
Hyd. modelling using HBV-IWW [2]:

Conceptual, daily, lumped model

Optimisation using AMALGAM [3]

Calibration using observed data

Clustering of pareto-front to derive

optimal parameter sets

Flood-Frequency-Analysis:

Historic: 1971-2000, future: 2071-2100

Gumbel probability distribution function by L-moments

∆HQ-Regionalisation:

Multiple Linear Regression (MLR)

Ordinary Kriging (OK) and Kriging with External Drift (EDK)

Criteria of fit:
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Consideration of climate change impact on peak flows by 
climate change factors (∆HQ)

∆HQ are estimated by hydrological modelling for historical and 
future conditions deriving flood-frequency each

Prediction in ungauged basins is done by regionalisation

Objectives: 1) Estimation of median ∆HQ scenario signals

2) Performance of ∆HQ regionalisation methods

4.1  Results: ∆HQ estimation

103 meso-scale catchments (areas: 20-1400 km², Ø = 185 km²)

Daily observed runoff and climate data (1950-2013)

6 SRES A1B and 8 RCP 8.5 climate scenarios (1970-2100)

Supplementary: physiographic catchment descriptors (CDs) 
including topography, land use, climate and soil

Target variable: ∆HQ100

2  Study area and data

4.2  Results: ∆HQ regionalisation
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5  Conclusions

80% of stations show good hyd. model fit with NSE in validation
period for best parameter set in hydrograph 0.61-0.83, mean
seasonal cycle 0.78-0.97 and annual peal flows 0.37-0.79

median ∆HQ100 of RCP 8.5 signals indicates positive change of
18% overall and 4-35% for 80% of all stations, SRES A1B with
overall median of 2% and varying direction of change from -4 to
12%

80% of stations show coefficient of variation of ∆HQ100
between 0.6-2.0 for RCP 8.5 and 1.0-13.0 for SRES A1B,
indicating RCP 8.5 scenario ensemble to be more homogeneous

Best method according to RRMSE is EDK followed by MLR and
OK for RCP 8.5, for SRES A1B OK is superior to MLR and EDK, but
worse than overall median

Smoothing effect of ∆HQ regionalisation might be beneficial

Climate change factors are recommended, for practical purposes
overall median values might be more robust than ∆HQ-
regionalisation

Outlook: enlargement of climate scenario ensemble, robustness,
uncertainty analysis

Q10 equals 10% quantile
* mean of 3 realisations
° bias-adjusted precipitation and temperature using linear-scaling

NSE: 0.24
MRE: 1.16
RRMSE: 4.12

Selected 103 catchments 
within Lower Saxony
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IPCC climate scenarios [1]

Aggregation of all stations:
Median: 0.18
Q10-Q90: 0.04 to 0.35

Aggregation of all stations:
Median: 0.02
Q10-Q90: -0.14 to 0.12

using ∆HQ median 
of all stations as 
regionalisation: 
NSE: -0.01
MRE: 2.19
RRMSE: 7.57

CDs for MLR and EDK:
- standard deviation of aspect
- catchment stretch ratio
- distance to groundwater
- effective field capacity
- ∆ daily mean precipitation

using ∆HQ median 
of all stations as 
regionalisation: 
NSE: -0.02
MRE: 1.17
RRMSE: 1.74

CDs for MLR and EDK:
- catchment stretch ratio
- effective rooting depth
- min. temperature
- 7 day max. precipitation
- ∆ daily mean precipitation

NSE: 0.16
MRE: 1.73
RRMSE: 6.37

NSE: -0.78
MRE: 1.07
RRMSE: 2.14

NSE: 0.23
MRE: 1.39
RRMSE: 2.83

NSE: 0.13
MRE: 1.37
RRMSE: 2.59

NSE: 0.14
MRE: 1.88
RRMSE: 4.90

Median: 0.21
Q10-Q90: 0.12 to 0.28

Median: 0.19
Q10-Q90: 0.13 to 0.26

Median: 0.19
Q10-Q90: 0.01 to 0.35

Median: 0.01
Q10-Q90: -0.06 to 0.09

Median: 0.01
Q10-Q90: -0.06 to 0.08

Median: 0.01
Q10-Q90: -0.09 to 0.10
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