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Abstract  
RHMS is a new rainfall runoff model to simulate hydrological problems. The advantage of this 

platform is, the quick and easy integration with R diverse ecosystem. For instance, coupling a rainfall-

runoff model like HEC-HMS with a precipitation data generator or a complex statistical procedure 

might be a quite challenging task. However, availability of statistical and modeling techniques in R 

makes the connection of hydrological processes (implemented in this package) with such techniques 

quite straightforward. The package is capable to model semi-distributed basins and can calibrate 

(sub)basins’ physical parameters using optimization. 
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1. Introduction  

To design hydro structures and flood control measures, flood frequency analysis is usually 

practiced to estimate flood quantile for a specific given probability. For extreme rainfalls, a 

probability distribution is oftentimes fitted to the annual rainfall maxima and then the quantile 

for the given return period is detected [1-4]. However, literature has often neglected the 

simultaneous interaction of storm characteristics such as duration and intensity in the 

estimation of flood characteristics [5]. To fill this gap, multivariate distribution functions are 

valuable tools to capture such systems’ functionalities by changing multiple variables [6]. In 

this study, we intend to evaluate the capabilities of copulas distribution from different families 

to estimate storms characteristics (i.e., intensity and duration) for a range of return periods 

using stochastic simulations. To showcase the RHMS capabilities, we applied our framework 

to a case study in Iran to simulate flood events.  

The key objectives of this proposal are as follows: 

 Presenting the capabilities of RHMS as a semi-distributed flood package based on R 

platform 

 Applying Copulas to the stochastic generation of extreme storm events 

 Assessing uncertainties associated with storm main characteristics on flood 

hydrograph, flood plain map, and management practices (e.g. economically optimal 

levees height and layout) to mitigate flash-floods 



 

 

 

2. Method and Materials 

1-2. Case study 

Zaab sub-basin in northwest Iran was chosen to apply the proposed scheme. Fig. 1 indicates 

the location of rain gauge with 50 years observations used to collect the storm hyetographs in 

Piranshar city in Iran.  

 

 
Fig 1. Location of rainfall gauge 

2-2. Data 

During the past 50 years, 266 rainfall events from small to large have been recorded in this 

station. Fig 2. Shows the intensity-duration diagram of the recorded events in this station.  

 



 

 
Fig 2. Intensity and duration of recorded storms 

 

3. results and discussion 

As stated to establish the copula functions, a distribution function tests were conducted to find 

marginal PDFs, explaining the best fitness over the intensity and duration variables. 

Following the procedure, multiple types of copulas were tested and the best fit model was 

selected based on the AIC criterion. Fig 3 indicate a number of fitted copulas and the best 

fitted type respectively. 



 

 Once the copula model was set up, a number of 10,000 events were synthesized for 

simulation of rainfall-runoff processes. Then by using rainfall patterns recorded for the 266 

events, a representative dimensionless rainfall was derived by using feature extraction 

methods.  

Having storms pattern, intensity, duration and the rainfall-runoff simulator, it is quite 

straightforward to feed the simulator any given rainfall characteristics. RHMS accepts 

hyetograph for sub-basins to transform storm into runoff.  

Figure 4 below shows all hydrographs generated by the coupled copula model for a range of 

probabilities (return periods). According to this Figure, it is apparent that for any given level 

of probability, we can accordingly compute the multiple pairs of rainfall-intensity estimates, 

resulting in different flood characteristics. For instance, for events with probabilities equal to 

0.95, the computed hydrographs can be of largely varying according to the intensity and 

duration of the storms.  

 
Fig 3. Archimedean copulas. The red points indicate 266 observed events and the grey points indicate 

10,000 stochastically generated events using the copula. 



 

 
Fig 4. Flood hydrographs associated with different return periods computed based on simultaneous interaction 

of storm intensity and duration alongside the observed flood events 
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