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Groundwater resources: challenges
and future opportunities
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Ensuring the sustainability and security of groundwater resources requires identification of
region-specific challenges and solutions to accommodate water needs in diverse sectors,

including ecosystems. They are related to extensive variations in natural conditions (e.g. geology,
geomorphology and hydrology), human interventions, and political, cultural and socio-economic
realities that need to be considered in working towards sustainable development. To achieve this
goal, it is important to understand social transformations and societal drivers, as well as management
and governance challenges which hinder effective groundwater management and access. Unlocking
the future opportunities of groundwater require to integrate the existing knowledge and emerging
tools and techniques to explore the unknown resources, and device governance strategies to improve
livelihoods and health, build more resilient water futures, and move towards long-term sustainable
and equitable groundwater use.

(Fig. 1). In a changing world, it is essential to understand the many aspects that control groundwater
security and sustainability®, defined by its quantity and quality that are influenced by several different
factors including geology, climate change and modifying land use, overexploitation, pollution, economics, agro-
food systems, socio-economic conditions and governance®~’.
This article summarizes the major groundwater challenges and some of the opportunities for realizing the
potential of under-utilized groundwater resources, which underpins economic development and improved
health outcomes, and builds resilience to natural and man-made changes.

( ; roundwater is the largest freshwater reserve for domestic, agricultural, and industrial water supply'>

Challenges

Groundwater is difficult to manage due to often limited understanding of the groundwater systems; uncertainties
in monitoring of its status; poorly defined flow boundaries®; transboundary issues’; poor abstraction management;
uncertainty in groundwater-surface water inter-connections and often a poorly defined regulatory structure'.

The physico-chemical behaviour of groundwater are largely influenced by the hydraulic and chemical
properties of the aquifers in which it is stored!!, as well as human interferences such urban and irrigation
activities. Groundwater is invisible’, its vertical and horizontal flow in porous aquifers is often extremely slow,
recharge rates are uncertain, long residence times and discharge processes typically taking place over timescales
of several years to millennia'? (Fig. 1). Flow through fractured, crystalline or karstic media is highly unpredictable
and influenced by bedrock geology and discontinuity pathways, as demonstrated by studies in Ivory Coast and
Greece, in this collection!>!*. For example, studies in Ivory Coast'*demonstrated how the fracture bedrock
modulates the perennial springs in the area, while karstic flow in Greece lead to groundwater enrichment with
several geogenic contaminants'. The current reliance of global food production by irrigation through non-
renewable groundwater could constitute a threat to global food security in the mid to long term"'*.

The main stresses that lead to groundwater challenges include demographic changes, such as population
growth and lifestyle changes that create the need for growth in human consumption and water use for energy
and food, along with new water demand located in other areas of the globe>!®17.

Natural and man-made changes on hydrological regimes, including climate change!®', lead to modified
groundwater recharge and interactions with surface water (sea, rivers, lakes, wetlands etc.)?°-22, This can result
in reduced groundwater storage, river flow, increased sea water intrusion'*and reduced groundwater discharge
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Fig. 1. Interaction of groundwater with natural and human systems.

to coastal zones??*?4, or pollution of surface water bodies?>. For example, groundwater discharge in Oneida

Lake, New York, USA led to phosphorous enrichment in the lake?. Further, land use change and increased
urbanization cause surface sealing, decreased infiltration, conversion of recharge areas to built-up areas,
deforestation, etc.20-28;

Further, the deteriorating groundwater quality has severely jeopardized human life, mostly in the developing
nations?. The interactions of groundwater with host rocks and sediments result in pervasive, geogenic
groundwater pollution with arsenic, fluoride, radiogens, salinity etc.*-*that exposes millions to substantial
health risks*”*. Studies in Chile demonstrated on geogenic magmatism and hydrothermal water lead to
widespread arsenic enrichment in groundwater®. On the other hand, human activities on the land surface act
as sources of localized and diffuse pollution. Many of these were known for several decades, where the others
are regarded as emerging contaminants. These include nitrate and pesticides from agriculture and discharge of
untreated wastewater, sanitation-borne pollutants, release of toxic materials and effluent by industries, healthcare
facilities and municipalities'***3*-4!, mining*®and construction activities, household and community activities
like microplastics*?and other related domains. While many of these pollutants can be mitigated for drinking
water supply**by nature-based or traditional/advanced technology based remediation solutions, several others,
specifically the human-sourced pollutants can persist in hydrological regime for extended periods and very
difficult to mitigate3>34:40,

Future opportunities of groundwater resources

Groundwater brings the distinct advantage of being a much more widely dispersed water resource, with
enormous stored volumes of mostly good quality water, which is naturally protected from many surface-sourced
contaminants**°,

Many regions of the world have shallow under-utilized groundwater resources but have not yet been able
to invest in its development, for economic, political or institutional reasons. These includes sparsely populated
regions e.g. Africa’®and islands’. Deeper fresh groundwater reserves offer significant opportunities for future
groundwater development (Fig. 1).

During periods of droughts exacerbated by climate change, communities in water-scarce areas will
increasingly depend on groundwater resources, because of its ability to buffer short terms changes and shocks. In
man-made or natural disasters, such as earthquakes, landslides, flooding and industrial accidents, groundwater
act as a strategic reserve. In the case of migration, and conflicts, groundwater-based drinking water wells acts as
emergency supply!>81217,

A key aspect is improving the basic understanding of both groundwater quantity and quality at the
level needed to manage aquifer resources. While, new technologies like the Gravity Recovery and Climate
Experiment (GRACE) mission provide global-scale groundwater resources*®, local-scale high-resolution real-
time monitoring of aquifer conditions through piezometry and other sensors may identify better response and
quality of groundwater resources, as documented in this collection*>*’. Studies in Nile delta demonstrated how
such real-time piezometry coupled with other physico-chemical parameters of groundwater can used to develop
numerical models of future groundwater scenarios®. Emerging technologies like Fiber Optics Distributed
Temperature Sensing (FO-DTS) can help in developing a high resolution three-dimensional characterisation of
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subsurface interaction of groundwater with sea in coastal areas*®. Numerical, data-driven and hybrid models

can be used to quantify, manage and predict future groundwater resources.
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