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Motivation

1. Estimate climate change effects on reservoir inflows

2. Estimate future hydropower operation strategies
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Advantages:
= Retain sub-daily inflow peaks

= Compute inflows for each
reservoir/sub-catchment

individually

= Embed hydropower policies in

the hydrological model
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Study area — Maggia valley (OFIMA)

Total drained area of 840 km?
Elevation ranges between 204 and 3208 m
Present climate precipitation are 1840 mm

Hydrological data available for pre-dam and post-

dam periods




Study area — Maggia valley (OFIMA
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Methods

1.

2.

3.

Climate downscaling
Hydrological simulations

Hydropwer operation optimization




Climate downscaling

" The AWE-GEN-2d (Advanced WEather GENerator for 2-Dimensional grid) model
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Hydrological simulations

Precipitation
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Present inflows to the reservoirs

" |nflow data were obtained from OFIMA for the period of 2005-2015.
= Qutputs (100 simulations, daily runs) from a preliminary set-up of the Topkapi-ETH

model, accounting only for the main diversions and intakes.
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Climate change

= 9 climate models from the CH2018 official climate scenarios for Switzerland

= RCP8.5
= Period of interest 2030-2059
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Climate change

Present Future Present Future

MEA

Mean daily precipitation Hottest day of the year




Future inflows to the reservoirs

= 200 simulations were conducted to analyze the

100

impacts of climate change on the hydrology for the 75-

mid of the century.

" The hydrological system is sensitive to the changes in

Changes in SWE [%]
o
T

climate, particularly with respect to the contribution Z\

of snow water equivalent, which declines significantly e

in all reservoirs in the future simulations.
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Future inflows to the reservoirs

Results point at a reduction in the total inflows into the 100

. . 75—
reservoirs, with a clear seasonal pattern:

50—

" Increase during April-May (reduction in SWE, but

25—

increase of rainfall = total precipitation increases) >

_25i
= Decrease between June and October (reduction in 5o
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Future work

Finalizing the setup of the model — adding the missing contributions (e.g. Gries
reservoir and Altstafel tunnel and Sfundau reservoir).

Switching from daily simulations to hourly, in order to simulate sub-daily hydrological
processes (e.g. radiation variability) and flow dynamics including sediment production
and transport.

Increasing the spatial resolution to 100 m to match the resolution of the climate.
Update the model parameterization to improve the model performance and to
account for future hydropower operation policies (see next slides presented by

Castelletti).



Impact on the operations (preliminary)
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Impact on the operations (preliminary)
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Climate change effects on reservoir inflows (Maggia valley, OFIMA)
Sebastian Moraga, Nadav Peleg, Daniela Anghileri, Simone Fatichi, Paolo Buriando

Motivation Present inflows to the reservoirs
Clmalo change s epectad 1o afect the hydrologcl systam (e + Inflow data for the three reservoirs were obtained from OFIMA for
ifying river flows, snow accumulation and mel), wih 1o poriod of 2008.2018.

Consequencesfor 1 Iflows 0 hyGropower reservors and therelors

e Kt e + Outputs (100 simulations, daiy runs) from a preliminary set-up of

the Topkaph-ETH model accounting only for the main diversions

In o conoxt of Task 24, wo studed hoefectsof o
the throe largest reservoir systems of th . are o by
g Miagaa alley RopioFot, Cavgnet Neret, and S the model, whie the absolute infow values are either

underestimated (for the peak season, Sambuco and Robiei-Zott)
or overestimated (all seasons, Cavagnoli-Naret), due to the
ol

Objectives i haning
+ To estimate local climate change effects (precipitation and . o

temperature) over the Maggia region for mid of the century and
sion scenario (RCP8 5).
+ To estimate the changes of the fulure inflows to the three
servoir systoms.
+ To provide inflows scenarios to Task 2.4 for the investigation of
new hydropower operational _policies, which account  for
uncertainties of changes in climate and hydrology.
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-+ Tho e AN 57 Sochaic weiner gonratormocel s vod o Future inflows to the reservoirs
g gty
gm,scnons (present and future) at Ng" -resolution of 2-km and 1 + 200 simulations were conducted to analyze the impacts of climate
+ ho TookootETH disibutod gl model s wed o | Sargegnenokgylorhe mdotnecenuey [

simulate the basin hydrology and estmate the inflows (o the Py i oot 1o . conriion of oW water
equivalent, which declines significantly in all reservoirs in the
fulure simulations (Fig,

+ Resuls point at a reducton in the total inflows into the reservoirs,

i vih a clear seasonal patiem (ncrease, during Apri-ay and

Climate change & between June and October, Fig. 5).

« Temperatures in the Maggia valley are projected to increase
during all seasons. The changes in precipiation are less -

‘ed, with most months showing small changes that are sz‘mmgmw"?;m‘: ow A g
within the range of the natural varabily (Fig. 1). e oot

H
[—

H

prciptaton )
5

Tempeaturs )

”M”Jw‘x““” prwans s ssons Fig 5 Reaive e i infows o e

Uing AWELGEN.2 o ih parod 2090 3050,

+ Whie the increase in temperature s projected to be relatively
homogenous in space, precipiation is projected to change more
in the central and southem areas than the northeast and Future work
Southwest areas (Fig. 2)
e = This poster presents preliminary results from the project. For the next
year, the following steps are planned:

+ Finalzing the setup of the model — adding the missing contributions
(e:9. Gries reservoir and Alsafel tunnel and Sfundau reservor),
+ Switching from dally simulations to hourly. in order to simuiate Sub-daily

+ Update the model paramelerization to account fo the new HP scheme

2 Comparison
day of the year (ight) over the Maggia valley.Climate ndices were computed fom |+ Providing the final set of infilow scenaros to be used for the
founscaied smulations drven by 1ha |PSL._SMHI-RCA mode. Investigabon o e ryropowet oprationpecios i Task 2.4
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Rebalancing hydropower and ecosystem services in the Swiss Alps

Andrea Castelletti, Matteo Giuliani, Enrico Weber, Nadav Peleg, Paolo Burlando

Motivation and Objectives Analysis of the operating p¢

of natural resources represent emerging challenges for the operation
of multreservoi systems.

Intiscontet v tesed avanced Reiforcamen Lear
25 o re-design the coordinated operation of the OFIMA

u
Regultions. incuding th regulation ecenly approved by the . ==
onal auinorities. which consirains hydropower operators o =
relase a time-varying environmental fow: ==
.
Methods 3 i
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operating policis. ¥

ecosystem preservation.

Analysis of alternative Environmental Flow Regulations

benefits with respect to past consiraints but penalizes hydropower
operators.

allows discovering win-win solutions.
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Fig 4. Performance of the Pareto optimal solutions over the 2007-
e

Future Works

“This poster presents preliminary resulsfrom the project. For the next
year, the following experiments are planned:
- Testing more restrictive environmental targets.

° - using
[ indices of hydrologic ateations)
P operation
Fig 2. Performance of the Pareto optimal soluions over the 2007- - f cimate change and the adaplive
Hydropower
2 p colour
ropresents hydropower revenue.

Climate change effects on reservoir Rebalancing hydropower and
inflows (Maggia valley, OFIMA) ecosystem services in the Swiss Alps
(Moraga et al.) (Castelletti et al.)



