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Focal Point: Kiel Catchment Characteristics

Area: Approximately 50 km² in Schleswig-Holstein.

Hydrology: Lowland watershed with strong groundwater

influence.

Land Use: Primarily agricultural (crops and pasture)

Climate: Temperate humid with oceanic influence.

Recognition: UNESCO Ecohydrology demonstration site

Climate Shifts in German Lowlands 

✓ Northern German Lowlands represent highly climate-sensitive regions where hydrology is

governed by groundwater-surface water interactions and extensive tile drainage systems.

✓ Rising temperatures and shifting precipitation patterns pose significant risks to water

availability and aquatic ecosystems in these agricultural landscapes.
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Research Objectives and Goals

Model Evaluation

❑ Assess the performance of CMIP6 multi-models in capturing regional climate

dynamics of Northern Germany compared to local station observation.

Bias Correction and Projection

❑ Apply advanced bias correction technique to refine CMIP6 outputs and project

future climate anomalies under varying SSP emission pathways until 2100.

kpshwe et al., 2026



4Department of Hydrology and Water Resources Management – Author et al.

Methodological Workflow

Data Acquisition:

❖ NASA 6 CMIP6 

Models

❖ Schleswig Station 

(1985 – 2014)

Bias Correction:

❖ Empirical 

Quantile 

Mapping

Future Projections:

❖ Analysis for 3 time

horizons (2015–2100)

❖ Scenarios: SSP2-4.5 

& SSP5-8.5

Model Evaluation:
❖ Validation via 

Taylor Diagram
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Selection of CMIP6 Global Climate Models (GCMs)

No Model Name Modeling Center / Institution Country Downscaled Resolution 

(NASA NEX-GDDP)

1 MPI-ESM1-2-HR Max Planck Institute for Meteorology Germany 0.25° (~25 km)

2 ACCESS-CM2 CSIRO and Bureau of Meteorology Australia 0.25° (~25 km)

3 NorESM2-LM Norwegian Climate Centre Norway 0.25° (~25 km)

4 EC-Earth3 EC-Earth Consortium Europe 0.25° (~25 km)

5 CNRM-CM6-1 CNRM / CERFACS France 0.25° (~25 km)

6 UKESM1-0-LL Met Office Hadley Centre UK 0.25° (~25 km)

•Data Source: NASA NEX-GDDP-CMIP6 Dataset (Bias-Corrected Daily Data)

•Scenarios: SSP2-4.5 & SSP5-8.5 | Periods: Historical (1985–2014) & Future (2015–2100)
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Empirical Quantile Mapping (EQM)

A non-parametric method used to correct systematic biases in climate model outputs.
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Month-by-Month Daily EQM is used in this study because seasonal and monthly characteristics of the

catchment are properly preserved. In long-term climate change impact studies, matching the total 

monthly/annual water volume is much more critical for hydrological modeling than matching the exact 

calendar date of a daily rainfall event.
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Precipitation Evaluation via Taylor Diagram
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Raw GCMs simulate too many low-intensity rainfall days compared to actual

observations. In this study wet-day threshold (1 mm/day) was applied during

the Empirical Quantile Mapping process.
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Tmin Evaluation via Taylor Diagram

ACCESS-CM2

MPI-ESM1-2-HR

NorESM2-LM

EC-Earth3

CNRM-CM6-1

UKESM1-0-LL

AFTER BC

ACCESS-CM2

MPI-ESM1-2-HR

NorESM2-LM

EC-Earth3

CNRM-CM6-1

UKESM1-0-LL

BEFORE BC
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Tmax Evaluation via Taylor Diagram

ACCESS-CM2

MPI-ESM1-2-HR

NorESM2-LM

EC-Earth3

CNRM-CM6-1

UKESM1-0-LL

AFTER BC

ACCESS-CM2

MPI-ESM1-2-HR

NorESM2-LM

EC-Earth3

CNRM-CM6-1

UKESM1-0-LL

BEFORE BC
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Monthly Mean Precipitation Climatology (1985-2014)

Daily Precipitation Cumulative Distribution 

Function (CDF) (1985-2014)

kpshwe et al., 2026



11Department of Hydrology and Water Resources Management – Author et al.

Preci: Model ACCESS-CM2 MPI-ESM1-2HR NorESM2-LM EC-Earth3 CNRM-CM6-1 UKESM1-0-LL

PBIAS(%) Before BC 13.58 12.41 12.66 11.99 10.92 9.94

After BC 0.03 -0.26 0.03 -0.61 -0.13 0.01

Tmin Model ACCESS-CM2 MPI-ESM1-2HR NorESM2-LM EC-Earth3 CNRM-CM6-1 UKESM1-0-LL

PBIAS(%) Before BC -1.98 -1.67 -5.33 -17.81 -6.45 -13.82

After BC 0 0 0 0 0 0

Tmax Model ACCESS-CM2 MPI-ESM1-2HR NorESM2-LM EC-Earth3 CNRM-CM6-1 UKESM1-0-LL

PBIAS(%) Before BC 2.72 3.18 0.65 -3.56 1.44 -2.51

After BC 0.01 0.01 0 0 0 0

PBIAS Performance Summary

✓ Precipitation

Divergence

✓ Successful

Bias

Correction for

Temperature

Statistical bias correction is highly effective for correcting total volume (PBIAS)
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Projected Annual Precipitation Trends and Uncertainties for Kielstau 

Catchment under SSP2-4.5 and SSP5-8.5 Scenarios (1985–2100)

✓ Both SSP2-4.5 and

SSP5-8.5 show a steady

upward trend in annual

precipitation.

✓ Significant fluctuations

between dry and wet

years across the century.

✓ The shaded model spread

widens in the future,

highlighting precipitation

uncertainty.
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Projected Annual Tmin Trends and Uncertainties for Kielstau Catchment 

under SSP2-4.5 and SSP5-8.5 Scenarios (1985–2100)

✓ Clear and continuous 

increase in minimum 

temperature for both 

scenarios.

✓ Higher Tmin implies 

fewer frost days and 

warmer winter baselines.

✓ Continuous rising trend 

directly alters winter 

snowmelt and 

evapotranspiration 

patterns.
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Projected Annual Tmax Trends and Uncertainties for Kielstau Catchment 

under SSP2-4.5 and SSP5-8.5 Scenarios (1985–2100)

✓ Tmax ensemble mean 

rises continuously 

through 2100.

✓ Pathways clearly 

separate after 2040, with 

SSP5-8.5 reaching much 

higher temperatures.

✓ Low model overlap at 

the end of the century 

confirms high 

confidence in the 

warming signal.
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Monthly Precipitation with Uncertainty

•Drier Springs 

•Wetter Winters 
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Monthly Tmin with Uncertainty

•Winter Warming

•Significant Reduction in Frost Days
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Monthly Tmax with Uncertainty

•Year-Round Warming

•Peak Summer Intensity
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Seasonal Percentage Change in Precipitation with Model Uncertaintity (10th-90th Percentile)
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Seasonal Absolute Change in Tmin with Model Uncertaintity (10th-90th Percentile)
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Seasonal Absolute Change in Tmax with Model Uncertaintity (10th-90th Percentile)
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Conclusion: Shifts in Seasonal Dynamics Threaten Lowland Water Availability

✓ Successful Bias Correction: Month-by-month Daily EQM effectively eliminated GCM volume errors (PBIAS ≈ 

0%), preserving critical seasonal characteristics for hydrological modeling.

✓ The Climate Shift: Projections through 2100 indicate a profound seasonal reallocation—yielding wetter, frost-free 

winters (+34.7% rainfall) but significantly drier summers (-26.0% rainfall).

✓ Hydrological Impact: Surging summer temperatures (Tmax up to +5.38 ⸰C) will sharply accelerate evapotranspiration, 

severely straining agricultural water security.

✓ Integrate Climate Outputs into SWAT+ Modeling: Utilize the newly bias-corrected daily precipitation, Tmin, and 

Tmax datasets to drive a SWAT+ model, explicitly simulating groundwater-surface water interactions and active tile

drainage configurations to quantify seasonal water availability shifts in lowland landscapes.
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