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EXTENDED ABSTRACT 
Introduction 

Urban drainage systems (UDSs) protect cities from the risk of pollution and flooding by handling used water and 
stormwater runoff in a controlled manner. Around the world, UDSs are struggling to fulfil their function due to 
pressures from climate change, increased urbanisation and stricter environmental regulations. As a response, many cities 
adopted drainage tunnels (DTs), which expand the volume of UDSs while conveying water to final disposal [1]. To take 
full advantage of the storage capacity of DTs, these need to be optimally controlled. Models can support the control of 
DTs in real time by providing a system-wide estimate of the hydraulic variables as compared to the pointwise 
observations from the sensors, and by forecasting the future state of the system. Model-based control, however, is only 
useful if the initial conditions of the forecast are kept close to the real state of the system. This can be achieved using 
data assimilation (DA), which corrects the model states dynamically based on a comparison with observations from 
sensors. Ensemble-based DA has the added advantage of producing uncertainty estimates, but requires a large 
computational overhead [2]. The aim of the study is to develop and validate a scheme for assimilating water level 
observations into an ensemble of DT models with minimal computational overhead. 

Methods and Materials 

DA algorithms compare the uncertainty of model estimates and observations, and update the model with a weighted 
average of the two, with more weight being given to the less uncertain. In ensemble-based methods, the uncertainty of 
model estimates is computed by running an ensemble of the same model, where each ensemble member is forced with a 
differently perturbed input. MIKE URBAN, a popular commercial software for UDS modelling, includes in a beta 
version a DA framework for automating the running of model ensembles and the assimilation of observations. Due to 
the scale and complexity of distributed UDS models containing DTs, it is highly computationally demanding to run an 
ensemble of them in real time. To overcome this limitation, we developed a scheme that reduces the computational 
overhead by restricting the application of DA to a model of the DT “cut out” of the UDS model. The DT model includes 
only the tunnel and its inlet and outlet structures. In this configuration (Fig. 1), the UDS model receives as input rainfall 
observations and returns as output water levels at the DT inlets, which are then perturbed and used as input for the DT 
model ensemble. The assimilation of the observed water levels in the DT model ensemble is performed by MIKE 
URBAN’s DA framework using the Deterministic Ensemble Kalman Filter [3], which eliminates the need of perturbing 
the observations. The framework output is an ensemble of assimilated DT water levels, from which a measure of their 
uncertainty can be easily computed.  

 

 
Figure 1. Proposed data assimilation scheme: the drainage tunnel (DT) model is separated from the urban drainage 
system (UDS) model to reduce the computational overhead required by ensemble-based data assimilation methods 
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Figure 2. (a) Schematic representation of Damhus DT: upstream dropshaft (validation location) marked by a star, 
downstream dropshaft (observation location) marked by a triangle; (b) Validation of assimilation scheme at the 

upstream dropshaft: observed water level in solid black line, and model ensembles (bands delimited by 5% and 95% 
quantiles, mean shown as dashed lines) without (green) and with (purple) data assimilation 

The Damhus DT in Copenhagen, Denmark, was used as case study. The surrounding area is served by a mostly 
combined drainage system, which includes several overflow structures designed to discharge excess combined sewage 
directly in the local stream in case of intense rain events. The Damhus DT was built along the path of the stream to 
intercept the outflow of the overflow structures, which are now connected to the tunnel inlets. With a length of 3.4 km 
and a diameter of 3 m (Fig. 2a), the tunnel can store up to 29.000 m3 of water, which is lifted to the adjacent treatment 
plant via a pumping station located in the downstream dropshaft. Observations from the Damhus DT include water level 
measurements at 1 min resolution from the upstream and downstream dropshafts, and some of the inlet structures. 
Observations covering all events between August 2018 and January 2019 were obtained from the local utility company, 
together with a detailed MIKE URBAN model of the entire Damhus UDS. The large size and high level of detail of the 
Damhus UDS model, which counts more than 15,000 links and a similar number of nodes, make this an interesting case 
study. Validation of the scheme was performed by comparing water level estimates in the upstream dropshaft with or 
without the assimilation of the water level observed at the inlet structures and in the downstream dropshaft. 

Results and Discussion  

The assimilation scheme achieved a significant improvement of the water level estimates including their timing at the 
validation location (Fig. 2b). The results shown are based on an ensemble of 10 members forced with rainfall 
observations from August 9th 2018, when the study area was hit by an intense rain event. The tunnel reached its full 
capacity after 3 hours (flat plateau of water levels) and was completely emptied within 12 hours (the event is better 
understood from the observation at the downstream dropshaft, here omitted). When forced with perturbed water levels 
at the inlet structures input, the DT model ensemble estimated a wide range of peak water levels, and the ensemble 
mean had a root-mean-square deviation (RMSD) of 1.46 m from the observed levels. After assimilation, the RMSD of 
the ensemble mean dropped to 0.39 m. It must be noted, that these preliminary results are biased by the small size of the 
ensemble, the choice of rainfall event and the tuning of the DA framework, and will be supported by further tests. 

Conclusions  

We developed a data assimilation scheme tailor-made for real-time modelling of DTs. By separating the DT model from 
the UDS model, the scheme retains the benefits of distributed models and ensemble-based DA, while reducing the 
computational overhead. We applied the assimilation scheme to the MIKE URBAN model of the Damhus DT, 
Copenhagen, Denmark. For a single intense rain event, the scheme achieves a significant improvement in the estimate 
of water levels 3.4 km upstream of the observation location along the tunnel. Future research will investigate how well 
the assimilated water level improves model forecasts at different horizons. 
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