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Motivation
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• Climate change and human interventions are increasing 

pressure on Alpine water resources

• In regulated systems, flow regimes are governed by 

reservoir operations and diversions

→ Climatic effects can only be assessed if water management 

is explicitly modelled

→ The Upper Isar is a heavily regulated Alpine system –

management representation is essential

→ SWAT+ decision tables and the water allocation module 

make this representation possible

https://www.alpine-space.eu/project/a-drop/



Study Area – Upper Isar river basin
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• 2715 km² across Austria and Germany

• Alpine river system with steep terrain

• Snowmelt driven

• Heavily regulated

• 4 reservoirs/lakes

• Water transfers

• Hydropower



Water management system - Overview
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1 Krüner Weir

2 Loisach-Isar-Canal

3 Sylvenstein reservoir

4 Walchensee hydropower plant

5 Achensee

2
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Goals:

• Derivation of the decision table rules

• Verification of the correct functioning 

of the decision table

• Finding limitations and providing 

extensions (rev. 61.0.2)



Implementation – Example Krüner Weir
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Management rules at Krüner Weir are known:

Maximum diversion: 25 m³/s

Minimum environmental flow: 

3 m³/s in Winter

4.8 m³/s in Summer

Uncertainty in when they fully close the diversion:

→ Approx. 40 m³/s total flow



Implementation – Example Loisach-Isar-Canal
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Q_canal

Q_total



Implementation – Example Loisach-Isar-Canal
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Approximation of the median diversion by setting breakpoints and inflow fractions

Min. flow

Max. flow

Fractions



Implementation – Example Sylvenstein reservoir
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Low-flow management rules are known and based on operational storage filling



Implementation – Example Sylvenstein reservoir
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Flood release duration estimated from observed drawdown events



Implementation – Example Sylvenstein reservoir
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Low flow management

Flood release



Limitations and Extensions – Example Walchensee
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→ Release can be defined through fractional inflow and the mean seasonal water level target

→ There is the option inflo_frac for the release decision table

Problem: inflo_frac only considers the natural inflow

Walchensee gets most of its inflow through allocated water → Extension needed



Limitations and Extensions – Example Walchensee
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• New release option: „inflo_frac_total“

• Includes now allocated inflow

→ Enables realistic simulation in reservoirs



Limitations and Extensions – Example Achensee
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Out of the model

• Achensee is a special case: The natural outflow is blocked. 

Water goes to a hydropower plant out of the model

• Currently, only fixed rates can be defined out of a reservoir

• No possibility to reference the reservoir’s volume in the decision 

table action, e.g., draw down to pvol over 5 days

→ Extension needed



Limitations and Extensions – Example Achensee
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• Option „release“ and „release_days“ added to the 

action type „res_demand“



Preliminary results – without calibration
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Good match in volumes, 

but timing is off

Sylvenstein reservoir outflow



Outlook - Calibration
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• Good data availability of streamflow 

gauge stations (natural and influenced)

→ Multi-site calibration

• New high-resolution data sets developed 

in the A-DROP project

→ Multi-variable calibration



Conclusions
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• SWAT+ decision tables and the water allocation module are capable of representing 

complex, regulated Alpine systems

• Two source code extensions were developed to enable state-variable-dependent 

diversions and improve reservoir release

• Preliminary results (pre-calibration) show that explicit management representation 

substantially improves simulated flow regimes

• A few further code issues were identified and fixed ☺



Thank you for your attention!

Questions?
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Backup Slides
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Research goals
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Overarching question:

How does climate change affect the Upper Isar water system under different management strategies —

and what are the trade-offs between hydropower, ecology and flood protection?

This presentation: Step 1 – Model development and setup of water management system

1) Data & Model 

Setup

2) Calibration & 

Validation

3) Climate 

Scenarios

4) Managenment

Scenarios



Water management in SWAT+ - Decision Tables
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CONDITIONS ALTERNATIVES

ACTION DETAILS ACTIONS EXECUTION

SOURCES

DEMAND OBJECTS WATER TRANSFER DECISION 
TABLE OR AMOUNT

Conditions

State 
variables 

(storage, flow, 
season…)

Alternatives

Which 
conditions are 

active for 
each column

Actions

What to do:
release / 
divert /

hold / spill

Decision table – timing and amount

Water allocation file – source and demand objects 

res_rel.dtl for reservoirs

flo_con.dtl for any other water transfer



Water management system - Overview
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1 Krüner Weir

2 Finz- and Kranzbach

3 Rißbach

4 Diversions to Achensee

5 Walchensee hydropower plant

6 Sylvenstein reservoir

7 Loisach-Isar-Canal

8 Achensee

7

8



Water management system
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Discharge stations
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Implementation – Example Walchensee
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• No data available for the hydropower plant

• Plant inflow to Kochelsee derived from a mass balance approach



Release when using the implemented rules on the derived inflow and storage

Implementation – Example Walchensee
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Comparison with and without water management
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Sylvenstein

29



Sylvenstein

30



Verification – Example Sylvenstein reservoir
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32

Bugs in the reservoir surface area and storage calculation

32

SWAT+ uses this power law function to calculate surface area from current volume:

𝑆𝐴 = 𝑏𝑟1 ∗ 𝑉𝑏𝑟
2

br1 and br2 can be set in hydrology.res through shp_co1 and shp_co2 

BUG1: These parameters are read by the model but not used. SWAT always calculates these 

by using 2 points psa/pvol and esa/evol

BUG2: During this calculation, first br2 is calculated. If > 0.9 it is capped to 0.9. Then br1 is 

calculated using a wrong equation: br1 = (psa/pvol)^br2 but it should be br1 = psa/(pvol^br2)
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Bugs in the reservoir surface area and storage calculation

33

BUG3: Principal and emergency volumes are multiplied by a factor of 0.5 in res_control.f90



34

Step by step fixes and their effects

34



Limitations and Extensions – Example Walchensee
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→ Release can be defined through fractional inflow and the mean seasonal water level target

→ There is the option inflo_frac for the release decision table

BUT: inflo_frac only considers the natural inflow

Walchensee gets most of its inflow through allocated water



Limitations and Extensions – Example Walchensee
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Limitations and Extensions – Example Walchensee
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