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Abstract

Humanity is completely reliant on services of primary types of
ecosystems (freshwater, ocean and terrestrial). Humankind’s wellbeing
is completely dependent on these natural assets which are available
through the ecosystem functions. The present research is intended to
enrich the approach to natural resource management and human
wellbeing economic valuation through the suggested groundwater
ecosystem services classification system.

Several studies have provided frameworks for the description and
valuation of ecosystem services (Costanza 1997; De Groot 2002) but all
too often the aquifer system has been considered as a.subcategory of
wetland, lake, river and b.by merging its main ecosystem services
categories

The baseline data for the literature review qualitative analysis were
retrieved through an over 60 publications database by using SALSA
(searching, appraisal, synthesis and analysis) framework application
between 1985 and 2020. The 80% of the publications which were used
for analysis present a groundwater ecosystem services classification
following the MEA (Millenium Ecosystems Assessment 2005)
Ecosystem Services Classification System and the CICES (Common
International Classification of Ecosystem Services 2013).

The analysis mainly highlighted: a. the existence of conceptually gaps
which mix final and intermediate ecosystem services b.the risk of
double-counting of groundwater supporting and regulating ecosystem
services. To counteract these shortcomings, a structured expert
judgement elicitation of a group of seven experts assessed the
framework analysis results in order to structure the suggested
groundwater ecosystem services classification system which constitute
a supporting foundation stone to further resarch on the economic
services assessment.

ES Literature Review Analysis

Ecosystem Services Classification Systems Literature Review Analysis

(Costanza et al. 1997 and Daily et al. 1997) formulated the main
classification of ecosystem services into four main categories published in
De Groot et al. 2002. This categorization formed the basis for determining
the categorization of the MEA 2005 in which for the first time the four
ecosystem categories are presented: provisioning, regulating, supporting,
cultural, where the interaction relationship between the ecosystem and
the society is documented.

The MEA 2005 classification was considered as the main body of the ES
categorizations that were developed later such as TEEB 2010 and CICES
2013. TEEB 2010 differs from the categorization of MA, proposing a graded
categorization of 22 ecosystem services grouped into four main categories:
provisioning, regulating , habitat services and cultural / amenity ecosystem
services. Supporting ecosystem services does not included in TEEB
classification as it defines it as a part of ecological processes. In addition,
habitat ecosystem services are recognized as a distinct category of
ecosystem services to highlight the importance of ecosystems to provide
habitat to migratory species and gene-pool protectors. The provision and
availability of these ecosystem services is completely proportional to the
status of the habitat. The importance of supporting and protecting gene-
pools is attributed to the term hot-spots for conservation. Provisioning
ecosystem services include total material and energy outputs from
agricultural processes or raw materials (food, fuel, drinking water, wood,
biofuels), regulating ecosystem services include ecosystem services
resulting from regulatory processes carried out in the ecosystem, ecological
processes such as climate regulation, carbon sequestration, air quality,
biological control, fluctuation of viruses, corrosion control processes,
natural water purification, flood control and biological waste control
process.

Clustering Literature Data
Bibliographic details of the scientific literatures on Ecosystem Services in general and Ecosystem Services Classifications in particular were retrieved from Scopus, one of
the main databases of academic publication records (Mingers and Leydesdorff, 2015). To obtain the reference database for Ecosystem Services the title and abstract of
the scientific publications were searched for the term Ecosystem Service* , groundwater AND ecosystem AND services. A total of 853 items were obtained. In relation to
the Ecosystem Services literature, the following combination of search terms was used in a title-abstract-keyword search to identify and retrieve the relevant literature:
“Groundwater AND Ecosystem Services”. In total, 3,273 search outcomes were obtained for the “Groundwater AND Ecosystem Services”. The bibliographic details of both
reference databases (i.e. 49,987 items associated with ecosystem services and 10.466 items associated with classification), including the list of authors, title, year of
publication, source title, volume, issue, page numbers, author affiliations, abstracts, author keywords, index keywords, list of references, document type and some other
details, were exported and analysed using scientometric methods.

Fig.3 The network of the hot terms associated with
publications on ecosystem services and groundwater

Fig.4  The temporal distribution of the publications 
scientific sources on Ecosystem Services and 
Groundwater  as well as their cumulative number of 
publications as it (1990s-2020)

Fig.2 The temporal distribution of the 
publications on Ecosystem Services  as 
well as their cumulative number of 
publications as it  (1920s-2020)

Groundwater Supporting Ecosystem Services according to the literature review

Ecosystem Services Classifications analysis

Classifications of groundwater related ecosystem services are presented by Stuurman
and (Griffioen et al. 2003), and (Landers and Nahlik 2013). Box 2 presents a compilation
of groundwater related services, ordered in the four classes of the Millennium
Ecosystem Assessment (Hassan et al., 2005). This compilation is mainly useful in the
context of communication and awareness raising. It can function as an eye-opener for
the appreciation of the value and potential uses of groundwater (Tunistra et al. 2014).
Based on the systematic categorizations that have been formed in the hierarchical
classifications MEA 2005, TEEB, CICES, CVGW 1997 etc, the classification of
groundwater ecosystem services follows mainly the categories of MEA 2005 supply,
regulatory, cultural and supportive

Table 2, Groundwater Provisioning Ecosystem Services according the literature 
review

Supporting ecosystem services are not included in CICES classification, the regulating ecosystem services
are presented integrated with the maintenance ecosystem services. The categories of ecosystem services
of the CICES 2013 classification are presented as following: Provisioning ecosystem services: include all
material and bio-dependent energy discharges from ecosystems, are direct products used either in
consumption or in the production of other final products. Regulating & maintenance ecosystem services:
include all the processes that control or analyze the biotic or abiotic elements for an environment's
qualitative and quantitative characteristics determination that affects the human well being, these
ecosystem services are intermediate products, the consumption of which is determined by indirect use,
such as ecological functions to soil quality maintenance and water preservation, in order to prevent
ecosystem from erosion and floods. Final non material ecosystem outflows are included in Cultural
ecosystem services such as aesthetic, spiritual and cultural values. Later in 2012, the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services IPBES classified the human benefits from
ecosystem functions into a differentiated conceptual framework, by classifying human services values into
three basic structural categories: a. the category Nature (intrinsic value of nature) which includes
biophysical systems, b. biodiversity conservation processes c. human capacity to manage primary
production, to maintain the function of life cycles, carbon cycle and water, d. the category Nature's benefit
to people, which includes the strategy of biodiversity conservation for long-term use, climate control
functions, regulation of water flows, control of biological functions, provision of products such as timber,
water and cultural products such as ecotourism, education), e. finally the category Good quality of life
which includes the sustainability of human life, the harmonious living of man within the ecosystem
functional limits, and the spiritual values of knowledge and justice. Due to the lack of ecosystem services
special definitions IPBS classification was not applied in ecosystem services valuation research

Groundwater Regulating Ecosystem Services according the
literature review

Groundwater Cultural  Ecosystem Services according 
to the literature review

Groundwater Supporting  Ecosystem Services 
according to the literature review

According to the published groundwater ecosystem
services classifications the main ecosystem services
that are included into the category of provisioning
services are the capacity to supply drinking water,
the supply of water for industrial use, the capacity
to supply good quality water, the supply of quantity
for irrigation use and the supply of water for energy
production. A new distinct separation and
classification of groundwater ecosystem services is
required to avoid duplication and overlap between
services referred to all four categories. Moreover,
variable groundwater ecosystem services
classifications mix conceptually the terms
groundwater dependent ecosystems (wetlands,
lakes, rivers, surface cave systems) , groundwater
and fresh water. It is now necessary to formulate a
united categorization for groundwater ecosystem
services with a distinct gradation in order to be a
valuable tool for groundwater natural resources
economic valuations per study area. That will
constitute a structural step in the development of
environmental policies for the management of
groundwater resources.
Regulating services are defined as “benefits
obtained from the regulation of ecosystem
processes” (MEA, 2005, p.40). For groundwater
these include water regulation, water purification
and waste treatment, erosion regulation and flood
control, and climate regulation (Bergkamp et
al.2006).
Groundwater is the natural resource which is
required for the sustainability of an ecologic system
and its bio-geochemical /nutrition cycles. The
capacity to sustain the water and nutrition cycle
and the Groundwater Dependent Ecosystems
preservation are the structural Groundwater
supporting services. Ecosystems and their
components often have religious or spiritual value
to societies (MEA, 2005). Cultural services are
defined as “nonmaterial benefits that people obtain
from ecosystems through spiritual enrichment,
cognitive development, reflection, recreation, and
aesthetic experiences” (MEA, 2005, p.40).

Constitution of new Groundwater ES classification 
Materials and Methods
Expert-judgement elicitation is a method of data collection that is used when traditional research techniques are infeasible or inappropriate (Meyer and Booker
1991). Expert judgement studies can draw on the cumulative and inherent knowledge within and among experienced individuals who have conducted a specialized
task for many years over a wide range of conditions and situations (Hirsch et al. 2004). To be valid, however, expert-judgement studies must be planned and
structured to minimize the potential for motivational and cognitive bias (Goodwin and Wright 1991; Meyer and Booker 1991; Cleaves 1994).
A structured expert judgement elicitation of a group of seven experts assessed the framework analysis results in order to valid the structured groundwater
ecosystem services classification system. A model was developed based on the results of the literature analysis in which the groundwater ecosystem services were
included. A total of 7 experts in hydrogeology and groundwater engineering were interviewed. The interviews were conducted by one team. The interview began
with introductions and an explanation of the purpose of the study and the interview format. Each interview had two sections. The purpose of the research on the
definitive formulation of a groundwater ecosystem services framework of a model is presented as an introduction. In the first part of the interview, each ecosystem
service is analyzed especially, and the reasons that have been included in each category are presented, then the expert is asked if he considers that an ecosystem
service is required to be removed from the framework. Then in the second part of the interview the expert is asked if it is necessary to add a new ecosystem service
which is not included in the framework. Finally, there is a discussion of an analysis for each provisioning/cultural ecosystem service and its final use, moreover each
supporting/regulating ecosystem service is analyzed according the supporting or regulating ecological process that occurs.

Groundwater Ecosystem Services Classification – GESC2020
An ecosystem service is defined as the benefits that humans enjoy, directly or indirectly, from ecosystems. (Table 10)

Provisioning services: refer to products obtained from ecosystems such as food, water, raw materials and fuels, genetic material, pharmaceuticals, cosmetics, etc.
Regulating Services: refer to the benefits provided by regulating processes through ecosystems, such as maintaining air quality, regulating climate, regulating flows
and water treatment, bioremediation, preventing soil erosion, plant pollination, etc. .
Fundamental or supporting services: are those that are necessary for the operation of all other services such as the maintenance of the life cycle, the water cycle,
the provision of habitat, soil formation, etc.
Cultural Services : are services that include all non-material and usually non-consumer derivatives of ecosystems that have symbolic, cultural or spiritual significance,
such as recreation, aesthetic enjoyment, artistic inspiration, education, cultural diversity, spiritual and religious values, etc.

Conclusions and future research directions

An ecosystem service is defined as the benefits that humans enjoy, directly or indirectly, from ecosystems.
The primary stages of the final ecosystem service operational process is considered as an intermediate
ecosystem service. Groundwater is considered as the fundamental natural resource for the retention of water
and life cycle. The groundwater is the vital system for the dependent ecosystems sustentation. The capacity to
sustain the water and nutrition cycle and the Groundwater Dependent Ecosystems preservation are the
structural Groundwater supporting services. The groundwater ecosystem services classification system
GESC2020 constitutes a supporting foundation stone to further resarch on the economic services assessment.
Clearly, further development of scientific research on a groundwater ecosystem services assessment framework
could equip the implementation of a groundwater management policy in order to preserve the strategic
groundwater quantities and sustain the groundwater flow to satisfy the human needs for drinking, irrigating,
industrial, natural protection (flood,erosion,subsidence,sea water intrusion control) and help them (human
society) better prepare for health/natural recources emergencies of global scale in the future.

Groundwater Ecosystem Services 
Classification – GESC2020

Fig.1 The temporal distribution of the 
publications scientific sources on Ecosystem 
Services  as well as their cumulative number of 
publications (1990s-2020)

Correlation of main ecosystem
services classifications
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