78 2 

S119 

 

2 47.5 1.2 

 

1.424 356.57 356.73 2 

S116 

 

2 118 0.7 

 

1.424 357.24 357.85 2 

S10D 

 

2 213.9 0.9 

 

1.424 356.54 357.24 2 

S17H 0 2 

      

1 

S115 

 

2 567.9 1.3 

 

1.424 354.85 356.54 2 

S114 

 

5 300.3 

  

1.424 354.28 354.85 2 

S201 

 

1 96.1 0.8 

 

1.424 353.25 353.32 2 

S112 

 

5 272.4 

  

1.424 353 354.28 2 

S200 

 

2 386.3 0.9 

 

1.424 350.45 353.25 2 

S111 

 

5 412.3 

  

1.424 350.31 353 2 

S20H 0 1 

      

1 

S10B 

 

5 17.8 

  

1.424 350.2 350.31 2 

S10C 

 

1 302 1.7 

 

1.424 348.1 350.2 2 

S107 

 

5 383.8 

  

1.424 345.5 347.52 2 

S07H 0 1 

      

1 

S110 

 

5 235.5 

  

1.424 345.5 348.09 2 

S106 

 

5 316.7 

  

1.424 342.98 345.46 2 

S10J 

 

5 2.6 

  

1.424 342.97 342.98 2 

S103 

 

5 315.7 

  

1.424 342.71 344.87 2 

S10A 

 

5 59.027 

  

1.424 342.71 342.97 2 

S102 

 

5 339.8 

  

1.424 341.34 342.68 2 

S100 

 

5 198.28 

  

1.424 340.57 341.34 2 

SSKA 

 

5 1 

  

1.424 340.56 340.57 2 

Stra 0 1 

      

1 

Sfik 0 1 

      

1 

DV12 

 

1 4 0.3726 

 

1.424 365.49 365.55 

 S300 

 

5 99 

  

0.8 368.64 369.42 2 

S301 

 

1 485 0.35 

 

0.8 363.75 368.64 2 

S302 

 

5 207 

  

0.8 362.44 363.75 2 

S303 

 

2 422.3 1.2 

 

0.8 359.86 362.44 2 

S304 

 

2 266.7 1.5 

 

0.8 358.25 359.86 2 

S305 

 

2 120 1.5 

 

0.8 357.96 358.25 2 

S306 

 

5 240 

  

0.8 358.25 359.26 2 

S307 

 

5 555 

  

0.8 356.87 357.96 2 

S308 

 

5 248 

  

0.8 355.89 356.87 2 

S309 

 

5 210 

  

0.8 355.04 355.89 2 

S310 

 

5 202 

  

0.8 356.87 357.69 2 
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S311 

 

5 315 

  

0.8 357.69 358.31 2 

S312 

 

5 172 

  

0.8 357.69 358.05 2 

S31H 0 1 

      

1 

S32H 0 1 

      

1 

SK1H 0 1 

      

1 

DVK1 

 

1 0.72 0.25 

 

1.42 

  

1 

SK2H 0 1 

      

1 

DVK2 

 

1 3.15 0.25 

 

1.42 

  

1 

SK3H 0 1 

      

1 

DVK3 

 

1 1.67 0.25 

 

1.42 

  

1 

R30 

 

1 10 0.25 

 

1.42 368.5 368.64 1 

          

Subcatchments (incl. grouping) 

 
A VG Ng 

. 
CN tf Einw. BWN R P Qh 

group 

- ha - - - min - - - - l/Ed  

F100 2.4545 0.12 1 60 18.3 230 n 4 1 130 VG1 

F101 6.1717 0.16 1 60 20.7 473 n 4 1 130 VG1 

F102 8.0232 0.12 1 60 21.9 682 n 4 1 130 VG1 

F103 2.8082 0.14 1 60 18.6 23 n 4 2 130 VG1 

F104 3.9772 0.18 2 60 17.1 68 n 4 2 130 VG2 

F105 17.044 0.2 2 60 20.7 798 n 4 2 130 VG2 

F106 7.3702 0.07 2 60 18 220 n 4 2 130 VG1 

F107 4.8084 0.07 2 60 17.1 196 n 4 2 130 VG1 

F108 1.7079 0.12 2 60 16.2 25 n 4 2 130 VG2 

F109 28.792 0.13 2 60 30.3 287 n 4 2 130 VG2 

F10C 4.6573 0.09 2 60 17.1 132 n 4 2 130 VG1 

F10D 1.8491 0.51 1 60 18 20 n 4 3 130 VG3 

F10E 5.4229 0.28 3 60 16.2 228 n 4 5 130 VG5 

F10F 1.193 0.32 3 60 15.6 164 n 4 5 130 VG5 

F10G 1.9243 0.44 1 60 18 268 n 4 3 130 VG3 

F10H 0.86569 0.35 2 60 16.2 34 n 4 5 130 VG5 

F10I 5.53 0.24 2 60 17.4 250 n 4 4 130 VG4 

F10J 2.0367 0.07 2 60 16.5 27 n 4 2 130 VG1 

F110 2.6076 0.04 2 60 16.5 89 n 4 2 130 VG1 

F111 7.3479 0.08 2 60 18 225 n 4 2 130 VG1 

F112 23.557 0.04 2 60 22.8 101 n 4 2 130 VG2 

F114 17.85 0.26 1 60 21 343 n 4 3 130 VG3 

F115 18.79 0.24 1 60 29.1 1063 n 4 3 130 VG3 

F116 1.9538 0.24 1 60 18 24 n 4 3 130 VG3 

F117 2.0156 0.39 1 60 18 96 n 4 3 130 VG3 

F118 8.1469 0.21 3 60 16.8 233 n 4 5 130 VG5 

F120 5.0697 0.31 2 60 17.4 173 n 4 4 130 VG4 

F121 12.906 0.21 3 60 17.4 302 n 4 5 130 VG5 

F122 0.23321 0.25 1 60 16.8 9 n 4 3 130 VG3 

F123 10.704 0.36 2 60 18.9 575 n 4 4 130 VG4 

F124 0.85146 0.34 3 60 15.3 83 n 4 5 130 VG5 

F125 4.381 0.36 2 60 17.1 310 n 4 4 130 VG4 

F126 10.196 0.29 1 60 23.4 507 n 4 3 130 VG3 

F127 3.5163 0.45 1 60 18.9 417 n 4 3 130 VG3 

F128 6.8149 0.35 2 60 17.7 649 n 4 4 130 VG4 

F129 12.008 0.33 2 60 19.2 628 n 4 4 130 VG4 

F130 15.952 0.11 3 60 18 477 n 4 5 130 VG5 

F131 3.0368 0.21 3 60 15.9 148 n 4 5 130 VG5 

F132 7.3087 0.07 3 60 16.5 83 n 4 5 130 VG5 

F133 9.5387 0.17 3 60 16.8 87 n 4 5 130 VG5 

F200 23.798 0.38 1 60 32.1 565 n 4 3 130 VG6 

F201 8.9705 0.25 1 60 22.8 285 n 4 3 130 VG6 

F202 18.376 0.19 1 60 29.1 369 n 4 3 130 VG6 

F203 3.7927 0.38 1 60 19.2 118 n 4 3 130 VG6 
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F301 12.71 0.18 3 60 17.4 953 n 4 5 130 VG5 

F304 24.31 0 3 60 19.5 10 n 4 5 130 VG5 

F305 3.22 0.06 2 60 16.8 210 n 4 4 130 VG4 

F306 11.83 0.12 2 60 19.2 318 n 4 4 130 VG4 

F307 6.08 0.3 2 60 17.7 228 n 4 4 130 VG4 

F308 2.98 0.11 1 60 18.6 285 n 4 3 130 VG3 

F309 11.04 0.26 1 60 24 1710 n 4 3 130 VG3 

F310 8.91 0.33 1 60 22.5 359 n 4 3 130 VG3 

F311 2.77 0.15 1 60 18.6 493 n 4 3 130 VG3 

F312 9.87 0.36 1 60 23.4 1735 n 4 3 130 VG3 

F313 4.62 0.46 1 60 19.8 386 n 4 3 130 VG3 

F314 6.25 0.45 1 60 20.7 650 n 4 3 130 VG3 

F315 4.93 0.03 1 60 20.1 90 n 4 3 130 VG3 

            

System logic 

Beschreibung Nr. 1 2    3 1 2 

F130 F130 
  

B2BB 
 Becken 2 B2BB F130 

 
S10H 

 F121 F121 
  

S121 
 Hilfssammler vor V S121 F121 

 
V121 

 V121 V121 S121 
 

S124 S10E 

F124 F124 
  

B1BB 
 S124 S124 V121 

 
B1BB 

 Becken 1 B1BB F124 S124 S10F 
 F133 F133 

  
S132 

 F132 F132 
  

S131 
 S132 S132 F133 

 
S131 

 F131 F131 
  

S10I 
 S131 S131 F132 S132 S10I 
 F10I F10I 

  
B3BB 

 S10I S10I F131 S131 B3BB 
 Becken 3 B3BB F10I S10I S116 
 F10H F10H 

  
S129 

 S10H S10H B2BB 
 

S129 
 F128 F128 

  
S10G 

 F129 F129 
  

S10G 
 S129 S129 F10H S10H S10G 
 F10F F10F 

  
S123 

 S10F S10F B1BB 
 

S123 
 F10G F10G 

  
S127 

 S10G S10G F128 F129 S129 S127 
 F123 F123 

  
S13H 

 S123 S123 F10F S10F S13H 
 F126 F126 

  
S125 

 F127 F127 
  

S125 
 S127 S127 F10G S10G S125 
 F10E F10E 

  
S120 

 S10E S10E V121 
 

S120 
 F120 F120 

  
S12H 

 S120 S120 F10E S10E S12H 
 F125 F125 

  
S122 

 S125 S125 F126 F127 S127 S122 
 Nullsammler nach S1 S13H F123 S123 S122 
 F122 F122 

  
S119 

 S122 S122 F125 S125 S13H S119 
 Nullsammler nach S1 S12H F120 S120 S119 
 F118 F118 

  
S117 

 F116 F116 
  

S10D 
 S116 S116 B3BB 

 
S10D 

 F117 F117 
  

S17H 
 S117 S117 F118 

 
S17H 

 S119 S119 F122 S122 S12H S17H 
 F10D F10D 

  
S115 

 S10D S10D F116 S116 S115 
 Nullsammler nach S1 S17H F117 S117 S119 S115 
 F115 F115 

  
S114 

 S115 S115 F10D S10D S17H S114 
 F202 F202 

  
S201 
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F203 F203 
  

S201 
 F114 F114 

  
S32H 

 S114 S114 F115 S115 S32H 
 F301 F301 

  
S300 

 F304 F304 
  

S300 
 F305 F305 

  
S302 

 F306 F306 
  

S302 
 F307 F307 

  
S304 

 F308 F308 
  

S305 
 F309 F309 

  
S306 

 F310 F310 
  

S307 
 F311 F311 

  
S31H 

 F312 F312 
  

S311 
 F313 F313 

  
S310 

 F314 F314 
  

S312 
 F315 F315 

  
S309 

 S311 S311 F312 
 

S310 
 S312 S312 F314 

 
S310 

 S310 S310 F313 S311 S312 S31H 
 S300 S300 F301 F304 R301 
 Regenüberlauf R301 S300 

 
S301 

 S301 S301 R301 
 

S302 
 S302 S302 F305 F306 S301 S303 
 S303 S303 S302 

 
S304 

 S304 S304 F307 S303 S305 
 S306 S306 F309 

 
S305 

 S305 S305 F308 S304 S306 S307 
 S307 S307 S305 F310 VK11 
 VK11 VK11 S307 

 
S308 SK1H 

Nullsammler nach VK SK1H VK11 
 

S308 
 Nullsammler nach S3 S31H F311 S310 S308 
 S308 S308 S31H SK1H VK11 VK21 
 VK21 VK21 S308 

 
S309 SK2H 

Nullsammler nach VK SK2H VK21 
 

S309 
 S309 S309 F315 VK21 SK2H VK31 
 VK31 VK31 S309 

 
S112 SK3H 

Nullsammler nach VK SK3H VK31 
 

S112 
 F201 F201 

  
S200 

 S201 S201 F202 F203 S200 
 F112 F112 

  
S111 

 Nullsammler nach S1 S32H F114 S114 S112 
 S112 S112 S32H SK3H VK31 S111 
 F200 F200 

  
S20H 

 S200 S200 F201 S201 S20H 
 F111 F111 

  
S10B 

 S111 S111 F112 S112 S10B 
 Nullsammler nach S2 S20H F200 S200 S10B 
 F108 F108 

  
S107 

 F109 F109 
  

S107 
 S10B S10B F111 S111 S20H S10C 
 F10C F10C 

  
S110 

 S10C S10C S10B 
 

S110 
 F107 F107 

  
S07H 

 S107 S107 F108 F109 S07H 
 F110 F110 

  
S106 

 Nullsammler nach S1 S07H F107 S107 S106 
 S110 S110 F10C S10C S106 
 F106 F106 

  
S10J 

 S106 S106 F110 S07H S110 S10J 
 F104 F104 

  
S103 

 F105 F105 
  

S103 
 F10J F10J 

  
S10A 

 S10J S10J F106 S106 S10A 
 F103 F103 

  
S102 

 S103 S103 F104 F105 S102 
 S10A S10A F10J S10J S102 
 F101 F101 

  
S100 

 F102 F102 
  

S100 
 S102 S102 F103 S103 S10A S100 
 F100 F100 

  
SSKA 

 S100 S100 F101 F102 S102 SSKA 
 Nullsammler nach S1 SSKA F100 S100 Stra 
 Fiktiver Translatio Stra SSKA 

 
Sfik 
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Fiktiver Translatio Sfik Stra 
 

B100 
 SKU anstelle des RU B100 Sfik 

 
KLA 

 Kläranlage KLA B100 
    

9. Global Sensitivity Analysis 

9.1. Chosen events 

Figures indicating CODeq with a 25% error bound and Q with an estimated 10% error 

bound 
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9.2. GSA results – hydraulics 

 

 



  Appendix 

  219 
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9.3. GSA results – sewer water quality models 

AWO1 – measurement independent values 
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AWO2 – measurement independent values 
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10. SMUSI 2003 model dry weather calibration 

Period July August September October November December Average 

Start 
2003-07-14 

00:00 
2003-08-07 

00:00 
2003-09-
15 00:00 

2003-10-13 
00:00 

2003-11-
19 00:00 

2003-12-08 
00:00 

 

End 
2003-07-15 

23:55 
2003-08-08 

23:55 
2003-09-
18 23:55 

2003-10-18 
04:00 

2003-11-
21 23:55 

2003-13-12 
23:55 

 L/cap.d 167.7 188.5 162.9 197.7 195 170.1 180.32 

Daily patter 
       00:00 0.67 0.65 0.59 0.57 0.53 0.6 0.60 

01:00 0.42 0.46 0.4 0.44 0.35 0.36 0.41 

02:00 0.26 0.29 0.25 0.33 0.27 0.09 0.25 

03:00 0.33 0.2 0.22 0.19 0.21 0.21 0.23 

04:00 0.28 0.16 0.17 0.15 0.3 0.05 0.19 

05:00 0.29 0.14 0.18 0.16 0.15 0.21 0.19 

06:00 0.47 0.47 0.53 0.51 0.47 0.34 0.47 

07:00 1.12 1 1.37 1.26 1.18 1.08 1.17 

08:00 1.45 1.68 1.6 1.42 1.63 1.45 1.54 

09:00 1.56 1.62 1.46 1.33 1.43 1.57 1.50 

10:00 1.47 1.45 1.27 1.27 1.48 1.81 1.46 

11:00 1.27 1.49 1.22 1.28 1.45 1.41 1.35 

12:00 1.24 1.29 1.21 1.34 1.38 1.38 1.31 

13:00 1.26 1.44 1.27 1.27 1.33 1.39 1.33 

14:00 1.23 1.25 1.25 1.26 1.26 1.48 1.29 

15:00 1.22 1.31 1.28 1.16 1.17 1.24 1.23 

16:00 1.15 1.09 1.19 1.21 1.21 1.11 1.16 

17:00 1.06 1.04 1.19 1.23 1.13 1.14 1.13 

18:00 1.12 1.17 1.1 1.17 1.32 1.11 1.17 

19:00 1.25 1.08 1.36 1.36 1.31 1.31 1.28 

20:00 1.36 1.2 1.64 1.65 1.35 1.52 1.45 

21:00 1.32 1.31 1.36 1.42 1.24 1.36 1.34 

22:00 1.2 1.23 1.02 1.07 0.92 0.99 1.07 

23:00 1.05 1 0.87 0.95 0.93 0.8 0.93 

 
24.05 24.02 24 24 24 24.01 24.01 

 

 


