EGU2020-GM12/EO0S6.30 - Essential variables influencing geodiversity — 06/06/20

GIS and geomatics for
hydrogeodiversity assessment of
glaciated mountains: examples from
2 \Western Alps (Italy) and the Coast
Mountains (Canada) gt e
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Geological and geomorphological
constrains to mountain geodiversity

Structure of the contribution

1. FOREWORD - Theoretical issues related to both
spatial and temporal dimensions of natural Ummesit el St Serine
components of the geo-environmental system

METHODS - Systematization of knowledge related WS

0 geodiversity of mountains (issues related to Dipartimento di Scienze della Terra

_ . . Universita degli Studi di Torino
ale of analysis and representation)

RESULTS - GIS mapping and qualitative-

guantitative assessment of geodiversity

(Examples from glaciated/deglaciated mountains e

of Europe and Canada) A e e,

DISCUSSION - Classification and presentation of
components of mountain geodiversity based on
their spatial and temporal dimension, and the

related geomatics tools | oy




Geological, geomorphological, ..., (E.g. many)
constrains to mountain (hydro)Geodiversity
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Western Alps, Piemonte Region, Italy

STUDY AREA:
SESIA VAL GRANDE
UNESCO GEOPARK

Legend
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Coast Mountains, BC, Canada
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Structure of the presentation

1. METHODOLOGY - Assessment of regional geodiversity connected to
hydro(cryo)sphere by means of: 1) base data acquisition and
mapping; 2) qualitative-quantitative GIS process (factor maps, map
algebra, comparison to ecosystem services)
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3. GEN ERALIZATION — Examples of dynamic geodiversity in the glacial
“environment of the Alps and effects of landscape and ecosystem
services




RESEARCH PROCESS ]

i ™
GEODATA ACQUISITION AND
INTEGRATION
b
—
’ Y
CHOICE OF ELEMENTS AND
ASSESSMENT CRITERIA )
h,

1) Geodata Acquisition
and mapping

. ey

[ GEOCOMPUTATION ] ‘ ’ [ CLASSIFICATION ]4—

2) Qualitative-
guantitative GIS
process (factor maps,

map algebra, ~

Zwolinsky et al., 2018)

[ FACTOR MAPS ]

Comparlson Of flnal [ MAP ALGEBEA: FACTUR MAPS AGGREGATION ] 4
hydrogeodiversity to l
ecosystem services [ FINAL CEODIVERSITY Mip ] ITERATIVE PROCLSS
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The Mount Meager Massif RS, : P . B G2 Legend
' 2 : . KWt T 1 \ ¥ Mount Meager

A glaciated volcano of British Columbia, Canada

~ 1) Example of (o \
- Base Geodata | =N
Acquisition S
and mapping “




Geodata acquisition and elaboration

Data Source Data Year File GIS layer name

Geomorphological 2015 .gdb Mount Meager landforms

Thematic Layer Geodatabase

Glaciers 1947-2016 .shp Glacier 1947...2016
GLIMS 2009 .shp Glacier GLIMS
Base Data |y, 2015-2016 .geotiff DEM
Multitemporal 1947-2006 .geotiff Orthophoto 1947...2006
e Orthophoto 5

Geomorphological map
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Geomorphological Map

Mt. Meager Massif

Gravitational unclassified Landforms
Debris cone
DSGSD
Landslide
Landslide reshaped by fluvial proce sses
Scree

<™. Counterslope

Fracture

“_. Landslide main scarp

Glacial Landforms Fluvial Landforms

Drumlins Alluvial fun

Fluted Moraines Fluvial channel
g Glacier 2016 FluvialTerrace

Moraine .. Fluvial erosion scarp

Maraine (LIA) s Gully

Ketlle hole 7 waterfal

#_~ Glacial cirque scarp
“_ Moraine crest
moraine crest (LIA)

<™. _. Streamlined bedrock

4 Fumarole




Glacial active landforms

Glacial accumulation landforms

Glacial erosion landforms

Glacial relit landforms

Glacial accumulation landforms

Glacial erosion landforms

Gravitational landforms

Gravitational erosion landforms
I Gravitational DSGSD

Gravitational accumulation landforms

Fluvial landforms

Fluvial erosion landforms

Fluvial accumulation landforms

Glaciers
Glacier (2015)

Land System Map

Mt. Meager Massif




Multi-Temporal Interpretation: Mount Meager’s glaciers

It was possible to document the gIaC|aI fluctuations that took place between 1947 and 2016,
thanks to geomorphologlcal analysis based on Orthophotos and DEM shaded relief model.
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Sesia-Val Grande UNESCO Global Geopark
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Choosen parametres for hydrogeodiversity assessment

Purpose

1°= COGNITIVE

1°: Define a conceptual structure of
geodiversity linked to water
resources

2°= OPERATIONAL

2°: Identifed areas characterized by
high hydrological geodiversity

Data Source INDIRECT CNR-REGIONE PIEMONTE [22]

SIRI - REGIONE PIEMONTE[23]
PPR PIEMONTE[24]

ARPA PIEMONTE[25]
AUTORITA DI BACINO PO[26]
SESIA VAL GRANDE UGGp [27]

CORINE LAND COVER [28]

Subject

SELECTIVE
APPROACH

Choice of a set of components of
the natural abiotic enviroment

Spatial Scale

REGIONAL

Analysis Scale 1:100.000

Time Scale

CURRENT

Most updated data

Evaluation
Criterion

RELATIVE

Hydrogeosystem services, human-
centred

Evaluation
Technique

MIXED=
QUANTITATIVE-
QUALITATIVE

Expert and automatic classification

Representation

of the results
of evaluation

CARTOGRAPHIC

ESRI ArcGis




1. Water and groundwater
storage

2. Soil processes and habitat
provision: costitution of

settlements

3. Peat and fossil fuels storage

enviroments, infiltration rate, human

1. Atmospherical processes:rainfall| -
quantity, slope expasure, moistune
reqgulation

2.Geological processes:
conditioning of permeakbility,
fracturatien, mineral compaosition and
soil types in groundwater quality and
productivity, water surfacing

3. Geomorphological processes
{(fluvial, glacial, valcanic
processes): drainage density,
axlgenation, deposit sediments, flow
control, hot springs lecatloning,
glaciers formation and dynamics

4. Antrophic processes:
conditioning of cementification and
averbuilding in

riverbed permeability and lithological
permeability, flow control, level basa
changes, groundwater productivity
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1. Source of sustenance: Foad and
drinkable water

2, Industry: water for aggregate
axtracticn and water for production
activites

3. Energy: hydroslectric and geotharmal
4. Recycling and storage

| water guality and quantity

1. Evolution and terrestrial cycles:
climatic dynamics, glaclalism, fluvlal-
glaclal dynamics, landforms origin

2. Research and environmental
monitoring: origin of biological
prganisms, gecphysics and georadar for
groundwater research, monitoring of

3. Local development and landscape
conservation: hydrogeclogical risk
management, educational and
professional oportunities , development
of skills tor climate change adaptation
strategles

" bridges, watarfalls, caves thal represent

1. Development of cultural, spiritual
and religious identities: sites such as

myths, legends related ta the element of
water or ice or sites theater of important
histarical or war events, sites of artistic
Insplration, sites of wellbelng

2, Geotourism, sport and leisure:
gea-tourictic itineraries through
hydrogeasites and
hydrogeamorphosites, sports activities
such as rafting, canyoing, sport fishing,
Ice climbling, snowshoelng, places for
recreation: hot springs, hydrotherapy,
bathing/swimming
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The 4 main factors of hydrogediversity

1. Basement rocks and deposits permeability, integrated with Fracturing Index (tP),
for the Factor Map of Total Permeability

2. Land use, integrated with Slope Instability Index (tLU), for the Factor Map of
Total Land Use;

3. Springs and wells location (SWD) for the Factor Map of Springs and Wells
Density;

4. Hydrography, glaciers location, glacial cirques, landslides and fluvial conoids
location (MR) for the Factor Map of Morphogenetic Relevance.




Hydrogediversity facto map construction scheme

FRACTURING INDEX BASEMENT ROCK AND DEPOSITS
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Sesia Val Grande - Factor maps examples

Factor map of Total Lithological Permeability Factor map of Total Land Use
e 4 Gy SR
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Sesia Val Grande - Factor maps examples

Factor map of Springs and Wells Density Factor map of Morphogenetic Relevance
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Structure of the lecture

26

droc andscapes and promote their conservation,

3. DISCUSSION - Examples of dynamic geodiversity in the glacial
emvirfonment of the Alps and effects of landscape and ecosystem
services
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ydrogeodiversity Map of the Sesia ValGrande

UNESCO Global Geopark
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Comparison of final
hydrogeodiversity to
ecosystem services

Focus on
Glacial Landscape
of Monte Rosa
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Geological and geomorphological
constrains to mountain geodiversity

Tools for assessment of geodiversity

RESEARCH PROCESS

GEODATA AC QUISITION AND
INTEGRATION

CHOICE OF ELEMENTS AND

ASSESSMENT CRITERIA

ITERATIVE PROCESS




Possible outputs for analysys of geological and
geomorphological contrainns to geodiversity in
mountain areas
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Possible outputs for analysys of geological and
geomorphological contrains to geodiversity in
mountain areas

Following the spatial and temporal
“sizes” of phenomena it is possible
to operate appropriate selections
of geomorphometrics

techniques ...
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A proposal for a targeted multidimensional (S/T)
classification of geomatics for geodiversity
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