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Motivation

— Pools and Fluxes
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Motivation

€) Aiguille du Midi, FRA

« Climate change and human interventions are increasing | 222505 —ampon o
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* Inregulated systems, flow regimes are governed by
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Mean

reservoir operations and diversions 2o ' K

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 Co-funded by

the European Union
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Study Area — Upper Isar river basin
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TUT

2715 km? across Austria and Germany
Alpine river system with steep terrain
Snowmelt driven
Heavily regulated

* 4 reservoirs/lakes

« Water transfers

* Hydropower



Water management system - Overview TUTI
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1 Kraner Weir

2 Loisach-Isar-Canal

3 Sylvenstein reservoir

4 Walchensee hydropower plant
5 Achensee

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 Kruner Weir

Management rules at Kruner Weir are known:

R

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 m?¥/s total flow

Decision Table

_ 4.800000 0.00000
divert null 17 divert_isar2 min_cms 3.000000 0.00000
divert null 17 divert_isard flo_cms 25.00000 0.00000
divert null 17 divert isar6 flo_cms 0.000000 0.00000

i
Outcomes
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Implementation — Example Loisach-Isar-Canal
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Implementation — Example Loisach-Isar-Canal Tum

Approximation of the median diversion by setting breakpoints and inflow fractions
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Implementation — Example Sylvenstein reservoir

TUT

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

Flood release duration estimated from observed drawdown events

Drawdown days

25 1
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Implementation — Example Sylvenstein reservoir

name conds alts acts

sylvenstein 11 14 9

wvar obj obj num lim wvar 1lim op 1lim const altl alt2 alt3 altd alth alté alt? alts alt9 altlo altll altl2 altl3 altl4
wol res 1 pvol * 1.8000 - - - - - - - - - - - - > <=
wvol res 1 pvol * 1.2000 <= - - - - - - - - - - - - >
wvol res 1 pvol * 0.7342 > <= - - - - > > - - - -
wvol res 1 pvol * 0.6456 - > <= - - - - - - - - - - -
wvol res 1 pvol * 0.5570 - - - - - - - - > > <= <= - -
wol res 1 pvol * 0.4684 - - > <= - - - - - - - - - -
wvol res 1 pvol * 0.2912 - - - > <= - - - - - - - - -
wvol res 1 pvol * 0.2026 - - - - > <= - - - - - - - -
wol res 1 pvol * 0.1583 - - - - - > - - - - > > - -
month null 0 null - 4.0000 = >= = = = = < - < - < - - -
month null 0 null - 9.0000 <= <= <= <= <= <= - > - > - > - -
act typ obj obj_num name option const const2 fp outcome

release res 1 100 Ibr rate 20.0000 0.00000 null ynnnnnononnonnnnnain

release res 1 '707?131: rate 18.0000 0.00000 null nynnnnnnnnnnnahn

release res 1 60 Ibr rate 15.0000 0.00000 null nnynnonnnnnnnannan

release res 1 50 Ibr rate 12.0000 0.00000 null nnnynnaonnnnnnnan

release res 1 const 10 rate 10.0000 0.00000 null nnnnynyynnnnnahn

release res 1 const:B rate 8.0000 0.00000 null nnnnnynnyynnnan

release res 1 const 6 rate 6.0000 0.00000 null nnnnnonRnDnOnRnyynn

release res 1 days_high days 8.00000 0.00000 pvol nnnnnaonnnnnnnyn Fl d |

release res 1 days low days 5.00000 0.00000 pvel nnnonnonADRDODDODNY OO re ease
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_imitations and Extensions — Example Walchensee TUm

zeto | Reservoir storage — Walchensee
1600

=
o
|

=
IS
i

1500 +

-
N
'

=
=]
\
=
B
[=3
o
L

o
[s=]
Storage [Mm?3]
=
w
o
o

o
)
L

Fraction of inflow released

1200 A

=]
'S
s

o
[N}

T T T T T T T T
\991 \996 1_000 fLQQD‘ 1'00% 10'\’1 10\6 1'010
Date

0.0 -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- 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 A

Walchensee gets most of its inflow through allocated water > Extension needed
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Limitations and Extensions — Example Walchensee TUT

* New release option: ,,inflo_frac_total“

o + htINFlo * dt * Includes now allocated inflow
case ("inflo_frac_total")

! inflo_frac including water allocated to this

reservotr from waltostranster - Enables realistic simulation in reservoirs
+ + (
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Limitations and Extensions — Example Achensee Tum

5;’! 2\ A » 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

\ Out of the model

Moritz Wirthensohn | SWAT Conference, June 2026 14



Limitations and Extensions — Example Achensee TUm

. « Option ,,release* and ,,release_days* added to the
) then action type ,,res_demand*

Reservoir storage — Achensee
T e - Vo | I

458 A
456

454

end select

case (

Storage [Mm?3]

452 A

end select

450 -

448 -
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Preliminary results — without calibration TUT

Sylvenstein reservoir outflow

350 1 —— Observed
== Simulated (uncalibrated)
300 Obs flood volume: 116 Mm?
Sim flood volume: 118 Mm?
250 A
9
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2 . o .
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b=, 150
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Outlook - Calibration

TUT

® Waterlevel Stationg
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- Multi-site calibration
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* New high-resolution data sets developed
in the A-DROP project

= Multi-variable calibration
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Conclusions TUT

« 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 ©

Moritz Wirthensohn | SWAT Conference, June 2026 18



Thank you for your attention!
Questions?
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Backup Slides
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Research goals

1) Data & Model
Setup

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

Moritz Wirthensohn | SWAT Conference, June 2026 21



Water management in SWAT+ - Decision Tables TUT

Decision table — timing and amount

Example res rel.dtl file
! Alternatives Actions
name conds alts acts CONDITIONS
ex rel table 4 5 4
var obj obj_num lim var lim op lim_const altl alt2 alt3 alt4 alt5
month null 0 null = €.00000 >= < - - - .
month  null 0 null - 8.00000 <= : > - - State Which What to do:
vol res 0 pvol * 1.00000 < 2 < > = q s
ol e 0 vl . 0 95000 ) ) ) g N variables conditions are release /
_____ > P (storage, flow, active for divert /
-------------- 11 R season...) each column hold / spill
inflo frac 0.15000 0.0000C 11 nyynn
lay ol nnnyn
ab emer 11 nnnny
res_rel.dtl for reservoirs
Water allocation file — source and demand objects flo_con.dtl for any other water transfer
SOURCES
name rule_ typ src_obs dmd_obs cha_ob
wtransfer_ isar high_right_ first_ serve 1 1 v
src_num obj_typ obj_num monthly limit
1 cha 4 4] 0 0 0 4] 0 0 0 4] 0 0 0
dmd num obj typ obj num withdr amount right treat typ treatment rcv_obj rcv_num rcv_dtl num srcs src frac comp
1 divert 0 test divert isar 0.00000 ST null null EES 1 null 1 1 1.00000 0

Moritz Wirthensohn | SWAT Conference, June 2026 22



Water management system - Overview TUTI

n |1 Kraner Weir

A 2 Finz- and Kranzbach

3 RiRbach

4 Diversions to Achensee

5 Walchensee hydropower plant
6 Sylvenstein reservoir

7 Loisach-Isar-Canal

8 Achensee

Moritz Wirthensohn | SWAT Conference, June 2026 23



Water management system

" Ausleitung Unterirdisch

=== Ausleitung Oberirdisch

1 KW Eurasburg
_____________________ m— Laut der Gewdsser
KW = Kraftwark

Wilde Obermach =|

|
i
Sachen
See

Isarkanal

Finzbach

Kranzbach Fischbach=Wehr

Kriiner
Wehr

max 25m’fs
Rissbach-
Wehr
Leutasch Ferme: astasias
maxigmYs max 7.2mY
[:l KW ~Jenbach
Rissbach H
Isar i
Isar Ausleitung
Max 19ms
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Discharge stations

Discharge Measurements Availability

Scharnitz (GieBenbach) GieRenbach -

Klamm Leutascher Ache A

Austria
Germany

Ehrwald (Viadukt) Loisach -

Scharnitz (Weidach) Isar

Bruggen Loisach-Isar-Kanal

Diarnhausen Lothdorfer Bach

Beuerberg Loisach 1

Kochel Loisach -
Schlehdorf Loisach -

Eschenlohe Briicke Loisach A

Farchant Loisach 4

Garmisch u. d. Partnachmindung Loisach -

Garmisch o. d. Parthachmiindung Loisach -

Bairawies Zeller Bach -

Bad Tolz Ellbach 1

GaiBach GroBe Gailach

Peternerbriicke Jachen A

Sylvenstein Schronbach A

Walchen Walchen A

RiBbachklamm RiBbach -

Mittenwald Leutasch -

Puppling Isar
Bad Tolz KW Isar A

Lenggries Isar

Sylvenstein Isar

RiBbachdiiker Isar -

Mittenwald Isar
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No data available for the hydropower plant

Plant inflow to Kochelsee derived from a mass balance approach

Implementation — Example Walchensee
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Mo~ §
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£

Walchensee

hydropower contribution

o Gap
-=- AV hydropower

—— AV from WL observation
— AV from measured flows
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N tiirhina (m3lc)

Implementation — Example Walchensee
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Comparison with and without water management

TUT

Rissbachdueker
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Sylvenstein
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Verification — Example Sylvenstein reservoir

Ouftflow [m3/s]
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Bugs in the reservoir surface area and storage calculationTLT]

hydreology.res: written by SWAT+ editor v gn 2026-05— 0. for SHA gy- 61,0

res2 1 1 373.4644 3578.0000 601.0164 $287.000000 0.00000 0.60000 8.534354e-03 0.610942 #sylvenstein
res3 1 1 680.0000 45400.0000 768.0000 46030.0000 0.00000 0.60000 0.00000 0.00000 #Achensee

resd 1 1 573.2000 18470.00000 772.8800 19271.54432 0.00000 0.60000 0.00000 0.000000 #Kochelsee

resh 1 1 1630.000 130000.0000 1630.0000 130815.000 0.00000 0.60000 0.00000 0.000000 #wWalchensee

SWAT+ uses this power law function to calculate surface area from current volume:
SA = bry xVbr?

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)

32



Bugs in the reservoir surface area and storage calculationTLT]

SWAT+ as-coded Mathematically correct
800
—— SA = 5.7267e-06 - V0:9000 L —— SA = 1.0994e-05 - /0-9000 ®
® Principal (454.00 Mm?, 680.0 ha) P ® Principal (454.00 Mm?®, 680.0 ha)
— 600 - ® Emergency (460.30 Mm?3, 768.0 ha) |l @ Emergency (460.30 Mm?3, 768.0 ha)
S
(1%}
g
< 400 T
[}
o
M
5
Z 200
0 -
0 100 200 300 400 0 100 200 300 400
Volume [million m3] Volume [million m?3]

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

pvol m3 = 8.5 * res_ob(jres)¥pvol

evol m3 = B.5 * res_ob(jres)ievol

pvol m3 = res_ob(jres)%pvol

evol m3 res_ob(jres)¥evol
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Step by step fixes and their effects

res5 - Walchensee

1e9 —— v2 (baseline) v3 (Invol + pvol factor)  ----- current (+ brl formula)
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_imitations and Extensions — Example Walchensee TUm
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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 A

Walchensee gets most of its inflow through allocated water
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Limitations and Extensions — Example Walchensee TUT

-8 Inflow
== Release - 801
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Limitations and Extensions — Example Walchensee TUm

[m3/s]

Reservoir inflow / outflow — Walchensee

i W
Ww ‘L"l“

inflow / outflow — Walchensee
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22 ’ il s, ,l
M fh‘u"’w n"m
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