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Drought presents a major challenge to agriculture and rural livelihoods, particularly in
countries like Indonesia, which feature diverse topography and unpredictable rainfall patterns.
This study addresses the critical need for a sustainable approach to mitigate drought risks by
employing a ‘sustainability trilogy” approach that integrates economic, social, and
environmental dimensions. The research objectives are to: (1) identify potential risks and
impacts of drought, (2) evaluate water management programmes and technologies to combat
drought, and (3) apply the three pillars of sustainable development through the sustainability
trilogy as a framework for drought disaster mitigation. A case study methodology was
employed, focusing on Lombok, Indonesia, where water management systems and agricultural
practices were examined. Data collection involved field observations, interviews, and focus
group discussions (FGDs) with local farmers, irrigation managers, and community leaders. A
thematic analysis combined with expert judgement analysis was used to evaluate the
effectiveness of water conservation techniques, land management, and climate adaptation
policies. The findings indicate that short-term solutions, such as optimising reservoirs and
water storage systems, significantly reduce immediate drought impacts. Medium-term
strategies, including community-driven water conservation efforts and sustainable land
management practices, enhance resilience to drought. Long-term policies, such as climate
adaptation initiatives and artificial rain technologies, are vital for ensuring sustainable water
resource management in the context of climate change.

Contribution: This research provides valuable insights and a practical framework for
policymakers, aimed at strengthening water resilience, agriculture, and community
sustainability in drought-prone regions.

Keywords: case study; climate change adaptation; disaster risks; drought prevention; land

management; sustainability trilogy approach; water conservation.

Introduction

Drought has become a severe global issue, increasingly threatening food security, water availability,
and socio-ecological stability (Bolan et al. 2024). Numerous studies have examined the risks of
drought in agriculture. De Silva and Kawasaki (2018) highlighted the economic vulnerability of
low-income households in Sri Lanka due to drought and flood risks, while Guan et al. (2021)
revealed that drought in China has a more significant impact than floods. Other studies in California
have shown that recurring droughts have reduced agricultural productivity and intensified water-
use conflicts among industries, agriculture, and households (Fernandez-Bou et al. 2023). In regions
like sub-Saharan Africa, extended droughts have triggered a deepening food crisis affecting over 40
million people, exacerbating poverty (Aboye, Gebre-Egziabher & Kebede 2024). In Australia, the
2019-2020 drought led to significant agricultural losses, bushfires affecting 18 million hectares, and
massive economic damage (Haque, Akbar & Kinnear 2024). Similarly, Indonesia also experiences
the same drought challenges in those aspects: food security, water availability, and socio-ecological
stability. As a region affected by the monsoon climate and the El Nifio-Southern Oscillation (ENSO),
areas such as West Nusa Tenggara (WNT) have experienced significant impacts. Approximately
68% of its 893,758 hectares of dryland are underutilised, particularly for the cultivation of rice and
other staple crops, resulting in insufficient food production at the household level (Rosyadi,
Darmaé& Darma 2023). However, these studies rarely examine local contexts, such as Lombok,
Indonesia. This region struggles with low rainfall which leads to frequent droughts. The dense
population makes the problem worse by increasing pressure on resources. Since most people rely
on farming for their livelihood, the region is particularly vulnerable to water shortages (Nandini &
Kusumandari 2022). Arabameri et al. (2022) and Gangopadhyay et al. (2023) suggest that
unique and complex characteristics of drought-prone regions, particularly those experiencing
meteorological, hydrological, and agricultural drought, require a sustainable approach that
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combines economic, social, and environmental dimensions to
ensure effective risk reduction.

This study aims to bridge this gap by applying the Sustainability
Trilogy Approach (STA), a framework adapted from the well-
established concept of sustainable development (Daly 1990),
which emphasises the interdependence of economic growth,
environmental protection, and social equity in achieving long-
term sustainability (Klarin 2018). Sustainability Trilogy
Approach operationalises the sustainability paradigm by
integrating the three dimensions of sustainability — economic,
social, and environmental — into a trilogy approach for
managing drought risk, adaptable to local and global contexts.
This approach aligns with existing drought mitigation
frameworks, as effective mitigation requires synergy between
these three dimensions of sustainability; without it, fragmented
efforts will fail to achieve sustainable outcomes (Leitner et al.
2020). This research employs a qualitative case study in
drought-prone Central Lombok, using descriptive and
interpretive methods to investigate the interplay between
water conservation, land management, and climate adaptation
(Dobler-Morales & Bocco 2021). The qualitative approach
enables a deep understanding of local perceptions of drought,
which are subjective and context-dependent (Van Den Berg &
Mallick 2024). This study also captures the social and cultural
factors that influence drought resilience, which are often
overlooked in quantitative data (Bercht et al. 2024). Therefore,
this research contributes to a comprehensive understanding of
the adaptive approaches employed by communities to reduce
drought risks.

Literature review

Understanding of drought disaster and drought
potential

Drought is a natural phenomenon that commonly occurs
during the dry season (He et al. 2021), especially in areas with
low water reserves (De Brito et al. 2021). In Indonesia,
according to the Meteorology, Climatology, and Geophysics
Agency (BMKG) regulations, drought is considered a disaster
ifit persists for an extended period, typically three consecutive
months or more (Siswanto et al. 2022). It threatens community
activities, such as disrupts the lives, affecting agricultural
productivity, water supply, and public health, leading to food
insecurity and economic losses, and impacts on people’s
livelihoods of the community (Farooq et al. 2022). Drought
disaster is usually caused by natural, non-natural, or human
factors, resulting in loss of life, environmental damage,
property loss, and psychological impacts (Mulianingsih &
Hardati 2022). The definition of drought can vary depending
on its type. For instance, in this study, drought refers to
meteorological, agricultural, and hydrological droughts,
each of which is defined differently based on its duration and
severity. Drought is also associated with a significant
reduction in rainfall over a prolonged period. Typically
lasting one season or more, it leads to water shortages that
hinder the fulfilment of basic needs (Ahmad et al. 2022;
D browska et al. 2023). Assessing drought potential involves
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evaluating an area’s vulnerability to drought conditions
(Dikshit et al. 2022), meaning that certain areas are more
prone to experiencing drought (Masroor et al. 2021).

Drought factors and classification based on impacts

Drought is influenced by several factors beyond mere lack of
rainfall (Li et al. 2021):

e Meteorological factors: Climate conditions like El Nifio
extend the dry season.

e Hydrological factors: Reduced water flow in rivers leads
to downstream droughts.

e Agronomic factors: Soil moisture deficiencies hinder
plant growth.

e Water infrastructure issues: Inadequate reservoirs and
dams limit water availability.

e Law enforcement problems: Water theft and facility
damage complicate water distribution.

¢ Socioeconomic factors: Inefficient water use reduces
community participation in water conservation efforts.

Droughtcanbe classified by its causes and effects (Ndayiragije
& Li 2022):

e Meteorological drought: The earliest indicator, caused
by below-normal rainfall.

e Hydrological drought: A result of declining surface and
groundwater levels, measured through rivers and
reservoirs.

e Agronomic drought: Prolonged soil moisture deficiencies
that inhibit plant growth.

* Socioeconomic drought: When commodity supply fails
to meet demand due to other drought types.

Strategies for managing drought-prone areas

Disaster management focuses on enhancing preparedness and
minimising risks through strategic planning, organisation,
implementation, and oversight (Alam & Ray-Bennett 2021;
Woulandari et al. 2023), adopting a multidisciplinary approach
due to drought’s complex impact on community life (Miller &
Pescaroli 2018). It includes both mitigation and prevention
strategies (Yu & He 2022). Mitigation focuses on reducing
risks after a disaster, while prevention aims to minimise risks
before disaster strikes (Pascapurnama et al. 2018). Drought
prevention includes water resource management and
conservation (Marlina et al. 2022; Wang et al. 2022) and
infrastructure development to distribute clean water.
Prevention efforts also involve technologies such as the
construction of reservoirs tailored to environmental conditions
to promote sustainability (Marengo et al. 2022; Masruroh et al.
2023).

Integrating vulnerability factors in drought assessment

Drought disaster management requires a multidimensional
assessment that integrates economic, social, environmental,
and geographic perspectives (Sahani et al. 2019). One key
approach is vulnerability analysis, which examines various
physicaland hydrological factors, including soil characteristics,
rainfall patterns, landform features, channel density, and
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groundwater conditions (Berhanu & Hatiye 2020). Soil
properties — such as type, texture, and permeability — affect
water retention and infiltration rates, influencing drought
severity (Ben Zaied, Jomaa & Ouessar 2021). Rainfall
variability, measured through monthly and annual intensities,
determines water availability and the frequency of drought
occurrences. Additionally, landform analysis provides insights
into the physical terrain, which influences surface runoff and
water storage capacity, while channel density helps assess
watershed hydrodynamics and water flow distribution (Bin
Ghomash, Caviedes-Voullieme & Hinz 2019). Lastly,
groundwater data, including aquifer depth and distribution,
is crucial for understanding long-term water reserves and the
potential for drought resilience (Seyoum et al. 2019).

Sustainable development concept

Jonathan Metzger (2013), in Sustainable Stockholm, explains
that sustainable development traces back to the Stockholm
Conference in Sweden in 1972. Dissatisfaction with
environmental management led to the establishment of the
World Commission for Environment and Development
(WCED) during a United Nations (UN) Environment
Programme session in Nairobi, Kenya. Subsequent key
conferences took place in Rio de Janeiro in 1992 and
Johannesburg in 2002 (John 2025). Sustainable development,
as defined by conservationists, promotes economic growth
while preserving resources for future local generations (Payne
2006; Sumarmi, Bahcri & Tanjung 2019). More broadly, it
involves meeting present needs without compromising the
environment (Klarin 2018), protecting ecosystem functions,
and ensuring equitable opportunities for all (Holden, Linnerud
& Banister 2014). More details are illustrated in Figure 1.

According to the triangular concept of sustainable
development, an activity — such as agriculture and

_— —

/ Economic

[ Related to meeting \
[ economic needs that |
I can improve the worker |
“\ skills and economic /
competitiveness

Social \( nvironmental

Related to the quality Related to development
of life of the community that pays attention
in order to increase to environmental |

welfare and reduce improvement impacts
social inequality and solutions

Source: Adapted from Omer, M.A.B. & Noguchi, T., 2020, ‘A conceptual framework for
understanding the contribution of building materials in the achievement of Sustainable
Development Goals (SDGs), Sustainable Cities and Society 52, 101869. https://doi.
org/10.1016/j.5¢5.2019.101869

FIGURE 1: Framework for the concept of sustainable development.

Page 3 of 12 . Original Research

http://www.jamba.org.za . Open Access

agribusiness — is considered sustainable if it integrates
economic, environmental, and social aspects (Desiderio et
al. 2022). From an economic perspective, sustainable
development should foster growth, conserve capital, and
ensure the efficient use of resources and investments (Ye et
al. 2022). Key indicators of economic sustainability include
efficiency, competitiveness, value-added growth, and
economic stability.

The environmental dimension emphasises the importance
of preserving ecosystems, maintaining environmental
carrying capacity, and conserving natural resources,
including biodiversity. The focus is not on maintaining static
environmental conditions but rather on enabling ecosystems
to adapt to changes (Musasa & Marambanyika 2020). Social
sustainability aims to ensure equitable development,
promote social mobility, and strengthen institutions. This
dimension encompasses poverty reduction, fair income
distribution, political participation, and social stability
(Hackl 2018). These three pillars — economic, environmental,
and social — are interdependent and must be balanced to
achieve long-term sustainability.

Research methods and design
Research design

This study employs a qualitative case study design using the
sustainable development trilogy approach to examine how
economic, social, and environmental dimensions shape
drought risk management in Lombok Tengah. This approach
provides an in-depth exploration of local perceptions,
adaptive strategies, and institutional frameworks that
influence sustainability in drought-prone areas. By analysing
narratives, policies, and practices, the study uncovers
complex interdependencies that inform more context-specific
and holistic mitigation efforts (Christofi et al. 2021; Ciampi
etal. 2022). Data collection methods include direct observation,
in-depth interviews, document analysis, and focus group
discussions (FGDs) centred on the economic impacts of
drought, social adaptation strategies, and environmental
water conservation practices. The document analysis
includes government policies on drought management, local
regulations (awig-awiq), agricultural reports, and community
action plans, which provide contextual insights into
institutional responses and long-term adaptation strategies.
By involving various stakeholders and combining multiple
data sources, such as interviews, direct observation, and
document analysis, this approach ensures data triangulation,
which enhances the validity and reliability of the findings.
The integration of these different data sets, not just interviews
from different stakeholders, provides a more comprehensive
and well-rounded perspective on the drought risk
management strategies (Kayesa & Shung-King 2021).

Participant selection and recruitment process

The research team comprised three experts: one in disaster
risk management, one in environmental science, and one in
social sciences with deep expertise in drought and agricultural
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issues. Data were collected from informants, including
farmer groups and community organisations. The details of
the informants are shown in Table 1.

Participants were recruited both face-to-face and via
telephone using purposive sampling to ensure they had
relevant knowledge and experience with drought (Asare-
Nuamah et al. 2022). Farmer data from local governments
helped identify individuals involved in water management
and agriculture. The inclusion criteria focused on those
directly affected by drought, such as farmers, water resource
managers, agricultural experts, and government officials
(Hawkins et al. 2022).

Data collection

Data collection for this study was conducted over a period of
approximately 3 months, from October to December 2023.
Interviews, which lasted between 75 and 110 min (with an
average of 90 min), were the primary data collection method.
This was followed by field observations, document studies,
and FGDs. The inclusion of FGDs in the data collection process
allowed for a more dynamic and flexible approach, developing
according to on initial findings to further explore issues that
emerged during the study (Bwambale et al. 2022). Figure 2
shows the different methods utilised to collect data in this
study.

TABLE 1: Relevant parties who became interview target informants.

Informants Code Consist of
Farmers group Im Irrigation managers

Fw Farm workers

Lf Landowner farmers

Hf Heads of farmers group
Community group Rf Religious figure

Tf Traditional figure

Yf Youth figure

cf Community figure
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These data collection stages were chosen to ensure
comprehensive and in-depth data coverage, as each
method provides complementary perspectives (Wagenaar
et al. 2022). Reflectivity was carefully managed through
the documentation of the researchers’ thoughts and
experiences, which helped identify and reduce potential
bias (Zare et al. 2021). The interview questions and FGDs
were designed to be open-ended, encouraging active
participation and in-depth exploration from participants.
Table 2 presents information regarding the list of questions
for participants from various backgrounds involved in the
FGDs in this study.

The questions in the FGD were formulated based on the
research objective of identifying and exploring the
economic, social, and environmental aspects of drought

TABLE 2: Interview questions for different participants in focus group discussions.

Participants involved in the FGDs Interview questions in FGD

Irrigation managers What irrigation management strategies do you
implement to ensure the sustainability of water

supply during the prolonged dry season?

Farm workers Can you describe the challenges of drought that
you faced as a farm worker during the dry

season, and how did you overcome them?

Landowner farmers How do you adapt cultivation techniques to
maintain land productivity during the dry

season?

Heads of farmers groups What is the role of farmer groups in helping
their members deal with drought problems, and

what are the collective efforts made?

Religious figure What is the role of religion in motivating
communities to work together in dealing with

drought disasters?

Traditional figure Is there any local wisdom or tradition applied by
the community in managing natural resources

during the dry season?

Youth figure What is the young generation’s view of the
drought problem and what contribution can

they make to sustainable solutions?

Community figure What is the role of communities in dealing with
drought challenges, and what are some
community-based initiatives that are already

running?

FGD, focus group discussion.

o0 mp A

Observation Interview

Go directly to the research Face-to-face questions and

location to check, know, and answers with all respondents on

understand the conditions in the condition of agricultural
the field. land and water resources.

judgement

| Case study |

» (ap mp

Expert Collecting data from observations, interviews, documentation studies, and FGDs. After making comparisons, researchers analysed the findings by asking
for opinions, assessments, and solutions from experts relevant to the field of research and experts to complement and refine the findings

Study documentation Focus group discussion
Collect data from written
sources or documents from
relevant agencies and conduct
expert judgement.

Collect data through group
discussions to dig deeper into
community opinions and seek
solutions from policymakers.

FIGURE 2: Process flow, step by step, in this research.
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risk management in Central Lombok. Each participant
group was selected based on their roles and contributions
that are relevant to these three dimensions. Furthermore,
the recording process was conducted using an audio
recording device, while detailed field notes were
meticulously documented to ensure accuracy. The data
was transcribed immediately after each session to maintain
the integrity of the information and enable timely analysis
(Ahluwalia et al. 2022).

Data analysis

The data analysis for this study employed thematic analysis
combined with expert judgement analysis. The process
began with the systematic coding of interview transcripts,
field notes, and documents to identify key themes. Most
coding categories were developed inductively from field
findings, while some were predetermined (Batra 2021),
based on the sustainable development trilogy theory,
which integrates economic, social, and environmental
dimensions as key pillars of sustainability (Ragheb, Aly &
Ahmed 2022; Russo 2008). To ensure validity, experts
from the River Region Centre, BPBD, the Agriculture
Office, and BMKG were involved in the expert judgement
analysis. The expert data used in this analysis is presented
in Table 3.

This approach strengthens the analysis by combining
empirical findings with technical insights, ensuring that
the recommendations are both relevant and practical
(Hirose & Creswell 2023). This integration provides a
comprehensive understanding of drought adaptation
strategies by merging field data with expert knowledge
(Naulleau et al. 2021; Singletary & Sterle 2020).

Ethical considerations

Ethical clearance to conduct this study was obtained from the
Universitas Negeri Malang Research Ethics Committee
(No. 1.10.6/UN32.14/PB/2024).

This paper is part of a research involving some local
community participation. Transportation compensation
was provided, adhering to ethical guidelines (Fessler,
Haustein & Thorhauge 2024). The participants’ rights and
privacy were respected. The study’s purpose and the focus
on community-based drought solutions were clearly
explained to all participants (Hennink & Kaiser 2022;
Laumann 2020). The participants were assured that all

TABLE 3: The experts selected to analyse the results in this research.

Experts Field of expertise Agency

Secretary of BWS NT 1 Management of Water River Regional Centre (BWS)
Resources NT1

Head of BPBD Disaster Mitigation BPBD NTB

Head of Agriculture Office Land and Agricultural Central Lombok Agriculture

Systems Office

Secretary of BMKG Drought and Rainfall BMKG NTB

BWS, Balai Wilayah Sungai; BPBD, Badan Penanggulangan Bencana Daerah; BMKG, Badan
Meteorologi, Klimatologi, dan Geofisika; NTB, Nusa Tenggara Barat.
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data provided would be kept confidential and used solely
for research purposes, with their identities remaining
anonymous. In Indonesia, they are considered adults;
therefore, no permission from parents or legal guardians is
required. The research instruments have been reviewed by
the research ethics committee.

Results

Land characteristics and drought potential in
NTB province

Based on the validity of the findings through the data
triangulation process, this study integrates documentation
analysis with drought data from the Regional Disaster
Management Agency (BPBD) of West Nusa Tenggara
Province. Since August 2020, nine districts in West Nusa
Tenggara (NTB) have been placed under an official
drought emergency preparedness status by the regional
government. This designation is based on the severity of
drought conditions and the potential risks to affected
communities. Among these districts, approximately 76
sub-districts, 353 villages, 203,879 households, and 718,817
people are currently identified as being in a state of
emergency preparedness for drought disasters, as
illustrated in Figure 3.

In an interview with Head of BPBD NTB (2023), it was
revealed that nearly all regions in NTB have experienced
drought over the past 3 years. In response, BPBD, in
collaboration with local governments and the private
sector, has been distributing clean water to affected areas.
Temporary efforts by BPBD and BMKG include
coordination meetings and data collection on drought-
affected residents. Some regions have already begun
distributing clean water, and early warnings for
meteorological drought have been issued in areas that
have gone over 60 days without rainfall, particularly in
Dompu, Bima, Sumbawa, East Lombok, and Central
Lombok.

A weighted overlay field analysis identified drought
vulnerability in Central Lombok. The results indicate that
124.26 km? of land has low vulnerability, 697.20 km? has
moderate vulnerability, and 171.19 km? is classified as highly
vulnerable. The region is predominantly characterised by
moderate vulnerability, underscoring the high drought risk
faced by Central Lombok.

Table 4 provides an overview of the extent of drought-prone
areas in Central Lombok based on secondary data. To gain
deeper insights into the underlying factors influencing
drought vulnerability, this study integrates qualitative
analysis through interviews and FGDs with key stakeholders.
These high-risk zones are often situated on slopes or higher
elevations, such as mountain ridges and hills, where
groundwater reserves are low due to high soil permeability,
allowing water to drain away quickly. In contrast, areas with
low drought vulnerability, such as Janapria and Central Praya
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LOMBOK UTARA LOMBOK TIMUR
5 Subdistrict 10 villaga 15 Subdistric, B1 Yillaga
8.661 Hoad of Family 56002 Head of Family

26.036 Peone 196.537 Paople

MATARAM CITY
0 Subdslict, 0 Visage
0 Head of Family
0 People

LOMBOK BARAT
B Subdistrict, 28 Village

8.084 Head of Family
52755 Beophy

LOMBOK TENGAH
& Subdistrict, 63 village
88204 Head of Famiy

3 Subdistrics, 13 Village
2.716 Head of Family

275,632 Peopie 16502 Pacpla

INFOGRAPHIC OF DROUGHT DATA

BADAN PENANGGULANGAN BENCANA DAERAH (BPBD)
NUSA TENGGARA BARAT PROVINCE - (2020-2022)

SUMBAWA
17 Subdistrice, 42 Village
20,189 Head of Farily
B0.765 Peopis

SUMBAWA BARAT

BIMA CITY
4 Bundistrict. 12 Vilage
5,382 Huae of Family
10,280 People

¥ Bma

10 Sundistrict 36 Village
LTS 5625 Head of Family
£7 843 People

DOMPU
5 Subdistrict, 34 Village
16,836 Head of Farily
51 577 People

Source: Adapted from BPBD NTB, 2020, Update Kekeringan 2020, viewed 15 May 2025, from https://siaga.ntbprov.go.id/info-kebencanaan/update-kekeringan-2020
FIGURE 3: Infographic of drought data from National Agency for Disaster Counter measure NTB province.

TABLE 4: Table of extent of drought-prone areas in Lombok Tengah regency.

Vulnerability level Wide (km?) %
Low vulnerability 12426 1252
Moderate susceptibility level 697 20 7024
High vulnerability level 17119 1725
Total 992 65 100 00

in East Praya, benefit from proximity to Mount Rinjani, which
enhances water storage and results in shallower groundwater
levels. Field observations suggest that drought in Central
Lombok is more strongly influenced by hydrological factors,
such as inadequate groundwater reserves, rather than by
meteorological factors like low rainfall.

Location and geographical conditions of
agricultural land and rainfall

Central Lombok Regency is located between West Lombok
and East Lombok Regencies, with coordinates of 82° 7-8° 30
South Latitude and 116° 10"-116° 30" East Longitude. The total
area of this regency is 1,208.39 square kilometres (120,839
hectares). Administratively, Central Lombok consists of 12
sub-districts, ranging in size from 50 to 233 square kilometres,
along with 12 urban villages and 127 rural villages. Pujut
sub-district is the largest, covering 233.55 square kilometres,
or 19.33% of the total area of Central Lombok Regency.

Figure 4 illustrates that Central Lombok is one of the
regencies in West Nusa Tenggara Province characterised
by extensive dry land and low rainfall intensity. During the
dry season, typically spanning from April to September,
the average rainfall drops below 10 mm. In contrast, the
rainy season, which lasts from October to March, sees

http://www.jamba.org.za . Open Access

significantly higher rainfall levels, averaging over 100 mm.
January experiences the highest rainfall, reaching 448.3
mm, whereas October has the lowest, with only 0.4 mm of
rainfall.

The average monthly rainfall in Central Lombok Regency
(see Figure 5) is highest in January (approximately 448.3
mm), followed by March (335.4 mm) and November (255.2
mm). A significant decline occurs between May and October,
with the lowest rainfall recorded in October (0.4 mm). The
dry season is clearly observed from May to October, with
rainfall consistently below 10 mm per month. Conversely,
the wet season spans from November to April, marked by
substantially higher precipitation levels.

Data from BMKG NTB and considering altitude, soil types,
and farming systems, drought vulnerability in Central
Lombok is categorised into three levels: very vulnerable,
vulnerable, and not vulnerable. Central Praya is classified as
very vulnerable due to its low rainfall intensity of less than
60 mm per year. Six districts, including Batukliang, Pujut,
East Praya, Janapria, Kopang, and Jonggat, fall into the
vulnerable category with rainfall ranging between 50 mm —
100 mm per year. Five districts, namely West Praya,
Southwest Praya, Praya, Pringgarata, and North Batukeliang,
are classified in the high category, with rainfall between 100
mm - 200 mm per year. According to interviews with local
farmers and community leaders, ‘the prolonged low rainfall
has led to decreased agricultural productivity, forcing
farmers to shift planting schedules and adopt water-saving
techniques’. Additionally, discussions in the FGDs revealed
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that ‘communities rely on traditional water management
practices, such as utilizing small reservoirs (embung) and
collective irrigation efforts, to cope with drought conditions’.

Alternative drought prevention based on
timeframe

Drought prevention measures are generally divided into
three stages: short-term, medium-term, and long-term
management. These stages are aligned with the general
framework of development planning. In a FGD held with the
community on December 2022, participants highlighted the
importance of adopting suitable and environmentally
friendly technologies to ensure sustainable drought
management in Central Lombok. These efforts align with the
three stages of drought management, as outlined in the FGD
results, which identified the drought issues in Central
Lombok across three dimensions, detailed in Table 5.

Table 5 provides an overview of the various problems caused
by drought in Central Lombok, categorised by economic,
social, and environmental aspects. These findings were
synthesised from interviews and FGDs conducted with key
stakeholders, ensuring a qualitative depth to the analysis.
Based on these issues, alternative drought prevention
measures were identified through FGD, organised into three
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500
450
400 +
350
300 +
250
200 ~

255.2

Average rainfall (mm)

Source: Adapted from Central Statistics Agency, Lombok Tengah Regency, 2019, BPS-
Statistics of Lombok Tengah Regency

FIGURE 5: Average monthly rainfall in Central Lombok Regency, 2018.

TABLE 5: The problems of farmers due to drought in economic, social, and
environmental aspects.

Aspect Description or problems

Economic Agricultural activities are stagnant, harvests fail, income decreases,
and permanent jobs are lost as farmers and poverty rates increase.

Social The quality of nutrition declines, access to clean water services are
disrupted, water theft and crime are high, and the rate of crime
increases.

Environmental Lack of irrigation water, shortage of clean water facilities, decreased
well water debit, decreased quality and quantity of agricultural
products, reduced soil quality, widespread dry land.

Source: Interview and FGD results, 2022
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time frames: short-term, medium-term, and long-term.
The details are explained in the following sections.

Short-term drought prevention

Interviews and FGDs revealed several challenges faced by the
community, including a shortage of clean water for household
needs, economic hardships for low-income families whose
farming activities are affected by drought, outbreaks of diseases
like diarrhoea, measles, pneumonia, and a decline in nutrition
for toddlers in drought-prone areas. To address these
problems, several prevention measures were proposed based
on discussions in interviews and FGDs with key stakeholders,
including village government representatives, farmer
groups, and the local health department. These measures
include fulfilling the immediate need for clean water through
distribution facilitated by the village government, providing
food assistance to low-income families affected by drought,
and collaborating with the local health department to manage
disease outbreaks. Based on discussions with local community
leaders, concerns emerged regarding the nutritional needs of
toddlers in drought-prone areas. One participant stated, ‘It is
crucial to strengthen the existing nutritional support programs
to ensure children receive proper nutrition during prolonged
droughts’. Meanwhile, a youth representative highlighted,
‘Health care support and adequate emergency funds are
essential to sustain the community during critical situations,
as many families struggle to meet their basic needs’.

The average monthly rainfall in Central Lombok Regency
(see Figure 5) is highest in January (approximately 448.3
mm), followed by March (335.4 mm) and November (255.2
mm). A significant decline occurs between May and October,
with the lowest rainfall recorded in October (0.4 mm). The
dry season is clearly observed from May to October, with
rainfall consistently below 10 mm per month. Conversely,
the wet season spans from November to April, marked by
substantially higher precipitation levels.

Medium-term drought prevention

In the medium-term, problems related to water sources and
inadequate clean water facilities during the dry season
were highlighted. To address these issues, the following
solutions were proposed by community leaders, local
government officials, and farmer groups during FGDs:
improving the availability of water sources, digging wells,
installing hand pumps and deep wells, implementing
rainwater harvesting systems, constructing water terminals
in drought-prone villages, and building reservoirs.
Additionally, during the FGD, local government officials,
community leaders, and water resource managers
recommended the importance of conducting research to
explore potential water sources and improve the quality of
clean water facilities.

Long-term drought prevention

In the long term, the community faces issues such as
declining irrigation water, environmental degradation
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around water sources, and damage to agricultural areas due
to deforestation. Long-term prevention measures include
reforestation around water sources, rehabilitating green
belts, land conservation, managing community forests, and
constructing infiltration wells in drought-prone areas.

Key elements of a drought
prevention strategy

Drought is a natural phenomenon that occurs when there is
an extended period of below-average precipitation, leading
to significant economic, social, and environmental impacts.
As droughts increase in frequency and severity due to climate
change, sustainable approaches are necessary. The expert
judgement analysis identified three essential elements for a
drought prevention strategy:

Water conservation

Sustainable water management, including reducing demand,
improving efficiency, and managing supply systems. Water-
saving technologies such as rainwater harvesting, drip
irrigation, and drought-resistant crops are crucial. Public
awareness campaigns should promote behaviour changes
towards water conservation.

Land management

Sustainable land wuse practices, such as afforestation,
reforestation, and conservation agriculture, can help reduce
soil erosion and increase soil moisture retention. These
practices promote ecosystem resilience and mitigate drought
impacts on agriculture and biodiversity.

Climate change adaptation

Strategies to minimise the impacts of climate change on water
resources and agriculture, such as developing early warning
systems, promoting drought-tolerant crops, education, and
creating alternative livelihoods for affected communities.

Application of economic, social, and
environmental dimensions in
agricultural sustainability

Drought affects agricultural lands, causing water shortages,
but sustainable agriculture can mitigate drought vulnerability
by addressing three key dimensions:

Economic sustainability

Agriculture impacts food prices, public finances, and food
security. Sustainable economic strategies must consider both
short-term investments, such as reservoirs and irrigation
systems, and long-term macroeconomic implications.

Social sustainability

Agriculture influences food variety and community vitality.
Urbanisation and societal changes can affect farmland
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availability, and sustainable agriculture must balance these
dynamics to ensure access to nutritious, affordable food.

Environmental sustainability

Agricultural practices can cause soil erosion and water
depletion. A holisticapproach to environmental sustainability
requires integrating social and economic factors with long-
term ecological management.

Discussion

The research highlights that, given the region’s diverse
topography and uneven rainfall, sustainability solutions
must be integrated across short, medium, and long-
term strategies. The Trilogy of Sustainability Approach is
crucial for ensuring water security and effectively
mitigating drought risks in the Lombok region of
Indonesia. This approach synergises technology, policy,
and community participation, incorporating the three main
dimensions of sustainable development: economic, social,
and environmental (Giannetti et al. 2019; Klarin 2018).

From an economic perspective, water management strategies
should consider long-term economic sustainability. Short-
term solutions, such as constructing and optimising
reservoirs and dams, provide direct economic benefits by
enhancing water security in drought-prone areas (Desiderio
et al. 2022). For example, revitalising the Batu Jai reservoir in
Central Lombok and Pandandure Dam in East Lombok has
successfully increased water storage capacity, supporting the
local agricultural economy (Hamdan et al. 2022). Medium-
term efforts, such as water conservation technologies, help
optimise agricultural yields while reducing costs, maintaining
the competitiveness of the agricultural sector (Ye et al. 2022).

In the social dimension, community engagement is essential
to drought risk mitigation. Medium-term public awareness
programmes focusing on water conservation will foster
community participation in drought-prone areas (Paez-
Trujillo et al. 2024). Long-term climate change adaptation
strategies require social support, especially for innovations
like artificial rain. Although controversial, such solutions
can be effective if properly evaluated for environmental
impact (Liu et al. 2021).

In terms of the environment, maintaining ecosystem
balance and preserving natural resources are critical
components of drought mitigation. Long-term strategies
should focus on conserving biodiversity through
sustainable land management policies (Savari, Damaneh &
Damaneh 2023). Water conservation technologies,
including artificial rain, must be thoroughly assessed for
long-term environmental impact to ensure that they do
not harm ecosystems. Integrating technology, education,
policy, and community involvement will foster ecological
resilience in regions vulnerable to climate change
(Prasad 2022).
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Ultimately, the Sustainability Trilogy Approach, combining
economic, social, and environmental aspects, demands close
collaboration between technology, government policies, and
community groups. By adopting this model, Lombok and
other drought-prone areas in Indonesia and beyond can
effectively reduce drought risk, strengthen resilience to
climate change, and support sustainable development
(Klarin 2018; Rana 2020).

Conclusion

The Sustainability Trilogy Approach to drought risk
prevention in Lombok, Indonesia, underscores the vital
integration of economic, social, and environmental
dimensions. Drought-prone areas can enhance water security
and agricultural sustainability through water management
strategies that are adapted to local characteristics.
Implementing measures over three time horizons — short,
medium, and long term — requires the synergy of technology,
government policies, and community engagement to achieve
sustainable outcomes. Drought risk can be substantially
mitigated through social engagement, economic efficiency,
and ecosystem preservation.

This study reveals key findings that provide valuable insights
for policy and practice. Empirical data from interviews and
FGDs indicate that policymakers need to strengthen
technology-based water management policies tailored to
local climatic conditions. Participants emphasised the
importance of sustainable investment in water infrastructure,
particularly in the construction of reservoirs and the
optimisation of existing irrigation systems to enhance
drought resilience. Additionally, community involvement in
water conservation emerged as a central theme. Local
communities and farmers proposed greater engagement
from academics in expanding educational programmes and
raising public awareness to protect water resources while
strengthening adaptive capacity. Furthermore, discussions
highlighted concerns about the impacts of drought,
underscoring the need for comprehensive climate adaptation
policies that balance innovation with social, economic, and
environmental sustainability. The Sustainability Trilogy
Approach, as validated through this study, offers a practical
framework not only for Central Lombok but also for other
drought-prone regions, integrating social, economic, and
environmental dimensions to enhance long-term resilience
to climate change.

Acknowledgements

The authors would sincerely like to thank the Indonesian
Education Scholarship, the Center for Higher Education
funding and the assessment from the Ministry of Higher
Education, Science and Technology of the Republic of
Indonesia (Grant no. 202101121002). They would also like to
thank the Indonesia Endowment Fund for Education (LPDP),
Ministry of Finance and the Republic of Indonesia, for
granting the scholarships to the first author to complete his



http://www.jamba.org.za

doctoral studies. In addition, they greatly appreciate the
assistance of the Academic Publication Centre (PUBLIKA);
Universitas Negeri Malang Research Ethics Commission, for
ethical clearance assistance and article editing services.

Competing interests

The authors declare that they received funding from the
Indonesian Education Scholarship, the Center for Higher
Education Funding and Assessment from Ministry of Higher
Education, Science and Technology of the Republic of
Indonesia, and Indonesia Endowment Fund for Education
(LPDP), Ministry of Finance, Republic of Indonesia which
may be affected by the research reported in the enclosed
publication. The author has disclosed those interests fully
and has implemented an approved plan for managing any
potential conflicts arising from their involvement. The terms
of these funding arrangements have been reviewed and
approved by the affiliated university in accordance with its
policy on objectivity in research.

Authors’ contributions

This research was conceptualised, researched, and written by
R.A. S.S. was responsible for data analysis and citation
addition. I.K.A. guided the preparation and editing of the
original article. S.W. provided critical feedback on the
methodology and review of the article.

Funding information

This article is fully funded by the first author, as an
scholarship awardee (BPI number: 202101121002). The costs
from the research process to the Article Processing Charge
(APC) are supported by the Indonesian Education
Scholarship, the Center for Higher Education Funding and
Assessment from Ministry of Higher Education, Science
and Technology of the Republic of Indonesia, and Indonesia
Endowment Fund for Education (LPDP), Ministry of
Finance, Republic of Indonesia.

Data availability

Data sharing is not applicable to this article as no new data
were created or analysed in this study.

Disclaimer

The views and opinions expressed in this article are those of
the authors and are the product of professional research. It
does not necessarily reflect the official policy or position of
any affiliated institution, funder, agency, or that of the
publisher. The authors are responsible for this article’s
results, findings, and content.

References

Aboye, H.B., Gebre-Egziabher, T. & Kebede, B., 2024, ‘Peri-urban food insecurity and
coping strategies among farm households in the face of rapid urbanization in sub-
Saharan Africa: Evidence from Ethiopia’, Research in Globalization 8, 100200.
https://doi.org/10.1016/j.resglo.2024.100200

Page 10 of 12 . Original Research

http://www.jamba.org.za . Open Access

Ahluwalia, K., Abernathy, M.J., Beierle, J., Cauchon, N.S., Cronin, D., Gaiki, S. et al.,
2022, ‘The future of CMC regulatory submissions: Streamlining activities using
structured content and data management’, Journal of Pharmaceutical Sciences
111(5), 1232-1244. https://doi.org/10.1016/j.xphs.2021.09.046

Ahmad, M.M., Yaseen, M. & Saqib, S.E., 2022, ‘Climate change impacts of drought on
the livelihood of dryland smallholders: Implications of adaptation challenges’,
International Journal of Disaster Risk Reduction 80, 103210. https://doi.
org/10.1016/j.ijdrr.2022.103210

Alam, E. & Ray-Bennett, N.S., 2021, ‘Disaster risk governance for district-level landslide
risk management in Bangladesh’, International Journal of Disaster Risk Reduction
59, 102220. https://doi.org/10.1016/j.ijdrr.2021.102220

Arabameri, A., Chandra Pal, S., Santosh, M., Chakrabortty, R., Roy, P. & Moayedi, H.,
2022, ‘Drought risk assessment: Integrating meteorological, hydrological,
agricultural and socio-economic factors using ensemble models and geospatial
techniques’, Geocarto International 37(21), 6087—6115. https://doi.org/10.1080/
10106049.2021.1926558

Asare-Nuamah, P., Antwi-Agyei, P., Dick-Sagoe, C. & Adeosun, O.T., 2022, ‘Climate
change perception and the adoption of innovation among mango plantation
farmers in the Yilo Krobo municipality, Ghana’, Environmental Development 44,
100761. https://doi.org/10.1016/j.envdev.2022.100761

Batra, R., 2021, ‘A thematic analysis to identify barriers, gaps, and challenges for the
implementation of public-private-partnerships in housing’, Habitat International
118, 102454. https://doi.org/10.1016/j.habitatint.2021.102454

Ben Zaied, M., Jomaa, S. & Ouessar, M., 2021, ‘Soil erosion estimates in arid region: A
case study of the koutine catchment, southeastern Tunisia’, Applied Sciences
(Switzerland) 11(15), 6763. https://doi.org/10.3390/app11156763

Bercht, A.L., Sandner Le Gall, V., Straub, J., Hoffler, T.N., Bopp, J., Carstensen-Egwuom, | et al.,
2024, ‘Give qualitative research the recognition it deserves’, Journal of Environmental
Psychology 96, 2022-2025. https://doi.org/10.1016/j.jenvp.2024.102320

Berhanu, K.G. & Hatiye, S.D., 2020, ‘Identification of groundwater Ppotential zones
using proxy data: Case study of Megech Watershed, Ethiopia’, Journal of Hydrology:
Regional Studies 28, 100676. https://doi.org/10.1016/j.ejrh.2020.100676

Bin Ghomash, S.K., Caviedes-Voullieme, D. & Hinz, C., 2019, ‘Effects of erosion-
induced changes to topography on runoff dynamics’, Journal of Hydrology 573,
811-828. https://doi.org/10.1016/j.jhydrol.2019.04.018

BMKG Lombok Barat Station, 2020, The Rainfall Disappearance Analysis Report,
viewed 15 May 2025, from https://content.bmkg.go.id/wp-content/uploads/
ANALISIS-PENURUNAN-CURAH-HUJAN-DI-BULAN-JANUARI-2020-NTB.pdf

Bolan, S., Padhye, L.P.,, Jasemizad, T., Govarthanan, M., Karmegam, N., Wijesekara, H.
et al., 2024, ‘Impacts of climate change on the fate of contaminants through
extreme weather events’, Science of the Total Environment 909. https://doi.org/
10.1016/j.scitotenv.2023.168388

BPBD NTB, 2020, Update Kekeringan 2020, viewed 15 May 2025, from https://siaga.
ntbprov.go.id/info-kebencanaan/update-kekeringan-2020

Bwambale, B., Mertens, K., Tibasiima, T.K. & Kervyn, M., 2022, ‘The socio-epistemic
process of indigenous disaster risk reduction: Evidence of adapting yet endangered
indigenous strategies’, International Journal of Disaster Risk Reduction 75,
102953. https://doi.org/10.1016/j.ijdrr.2022.102953

Central Statistics Agency, Lombok Tengah Regency, 2019, BPS-Statistics of Lombok
Tengah Regency, viewed 15 May 2025, from https://web-api.bps.go.id/download.
php?f=PkpBEihVrG34uXLzRAO/d1IVRjlzQUpUdTgwQ3AxaTdISkdRcTZubExHUTM5Z-
VorOVBHOS9jVHRQNEtyckpLcGZIZnRhSFIVNkF4dkd6M2U2UURhK3VGMU-
9JdVR6cIJISVHBOTXhsa3hCTONpTiNNVGE4cEFIcCHQ2dWxLbHIhTVV3Uk-
dISU1IFZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdIYyREOVWnc1d3h-
QNUsvWStGemEwMTIpNGxFZk1laUmpUaU90dEpHVXIZZEp3U1FoZ3ZEV2tURIdsR-
WS5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMMO0Z-
JSm93dkJmalo2MEVOYXkyUUNxSUpqdFRReXAVMGN3PT0=&_gl=1*1emO0p75*_
ga*MTQzMDA20Dk4MC4xNzQ2NjMzODAO*_ga_XXTTVXWHDB*czE3NDcwN-
TU3MjkkbzlkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA

Christofi, M., Pereira, V., Vrontis, D., Tarba, S. & Thrassou, A., 2021, ‘Agility and
flexibility in international business research: A comprehensive review and future
research directions’, Journal of World Business 56(3), 101194. https://doi.org/
10.1016/j.jwb.2021.101194

Ciampi, F., Faraoni, M., Ballerini, J. & Meli, F., 2022, ‘The co-evolutionary
relationship between digitalization and organizational agility: Ongoing
debates, theoretical developments and future research perspectives’,
Technological Forecasting and Social Change 176, 121383. https://doi.
org/10.1016/j.techfore.2021.121383

Dabrowska, J., Menéndez Orellana, A.E., Kilian, W., Moryl, A., Cielecka, N.,
Michatowska, K. et al., 2023, ‘Between flood and drought: How cities are facing
water surplus and scarcity’, Journal of Environmental Management 345. https://
doi.org/10.1016/j.jenvman.2023.118557

Daly, H.E., 1990, ‘Supplement: Resources, environment, and population: Present
knowledge’, Source: Population and Development Review 16(1990), 25-43.
https://doi.org/10.2307/2808061

De Brito, Y.M.A., Rufino, .LA.A., Braga, C.F.C. & Mulligan, K., 2021, ‘The Brazilian
drought monitoring in a multi-annual perspective’, Environmental Monitoring and
Assessment 193(1), 31. https://doi.org/10.1007/s10661-020-08839-5

Desiderio, E., Garcia-Herrero, L., Hall, D., Segre, A. & Vittuari, M., 2022, ‘Social
sustainability tools and indicators for the food supply chain: A systematic literature
review’, Sustainable Production and Consumption 30, 527-540. https://doi.
org/10.1016/j.spc.2021.12.015

Dikshit, A., Pradhan, B., Huete, A. & Park, H.J., 2022, ‘Spatial based drought
assessment: Where are we heading? A review on the current status and future’,
Science of the Total Environment 844, 157239. https://doi.org/10.1016/j.
scitotenv.2022.157239



http://www.jamba.org.za
https://doi.org/10.1016/j.resglo.2024.100200
https://doi.org/10.1016/j.xphs.2021.09.046
https://doi.org/10.1016/j.ijdrr.2022.103210
https://doi.org/10.1016/j.ijdrr.2022.103210
https://doi.org/10.1016/j.ijdrr.2021.102220
https://doi.org/10.1080/10106049.2021.1926558
https://doi.org/10.1080/10106049.2021.1926558
https://doi.org/10.1016/j.envdev.2022.100761
https://doi.org/10.1016/j.habitatint.2021.102454
https://doi.org/10.3390/app11156763
https://doi.org/10.1016/j.jenvp.2024.102320
https://doi.org/10.1016/j.ejrh.2020.100676
https://doi.org/10.1016/j.jhydrol.2019.04.018
https://content.bmkg.go.id/wp-content/uploads/ANALISIS-PENURUNAN-CURAH-HUJAN-DI-BULAN-JANUARI-2020-NTB.pdf
https://content.bmkg.go.id/wp-content/uploads/ANALISIS-PENURUNAN-CURAH-HUJAN-DI-BULAN-JANUARI-2020-NTB.pdf
https://doi.org/​10.1016/j.scitotenv.2023.168388
https://doi.org/​10.1016/j.scitotenv.2023.168388
https://siaga.ntbprov.go.id/info-kebencanaan/update-kekeringan-2020
https://siaga.ntbprov.go.id/info-kebencanaan/update-kekeringan-2020
https://doi.org/10.1016/j.ijdrr.2022.102953
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://web-api.bps.go.id/download.php?f=PkpBEihVrG34uXLzRAO/d1lVRjlzQUpUdTgwQ3AxaTdlSkdRcTZubExHUTM5ZVorOVBHOS9jVHRQNEtyckpLcGZJZnRhSFIvNkF4dkd6M2U2UURhK3VGMU9JdVR6clJSVHBoTXhsa3hCT0NpTjNNVGE4cEFIcHQ2dWxLbHlhTVV3UkdISU1FZGRmQnQyUnFWL091T2dMaGROczUwZHNXeWtRdlYyRE0vWnc1d3hQNUsvWStGcmEwMTJpNGxFZk1aUmpUaU9OdEpHVXlZZEp3U1FoZ3ZEV2tURldsRW5EdDNZK3RQMXNCeTJlcnBWQnpuRVpBdStMa01zSVBGdGhtTDZWeXdMM0ZJSm93dkJmalo2MEV0YXkyUUNxSUpqdFRReXAvMGN3PT0=&_gl=1*1em0p75*_ga*MTQzMDA2ODk4MC4xNzQ2NjMzODA0*_ga_XXTTVXWHDB*czE3NDcwNTU3MjkkbzIkZzEkdDE3NDcwNTYwMzYkajAkbDAkaDA
https://doi.org/​10.1016/j.jwb.2021.101194
https://doi.org/​10.1016/j.jwb.2021.101194
https://doi.org/10.1016/j.techfore.2021.121383
https://doi.org/10.1016/j.techfore.2021.121383
https://doi.org/10.1016/j.jenvman.2023.118557
https://doi.org/10.1016/j.jenvman.2023.118557
https://doi.org/10.2307/2808061
https://doi.org/10.1007/s10661-020-08839-5
https://doi.org/10.1016/j.spc.2021.12.015
https://doi.org/10.1016/j.spc.2021.12.015
https://doi.org/10.1016/j.scitotenv.2022.157239
https://doi.org/10.1016/j.scitotenv.2022.157239

Dobler-Morales, C. & Bocco, G., 2021, ‘Social and environmental dimensions of
drought in Mexico: An integrative review’, International Journal of Disaster Risk
Reduction 55, 102067. https://doi.org/10.1016/j.ijdrr.2021.102067

Faroog, M.S., Uzair, M., Raza, A., Habib, M., Xu, Y., Yousuf, M., Yang, S.H. et al., 2022,
‘Uncovering the research gaps to alleviate the negative impacts of climate change
on food security: A review’, Frontiers in Plant Science 13, 1-39. https://doi.
org/10.3389/fpls.2022.927535

Fernandez-Bou, A.S., Rodriguez-Flores, J.M., Guzman, A., Ortiz-Partida, J.P,
Classen-Rodriguez, L.M., Sanchez-Pérez, P.A. et al., 2023, ‘Water, environment,
and socioeconomic justice in California: A multi-benefit cropland repurposing
framework’, Science of the Total Environment 858(pt. 3), 159963. https://doi.
org/10.1016/j.scitotenv.2022.159963

Fessler, A., Haustein, S. & Thorhauge, M., 2024, ‘Drivers and barriers in adopting a
crowdshipping service: A mixed-method approach based on an extended theory
of planned behaviour’, Travel Behaviour and Society 35, 100747. https://doi.org/
10.1016/j.tbs.2024.100747

Gangopadhyay, S., Saha, A., Pal, S.C., Banerjee, R., Batabyal, S., Das, N. et al., 2023, ‘A
new methodological approach to the establishment of sustainable agricultural
ecology in drought vulnerable areas of eastern India’, Ecological Informatics 75,
102013. https://doi.org/10.1016/j.ecoinf.2023.102013

Giannetti, B.F.,, Sevegnani, F., Almeida, C.M.V.B., Agostinho, F., Moreno Garcia, R.R. &
Liu, G., 2019, ‘Five sector sustainability model: A proposal for assessing
sustainability of production systems’, Ecological Modelling 406, 98—108. https://
doi.org/10.1016/j.ecolmodel.2019.06.004

Guan, X., Zang, Y., Meng, Y., Liy, Y., Lv, H. & Yan, D., 2021, ‘Study on spatiotemporal
distribution characteristics of flood and drought disaster impacts on agriculture in
China’, International Journal of Disaster Risk Reduction 64, 102504. https://doi.
0rg/10.1016/j.ijdrr.2021.102504

Hackl, A., 2018, ‘Mobility equity in a globalized world: Reducing inequalities in the
sustainable development agenda’, World Development 112, 150-162. https://doi.
org/10.1016/j.worlddev.2018.08.005

Hamdan, N., Heong, Y.M., Masran, S.H., Ibrahim, B., Kiong, TT., Ching, K.B. et al., 2022,
‘Needs analysis of thinking style and higher order thinking skills for solving
problems in producing products’, Online Journal for TVET Practitioners 7(1),
20-30. https://doi.org/10.30880/0jtp.2022.07.01.003

Haque, S., Akbar, D. & Kinnear, S., 2024, ‘Identifying impacts & adaptation strategies
for tropical fruit farms affected by extreme weather events in sub-tropical
Australia: Stakeholders’ insights’, Heliyon 10(4), e26097. https://doi.org/10.1016/
j.heliyon.2024.e26097

Hawkins, P., Geza, W., Mabhaudhi, T., Sutherland, C., Queenan, K., Dangour, A. et al.,
2022, ‘Dietary and agricultural adaptations to drought among smallholder farmers
in South Africa: A qualitative study’, Weather and Climate Extremes 35, 100413.
https://doi.org/10.1016/j.wace.2022.100413

He, B., Chang, J., Wang, Y., Wang, Y., Zhou, S. & Chen, C., 2021, ‘Spatio-temporal
evolution and non-stationary characteristics of meteorological drought
in inland arid areas’, Ecological Indicators 126, 107644. https://doi.org/
10.1016/j.ecolind.2021.107644

Hennink, M. & Kaiser, B.N., 2022, ‘Sample sizes for saturation in qualitative research:
A systematic review of empirical tests’, Social Science and Medicine 292, 114523.
https://doi.org/10.1016/j.socscimed.2021.114523

Hirose, M. & Creswell, J.W., 2023, ‘Applying core quality criteria of mixed methods
research to an empirical study’, Journal of Mixed Methods Research 17(1), 12-28.
https://doi.org/10.1177/15586898221086346

Holden, E., Linnerud, K. & Banister, D., 2014, ‘Sustainable development: Our common
future revisited’, Global Environmental Change 26(1), 130-139. https://doi.
org/10.1016/j.gloenvcha.2014.04.006

John, R., 2025, Global environmental and climate change governance, Routledge, London.

Jonathan Metzger, A.R.O., 2013, Sustainable Stockholm, 1st edn., Routledge,
New York, NY.

Kayesa, N.K. & Shung-King, M., 2021, ‘The role of document analysis in health policy
analysis studies in low and middle-income countries: Lessons for HPA researchers
from a qualitative systematic review’, Health Policy OPEN 2, 100024. https://doi.
org/10.1016/j.hpopen.2020.100024

Klarin, T., 2018, ‘The concept of sustainable development: From its beginning to the
contemporary issues’, Zagreb International Review of Economics and Business
21(1), 67-94. https://doi.org/10.2478/zireb-2018-0005

Laumann, K., 2020, ‘Criteria for qualitative methods in human reliability analysis’,
Reliability Engineering and System Safety 194, 106198. https://doi.org/10.1016/j.
ress.2018.07.001

Leitner, M., Babcicky, P., Schinko, T. & Glas, N., 2020, ‘The status of climate risk
management in Austria. Assessing the governance landscape and proposing ways
forward for comprehensively managing flood and drought risk’, Climate Risk
Management 30, 100246. https://doi.org/10.1016/j.crm.2020.100246

Li, H., Zhang, Y., Zhang, Q., Ahmad, N., Liu, P., Wang, R. et al., 2021, ‘Converting continuous
cropping to rotation including subsoiling improves crop yield and prevents soil water
deficit: A 12-yr in-situ study in the Loess Plateau, China’, Agricultural Water
Management 256, 107062. https://doi.org/10.1016/j.agwat.2021.107062

Liu, J., Liao, C., Jin, H., Jiang, Z. & Zhou, H., 2021, ‘Numerical and experimental research
on the effect of rainfall on the transporting behavior of chloride ions in concrete’,
Construction and Building Materials 302, 124160. https://doi.org/10.1016/j.
conbuildmat.2021.124160

Marengo, J.A., Galdos, M.V., Challinor, A., Cunha, A.P., Marin, F.R., Vianna, M.D.S. et
al., 2022, ‘Drought in Northeast Brazil: A review of agricultural and policy
adaptation options for food security’, Climate Resilience and Sustainability 1(1),
1-20. https://doi.org/10.1002/cli2.17

Page 11 of 12 . Original Research

http://www.jamba.org.za . Open Access

Marlina, Sumarmi, Astina, I.K., Utomo, D.H. & Kurniawati, E., 2022, ‘Ecotourism
management based on local wisdom for optimizing the function of cave water
resources as a prevention of floods and droughts in Wakatobi Regency, Indonesia’,
Geojournal of Tourism and Geosites 44(4), 1222-1232. https://doi.org/10.30892/
gtg.44406-938

Masroor, M., Rehman, S., Sajjad, H., Rahaman, M.H., Sahana, M., Ahmed, R. et al.,
2021, ‘Assessing the impact of drought conditions on groundwater potential in
Godavari Middle Sub-Basin, India using analytical hierarchy process and random
forest machine learning algorithm’, Groundwater for Sustainable Development 13,
100554. https://doi.org/10.1016/j.gsd.2021.100554

Masruroh, H., Sumarmi, Bachri, S., Putra, A.K. & Andhika Yudha, P., 2023, ‘Landslide
inventory and disaster management based on community participation for
sustainability environment in the volcanic area’, IOP Conference Series: Earth
and Environmental Science 1276(1), 012032. https://doi.org/10.1088/1755-
1315/1276/1/012032

Miller, J.L. & Pescaroli, G., 2018, ‘Psychosocial capacity building in response to
cascading disasters: A culturally informed approach’, International Journal of
Disaster Risk Reduction 30, 164—-171. https://doi.org/10.1016/j.ijdrr.2018.04.018

Mulianingsih, F. & Hardati, P., 2022, ‘Can disaster risk education reduce the impacts of
recurring disasters on developing societies?’, Education and Urban Society 50(3),
230-245. https://doi.org/10.1177/0013124517713111

Musasa, T. & Marambanyika, T., 2020, ‘Threats to sustainable utilization of wetland
resources in ZIMBABWE: A review’, Wetlands Ecology and Management 28(4),
681-696. https://doi.org/10.1007/s11273-020-09732-1

Nandini, R. & Kusumandari, A., 2022, ‘Land use improvement as the drought
mitigation to manage climate change in the Dodokan Watershed, Lombok,
Indonesia’, Land 11(7), 1060. https://doi.org/10.3390/land11071060

Naulleau, A., Gary, C., Prévot, L. & Hossard, L., 2021, ‘Evaluating strategies for
adaptation to climate change in grapevine production — A systematic review’,
Frontiers in Plant Science 11, 1-20. https://doi.org/10.3389/fpls.2020.607859

Ndayiragije, J.M. & Li, F., 2022, ‘Effectiveness of drought indices in the assessment of
different types of droughts, managing and mitigating their effects’, Climate 10(9),
125. https://doi.org/10.3390/cli10090125

Omer, M.A.B. & Noguchi, T., 2020, ‘A conceptual framework for understanding the
contribution of building materials in the achievement of Sustainable Development
Goals (SDGs)’, Sustainable Cities and Society 52,101869. https://doi.org/10.1016/j.
5cs.2019.101869

Paez-Trujillo, A.M., Hernandez-Suarez, J.S., Alfonso, L., Hernandez, B., Maskey, S. &
Solomatine, D., 2024, ‘An optimisation approach for planning preventive drought
management measures’, Science of The Total Environment 948, 174842. https://
doi.org/10.1016/j.scitotenv.2024.174842

Pascapurnama, D.N., Murakami, A., Chagan-Yasutan, H., Hattori, T., Sasaki, H. &
Egawa, S., 2018, ‘Integrated health education in disaster risk reduction: Lesson
learned from disease outbreak following natural disasters in Indonesia’,
International Journal of Disaster Risk Reduction 29, 94-102. https://doi.
org/10.1016/j.ijdrr.2017.07.013

Prasad, R.R., 2022, ‘Mitigating climate change: A study of the University of the South
Pacific and the State University of Malang’, Journal of Turkish Science Education
19(1), 111-128. https://doi.org/10.36681/tused.2022.113

Payne, A., 2006, ‘Corporate social responsibility and sustainable development’,
Journal of Public Affairs 55(3), 286—297. https://doi.org/10.1002/pa.230

Ragheb, A., Aly, R. & Ahmed, G., 2022, ‘Toward sustainable urban development of
historical cities: Case study of Fouh City, Egypt’, Ain Shams Engineering Journal
13(1), 101520. https://doi.org/10.1016/j.asej.2021.06.006

Rana, I.A., 2020, ‘Disaster and climate change resilience: A bibliometric analysis’,
International Journal of Disaster Risk Reduction 50, 101839. https://doi.
org/10.1016/j.ijdrr.2020.101839

Rosyadi, R., Darma, S. & Darma, D.C., 2023, ‘What driving gross domestic product of
agriculture? lessons from Indonesia (2014-2021), International Journal of
Sustainable Development and Planning 18(3), 683-692. https://doi.org/10.18280/
ijsdp.180304

Russo, M.V., 2008, Environmental management: Readings and cases, Sage, viewed 19
February 2025, from https://shorturl.at/hVcok.

Sahani, J., Kumar, P.,, Debele, S., Spyrou, C., Loupis, M., Aragdo, L. et al., 2019, ‘Hydro-
meteorological risk assessment methods and management by nature-based
solutions’, Science of the Total Environment 696, 133936. https://doi.
org/10.1016/j.scitotenv.2019.133936

Savari, M., Damaneh, H.E. & Damaneh, H.E., 2023, ‘Effective factors to increase
rural households’ resilience under drought conditions in Iran’, International
Journal of Disaster Risk Reduction 90, 103644. https://doi.org/10.1016/].
ijdrr.2023.103644

Seyoum, W.M., Kwon, D. & Adam, M.M., 2019, ‘Downscaling GRACE TWSA data into high-
resolution groundwater level anomaly using machine learning-based models in a glacial
aquifer system’, Remote Sensing 11(7), 824. https://doi.org/10.3390/rs11070824

Singletary, L. & Sterle, K., 2020, ‘Supporting local adaptation through the co-
production of climate information: An evaluation of collaborative research
processes and outcomes’, Climate Services 20, 100201. https://doi.org/10.1016/j.
cliser.2020.100201

Siswanto, S., Wardani, K.K., Purbantoro, B., Rustanto, A., Zulkarnain, ., Anggraheni, E. et al.,
2022, ‘Satellite-based meteorological drought indicator to support food security in Java
Island’, PLoS One 17(6), 1-20. https://doi.org/10.1371/journal.pone.0260982

Sumarmi, Bahcri, S. & Tanjung, A., 2019, ‘Madurese fishermen’s adaptation to
marine environment-based approach in fisheries resources management by
empowering the local wisdom of “Onjem” 320’, in W. Warsono, H. Hartono, S.
Bachri & A.Purnomo (eds), Proceedings of the 1st International Conference on
Social Knowledge Sciences and Education (ICSKSE 2018), vol. 320, Malang,
Indonesia, August 31, 2018, pp. 107-114.



http://www.jamba.org.za
https://doi.org/10.1016/j.ijdrr.2021.102067
https://doi.org/10.3389/fpls.2022.927535
https://doi.org/10.3389/fpls.2022.927535
https://doi.org/10.1016/j.scitotenv.2022.159963
https://doi.org/10.1016/j.scitotenv.2022.159963
https://doi.org/​10.1016/j.tbs.2024.100747
https://doi.org/​10.1016/j.tbs.2024.100747
https://doi.org/10.1016/j.ecoinf.2023.102013
https://doi.org/10.1016/j.ecolmodel.2019.06.004
https://doi.org/10.1016/j.ecolmodel.2019.06.004
https://doi.org/10.1016/j.ijdrr.2021.102504
https://doi.org/10.1016/j.ijdrr.2021.102504
https://doi.org/10.1016/j.worlddev.2018.08.005
https://doi.org/10.1016/j.worlddev.2018.08.005
https://doi.org/10.30880/ojtp.2022.07.01.003
https://doi.org/​10.1016/​j.heliyon.2024.e26097
https://doi.org/​10.1016/​j.heliyon.2024.e26097
https://doi.org/10.1016/j.wace.2022.100413
https://doi.org/​10.1016/j.ecolind.2021.107644
https://doi.org/​10.1016/j.ecolind.2021.107644
https://doi.org/10.1016/j.socscimed.2021.114523
https://doi.org/10.1177/15586898221086346
https://doi.org/10.1016/j.gloenvcha.2014.04.006
https://doi.org/10.1016/j.gloenvcha.2014.04.006
https://doi.org/10.1016/j.hpopen.2020.100024
https://doi.org/10.1016/j.hpopen.2020.100024
https://doi.org/10.2478/zireb-2018-0005
https://doi.org/10.1016/j.ress.2018.07.001
https://doi.org/10.1016/j.ress.2018.07.001
https://doi.org/10.1016/j.crm.2020.100246
https://doi.org/10.1016/j.agwat.2021.107062
https://doi.org/10.1016/j.conbuildmat.2021.124160
https://doi.org/10.1016/j.conbuildmat.2021.124160
https://doi.org/10.1002/cli2.17
https://doi.org/10.30892/gtg.44406-938
https://doi.org/10.30892/gtg.44406-938
https://doi.org/10.1016/j.gsd.2021.100554
https://doi.org/10.1088/1755-1315/1276/1/012032
https://doi.org/10.1088/1755-1315/1276/1/012032
https://doi.org/10.1016/j.ijdrr.2018.04.018
https://doi.org/10.1177/0013124517713111
https://doi.org/10.1007/s11273-020-09732-1
https://doi.org/10.3390/land11071060
https://doi.org/10.3389/fpls.2020.607859
https://doi.org/10.3390/cli10090125
https://doi.org/10.1016/j.scs.2019.101869
https://doi.org/10.1016/j.scs.2019.101869
https://doi.org/10.1016/j.scitotenv.2024.174842
https://doi.org/10.1016/j.scitotenv.2024.174842
https://doi.org/10.1016/j.ijdrr.2017.07.013
https://doi.org/10.1016/j.ijdrr.2017.07.013
https://doi.org/10.36681/tused.2022.113
https://doi.org/10.1002/pa.230
https://doi.org/10.1016/j.asej.2021.06.006
https://doi.org/10.1016/j.ijdrr.2020.101839
https://doi.org/10.1016/j.ijdrr.2020.101839
https://doi.org/10.18280/ijsdp.180304
https://doi.org/10.18280/ijsdp.180304
https://shorturl.at/hVcok
https://doi.org/10.1016/j.scitotenv.2019.133936
https://doi.org/10.1016/j.scitotenv.2019.133936
https://doi.org/10.1016/j.ijdrr.2023.103644
https://doi.org/10.1016/j.ijdrr.2023.103644
https://doi.org/10.3390/rs11070824
https://doi.org/10.1016/j.cliser.2020.100201
https://doi.org/10.1016/j.cliser.2020.100201
https://doi.org/10.1371/journal.pone.0260982

Van Den Berg, J. & Mallick, B., 2024, ‘Aspirations versus adaptive achievements in the
face of climate change in Sri Lanka’, Npj Climate Action 3(1), 1-8. https://doi.
org/10.1038/s44168-024-00137-x

Wagenaar, H., Kieslich, K., Hangel, N., Zimmermann, B. & Prainsack, B., 2022,
‘Collaborative comparisons: A pragmatist approach towards designing large-scale,
comparative qualitative research’, SSM — Qualitative Research in Health 2, 100172.
https://doi.org/10.1016/j.ssmqr.2022.100172

Wang, W., Straffelini, E., Pijl, A. & Tarolli, P., 2022, ‘Sustainable water resource
management in steep-slope agriculture’, Geography and Sustainability 3(3),
214-219. https://doi.org/10.1016/j.geosus.2022.07.001

Waulandari, F., Budijanto, B., Bachri, S. & Utomo, D.H., 2023, ‘The relationship between
knowledge and disaster preparedness of undergraduates responding to forest
fires’, Jambd: Journal of Disaster Risk Studies 15(1), 1-9. https://doi.org/10.4102/
jamba.v15i1.1408

Page 12 of 12 . Original Research

Ye, J., Al-Fadly, A., Huy, P.Q., Ngo, T.Q., Hung, D.D.P. & Tien, N.H., 2022, ‘The
nexus among green financial development and renewable energy:
Investment in the wake of the COVID-19 pandemic’, Economic Research-
Ekonomska Istrazivanja 35(1), 5650-5675. https://doi.org/10.1080/133167
7X.2022.2035241

Yu, D. & He, Z.,, 2022, ‘Digital twin-driven intelligence disaster prevention and
mitigation for nfrastructure: Advances, challenges, and opportunities’, Natural
Hazards 112(1), 1-36. https://doi.org/10.1007/s11069-021-05190-x

Zare, F., Guillaume, J.H.A., ElSawah, S., Croke, B., Fu, B., Iwanaga, T. et al., 2021,
‘A formative and self-reflective approach to monitoring and evaluation of
interdisciplinary team research: An integrated water resource modelling
applicationinAustralia’,Journalof Hydrology596,126070. https://doi.org/10.1016/
j.jhydrol.2021.126070

http://www.jamba.org.za . Open Access



http://www.jamba.org.za
https://doi.org/10.1038/s44168-024-00137-x
https://doi.org/10.1038/s44168-024-00137-x
https://doi.org/10.1016/j.ssmqr.2022.100172
https://doi.org/10.1016/j.geosus.2022.07.001
https://doi.org/10.4102/jamba.v15i1.1408
https://doi.org/10.4102/jamba.v15i1.1408
https://doi.org/10.1080/1331677X.2022.2035241
https://doi.org/10.1080/1331677X.2022.2035241
https://doi.org/10.1007/s11069-021-05190-x
https://doi.org/10.1016/j.jhydrol.2021.126070
https://doi.org/10.1016/j.jhydrol.2021.126070

	A sustainability trilogy approach for drought risk prevention: Case study in Indonesia 
	Introduction
	Literature review
	Understanding of drought disaster and drought potential
	Drought factors and classification based on impacts
	Strategies for managing drought-prone areas
	Integrating vulnerability factors in drought assessment

	Sustainable development concept

	Research methods and design
	Research design
	Participant selection and recruitment process
	Data collection
	Data analysis
	Ethical considerations

	Results
	Land characteristics and drought potential in NTB province
	Location and geographical conditions of agricultural land and rainfall
	Alternative drought prevention based on timeframe
	Short-term drought prevention
	Medium-term drought prevention
	Long-term drought prevention


	Key elements of a drought prevention strategy
	Water conservation
	Land management
	Climate change adaptation

	Application of economic, social, and environmental dimensions in agricultural sustainability
	Economic sustainability
	Social sustainability
	Environmental sustainability

	Discussion
	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: Framework for the concept of sustainable development.
	FIGURE 2: Process flow, step by step, in this research.
	FIGURE 3: Infographic of drought data from National Agency for Disaster Counter measure NTB province. 
	FIGURE 4: Map of average rainfall per millimetre of West Nusa Tenggara province.
	FIGURE 5: Average monthly rainfall in Central Lombok Regency, 2018.

	Tables
	TABLE 1: Relevant parties who became interview target informants.
	TABLE 2: Interview questions for different participants in focus group discussions.
	TABLE 3: The experts selected to analyse the results in this research.
	TABLE 4: Table of extent of drought-prone areas in Lombok Tengah regency.
	TABLE 5: The problems of farmers due to drought in economic, social, and environmental aspects.



