Decadal Predictions for the Wupper River Basin, Germany
Hydrological Impacts
T. aus der Beek (1) P. Lorza (2) M. Scheibel (2) R.Becker (1) M. Nottebohm (1)
1: IWW Water Centre, Water Resources Management, Mülheim an der Ruhr, Germany (t.ausderbeek@iww-online.de)
2: Wupperverband, Wuppertal, Water Resources and Flood Risk Management, Germany (pla@wupperverband.de)

Context and Objectives
Under the framework of the EU-Horizon 2020 project BINGO (Bringing
INnovation to onGOing water management), the impacts of climate change
on the water cycle in the Wupper river catchment area are investigated. In
this context, two hydrological models (NASIM and SWAT) have been set up,
calibrated, and validated and applied with climate data from decadal
predictions. Decadal predictions have been selected instead of IPCC-RCPs as
they provide a more realistic assumption of climate variability for the next
ten years.

Study Area
The upper part of the Dhünn catchment area – Wupper River’s main
tributary – is located upstream of the Große Dhünn Reservoir (Germany’s
second largest drinking water reservoir).
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Data Sets
 Decadal Predictions
• 10 decadal members (i.e., realisations) for the time span of 2015-2024
• Based on MiKlip framework (middle-term decadal climate predictions),
provided by FU-Berlin
• 30 yrs. historical data (1985-2014) (measured (runoff, temperature,
precipitation) and simulated (ET)) are used for comparison with scenarios
• Two members of the decadal predictions used for SPI and SPEI calculations
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Models used for predictions
 NASIM
• Physically-based, lumped hydrological model based on water balance
equation. Setup with ground stations and RCMs (forced by ERA-Interim).
Calibration: R² = 0.93, NS = 0.79, RVE = -12.59 %
 SWAT
• Physically-based, spatially distributed hydrological model. Setup with
ground station data. Calibration: R² = 0.76, NS = 0.76, RVE = -1.4 %

Results
Monthly and seasonal changes in discharge rates
Both models show that Winter months (DJF) will become drier,
whereas summer months (JJA) will become wetter. SWAT
generates more runoff from March to October, NASIM from
November to February, indicating differences in their snow
modules.

SPI (Standardized Precipitation Index) and SPEI (Standardized
Precipitation-Evapotranspiration Index)
SPI calculated for a 12-month time scale (Jan. – Dec.) with realisations
1 and 9 (maximum and medium span, respectively)

SPEI calculated for a 12-month time scale (Jan. – Dec.) with
realisations 1 and 9 (maximum and medium span, respectively)

Drought classification by SPI
(Standardized Precipitation Index) and
corresponding event probabilities

Both indices are symmetric
for dry and wet spells and are
related to probabilities of
occurrence. The next decade
shows a wetter trend (SPI
and SPEI values greater than
zero).

In this case, SPI shows the deviation from the long-term precipitation pattern associated to 12-month time
scale, which in turn is linked to streamflow, reservoir storage, and groundwater levels. Similarly, SPEI
illustrates the deviation from the long-term balance (i.e., difference between precipitation and potential
evapotranspiration), thus being more suitable for the analysis of climate change impacts.

Changes in the Flow Regime

Flow duration curve with maximum and
minimum uncertainty bounds for daily
mean scenario data (black) as well as daily
historial data (red) [from SWAT]
Future trend:
• increase of average Q
• less exeedances of high flows threshold
(MHQ)
• less exceedances of low flow threshold
(MNQ)
• overall high uncertainty bounds

Changes in Discharge, Precipitation, Temperature and Evapotranspiration

Changes in precipitation are decreasing during winter months and increasing during summer (except June). Temperatures will decrease in summer and increase in winter which results in
decreasing ETa during Summer and increasing ETa during Winter (ETa results from SWAT).

Conclusions
• Increase of average discharge rates. A clear trend towards wetter summers and drier winters is projected, which has implications for reservoir management.
• Reason for this trend: decreasing temperatures and ET during Summers and increasing temperatures and ET during Winter.
• SPEI is considered to be more suitable for climate change analysis than SPI, as it takes changes in temperature into account alongside precipitation. The next decade
presents a wetter trend in comparison to past conditions. At least two years fall below zero with SPEI, showing a greater impact due to evapotranspiration.

