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groundwater does not but is deeply connected to
exist in isolation social, ecological. and Earth systems

groundwater resources groundwater-connected systems



this groundwater-connected systems framing places
an explicit focus on interactions between groundwater
and social, ecological, and Earth systems
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26 Groundwater-based natural infrastructure projects



but existing global classifications of groundwater systems
do not represent these social, ecological, and Earth system interactions
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there is no data-driven global classification
of groundwater-connected systems




Conceptual model and data availability drive system simplification

“messy” reality

local complexities
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Archetypes derived through sequential self-organising maps
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"Human interactions with ecosystems are inherently dynamic and complex;
any categorization of these is a gross oversimplification.
Yet there is little hope of modelling these interactions
at a global scale without such simplification”.



Global archetypes of groundwater-connected systems
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Archetypes reveal unique fingerprints
of groundwater-connected systems

Extensive ecosystems with
limited agricultural activity &
groundwater management

j Groundwater reliant industrial
agriculture

| Groundwater reliant small-
landholder agriculture

j Extensive ecosystems with
moderate management

Remote lands with important climate
functions but existing management

Remote or rural lands with important
climate functions but limited management

Underserviced areas with limited agricultural
activity & groundwater management

Deep groundwater systems with little

storage capacity or social functions
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.I Extensive ecosystems with limited
agricultural activity or management
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Groundwater reliant
industrial agriculture
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irrigation water access
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Groundwater reliant
a4 .
smallholder agriculture
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Archetypes face different sustainable development

opportunities and challenges
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California's Guarani

evaluate state of global
Central Aquifer
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many and varied

groundwater cris

Groundwater depletion the world over poses a far greater threat to global water security than is
currently acknowledged.

S e Wesler]
. northeastern Bi
porous rock aquifers — a
as much as 33% of total water wi

promote thinking about global groundwater in complex
social-ecological systems among researchers and policy makers



To read more about the groundwater-
connected systems framing:

groundwater NGWA

Issue Paper @ OpenAccess () @) &

Groundwater Connections and Sustainability in Social-Ecological
Systems

thank you!

Xander Huggins B4, Tom Gleeson, Juan Castilla-Rho, Cameron Holley, Viviana Re, James S. Famiglietti

16 March 2023 | https://doi.org/10.1111/gwat.13305

Stay in touch/be in contact for a soon to be shared preprint
on these archetypes:

¥ <

xanderhuggins.github.io @xander_huggins xanderhuggins@uvic.ca

Xander Huggins
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Central Valley Guarani




I: Extensive ecosystems with limited agriculture and management




2 Large-scale agriculture among extensive aquatic ecosystems




3: Groundwater reliant industrial agriculture




4: Groundwater reliant small-landholder agriculture




9: Extensive ecosystems with moderate management




6: Remote lands with important climate function but existing management




7 Rural/remote lands with important climate functions but limited management




8: Underserviced areas with limited agricultural production or groundwater mgmt.




Q: Arid areas with important Earth system storage functions




10: Deep groundwater systems with little storage capacity or social functions
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