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OUTLINE — WATER IN A DYNAMIC PLANET

«CLIMATE»

CHALLENGES!

« STRESS — STRAIN RELATIONSHIP » g




LARGE SCALE PROCESSES (i.e. climate)

MAJOR PALEOGEOGRAPHIC UNITS IN THE ALPS T
modified after Froitzheim et al. (1996)
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SMALL (er) SCALE PROCESSES (i.e. groundwater)

CHARACTERISTIC SCALE:
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Deep groundwater circulation

SRUCTURAL + GEOLOGICAL CONTROL OF GROUNDWATER FLOW PATHS
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THE WATER CYCLE —= NOT STEADY OVER TIME
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CLIMATE CHANGE vs. WATER : PROGNOSED IMPACTS

Until 2035

* Slight modification in the annual disponibility of | > Impacts des changements
climatiques sur les eaux et

les ressources en eau

the water ressource

«Changement cltmarique et kydrologie en Suisses (CCHydro)

Until 2085

» Slight decrease of both available and renewable
water ressources

* Winter increase and summer decrease of inflow
rates = drift and/or increased duration of water
recharge/drought periods

* Impact on overall outflow rate: flood risk &
potential water shortage

FOEN (2012)

WATER ECONOMY -> CONFLICT POTENTIAL

MODIFICATION OF MOUNTAIN SPRING REGIME
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CLIMATE CHANGE vs. ALPINE REGIONS
CANTON VALAIS

= « Swiss Field Laboratory » for fundamental research in
Geology, Tectonics, Paleoclimatology, Glaciology,
Sedimentology, Atmospheric Sciences ...

Osterreich

Echelle 1:809'43:

EXPECTED CONFLICTS WITH FOLLOWING WATER USES:
Domestic Agriculture

Industry Hydro-electrical production

Public safety Geothermal systems
(flood, landslides, rockfalls, erosion) Winter tourism
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GROUNDWATER MANAGEMENT — ACTORS (hydrogeologists)

1) GROUNDWATER MONITORING: aspects (1980 — present)
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GROUNDWATER (SPRING) PROTECTION SWITZERLAND
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GROUNDWATER (SPRING) PROTECTION SWITZERLAND

VULNERABILITY
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S
MOUNTAIN SPRING VULNERABILITY : PRESENT & FUTURE

UNCERTAINTY

IS TODAY’S VULNERABILITY THE ONE OF TOMORROW?

HOW DOES VULNERABILITY OF MOUNTAIN SPRINGS RELATE TO CLIMATE CH+_ GE?

STANDARDIZED
HOW TO USE « VULNERABILITY » FOR QUALITATIVE OR QUAN TITAT |\ e e

OF GROUNDWATER
ARE ALL MOUNTAIN SPRINGS EQUALLY VULNERABLE? RESSOURCES,

COHERENT
IF NOT, WHY? ARE SOME SPRINGS MORE «RESISTANT» THAN OTHER CONCEPTUAL

MODEL

WHICH ARE THE CONTROL PARAMETERS?

—> NEEDED OBSERVATION PERIOD TO ANSWER THESE QUESTIO

PREDICTION
<+

MANAGEMENT :g
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PROJECT STRADA — MOUNTAIN SPRINGS }5%,,

PER LA GESTIONE DEI RISCHI » S
MATURALI NEL TIBKIII]NII] ‘

TRANSFRONTALIERD

Combine data together to understand the present and maybe better anticipate the future.

Valorize existing database and stimulate interdisciplinary exchange.

Snow melt - SWE

(Jonas et al. 2009) Meteorological data
L PP N RS 2
A J//d} i = T+P

= x
Unconsolidated' S .
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W’ A R dandfiow (unsaturated zone)
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'&Low permeable soil >,

Groundwater table

Physico-chemical parameters
Q+EC+T

Adapted from Brénnimann, 2011

Geological, structural and
hydrogeological conditions
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PROJECT STRADA — MOUNTAIN SPRINGS
CHARACTERIZATION OF MOUNTAIN SPRINGS IN VARIOUS HYDROGEOLOGICAL SETTINGS

- Simple monitoring strategy (physico-chemical parameters)
- 2 bacteriological analysis per year (auto-control)
- Cross-correlation hydrogrammes + meteorological events (precipitation + snow-melt)

- Comparison with generic groundwater regime characteristic of alpine regions

Piston (p=1)
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Indicative coefficients (monthly
discharge) for 16 characteristic
groundwater regime in Switzerland
(FOEN, 2010)
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PROJECT STRADA — MOUNTAIN SPRINGS
SWE: CONTRIBUTION OF SNOW MELT IN AQUIFER RECHARGE

Ground-penetrating radar i Avalanche probe Snow core
©
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Tavernier, 2013 (CREALP)
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PROJECT STRADA — MOUNTAIN SPRINGS
HELIPORTED SNOW-MEASUREMENT CAMPAIGNS 2012 - 2013
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Morina & Milani, 2013 (EPFL)
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PROJECT STRADA — MOUNTAIN SPRINGS
SNOW HEIGHT & SWE: CONFRONTATION WITH SPRING DISCHARGE

LIDAR snow campaign Vallon de Réchy (June 2013)

Temporal evolution of snow height
1:24'000 1:24'000 .
(winters 2011 - 2013) and
- subsequent summer response of
- spring discharge (La Lé).
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PROJECT STRADA — MOUNTAIN SPRINGS
DIFFERENT VULNERABILITY DETERMINATIONS AND « RESISTANCE » INDICATORS
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CHARACTERIZATION OF MOUNTAIN SPRINGS
INDEX TO QUANTIFY THE « SPRING RESISTANCE TO CLIMATE CHANGE»

Function of hydrological alimentation basin, available water (ice, snow, rain),
aquifer type and its storage capacity (e.g. effective porosity, volume, etc).

Indice de résistance
aux changements
climatiques (v)

v=13

Résistance

13>v=10 Faible
10>v=>7 Moyenne
7>v24 Elevée

v<4 Tres élevée

PARAMETRES O ENT BRI Pondération
score score
TyrepaQuIFERE | Poreux | 1 | FissuraL | 3 | KarsTique
TAILLE BASSIN
oot L ummee || wovewse | | imporTant
(km2) (<4) (4-7) (>7)
%offs')[;’_’;;’ FAIBLE MOYENNE IMPORTANTE 041
B @<10) | . | wo<o<ts) | . | @>15
ol (K>102) (102> K > 109) (K <109)
aquifére Restreinte Moyenne Importante
o NAUELLE ragle | o | wovene | | Fore 04
" (<600) (600-800) (>800)
NG AGEE LIMITE : MOYEN , | emenou
s (<d) (4-8) (>8) 041
HAUTEUR DE
NEiGE MOYENNE | ResTRENT | MOYEN 5 | PoRTANT 041
ANNUELLE (<50) (50-150) (>150)
(cm)

ahyh

Centre d'hydrogéologie

QBI;Z'\‘ GEGSAT SA

Qi

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

*
*
*
*

CANTON DU VALAIS
KANTON WALLIS




CHARACTERIZATION OF MOUNTAIN SPRINGS
PROBABILISTIC EVOLUTION OF MOUNTAIN SPRING REGIMES

Evaluation of short and long term risks

LA VOUETTE
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CHARACTERIZATION OF MOUNTAIN SPRINGS

REGIONAL MODELLING OF THE SENSITIVITY OF ALPINE AND PERIALPINE
HYDROGEOLOGICAL SYSTEMS TO CLIMATE CHANGE

80

La Lé (2008)
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CLIMATE CHANGE vs. GROUNDWATER

SUSTAINABLE POLITICAL MANAGEMENT — WATER ECONOMY MODEL

POLICY

Bund

« regional »

Kanton

« local »
, Gewasserraum
m |
N Wassernutzungen s A Raumnutzungen LLl
= Wasserversorgung, aObbhirdiccha Siedlungsgebiete, L,
Abwasserentsorgung, Gawsssar Infrastrukturanlagen, -
oc Wasserkraftnutzung, Landwirtschaft, ‘0
LIE Bewasserung, _ Waldwirtschaft, >
< Kihlwassernutzung, Unterirdische Uberflutungsgebiete,
Hochwasserschutz, Gewadsser Okologische Flachen, S
; etc. \V4 etc.
Grundwasser-
schutzzonen
IWAGO, 2012

VULNERABILITY: GROUNDWATER RESSOURCES OR SOCIETY?
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CLIMATE CHANGE vs. GROUNDWATER
GROUNDWATER MANAGEMENT: CYCLIC AND NOT LINEAR TASK!

S

RESEARCH /
ACADEMICS

PLANNING /
PROJECT EXECUTION
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