
 

 

  

Ahr: HEC-HMS Analysis 

Erasmus+ Programme Cooperation Partnerships 
2022-1-FR01-KA220-HED-000089658 

HydroEurope 

 

WP2: Uncertainty in Advanced Hydrological and Hydraulic Modelling 
WP3: Climate Change Impacts on Flash Floods 
Case Study Ahr Catchment (Germany) 
 

Uncertainty Analysis: Lumped Model – HEC-HMS 

 
Frank Molkenthin, BTU Cottbus-Senftenberg 
Version 0.8 – 04 Jan 2024   



 

HydroEurope Ahr Catchment: HEC-HMS Uncertainty Analysis 2 

Ahr Catchment: HEC-HMS Uncertainty Analysis 

 

Ahr Catchment: Data Analysis 1. Introduction 

Preface HydroEurope 2024 

This teaching material is part of the teaching unit dealing with “Uncertainties in Advanced 
Hydrological and Hydraulic Modelling” and “Climate Change Impact Impacts on Flash Floods” for 
the case study River Ahr catchment in Rhineland-Palatinate (Germany). This tutorial deals with the 
uncertainty analysis component of the HEC-HMS software for the Ahr catchment using HEC-HMS 
(see related tutorial “Hydrological Modelling: Lumped Model – HEC-HMS”). Target of this tutorial is 
an example demonstration for sensitivity and uncertainty analysis using the related tool 
functionality. The tutorial details are for demonstration purpose only. It is recommended to use 
your own HEC-HMS model to perform the related sensitivity analysis and uncertainty analysis.    
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Ahr Catchment: Data Analysis 2. Uncertainty Analysis for One Parameter 

Step 1: Definition of the Analysis  

Please create a new Uncertainty Analysis using the Uncertainty Analysis Manager (Menu Compute) 
and specify the related properties. 

  

In this demonstration example the full simulation period of 48 hour and the time step/interval of 1 
min of the basic mode are used. In other simulation models a smaller time window/period could be 
specified, e.g. considering a warm-up period.  

The sample size was set to 200, as we will us it for one parameter (CN value) only. As the runtime 
for one simulation is small, the selected 200 simulations might not require a high runtime but 
represents the value range 50-90 with a reasonable resolution.  

Step 2: Parameter and Result Definition  

The Uncertainty Analysis has parameters as input to be varied and results as output to evaluate the 
uncertainty. Both, the parameters as input and the results to be evaluated as output, has to be 
specified (). As first simple example one input parameter and one output result are used.  

     

As input parameter the CN value of the catchment is specified, The CN number can be varied 
theoretically between 1 and 99. In this example we analyse between 50 and 99, as any value lower 
than 50 will not create any outflow for the defined scenario of 40 mm rainfall in one hour in the dry 
catchment (rainfall will be fully losses – no direct runoff). The full range of 50 to 99 is more a 
sensitivity analysis than an uncertainty analysis. An uncertainty analysis would consider a smaller 
range of CN values in respect to the reality within the Ahr catchment e.g. based on calibration results 
for different scenarios. The distribution of the randomized CN value is defined by uniform.   

As output variable the outflow of the catchment at sink-1 (Bad Bodendorf) is chosen. The range of 
model result values such as peak discharge and time of peak will be analysed.  
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Ahr Catchment: Data Analysis Step 3: Run the Uncertainty Analysis  

After specification of the uncertainty analysis properties, the computation can be performed. 200 
simulations will be performed using 200 randomized CN values based on the defined uniform 
distribution.  

 

Step 4: Analysis Results  

The results of the performed analysis can be viewed in tabular and graphical view. For each 
randomized CN value, the related outflow time series are considered. HEC-HMS shows a 
min/max/mean outflow time series graph for inspection: 

 

The visual inspection underlines the physical/theoretical expectation of an impact of the CN number 
to the amount of outflow (by defining the losses from the total rainfall) but not changing the shape 
of the outflow time series, e.g. by shifting the peak discharge. The relationship of the CN number 
and the peak discharge as well as the outflow volume can be analysed using the tabular values for 
the 200 scenarios by creating a scatter plot, e.g. using Excel/LibreCalc. 

The nonlinear relationship of the CN and the runoff based on the empiric defined functions are 
visible and demonstrate the range of the peak discharge and outflow volume for the specified 
rainfall (40 mm within 1 hour) in the Ahr catchment. The sensibility and uncertainty of the model in 
respect to the CN value (first estimation 80) require a more details analysis for this artificial scenario 
as well as for calibration issues.    
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Ahr Catchment: Data Analysis 
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Ahr Catchment: Data Analysis 3. Uncertainty Analysis for several Parameters 

Step 1: Multi-Parameter Analysis  

Second demonstration example is a multi-parameter analysis for the simple HEC-HMS Ahr 
catchment model. Besides the CN number the lag time will be used as additional parameter. Other 
parameters such as the peak rate factor should also be considered in the analysis of the Ahr 
catchment model. This tutorial deals with one catchment for the Bad Bodendorf gauge. The number 
of parameters as well as the level of complexity will increase with the number of sub-catchments. 
The range for the CN number is defined in this tutorial by 75 to 85, the range of the lag time by 200 
min to 600 min for the Ahr catchment . 

   

The results demonstrate the combination of the two parameters.  

 

The complexity of interpretation is increasing by the number of parameters. The lag time has an 
impact to the shape of the outflow including peak discharge and time of peak. The chosen range of 
values has also an important impact to the shown min/max as well as mean +/- standard deviation 
curves. Physical insight and plausibility are helpful expertise for the interpretation of the results, 
which are out of the scope of this tutorial to demonstrate the functionality of the related HEC-HMS 
tutorial. 

 


