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Introduction

* The Interreg PIRAGUA project
(www.opcc-ctp.org/en/piragua)
* Objective: to improve the adaptation of
Pyrenean territories to climate change

* My contribution: vulnerability assessment of
reservoir water system under global change

 Motivation

* Hydropower remains the largest renewable
energy in France complementing the
consumption peak

* The complexity of global change compromises
the sustainability of current water use

* A robust representation of water system is
necessary for vulnerability assessment
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Case study: site description
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Case study: water system In the Aure-Louron Valley
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Methodology: modelling framework

Modelling chain: integration of the human interactions with water resources within hydrological

modelling (Montanari et al., 2013)

Human activities
(Hydropower, irrigation, Natural water resources
low flow support) (Hydrological model)
(Water demand model)

Hydrological model

Water management
(Regulatory constraints,
environment)
(Management model)

Outflow and satisfaction
of uses

Rainfall-runoff model GR6J (Pushpalatha et al., 2011) coupled with a
semi-distributed snow module Cemaneige (Riboust et al., 2019)

Water demand model

Energy demand: a linear model linking HDD (Heating Degree Day)
(Spinoni, 2018) with historical production data from SHEM
Downstream demand: in progress and in communication with CACG

Management model

Preliminary trial based on linear programming optimization method in a
deterministic way
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Hydrological model

Forcing data: SAFRAN with a dedicated Pyrenean 2.5 km
resolution (Vidal et al., 2010); Catchment characteristics
(surface and hypsometry)

Calibration data: naturalized inflow (Falgon, 2014) and
gap-filled MODIS observations (Gascoin et al., 2015) in 5
equi-surface elevation bands

Energy demand model

Data: France temperature calculated from SAFRAN with a
8 km resolution (Vidal et al., 2010); Reservoir operation
data

Management model

Materials: Current reservoir management rules; Reservoir
characteristics (Volume, water-power efficiency)




Results: hydrological modelling

301

Discharge Q [mm/day]

0..

N
o
L

-
o
1

Surface: 28.4 km? == Nat quantiles 25% and 75%
wss Sim quantiles 25% and 75%
== Nat median
=== Sim median
01-Jan 01-Apr 01-Jul 01-Oct 01-Jan

Oule: 2001-2014

301

Discharge Q [mm/day]

0..

Lassoula (Pouchergues + Caillaouas): 2001-2014

N
o
L

-
o
1

Surface; 16.5 km? w9 Nat quantiles 25% and 75%
W Sim quantiles 25% and 75%
== Nat median
=== Sim median
01-Jan 01-Apr 01-Jul 01-Oct 01-Jan

* Generally, the Oule and the Lassoula catchments are well simulated
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* The simulation of the Orédon catchment is less performed due to the length and quality of naturalized

inflow



Results: hydrological modelling
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* Snow Is a dominant factor in these catchments

* A robust representation of snow cover area (SCA) along with discharge is essential for hydropower
estimation



Results: energy demand
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* Heating degree day HDD drives the water release for
hydropower; the higher HDD, the more energy
produced

HDD; = max(tprance — Tt, 0)
Trrance the threshold of trigging the energy demand (15°C
for France) (Hendrickx and Sauquet, 2013)
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* The determination coefficient R? is poor as
hydropower generation is highly anthropogenic
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* The energy demand model is validated by
comparing the empirical cumulative distribution
between simulated results (10 trials) and observation
values
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Preliminary results: water management
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* Input data: naturalized inflow, observed water demand, and observed water transfer

* The optimization process based on linear programming has an objectif of maximizing the annual
benefit in a deterministic way

* Need for additional complexity in the management model
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Conclusions and next steps

* The robustness of GR6]J-Cemaneige to represent the water
resources of case study

* The simplicity of energy demand model to capture the seasonality
of energy demand

* Improvements on water management model

 Downstream water resources estimation and water demand
modelling

* Vulnerability assessment with the modelling chain under various
global change scenarios
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* Thank you for your attention

* Questions?

* Now or at
peng.huang@inrae.fr

13


mailto:peng.huang@inrae.fr

References

* Falgon (2014) Reconstitution des apports SHEM — Reconstitution des apports naturels des groupement d'Eget et du Louron. Technical report, DI-SFA
2014-234-00, Compagnie Nationale du Rhone.

e Gascogne et al. (2015) A snow cover climatology for the Pyrenees from MODIS snow product. Hydrology and Earth System Sciences, 19(5): 2337 -2351.

* Hendrickx and Sauquet (2013) Impact of warming climate on water management for the Ariege River basin (France). Hydrological Sciences Journal, 58(5):
976-993.

¢ Montanari et a/. (2013) “Panta Rhei—Everything Flows”: Change in hydrology and society—The IAHS Scientific Decade 2013-2022. Hydrological Sciences
Journal, 58(6): 1256-1275.

* Pushpalatha et a/. (2011) A downward structural sensitivity analysis of hydrological models to improve low-flow simulation. Journal of Hydrology, 411(1-2):
66-76.

* Riboust et a/ (2019) Revisting a simple degree-day model for integrating satellite data: implementation of SWE-SCA hysteresis. Journal of Hydrology and
Hydromechanics, 67(1): 70-81.

e Spinoni et al. (2018) Changes of heating and cooling degree-days in Europe from 1981 to 2100. International Journal of Climatology, 38(Suppl.1): €191-
e208.

* Vidal et a/. (2010) A 50-year high-resolution atmospheric reanalysis over France with the SAFRAN system. International Journal of Climatology, 30(11):
1627-1644.

14



