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Energy Security Policies in Egypt in Light of the Russian-
Ukrainian War

Abstract

This paper sheds light on energy security indicators in Egypt before and after the
crisis of Russia- Ukraine war, to well specify the imbalances in the position of
energy security.

In addition, the paper proposes set of policies to sustain indicators of energy
security at stable levels to achieve sustainable development in Egypt. Such
policies include widening domestic market capacity for the uses of renewable
energy resources in specific solar energy, along with policies to rationalize
electricity consumption, raise energy efficiency, improve exploration activities of
fossil fuels, and enhance research and development in the field of renewable
energies.

Besides, the paper emphasis on the role of geographical diversification of fossil
fuels imports for achieving energy security in Egypt.

It worth noting that the effective implementation requires complete integrating
and cointegration among all suggested energy policies, this can be done through
merging the multiple energy institutions, and linking different energy policies and
strategies.

Keywords: new and renewable energies; global crisis; energy security.
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practices, identify potential challenges, and inform the development of
universally applicable sustainable dentistry strategies.

o Evaluating Educational Impact: Building upon the findings of this study,
future research should investigate the impact of educational interventions on
the knowledge, attitudes, and practices of dentists regarding sustainable
dentistry. This evaluation will provide valuable insights into the effectiveness
of these initiatives and inform the development of future educational
programs.

e Economic Feasibility: Further research could explore the economic benefits
associated with environmentally sustainable dentistry in Egypt. This could
involve analyzing the potential reductions in water and energy costs compared

to conventional dental practices.
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For Policymakers

Collaborative Sustainability: Achieving environmental sustainability in
dentistry necessitates a collaborative approach. While government leadership
is paramount, fostering participation from dental organizations and individual
practitioners can create a more impactful and sustainable strategy.
Knowledge Dissemination: The development and dissemination of
educational tools and workshops tailored to environmental issues and their
impact on dental practices are crucial for raising awareness and knowledge
among dentists in the city of Alexandria and Egypt as a whole. These
educational initiatives should be designed to equip dentists with the necessary
information and skills for successful implementation of sustainable practices
within their clinics.

Manufacturing: Proactive measures from decision-makers and senior
management are needed to raise awareness among producers and suppliers
and to implement policies that govern the manufacturing and sales processes
in a more sustainable manner. This will lead to the availability of eco-friendly

products in the markets at reasonable and non-exorbitant prices.

For Future Research

Expanding the Horizons of Research: It is recommended to broaden the
scope of the research and for future studies to consider including wider
geographic areas and a larger sample size to improve the generalizability of
the findings. Additionally, the use of multiple data collection methods,
including both online and offline approaches, could ensure a more diverse
representation of participants.

Comparative Analysis: To gain a broader understanding of environmentally
sustainable dentistry the implementation, research efforts should be expanded

to include different countries. Comparative analyses can highlight best
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friendly dental practice were the lack of sufficient knowledge, financial constraints,
and the lack of sustainable products from manufacturers and suppliers, while the
highest mentioned enablers were the presence of recycling programs, the presence
of modern digital and technological devices and the availability of renewable energy

Sourccs.

Recommendations

Sustainable OHC: A Shared Responsibility

Sustainable OHC represents a novel and crucial concept in Egypt. The
successful implementation of sustainable practices requires a collective effort, not
an individual one. This study serves as a foundational investigation into sustainable
dentistry within Egypt and underscores the need for continued research in this
critical area. By fostering collaboration between policymakers, dental organizations,
and individual practitioners, Egypt can move forward in establishing a more
environmentally responsible dental sector, where the development of education,
incentives, protocols, and infrastructure will allow OHC professionals to implement

sustainable dental practices in their clinics.

For Dental Practitioners
e Incremental Implementation: To facilitate the adoption of sustainable
practices, dentists are encouraged to begin with low-cost, easily implemented
strategies. Initial efforts could focus on powering down unused equipment,
replacing single-use materials with those that can be sterilized and reused
several times to decrease the amount of waste generated while still ensuring
patient safety, and implementing powerful paper waste recycling programs.
These foundational steps can pave the way for the incorporation of more

comprehensive green initiatives.
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foundation in eco-friendly practices (Center-for-sustainable-health-care). Also,
government initiatives like the "Greener National Health Service (NHS)" program
which plays a crucial role in achieving ‘carbon net zero’ NHS by 2040 (Stevens,
2020). The UK's public healthcare system provides resources and guidance to dental
practices on implementing sustainable measures (Shellard et al., 2022). Furthermore,
many dental schools and practices have taken the initiative to set and implement
internal policies and protocols that actively promote sustainable practices within the
profession (Bakar Majidi & Fennell-Wells, 2023). These combined efforts have
yielded positive results ("UK dental practices recognized with green awards," 2024).
Studies reveal a promising rise in dentist awareness and knowledge of sustainable
dentistry through these interventions (Grose et al., 2018).
Limitations

This cross-sectional study, employing a snowball non-probability sample
within a single city, restricts generalizability of the findings to the broader dental
practitioner population. Although the sample size of 216 participants has been
calculated prior to the study and is adequate for the study's objectives, a larger
sample could have provided more robust results. In addition, using an online survey
may introduce response bias, because it might have been challenging for some
dentists to respond to the online google form, as participants who lack internet
access, have unsuitable devices or insufficient technological skills, especially older

aged participants, are less likely to respond.

Conclusion

Lack of awareness of sustainable dentistry amongst dentists is highly
prevailing. Although dentists in our study show moderate levels of knowledge
concerning sustainable dentistry and have a positive attitude, their weak practices

are far from acceptable. The highest self-reported challenges to establish an eco-
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reusable products in the market and inaccessible digital technologies. The
participant’s second most reported challenge was financial constraints, followed by
the lack of sustainable products from manufacturers and suppliers. However, the
main challenge identified was insufficient knowledge regarding environmental
sustainability in dentistry, which likely explains the low implementation rate. This
came in agreement with the findings of dental practitioners in Bhopal city, where
dentists cited lack of knowledge for not adopting green (Verma et al., 2020). Studies
in India (Sen et al., 2017) (Verma et al., 2020), and Romania (Didilescu et al., 2023)
reported similarly low levels of awareness, knowledge and practice of ecofriendly

sustainable dentistry.

Education during undergraduate training and through professional
development activities may encourage environmentally sustainable initiatives for
future practice. In our survey, only 22.7% of participants reported receiving
information about sustainability through formal education, which aligns with
previous studies (Martin et al., 2021). This highlights why many studies recommend
integrating sustainability and green practices into the dental curriculum (Antoniadou
et al., 2023; Duane et al., 2021; Gershberg et al., 2022; Nassar et al., 2023).
Integrating dental sustainability into undergraduate education has the potential to
cultivate sustainability-conscious decision-making among future generations of oral

healthcare providers.

The United Kingdom (UK) offers a good example for successful
implementation of sustainability in dentistry. This progress is driven by a
multifaceted approach (Amarantha Fennell-Wells, 2023). Embedding sustainability

principles directly into the dental education to equip future dentists with a strong
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be due to their lack of awareness about the concept or because their workplaces did
not implement any eco-friendly changes.

The questionnaire itself was the most common information source about
sustainable dentistry for the participants, followed by social media then awareness
campaigns/training. This aligns with findings in Turkey, where social media was the
primary source of sustainability information for dentists (Besiroglu et al., 2023).

Despite the apparent novelty of the topic, with most participants
demonstrating a low level of awareness, nearly half of them showed a moderate level
of knowledge (46.7%). The reason for this might be that some aspects of sustainable
dental practices, such as the importance of preventive dentistry, amalgam waste
management, general recycling practices, and certain clinic management strategies,
overlap with their existing knowledge base. Higher knowledge levels (70%) of eco-
friendly dental practices were found among dentists in Amman, Jordan (Al Shatrat
etal. ,2013)

A more positive finding was that 63.4% of participants displayed a high level
of attitude toward sustainable dentistry. However, the implementation of sustainable
practices remained low at the dental clinics. Similar findings have been reported in
a systematic review of 13 articles by (Zia et al., 2024), which found positive dentist
attitudes towards environment conservation, but inadequate implementation.
Reasons behind this might be the presence of challenges like discernment that exists
within the profession not considering or prioritizing sustainability, especially in

developing countries, where the main challenges are economic constraints and lack

of knowledge.

The poor practice in our survey may be partially attributed to infrastructural
limitations at the workplace, like the lack of water and energy-saving technologies,

unavailable amalgam separators, absence of waste segregation policies, limited
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Additionally, the online link was distributed through official and unofficial dental

groups in Alexandria via social media and other relevant applications.

Dental participants (216) were mostly female dentists, aged 20 to 40, married,
specialized in one of the different dental specialties, around half of them were
working in the academic sector and had over 10 years of experience.

While sustainable dentistry has been gaining attention in some countries, like
the UK, and by multiple international associations for several years (Bakar Majidi
& Fennell-Wells, 2023; Shellard et al., 2022) this survey revealed limited
understanding of sustainable dentistry among participating dentists in Alexandria.
Most participants (75.9%) either never encountered the term "sustainable dentistry"
or possessed minimal knowledge of the overall concept, this aligns with similar
studies. For instance, a previous cross-sectional survey across 17 dental schools in
USA found that 75% of respondents were ‘not knowledgeable at all’ or ‘only slightly
knowledgeable’ in environmentally sustainable dentistry (Gershberg et al., 2022),
also an online pilot survey in Bucharest Romania revealed that less than half 41.4%
of private dental practitioners were aware of sustainability in dentistry (Didilescu et
al., 2023); another cross-sectional survey among dental practitioners in Bhopal city,
India reported that only 52.5% of postgraduate and 48.4% of graduate participants
were familiar with the term ‘green dentistry’(Verma et al., 2020), additionally a
study among dental practitioners who worked in private dental practices of twin
cities of Hyderabad and Secunderabad, Telangana India found that 60% were not
aware of the eco-friendly concept in dental practice (Prathima et al., 2017).

Nearly half of the participants were unsure if their workplaces have officially

adopted and implemented a sustainability approach or not, the reason for this might
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Figure 6: Distribution of participants based on the enablers that help in establishing an

eco-friendly dental clinic
Discussion

Oral health professionals are increasingly recognized as having a global
responsibility to implement environmentally sustainable practices in their daily
operations. This commitment aims to minimize the ecological footprint of dental
practices while maintaining quality patient care. Hence, in order to assess the current
state of sustainable dentistry in Alexandria, a cross-sectional study was conducted
between March and May 2024, the study employed a structured questionnaire
designed by the researcher to evaluate dentists’ knowledge, attitudes, and practices
toward sustainable dentistry. The questionnaire also assessed perceived challenges
and enablers for establishing eco-friendly dental clinics. Following a successful pilot
study to ensure validity and reliability, the questionnaire was administered among
dentists in Alexandria. The researcher visited dental centers, explained the study
objectives, and invited dentists to participate by completing an online Google Form.

A mobile bar-code was also created to provide easy access to the questionnaire.
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Figure (5): Distribution of participants based on the challenges and barriers faced in

establishing an eco-friendly dental clinic

Regarding the number of enablers that help the participants in establishing an
eco-friendly dental clinic, it was found that (37.5%) of the participants stated one
enabler, (19.4%) stated two enablers and less than half (43.1%) of them stated three

or more enablers.

Regarding the distribution of the participants according to the concerned
enablers that help in establishing an eco-friendly dental clinic, as shown in fig 6, it
was found that ‘the presence of recycling programs’ and ‘the presence of modern
digital and technological devices’ were seen as enablers by around two-thirds of the
participants (62% and 59.7%), respectively. Also, ‘the availability of renewable
energy sources’ was considered as a helpful enabler by more than half of the
participants (53.2%). While ‘Government incentives and regulations’, followed by
‘the availability of furniture made from environmentally friendly materials’ were

considered enablers by (38% and 25.5%) of participants respectively.
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Table 6 shows practices of participants toward sustainable dentistry after age
adjustment. It was found that 39.0%, 35.7, 29.4%, and 25.0% of the participants
performed good practices toward sustainable dentistry in different age groups, while
61.0%, 64.3%, 70.6%, and 75.0% of participants performed poor practices in
different age groups, without statistically significant differences (p= 0.62).

Table (6): Age-adjusted for participants' practices toward sustainable dental practice

Age Good Poor P value
Mean number (%) Mean number (%)
20- 32 (39.0) 50 (61.0)
30- 30 (35.7) 54 (64.3)
40- 10 (29.4) 24 (70.6) 0.2
>50 4(25.0) 12 (75.0)
Total 76 (35.2) 140 (64.8)

Significance at p value <0.05

When the participants were distributed according to the number of challenges
and barriers that they faced in establishing an eco-friendly dental clinic, it was found
that (17.6%) of them faced one challenge, (20.4%) of them faced two challenges and
about two-thirds (62%) faced three challenges or more.

As shown in (Figure 5) ‘Lack of information’ followed by ‘financial
constraints’ were considered the main challenges faced in establishing an eco-
friendly dental clinic by (59.7%, 59.3%) of the participants, respectively. Then ‘lack
of sustainable options from manufacturers or suppliers’ was considered a challenge
by (52.8%) of the participants. Whereas ‘shortage in skilled workers’, ‘time
constraints’, ‘fear of compromising the quality of practice’, ‘fear of negatively
impacting patient’s outcome’, ‘fear of negative response from staff” were seen as
challenges/barriers, by (44.4%, 26.9%, 21.3%, 18.1% and 17.6%) of the participants,

respectively.
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reported neutral attitude, 18.4%, 19.0%, 11.7% and 12.5% disagreed with
sustainable attitude for different age groups respectively. The difference between

age groups was not statistically significant (p = 0.95).

Table (5): Age-adjusted for participants' attitudes toward sustainability

Age Agree Neutral Disagree P value
Mean number (%) Mean number (%) Mean number (%)
20- 50 (60.9) 17 (20.7) 15 (18.4)
30- 51(60.7) 17 (20.2) 16 (19.0) 0.95
40- 21 (61.8) 9 (26.5) 4(11.7)
>50 11 (68.7) 3 (18.8) 2 (12.5)
Total 133 (61.6) 46 (21.3) 37 (17.1)

Significance at p value <0.05

Regarding the practice of sustainable dentistry, it was found that the mean
percentage of the participants with poor sustainable dental practice was (67.6%) and
the mean percentage of participants with good sustainable dental practice was

(32.4%) (Figure 4).
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Figure (4): Mean percentage of the participant's practice toward sustainable dentistry
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Table (4): Age-adjusted for participants' knowledge of sustainability

Age Correct answer Incorrect answer P value
Mean number (%) Mean number (%)
20- 43 (52.4) 39 (47.6)
30- 38 (45.2) 46 (54.8) 0.67
40- 14 (41.2) 20 (58.8)
>50 8 (50.0) 8 (50.0)
Total 103 (47.7) 113 (52.3)

Looking at the participants’ self-reported attitudes towards sustainability, it was

found that a mean percentage of (63.4%) had a positive attitude toward

sustainability, (21.3%) had a neutral attitude and only (15.3%) had a negative

attitude, as shown in figure 3.
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Figure (3): Mean percentage of the participant's attitudes toward sustainability

Table 5 shows participants' attitudes toward sustainability after the age adjustment.
It was found that 60.9%, 60.7%, 61.8% and 68.7% are the mean percentages of
participants who agreed with sustainable attitude, 20.7%, 20.2%, 26.5% and 18.8%
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Figure (2): Mean Percentage of the participants who were aware of sustainability and those

who correctly answered knowledge questions about sustainable dentistry.

After age adjustment for participants' awareness of sustainability (Table 3), it was
found that there was no significant difference between different age groups by mean

percentages of 26.8%, 27.4%, 26.5% and 31.3% respectively (p =0.98).

Table( 3): Age-adjusted for participants' awareness of sustainability

Age Aware Unaware P value
Mean number (%) Mean number (%)
20- 22 (26.8) 60 (73.2)
30- 23 (27.4) 61 (72.6)
40- 9 (26.5) 25 (73.5) 098
>50 5@(31.3) 11(68.8)
Total 59 (27.3) 157 (72.7)

Significance at p value <0.05

Regarding knowledge, after age adjustment, it was found in Table 4 that there was
no significant difference between different age groups regarding their mean
percentage of correct answers to knowledge questions with mean percentages of

52.4%, 45.2%, 41.2% and 50.0% respectively (p =0.67).
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Awareness campaigns/ Training courses and workshops

Yes 81 (37.5)

No 135 (62.5)
Websites

Yes 74 (34.3)

No 142 (65.7)
Colleagues and relatives

Yes 70 (32.4)

No 146 (67.6)
My workplace

Yes 68 (31.5)

No 148 (68.5)
University/Postgraduate studies

Yes 49 (22.7)

No 167 (77.3)
TV/Radio

Yes 34 (15.7)

No 182 (84.3)

The results found that the total mean percentage of participants who were

aware of the concept of sustainable dentistry, its adoption in their workplaces and

have participated in any related activity were only (28.0%).While the total mean

percentage of participants who correctly answered knowledge questions about

sustainable dentistry like: definitions, waste management strategies, proper

management of some hazardous materials, and materials that could be recycled in

the dental office...etc., were (47.2%). According to the pre-identified score, this

means that the study participants showed low level of awareness about

sustainability and moderate level of knowledge regarding sustainable dentistry,

(Figure 2).
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Has your institution (the place where you work) officially
adopted & implemented the sustainability approach?

No

23.1%

Yes

| don't know

D
49.9%

Figure (1): Distribution of the participants according to their awareness of sustainable

development through activities and institution involvement.

Table (2): Distribution of the participants according to their awareness of the concept of

sustainability in dentistry and their source of information

Total Total No=216
No. (%)
What do you know about the concept of sustainability in the field of dentistry?

I never heard about the concept of sustainability before this survey 81 (37.5)

I heard about the concept of sustainability, but I have little information about it 83 (38.4)

I have some knowledge about the basic concept of the sustainability approach 36 (16.7)

I received some training/ or | have some experience with the sustainability 13 (6.0)

approach

I have enough experience with the sustainability approach that I can teach it to 3(1.4)

others

Your source of information regarding the sustainability approach in the field of dentistry is

From this questionnaire

Yes 120 (55.6)

No 96 (44.4)
Social media

Yes 101 (46.8)

No 115(53.2)
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participants’ institutions adopted and implemented the sustainability approach,
while (23.1%) did not, and about half of the participants (49.5%) didn’t know if their
institution officially adopted a sustainability approach or not.

The distribution of the participants according to their awareness of the concept of

sustainability in dentistry and their source of information is illustrated in Table 2.

When the participants were asked to assess their information about the
concept of sustainability in dentistry (37.5%) of them said they never heard about
the concept of sustainability before this survey, (38.4%) heard about the concept of
sustainability but had little information about it, (16.7%) had some knowledge about
the basic concept of the sustainability approach (6%) received some training/or had
some experience with the sustainability approach and only (1.4%) had enough
experience with the sustainability approach that they can teach it to others.
Regarding the participants’ sources of information about sustainability in dentistry,
multiple responses were accepted; the highest reported source was ‘from this
questionnaire’ (55.65%), followed by ‘social media’ (46.8%), ‘trainings/workshops
& awareness campaigns’ (37.5%), ‘websites’ (34.3%) ‘colleagues/relatives’
(32.4%), ‘workplace’ (31.5%), ‘university or postgraduate studies’ (22.7%), and
finally “TV/Radio’ (15.7%).

Did you patrticipate in any events or activities related to

Did you attend any seminars or made any studies in sustainable development?
sustainable development?

Yes

88
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General practitioner 57 (26.4)
Pedodontics 28 (13.0)
Oral surgery/Implantology 27 (12.5)
Prosthodontics 24 (11.1)
Restorative 18 (8.4)
Dental Public health and 17 (7.9)
preventive Dentistry
Oral medicine &Periodontics/ 14 (6.5)
Oral Pathology
Endodontics 13 (6.0)
Orthodontics 94.2)
Others 94.2)
Main working place
Academic Sector 94 (43.5)
Governmental 65 (30.1)
Private 57 (26.4)
Number of years practicing
dentistry
Less than 3 years 30 (13.9)
3-10 years 69 (31.9)
More than 10 years 117 (54.2)

The distribution of participants according to their awareness of sustainable
development through activities and institution involvement is illustrated in Figure 1.

When the participants were asked if they have attended seminars or conducted
any studies about sustainable development, nearly two thirds of them (69.9%) said
they never did, while around one third (30.1%) said they did. When they were asked
if they have participated in any events or activities about sustainable development
nearly three quarters of them (75.5%) said they never did, and only one quarter of
the participants (24.5%) reported that they did. It was found that (27.3%) of
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pathology (6.5%), endodontics (6%) orthodontics (4.2%) and other specialties
(4.2%). Concerning the main working place of the participants, it was found that
(43.5%) were working in the academic sector, (30.1%) were working in the
governmental sector and (26.4%) were working in private hospitals or clinics. More
than half of the participants (54.2%) had been in dental practice for more than 10
years, (31.9%) for 3-10 years, and (13.9%) for less than 3 years.

Table 1: Distribution of the participants according to their

sociodemographic data

Total No.=216
Sociodemographic data
No. (%)
Gender
Female 148 (68.5)
Male 68 (31.5)
Age
20- 82 (38.0)
30- 84 (38.9)
40- 34 (15.7)
50 and more 16 (7.4)
Marital status
Married 119 (55.1)
Single 83 (38.4)
Divorced/Widow 14 (6.5)
Last earned degree
Bachelor 90 (41.7)
Masters 61 (28.2)
PhD 48 (22.2)
Fellowship 11(5.1)
Diploma 6(2.9)
Specialty
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The participants’ levels of awareness and knowledge were evaluated
according to the participants’ mean percentage of correct answers scores with cutoffs
Low: 0% - 35%, Moderate: 36% - 65%, and High: 66% - 100%. The attitude was
categorized as “agree”, “neutral” and “disagree” mean percentages. The practice was
evaluated as good and poor, according to the mean percentages of the participants
with good or poor practices.

Statistical Analysis

Data was tabulated and analyzed using SPSS software version 25. The data

was presented as frequency and percentage. The mean percentage was calculated by

dividing the sum of the percentages of each question by the sum of the total number

of questions. Chi-square test was used to compare different categorical groups.

Results

It was found as shown in Table 1 that among 216 participants more than half
of them (68.5%) were females, while (31.5%) were males. According to participants'
age, (38.0%) were between 20 to <30 years, (38.9%) between 30 to <40 years,
(15.7%) between 40 to <50 years and (7.4%) were 50 years or older. Upon viewing
their marital status, more than half of the participants (55.1%) were married, (38.4%)
were single, and (6.5%) were either divorced or widowed. Regarding the
participant’s last earned degree (41.7%) held a bachelor’s degree, (28.2%) earned a
Master’s degree, (22.2%) earned a PhD, (5.1%) earned a Fellowship and (2.9%) of
them earned a Diploma. About the participants' specialty and main field of practice,
it was found that the highest percentage of participants were general practitioners
(26.4%), followed by dentists practicing pedodontics (13.0%), oral surgery and
implantology (12.5%), prosthodontics (11.1%), restorative dentistry (8.4%), dental

public health and preventive dentistry (7.9%) oral medicine periodontics and oral
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participants' knowledge of sustainable dentistry. The fourth section measured
dentists' attitudes toward sustainability using 3-point Likert scale. The fifth section
examined dentists' common practices, such as transportation methods, material
usage, waste management, and energy and water conservation. The final section
explored dentists' perceived barriers and enablers to establishing eco-friendly dental
clinics, these 2 questions specified several items where the respondent could choose
multiple responses from, and one open-ended question at the end to add other

possible options.

As the questionnaire was self-designed, its content validity was initially
established by a panel of dental public health professionals from the Faculties of
Dentistry at Pharos and Alexandria Universities, as well as the High Institute of
Public Health in Alexandria. The panel consisted of experienced professors and
lecturers specializing in various fields of dental public health, including
epidemiology, dental health education, and community dentistry. Their expertise in
research ensured the questionnaire's relevance and comprehensiveness. To
determine the reliability of the questionnaire after confirmation of its validity, a pilot
study involving 20 dental practitioners was conducted. It assessed the questionnaire's
clarity, relevance, and feasibility. Participants completed the questionnaire online
and were asked to provide feedback on any unclear questions or confusing sections.
The pilot data revealed that while the questionnaire was comprehensive, it was
perceived as somewhat lengthy. Based on this feedback, several sections were
restructured to reduce its length. Also, the addition of visual aids, such as images, to
certain questions was recommended to enhance understanding and several questions
were rephrased for better clarity. Then Cronbach’s alpha was calculated to be 79.0.

please check the number
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A snowball sampling technique was used to recruit participants. To minimize
sampling bias, a network recruiting approach was employed. Dentists from diverse
settings, including academic institutions, government and non-government centers,
and private clinics in Alexandria, were initially contacted. These dentists were then
asked to share the online questionnaire with their colleagues or other known dentists
via a provided hyperlink. Additionally, formal and informal dental groups on social
media were utilized to disseminate the questionnaire. This process allowed for the
expansion of the sample beyond the initial contacts.

Inclusion criteria required participants to be dentists, working in Alexandria
Governorate and willing to complete the questionnaire. The questionnaire was
created on an online Google form and distributed through various online channels.
To facilitate data collection, the researcher visited academic institutions and dental
centers in Alexandria, providing participants with a mobile barcode that enabled

direct online access to the questionnaire.

To ensure confidentiality, no personal identifying information was collected
from respondents. Participation was entirely voluntary, and a welcoming message at
the beginning of the questionnaire emphasized the study's purpose, the estimated
completion time of 10-15 minutes, and the importance of reading the questionnaire
carefully before proceeding were all mentioned at the beginning of the questionnaire.

To assess the baseline levels of awareness, knowledge, attitude, and practices
(AKAP) regarding sustainable dentistry, a well-structured questionnaire with
closed-ended questions was developed. This approach aligns with the established
use of AKAP surveys for quantitative data collection on these topics. The
questionnaire consisted of six sections comprising 38 questions. The first section
collected socio-demographic data. The second section assessed dentists' awareness

of sustainability, including their sources of information. The third section evaluated
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concept, or situation, and it is the initial stage of cognitive processing (Wessman,
2007). While Knowledge is the information or facts acquired through education and
experience. It involves understanding and comprehension of a particular subject
matter (Schrader & Lawless, 2004). Attitude refers to a positive or negative or even
neutral evaluation of a matter, it is shaped by beliefs, values, and emotions and it
influences behavior (Ajzen & Fishbein, 2000). Practice represents the regular
activities; it involves applying knowledge and skills in a real-world context
(Bourdieu, 1990).

A significant gap in the knowledge and skill persists among dental
professionals towards sustainable OHC practices, despite increasing public
awareness and governmental commitments to address the climate and ecological
crisis globally (Antoniadou et al., 2023; Prathima et al., 2017; Verma et al., 2020).
Therefore, the first step to achieve progress in sustainable dentistry should be
through investigating the current situation. This study aims to assess dentists'
awareness, knowledge, attitude, and practice (AKAP) regarding sustainable
dentistry, in Alexandria Egypt, and gather information about the challenges and

enablers that they reflect for establishing an eco-friendly dental practice.

Materials and Methods

A cross-sectional observational study design was chosen to estimate the
prevalence of AKAP regarding sustainable dentistry among dental practitioners in
Alexandria Egypt. The study was conducted over a period of 2 months (March—May
2024). The sample size was calculated using Epi Info 7 software to be 216, based on
the percentage of dentists (82.9%) who chose to reduce the impact of dental activity
on the environment, which represents sustainability in today’s dental practice
(Didilescu et al., 2023). With a confidence limit of 5%, the minimum required

sample size at a 95% confidence level was determined.
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in dentistry pose a serious problem since they generate a large volume of waste. In
the UK it was estimated that dental SUPs exceed 720 million items/year which end
up as waste. Fortunately, a significant portion of these single-use items could be
replaced with reusable alternatives that can be sterilized and reused several times. If
regulations were set by environmentally aware and responsible authorities or
stakeholders, significant progress could be made in reducing SUP reliance and
transitioning to a more sustainable healthcare system (Duane, 2022; Hashemizadeh
et al., 2024; Mulligan et al., 2021; Shellard et al., 2022; Wilson et al., 2020)

Nitrous Oxide (N,O) and volatile halogenated agents are anesthetic gases that
have been used to comfort patients during dental surgical treatment for decades,
nevertheless, they remain for a long time in the atmosphere and are considered as
greenhouse gases that affect the ozone layer and contribute to global warming. In
hospitals, N,O i1s commonly captured and neutralized during use to reduce its
emission into the atmosphere, however, this proven technology is not adopted yet in
dentistry (Duane, 2022; Yasny & White, 2012).

The road to achieving the UN's sustainable development goals (SDGs)
requires dentists to become active participants in eco-friendly practices, from
minimizing waste to conserving resources like water and energy. They have the
power to significantly reduce their environmental footprint while still delivering top
quality care. But without the awareness and commitment, progress will be limited
(Shellard et al., 2022).

The AKAP model is used to examine awareness, knowledge, attitudes, and
practices which are critical components of behavioral change models. They are
connected and mutually reinforcing, and they influence individual behavior and
societal outcomes. Awareness is the state of being conscious or informed of

something. It involves perceiving and recognizing a particular phenomenon,
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considered a major source of mercury pollution, consuming roughly 20% globally

(Tibau & Grube, 2019).

Lead and silver in X-ray films are other major hazardous dental wastes, making
them unsuitable for disposal in regular trash or incineration. Lead is known to have
harmful health effects on both children and adults, even at low doses. Recycling the
lead foil used in X-ray film packets is easy and considered the best practice to
prevent environmental contamination from this toxic material. Moreover, the x-ray
fixer solution has a high content of silver, which is highly toxic and should not be
flushed or poured down the drain. Instead, it should be collected in special containers
and sent to the manufacturer for use in local recycling programs or for safe
discarding. On the other hand, digital radiography is considered a better alternative
to traditional film-based x-rays, because it uses sensors instead of lead containing
films and does not require developer or fixer solutions, in addition to its lower
radiation dose (Dhar & Sridharan, 2018; Hiltz, 2007).

Gypsum is also a hazardous waste; it is used in dental laboratories and some
OHC practices for the manufacturing of prosthodontic devices. When disposed of,
it can form hydrogen sulfide gas (H,S) which is highly toxic to the respiratory tract
and nervous system with a characteristic rotten egg smell. Recycling gypsum will
reduce its health burden and allow its use in different manufactures (Duane, 2022;
Tawade et al., 2024).

Infection Control regulations in dentistry are necessary to protect patients and
avoid preventable harm. Unfortunately, dentists often prioritize single-use products,
considering them the safest option for infection control. While some are mandatory,
others are a matter of convenience. Single-use plastics (SUPs) and other disposable
clinical items that are used daily in the dental clinics in very high quantities and are

disposed of as medical waste, end up in landfill or incinerator. Single use items used
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showed that 'dental examinations' contribute the largest portion of dentistry’s carbon

footprint. (Borglin et al., 2021; Duane et al., 2017).

OHC involves the use of various materials and procedures that could eventually
harm the environment. Given the social responsibility to manage waste properly and
reduce its negative environmental and health impacts, dental staff should be trained
in proper methods of handling and separating different types of waste at the point of
generation. Additionally, a waste minimization strategy should be implemented to
reduce, reuse, and recycle (Dhar & Sridharan, 2018). This circular economy model
shapes the future of dentistry, as it decreases the industry's reliance on limited natural
resources and minimizes waste generation. Designing products that can be
transformed into raw materials for other sectors after their dental use creates a
closed-loop system (Duane, 2022). According to the World Health Organization,
most healthcare waste (85%) is regular trash and not hazardous, while the remaining

15% is hazardous,of which 10% infectious and 5% non-infectious (Chartier, 2014).

Mercury makes up 50% of dental amalgam by weight, a restorative material
used in tooth fillings, and is identified as a toxic heavy metal. The placement and
removal of amalgam result in the generation of mercury waste, raising concerns
about the improper disposal of this hazardous substance. Whether disposed of
through landfill, wastewater, or incineration, it poses a serious environmental risk
(Dhar & Sridharan, 2018; Smith et al., 2023). Once in the environment, factors such
as pH, temperature, oxygen, bacteria contribute to its conversion from inorganic
mercury into the more toxic organic form “methylmercury”, which is bioavailable
and can accumulate in the food chain (Basu, 2023). The Minamata Convention in
2013 targeted mercury reduction in various products, including dental amalgam

(Saito, 2019). Unfortunately, it is still used in many counties, and dentistry is
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public health (Duane, 2022; Mulligan et al., 2021). It was found that the carbon
footprint of OHC practices worsens global climate conditions by contributing to 5%

of global greenhouse gas emissions from healthcare systems (Pichler et al., 2019).

Sustainable OHC is an emerging topic that offers a solution to these
undesirable effects of the profession. It not only impacts dentistry but also the
broader healthcare industry and society as a whole. According to the World Dental
Federation (FDI), sustainable OHC involves delivering equitable, ethical, and high-
quality care while using resources efficiently. It emphasizes reducing environmental
impacts, enhancing social responsibility, and ensuring economic viability, guiding
dental professionals to consider these factors in service delivery. A sustainable OHC
could potentially result in significant CO; reduction while enhancing patient care,
staff satisfaction, cost savings and improved quality of life. (Shellard et al., 2022).
Minimizing the carbon footprint of OHC starts with prioritizing oral health
promotion and disease prevention, providing durable interventions and
implementing effective, practical maintenance plans (Duane et al., 2021).

Clinical guidelines for environmental sustainability in dentistry have been
recently released by a collaborative body, in the UK. These guidelines aim to equip
all dental staff with a deeper understanding of how to make OHC services more
environmentally sustainable, raise awareness and promote best practices for a
greener approach in dentistry (Bakar Majidi & Fennell-Wells, 2023).

Common dental practices and materials that can harm the environment:

The literature revealed that commuting to and from dental practices (by patients,
staff, and for procurement) was the primary source of emissions and the leading
contributor to the carbon footprint associated with dental services (Duane et al.,

2017; Steinbach et al., 2018). Additionally, carbon modeling within dentistry

98



Awareness, Knowledge, Attitude and Practice Towards Sustainable Dentistry Among Dental

Practitioners in Alexandria: A Cross-Sectional Study

extracurricular activities, to enhance the competencies of future generations.
Additionally, interventional studies should be conducted to improve sustainable

dentistry practices.

Keywords: Sustainable oral health care; Eco-dentistry; Green dentistry; KAP dental

sustainability; Sustainable development.

Introduction

Nearly half of the world (3.5 billion people) suffers from oral diseases, which
causes pain and considerable health burdens, and it is well known that the burden of
oral diseases exerts a substantial negative impact on public health, even though most
oral diseases are preventable and treatable in the early stages. Hence, this can be
mitigated through oral health care, and so dentistry occupies a critical position within
the healthcare field, serving as the cornerstone of oral healthcare for communities.
(WHO, 2023)

Climate change is the greatest challenge facing humanity today. All human
activities cause a rise in greenhouse gas within the atmosphere, which results in
global warming, creates a challenging world problem, and threatens the health of
both present and future generations (Bakar Majidi & Fennell-Wells, 2023; Shellard
et al., 2022). This concern is echoed in the UN's 2030 Agenda for Sustainable
Development, which issues a strong call for action across all segments of society
(UN, 2015).

Oral health care (OHC) is a resource-intensive sector, placing considerable
demands on supplies, energy, water, and fuel for daily operations. This, in turn,
increases its financial costs and environmental impacts. Additionally, the disposal
of dental hazardous waste and the release of pollutants exacerbate environmental

challenges, as they negatively affect air, water, and food quality, thereby impacting
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Abstract

The study aims to assess awareness, knowledge, attitude and practices (AKAP)
regarding sustainable dentistry among dental practitioners, and to investigate
challenges, as well as enablers for establishing an eco-friendly dental practice. A
cross-sectional study was conducted in 2024, among dental practitioners in
Alexandria, Egypt. The sample size was 216 practitioners. A pre-designed,
structured, closed-ended online questionnaire was used that consisted of six sections.
The majority of dental participants (72.7%) demonstrated a low level of awareness,
and 75.9% either had never encountered the term "sustainable dentistry" or
possessed minimal knowledge of the overall concept. About half (53.3%) exhibited
a moderate level of knowledge, and 67.6% showed poor sustainable practices.
However, they expressed a positive attitude, with 63.4% agreeing to embrace
sustainability and (21.3%) were neutral. No significant difference was found
between groups across all the domains.

The main challenge to establishing an eco-friendly practice was ‘lack of
knowledge’ followed by ‘financial constraints’, while the reported enablers were the
‘presence of recycling programs’, ‘modern digital technologies’, and ‘renewable
energy’. The study identified low awareness and insufficient levels of knowledge
and practice regarding sustainable dentistry. It is recommended to incorporate

sustainability into the dental undergraduate curriculum, as well as into
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The potential use of the technology will eventually benefit a larger range of

geospatial applications, even though the current implementations of machine learning

for geospatial data concentrate on object extraction and change detection. Digital twins,

driverless vehicles, sustainable smart city management, enhanced structures, and energy

management are some examples of application areas.
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learning outcomes across the geospatial community remains moderate. The continued
reliance on cloud storage raises additional questions about data integrity. Within the next
five to ten years, it's expected that change detection and pattern identification will be
completely automated in geospatial production.
6. Conclusion

Over the next ten years, artificial intelligence, particularly image analysis and
information extraction, will present some of the biggest opportunities for geospatial
information management. Machine learning, a branch of artificial intelligence known as
geospatial artificial intelligence (GeoAl), is used to extract knowledge from spatial data.
Automation is essential for enabling the efficient processing of an exponentially growing
amount of sensed data from the Internet of Things and remote sources. This is necessary
to realize the objective of real-time data. Machine learning will be crucial in the long run
to handle the increasing demands of a connected world. One of the initial steps in putting
artificial intelligence (AI) solutions into practice is automation.
Three factors can be used to summarize the technological developments enabling
advances in geospatial artificial intelligence (GeoAl): the increase in low-cost cloud
computing, the accessibility of inexpensive sensor technology, the ongoing expansion
of geospatial information, and the development of new algorithms that can leverage
multiple data sources. To achieve the goals of sustainable development and Egypt's
Vision 2030, a deep learning algorithm was employed in this study to detect buildings
and streets in the village of Tasa, Sahel Selim city, Assiut Governorate. The results
demonstrated a promising model for automating the production of maps.
Comparing the use of conventional methods for producing spatial maps, which required
40 working hours, with leveraging GeoAl, which produced spatial maps for the same
area in 30 minutes with higher precision and with less working and quality control time,
of Tasa village with an area of 6.38 square kilometers, it was found that GeoAl
introduces innovative and promising technique for automatic objects detection and

mapping for the determination of development priorities.
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produce data, and the quality control process takes a few days to complete. In 1998 it
took 6 months of field survey and quality control to directly survey and mapping
buildings on the study area, while in 2014 it took about one month of on-screen digitizing
and field quality control on mapping data due to advanced approaches of mapping and
GIS software as well as the availability of high-resolution satellite imageries as shown

in figures 9, 10

1998 2014 2020

Figure (10): Change Detection From 1998 to 2020, Tasa village, Assiut, Egypt

While it took 40 hours of manual digitization and quality control in 2020 to
perform the task as required with less quality and more effort, the area under study was
processed using GeoAl in 30 minutes. The task was a bit more complex as it required
the computer to tell it about anything new across the entire study area. It was necessary
to establish a common geospatial framework that would encompass the existing
database. GeoAl platform was able to train using 30 objects of data to provide input for
the model to scan 1684 objects in the satellite imagery, so, the algorithm performs
efficiently and successfully, even identifying changes that human intuition would miss.
Additionally, the model provided a more accurate representation of the roads in the study

arca.

Although more effective GeoAl applications are being introduced, Al is still in
the early stages of development. It's still unclear how interoperable and dependable
machine learning algorithms are. Due to a lack of understanding in the algorithms used

and the scope of the finding’s generalization, the level of overall confidence in machine
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Figure (9): Building footprints digitized manually on the left

compared to the deep learning algorithm outputs on the right

Three satellite images were used to detect urban expansion changes from 1998 to 2020
using GeoAl for building detection. It was found that in 1998, the total number of
buildings was 458, while there were 1,146 buildings in 2014 and 1,648 buildings in 2020.
Additionally, agricultural land in Tasa village has been reduced by 88.4% of the total
area, as shown in table 1

Table 1: Change detected from 1998 to 2020 utilizing GeoAl

Total No Agriculture Urban
Observation
of Population land area area
year
Buildings (%) (%)
1998 458 3664 96.8% 3.2%
2014 1146 9168 91.9% 8.1%
2020 1648 13184 88.4% 11.6%

Traditionally, GIS projects require several years to finish projects using traditional
techniques for creating and analyzing spatial data, as well as a considerable number of
work and quality control teams to complete projects in the appropriate form and time. it
is anticipated that GeoAl will provide a breakthrough in the field of Spatial projects,

where the process of automatic detection of the necessary data takes several hours to
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benefits in terms of time and cost savings, as well as improved data accuracy. A GeoAl
machine learning model allows decision-makers to automatically update base maps for

Tasa village with streets and buildings, producing results that are increasingly accurate.
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Figure (8): Tasa village, Assiut governorate (google earth)
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Applications of such techniques to structured data include predicting the probability of
accidents to sales forecasting, natural language routing and geocoding and different other

applications; figures 6,7.

Y. o AT
Damaged Structures Pipeline Road Cracks  Land Cover

Encroachment

Figure (7): Large volumes of structured data mapping (Nassar et al, 2023)

5. Case study: Tasa village, Assiut, Egypt

Assiut Governorate is one of the Egyptian governorates. It stretches across a
section of the Nile River. The rate of poverty in Assiut is more than 60%. The
governorate 1s divided into municipal divisions, with a total estimated population of
4,407,335, as of July 2017 according to the Central Agency for Public Mobilization and
Statistics (CAPMAYS). Tasa Village is One of the settlements in Sahel Selim city - Assiut
Governorate -Egypt with total area 6.38 km?; figure 8.
In 2017, Sahel Selim had a population of 180,996 inhabitants (CAPMAS). Sahel Salim

is located on the East coast of the Nile at a 24 km distance south from the city of Assiut.

It is characterized by its fruit gardens; some of its fruit production is exported
abroad. The village of Tasa was chosen as the study area for monitoring the development
of urban expansion on agricultural lands.

Creating digital maps for villages and small communities has historically required a
significant amount of time and effort, especially when determining the locations of
buildings and roads, which often required field surveys. This process demands
considerable time and effort from stakeholders and decision-makers, in addition to
incurring extra costs. Decision-makers can automate much of the mapping process by

building a deep learning model and training a dataset with GIS, leading to immediate
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spatial analysis and finally disseminating results using web layers and maps and driving

field activity.

Figure (5): Building footprints extracted out of satellite imagery(Nassar et al, 2023)

While the examples above; figures 4,5; have focused on imagery and computer vision,
deep learning can also be used equally well for processing large volumes of structured

data such as observations from sensors, or attributes from a feature layer.

1.5 hours processing
2 Days QC

o \
111,563 Buildings
9 Streets

al

Figure (6): large volumes of structured data mapping (Nassar et al, 2023)
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interference. This is what would be considered as a more “intelligent” ML platform
(resources.esri.ca).
4. Application of deep learning for mapping

A significant application of deep learning is the generation of digital maps through
automatic road network extraction from satellite imagery and building footprints. Deep
learning (DL) has the ability to apply a trained model to an extended geographic area
and produce a map containing all local roads. Furthermore, it has the capacity to generate
driving directions using the detected road network. This can be particularly helpful for
developing countries that do not have high quality digital maps or in areas where newer
development has taken place (Campbell et al., 2019).
It's evident that merging Al and GIS has proved to be quite promising for a more
profitable and efficient environment. Al made a significant contribution to GIS that has
been appearing independently. During the last decade, there has been a significant

convergence between the fields of GIS and Al.

Figure (4): Roads detected using deep learning and converted

to geographical features (Nassar et al, 2023)

GIS has tools to help with every step of the data science workflow starting from

data preparation and exploratory data analysis, to training the model and to performing
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neglect, appeared during the 1970s and 1990s because earlier developers exaggerated
claims, and unexpectedly high demands from end users. As a result, the first generation
of GeoAl remained stable for three decades. (resources.esri.ca).
3.2.2 Generation of GeoAl (2000 to late-2000s): Early Enterprise & Web Era

The extensive use of the Internet and personal computers (PCs) characterizes 2G
GeoAl. Compared to 1G, enhanced data accessibility and availability, upgraded GIS
applications, and the utilization of enterprise geodatabases. Thus, compared to 1G, 2G
GeoAl has a longer lifespan and is identified by the beginning of the Web era and the
early adoption of enterprise solutions. (resources.esri.ca).
3.3.3 Generation of GeoAl (2010 —2019): The “Big” Leap

3G GeoAl was evolved in accordance with the increasing adoption of the Internet
and personal network devices (i.e. smartphones), key advancements in GIS, ML,
techniques for computing and storage, and flexible data accessibility and availability. In
addition to Al, 3G GeoAl has observed an enormous growth in adoption by government
organizations, corporations, NGOs, and academics to address spatial problems in the real
world. These significant milestones, achieved in a short time frame, have changed the
perspective of GeoAl into a new generation (3G), which is defined as the “big” leap in
GIS, with “big” here referring to the growth of big data. (resources.esri.ca)
3.4.4 Generation of GeoAl (2020 -): The Frontier of Intelligence

Since 3G GeoAl impacted the GIS ecosystem, there are upcoming new
technologies and applications that could lead to more massive improvements in GeoAl.
Drones and Internet of Things (IoT) technology, for instance, are the latest frontiers in
"big" data collection. Deep learning and data science approaches will be augmented with
real-time data, which will also lead to new use cases and analytics, such as interpretation
and smart cities. With these components, GeoAl has been transited from a time span of
collecting and analyzing "big" data to procedures for automated, informed decision-

making that are guided by "intelligent" technologies and involve little to no human
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3. History of GeoAl

Although there is no institutional start timeline for GeoAl, the initial GeoAl
instances were estimated by detecting significant events in GIS utilising statistics. Danie
Krige created the first spatial predictive model in 1951, which was later modified and
implemented by Matheron in 1963. This technique is known as 'kriging,' and it is one
of the most significant approaches in geostatistics. Anglo-Canadian Roger Tomlinson
developed the concept of GIS in the same year (1963) (L1 et al., 2014). Afterwards,
Howard Fisher at Northwestern University developed the first GIS operational software
in 1946 (Carlsson, 2013). With the advancement of spatial prediction technologies and
the GIS paradigm. Therefore, GeoAl originated in the mid-1960s, merely decades after
Alan Turing developed his famous Al Test (Taulli, 2019). With the basics of GeoAl
constructed, the following question is how GeoAl has developed over time. To address
this question, a timeline involving four generations of GeoAl developments is explored,
defined by changes in eight major key dependent drivers. Each of these drivers is briefly

elaborated within each generation. as shown in figure 3.
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Figure (3): Key dependent driver of GeoAl. (Janowicz et al, 2020)

3.1.1 Generation of GeoAl (mid-1960s to late-1990s): Limited Local Intelligence
Most of the components that composed the first generation (1G) of GeoAl were
confined to a single computer, and insufficiently integrated. As a result, the term “limited
local intelligence.” This generation was characterized by computational limited
bandwidth and data availability and accessibility limitations, which limited the full

application of machine learning techniques. Furthermore, Al "winters," or periods of
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Artificial Intelligence - Computers
with the ability to reason as humans

Machine Learning -
Computers with the ability to
learn without being explicitly

programed

Deep Learning -
Network capable of
adapting itself to new
data

Figure (1): Relation inside Al (Ryan, 2020)
Artificial intelligence (AI) and machine learning (ML), presents additional approaches
for efficient monitoring, interpretation and predicting the development of urban areas.
ML approaches are data-driven as relevant information extracted from data processing.
The term 'learning' refers to how well an algorithm performs in a certain task (Gonzales
et al.,2022). There are two categories of machine learning algorithms: supervised and
unsupervised learning. Supervised learning employs a training set of examples with
appropriate responses. On the other hand, in unsupervised learning, there are no
appropriate responses provided. Instead, the algorithms attempt to discover and

categorize similarities between inputs and group them (Nasteski, 2017), as shown in

figure 2.
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Figure (2): Supervised Vs Unsupervised learning. (Alloghani et al, 2020)
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development, as they make it possible to design, train, and deploy Al models more
efficiently (Xu et al., 2021).

In recent years, significant advancements have been made in both academia and
business in the field of geospatial artificial intelligence (GeoAl), which blends geospatial
research with Al, including deep learning and machine learning techniques. GeoAl is
capable of creating intelligent computer programmes that mimic human perception,
spatial reasoning, and discovery of geographic phenomena and dynamics. It can also be
used to address problems in human environmental systems and their interactions with a
focus on spatial contexts and roots in geography or geographic information science
(Nguyen et al., 2023).

GeoAl research, therefore, involves an understanding of Al theory, programming,
and computing techniques, as well as geographic domain expertise integrating remote
sensing, physical environment, and human civilization, with expanding incorporation
between different data analysis techniques (Li, & Hsu, 2022). Given the interdisciplinary
nature of the field and the overlap between artificial intelligence and other scientific
disciplines, it is essential to establish a few key terms related to geospatial and artificial
intelligence, as shown in figure 1.

Artificial Intelligence refers to the development of computational techniques and
tools capable of performing tasks that typically require human intelligence, such as
reasoning, learning, and anticipation, which allow it to act appropriately in its context
(Pramanik et al., 2018). Machine Learning is a branch of Al that leverages mathematics
or statistical optimization approaches to model data without explicitly scripting each
model parameter or computation step (Angermueller et al.,2016). Deep Learning is A
specific approach to machine learning where artificial neural networks, and algorithms
inspired by the human brain, identify the patterns and the guidelines for prediction from
a large volume of data (Janiesch et al.,2021).

GeoAl is a developing scientific discipline that integrates innovations in spatial science
with AI/ML methods (e.g., deep learning), data mining, and powerful analysis to acquire

information from spatial big data (Alastal & Shaqfa., 2022).
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with sustainability challenges (Lewis et al., 2021). Urban planning has continuously
shifted towards urban governance procedures over time. Analyzing various types of
sustainability strategies is crucial to enhancing our understanding of urban governance
and its consequences (Zhang et al., 2020).

Hence, the preservation of the environment is a key component of sustainable
development, and urbanization may pose an imminent threat to both food security and
the ecosystem in general. Additionally, the unexpected growth in informal settlements
promotes a demographic transition, leading to a lack of basic services.

Monitoring the growth of urban sprawl on agricultural areas is one of the most important
urban governance tools, as it provides an accurate and comprehensive depiction of the
rate of decreasing agricultural land and population growth in the study area.

Spatial data has long been used to manage urban expansion on agricultural lands.
Satellite images have been employed in previous studies to track changes in land use
over time (Hepinstall et al., 2013); (Dupras & Alam, 2015); (Huang et al., 2019); (Salem
et al., 2020); (Shao et al., 2021).

This paper introduces an innovative approach integrating spatial data with artificial
intelligence GeoAl for monitoring and management of growth of urban sprawl on
agricultural land in Tasa village, Assiut, Egypt, with a total area 6.38 km? Three
satellites were deployed to monitor the encroachment of urbanization on agricultural
areas between 1998 and 2020. For each image, the number of buildings was assessed
using artificial intelligence algorithms to determine the percentage of agricultural land
lost over time.

2. GeoAl Overview

Geospatial studies have been integrated with Al since 1963, Significant advances in
Al were made due to theoretical speculations in the 1950s and 1960s (Natale & Ballatore,
2020). As a result of artificial intelligence, geospatial science is currently experiencing
both enormous new potential and challenges. Theoretical advancement, large data sets,

computer hardware, and high-performance computing platforms are enabling its major
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1. Introduction

Nowadays, the world is increasingly encountering environmental challenges because
of industrialization, urbanization, and globalization. These challenges include climate
change, freshwater shortage, desertification, contamination of land, air, and water from
hazardous waste, biodiversity loss, and several more issues that impede sustainable
development (Jianping et al., 2014). As a result, environmental analyses are becoming
more important in urban planning procedures around the world. Rapid urbanization,
accompanied by enormous population growth and construction projects, leads to
significant losses in urban green spaces and an expansion of impervious areas (Dou et
al., 2020). One of the primary factors contributing to environmental deterioration that
results in encroachments on fertile lands is unplanned urbanization. According to
Brind'amour's research in 2016, between 1.8 and 2.4 percent of agricultural areas

worldwide will be lost to urban sprawl by 2030.

In 2000, 3 to 4% of the world's total agricultural production was produced in these
regions. They are also 1.77 times more productive than normal agricultural fields
throughout the world. In addition, 80 percent of these land losses are concentrated in
Asia and Africa, where productivity is thought to be more than twice that of their national
averages. Cropland sprawl often poses a danger to livelihood and is associated with other
sustainability problems. Along with urban development follows the rapid expansion of
informal settlements, where numerous residents wastefully squander the resources that
are available and cannot access basic requirements and services (Bren d’Amour et al.,
2017). Urban governance is generally acknowledged for its strategic value towards a
more sustainable future since urban development constructs a potential for more
sustainable development (De Guimaraes et al., 2020). Egypt 2030 agenda for sustainable
development emphasized the local level for meeting sustainability challenges, by calling
for the embracing of an institutionalized participatory approach to sustainable urban

development and the establishment of the capacity of local governing frames to cope
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Abstract

Governance refers to the structures and processes that are designed to ensure
accountability, transparency, responsiveness, rule of law, stability, equity and
inclusiveness, empowerment, and broad-based participation. Urban governance is the
procedure through which stakeholders, including local, regional, and national
governments, choose how to plan, fund, and manage urban regions in many countries.
Urban governance systems are currently unfit for proper governance purposes and need
critical reforms to enable sustainable and inclusive urban development. Urbanization is
a global phenomenon, although it develops even more rapidly in developing nations like
Egypt. Unplanned growth, rising immigration, and a quickly growing population are the
key drivers of urbanization. One of the most significant issues confronting developing
countries is the problem of urban sprawl in agricultural areas, which has an
environmental impact on several levels. This paper introduces an innovative approach
to manage, monitor, and control urban sprawl on agricultural lands using spatial artificial
intelligence GeoAl. Tasa village was selected as study area, which is located in Sahel
Selim city, Assiut governorate, Egypt. Three satellite images were employed for the
study area to monitor change detection from 1998 to 2020.
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non-mainstream journals. On the other hand, the research from high-income countries is
overrepresented in the WoS database, while low and middle-income countries are more
marginalized. Low and middle-income countries usually face financial and linguistic
barriers to accessing mainstream journals, that is, journals perceived to publish excellent
research, which is typically indexed by the citation databases WoS and Scopus. Low and
middle countries therefore publish in non-mainstream journals. Therefore, assigning
greater value to non-mainstream journals should be considered. They have a role in
bringing and disseminating potentially useful and novel knowledge. In addition, there is
a need for a unified and consistent database that collects such databases effectively,

which will lead to providing a larger range of results.

References

- Andersen, N. (2021). Mapping The Expatriate Literature: A Bibliometric Review of The Field
From 1998 To 2017 And Identification of Current Research Fronts. The International Journal
of Human Resource Management, 32(22), 4687-4724.

- Aria, M., and Cuccurullo, C. (2017). Bibliometrix: An R-Tool for Comprehensive Science
Mapping Analysis. Journal of Informetrics, 11 (4), 959-975.

- DAC-OECD. (1993). DAC Orientations on Participatory Development and Good Governance.
Paris: OECD.

- Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., and Lim, W. M. (2021). How to Conduct a
Bibliometric Analysis: An Overview and Guidelines. Journal of Business Research, 133(1),
285-296.

- Effah, N.A.A., Wang, Q., Owusuy, G.M.Y., Otchere, O.A.S., and Owusu, B.
(2023). Contributions Toward Sustainable Development: A Bibliometric Analysis of
Sustainability Reporting Research. Environmental Science and Pollution Research, 30, 104—
126.

- Enciso-Alfaro, S-Y. and Garcia-Sanchez, I-M. (2023). Corporate Governance and
Environmental Sustainability: Addressing the Dual Theme from A Bibliometric Approach.
Corporate Social Responsibility and Environmental Management, 30(3), 1025— 1041.

- Falagas, M. E., Pitsouni, E. 1., Malietzis, G. A., and Pappas, G. (2008). Comparison of PubMed,
Scopus, Web of Science, and Google Scholar: Strengths and Weaknesses. The FASEB Journal,

121



Egyptian Review of Development and Planning Vol. (32) No. (4) December 2024

5. Conclusion

Learning how the academic community is responding to the need for governance to
achieve sustainable development is the objective of this study. This study aims,
therefore, to comprehensively analyze the body of literature resulting from more than 30
years of research on the interlinkage between governance and sustainable development,
to reveal the dynamics, trends, and progress over time, and to support researchers by
identifying research gaps and opportunities for a future research agenda. Through a
bibliometric analysis of 8,193 articles retrieved from the Web of Science (WoS)
database, the key findings reveal that the dual theme is a fast-growing field with a trend
in the diversification of research areas. The publications have increased dramatically in
the last five years (2018-2022), representing more than 60% of the total publications.
The research diversification reveals the multi-disciplinary nature of this field to enhance
the overall quality of life of societies and individuals, which relates to the three pillars
of sustainability: social, economic, and environmental sustainability, along with cultural
sustainability.

Accordingly, this study suggests several avenues for future research, including rural
revitalization, smart agriculture, environmental quality, smart quality of life, green
economy and growth, green finance, green technology, innovation, spatial governance
for inclusive development and growth, and e-governance in policy governance and
sustainability toward sustainable development and the 2030 SDGs. In addition, future
research could further explore “Big Data-driven Intelligence Governance” and “Big Data
Cybernetics,” as integrating modern technologies—such as big data, artificial
intelligence (Al), and the Internet of Things (IoT)—is crucial for achieving sustainable
development and environmental protection, and thus accomplishing the Sustainable
Development Goals (SDGs) by 2030.

Finally, this paper has some limitations. On one hand, it remains limited to the
precision of the bibliometric data gained for WOS. It may exclude valuable results that

can be extracted from other scientific databases such as Scopus, Google Scholar, and
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There is also ample room for more research on the linkage of “green economy,”
“green finance,” “digital finance,” “digital divide,” and “technology.” In addition, the
terms “Blue Economy,” “Blue Finance,” and “Ocean Governance” are among the trendy
and recent topics in this field, aiming to propose innovative ocean financing strategies
for mitigating the effects of environmental challenges and unsustainable practices on
ocean and coastal ecosystem-reliant communities and sectors.

Finally, “Big Data,” “Artificial Intelligence (Al),” “the Internet of Things (IoT),”
“GIS technologies,” and “Geo-spatial tools” are among the emerging topics in
governance, development, and innovation. Utilizing such modern technologies can
improve governance and development outcomes by addressing country-level and global-
level challenges more effectively. They offer pathways to a more equitable and efficient
future of government and public administration. By using these tools, governments,
policy makers, and stakeholders can make better-informed decisions through data-driven
insights, ultimately contributing to a more sustainable and inclusive future. In addition,
“Organizational Cybernetics (OC),” and “Big Data Cybernetics” for “Intelligence
Governance” can also be applied further in this field of research for monitoring and
evaluating global and local policies with the aim of achieving sustainable development:
they can have a big impact on governance. The aim behind the concept of “cybernetics”
is to understand and formalize the underlying principles of systems such as the living
system and to employ feedback control and its vital mechanism to achieve its main
purpose of survival (Zeini, 2023). In this line, concepts such as “Data Governance,”
“Data-Driven Policymaking,” and “Knowledge for Governance” have emerged in recent
studies. Indeed, the role of these technologies and tools in sustainable development and

environmental protection is crucial. It is an open area of research.
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4.5 Directions for Future Research

Through bibliometrics, insights into future research directions on governance and
sustainable development are investigated in this study. Future studies can discuss more
governance strategies and tools for monitoring and evaluating performance in different
sectors, representing the core of more than one of the SDGs. For instance, smart
governance is one of the trendy topics. It is about the use of technology and innovation
for facilitating and supporting enhanced decision-making and planning through smart
strategies. It is one of the smart cities’ components, including a smart economy, smart
mobility, smart environment, smart quality of life and smart people (Giffinger et al.,
2007), related to the 2030 SDGs agenda. Accordingly, there is ample room for more

99 <¢

research that tackles “Smart/Sustainable Cities,” “Smart Governance,” “e-governance,”
“e-government,” “Citizen Participation,” “Open Data and Transparency,” and “Digital
Transformation”. Future studies could explore the impact of adopting e-governance on
institutional performance across various sectors, with a specific focus on improving
transparency, efficiency, and citizen engagement.

Social change and socio-economic inequalities in the communities that result from a
society organized by hierarchies of class, race, and gender that unequally distributed
access to services, resources, and rights, must be addressed. That is without neglecting
the effect of new technology, which can be positive or negative. The impact of the
environmental challenges on social life and the world economy can also be discussed.
In this line, terms such as “green technology innovation,” “green growth,”
“environmental governance,” and “environmental goals” can be addressed. Therefore,
the "green economy" is a good topic of research. Additionally, the terms “Rural
Development,” “Rural Revitalization,” and “Smart Agriculture,” can be more addressed
in future research. These areas offer significant potential for contributing to SDGs by
integrating innovative governance and digitalization strategies that address the needs of

rural communities, not just the urban ones.
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Table 9 depicts the areas that are highly cited in recent research on governance and

sustainable development, especially in the last eight years. As shown, transition

management is at the top of the list based on average publication year (2014) with a total

link strength of (55) and its number of occurrences of (24). Followed by politics (2017,

63, 24), reflexive governance (2016, 31, 10), adaptive management (2017, 31, 12), and

science-policy interface (2018, 30, 13). Among the 20 list keywords, the following

keywords are the most recent and have high average citations: nature-based solutions
(2021, 49, 17), bioeconomy (2020, 52, 20), water-energy-food nexus (2019, 52, 20),
agroecology (2019, 31, 11), global reporting initiative (GRI) (2019, 34, 15),
sustainability transitions (2018, 31, 23), human well-being (2018, 32, 13), and science-
policy interface (2018, 30, 13).

Table (9): Governance and sustainable development nexus hotspots (based on avg. citations)

Total Link Avg. Pub. Avg.
Rank | Keyword/Term Strength (Links) Occurrences Sg{ear Cita tﬁ)ns
1 Transition Management 55(37) 24 2014 130.46
2 Politics 63 (44) 24 2017 75.08
3 Reflexive Governance 17 (11) 10 2016 71.90
4 Adaptive Management 31 (24) 12 2017 66.25
5 Science-Policy Interface 30 (21) 13 2018 51.23
6 Sustainability Transitions 31(29) 23 2018 51.00
7 Political Ecology 57 (40) 23 2017 47.39
8 Water-Energy-Food Nexus 52 (32) 20 2019 46.50
9 Mitigation 87 (32) 28 2018 46.29
10 | Agro-ecology 31 (26) 11 2019 46.09
j | Environmental Policy 34 (29) 12 2015 4575
Integration
12 | Bioeconomy 27 (20) 16 2020 45.63
13 | Political Economy 27 (22) 13 2016 45.62
14 | Policy Coherence 48 (27) 19 2018 43.84
15 | Nature-Based Solutions 49 (31) 17 2021 43.59
16 | Human Well-Being 32 (19) 13 2018 42.62
17 Sustainable Consumption 35 (25) 20 2018 42 60
and Production
18 | Supply Chain Management 70 (39) 31 2017 41.74
19 | Co-Production 44 (27) 14 2018 41.50
Global Reporting Initiative
20 (GRI) 34 (19) 15 2019 41.40
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governance and sustainable development nexus. It highlights various features of the

keywords, such as total link strength, number of occurrences, average citations, and
average normalized citations.

The findings indicate that rural revitalization ranks highest based on the average
publication year (2022), with a total link strength of 12 and 10 occurrences. If the number
of occurrences, link strength, and the average publication year are low yet very recent,
this suggests that the area should be a critical focus for future research avenues.

This is followed by green innovation (2021, 32, 26), green finance (2021, 30, 13),
COVID-19 (2021, 142, 69), corporate financial performance (2021, 23, 12), smart
governance (2021, 34, 14), digital transformation (2021, 74, 30), machine learning
(2021, 28, 13), environmental, social, and governance (ESG) (2021, 180, 89), and board
gender diversity (2021, 20, 11).

Table (8): Governance and sustainable development nexus hotspots (based on avg. pub. year)

Total Link Avg. Pub. Avg.
Rank Keyword/Term Strength (Links) Occurrences Sg{ear Cita t;gons
1 Rural Revitalization 12(8) 10 2022 7.20
2 Green Innovation 32 (17) 26 2021 10.27
3 Green Finance 30 (17) 13 2021 7.69
4 Covid-19 142 (78) 69 2021 6.03
5 Corporate Financial 23 (14) 12 2001 6.58
Performance
6 Smart Governance 34 (20) 14 2021 12.29
7 Digital Transformation 74 (45) 30 2021 7.60
8 Machine Learning 28 (20) 13 2021 8.15
Environmental, Social, and 180 (57) 89
? Governance (ESG) 2021 11.03
10 | Board Gender Diversity 20 (12) 11 2021 14.55
11 | Evolutionary Game 13 (12) 10 2021 8.20
12 | Firm Performance 19 (14) 10 2021 18.60
13 | Green Development 5(5) 11 2021 6.09
Multi-Stakeholder 36 (23) 12
14 Partnerships 2021 8.42
15 | Artificial Intelligence 62 (34) 25 2021 18.88
16 | Gender Equality 29 (20) 15 2021 3.53
17 | Belt And Road Initiative 22 (16) 10 2021 5.80
18 | Inclusive Growth 31 (24) 11 2021 7.36
19 | Carbon (CO2) Emissions 44 (28) 25 2021 5.92
20 | Blue Economy 63 (32) 33 2021 13.97

126



A Bibliometric Analysis of Governance and Sustainable Development Research
during the Period of 1992 to 2022

regional iptegratior

"glogaghealth
ve development
@ U health system(s)

unitedgiations
< humagrights ¥
e 820 antificial intelligence
food systemg,>aNI@UON  kagya health l“ .
“ igdata
JUSHCe ey @iy, | @rechgplogy, corr@ption
pBlicy @herend® crigey. % > ® blockehain
v o smart cities
Py e ooy
¢ ™ - 4 ,m"(r. ik magpg@ment
—— thragocene Sk U ?“’ }’V

$hnall-scale fishenes cNmaulanng Wauun "“""""“W':;::'w” ® Qiscpsure

oceaty gayernancg @de«:” - \Mq., ipe  performal
integrated coagtal management nmmwluﬂs‘ Oédgs ageh@
@ biue growth gqnl @ social ragc
il gﬂ s innv%& 9,
nanci

marine pragected aregs _ W lusi
mighon 5 & L 98 s@‘stwab Lopmentmwatwvemme
& Sl mxewawvlmnmwl policies g

triple bastom line

businegs ethics

e
ecosys!em s!r\ﬂes

sgcial-8eolc >g|:a\ yc?Pm(s) % ix? m financial performance
‘ .U““\m'“ ELhHD\ Jgical innovation board ofdirectors
water magagement o (@‘mu,,‘ ¥Btai deglopn ent
adaptive nagemPhiy @ o S board gender diversity
socialggarmid® I)d'\lguﬁldu oveggancas !takeho[der engagement gender diversity
bd een inpovat
i 3 educ i{u»&v >usn|n401enlm\upx \ent yeen [Rgovation
protectéiareg(s) ® o, —
) . fribce ocial and governance
taaid o r,anaua
1t sin, = asprege V‘b »
luech
ungsco
A VOSviewer I
2016 2017 019

Figure (9). Overlaid author keyword co-occurrence network

Moreover, the link strength between the following keywords is more significant than
other keywords: Sustainable Development < Governance (256), Sustainable
Development <> Corporate Social Responsibility (136), Governance <> Sustainability
(109), Governance <> the 2030 SDGs Agenda (103), Sustainable Development <>
Sustainability (100), Sustainability <> the 2030 SDGs Agenda (86), Sustainable
Development <> the 2030 SDGs Agenda (84), Sustainable Development <> Climate
Change (82), Sustainable Development <> Stockholder(s) Engagement (80), Sustainable
Development <> Corporate Governance (63). This depicts that, among other topics, most
of the research is carried out in this connection in the governance and sustainable
development nexus. However, while specific keywords are connected through single or
several links, others are rarely linked and should be the focus of future research, such as
green development, rural revitalization, urban regeneration, spatial governance,
reflexive governance, resource governance, and financial inclusion, among others.

Based on the keyword co-occurrence analysis of the bibliometric knowledge maps,

Table 8 lists the potential emerging, most recently used, and hotspot topics in the
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4.4 Author Keywords, Core Topics, and Hotspots

This subsection presents the core research topics and highlights the emerging trends-
hotspots for governance and sustainable development research through co-word analysis
techniques using VOSviewer. The keywords and their average year of publication
identify the emerging trends-hotspots, while fewer occurrences reveal niche areas
(Khudzari etal.,, 2018). Initially, 496 keywords were recorded, the various
synonyms/variants keywords were re-labeled using a thesaurus, and 423 keywords were
obtained that met the threshold of a minimum of 10 occurrences and were linked to each
other.

The results in Figure 9 reveal that sustainable development with an average
publication year of 2017 is the most reflected keyword with 2,045 occurrences, 403 links
to other keywords, and a total link strength of 3,579. The 2030 Sustainable Development
Goals (SDGs) agenda and governance are next on the list, with 908 (350) and 831 (348)
occurrences (links), respectively. These three top keywords are in the center of the
network. Similarly, other frequent keywords are sustainability (640), corporate social
responsibility (321), climate change (291), stakeholder(s) engagement (184), adaptive
capacity (176), corporate governance (152), environmental governance (152), smart
cities (101), environmental policies (95), ecosystem services (95), institutional theory
(89), innovation (81), sustainable urban development (78), and global governance (77),
which are essential keywords connected to the research of governance and sustainable

development.
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Table (7): Top Cited Publications on Governance and Sustainable Development

Pub TC (WOS, | TC
Rank Article Title Author(s) . Source Title Publisher All Per
Year
Databases) | Year
ROYAL
. . . Folke, C; Carpenter, S;
Re§111§ nce and 'Sustamabl.e Development. Elmqvist, T; Gunderson, AMBIO: A Journal of the SWEDISH (1,603,
1 Building Adaptive Capacity in A World of . . . 2002 . ACADEMY 72.86
. L; Holling, CS; Walker, Human Environment 1665)
Transformations B OF
SCIENCES
The Multi-Level Perspective on Environmental Innovation (1,272
2 Sustainability Transitions: Responses to Geels, Frank W. 2011 . o ELSEVIER o 97.85
e Y and Societal Transitions 1,294)
Seven Criticisms
The Governance of Sustainable Socio- Smith, A; Stirling, A; . (1,162,
3 Technical Transitions Berkhout, F 2005 | Research Policy ELSEVIER 1,178) 61.16
Transition Management for Sustainable g(tw:nr:gngzi?n mal of
4 Development: A Prescriptive, Complexity- | Loorbach, Derk 2010 e ona’ournato WILEY (812,824) | 58.00
Policy Administration and
Based Governance Framework L
Institutions
5 NeohberallNature and The Nature of McCarthy, J; Prudham, 2004 | GEOFORUM ELSEVIER | (647,651) | 32.35
Neoliberalism S
Reconfiguring Environmental Governance:
6 Towards A Politics of Scales and Bulkeley, H 2005 | Political Geography ELSEVIER | (620,635) | 32.63
Networks
7 | Smartmentality: The Smart City as Vanolo, Alberto 2014 | Urban Studies SAGE (573, 586) | 57.30
Disciplinary Strategy
‘What About the Politics? Sustainable
8 Development, Transition Management, Meadowcroft, James 2009 | Policy Sciences SPRINGER | (561,562) | 37.40
And Long-Term Energy Transitions
Wise, R. M.; Fazey, 1.;
Reconceptualising Adaptation to Climate Smith, M. Stafford; Global Environmental
9 Change as Part of Pathways of Change and | Park, S. E.; Eakin, H. C.; | 2014 | Change-Human and Policy | ELSEVIER | (555, 560) | 55.50
Response Van Garderen, E. R. M. Dimensions
Archer; Campbell, B.
Government By Experiment? Global Cities | Bulkeley, Harriet; Broto, Transactions of the Institute
10 and The Governing of Climate Change Vanesa Castan 2013 of British Geographers WILEY (341, 549) | 49.18
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Technical Transitions” by Smith et al. (2005) has gained 1,162 citations and attracted
an average of 61.16 citations per year. They discussed how the power to affect change
relies on regime membership, the distribution of resources for change, and expectations
for the future.

Moreover, to investigate the relationships among citing publications to understand
the periodic/ present development of themes in this field of research, a bibliographic
coupling network was delineated using VOSviewer. It is a scientific mapping technique,
assuming that any two publications that share standard references are similar to some
extent in content (Kessler, 1963). Accordingly, it splits publications into thematic
clusters according to the shared references (Zupic and Cater, 2015). Unlike co-citation
analysis, recent and niche publications can gain visibility through bibliographic
coupling. Therefore, this technique is suitable for uncovering a broad spectrum of
themes of governance and sustainable development research and its latest developments
in a specific time and domain.

Figure 8 depicts the top 50 cited documents. They are divided into 5 clusters.

9% ¢¢

“Transition management,” “sustainable transition,” and “sustainability” are the core of
1% cluster (red), “adaptive capacity to change through accumulated knowledge” is the
core of 2™ cluster (green), “global governance,” and “climate change” are the core of
the 3™ cluster (blue), “eco-restructuring for sustainable development” is the core of the

4™ cluster (yellow), and “corporate social responsibility” is the core of the 5™ cluster

(purple).
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Figure (8). Research themes clusters
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Additionally, the top publications by global citation are presented and ranked in
Table 7. TC measures a scientific publication’s impact or influence on the scientific
community. Global citations measure the number of citations a document has received
from documents contained in the entire database (WoS). It therefore measures the
impact of a document on the whole bibliographic database. TC Per Year is another
measure calculated as the total number of citations per year for each article.

The paper “Resilience and Sustainable Development: Building Adaptive Capacity in
a World of Transformations™ by Folke et al. (2002) is the most impactful publication
among the reviewed articles. It has attracted 1,603 citations and an average of 72.9
citations per year. This article summarizes a report prepared by the Swedish
Government's Environmental Advisory Council as input for the World Summit on
Sustainable Development (WSSD), which took place in Johannesburg, South Africa,
from August 26 to September 4, 2002. Folke employed the idea of resilience-the
capacity to adapt, learn, and develop-as a framework for comprehending how to
maintain and improve adaptive capacity in a challenging environment of quick changes.
They argue that structured scenarios and active adaptive management are two useful
tools for resilience-building in social-ecological systems. In addition, these tools need a
social environment with adaptable, open institutions and multi-level governance
systems that promote learning and boost adaptive ability without restricting alternatives
for future development, as well as facilitating such a context.

The study of Frank W. G. (2011)- The Multi-Level Perspective on Sustainability
Transitions: Responses to Seven Criticisms- is next on the list. It has garnered a total of
1,272 citations and the highest average of citations per year (97.85). In this article, seven
criticisms for the multi-level perspective (MPL) are summarized, rebuttals are made,
and recommendations for additional study are made. The criticisms center around the
following issues: (1) a lack of agency; (2) operationalization of regimes; (3) bias in favor
of bottom-up change models; (4) epistemology and explanatory style; (5) methodology;
(6) socio-technical landscape as residual category; and (7) flat ontologies versus

hierarchical levels. The 3™ article, entitled “The Governance of Sustainable Socio-
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of the co-authorship network reveals 8 clusters of co-authorship with major clustering
around Biermann F. (Utrecht University, Netherlands), with a total link strength of 52.
On the other hand, the figure shows isolated clusters to some extent, indicating low
cooperation. Figure 7 depicts the overlaid co-authorship network, confirming the great

interest of the scientific community during the last five years.
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Figure (7). Overlaid co-authorship network
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author, followed by Glasbergen Pieter with three solo authorized articles. In terms of
citations, Kanie is the most impactful and influential author, with 1,006 citations,
followed by Biermann, with 895 citations. Kanie’s publications are cited in the scientific
community, with an average of 91.45 citations per publication, which is the highest
among all listed authors, followed by Garcia-Sanchez, with 80.4 citations per
publication, indicating the high impact and influence of both in the scientific
community. In terms of the h-index, Biermann has the highest local h-index, followed

by Gupta, with 13 and 10, respectively.

Table (6): Top 10 Productive Authors

No Author TP  saP| TC |TCrTP |
Index

1 | Biermann, Frank 29 1 895 30.9 13
2 | Gupta, Joyeeta 17 2 450 | 26.47 10
3 | Kim, Rakhyun E. 14 1 646 | 43.07 9
4 | Kalfagianni, Agni 13 1 338 26 5
5 | Visseren-Hamakers, IngridJ. | 12 | 4 289 | 24.08 10
6 | Leal Filho, Walter 12 0 217 18.08 6
7 | Kanie, Norichika 11 0 1,006 | 91.45 9
8 | Glasbergen, Picter 10 3 431 43.1 9
9 | Geng, Yong 10 0 150 15 6
10 | Garcia-Sanchez, IM 10 0 804 80.4 9

Note(s): TP = Total Publications, SAP = Sole-Authored Publications, TC
= Total Citations, TC/TP Citations Per Publication.

Finally, to investigate and analyze the co-authorship network, VOSviewer was
utilized for generating clusters and analyzing the network (Figure 6). Authors with a
minimum of five publications were included, leading to a network of 39 authors
representing the most extensive set of connected authors who contributed to the topic.
A node represents an author, and lines connecting authors indicate that two authors are
co-authors, at least once. The size of each node shows the number of documents of each
author. The thicker the link, the greater the cooperation. There are 98 links between the
39 authors, with a total link strength of 170. Clusters represent sets of closely related

authors, and authors that co-occur more tend to be closer to each other. The visualization
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Figure (5). Co-Citation of cited sources

Table (5): Top 10 Publishers by Total Publications

Rank Publishers Total Pub. | % 0f 8,193 | TC | H-Index
1 ELSEVIER 1508 18.41 45,112 92
2 MDPI 1091 13.32 10,946 42
3 SPRINGER NATURE 919 11.22 14,746 48
4 TAYLOR & FRANCIS 783 9.56 12,617 48
5 WILEY 714 8.72 20,182 66
6 EMERALD GROUP PUBLISHING 347 4.24 4,547 32
7 SAGE 237 2.89 6,800 38
8 FRONTIERS MEDIA SA 160 1.95 1,382 19
9 CAMBRIDGE UNIV PRESS 83 1.01 740 14
10 | ROUTLEDGE 68 0.83 308 6

4.3 Top Prolific Authors

The most prolific authors in terms of publications among the many authors that have
contributed to the governance and sustainable development research over time are
included in Table 6, along with other citation and publication metrics. The authors are
ranked according to their TP, and in the case of a tie, TC is used. Biermann has
contributed the highest number of publications, with 29 publications with 895 total
citations by the scientific community. Gupta and Kim are next on the list, with 17 and

14 publications, respectively. With four articles, Ingrid is the most productive solo
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Table (4): Top 20 most productive journals on Governance and Sustainable Development

. . % of 2021
Rank Journal Publisher Region TP 8,193 TGCwos IF

1 Sustainability MDPI SWITZERLAND | 775 | 9.459 8,608 3.889
2 Journal of Cleaner Production ELSEVIER SCI LTD USA 204 2.49 6,362 11.07
3 Sustainable Development WILEY ENGLAND 126 | 1.538 2,344 8.562
4 Business Strategy and the Environment | WILEY USA 103 | 1.257 3,912 10.80
5 Marine Policy ELSEVIER SCI LTD ENGLAND 90 1.098 1,398 4.315
6 Environmental Science & Policy ELSEVIER SCI LTD USA 85 1.037 2,798 6.424
7 | Corporate Social Responsibility and |y by ENGLAND 79 | 0964 | 2,048 | 8464

Environmental Management

International Journal of Environmental
8 Research and Public Health MDPI SWITZERLAND | 66 | 0.806 379 4.614
9 Ecology and Society RESILIENCE ALLIANCE CANADA 60 | 0.732 2,811 4.653
10 | Land Use Policy ELSEVIER SCI LTD ENGLAND 60 | 0.732 1,221 6.189
11 Frontiers In Environmental Science FRONTIERS MEDIA SA SWITZERLAND | 58 0.708 515 5.411
12 | Water MDPI SWITZERLAND | 54 | 0.659 768 3.530
13 Eﬂ;’;‘;gﬁemal Science and Pollution | gppNGER HEIDELBERG GERMANY 53 | 0.647 306 | 5.190
14 Land MDPI SWITZERLAND | 52 0.635 679 3.905
15 | Sustainability Science SPRINGER JAPAN KK JAPAN 51 0.622 1,673 7.196
16 | Ocean & Coastal Management ELSEVIER SCI LTD ENGLAND 47 0.574 999 4.295
17 | Environment, Development and SPRINGER NETHERLANDS | 46 | 0.561 | 389 | 4.080

Sustainability
18 | Science of the Total Environment ELSEVIER NETHERLANDS | 41 0.5 1,312 10.754

. ACADEMIC PRESS LTD-
19 | Journal of Environmental Management ELSEVIER SCIENCE LTD ENGLAND 40 0.488 1,346 8.910
. . ROUTLEDGE JOURNALS,

20 | Journal of Sustainable Tourism TAYLOR & FRANCIS LTD ENGLAND 38 0.464 1,588 9.470
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Finally, the top 10 publishers are presented in Table 5. ELSEVIER has the
largest TP, with 1,508 (18% of the total publications), followed by MPDI with
1,091 (13%). The 1* five listed publishers accounted for more than 61% of the
total publications, namely Taylor & Francis, Sage, Wiley, Elsevier, and Springer
Nature. The highest citation is exhibited by ELSEVIER, with 45,112, and it has
the greatest H-index (92) among the top 10 publishers, followed by WILEY, with
20,182 TC and H-Index equal to 66.
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and 126 (1.5%), respectively. Sustainability, and Journal of Cleaner
Production have the highest TGCy,s, followed by Business Strategy and the
Environment (Wiley) and Ecology and Society (Resilience Alliance). Examining
the impact factor of these journals, the Journal of Cleaner Production (11.07) is
in the lead, followed by Business Strategy (10.801) and Science of the Total
Environment (10.754). Despite Sustainability having the highest TP and TGCyos,
it is a low-impact journal compared to the other listed journals (4.089) and has
ranked 19" on the list. On the other hand, the Journal of Science of the Total
Environment is among the high-impact journals; however, it ranked 18" in the
list based on TP.

Figure 5 shows the journals in which the articles are published and
demonstrates the results of co-citation analysis in the governance and sustainable
development nexus. This was performed to cluster the journals based on cited
sources using VOSviewer. The journals are the units of analysis that are
represented by their names in circles. The higher the weight of the journal, the
larger the circle and label of the journal (Van Eck and Waltman, 2020). For
pictorial brevity, the map was drawn based on a particular criterion, i.e., having
at least 100 citations.

The connections among the journals on the map are shown through the lines,
and the distance shows the relatedness of journals in terms of co-citations. The
journals are grouped into clusters of five colors. It is shown that the governance
and sustainable development nexus literature is broadly published in the journals
related to the fields of economics, management, and business (green cluster),
environmental planning and sustainable development (red cluster), global
environmental change (blue cluster), food security and public health (yellow
cluster) and sustainable tourism (purple cluster). These results are coherent with

Table 4.
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ATC

o e % of H-
Rank Institution Country TP 8,193 TC Per Index
Doc.
. . United
10 | University of Oxford Kingdom 71 | 0.87% | 2,977 | 41.93 26
1 | University College United 68 | 0.83% |2.664 | 39.18 | 19
London Kingdom
12 gg;l‘l’:ill;y of British Canada 66 | 0.81% |2.498 | 3785 | 27
13 | Lund University Sweden 64 | 0.78% | 2,185 | 34.14 24
14 éﬁfﬁﬁ;ﬁ‘; National Australia 61 | 0.74% |2.426| 3977 | 23
Centre National De La
15 | Recherche Scientifique France 59 | 0.72% | 1,378 | 23.36 19
(CNRS)
16 gflifs}::f"h Research | ¢ hce 58 | 0.71% | 1.632 | 28.14 | 17
17 | University of Leeds E?;tg‘ﬁ)m 58 | 0.71% | 1,774 | 3059 | 21
18 [Tjggr‘frmy of Cape South Africa | 56 | 0.68% |2.426| 39.77 | 23
19 | University of Sdo Paulo | Brazil 55 | 0.67% | 499 9.07 12
20 | University of Waterloo Canada 55 | 0.67% | 1,651 | 30.02 19

4.2.2 Productive Journals and Publishers

The 8,193 publications were published in distinct journals, various books, and

conference proceedings. Table 4 presents an overview of the top 20 journals with

the highest rates of publications. The top 20 most influential journals published
1,149 articles from 1997 to 2022, roughly accounting for 26% of the TP and
resulting in more than 40,000 TGCyyes.

The findings demonstrate that seven journals of the top listed are owned by
ELSEVIER, followed by MPDI (4), Wiley (3), Springer (3), Taylor & Francis
(1), Resilience Alliance (1), and Frontiers Media (1). The Journal of
Sustainability (MPDI) is at the top of the list, with the highest number of

publications (775, accounting for 9% of TP), followed by the Journal of Cleaner
Production (Elsevier), and Sustainable Development (Wiley), with 204 (2.5%)
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Table 3 presents the ten most productive institutions in terms of TP. The
findings indicate that the University of London (United Kingdom) has
contributed the highest TP with 171 publications, followed by Wageningen
University & Research and Utrecht University (Netherlands) with 113 and 106
publications, respectively. On the other hand, Stockholm University (Sweden)
has received the highest number of citations with a total of 4,999, followed by the
University of London (United Kingdom) and Wageningen University & Research
(Netherlands) with 4,985 and 4,316 citations, respectively. Stockholm University
(Sweden) also has the highest average citation per publication, followed by the
University of Oxford (United Kingdom), Australian National University
(Australia), and the University of Cape Town (South Africa). Regarding the h-
index, the publications published by Wageningen University & Research attract
the highest H-Index, equal to 34, indicating that of the 113 documents considered
for the h-index, 34 have been cited at least 34 times. The 20 top academic and

research institutions represent around 19% of the total publications.

Table (3): Top 20 Academic and research institutions.

Rank Institution Countr TP %o of TC 1}:5 H-
" untry 8,193 Index
Doc.
. . United
1 University of London . 171 | 2.09% | 4,985 | 29.15 33
Kingdom

o | Wageningen University | \oqporiands | 113 | 1.38% | 4,316 | 38.19 | 34
& Research

3 Utrecht University Netherlands | 106 | 1.29% | 2,847 | 26.86 29

4 | Chinese Academy of China 105 | 1.28% | 1,907 | 18.16 | 21
Sciences
Consultative Group for
International o

> Agricultural Research ) 2 1.12% 1 2,336 | 25.39 26
(CGIAR)

6 Helmbholtz Association Germany 84 | 1.03% |2,264 | 26.95 27

7 Stockholm University Sweden 83 | 1.01% | 4,999 | 60.23 31

3 University of California | United 82 | 1.00% | 2.892 | 3527 27
System States

g | University of Australia 79 | 0.96% | 2,706 | 3425 | 25
Queensland
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Figure (4). Overlaid country collaboration network
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Table (2): Top 10 Prolific Countries on Governance and Sustainable Development

Research
ATC
. % of Most Productive
No | Country Region TP 8,193 TC lg(‘: Academic Institution

1| China Asia 1386 | 169% | 12,892 | 93 | Chinese Academy of
Sciences

p | United Europe 1,069 | 13.0% | 32,083 | 30 | University of London

Kingdom
3| United States | YOt 1,066 | 13.0% |27318 | 256 | University of
America California System

4 | Australia Oceania | 637 | 7.8% |17356| 273 | omversityof
Queensland

5 | Germany Europe 623 7.6% | 14,329 23 Helmholtz Association

6 | Netherlands | Europe 533 | 6.5% | 18287 | 343 | ageningen
University Research

7 | Canada North 519 | 63% | 13,705 | 264 | University of British

America Columbia

Autonomous

8 | Spain Europe 430 52% 8,046 18.7 University of
Barcelona

9 | Ttaly Europe 428 | 52% | 6365 | 149 |>SapienzaUniversity
Rome

10 | Sweden Europe 405 4.9% | 12,687 313 Stockholm University

To investigate and analyze the country collaboration network, VOSviewer
was utilized for generating clusters and analyzing the network (Figure 3).
Countries with a minimum of 5 publications were included, yielding 114
countries and 2,189 connections. The size of each node indicates the number of
documents of each country, while lines represent co-occurrence between every
two countries and appear in our case when countries co-occur at least once.
Clusters represent sets of closely related countries, and countries that co-occur
more tend to be closer to each other. Eight clusters were generated. Although the
clusters show the diversity of countries that co-occur, there is some categorization
according to regional/geographic positioning and language. Figure 4 depicts the
overlaid country collaboration network. Asian and African countries have
recently contributed and collaborated with others, including Egypt, Qatar, Saudi

Arabia, and Pakistan.
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2016 433 5.29 8,736 20.18 2.88
2017 535 6.53 11,283 21.09 3.52
2018 677 8.27 13,012 19.22 3.84
2019 855 10.44 14,127 16.52 4.13
2020 1,059 12.93 12,508 11.81 3.94
2021 1219 14.88 7,285 5.98 2.99
2022 1,334 16.28 2,012 151 151
Total | 8,193 100 135,482 16.5 0.53

Note(s): TP = Total Number of Publications; TC = Total Number of Citations of Publications
of Each Year during 1992-2022; ATC Per Doc.= Average Total Citations Per Document;
ATC Per Year = Average Total Citations Per Year

4.2 Top Contributors Channels

4.2.1 Prolific Countries and Institutions

Table 2 presents the most productive countries on “Governance and Sustainable
Development.” Countries are ranked according to TP, and in the case of a tie, TC
is used. The findings indicate that China has the highest contribution among all
contributing countries, with 1,386 publications, representing around 17% of the
TP. The United Kingdom and the United States are the next most productive
countries, with 1,069 and 1,066 publications, respectively. Overall, the top 10
countries represent more than 86% of the total publications worldwide. In terms
of TC, the United Kingdom has the highest TC, followed by the United States
and the Netherlands. Despite China having the highest TP, it has the lowest
average total citation per document compared to the top listed countries, and the
Netherlands is at the top, followed by Sweden and the United Kingdom. Among
the top 10 contributing countries, six belong to Europe, 2 to North America, 1 to
Asia, and 1 to Oceania. Countries from South America and Africa are also
represented, signifying increasing interest in this field of research worldwide.

South Africa ranks 12" and Brazil is 13th. Each generates around 3% of the TP.
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Figure (2). Times Cited and Publications Over Time

Table (1): Governance and Sustainable Development’s Publications and Citation

Structure
Year TP % of 8,193 TC ATC Per Doc. | ATC Per Year
1992 1 0.01 40 40 1.29
1993 0 0.00 0 0 0.00
1994 3 0.04 11 3.67 0.13
1995 3 0.04 37 12.33 0.44
1996 3 0.04 34 11.33 0.42
1997 9 0.11 127 14.11 0.54
1998 10 0.12 224 22.4 0.90
1999 8 0.10 85 10.63 0.44
2000 15 0.18 1,026 68.4 2.97
2001 16 0.20 419 26.19 1.19
2002 17 0.21 1,927 113.35 5.40
2003 22 0.27 624 28.36 1.42
2004 37 0.45 1,486 40.16 2.11
2005 41 0.50 2,641 64.41 3.58
2006 80 0.98 3,079 38.49 2.26
2007 77 0.94 2,180 28.31 1.77
2008 87 1.06 3,949 45.39 3.03
2009 161 1.97 4,033 25.05 1.79
2010 166 2.03 6,401 38.56 2.97
2011 223 2.72 7,851 35.21 2.93
2012 223 2.72 6,497 29.13 2.65
2013 258 3.15 7,967 30.88 3.09
2014 276 3.37 8,541 30.95 3.44
2015 345 421 7,340 21.28 2.66
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country, and co-word networks (Van Eck and Waltman, 2020). The R
programming environment was employed to run the open-source packages
Bibliometrix and Biblioshiny. Bibliometrix facilitates a comprehensive
analysis and processing of scientific literature, while Biblioshiny, a web-based
application, enables users to perform detailed bibliometric and visual analyses
(Aria and Cuccurullo, 2017).

® Phase 3. Network Mapping and Visualization Analysis. This stage utilizes
science mapping techniques to look at the intellectual structure through
bibliometric maps and goes in depth in analyzing the intellectual interaction
and uncovering the structural connections among research constituents

(Andersen, 2021; Donthu et al., 2021).

4. Results and Discussion

4.1 General Descriptive Analysis

With an average annual growth rate of 23.4%, 8,193 research publications on
“Governance and Sustainable Development™ have been released, which span 30
years of scientific output (1992-2022) and resulting in more than 135,400
citations (on average 16.5 citations per document). Despite the research period
spanning 30 years of scientific output, the number of publications has increased
dramatically during the last five years (2018-2022), representing more than 60%
of the total publications (TP). Figure 2 indicates a considerable increasing trend
in total publications (TC) and yearly citations. A more descriptive analysis of the

publication and citation structure is presented in Table 1.
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Figure (1): Research Methodology Phases

® Phase 1. Search and Data Collection. The data source for this analysis was
the Clarivate Analytics’ Web of Science (WoS) core collection database of the
Institute for Scientific Information (ISI, Philadelphia, PA). WoS is a well-
known, rich, and widely used scientific literature database for bibliometric
analysis studies (Falagas et al., 2008). Documents were retrieved by searching
(Topic Search = “Governance” AND = “Sustainable Development™) in the
field “Topic”, which searches in the title, abstract, author keywords, and
keywords plus. The search was conducted on January 1, 2023, and filtered to
include articles, review articles, book chapters, and proceeding papers,
resulting in 8,193 documents, which span 30 years of scientific output (1992-
2022). All available information (metadata) regarding the published
documents- abstract, keywords, author(s), affiliations information,
publication year, subject area(s), journals/publication titles, publishers, and
funding agencies- were extracted.

® Phase 2. Performance Analysis. In this phase, a performance analysis was
carried out on the retrieved documents to evaluate the contributions of the
research constituents under study (Donthu et al., 2021). Various software tools
were utilized in this and subsequent phases to manage, process, and analyze
the extracted bibliometric data, including Stata, VOSviewer, and the
Bibliometrix R-package. VOSviewer, a free tool designed for constructing

and visualizing bibliometric networks, was used to generate co-citation, co-
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fostering peace and bolstering justice and institutions (United Nations, 2015;
Zeini et al., 2023).
Achieving the 17 Sustainable Development Goals (SDGs) requires good

governance practices to:

1. Promote an enabling environment that fosters common goals through
collective action.

Create a shared vision of sustainable development.

Ensure accountability among the multiple actors involved.

Maximize synergies between goals, targets, and dimensions.

A

Address emerging complex trade-offs both between and within the goals.

In this context, governance is considered the fourth pillar of sustainable
development (Kroll et al., 2019). Governance can be defined as a collection of
rules, stakeholder involvement, and processes aimed at fulfilling a common goal.
It serves as a mechanism to steer the sustainable development process, which can
be mapped along a continuum between environmental/ecological sustainability

and quality of life (Zeijl-Rozema et al., 2008; Zeini et al., 2023).

3. Materials and Methods

Bibliometric analysis is a methodology through which a wide range of
quantitative techniques are implemented on bibliometric data such as citation
analysis, co-keyword analysis, co-authorship analysis, and bibliographic
coupling (Donthu et al., 2021). The research methodology and its three phases

are presented in Figure 1.
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Governance encompasses the ability to plan and establish the necessary
organizations to support sustainable development (UNDP, 2015).

Many scholars argued that the governance concept covers public institutions
upholding citizens' rights and the democratic process. However, the concept of
governance is difficult to define. In the mid of the 1980s, the concept of “good
governance” emerged, along with the wide, complex, and multi-faceted concept
of “governance”. The emergence of such a notion has accelerated with a change
in expectations of public authority and social order, to promote building peaceful
and protected societies with the stability needed to attract and sustain
development investments (World Bank, 1991; DAC-OECD, 1993). Accordingly,
the term governance includes features like efficiency and effectiveness, rule of
law, participation, accountability, transparency, respect for human rights, fighting
corruption, tolerance of diversity, and social equality. It plays a significant role
in inclusive sustainable development (Griggs et al., 2013, Zeini and Okasha,
2024).

In 2015, the Member States of the United Nations approved the 2030 Agenda
for Sustainable Development, which is in line with what was previously
mentioned in the report “Our Common Future” and the common challenges and
endeavors. With its 17 Sustainable Development Goals (SDGs), the agenda
demonstrates the international commitment to achieve worldwide sustainable
development in its social, economic, and environmental dimension. Unlike the
2015 MDGs, which concentrated on eradicating extreme poverty and the worst
forms of human deprivation in developing countries (Tawfik et al., 2011), the
SDGs broadened the scope to include universal goals such as reducing
inequalities, boosting economic growth, providing decent jobs, sustainable cities
and human settlements, industrialization, addressing ecosystems, oceans, and

climate change, promoting sustainable consumption and production, and
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sustainable to ensure that it meets the needs of the present without compromising
the ability of future generations to meet their own needs. The concept of
sustainable development does imply limits - not absolute limits but limitations
imposed by the present state of technology and social organization on
environmental resources and by the ability of the biosphere to absorb the effects
of human activities.” (WCED, 1987).

Improving and managing technology and social organization can create a new
era of inclusive socio-economic expansion, alleviating poverty, and ensuring
environmental sustainability. In this line, sustainable development requires
meeting essential needs and extending the opportunity to fulfil the aspirations for
a better life for all. As a result, public participation in the decision-making process
on environmental and development issues is crucial. That is to achieve
development goals, including meeting the needs of the poor and marginalized
people, protecting the environment and poor regions that are always prone to
ecological and other catastrophes, and respecting the welfare of future
generations (Zeini et al. 2023).

The report views the environmental and development challenges “the world
has faced—and continues to face—as a single problem that must be handled by
cooperative global action rather than the pursuit of national self-interest.” It
addresses issues such as poverty and population growth, food security, species
and ecosystems, energy, industry, and the ‘urban challenge’ of people living in

built environments. Additionally, the report develops common approaches to:

1. Managing the commons (e.g., space, oceans, and Antarctica).
2. Addressing peace, security, development, and the environment.
3. Facilitating common action through proposals for institutional and legal

change (WCED, 1987).

Achieving sustainable development goals involves logical planning,

management, and coordination, which lie at the core of the “governance” concept.
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is intended to fill this gap. That is through (1) investigating the broad and multiple
interlinkages between the two concepts “Governance” and “Sustainable
Development” and many other related concepts, such as sustainability,
sustainable societies, and green growth, and (2) analyzing related literature and
uncovering the hotspots topics under this research area and directions for future
research. To achieve this objective, the following research questions (RQs) are
pursued:
e How well is the progress in governance and sustainable development
research?
e Which research channels have made the most contributions or had the
greatest impact in this field?
e Who are the most contributing authors to this research area?
e What are the core and hotspot topics in this field of research? Are they
interconnected?
e What are the emerging future trends that can provide researchers with

new paths for exploration?

The rest of the paper is organized as follows. Section 2 presents the literature
background. Material and methods are presented in Section 3, followed by
bibliometric results and discussion in Section 4. Finally, Section 5 summarizes

and concludes the paper.

2. Literature Background

How are governance and sustainable development significantly related? How
efficient is governance in achieving sustainable development and enhancing the
quality of life? According to Our Common Future (also known as the Brundtland
Report), issued by the World Commission on Environment and Development
(WCED), sustainable development is consistently associated with governance.

Sustainable development is described as: “Humanity can make development
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1. Introduction

Governance and Sustainable Development are highly related concepts. They are
gaining importance from the research community, government, and international
bodies. Governance is vital to achieving society’s sustainable development goals
(SDGs) and how sustainable development is built. The objective of governance
is to encourage the transformation of societies and cities to be more sustainable
and to guarantee the quality of life of individuals and the welfare of societies.
Progress in achieving the SDGs reflects the implementation of good governance
practices. Given the significance of this research area, this paper will utilize a
bibliometric analysis to conduct a knowledge analysis of research on
“Governance and Sustainable Development.”

Many bibliometric studies have been published, offering retrospectives on
similar and related research topics, such as environmental, social, and governance
management research (Siao et al., 2022), smart public governance research
(Vyjkovi¢ et al., 2022), global research trends on COVID-19 linked to
Sustainable Development Goals (Zyoud, 2022); contributions toward sustainable
development (Effah et al., 2023); corporate governance and environmental
sustainability (Enciso-Alfaro and Garcia-Sanchez, 2023); ecotourism and
sustainable development (Xu et al., 2023); and Sustainable Development Goals
(Yamaguchi et al., 2023). These studies employ a variety of bibliometric
techniques, text mining methods, and analysis and visualization approaches,
including the performance of research constituents and the themes underpinning
the conceptual and intellectual structure.

To the best of the authors’ knowledge, no comprehensive, methodologically
grounded bibliometric and qualitative literature reviews combining governance

with sustainable development have been published so far. Therefore, this paper
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A Bibliometric Analysis of Governance and Sustainable
Development Research during the Period of 1992 to 2022°

Dr. Nahed T. Zeini’ and Dr. Ahmed E. Okasha ¥

Abstract

Governance plays a significant role in attaining sustainable development. The
recent significant increase in academic and research literature regarding the role
of good governance in achieving sustainable development is the primary
motivation for conducting this study. A bibliometric analysis of 8,193 documents
published between 1992 and 2022 was conducted. The data was collected from
the Web of Science (WoS) database and analyzed using Stata, VOSviewer, and
Bibliometrix R-Package. The findings indicate that China has the highest share
of publications, followed by the United Kingdom and the United States. The most
productive institutions are the University of London, Wageningen University &
Research, and Utrecht University.

Moreover, exploration of further research directions has been proposed, including
rural revitalization, smart agriculture, environmental quality, green economy,
green finance, and innovation. Besides, future research could focus more on big
data-driven intelligence governance. Integrating modern technologies- big data,
artificial intelligence and the internet of Things- is crucial for achieving
sustainable development and environmental protection and thus accomplishing

the sustainable development goals (SDGs) by 2030.

* The authors wish to thank the reviewers and the participants of the 2023 Institute of National Planning (INP)
International Conference on “Governance and Sustainable Development” for helpful comments and discussions,
where a first version of this work was presented. The INP Conference was held by Institute of National Planning
(INP) in cooperation with the School of International and Public Affairs (SIPA), Colombia University, on 3-4
June 2023, Cairo, Egypt.

* Socio-Computing Department, Faculty of Economics and Political Science, Cairo University, Giza, Egypt.

* Socio-Computing Department, Faculty of Economics and Political Science, Cairo University, Giza, Egypt.
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