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Introduction 
The ongoing German Federal Transport Infrastructure Plan (Federal Ministry of Transport and 

Digital Infrastructure – BMVI) expects inland navigation traffic to increase by approximately 

23% between 2010 and 2030, which requires a more powerful utilization of the current 

waterways. For this proposal, innovative approaches should be able to offset undesired traffic 

jams in particular on rivers and canals.  

In this context and in the framework of the DSA research project (namely Digital Skipper 

Assistant), the aim of this study is the development of an optimized water level predictor using 

artificial neural networks (ANNs), in order to produce reliable multi-day predictions of water 

levels at some crucial gauges along the Rhine River Basin (Germany) to assist the management 

of the inland navigation.  

 

Methods 
The architecture of the recurrent neural networks RNNs (e.g. LSTM, ESN) was chosen to 

conduct this study, since RNNs have outperformed long-term predictions in previous 

researches, mainly because of their advantageous persistence.  

In particular, the so-called Long Short-Term Memory (LSTM) is based on traditional RNNs 

and solves their problem of the vanishing weight gradients. The structure of the repeating 

module of LSTM (Colah.github.io, 2015) is illustrated in Fig. 1. 

 

 
Fig.1 The repeating module of LSTM cells 

 

The networks are mainly built with Keras, an open-source deep learning package written in 

Python. Keras supports Convolutional neural networks and RNNs (including LSTM 

architecture) as well as a combination of both. It also enables the networks to run on CPU and 

GPU (Keras.io, n.d.). 

 

Study Areas & Data 
The study area is the German catchment area of the Rhein River Basin up to gauge Emmerich 

(Fig. 2).   

The measured data are water levels at different gauges along the Rhein River, mainly starting 

from the 1980s until 2016 (around 30 years), provided by the project partner Federal Institute 

of Hydrology (BfG, Koblenz). 
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Fig.2 The study area: a part of the Rhine River catchment in Germany 

   

Preliminary Results 
The study started in the end of February and partial work has already been completed. 

The historical water levels collected at the gauges Maxau, Rockenau, Frankfurt and Oestrich 

have been used to predict the daily water levels at Oestrich (1 day in advance, 2 days in 

advance, …, up to 7 days in advance), often characterized by low water levels. 

The adopted network’s architecture was the LSTM and the joined period for the four gauges is 

from the 30th of July 1992 to the 1st of April 2016, i.e. around 24 years, with 80% (07/1992 – 

07/2011) for training and the rest (07/2011 – 04/2016) for testing (validation). 

The structure of the network is a visible layer with 48 inputs, a hidden layer with 48 LSTM 

neurons, and an output layer that provides daily predictions for the week later. 

The whole training data set is split into several batches with the size of 1024. With the mean 

square error (MSE) as the loss function, the entire training data set is passed forward and 

backward through the network 100 times (namely 100 epochs) (Towards Data Science, 2017).  

To evaluate efficiency and accuracy of the network, the expected and predicted values of 

testing were compared and their graphs are presented in Fig. 3. 
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                                         7d 

Fig.3 Validation (testing) of the water level predictions up to 7 days: comparison between expected (blue) and 

predicted (orange) values. 

 

As illustrated in Fig.3, the longer the predictions are, the less accurate they are. The mean-

square error (RMSE) and the R2 coefficient of determination were chosen to evaluate the 

accuracy of the networks, and their formulae are reported in Eq.1 to 3: 

 

                                                    𝑅𝑀𝑆𝐸 = √
∑(𝑦𝑒𝑥𝑝−𝑦𝑝𝑟𝑒𝑑)

2

𝑁
  ,                                               (1) 

 

                                                   𝑅2 = 1 −
∑ (𝑦𝑒𝑥𝑝−𝑦𝑝𝑟𝑒𝑑)

2𝑁−1
𝑖=0

∑ (𝑦𝑒𝑥𝑝−𝑦𝑒𝑥𝑝̅̅ ̅̅ ̅̅ ̅)2𝑁−1
𝑖=0

  ,                                             (2) 

 

                                                        𝑦𝑒𝑥𝑝̅̅ ̅̅ ̅̅ =
1

𝑁
∑ 𝑦𝑒𝑥𝑝
𝑁−1
𝑖=0   ,                                                    (3) 

 

where, yexp is the expected value, and ypred is the predicted value, and N is the number of the 

compared pairs. 

 

The mean-square error (RMSE) and the R2 coefficient of determination of the daily predictions 

are reported in Table 1, which provide a quantitative information of what can be observed in 

the graphs of Fig. 3. 

 
Table 1: The mean-square error (RMSE) and the R2 coefficient of determination of the daily predictions 

 

Prediction 1 d 2 d 3 d 4 d 5 d 6 d 7 d 

RMSE [cm] 8.4 15.9 25.0 32.2 37.6 41.7 45.0 

R2 [-] 0.98 0.94 0.86 0.77 0.68 0.61 0.54 
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Next Steps 
Although some work has been already completed, the accuracy of the 7-day prediction is still 

not ideal. In the next steps of the work, several trials will be conducted with the aim to improve 

the accuracy for the longer-term prediction by the following methods: 

1. changing the structure of the LSTM network (e.g. the number of layers, the number of 

the hidden neurons, the activation function);  

2. increasing the number of the input data (e.g. including the water level predictions of the 

existing hydrological model HBV of BfG); 

3. changing the network’s architecture and trying the Echo State Networks (ESNs). 

The target gauge will be not only Oestrich, but also some critical gauges in the downstream 

part of the Rhine River (e.g. Köln) will be predicted. If possible, longer-time predictions such 

as up to 14 days will also be computed. 

 

Work Plan 
The time span of the research is from the 1st of March to the 15th of August 2018. Table 2 shows 

the planned working schedule. 

 
Table 2: The planned working schedule from the 15th of March to the 15th of August 2018 

 

Task 
Month March April May June July August 

Week 1-4 5-8 9-12 13-16 17-20 21-23 

Literature review & methodology selection        

Data pre-processing       

Model setup & running       

Outputs analysis & optimization       

Thesis writing       

Final presentation       
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