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Groundwater is a key resource, and its management is vital to rural communities' development. 

However, inappropriate actions can affect its sustainability. This study aims to analyse the 

scientific literature on groundwater management in rural communities, using the Scopus 

database for bibliometric research analysis and a systematic literature review for identifying 

sustainable groundwater management strategies. The methodology comprised i) selection, 

processing and classification of data, ii) application of bibliometrics, and iii) a systematic 

review for identifying sustainable water management strategies. The bibliometric analysis 

contemplated 1,247 scientific documents. An exponential growth of publications in the study 

field since its inception (1936) is evident, highlighting scientific collaborations between China, 

the United States, India, Australia and France. Seven study areas stood out: agriculture and 

climate change, water management and geographic information systems, water quality, remote 

sensing, hydrochemistry in arid regions, and nitrate and hydrogeochemical pollution. Research 

trends in recent years include the Analytical Hierarchy Process (AHP), recharge, sustainability, 

drainage, and land subsidence. The systematic review of 67 documents allowed the 

identification of social, political, economic, environmental, and academic/technical strategies 

for sustainable groundwater management, highlighting four central cores to be worked on: 

strengthening top-level design, establishing groundwater monitoring and early warning, 

innovating agricultural water-saving technologies, and carrying out public education on 

science and technology. This research provides a vision of the strategies for the sustainability 

of groundwater resources in aquifer-dependent areas and highlights the key areas to develop 

for groundwater sustainability in a rural context, in alignment with 1, 2, 6 and 15 Sustainable 

Development Goals. 
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1. INTRODUCTION

Water is an essential resource for the development of life 

[1]. However, despite its apparent abundance on the planet, 

less than 3% represents fresh water, of which 68.7% is frozen 

in glaciers and polar caps [2]. The remaining 31.3% is liquid 

fresh water, and around 98% of this resource is stored as 

groundwater [3, 4]. 

At a global level, groundwater represents the most extracted 

raw material, with extraction rates estimated at 982 km3/year, 

contributing a significant share of water-induced well-being 

[5]. Approximately 2.5 billion people rely exclusively on 

groundwater to meet their water needs [6]. Groundwater 

provides around half of the world's domestic supply. Besides, 

corresponding water use is 40% in industry and 25% to 43% 

in the agricultural sector, improving food security, economic 

growth, job creation and adapting communities to climate 

change [7-9]. Furthermore, groundwater underlies many rivers 

and aquatic ecosystems. 

The most significant reserves in the world stand in various 

aquifers distributed in different regions. Some of the largest 

and most essential aquifers are the Guaraní Aquifer (Brazil, 

Argentina, Uruguay and Paraguay) [10], the Nubian Sandstone 

Aquifer (Libya, Egypt, Chad and Sudan) [11] and the Great 

Artesian Basin (covers 23% of all of Australia) [12]. The 

management of these aquifers represents a critical factor in 

developing communities and the mitigation of the effects of 

climate change [13, 14]. 

Groundwater is one of the most widespread options for 

supplying rural communities and is often the most economical 

way to guarantee a safe water supply to towns [9]. Its use in 

agriculture helps rural household incomes and reduces poverty 

[15]. Factors such as access to water, land, and capital allow 

farmers' livelihood [16]. In rural communities significantly 

affected by drought, groundwater is important for domestic, 

agricultural and livestock use. For example, in Mali (Africa), 
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there are more than 170,000 traditional private wells for family 

use, and it is estimated that in countries such as Ethiopia, 

Malawi and Zambia, more than 85% of households depend on 

groundwater [17]. 

Concern regarding the management of groundwater 

resources has been growing in recent years due to factors such 

as low rainfall, overexploitation, inadequate agricultural 

practices, anthropogenic contamination and saline intrusion, 

which affect the availability of groundwater [18]. 

Furthermore, the lack of water quality control programs and 

the high costs associated with remediation methods affect rural 

communities with health risks and impediments to its use [19]. 

Jasechko et al. [20] demonstrated a widespread decline in 

groundwater levels >0.5 m/year during the 21st century and an 

accelerated decline in 30% of the world's regional aquifers 

over the past four decades. These problems raise uncertainties 

about their availability and replenishment rates, causing 

uncertainties in their management. 

Climate change effects are another significant factor. 

Alterations in rainfall regimes and increased extreme droughts 

can reduce aquifer recharge, decreasing water availability and 

quality [21]. In addition, rising sea levels and changes in the 

water cycle can modify groundwater flow patterns and 

exacerbate the salinisation of coastal aquifers [22]. 

The management of underground water resources 

worldwide demands a monitoring system, which includes data 

such as quantity, quality, use and hydrogeology [23]. 

Coordination, joint work and contribution of the public and 

private sectors are fundamental for strategic planning that 

allows access to quality water [9, 24]. Appropriate policies and 

institutional agreements (community-university) with 

community members' active and joint participation are 

essential for efficient groundwater management [25, 26]. 

Sustainable groundwater management is a decisive factor in 

the development of rural communities, considering its role in 

life and agriculture, its impact on human development and the 

challenges posed by climate change [27]. More research and 

practical strategies are required to prevent overexploitation 

and ensure groundwater quality [28]. Under this idea, the 6th 

Sustainable Development Goal and campaigns such as 

UNESCO's "Making the invisible visible" highlight the 

importance of groundwater and promote global awareness of 

the need for sustainable management to ensure its long-term 

availability [9, 29]. 

Bibliometric studies offer an extensive view of an area of 

study of interest by analysing scientific production using 

quantitative techniques, which allows for an increased 

understanding of its characteristics, evolution, and trends [30-

32]. Similarly, systematic literature reviews use a strict and 

precise methodological process to minimise bias in 

information management and provide valuable contributions 

to the topic [33, 34]. 

In this context, it is essential to understand the evolution of 

studies in groundwater and rural development. Systematic 

reviews related to groundwater to date have focused on 

responding to inadequate quality and management of the 

resource at a global level [35], local understanding of this 

resource in dependence approaches in Southeast Asia and the 

Pacific [36], its management in rural communities in 

developed countries [37], water quality in India [38], or supply 

[39] and water governance in Sub-Saharan Africa [40].

Given the magnitude of the challenges facing groundwater,

from overexploitation, pollution, and climatic effects and 

considering the vital role this resource plays in the lives of 

millions of people, it is evident that an analysis of the 

intellectual framework about groundwater in the development 

of rural communities is needed, as well as a systematic review 

to acquire knowledge and experiences that help address the 

sustainability of groundwater resources in these areas. This 

study asks the following research questions: What are the 

research trends regarding groundwater in rural communities? 

What strategies do experts use for sustainable groundwater 

management in rural communities?  

This work aims to analyse the scientific literature on 

groundwater management in rural development by examining 

the Scopus database with bibliometric techniques and a 

systematic review to identify research trends and water 

management strategies in a sustainability context. 

2. MATERIALS AND METHODS

This study conducted a statistical analysis based on 

scientific production, collaboration between countries, study 

clusters, research trends, distribution of journals, key authors 

and research evolution associated with groundwater and rural 

development, using the Scopus scientific database as a 

reference. In addition, a systematic literature review was 

carried out by applying the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) method 

[41] to understand the best practices of sustainable

groundwater management in rural communities globally.

A three-stage methodological process composed the study: 

(i) selection, processing, and classification of data, ii)

application of bibliometrics, and iii) systematic review using

the PRISMA Method (Figure 1).

Figure 1. Methodological scheme of the study 

2.1 Phase I: Selection, processing, and classification of data 

This study used the Scopus database due to its accessibility, 

high number of high-quality scientific publications, extensive 

coverage in various fields of knowledge [42], and frequent use 

in systematic review and bibliometric studies [43]. In addition, 

Scopus is the source of information for the QS World 

University Rankings, used by Latin American universities to 

determine their position at a regional and global level [44, 45]. 
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The search strategy considered the selection terms 

"groundwater" and "rural development" and their equivalents 

or synonyms, according to the equation: (("Agricultural 

develop*") OR ("Develop the countryside*") OR ("Rural 

develop*") OR ("Rustic develop*") OR ("Suburban 

develop*") OR ("Agrarian develop*") OR ("Agriculture 

develop*") OR ("Developing rural area*") OR ("Development 

in rural area*") OR ("Farming develop*")) AND 

(("Groundwater*") OR ("Aquifer*") OR ("Porewater*") OR 

("Subsurface water*") OR ("Subterranean water*") OR 

("Underground water*") OR ("Well water*") OR ("Phreatic 

water*")) AND PUBYEAR>1935 AND PUBYEAR<2024. 

This search considered the appearance of the criteria in titles, 

abstracts, and keywords, excluding documents from 2024 to 

avoid including data from the current year. The search 

considered all languages and all types of literature, including 

articles, books, chapter books, conference papers, editorials, 

notes, and reviews, returning 1,258 documents. 

The database with the established criteria was downloaded 

in Comma-Separated Values (CSV) format, considering the 

fields Title, Year, Cited by, DOI, Link, Affiliations, Authors 

with affiliations, Abstract, Author keywords, References, 

Language of the original document, and Type of document. 

Subsequently, data cleaning allowed the elimination of eleven 

documents without author registration. The final database was 

reduced to 1,247 documents, from which visualisations were 

generated, and the behaviour of the parameters of interest in 

the second phase was analysed. 

2.2 Phase II: Application of bibliometrics 

This phase included seven analyses of the intellectual 

structure around groundwater and rural development:  

i) scientific development and citation analysis over time,

ii) research collaboration between countries,

iii) author's keywords co-occurrence and research clusters,

iv) research trends,

v) distribution of journals,

vi) key authors, and

vii) research evolution.

Microsoft Excel was used to analyse scientific production

over time. Meanwhile, VOSviewer 1.6.19 and Bibliometrix 

programs allowed the preparation of the bibliometric graphs 

of the other analyses. 

2.3 Phase III: Systematic review 

The systematic review used the PRISMA method [41] to 

select documents for complete analysis. This phase applied 

several inclusion and exclusion criteria to select the papers to 

be analysed in this study (Figure 2). The initial screening 

process excluded all documents that were not articles or 

conference papers, that were not whole in English, that were 

out of the period of interest (≥2001 considering the greatest 

impact of citations from this year), and that did not include 

terms related to “management” or “sustainability” in the title, 

abstract or keywords. Abstract papers that qualified after the 

initial screening process were examined to verify the 

eligibility of papers for inclusion. This second screening stage 

eliminated papers unrelated to Groundwater Management 

Strategies. The final included papers were reviewed in detail 

to identify the main strategies for sustainable groundwater 

management in rural environments. 

Figure 2. Systematic review protocol 

3. RESULTS

3.1 Scientific development and citation analysis 

The scientific production showed records from 1936 to 

2023, resulting in 1247 documents from the Scopus database. 

Research related to the topic began with the study by Ebert 

[46], where the great dependence on groundwater for 

communal and agricultural development in the United States 

is exposed, as well as the importance of well-monitoring 

systems. The exponential growth of publications is recognised 

and validated with the exponential trend model (y = e0.0838x; R2 

= 0.9178) according to Price's law [47]. Likewise, there is a 

constant growth in citations, showing a growing interest in the 

field of scientific research (Figure 3).  

2001 and 2010 stand out as those with the highest number 

of citations. The first is associated with increased interest in 

environmental problems caused by human activity, such as 

water degradation [48-50]. The second is related to the interest 

in the sustainability and management of water resources, 

highlighting the need for sustainable practices, adaptation to 

climate change, and the development of policies that ensure 

the availability and quality of resources [51-53]. 

For the analysis, the graph was divided into two periods, 

considering the first peak related to the increase in citations in 

2001. Period A is associated with an introduction period in 

scientific development (1936-2000), and Period B with its 

growth (2001-2023). 

Figure 3. Scientific development and trend adjustment for 

the number of publications 

Period A (1936-2000): (195 documents and 2,565 citations) 

topics addressed include agreements to achieve peaceful, 
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optimal, and joint management of transboundary aquifers [54], 

groundwater quality studies [55], the influence of water stress 

and saline water tables in crops [56, 57], the development of 

models for water balance studies [58], and adverse effects due 

to overexploitation of groundwater and urban expansion [59]. 

Period B (2001-2023): (1052 documents and 19,468 

citations) During this period, interest in topics such as climate 

change, sustainable agriculture, agriculture's impact on surface 

water and groundwater pollution [18, 48, 50, 60], 

quantification and mitigation of contamination of aquifers and 

surface waters, and the development of efficient methods to 

reduce anthropogenic pollution increased significantly [61-63]. 

3.2 Research collaboration between countries 

In total, 102 countries contributed publications related to the 

topic. The analysis of collaboration by country considered 

those countries with at least five documents referring to the 

topic of study, resulting in 47 countries, 45 of which reveal 

research relations (Figure 4). The five countries that stand out 

in scientific collaboration are China, the United States, India, 

Australia and France (Table 1). 

Table 2 shows the top 5 countries by scientific collaboration 

and the central countries with which they collaborate. 

Figure 4. Bibliometric map of collaboration between 

countries 

Table1. Ranking of countries by collaboration 

Rank Country Documents Citations 

Total 

Link 

Strength 

1 China 246 4685 66 

2 
United 

States 
185 4689 111 

3 India 128 2133 42 

4 Australia 87 2242 48 

5 France 61 1015 64 

3.3 Author’s keywords co-occurrence and research 

clusters 

The bibliometric map of the co-occurrence of the author's 

keywords was carried out for the database, considering at least 

seven occurrences (Figure 5). Fifty-two keywords were 

obtained, 5 of which stand out: groundwater, irrigation, 

geographic information system, agriculture and water 

resources, as seen in Table 3. In addition, keywords were 

grouped into seven clusters representing the research areas 

(Table 4). 

Figure 5. Bibliometric map of keyword co-occurrence by 

author 

Table 2. Main collaborations between countries 

Country Countries in Collaboration Topics 

China 

United States 
Agricultural development [64-66]. 

Soil salinity [64, 67, 68]. 

Australia Agricultural development [64, 69, 70]. 

Japan Groundwater quality and renewal [71, 72]. 

United States 

Egypt Agricultural development and climate change [73-79]. 

Australia Climate change [79], Irrigation automation and water quality simulation models [64, 80, 81]. 

United Kingdom 

Phytoremediation of soil and groundwater through agroforestry [82]. 

Groundwater management at international borders [83]. 

Solutions to salinity in aquifers [84]. 

India 

United States 
Reduction of wetlands and lack of agricultural management [85, 86]. 

Promotion of sustainable agriculture [87]. 

Sri Lanka 
Agricultural development [88, 89]. 

Community monitoring and groundwater management [90]. 

Australia Bangladesh Crop adjustments to save water [91]. 

France 

Morocco Management, sustainability and environmental impact [92-94]. 

Algeria Sustainability, management and mitigation of water pollution [93-95]. 

Tunisia Anthropogenic hydrological changes and groundwater quality [93, 96, 97]. 
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Table 3. Author’s keywords ranking 

Rank Keyword Occurrences Total Link Strength 

1 groundwater 293 300 

2 agriculture 173 215 

3 water management 55 68 

4 salinity 54 68 

5 geographic information system 43 56 

6 remote sensing 42 51 

7 climate change 36 55 

8 rural development 31 31 

9 drought 29 35 

10 sustainability 28 30 

Table 4. Strategies for the sustainable management of groundwater in rural development 

Research Clusters Description 

Cluster 1 (red): “Agriculture, climate 

change and rural development” 

Impact of intensive agricultural practices on soil degradation and pollution. Mitigation 

measures include water saving for irrigation system improvement and training on water use and 

climate change [98-101]. 

Cluster 2 (green): 

“Water management and geographic 

information systems” 

Use of hydrogeological data and geographic information systems to improve the use and 

management of water resources [102, 103]. 

Cluster 3 (blue): 

“Water quality and salinity mitigation in 

aquifers” 

Risks of saline intrusion in coastal aquifers due to overexploitation for irrigation [104]. 

Development of analytical models to identify vegetation areas at risk [105]. Sustainable 

management based on multi-criteria analysis models and water quality evaluation [106]. 

Controlled drainage, together with simulation models, reduce pollution and ensure crop 

production [107]. 

Cluster 4 (yellow): “Groundwater and 

remote sensing” 

Use of remote sensing and geographic information systems for identifying recharge zones 

[108], explaining observed changes in groundwater levels and salinity [109], and delineating 

new areas for groundwater development and specific sites for drilling productive water wells 

[110]. 

Cluster 5 (violet): “Hydrochemistry in 

arid regions” 

Hydrochemical and isotopic studies are key to identifying and characterizing the 

physicochemical evolution of groundwater and its quality [111, 112]. 

Cluster 6 (sky blue): “Nitrate 

contamination in groundwater” 

The increase in food demand has led to the intensive use of fertilizers and pesticides in 

agriculture, contaminating groundwater [63]. Undisturbed watersheds can effectively remove 

nitrate after it passes below the rooting zone [113]. Mitigation measures against agricultural soil 

and water degradation impacts [114]. 

Cluster 7 (orange): “Hidrogeochemistry” 
Hydrogeochemical evaluation and characterisation studies to determine the origin and quality of 

groundwater [115-117]. 

3.4 Research trends 

Figure 6 presents the analysis of research trends, including 

the frequency of the main terms that determined the evolution 

of the topic around groundwater and rural development as the 

selected study field. The analysis threshold considered that the 

keywords have a frequency greater than or equal to three and 

appear at least three times a year. 

Figure 6. Trends in groundwater and rural development 

between the years 1998 and 2023 

The longer study periods include the following topics: water 

resources (2009-2020), models (2009-2022), and simulation 

(1998-2014). The most frequent terms were groundwater 

(293), agriculture (174), water management (55), salinity (54), 

and geographic information systems (43). 

Future research trends based on the most studied topics in 

the last five years are analytical hierarchy process (AHP), 

recharge, sustainability, drainage, and land subsidence. 

3.5 Distribution of journals 

Figure 7. Top ten journals according to the distribution of 

publications 
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The study contains 1,247 documents published in 649 

journals. Figure 7 shows the ten journals with more 

groundwater and rural development production over time. The 

Agricultural Water Management Journal is the most 

productive journal with 35 published documents, followed by 

the Environmental Earth Science Journal, Journal of 

Hydrology, Transactions of the Chinese Society of 

Agricultural Engineering, and Water (Switzerland) Journal 

with 33, 28, 25 and 22 published documents, respectively. 

3.6 Key authors 

A total of 4,270 authors contributed 1,247 documents to our 

database. Figure 8 shows the authors who contributed to five 

or more documents. Kuper is the most productive author 

regarding the number of documents and contributed to nine 

documents that received 115 citations. The three most cited 

works of the nine documents by Kuper are “New Reading of 

Saharan Agricultural Transformation: Continuities of Ancient 

Oases and their Extensions (Algeria)”, “A Crop Needs More 

than a Drop: Towards a New Praxis in irrigation management 

in North Africa”, and “Paving the way for Groundwater 

Management: Transforming Information for Crafting 

Management Rules”, with 29, 22, and 20 citations, 

respectively. Furthermore, just 0.54% of the 4,270 authors 

contributed to a single study. 

Figure 8. Top ten key authors in groundwater and rural 

development field 

3.7 Research evolution 

Cluster analysis by period allows us to identify the evolution 

of the research focus topics. In Period A (1936-2001; Figure 

9a), 150 keywords have at least two occurrences consisting of 

five clusters. In Period B (2001-2023; Figure 9b), 3,141 

keywords have at least nine occurrences consisting of five 

clusters. During Period A, research addressed crop 

management under drought, integration of hydrology with 

nutrient management, and water and environmental resource 

sustainability [56-59]. In Period B, the focus shifted to 

groundwater management, with increasing concern for water 

quality and hydrogeology. In addition, advanced technologies 

such as GIS and remote sensing were introduced to improve 

resource monitoring and management, and issues such as 

saline water intrusion and water balance were explored, 

reflecting an evolution toward more specialised and 

technologically advanced topics [18, 48, 50, 60-63].  

Figure 9. Map by periods of the evolution of research. (a) 

Period I; (b) Period II 

3.8 Systematic review on sustainable groundwater 

management strategies 

The review included the analysis of sixty-seven documents 

identifying sustainable water management strategies in rural 

development (Table 5). 

Table 5. Strategies for the sustainable management of groundwater in rural development 

Social Strategies References (DOI) 

Educate farmers on environmental protection and water management, promote micro-

irrigation systems (MIS) such as drip and sprinkler, develop capacity-building 

programs to support managed aquifer recharge and alternative practices to reduce soil 

evaporation (straw mulching), promote water monitoring for aquifer understanding and 

exploitation planning, promote saving water propaganda, and establish a water-saving 

society. 

10.3390/w6041043 

10.2166/wp.2010.042 

10.1007/s40899-018-0228-6 

10.1002/hyp.5667 

Political Strategies References (DOI) 

Water use restrictions by authorities, banning agriculture expansion, establishing water 

policies, water utilization efficiency, and land reclamation will improve the 

government's management role, state support for groundwater development (credit 

facilities, subsidies for electricity and digging wells), permits in overexploited areas 

10.3390/w6041043 

10.1007/s11269-006-9067-6 

10.4028/www.scientific.net/AMR.113-116.565 

10.2166/wp.2010.042 

10.1007/s40899-022-00609-0 
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will be regulated, geoethical approach in water use, and participatory water 

governance. 

Economic Strategies References (DOI) 

Incentives for adopting sustainable practices and public-private financing to support 

investments in seawater desalination. 
10.3390/agronomy12010154 

Environmental Strategies References (DOI) 

Monitoring the use of fertilizers and pesticides, promoting groundwater artificial 

recharge, wastewater treatment for reuse, bio drainage, use of environmentally friendly 

fertilizers, policies and practices to decrease nitrate pollution, water-saving agriculture, 

gradual reduction in groundwater extraction, formal recognition of the environment as 

a water user, and water rights. 

10.1177/1070496508320532 

10.3390/w6041043 

10.1111/gwat.13047 

10.1130/2009.2454(5.3) 

10.1016/j.agwat.2016.12.008 

Academic/Technical Strategies References (DOI) 

Implementation of good agricultural practices, crop diversification, opt for cropping 

systems that can potentially achieve groundwater use balance, rainwater harvesting, 

roof water harvesting, floodwater harvesting, dikes, water gates, strength groundwater 

baseline scientific data generation (groundwater potential zones, level and quality of 

water, vulnerability, water interaction, research drilling, groundwater simulation 

models, isotopic investigation, infiltration evaluation, pollution risk evaluation), use of 

simulation models (scenarios, policies, hydrological, ecological, and economical) and 

other decision-support tools for groundwater irrigation planning, conjunctive use of 

surface water and groundwater to increase the groundwater-level depth, implementing 

Integrated Water Resources Management (IWRM), use of geo-spatial tools for 

planning and monitoring of groundwater resources, Internet of Things (IoT)-based 

appropriate technological solutions to address rapid depletion of groundwater, 

strengthening coastal studies for aquifer management, proper exploitation of 

freshwater and unconventional water resources (brackish water and alkaline water). 

10.1023/A:1021198721003 

10.1080/07900627.2018.1443059 

10.2166/wp.2010.042 

10.3390/w11122492 

10.3390/w15122183 

10.4314/wsa.v34i6.183672 

10.1016/j.jhydrol.2019.06.017 

10.1007/s11269-006-9067-6 

10.7537/marslsj13041607 

10.1016/j.jhydrol.2012.08.007 

10.1007/s11356-022-24505-4 

10.1016/j.agee.2011.10.015 

10.1007/s10661-009-0873-1 

4. DISCUSSION

This research offers a bibliometric analysis of the scientific 

literature on groundwater and rural development and exposes 

strategies for sustainable groundwater management in the 21st 

century. In general, the analysis based on Scopus of 1,427 

documents related to the topic shows the beginning of this 

field of study more than 85 years ago (1936), with an 

exponential growth trend in the advancement of publications. 

The year 2023 is recorded as the year with the greatest 

scientific production (97 documents), and the years 2001 and 

2011 are the years with the greatest number of citations, with 

1753 and 1888 citations, respectively. 

China, the United States, India, Australia and France stand 

out as the five countries with a close scientific collaboration 

(Tables 1-2), highlighting cooperation in agricultural 

development issues [64-67], climate change [73-79], 

simulation models [64, 80, 81], groundwater management [83, 

84], community management and sustainability of water 

resources [90, 93-95]. 

Within the trends of the field of study (Figure 6), the AHP 

stands out as one of the most relevant tools for multicriteria 

decision-making [118], highlighting the need for 

strengthening robust methodologies that enable the integration 

of multiple data for water management. The Aquifer Recharge 

has become a central theme, given the decrease in groundwater 

levels in many regions, so research emphasises the natural and 

artificial recharge of aquifers to ensure the continuous 

availability of water [90], being the Nature-based Solutions 

(NbS) one of the most promising and environmentally friendly 

options [119]. Sustainability is one of the transverse issues in 

current research, especially promoted by the 2030 Sustainable 

Development Agenda, reflecting the need for a balance 

between environmental development and conservation, which 

in the context of groundwater implies the implementation of 

practices that ensure the vital liquid in the long term [120]. In 

drainage issues, research seeks to improve systems to promote 

recharge through integrated water resources [121]. A recurring 

problem is land subsidence because of overexploitation [122], 

which has become a generalised problem affecting ecosystems 

and communities' security. 

The systematic review revealed that, in rural development, 

one of the main problems is the overexploitation and 

degradation of aquifers because of agriculture. However, this 

can be addressed through education in environmental 

protection and the implementation of good agricultural 

practices [90, 119], such as environmentally friend fertilizers 

and pesticides [123], micro-irrigation systems for water saving 

[15] and the use of alternative water sources [124]. Studies

such as Misra [125] highlight developing sustainable

agricultural practices and adopting mitigation and adaptation

strategies to guarantee water sustainability and long-term food

security. In addition, the government's role is a crucial strategy

in sustainable water management [126], which must be

promoted through water management and use policies, land

reclamation, and state regulation related to support in

groundwater facilities [127]. Another essential strategy is the

managed aquifer recharge, which uses techniques such as

sowing rainwater and dikes construction in rivers [102, 128,

129].

In issues of planning in groundwater management, the 

generation of a scientific basis that contemplates potentiality, 

quantity, quality and simulation models that decision-makers 

can use, the joint use of surface water and groundwater 

integrated management are essential for water resources [130-

133]. Geospatial tools and technologies (Geographic 

Information Systems and Remote Sensing) are key to these 

issues, facilitating planning and decision-making based on 

geospatial data and contributing to the efficient management 

of water resources [118]. Geographic information systems are 

widely used in identifying Groundwater Potential Zones by 

map algebra [134]. Remote sensing tools based on satellite 

images, Lidar data, interferometric measures or Airborne 

Electromagnetic Systems offer indirect information about 

groundwater, helping create maps and models for water 

management [135, 136]. IoT is also helpful for monitoring 
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levels and water quality in real time, allowing more controlled 

groundwater [137]. 

In the coastal field, the appropriate exploitation of water 

resources is essential to avoid water salinisation, a growing 

problem due to saline intrusion caused by overexploitation of 

aquifers [109]. This research area is essential for the 

development of management methods that prevent the 

degradation of coastal aquifers (e.g., dams), ensuring the 

availability of freshwater for communities and agriculture 

[138, 139]. Likewise, seawater desalination should be 

considered an alternative for fresh water supply [140]. 

The management of groundwater must contemplate the 

right of the environment as a water user [141, 142], a geoethic 

approach in its use that considers responsibility and respect 

[143], the construction of a water-saving society [144], as well 

as participatory governance systems with the direct 

involvement of the interested parties (community, local and 

regional government, institutions and environmental 

organisations) [145]. 

Groundwater will continue to be the leading water supply 

for domestic use in rural areas of developing countries [146]. 

Furthermore, approaches such as the Water-Energy-Food 

Nexus highlight the critical interdependence between 

groundwater, food production and energy, underlining their 

essential role in community-based sustainable development 

[147]. This synergy can also be understood through the 

human-Earth relationship theory that explains the close link 

between human communities and their ecological systems 

[148]. Therefore, sustainable groundwater management is 

crucial for water security and maintaining an ecological 

balance that prevents depletion and pollution, thus protecting 

rural areas' economic and social stability. 

This research confirms the continuous growth of the study 

in groundwater and rural development, evidencing the 

advance of research in a field of great interest, such as water. 

The study highlights four main strategic areas that must be 

worked on for sustainability in groundwater management: 

strengthening top-level design, establishing groundwater 

monitoring and early warning, innovating agricultural water-

saving technologies, and carrying out public education on 

science and technology. 

The database's cleaning prior to bibliometric analysis was 

crucial to ensure its integrity and reliability. The Scopus 

database provided a large set of records (1,427) aligned with 

the subject, which allowed obtaining representative studies on 

groundwater and rural development. This process facilitated 

the generation of precise visual models using tools such as 

VOSviewer and Bibliometrix, which are widely used in these 

kinds of studies [31, 32, 44], faithfully reflecting the data and 

allowing more accurate interpretations of the points of interest. 

The wide range of strategic approaches identified also 

suggests a low bias in the search, which reinforces the results' 

validity. 

One of the study's limitations is using a single database 

(Scopus). Although Scopus covers a wide range of articles 

compared to other databases, it may not contain journals rich 

in the subject, thus missing valuable data. Another aspect to 

consider is the search equation, which may not capture all 

relevant studies due to variations in terminology within the 

field or indexing errors due to how authors have described 

their studies. 

For future studies, it is recommended that research integrate 

multiple databases, such as the Web of Science and 

Dimensions, which will allow for broader and more 

representative coverage. In addition, it would be beneficial to 

conduct a comprehensive study that also examines domestic 

and ecological water use, highlighting its impact and 

sustainability in diverse contexts. 

 

 

5. CONCLUSIONS 

 

This study used bibliometric applications to examine 1,247 

records from the Scopus literature on groundwater and rural 

development. Furthermore, a systematic review using the 

PRISMA method included 67 articles to identify a framework 

for sustainable groundwater management strategies. 

Publications on groundwater and rural development have been 

recorded since 1936. The countries with the greatest 

collaboration are China, the United States, India, Australia and 

France. Initially, publications focused on simulation, 

hydrochemistry and nitrates. Currently, they are focused on 

issues of sustainability, recharge and AHP. This last one 

becomes important due to aquifers' growing depletion and 

degradation and the need for multiple synergistic criteria for 

better management, strengthened with the applications of 

geographic information systems. 

Regarding the systematic review of sustainable 

groundwater management were identified social, political, 

economic, environmental, and academic/technical strategies, 

highlighting four central cores to be worked on: strengthening 

top-level design, establishing groundwater monitoring and 

early warning, innovating agricultural water-saving 

technologies, and carrying out public education on science and 

technology. 

This study contributes to the scientific evolution of the 

study of groundwater in rural communities. Theoretically, it 

contributes to understanding the dynamics between water 

resources and rural development and allows for the 

recognition of advances in the sustainable management of 

groundwater in rural environments. Practically, it can offer 

valuable recommendations for policies and management 

practices to be implemented by decision-makers or 

stakeholders concerning groundwater. Innovative, it provides 

a vision of the strategies for the sustainability of groundwater 

resources in aquifer-dependent areas and highlights the key 

areas to develop for groundwater sustainability in a rural 

context. 

Groundwater management is indispensable in the 

Sustainable Development Goals (SDGs) framework. This 

research reflects its contribution to this framework, aligning 

and contributing to mainly SDG 1: end of poverty, linked to 

limited access to water as a basis for the development of 

economic activities in many rural areas; SDG 2: zero hunger, 

where water is considered essential to guarantee agricultural 

production and food security; SDG 6: clean water and 

sanitation and, SDG 15: life on land, focusing on controlling 

groundwater extraction to avoid the degradation of natural 

habitats and the preservation of biodiversity. 

The study's limitations include using a single database and 

search terms that may not capture all related research. Future 

research should broaden the search range by using multiple 

databases, updating the study period, and more detailed 

analysis of search terms to avoid possible biases in the 

statistical analysis. 
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