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Many thanks go to the EGU organization and our session conveners to
facilitate this Sharing Geosciences Online session!

We here take the opportunity to briefly expose our ongoing project:
“Refining geodiversity variables for monitoring global mining”.

» Global geodiversity is rapidly changing because many geodiversity components,
such as mining, provide vital ecosystem services.

» Mining of geological, geomorphological, soil and hydrological resources is rapidly
expanding due to increasing societal demands.

» Our aim is to refine existing essential geodiversity variables that can help
measure /and monitor effects of mining on geodiversity and its services.

Here, we provide background information and preliminary results.
Enjoy!

The Geodiversity team of the University of Amsterdam

EGUSmiy 2020  online
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Presentation Notes
Some background:
Geodiversity is vitally important for global mining. However, this importance is not always reflected in international policy. Recognising that the development of essential variables for climate (ECVs), oceans (EOVs) and biodiversity (EBVs) has improved consensus, allowed for the identification of essential measurements to monitor change, and consequentially advanced science and informed policy, Schrodt et al. (2019) recently proposed the introduction of Essential Geodiversity Variables (EGVs). 

We carried out a systematic review in order to explore potential benefits offered by this EGV conceptual framework. A multitude of ecosystem services derived from geological and geomorphological EGVs are highlighted as a additional approach for demonstrating the benefits of geodiversity. Case studies of sand and phosphate, here not fully shown, are then used to explore how specific examples of EGVs are in high demand, have associated scarcity concerns, are unevenly distributed on a global scale, and how their extraction has numerous (negative) environmental and societal impacts. Such examples, of which there are many, exemplify why monitoring of EGVs is required. From this project we learn that the EGV framework offers a potential opportunity to include geodiversity to support landscape management, conservation, restoration, biodiversity research and can actually help to preserve ecosystem services in a sustainable way.



Ecosystem Services and Essential Geodiversity Variables

Ecosystem Services

Mining is a well-known example of how society benefits from goods and services
obtained from ecosystems. Mining is strongly related to all geodiversity
components (geology, landforms, soils and hydrology).

Monitoring Global Mining
We need to identify, develop and refine existing Essential Geodiversity Variables
and their associated ecosystem services for monitoring purposes.

Systematic Literature Review (meta-synthesis)
We conducted a systematic literature review (meta-synthesis) with keyword
searches in Scopus and the Web of Science to propose refined EGVs.
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Presentation Notes
The concept of ecosystem services is well know. “Ecosystem services”, refers to benefits (goods and services) that society obtains from ecosystems (From Millennium Assessment). 

Examples of keywords used in the systematic review in Scopus are: 

Scopus
( TITLE-ABS-KEY ( geodivers*  OR  "abiotic divers*"  OR  geoconserv*  OR  "abiotic conserv*"  OR  egv*  OR  "essential geo* variable*" )  AND  TITLE-ABS-KEY ( ecosystem*  OR  system*  OR  abiotic  OR  geosystem* )  AND  TITLE-ABS-KEY ( service*  OR  valu*  OR  function* )  AND  TITLE-ABS-KEY ( geolo*  OR  geomorph* )  AND  TITLE-ABS-KEY ( sustain* ) )


Mining is related to all geodiversity components

coal

- Mining geological resources: e.g. gas, oil,
(brown)coal, rare earth’s, elements, minerals,
metals, rocks etc.

- Mining landforms and its materials: surface
deposits: e.g. sediments: sand, gravel, clay, silt
etc.

- Mining soils: e.g. peat extraction, soil organic
carbon extraction, agricultural terrace
construction, soil translocation etc.

- Mining ‘hydrology’ aquifers, artificial lakes, river
training, estuary closures etc.

@Uﬁgfﬁnaday 2020 online Photos ‘mined’ from: https://www.needpix.com/
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We here provide illlustrative examples of effects of mining directly to the surface of the earth. There are many more and perhaps more distinct examples to be listed, varying in extent, that may affecting each other.
An example is for example lowered groundwater tables caused by open pit mining, which could cross national borders, e.g. between Germany (browncoal mining) and The Netherlands (groundwater table lowering – also affecting biodiversity).


Mining sites across the world

This combined dataset contains attributes on the location of: rare earth materials /
elements, metals and minerals
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We have collected mining data at global scales from USGS sources, that provides identified the location of occurrences, producer and past producer and prospect areas.
 
What is not included is for example illegal mining, which, especially for the concrete industry (sand mining), covers large numbers of small sites, that, when depleted, are not restored. 
Gold mining is another problem, e.g. in S-Americas, leading to deforestation, loss of biodiversity, threads to indigenous people, and pollution of connected rivers, aquifers, landforms and materials.

https://mrdata.usgs.gov/

Mining and geoconservation: Unesco Global Geoparks
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Here we have overlain the available global mining map with the point locations of Unesco Global Geoparks. These parks are unevenly distributed across the world, with concentrations in China and western Europe. These parks, amongst other values, hold valuable geodiversity components and provide services to the society, e.g. educational and recreational services.
Zooming in to the boundaries of some of these parks, it is seen that in some parks mining has or is still occurring.
Illegal mining activities or surrounding threats are not included, but could be of interest for further research.


Preliminary refinements to geological EGVs and their link to
associated ecosystem services

Essential Geodiversity Variables

Related Ecosystem Services

Geological

Hardrock, fossil
& mineral
distribution

OriginalEGv | ProposedEGV N : .
Class [Schrfdtetal iy Refinement Examples Provisioning Supporting Regulating Cultural
Granite ® Building material(e g_granite, limestone » Llimestone pavements can support * Miningsitescanallow for scientific,
and sand) {Brihz etal., 2018; Ruban, Tiess, Sallam, grasslands whichsupport specialzed species educational and recreational activities [ruban
Fonedelnik, & Yashalova, 2018} {Hiort et al, 2015} et al, 2018}
o Phosphate « Raw materials for manufacture of many
minerals U N products (e.g. plastics, pharmaceuticals,
androcks Imestone Ceramics) [Briha et al., 2018}
Salt ® Food (e.g. salt) (eriha et a1, 2015)
® Phosphate rock is a raw material for
sand fertilizer (ruban et a1, 2015)
Base Copper * Precious metals(e.g. gold, sikerand * Precious metals have aestheticvalue [Briha et
metals Lead platinum) provide ornamental products and al., 2018}
) Gold jewelry (riha etal, 2018)
Precious SiTver e Can be a source of income forlocal
Wetallic metals Platinum communities (e.g. in the Geopark Colca,
Distribution of minerals Light Aluminum :e’“]'eit"i_‘-“li [szm: . .
A metals Moo=t * Raw materials (for e.g. wires, vehicles,
minerals and Tronand Manganese computers, smartphones, machinesetc.)
[Briha et 21, 2015)
rocks steel Chromium
metals Mickel

Other Surface and underground rocks

Food supply via habitat provisionfor edible
species(e.g. South Brazil Shelf) (garda, 2015)
Nutrient, mineral andion supply via
weathering and biogeochemical processes
[Briha et 31, 2018).

Construction material (eriha et =1, 2015)

Habitat provision (e.g. place foranchorage
onthe rocky shore of Sau Paulo, Brazil)
(Garcia, 2015}

Rock weathering releases minerals and
nutrients, increases porosityand allows
incorporation of arganic matter (important
for plant growth) (eriha =t 3L, 2015).

Burial and storage (e.g. radioactive waste,
municipallandfill, cemeteries zdha etal,
2018).

Construction and infrastructure platform
{Briha et al,, 2015)

Sedimentary rocks store large amounts of
carbon (srha et al, 2018}
Chemicalweathering of silicate rock
regulates long-term carbon cycke (garcz, 2019
Regulation of water quality [Briha et al, 2018}
regulation of natural hazards [cray et =1, 2013)

Geotourism (e.g. rockclimbing, caving) (Gray
etal, 2013)

Provide knowledge on Earth history (Gray et
al, 2013}

® Energy resources » Store carbon and therefore regulate carbon
Crudeoil » Rawmaterials for productsie g oilused for cycle [griha et al, 2018)
gasoline, jet fuel, diesel, asphalt, lubricants
" [Briha et 31, 2018)
';DSSI' Coal » By-productsuseful for making plastic,
L. . uels fertilizers, perfume andtyres (gnha et al,
Distribution of 2018
fossils and fuels Natural Gas * Sourcesof income for local communities
(e.g. SantosBash, Brazil) [carca, 2018).
» Leisure (fossil collecting) (gray eral, 2013)
Fossils » Knowledge on evolution of life jgay etal,
2013)
® Energy resource (gray, 2013}
n - - Uranium
Distribution of
Lithium s Important raw materiakfor the
rare earth
Bareeaitih Beryllium manufacture of products suchaswindmilk,
elements metals Uraniam solarpanelsand batteries (erlha et al., 2015)
. R R sand » Buildingand construction materiak (everard » Important for water retentionand dissclving
0 lidated Distribution of an & Quinn, 2015; Garda, 2018} basicelementsfor plant growth (e.g. clay)
nconsoliaate . fiha & )
; it unconsolidated Gravel L EEER
eposits .
deposits Clay
« Can provide suitable topography for human * Volcanicactivity increases the productivity * Geotourism —volcanoes canenhance the
. L. settlements|szepesi etal, 2017) of soil, supportingplant growthand tourism of an area [szepesietal, 2017).
Variab ityin the Volcanism * Can produce a range of rawmaterials therefore food production(e.g.in » Symbolic, religious orsymbolicvalue (e.g.

Geophysical
Processes

intensity of
geophysical
processes

[Szepesi et 2L, 2017)

Hungary){szepesietal, 2017)

The Boca do Inferno geosite, 330 Tomé
island.) {cordon, 2015; Henrigues & Neto, 2015)

Geothermal activity

Energy resource (Gray et al , 2015)

Habitat provision (hot springs/
hydrothermalvents) (Brilha et al., 2018)

Health benefits via hydrotherapy (spas)
(Brilha et al., 2018).

Geoutourism (e.g. Iceland) (Glafsdattir &
Dowiing, 2014)
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From the literature, insights were gained on potential refinements to the geological and geomorphological EGVs proposed by Schrodt et al. (2019). These proposed refinements are based upon common classification groups within the literature, such as those pointed out by Brilha et al. (2018). These refined EGVs are not final or exhaustive lists; they do represent how current literature tends to present important geological and geomorphological variables in the context of services for society.

The two slides are the result of reviewing the geodiversity literature for geological and geomorphological variables. The original EGVs identified by Schrodt et al. (2019) have been included, and proposed refinements to these. E.g. we separated the distribution of minerals and rocks, distribution of fossil fuels, rare earth elements and unconsolidated materials. These categories have been subdivided to ‘basic’ resources, such as sand, coal and gas, phosphate etc.


Preliminary refinements to geomorphological EGVs and their link to
associated ecosystem services

Essential Geodiversity Variables

Related Ecosystem Services

igi Proposed EGV
Class [g::og;tr:ta:IEg:‘;] Rel‘:finement Examples Provisioning Supporting Regulating Cultural
* Food supply (fishingfrom beachesand » Habitat provision (e.g. cliffs for seabirds o Canregulate coastalflooding [eversrd & » Tourism(beachvisits) (gray et al, 2013}
Cliffs edible specieson coastal landforms) (e.g. and sanddunesfor certain grasses) (eriha st Quinn, 2015} » Aesthetic (e.g. White cliffs of Dover, UK)
South BrazilShelf (carcs, 2015) al., 2018; Hiort et al, 2015) » Absorbwave energy (e.g. sand dunes)(sray {Gray et al, 2013)
» Aggregate extraction |Gray etal, 2013) * Habitat provisionfor edible species garca, ek, ZIeEY, » Scientific / educationalvalue (e.g.
Coastal 2015} . L stratigraphic record of shoreline change at
landforms Beaches * Cansupport mosaics of species-rich Marrich More, Scotland ) [cordon et al, 2015}
habitats(e.g. Morrich More, Scotland
(Figure 3)) (Gordon, Brazier, Hansom, & Weritty,
Sand dunes 2019}
# Tillplains and glacial valleys provide sites # Cansupport water sources(e.g. reservoirs * Knob andkettle morphology canallow for # Knowledge-knob and kettle morphology
Glacialvalleys for livestock grazing (e.g. Las Lagunas, Peru) for drinkingwater, orknob and kettle formation of peat bogswhichare important and moraine ridges canact asa clmate
[seimonsberzen et al, 2010} morphology for irrigation) (seimonsberzen et for carbon storage (sejmonsbergen et al., 2010) proxy [sejmonsbergen et al., 2010}
Moraine ridges 2 zo_m: L _
Glacial » Habitat provisionvia landform mosaics
landforms [Hjort et al,, 2015)
Distribution and (et amilestil =
variability of
Glacialtill
surface landforms
and processes » Riverterracesand floodplains provide a * Sediment bars zlong rivers can suppoart » Regulate channelflowand therefore water * Education—study of landformsand
. platformfor buildings [everard & Quinn, 2015} species which use them for resting sites supphy|{everard & Quinn, 2015) geomorphicprocesms (e.g. ColcaCanyonin
Sedimentbars # Source for buiking and industrial materiaks [Fiort et al, 2015) o Regulate flowandtherefore increase Peru) (catsé e1 3L, 2015)
— (sand, gravel, clay) (Everard & quinn, z015) * Floodplans provide riparianzones which resilience against flooding (everard & quinn, » Aesthetic andrecreational values(e.g.
@ supportvegetationandtree growth Tests, 2015) potholeson the Mifio river in Spain [Avarez-
.E Algighier, Dalberto, Lucanstt, B Maza, 2013} » Canregulate erosion, protecting vizquez & De Ufia-Alvarez, 2017)
[+T1] Riverterraces ¢ Riparianvegetationon fluvial landforms infrastructure (Everand & quinn, 2015} » Tourism|eversnd & Quinn, 2015)
o Eluvial provides habitat for various pollinating + Spiritual and religious values [everard & quinn,
— landforms insects, supporting pollination [everard & 2015}
.g A A,
a # River bars provi abi orvarious
o Landform ol insectsand successional plants [Hiort et al,
— distribution 2013}
O » Processessuch assediment supply and
E Potholes erosion canassist with habitat maintenance
o [Hiort et al, 2015)
Q * Unigue habitatswhich can support unigue * Can contribute to regulation of water » Geotourism (ray etal, 2013)
w . . . lifeforms [Hiort et al,, 2015) quality (Hiort et al, z015) * Legends /folktales(e.g. GrottadiSan
Distribution of Lucanointhe San Lucano Valley, ttaly) [Test
stal, 2013
underground = » Sourceof inspiration formusic andart (e.g.
landforms Fingal's Cave, Scotland) (zordon, 2015)
s Building stone and aggregate provision [gray » Candetermine delivery of water (e.g. * Mountzins are a common site for peatliands ® Geotourism (Gatas et al, 2018; Thomas, 2013}
et al, 2013} Huambo river valley, Peru) (gaaé et al, 2018) which are important for carbon storage and » Aesthetic value [eray etal, 2013)
» Canprovide unique habitats (e.g. cliffs offer therefore climate regulation (cray etal, 2013) s Artistic inspiration {eriha et al, 2015)
protectionfrom some predatorsand » Educational opportunities (eray etal, 2013;
competitors) Hjort et al., 2015} Brandolini et al., 2011)
Mountain ranges » Sport and leisure (e g. rock climbing and
hiking in the Ponci valley) (srandofini et al.,
Topographic 201; Gr3y etal, 2013) _
+ Scientific value (e.g.5an Lucano Valleyin
dive rsity the Dolomites, Italy) (cordon, 2015; Testa et al,

z015)

Lowlands

# Provide a platform for buildings [everard &
Quinn, 2015)

Relief and rock resistance essentialfor
urbanplanning, bridges, dams, airports,
road networks and railvays (erlha et 21, z015;
16, Stojkovic, Rundi¢, Calid, & Sandic, 2016)
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We here present the geomorphological refinements of the EGVs.
Many geomorphologists amongst you will notice that sediments (e.g. sand, gravel) are included in the geological EGVs.
That is aguable, but reflects probably differences between discipline, rather than content-wise mismatches.

Again, this table is based on the keyword searches, so not all items are covered (partly or fully). Probably literature does exist, and can be identified when non-systematic review data are included.


The need for sand and its potential impacts

* Sand is mined across the
world in rivers and along
beaches and shelfs for e o

. islands and banks
grOWlng demand Of are sustained.

concrete in an urbanizing
environment

e Sand mining may lead to
icreased erosion rates,
morphological changes,

loss of fishery, s S R0 SR Viining pocks the
. . .. P e | A sand, speeding _
interference with shipping : s 1 B crosion. . -

- 3 With-most of the

etc. . T et R e Yl B sediment gone, water 4.
- : T 3 2 B depth and.velocity are - (RS
.. . . . radically changed. '
* Similar overexploitation is .
seen in other mining
resources, such as

phosphate

x it o 7 v 3 fr F———

Impacts of sand extraction represented in satellite images of the Umngi River in
northern Bangladesh (Bendixen, Best, et al., 2019)

Sand mining simply cannot remain as unregulated as it is now, or future conflict
and environmental crises will become inevitable. Monitoring using EGVs may x
identify/quantify (negative) effects on the environment.
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Extraction of sand, such as that observed in the slide, to meet the rising global demands will likely have increasing environmental and societal consequences due losses of associated ecosystem services as reserves become depleted, and due to direct and indirect impacts from the extraction process (Hoitink et al., 2017). Sand extraction is common around the world and it even occurs in coastal environments prone to flooding such as the Pearl Delta in China, the Rhine-Meuse Delta in the Netherlands and the Ganges-Brahmaputra Delta in Bangladesh.


Remarks / outlook

Essential Geodiversity Variables provide opportunities to monitor global landscape
change, e.g. due to mining; they need, however, additional input

Spatial analysis is needed to analyze mining activity versus geodiversity: a global
geodiversity map can be used as input — see below

Monitoring geodiversity change can support landscape management, conservation,
restoration, biodiversity research and help to preserve ecosystem services

Geodiversity Index

B very high
High
Moderate
Low

%, -
Unpublished global geodiversity index map
B very low Al rights reserved: Hannes Versteegh 2019/2020
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We will continue to complete all geodiversity variables, review potential remote sensing monitoring systems that can be used to for change analysis of geodiversity components and priovide real-world examples to illustrate this.

The review of the literature has revealed a number of benefits offered by the refined EGV conceptual framework. Firstly, by placing geological and geomorphological EGVs into an ecosystem approach and highlighting their associated ecosystem services, the importance of geodiversity is systematically demonstrated. 

The newly updated 2020 global geodiversity map will form a basis for further analysis: the map is based on globally available data layers on Elevation, Lithology, Soils and Hydrology.

Thanks for “listening”, being there and enjoy all other contributions in the Geodiversity Session!

On behalf of the UvA Geodiversity Team,

Harry Seijmonsbergen
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Many thanks for participating and “listening” to this online presentation

We appreciate any feedback, remarks and / or suggestions to improve this
project or to start cooperation

On behalf of the UvA Geodiversity Team,

Harry Seijmonsbergen
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Although we cannot display all literature used in this presentation (see details on the two tables), we highlight the following:

Bendixen, M., Overeem, I., Bjørk, A. A., & Kroon, A. (2019). Promises and perils of sand exploitation in Greenland Multi-scale modeling and observations of landscape dynamics, mass balance, and network connectivity for a sustainable Ganges-Brahmaputra delta View project. Nature Sustainability. https://doi.org/10.1038/s41893-018-0218-6

Brilha, J., Gray, M., Pereira, D. I., & Pereira, P. (2018). Geodiversity: An integrative review as a contribution to the sustainable management of the whole of nature. Environmental Science and Policy, 86(January), 19–28. https://doi.org/10.1016/j.envsci.2018.05.001

Garcia, M. da G. M. (2019). Ecosystem Services Provided by Geodiversity: Preliminary Assessment and Perspectives for the Sustainable Use of Natural Resources in the Coastal Region of the State of São Paulo, Southeastern Brazil. Geoheritage. https://doi.org/10.1007/s12371-019-00383-0

Gordon, J. E. (2018, April 16). Geoheritage, geotourism and the cultural landscape: Enhancing the visitor experience and promoting geoconservation. Geosciences (Switzerland). MDPI AG. https://doi.org/10.3390/geosciences8040136

Gray, M. (2012). Valuing Geodiversity in an “Ecosystem Services” Context. Scottish Geographical Journal, 128(3–4), 177–194. https://doi.org/10.1080/14702541.2012.725858

Gray, M. (2013). Geodiversity: valuing and conserving abiotic nature. Wiley-Blackwell (Second, Vol. 51). Wiley-Blackwell. https://doi.org/10.5860/choice.51-6193

Henriques, M. H., & Brilha, J. (2017). UNESCO Global Geoparks: A strategy towards global understanding and sustainability. Episodes, 40(4), 349–355. https://doi.org/10.18814/epiiugs/2017/v40i4/017036

Hoitink, A. J. F., Wang, Z. B., Vermeulen, B., Huismans, Y., & Kästner, K. (2017). Tidal controls on river delta morphology. https://doi.org/10.1038/NGEO3000

Ibáñez, J. J., Brevik, E. C., & Cerdà, A. (2019). Geodiversity and geoheritage: Detecting scientific and geographic biases and gaps through a bibliometric study. Science of the Total Environment, 659, 1032–1044. https://doi.org/10.1016/j.scitotenv.2018.12.443

IUCN. (2019). Geodiversity, World Heritage and IUCN. Retrieved October 7, 2019, from https://www.iucn.org/theme/world-heritage/our-work/global-world-heritage-projects/geodiversity-world-heritage-and-iucn

MA. (2005). Millennium Ecosystem Assessment. Ecosystems and Human Well-being: Synthesis. Washington, DC.: Island Press. https://doi.org/10.5822/978-1-61091-484-0_1

Ólafsdóttir, R., & Tverijonaite, E. (2018). Geotourism: A systematic literature review. Geosciences (Switzerland), 8(7). https://doi.org/10.3390/geosciences8070234

Schrodt, F., Bailey, J. J., Kissling, W. D., Rijsdijk, K. F., Seijmonsbergen, A. C., van Ree, D., … Field, R. (2019). Opinion: To advance sustainable stewardship, we must document not only biodiversity but geodiversity. Proceedings of the National Academy of Sciences, 116(33), 16155–16158. https://doi.org/10.1073/pnas.1911799116

Seijmonsbergen, A. C., Sevink, J., Cammeraat, L. H., & Recharte, J. (2010). A potential geoconservation map of the Las Lagunas area, northern Peru. Environmental Conservation, 37(2), 107–115. https://doi.org/10.1017/S0376892910000408

UNESCO. (2017). UNESCO Global Geoparks | United Nations Educational, Scientific and Cultural Organization. Retrieved October 7, 2019, from http://www.unesco.org/new/en/natural-sciences/environment/earth-sciences/unesco-global-geoparks/

United States Geological Survey - https://mrdata.usgs.gov/ 
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