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Introduction:

Importance of hydrological in hydropower development:

1- Analyses of historical hydrological data in terms of flow duration, flow
regimes and seasonality can provide profound insights on catchments
hydrology to help improve hydropower development planning and
production scheduling.

2- Hydropower development/expansion planning and derivation of
reservoirs guide/rule curves based on simulation of hydropower systems
if adjusted/augmented by routine real-time inflow forecasting to obtain
reliable/improved results.

3- the availability of water (i.e. hydrology) is random/uncertain/stochastic
in nature (i.e. variable both spatially and temporally due to climatic,
topographic, etc. factors) and also challenged by anticipated impacts of
land use and climate change which signify the influential roles of
hydrology in the hydropower industry.
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Flomrespons, as a joint research project:

To develop and adapt the Delft-FEWS system for local flood early waning for use in Norwegian municipalities. The system is developed by
Deltares and is used for flood forecasting and warning in many areas around the world. During the Flomrespons project, we will
implement a version of this tool that is suitable for the needs of the municipalities in Nord-Gudbrandsdal. The innovative aspect in our
solution is to develop a new implementation of Delft-FEWS that includes a User Tool in the form of a website/app that can be used by
non-expert users in the field.
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Target and methodology:
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Comparison of water level between hydraulic model (HEC-RAS) and hydrological model (Kinematic wave concept)  



Fully distributed raster-based hydrological modelling with 
Kinematic wave concept:

1- Adequate results when using a simple base setup with parameters 
that are derived from landscape attributes that are available globally

2- The processes in the model are physically based, and the model 
includes modules for relevant processes in the project area, such as 
glaciers, lakes and reservoirs

3- Gridded nature of the model makes it possible to extract 
modelled discharges at any point in the 
model grid
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Modelling process in Wflow_sbm:

1- Interception: based on the modified Rutter model
2- Snow and glaciers: based on a degree day factor method (similar to HBV)
3- Soil: largely based on the Topog-SBM model
4- Kinematic wave routing for rivers, overland and lateral subsurface flow
5- Lakes and reservoirs
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Nord-gudbransdalen:

Discharge at Vågåvatn gauge station between 2010 and 2022 (SeNorge.no)
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Nord-Fron commune (LARS ERIK SKREFSRUD / NRK) 



Model calibration:
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Otta, Kjøli, Ostri boundary and Akslen gauge station (SeNorge.no)

Observed (SeNorge.no) and Simulated discharge by Wflow

R^2=62%

R^2=73%



Hydraulic modelling:

Software HEC-RAS 
Process modelled 2D overland flow 
Modelling concept 2D solution of Saint-Venant equations
Modelling area 1.89 𝑘𝑚2

Input data (scenario) Discharge in October 2018
Output data Water level and water depth, flood extent, velocity
Initial conditions Dry
Spatial resolution 2m * 2m cells (472,362 cells)
Temporal resolution and simulation period 44 hours for quasi-unsteady simulations for the flood zone 

maps; 118 hours for the flood event

Software HEC-RAS
Process modelled 2D overland flow 
Modelling concept 2D solution of Saint-Venant equations
Modelling area 1.79 𝑘𝑚2

Input data (scenario) Discharge in October 2018
Output data Water level and water depth, flood extent, velocity
Initial conditions Dry
Spatial resolution 5m * 5m cells (71,284 cells)
Temporal resolution and simulation period 44 hours for quasi-unsteady simulations for the flood 

zone maps; 118 hours for the flood event
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Kjøli:

Otta:



Model outputs:
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1- Extent of the Wflow model for the Nord-Gudbrandsdal domain, showing the elevation, rivers, lakes, reservoirs and glaciers. The black 
line indicates the Ostri-Tundra basin
2- Map showing the land use / land cover for the model domain, based on GlobCover
3- Map showing the rooting depth parameter for the model domain
4- Map showing the saturated hydraulic conductivity parameter for the model domain

Fig (1) Fig (2) Fig (3) Fig (4)



Comparison results:
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Conclusion:
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1. Providing fast simulation time (<3 mins for the whole Nord Gudbransdal)
2. Straightforward Implementation of local data sets (e.g. lake/reservoir characteristics)
3. Linking to forecasting tools and providing discharge time series 
4. Validation of modelling by several parameters (e.g. precipitation, glaciers, snow water etc.)
5. Manual calibration over tens of parameters 
6. Uncertainty over river geometry and river bathymetry 
7. Actual changes in river characteristics (e.g. erosion and sediment process)



Further steps:
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1. Model sensitivity analysis
2. Direct model application in hydropower scheduling 
3. Adding new measurements and estimate the added value
4. Exploring one or more forecast improvements
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Thank you for your attention


