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We depend on the sea, economically, social well-being, and for the quality of our
lives, yet direct and indirect human activities have affected the marine environment,
causing many problems such as overfishing and pollution at the local scale and ocean
warming and acidification at the global one. Hence, addressing the cumulative effects
of these activities is required to conserve the marine environment for our current and
future generations. Social commitment and support for these actions depend, however,
on awareness and requires, therefore, an understanding of citizens’ awareness and
perceptions on these issues. We assessed the awareness and the perceptions of Saudi
citizens on ocean issues through an online questionnaire about environmental issues
globally and in the country. The survey was completed by 1,524 Saudi citizens 18 years
old and above, with different geographic distributions, gender, and educational status.
The participants identified climate change within the top three global problems, with
variable level of information and trust on different sources of environmental information.
Littering, sewage pollution, and chemical pollution were identified as the top three major
marine issues in Saudi Arabia, with the respondents demanding an immediate action
through imposing fines to polluters and more regulatory constraints to activities that act
as sources of pollution as well as supporting research in science and technologies to
address these environmental issues.

Keywords: pollution, environment, questionnaire, climate change, citizens

INTRODUCTION

Environmental issues have become prevalent during the 20th century. Addressing these issues
is central to achieving the 2015 UN sustainable development goals, which strive at reaching a
new balance between economic development and environmental health (Assembly, 2015). The
oceans stand out as a key component of the biosphere, called to accommodate much of the
increasing demands for resources (food, water, and energy) required to meet future projected global
human population growth (Duarte et al., 2009, 2020), yet marine ecosystems are under stress,
affected by a number of problems including overfishing (Jackson et al., 2001), ocean acidification
(Doney et al., 2009), climate change (IPCC, 2019), and pollution (Cozar et al., 2014), resulting
in cumulative human pressures that compromise ocean health (Halpern et al., 2012; Duarte,
2014; Duarte et al., 2018). Addressing these problems require public awareness to bring ocean
sustainability to the forefront of public debate and policy priorities. Indeed surveys of public
attitudes toward problems affecting the ocean, such as climate change-related issues (e.g., sea

Frontiers in Marine Science | www.frontiersin.org 1

August 2020 | Volume 7 | Article 600


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#editorial-board
https://www.frontiersin.org/journals/marine-science#editorial-board
https://doi.org/10.3389/fmars.2020.00600
http://creativecommons.org/licenses/by/4.0/
mailto:halmahasheer@iau.edu.sa
https://doi.org/10.3389/fmars.2020.00600
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2020.00600&domain=pdf&date_stamp=2020-08-27
https://www.frontiersin.org/articles/10.3389/fmars.2020.00600/full
http://loop.frontiersin.org/people/348998/overview
http://loop.frontiersin.org/people/135333/overview
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Almahasheer and Duarte

Perceptions by Saudi Citizens

level rise, warming), have been conducted in Europe (Potts et al.,
2016; Buckley et al., 2017) and in the United States (Steel et al.,
2005; Howe et al., 2015) but are lacking across much of the
world so that our perceptions of public awareness and attitudes
toward ocean sustainability challenges are often skewed toward
specific western views.

The Kingdom of Saudi Arabia (KSA), flanked by the Red Sea
and the Arabian Gulf, has one of the youngest populations in the
world (General Authority for Statistics [GAS], 2018), but that has
been relatively disconnected from the ocean, with the exception
of fishing communities that represent a minor component of
the current population, other than as a source of energy and
transport of commodities.

However, in the Kingdom of Saudi Arabia (KSA), the
ocean is gaining a prominent role in the nation’s ambitious
Vision 2030 program' aimed at transforming the economy and
modernizing the nation (Daye, 2019). Three large development
projects (NEOM, the Red Sea Project, and Amaala) are
being specifically deployed along the shores of the Red Sea.
Hence, understanding public awareness and perceptions of
environmental issues affecting the marine environment and its
capacity to support the nation’s sustainable development plans is
important to guide policies.

The opinion polls of KSA citizens have rarely been published
but are now being used to assess public perceptions of Vision
2030 programs. However, despite the central role of a sustainable
ocean in these programs, we are not aware of surveys assessing
the level of information, awareness, and concern on marine
environmental issues by KSA citizens.

Here we report on the level of information, awareness, and
concern on marine environmental issues by KSA citizens based
on a survey including 1,524 respondents (18 years old or above)
across the nation.

MATERIALS AND METHODS

The survey, conducted in Arabic language (Supplementary
Information S1 and S2), was designed as an online questionnaire
on Google Forms?, which could be completed in about 20 min.
The survey was open from October 2018 to January 2019 to KSA
citizens 18 years old or above. The survey was sent online through
social media (WhatsApp and Twitter) and by email to students in
Saudi universities across the nation, which they then distributed
around their networks. This questionnaire was adopted from a
recent survey on public perceptions on marine climate change
impacts conducted in Europe (Buckley et al., 2017) to allow
for comparisons to be drawn. Metadata on the participants
were collected, including their age, gender, educational status,
province, proximity of their residence to the coast, and number
of environmental courses they have taken, followed by questions
aimed at gathering their opinions about which sea in the
Kingdom of Saudi Arabia they consider is more polluted (the Red
Sea or the Arabian Gulf), how many times they visit the coast or
seaside boulevards, and their willingness to engage in volunteer

Uhttps://vision2030.gov.sa/en

Zhttps://www.google.com/forms/about/

cleanup activities. The number of environmental courses they
took during their education was inferred by matching the degrees
obtained and the Saudi official science curriculum taught to
students from grade 1 to grade 12 in public schools (Table 1).

We then asked the participants to identify three marine
environmental issues in KSA and asked for their opinion as
to whether these issues are caused by human or reflect natural
processes. We also asked the participants to identify the most
serious problem that the world as a whole is currently facing
and tested their understanding of actual and projected global
sea level rise and sea temperature. Then, we tested their level of
awareness across a suite of marine issues, their level of trust on
different sources of information regarding marine environmental
issues, and how effective different organizations are in tackling
marine issues. Finally, we asked the participants if they were
engaged in actions to reduce and cope with the impacts of
marine environmental issues and what marine policies should the
government prioritize.

Descriptive statistics and general linear models were used to
assess differences between age, gender, highest degree, number of
environmental courses taken, and proximity to the coast versus
marine issues. All statistics were computed using JMP v13.

RESULTS

The survey was completed by 1,524 Saudi citizens with
demographics (18 years old or above, the median being 30 years
old), gender, educational status, and geographic distributions
representative of national populations (Figure 1). However, the
respondents had a higher education level as measured by the
highest degree (81.2% of the respondents holding a higher
education degree) than the expected average for a random sample
of Saudi citizens in the same age class (18.8% in the age class
>18 years holding a higher education degree; Table 2).

Whereas general education was high, the respondents
acknowledged a weak exposure to environmental studies, as
reflected in 60% of the respondents not having received any
course specific on environmental studies during their education
(Figure 1). A total of 43% of the respondents lived inland, leading
to low exposure to the ocean, with a similar percent visiting the
coast only once or twice per year (Figure 1), resulting in low levels
of participation in coastal cleanup activities.

Perceptions of the most pressing issues worldwide included
two issues related to environmental health (poverty, insufficient
access to food and water, and climate change) within the top three
global concerns, identified as the most important global problem
by 46% of respondents, only preceded by war and conflicts
(Figure 2). Most (85% of the respondents) of them identified
environmental problems to be mainly or entirely caused by
humans and considered the Red Sea to be more polluted than the
Arabian Gulf (Figure 2).

The modal awareness of a suite of marine issues revealed
that most respondents felt uninformed of changes in ocean
circulation, ocean acidification, shifts in distribution of marine
species with climate change, as well as marine habitat loss (e.g.,
mangrove forests), coastal erosion, and environmental impacts
of aquaculture (Figure 3). However, the modal responses showed
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TABLE 1 | Number of subjects related to marine environment in Saudi students’ books from grade 1 to grade 12.

Grade Water Fish Mammals Algae Crustaceans Cnidaria Sponges Coral reefs Molluscs Echinoderm Sum
(ocean/sea/
lake/river)
1 4 4 2 0 0 0 0 0 0 0 10
2 7 4 1 0 2 1 0 0 0 0 15
3 3 4 0 0 0 0 0 0 0 1 8
4 6 8 2 3 2 2 2 1 1 1 28
5 5 2 0 1 0 1 1 0 0 0 10
6 0 0 0 0 0 0 0 0 0 0 0
7 4 5 1 4 1 1 3 1 2 3 25
8 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0 0
10 0 2 0 5 1 2 2 1 0 1 14
iR 0 1 1 0 0 0 0 0 0 0 2
12 6 4 1 0 2 0 0 0 0 1 14
70 0% -
0% t Bachlor's degree 59% Eastern 36%
Male 54% 8
I Higher Education 3 Western 31%
—
5} o =]
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FIGURE 1 | Demographics, gender, education, and geographic distributions of Saudi citizens.
TABLE 2 | Total number of responses after rebalancing the received interviews.
Number of interviews % of % interview with Respondents Respondents Respondents Total new number
Saudi (>18 years higher education with higher without higher with higher of respondents
with higher education degree degree
education (see
Supplementary
Material S7)
1,524 18.8 81.2 1,238 286 66 352

that the respondents felt somewhat informed of melting ice, sea modal responses showed that the respondents felt informed of
level rise, ocean warming, coastal flooding, marine extremes, and  overfishing as a significant problem and very well informed on
storms, all related to climate change impacts (Figure 3). The marine pollution issues (Figure 3). Furthermore, when testing
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FIGURE 3 | Responses to the question: How informed do you feel about each of the following?
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how awareness of marine issues varied with respondent traits
(age, gender, highest degree, number of environmental courses
taken, and proximity to the coast), we found that environmental
education, as reflected in the number of environmental courses
taken, was the strongest (p < 0.0001) (Supplementary Table S3).
Among all of these issues, only awareness of the destruction of
marine habitats and ocean warming increased with proximity to
the coast (p < 0.0001, Supplementary Table S3).

When asked on the rates of change, 39% of the respondents’
modal responses involved asserting that global sea level rise will
increase by 10 cm to 1 m, and 45% of the respondents believed
that sea temperature will rise by <0.5°C up to 10°C over the next
100 years (Figure 4).

Moreover, the modal responses identified reports by
government and environmental organizations as the most
trusted sources of information in marine issues, selected by
52 and 73% of the respondents, respectively (Figure 5A),
compared to little trust on newspapers (i.e., magazines,
newspapers), books and scientific publications, web pages,
social media, TV or radio as well as friends, family, or work
colleagues (Figure 5A). The level of trust on newspapers,
magazines, books, and scientific papers increased with
increasing level of education of the respondents (p < 0.0001,
Supplementary Table S3).

When assessed on the trust on different professionals, the
respondents deposited the highest trust on scientists working
in universities and those working in governmental institutions
and international organizations (62, 43, and 55% of respondents,
respectively) compared to limited trust on scientists working
in industry, NGOs, as well as professionals working in local
government or schools (Figure 5B). The trust on scientists
working in NGOs, universities, and international organizations
increased with the level of education of the respondents, while
the female respondents had more trust than the male respondents
on scientists working in industry and governments, and older
respondents had more trust on school teachers (p < 0.0001,
Supplementary Table S3).

The respondents felt that businesses and industries are
not effective in tackling coastal environmental issues, while

the government, communities, international organizations, and
volunteers are somewhat effective at addressing these issues
(Figure 6). When asked on their own engagement in addressing
these issues, 73% reduced their energy consumption, 72% of the
participants had contributed to raising awareness by discussing
these issues with family and friends or via social media. Moreover,
55% have used less quantities of wood while camping as firewood
from nature, e.g., desertic or coastal wood plants, could increase
environmental impacts; about half of the respondents chose
environmentally friendly products (Figure 7), but very few
respondents used environmentally friendly transportation, wrote
about environmental issues, or consumed renewable energy or
local food products (Figure 7). Furthermore, when examining
how these actions varied across the respondents traits, we again
found that the likelihood of using environmentally friendly
transportation and contribute to raise awareness among Saudi
citizens increased with the number of environmental courses
taken (p < 0.0001), while young citizens were more likely to
purchase locally produced food (Supplementary Table S3).

When ask to freely elaborate on what were the most
important marine environmental issues in Saudi Arabia, the
respondents identified marine litter and chemical and sewage
pollution as the top three major marine issues in the nation
(Figure 8). A majority (76%) considered that economic punitive
actions (e.g., fines) should be prioritized by Saudi government
to address environmental issues, and similar proportions of
respondents considered that greater oversight over commercial
activities in the marine environment (44% of respondents) and
enhanced scientific research efforts (43%) are required to address
environmental marine impacts (Figure 9).

The greater representation of respondents holding a higher
education degree relative to those expected from a random
sample of Saudi population (81.2% of respondents vs. 18.8%
of the Saudi population older than 18 years) may have biased
the overall results from our survey. We therefore assessed, by
subsampling the responses received, how and whether this bias
could affect our results. To do so, we randomly subsampled
a subset of the respondents holding higher education degrees
(Table 2), corresponding to that expected by change on a

Frontiers in Marine Science | www.frontiersin.org

5 August 2020 | Volume 7 | Article 600


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Almahasheer and Duarte Perceptions by Saudi Citizens

A
. < . .
Trust a little 2% 5 Trust a little 47% Trust a little 51%
s 7 )
= 9 D g
O < a,
& i a Trust alot 37% < Distrust a little 28% o) Trust alot 21%
£ 55 . . %z £
2 s = Distrust a little|  [13% - Trust alot| |12% 5 Distrust a little 20%
9 0O =)
g3 3 2
gb Distrust alot| (6% l;:) Distrust alot| [10% Distrust alot| {6%
S 8
2
= =
Do not know (2% Do not know (2% Do not know |2%
Frrrrrrrrro I B
0 300 600 0 300 600 0 300 600 900
Count Count Count
>3 Trust a little 39% 7 Trust alot 52% Trust alot 73%
2 © B € %]
E = & o t
s 3 o s}
~ _g é) Distrust a little 38% o Trust a little 32% Q. Trust a little]  [20%
R Q
g 3 2 P
[%) . .
-g Distrust alot 14% OE) Distrust a little| [11% C  Distrust a little| 5%
= c .0
5 | ©
[ .
Trust alot| [7% 8 Distrust alot|[3% E Do not know 2%
©
© o
Do not know||3% Do not know |[2% ) Distrust alot|1%
| I e | B
0200 500 0 300 600 900 0 400 800
Count Count Count
B
%‘ Trust a little 48% Trust a little 45% ] Trusta little 38% Trustalittle 39%
2 5Q 2 2
el =0 = . 1) . .
(=} 50 o T'rust alot 37% = Distrust a little 27%
— Trust alot 22% Dz Trust alot 31% = S
5 = = 5]
= % & < Distrust a little 15% e Distrust alot 14%
&n o & — 3
.& Distrust a little 20% =3 g Distrust a little 16% s 1)
% 8 g S Distrust alot| {3% % Trust alot 14%
I 2 9 1]
= Distrust alot| (7% =z Distrust alot| 4%
] QL = 1 Do not Know| 4% 1 Do not Know| |6%
A O
= |72} T A
8 1 Do not Know | 3% I Do not Know| (3% 0200 500 0200 500
= Count Count
5}
n T T T T—
0 300 600 0 300 600
Count Count
Trust alot 62% Trust alot 43% Trust alot 55%
Trust a little 31% Trust a little 38% Trust a little 33%

Distrust a little| 4% Distrust a little 12% Distrust a little| 7%

1 Do not Know |[2% Distrust alot | {4% 1 Do not Know (3%

Distrust alot [1% 1 Do not Know |3% Distrust alot [2%

International organizations

Scientists working for universities
Scientists working for government

T L L e L N e e
0 400 800 0 300 600 0 400 800
Count Count Count
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random survey with 100% response rate, and recalculated
all response metrics. In general, the results did not change
(Supplementary Table S4); the impact of the bias in the level
of education was generally reflected in 1 or 2% difference
in the responses, with no change in the order of trust and
information. The ANOVA assessing between age, gender, courses,
and proximity to coast showed, however, some differences,
which are presented and discussed. We specifically found that
the importance of environmental education, as reflected in the
number of environmental courses taken, was reduced to match
the proximity of the residence to the coast in its contribution
to explain the variability in perceptions among respondents
(p < 0.01) (Supplementary Table S5). Also, gender differences in
trust on newspapers, magazines, books, and scientific papers as
well as trust on scientists working in international organizations
and reports by organizations were somewhat reduced (p < 0.01,
Supplementary Table S5).

DISCUSSION

The respondents had a higher education level, as measured by
the highest degree (81.2% of respondents holding a bachelor

degree), than the average of the population (18.8% in the age
class >18 years). In 2015, the median age of Saudi Arabia’s
population was 30 years (Plcher, 2019), which corresponds to
about 58% of citizens below 30 years old who participated
in this study (see Supplementary Material S6) according to
the Saudi General Authority for Statistics (General Authority
for Statistics [GAS], 2018). However, 81.2% of the respondents
held a higher education degree compared with 18.8% in
the age class >18 years holding a higher education degree
(see Supplementary Material S7) according to the Saudi
(General Authority for Statistics [GAS], 2017a,b).

About one in every four (23%) Saudi citizens identified
climate change as the most serious problem that the world is
facing, 5% higher than European citizens who survived in 2011
(Buckley et al.,, 2017). A vast majority, 85% of Saudi citizens,
identified environmental problems to be mainly or entirely
caused by humans. This is consistent with the conclusions
of the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC) released in 2014, stating
that: “Human influence has been detected in warming of
the atmosphere and the ocean, in changes in the global
water cycle, in reductions in snow and ice, and in global
mean sea level rise; and it is extremely likely to have
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FIGURE 7 | Responses to the question: Please indicate whether you have taken any of the following actions to reduce and cope with the impacts of marine
environmental issues.
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been the dominant cause of the observed warming since
the mid-20th century” (Pachauri et al., 2014). However, the
large prevalence of Saudi citizens identifying humans as
largely responsible for climate change far exceeded that of
European citizens, where only 46% believed that climate change
is either “mainly” or “entirely” caused by human activity
(Buckley et al., 2017).

Half (43%) of the respondents live inland and have both
a low exposure to the ocean and a low frequency of visits
to the shore; for further information on the total population
distribution in the kingdom, see the distribution map by the
Saudi General Authority for Statistics’. This affected their
direct understanding of the marine environment and was
reflected in insufficient awareness of the extent of destruction
of marine habitats and ocean warming (Figure 3). Brody
et al. (2008) found that awareness of climate change was
significantly lower for United States respondents located far
away from the coast, while Potts et al. (2016) did not
find a relation between awareness of marine environment or
climate change and distance to the coast. Nevertheless, the
Saudi responders felt somewhat informed of climate change
effects (i.e., melting ice, sea level rise, ocean warming, coastal
flooding, marine extremes, and storms) and declared to be well
informed on overfishing and marine pollution regardless of
exposure to the coast.

The level of environmental education of the respondents was
the most important trait affecting their general understanding
of marine issues. Indeed the respondents showed an overall
weak environmental knowledge, which reflects the low attention
to environmental issues currently included in the Saudi
official science curriculum, with 126 subjects on environmental
issues from grade 1 to grade 12 (Table 1, data of these
subjects were gathered in 2018, Supplementary Material S8).

3https://www.stats.gov.sa/sites/default/files/en- dmaps2010_0_0.pdf

Our results provide evidence that the higher return rate of
respondents with higher education degrees than expected by
change introduced the bias, albeit mild. Respondent bias,
involving a higher likelihood of responses from individuals
with high availability and interest, has been identified as a
major, unavoidable source of bias in surveys, including large-
scale national surveys (Heffetz and Reeves, 2019). An approach
to assess respondent bias includes assessing the demographic
profile of the respondents relative to that expected under
a random response rate, as was done here. This exercise
showed that the assessment was robust against the mild bias
introduced by the high proportion of respondents holding a
higher education degree.

Moreover, 39% of the respondents believe that global sea level
rise will increase by 10 cm to >1 m, and 47% of the respondents
think that the sea temperature has risen by 10 < 0.5°C with a
similar percent and range in the next 100 years (Figure 4). In
fact, climate change has doubled the sea level rise globally; the
rate of global averaged sea level rise was 1.7 (1.5-1.9) mm yr—!
between 1901 and 2010, 2.0 (1.7-2.3) mm yr_1 between 1971
and 2010, and 3.2 (2.8-3.6) mm yr’1 between 1993 and 2010
(Stocker et al., 2013), whereas the globally averaged combined
land and ocean surface temperature data, as calculated by a
linear trend, show a warming of 0.85°C (0.65-1.06°C) over
the period 1880-2012, when multiple independently produced
datasets exist. The total increase between the average of the 1850-
1900 period and the 2003-2012 period is 0.78°C (0.72-0.85°C)
(Stocker et al., 2013).

The media had an overall major influence in public
opinions, as reported for Japan (Sampei and Aoyagi-Usui, 2009),
United Kingdom (Boykoff and Mansfield, 2008; Shaw, 2013),
Australia (Farbotko, 2005), and the United States (Boykoff
and Boykoff, 2007). Saudi citizens mostly trust information on
environmental issues that derive from governmental reports
and environmental organization reports. This is in contrast
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to little trust on newspapers, magazines, books and scientific
papers, social media, TV, or radio as well as information
derived from social interactions with friends, family, or work
colleagues. Saudi citizens attach high trust to scientists working
for universities and scientists working for government and
international organizations compared with their limited trust
on industry scientists, NGOs, and local authorities or school
teachers. Assessments in Europe showed that their citizens
had a similarly low level of trust for scientists working for
government and industry compared to university scientists and
NGOs (Buckley et al., 2017).

CONCLUSION

Saudi citizens identified littering, sewage pollution, and chemical
pollution as the top three major marine issues in the country
and support the strongest enforcement of the government
through fines and better oversight of commercial activities at
sea. Our results also point to the high level of support for
government to implement solutions to marine environmental
issues, including climate change impact, supported by the
research of scientists working for universities and government
and international organizations, which they strongly and majorly
trust. Improving the attention to environment in the Saudi
education curriculum emerged as an easily achievable strategy
to promote awareness and positive citizen-based action in
addressing marine environmental issues.
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