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State of knowledge of the “Groundwater depletion” attribute: Excellent / well established —
comprehensive analysis/syntheses; multiple studies agree.

Part A—Attribute and method

Al. How does the attribute relate to ecological integrity or human health?

Groundwater depletion, primarily caused by excessive extraction for agricultural, industrial, and
domestic purposes [1-4], presents significant challenges to both ecological integrity [5-7] and human
well-being [8,9], despite its susceptibility to natural phenomena such as prolonged low precipitation.

Ecologically, depleting groundwater affects interconnected surface water systems because they form
a single, hydraulically connected resource [10,11]. Consequently, groundwater depletion can lead to
the drying up of wetlands, streams, and rivers, disrupting habitats and endangering species reliant on
these vital water sources. Furthermore, it adversely affects vegetation health, resulting in diminished
biodiversity and altered ecosystems within groundwater aquifers [12] and above ground
environments alike. Additionally, depleting fresh groundwater resources increases the potential for
seawater intrusion in coastal areas, and the consequences of contamination can be detrimental,
requiring lengthy remediation processes through careful management.

Groundwater depletion is the primary cause of land subsidence, which poses a potential threat to
the ecological integrity of the area due to loss of support or underground caving in certain geological
settings [13-15]. The repercussions of groundwater depletion extend to human health, as lowered
groundwater levels often result in the cessation or reduction of access to groundwater extraction
from shallow drinking water wells [16], leading to physical health issues (e.g., kidney stones, urinary
tract cancers and some colon cancers) due to inadequate water consumption [17,18] and mental
health concerns [19,20].

Groundwater depletion also frequently results in diminished water quality within aquifers and
surface water bodies, particularly pronounced during periods of low rainfall when these resources
heavily rely on groundwater recharge [1,21]. This heightened vulnerability to pollutants in the
remaining groundwater exacerbates health risks.
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A2. What is the evidence of impact on (a) ecological integrity or (b) human health? What is the
spatial extent and magnitude of degradation?

There is a substantial body of international and national literature that demonstrates the impact of
groundwater depletion on ecological integrity and human health. Studies have shown that reduced
water levels in some streams, both in Aotearoa-NZ [22,24] and overseas [25-28], have compromised
ecological integrity due to depleted groundwater levels. Recent evidence also highlights the effects
on groundwater-dependent ecology caused by decreasing groundwater levels [27,29,30]. Ecological
impacts due to land subsidence, resulting from excessive groundwater abstraction and consequently
depleted groundwater levels, have been reported in Auckland [31], Wairakei [32,33] and potentially
in Canterbury [15], and is a significant problem in many countries, including populated areas such as
California, Florida, Arizona, Helsinki, Bangkok, Mexico City, and Jakarta [13,14,34-37].

Nationally, the depletion of groundwater wells has impacted human physical and mental health.
Shallow wells in the Canterbury region began to run dry in the 1970s [16], and Environment
Canterbury identified that the situation worsened over the last two decades, particularly around the
Ashburton and West-Melton area [38]. There is also substantial international evidence showing
health issues related to groundwater depletion [39-44]. Groundwater depletion is linked to increased
concentrations of pollutants, due to lower water volumes available for dilution, which heightens
health risks. These risks include gastrointestinal illnesses [45-46], reproductive disorders [47], and
neurological ailments [46], especially in communities reliant on groundwater for drinking and
irrigation purposes.

The spatial extent and magnitude of degradation caused by depleting groundwater vary considerably
due to factors such as geology, aquifer characteristics, heterogeneity of the aquifer, recharge rates
(due to both natural [precipitation] and anthropogenic influence [irrigation]), groundwater
abstraction volumes and their patterns, as well as surface-groundwater interactions. Therefore, it is
crucial to consider aquifer or site-specific properties to minimise degradation resulting from
groundwater depletion [48].

A3. What has been the pace and trajectory of change in this attribute, and what do we expect in
the future 10 - 30 years under the status quo? Are impacts reversible or irreversible (within a
generation)?

The pace and trajectory of groundwater depletion varies significantly in Aotearoa-NZ and overseas.
Typically, humans tend to access surface water, if available, before developing groundwater
resources, as it is generally cheaper to abstract surface water than to pump from deep aquifers.
Globally, the pace of groundwater depletion is most rapid in arid and semi-arid regions, as well as in
highly populated areas [49-52].

Similar trends can be seen in regions such as Canterbury in Aotearoa-NZ due to the high demand for
groundwater resources. In Canterbury, groundwater abstraction for domestic and stock water
purposes started in the early 1900s. Environment Canterbury data show a significant increase in
consents for groundwater use for domestic supply and industrial purposes around 1970.

Since the early 1990s, consents for groundwater use have increased considerably, mainly for
irrigation [53]. With the current trend of high demand for groundwater, it is predicted that
groundwater depletion will continue over the next 10 to 30 years. Increased temperatures and more
drought-prone conditions are projected under climate change scenarios for many parts of the world.
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Along with associated longer growing seasons, it is likely that groundwater demand for irrigation will
increase, resulting in further groundwater depletion [54-56], unless interventions are taken to
remedy the adverse trend. The reversal of impacts can be achieved through appropriate
management of groundwater abstractions and approaches such as managed aquifer recharge (MAR)
[1]. However, the rate of reversal is dependent on many factors, including aquifer properties.

A4-(i) What monitoring is currently done and how is it reported? (e.g., is there a standard, and how
consistently is it used, who is monitoring for what purpose)? Is there a consensus on the most
appropriate measurement method?

There are several methods for monitoring groundwater depletion. The most widely used methods in
Aotearoa-NZ are groundwater level measurements using observation wells or piezometers.
Piezometers are specialised wells used to measure the pressure head at specific depths, providing
detailed information about groundwater levels in different aquifer layers. Regional authorities
maintain strategically positioned groundwater level networks to monitor groundwater levels [57].
These networks are typically installed in areas of high groundwater demand and different
hydrogeological units to support predicting trends, identifying potential risks linked to excessive
extraction, and supporting sustainable water use. The monitoring is usually conducted according to
the National Environmental Monitoring Standards (NEMS).

Historically, groundwater levels were measured manually using a dipping device (inserting a metal
tape into the well until it contacts water). However, the majority of councils now utilise automated
methods for continuous measurements (telemetered sites). The telemetered data should be cross-
checked periodically against manual measurements to ensure accuracy. The groundwater level
measurements are typically reported relative to the New Zealand Vertical Datum 2016 for
meaningful comparison between sites and other water bodies (e.g., rivers and lakes). Groundwater
levels are generally reported as time series plots for each well or a combination of wells within a
cluster such as a hydrogeological unit.

Given the high cost associated with installation, most monitoring is targeted in high-demand areas,
and the monitoring network can potentially be insufficient to provide adequate information about
the complete groundwater level dynamics within a large area, such as an entire catchment or region.
This limitation arises because groundwater flows in the "downhill" direction, similar to surface water,
and due to the potential energy associated with pressure [11] (hydraulic head). Excessive
abstractions in one area can potentially impact other areas of the aquifer to which they are
hydraulically connected due to the pressure differential.

Other approaches used to support understanding groundwater depletion include Water Budget
Analysis [58] (calculating the balance between inputs [recharge, inflow] and outputs [extraction,
outflow]), Geochemical Methods such as isotope analysis [59] and water quality monitoring [60].
Additionally, remote sensing techniques are increasingly used to understand groundwater depletion,
especially over large geographical areas. The most common remote sensing approaches are the
NASA’s Gravity Recovery and Climate Experiment (GRACE) and GRACE Follow-On (GRACE-FO) [61,62],
and InSAR (Interferometric Synthetic Aperture Radar) [63,64]. The GRACE satellites measure changes
in Earth's gravity field, which can be used to infer changes in groundwater storage over large regions
(approximately 400 km by 400 km). InSAR uses satellite radar data to detect ground surface
deformation, which can be related to groundwater extraction.
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There is no consensus on the most appropriate measurement method, as the spatiotemporal scale of
accuracy and cost associated with each method vary significantly. For example, a monitoring well,
which involves considerable investment, is more appropriate for assessing groundwater depletion at
a single location, while remote sensing provides information for a larger area at relatively low cost,
but lower accuracy for any single location. Therefore, the monitoring method needs to align with the
decision-making needs. However, by combining the above methods, along with scientific approaches
such as trend analysis of groundwater levels [65] and considering the dynamics of interconnected
systems (e.g., climate, river flow, water abstractions, land use changes, tidal effects), a detailed and
accurate picture of groundwater depletion can be obtained.

A4-(ii) Are there any implementation issues such as accessing privately owned land to collect
repeat samples for regulatory informing purposes?

The implementation issues of monitoring and reporting are primarily dependent on the approach
used. For example, using ‘invasive’ methods such as groundwater wells or piezometers requires
obtaining permission from landowners to install the well or piezometer and ensuring ongoing access
for monitoring and maintenance. It may also require compliance with privacy laws to use or publicise
information, if relevant. The cost of telemetry approaches for monitoring depends on the availability
of telecommunication options for the site. Using satellite technology for data transfer in areas
without mobile coverage can be expensive.

In addition, the performance of wells can be compromised due to sedimentation and damage from
natural events (e.g., earthquakes) or vandalism. Therefore, it is important to take necessary
precautions and implement QA-QC measures to ensure the data is reliable. Failing to use consistent
measurement standards and a common datum can impact the ability to accurately utilise monitored
data for regulatory and management purposes.

While this is not a significant issue for assessing groundwater level changes, which are typically
slower than surface water level changes, temporal resolution of data availability and cloud cover and
weather conditions may hinder the use of remote sensing data for high temporal resolution analysis.
Similarly, remote sensing methods like GRACE only offer coarse spatial resolution (e.g., 400 km by
400 km), which may not be suitable for detailed local or regional analysis [66,67].

A4-(iii) What are the costs associated with monitoring the attribute? This includes up-front costs to
set up for monitoring (e.g., purchase of equipment) and on-going operational costs (e.g., analysis
of samples).

The costs associated with monitoring groundwater depletion vary significantly depending on the
approach used and site-specific conditions. The up-front cost of monitoring wells, commonly used by
regional councils to measure location-specific groundwater levels, depends on factors such as the
well's depth and diameter, screen length, site accessibility for drilling, and the time required to
develop the well (to remove sediment and clean the well). The cost can range from less than $10,000
to more than $100,000 per well.

The capital cost for data transmission also depends on the medium used, such as cellular or satellite,
and ranges from less than $10,000 to more than $20,000. The ongoing costs can be considerable for
manual sites due to staff time requirements. For automated sites, the ongoing cost may range from
less than $100 to more than $250 per year, depending on whether it uses cellular networks or
satellite. However, the cost can increase to more than $5,000 if the temporal resolution of data
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transfer is high, such as 15-minute intervals. Additionally, ongoing costs include data storage, QA-QC
of data, and data analysis.

The costs associated with the use of remote sensing data also vary with many factors. For example,
while the raw data from GRACE is freely accessible, the total cost of using GRACE data can vary
significantly depending on the user's specific needs and resources, including software, computational
resources, expertise, and potential consulting services.

A5. Are there examples of this being monitored by Iwi/Maori? If so, by who and how?

The author is not aware of any groundwater depletion monitoring being specifically undertaken by
iwi/hapl/riinanga. However, several organisations use groundwater level data for their research
(e.g., Te RGnanga o Ngai Tahu, Te Kura Taka Pini research unit) and business operations (e.g., Ngai
Tahu Farming).

A6. Are there known correlations or relationships between this attribute and other attribute(s),
and what are the nature of these relationships?

Groundwater depletion has known correlations or relationships with attributes including riparian
margin establishment/protection, surface water flow alteration, catchment permeability and
groundwater nitrate [3,27,68-71].

Part B—Current state and allocation options

B1. What is the current state of the attribute?

Understanding the current state of groundwater depletion varies significantly between and within
regions. For example, monitoring by Environment Canterbury indicates that groundwater levels have
been affected by abstraction [72]. In the Kaituna catchment in the Bay of Plenty, where the demand
for groundwater is the highest in the region, trend analysis of groundwater levels reveals mixed
results. Among the 22 groundwater level time series analysed, only two showed statistically
significant long-term decreasing trends. Additionally, the study found that climate (i.e., natural
factors), rather than groundwater use, is the primary factor controlling groundwater levels [65].

Based on these examples, it is reasonable to conclude that while understanding the current state and
trends in groundwater depletion is crucial for freshwater management, this attribute should be
assessed in conjunction with interconnected systems such as climate, land surface recharge, stream
flows, and water abstractions to accurately ascertain changes in state.

B2. Are there known natural reference states described for New Zealand that could inform
management or allocation options?

Typically, currently available monitoring does not inform the natural reference states in Aotearoa-NZ
for two main reasons: (1) most groundwater level monitoring sites are located in high-demand areas
where groundwater levels are affected by abstractions, and (2) current land cover and use do not
represent natural conditions. Measurements would need to be taken in wilderness areas such as
Fiordland which would be difficult and expensive. Due to these challenges, it is generally not feasible
to directly develop natural reference states of groundwater levels through monitoring in most areas.
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An alternative approach to develop natural reference states for groundwater levels is to utilise
hydrological modelling approaches [3,73] to support management and allocation options, including
the limit-setting process under the NPS-FM. However, these modelling approaches can only
represent a “pseudo-natural state”, such as no water abstractions and no irrigation, and typically
simulate the current land cover rather than a "pure" natural state due to a lack of detailed
information about the former natural state. The accuracy of these models may also be affected by
other anthropogenic influences such as dams, diversions, and discharges, which impact groundwater
level dynamics.

Nevertheless, these models can provide a useful tool for informing groundwater management by
simulating conditions that approximate natural states as closely as possible given existing constraints.

B3. Are there any existing numeric or narrative bands described for this attribute? Are there any
levels used in other jurisdictions that could inform bands? (e.g., US EPA, Biodiversity Convention,
ANZECC, Regional Council set limit)

There are no globally accepted default numeric or narrative bands for groundwater depletion levels
to ensure sustainable water resource management, ecological integrity, and human health. This is
primarily due to the spatial heterogeneity in aquifer dynamics, where the same absolute or
proportional change in groundwater levels can produce different outcomes in different locations. For
example, surface-groundwater interactions vary spatially, and the rate of outflow from an aquifer
through groundwater discharge to surface water features will spatially differ if the same level of
change is applied. Sustainable groundwater management ideally requires a location-specific balance
of recharge, discharge, and extraction.

Regional councils typically develop location-specific numeric or narrative bands based on water
balance assessments or modelling approaches. In the absence of a detailed assessment, adaptive
management thresholds can be used in groundwater management. This approach allows for
responding to changing conditions and new information through appropriate monitoring and a
review process.

B4. Are there any known thresholds or tipping points that relate to specific effects on ecological
integrity or human health?

As described above in B3, there are no universal numeric or narrative bands to determine thresholds
or tipping points that specifically affect ecological integrity or human health. The most effective
approach is to develop location-specific abstraction limits that maintain a sustainable level of
groundwater depletion. This ensures an appropriate level of outflow to surface water bodies
(baseflow) and oceans, which is crucial for reducing the potential risk of seawater intrusion. These
measures support long-term ecological integrity and human health by maintaining the natural
hydrological balance and preventing adverse environmental impacts.

B5. Are there lag times and legacy effects? What are the nature of these and how do they impact
state and trend assessment? Furthermore, are there any naturally occurring processes, including
long-term cycles, that may influence the state and trend assessments?

In general, groundwater dynamics are associated with lag times. However, lags are widely variable
due to many factors including geology, surface-water interaction, climate and water abstraction
patterns. For example, a recent study of radiocarbon dating of groundwater samples estimated that

434 Attribute Information Stocktakes for Fifty-Five Environmental Attributes



the groundwater in some coastal South Canterbury areas is up to 11,000-21,000 years old [74],
indicating a very slow flow through the aquifer. In contrast, other sites contain younger groundwater
[75,76], implying more rapid flow rates through the aquifer. Consequently, lag time of impact of
groundwater abstraction from an aquifer and climate cycles, and subsequent effect of groundwater
depletion, varies between and within aquifers [77,79].

B6. What tikanga Maori and matauranga Maori could inform bands or allocation options? How?
For example, by contributing to defining minimally disturbed conditions, or unacceptable
degradation.

Maori have a range of values, beliefs and practices associated with groundwater ecosystems that are
underpinned by a holistic and integrated understanding of the water cycle and the environment as a
whole [90]. Groundwater-dependent cultural values, beliefs and practices encompass cultural
landscapes and settlements, wahi ingoa (place names), wahi tapu (sacred places) and wahi taonga
(treasured places), rongoa (healing) and ceremonies (e.g., burials), mahinga kai (e.g., spring-fed
streams), tuhitera nehera (rock art), marae water supplies and indigenous biodiversity (e.g., [91-93]).

There are examples of where groundwater features have been afforded the status of wahi tapu and
wahi taonga. For example, Omaru puna wai in the Canterbury region was registered with the New
Zealand Historic Places Trust as a wahi tapu in 2005 [94]. Ratana et al. (2017)[95] developed an
approach for Nga Tai o Kawhia whanau to express their aspirations for wetlands and puna, and the
enhancement of important taonga species that utilise them. A framework was developed to support
whanau prioritisation of sites for restoration based on their uses and associations with repo
(swamps) and puna (springs) in the Kawhia rohe.

As explained in B3 and B4, it is not feasible to develop universal spatial thresholds to limit
groundwater depletion and achieve uniform outcomes. However, determining location-specific levels
of allowable groundwater depletion due to human activities should consider the impact on surface
water bodies and, consequently, on tikanga Maori and/or matauranga. This approach supports
cultural flow preference studies (or adaptation of this published method), such as those developed
for harvesting mahinga kai from various freshwater habitats [80,81].

Part C—Management levers and context

C1. What is the relationship between the state of the environment and stresses on that state? Can
this relationship be quantified?

There is a well-understood direct relationship between stressors and groundwater depletion. These
stressors can be divided into two main groups: natural and anthropogenic. Natural stressors primarily
include low precipitation, increased evaporation, and low river flows in areas that recharge
groundwater. Anthropogenic stressors include groundwater abstractions, river flow alterations (e.g.,
surface water abstraction, diversions, impoundments), and changes in land use and management.

Although there is a relationship between stressors and groundwater depletion, it is generally
challenging to quantify and attribute the influence of each stressor due to the complex
interconnections within the system, as well as lags and legacy effects. To better understand these
relationships, process-based distributed hydrological models can be used. However, developing such
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models is resource-intensive and often prohibitive for many areas. Additionally, these models are
often developed to be specific to particular sites and cannot easily be applied to different spatial
locations [82]. To overcome these limitations, several statistical modelling approaches have been
developed to estimate the relative contributions of changes in natural systems and human activity to
groundwater depletion [38,83,84].

C2. Are there interventions/mechanisms being used to affect this attribute? What evidence is
there to show that they are/are not being implemented and being effective?

Key management interventions used to address groundwater depletion include developing
sustainable water allocation limits for aquifers using cumulative impact assessments and restricting
water abstractions when groundwater levels fall below certain thresholds, based on predefined rules
and groundwater level monitoring of a reference well. The former can be specified for each aquifer in
the regional or freshwater management unit plan. The latter can be implemented by including
conditions in each water take resource consent to restrict water abstractions.

However, there are many barriers to setting sustainable limits and implementing water abstraction
restrictions to achieve the desired outcomes. For example, determining sustainable water allocation
limits may be challenging due to limitations in available data needed for a robust assessment.
Similarly, the impact of restrictions on water abstraction from different spatial locations, even within
the same aquifer, can vary due to the heterogeneity of the aquifer and its hydraulic connection to
surface water [48]. Therefore, designing an accurate restriction regime with variable spatial
restriction limits with the same aquifer is challenging and can be perceived as an unfair management
strategy by some water users.

Given the complexity and resource-intensive nature of developing sustainable water allocation limits
and water restriction management plans, the uncertainty associated with the developed numerical
values (for both allocation limits and restrictions) can be significant. Therefore, it is advisable to
utilise an adaptive management plan with appropriate monitoring and a review process. Such
adaptive management should also include the ability to alter the developed numeric values for limits
and water restrictions as soon as new knowledge is gained to avoid environmental degradation, as
some aquifer systems may take years to recover from prolonged adverse activities.

Both the regional plan and consent conditions should refer to separate schedules that can be altered
through adaptive management for allocation limits and restriction triggers, rather than specifying
them directly in the regional plan and consent, if legally allowed. For example, specifying water take
restriction conditions as numeric values in the resource consent ("hard coded") may prevent changes
until the consent is due for renewal, even if adaptive management findings illustrate that the
consented water take regime is unsustainable.

C2-(i). Local government driven

Regional councils and unitary authorities set allocation limits for each groundwater aquifer or
Groundwater Allocation Zone (GAZ) using a variety of approaches. These approaches include
percentages of average annual rainfall, soil-crop-water balance modelling, water balance
assessments, field investigations (e.g., use of lysimeters), mathematical or statistical modelling, and
physically based modelling.

Full or partial groundwater abstraction restrictions are implemented by regional authorities through
consent conditions to achieve various outcomes, such as preventing groundwater level depletion,

436 Attribute Information Stocktakes for Fifty-Five Environmental Attributes



supporting sufficient groundwater discharge to surface water bodies to prevent ecological
degradation, and preventing saltwater intrusion. In addition to using consent conditions for water
take restrictions, regional authorities can also use Section 329 of the RMA to issue water shortage
directions.

When implemented appropriately, full or partial groundwater abstraction restrictions can be an
effective intervention. For example, Tasman District Council (TDC) identified seawater intrusion into
the coastal areas of the Hau Plains during low rainfall periods (droughts) through their monitoring
network. TDC implemented water restrictions in the affected area for droughts exceeding a 1-in-10
year event, as stipulated in their Resource Management Plan, which has proven to be an effective
means of reducing the risk of seawater intrusion.

C2-(ii). Central government driven

The central government policies related to this attribute are outlined in the NPS-FM 2020, which
applies to all freshwater (including groundwater) and, to the extent they are affected by freshwater,
to receiving environments such as estuaries and the coastal marine area.

NPSFM clause 3.16 (3) states that “Environmental flows and levels must be expressed in terms of the
water level and flow rate, and may include variability of flow (as appropriate to the water body) at
which: (c) for levels of groundwater: any taking, damming, or diversion of water meets the
environmental outcomes for the groundwater, any connected water body, and receiving
environments.”

Under Te Tiriti o Waitangi, it is the duty of the partnership to manage freshwater [85], including
groundwater, in a manner that meets the cultural values of mana whenua.

C2-(iii). lwi/hapt driven

Iwi/hapl/riinanga provide input into the development of regional plans and have developed their
own iwi environmental management plans that include objectives, policies and/or methods to
support the groundwater-related outcomes they are seeking. For example, the Mahaanui lwi
Management Plan [Canterbury region] policy WM8.6 requires that: “aquifers are recognised and
protected as wahi taonga. This means: (a) The protection of groundwater quality and quantity,
including shallow aquifers; (b) The protection of aquifer recharge; (c) Ensuring a higher rate of
recharge then abstraction, over the long term; (d) Continuing to improve our understandings of the
groundwater resource, and the relationship between groundwater and surface water” [94].

There are examples of where groundwater features have been afforded the status of wahi tapu or
wahi taonga. For example, Omaru puna wai in the Canterbury region was registered with the New
Zealand Historic Places Trust as a wahi tapu in 2005 [94].

C2-(iv). NGO, community driven

It is difficult for NGOs or community-driven organizations to implement large-scale interventions to
address groundwater depletion beyond contributing to resource management planning. However,

1 Under s329 of the RMA, regional councils and unitary authorities can issue water shortage directions at any time there is a
serious temporary shortage of water in its region or any part of its region. The direction may apportion, restrict, or suspend
the taking, use, damming, or diversion of water.
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many NGOs, community groups, and conservation organisations have voiced concerns about
environmental degradation due to depleting groundwater levels. For example, the Environment and
Conservation Organisations of New Zealand, a non-profit network of over 45 organisations
concerned with conservation and the environment, works with international networks and engages
with central and regional governments to advocate for environmental issues. Another example is Fish
& Game, which has reported several instances of water shortages in some Canterbury streams and
considers there to be a link between low stream flows and groundwater abstractions in inland
Canterbury [22].

Interventions currently being employed by NGOs, community groups (including iwi/hap/rinanga)
and conservation organisations in New Zealand to improve freshwater quality can also conceivably
help to increase water availability in catchments including groundwater. These interventions include
creation of new hard or soft infrastructure to increase water storage and surface water/aquifer
recharge in catchments (e.g., reservoirs, ponds, wetlands, plantings and organic soils.

C2-(v). Internationally driven

From an international perspective, the United Nations General Assembly has recognised the human
right to safe and clean drinking water and sanitation. Groundwater depletion undermines this human
right. The UN-Water Summit on Groundwater 2022 called on governments for accelerated actions
towards sustainable groundwater development.

In 2005, the UN's Educational, Scientific and Cultural Organisation, along with the Food and
Agriculture Organisation, developed a landmark document titled “Groundwater in International Law -
Compilation of Treaties and Other Legal Instruments” to highlight the importance of groundwater
resources in international law [86].

Another international initiative is the Groundwater Project, a non-profit organisation committed to
advancing education by creating and providing free high-quality groundwater educational materials
online for everyone (https://gw-project.org/).

Other international obligations to prevent adverse groundwater depletion include climate change
commitments under the Paris Agreement and conditions under Free Trade Agreements.

Part D—Impact analysis.

D1. What would be the environmental/human health impacts of not managing this attribute?

Failing to manage long-term groundwater depletion can have significant environmental and human
health impacts. Environmentally, many ecosystems depend on groundwater. Wetlands, rivers, and
lakes that rely on groundwater inputs can dry up, leading to the loss of biodiversity and the
degradation of aquatic habitats. Over-extraction of groundwater can cause land subsidence, resulting
in permanent loss of aquifer storage capacity and damage to infrastructure such as buildings, roads,
and pipelines. In coastal areas, reduced groundwater levels can lead to saltwater intrusion,
contaminating freshwater aquifers with seawater, making the water unusable for drinking and
irrigation.
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Human health is also significantly impacted by groundwater depletion. Depleted groundwater
resources mean less availability of water for drinking, sanitation, agriculture, and industrial use,
leading to water scarcity and associated health issues such as dehydration, poor sanitation, and food
shortages, and mental health issues. Lower groundwater levels can lead to the concentration of
contaminants like arsenic, fluoride, and nitrate in the remaining water, posing serious health risks
such as poisoning, dental and skeletal fluorosis, and other chronicillnesses. Reduced agricultural
productivity due to water scarcity can lead to food insecurity, malnutrition, and increased poverty,
further exacerbating health problems. Effective management of groundwater is crucial to prevent
these adverse environmental and human health impacts. Sustainable practices and policies should be
implemented to ensure the long-term availability and quality of this resource.

D2. Where and on who would the economic impacts likely be felt? (e.g., Horticulture in Hawke’s
Bay, Electricity generation, Housing availability and supply in Auckland)

The economic impacts groundwater depletion would likely be felt across various sectors and
communities, with significant repercussions for both rural and urban areas due to adverse levels of
groundwater depletion.

Agricultural sector: The agricultural sector, particularly viticulture, horticulture, and
dairy farming, relies heavily on groundwater for irrigation across the country.
Depletion would lead to reduced water availability for irrigation, resulting in lower
crop yields, reduced crop quality, and decreased productivity. Insufficient water for
other needs, such as produce processing, stock water, milk cooling, and dairy shed
washing, would directly affect farmers' incomes. While pastoral farmers (e.g., dairy)
may be able to purchase supplementary feeds (e.g., seeds) for animals, potentially at a
higher cost, to mitigate the effects of a drought, this option is not feasible for
horticulture or vegetable production [87]. Such impacts on horticulture are likely to be
severe in areas like Pukekohe, Heretaunga Plains in Hawke’s Bay, and Poverty Bay Flats
in Gisborne. Businesses that supply agricultural inputs, such as seeds, fertilizers, and
equipment, would also suffer as farmers cut back on spending due to reduced
revenues. Lower agricultural output could increase the cost of raw materials,
impacting food processors and manufacturers.

Communities: Communities in rural areas often depend on groundwater for drinking
water and domestic use. Depletion could lead to water shortages, necessitating costly
alternatives like water trucking or infrastructure investments to access alternative
sources. Reduced agricultural productivity can have a ripple effect on local economies,
leading to decreased spending in rural towns and potentially causing job losses in
agricultural and supporting sectors.

Hydropower generation: Groundwater depletion reduces river baseflows, particularly
during summer, leading to lower water levels in reservoirs. This decreases the
availability of water for hydropower generation, reducing electricity output and
potentially causing energy shortages. Consequently, reliance on alternative, often less
sustainable energy sources may increase, impacting both the economy and
environment.

Tourism sector: Impacts can threaten the tourism sector by diminishing water
resources essential for hospitality services and outdoor activities. It undermines the

Attribute Information Stocktakes for Fifty-Five Environmental Attributes 439



country's "clean and green" image, deterring visitors attracted to pristine natural
environments and potentially leading to economic losses in tourism-dependent
communities.

=  Coastal areas: Groundwater depletion can lead to saltwater intrusion, affecting
freshwater supplies and ecosystems that support fisheries and agriculture sector. This
would impact businesses and communities reliant on these industries.

=  Public health and environment: Degraded water quality due to groundwater depletion
can increase the incidence of waterborne diseases and chronic illnesses, leading to
higher healthcare costs for communities and the government. Costs associated with
environmental degradation, such as loss of wetlands and decreased river flows, may
require expensive restoration projects funded by taxpayers.

= Infrastructure: Groundwater depletion can cause land subsidence, damaging
infrastructure such as roads, bridges, and pipelines, leading to costly repairs and
maintenance.

=  Government and policy: The government may face higher costs related to increased
regulation, monitoring, and enforcement efforts to manage the remaining
groundwater resources effectively. There may also be a need for economic support
programs to assist affected farmers and communities, placing additional strain on
public finances.

D3. How will this attribute be affected by climate change? What will that require in terms of
management response to mitigate this?

Groundwater depletion will be significantly affected by climate change, as altered precipitation
patterns, increased evaporation rates, and prolonged droughts are likely to reduce natural
groundwater recharge, particularly in eastern parts in Aotearoa-NZ [88], and consequently reduce
discharge to rivers [89]. Rising temperatures can exacerbate water scarcity by increasing demand for
irrigation in agriculture [54], leading to more intensive groundwater extraction. In coastal areas, sea-
level rise and reduced freshwater recharge can increase the risk of saltwater intrusion into
freshwater aquifers, further degrading groundwater quality and availability. These changes
necessitate a proactive management response to mitigate the impacts of climate change on
groundwater resources.

Effective management strategies will need to include enhanced monitoring of groundwater levels
and quality, coupled with adaptive management practices that can respond to changing conditions.
This will involve the implementation of more robust water allocation frameworks that prioritise
sustainable use and protect critical recharge zones. Additionally, the development and promotion of
water-efficient technologies and practices in agriculture, industry, and domestic use will be crucial.
Managed aquifer recharge (MAR) and water storage infrastructure projects (see Section C2 iv) can
help augment natural recharge, and regulatory measures must be put in place to limit over-
extraction and prevent contamination.

If no action is taken to address groundwater depletion, the consequences will be severe.
Groundwater levels will continue to decline, leading to the deterioration of ecosystems, reduced
agricultural productivity, and compromised water supply for communities. This will exacerbate water
scarcity, potentially leading to conflicts over water resources. The increased concentration of

440 Attribute Information Stocktakes for Fifty-Five Environmental Attributes



contaminants in dwindling groundwater supplies will pose serious health risks, making the need for
protection and sustainable management even more critical. Protecting groundwater resources is not
just important but essential to ensure water security and environmental health in the face of climate
change.
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