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This article examines coastal residents' awareness and knowledge about impacts of seawater desalina-
tion on marine ecosystems Carlsbad, California. The paper explores to what extent sociodemographics,
motivational factors, and information use shape public awareness and self-assessed and factual knowl-
edge. Data was collected using a mail survey (n¼330) from a random sample of residents in Carlsbad.
Both self-assessed and factual knowledge about the desalination plant and its impacts on marine eco-
system were low, with only two of 11 factual questions answered correctly by more than 50% of re-
spondents. Gender, frequency of ocean use, and use of distinct information sources correlated positively
with greater factual knowledge. Education, age, time of residency in local community, membership in an
NGO, and place attachment to marine areas did not increase factual knowledge. Findings also demon-
strate that knowledge shaped attitudes towards the seawater desalination plant as greater knowledge
about marine impacts reduced support.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Public knowledge about ocean issues and management is
typically low, despite the high percentage of the human popu-
lation that lives in coastal areas e.g., [1–3]. Because direct ex-
periences of marine environments often require specialized
training (e.g., scuba diving, boating, fishing etc.) [4], people en-
gage with marine areas in very different ways compared to ter-
restrial ecosystems, and this may factor into public knowledge
about marine areas and resources [5]. Compared to terrestrial
areas, impacts on marine areas are also less visible and might be
less known and understood by the public [6–9]. To address these
deficiencies, there have been calls for increasing public under-
standing of coastal and marine ecosystems and how these sys-
tems are affected by human uses [10–13].

1.1. Public knowledge about the ocean and its resources

Public knowledge about the ocean and its resources is critical
for multiple reasons. Many people are either directly or indirectly
tan@ucsc.edu (A. Paytan),
ddad).
involved in activities and behaviors that have negative impacts on
the ocean and coastal areas [14,15]. Public literacy about the ocean
and its resources is vital as it may shape individual activities and
behaviors that add to or reduce pressure on marine areas [1,16].
Ocean literacy is also important for policy decisions on the use and
protection of ocean resources and ecosystems [17,18]. Coastal
citizens can have significant influences in decision- making pro-
cesses and they need to be literate about ocean issues if they are to
engage in policy discussions in an informed way [1,8]. The recent
National Ocean Policy emphasized this point and called for an
increase in ocean and coastal literacy to empower coastal com-
munities to become better stewards of ocean resources [13]. As-
sessing public literacy and identifying factors that increase policy-
relevant knowledge is critical for identifying misconceptions and
knowledge gaps, and for tailoring communication and outreach
programs.

Two theories have been proposed to explain differences in public
knowledge. One theory focuses on ‘trans-situational’ socio-eco-
nomic variables that apply in multiple settings (e.g., level of formal
education, income, education, age, or gender) [8,19]. A second
theory suggests that knowledge acquisition is shaped by situation-
specific variables that can increase knowledge irrespective of citi-
zens' socio-economic status [20,21]. Situational factors are more
motivational in character and might increase knowledge-seeking
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behavior by having a stake in a policy outcome, or having strong
views on specific policies [22,23]. For example, people who live on
the coast, visit the ocean for recreation or commercial purposes, or
have a strong attachment to ocean areas might be very interested in
the management of marine resources, seek more information on
ocean management issues, and subsequently may be highly
knowledgeable in these areas [1,23,24].

To understand public literacy about the ocean, it is also im-
portant to identify where people acquire information about mar-
ine issues. Television and the Internet, for example, are popular
used sources for information on environmental topics, but many
citizens and scientists question the reliability of information pro-
vided in these media [25–27]. The Internet, for example, offers
excellent resources for learning about ocean and coastal issues and
impacts of specific human activities (e.g., Sea Grant and NOAA
websites) e.g., [28–30]. At the same time, information on the In-
ternet can be inaccurate and/or reflect subjective opinions [1].
Understanding where people learn about the ocean is critical for
tailoring communication strategies and ensuring that credible in-
formation reaches the public and subsequently increases ocean
literacy.

To date, research on public knowledge about the ocean and its
resources is very limited. Previous studies investigated ocean lit-
eracy among high school students [31] and the influence of atti-
tudes towards science and ocean stewardship on ocean literacy
among teenagers [32]. Studies on general public knowledge have
investigated awareness of coastal and marine environmental is-
sues [9], and the influences of proximity of residence to the ocean,
use of information sources, environmental values, and socio-de-
mographic variables on knowledge about the ocean [1,7]. A study
by Perry et al. [33] investigated knowledge about marine protected
areas. The authors assessed the influence of coastal vs. inland re-
sidency and place attachment on public knowledge about marine
protected areas in Oregon. Our study builds on the existing lit-
erature and investigates the level of public literacy about the im-
pacts of seawater desalination on marine ecosystems in a coastal
community in Southern California.

1.2. Seawater desalination and its impacts on marine ecosystems

Seawater desalination is an emerging sector in the USA that is
likely to grow in the future. Coastal areas that rely on imported
water or groundwater resources are increasingly experiencing
water shortages due to changes in weather patterns, recurring
droughts, and increased water demand for municipal and in-
dustrial purposes [34–36]. In addition, saltwater intrusion, due to
over pumping and depletion of groundwater, is likely to be ag-
gravated by rising sea level in coastal areas [37]. In response to
these concerns and statewide funding initiatives, about 15 sea-
water desalination projects have been proposed along the south-
ern and central coast of California [36,38,39]. California is currently
the state with the highest number of proposed seawater desali-
nation plants in the United States [40–43]. A number of proposed
plants will have capacities of up to 50 million gallons per day
(mgd) compared to capacities of 0.02–0.6 million gallons per day
(mgd) of most existing plants [38,44].

Even though seawater desalination is highly valued because of
its independence of climate, the technology remains controversial
due to high costs and potential environmental impacts in parti-
cular [45–47]. Environmental concerns about direct impacts on
coastal ecosystems include mortality of marine life due to im-
pingement and entrainment during water intake. An additional
concern is the discharge of brine. Brine is generated as a by-pro-
duct of desalination and may be twice the salinity of ocean water,
if not diluted prior to discharge into the ocean [38]. Potential
impacts of brine discharge include mortality of marine life
(particularly larvae), changes in seawater quality, impacts on fish
resources, degradation of marine habitats due to toxic concentra-
tions of brine, anoxic or hypoxic conditions, and stress from tur-
bulent mixing at the point of discharge [38,40,46,48–50].

These concerns about impacts on marine areas have con-
tributed to the slow development of desalination plants in Cali-
fornia. To date, only one high capacity plant has been constructed
and it began operation in December 2015. As part of the planning
process, coastal residents and interest groups have the opportu-
nity to comment on environmental impact reports and local de-
cisions about the development of new plants. Subsequently, these
groups need to be literate about desalination to engage in in-
formed discussions. Yet, public literacy about this new sector and
its impacts on marine ecosystems is unknown. Our paper ad-
dresses this point by investigating the level of public awareness of
desalination and the variables that increase public knowledge. The
specific objectives of this paper are: (1) to determine the level of
policy-relevant awareness and knowledge about brine discharge
and its impacts on the ocean; (2) to identify socio-demographic
factors, situation-specific factors, and information sources asso-
ciated with higher levels of knowledge; and (3) to assess the re-
lationship between knowledge and attitude towards seawater
desalination.
2. Methods

2.1. Study area

Our case study is the newly constructed desalination plant in
Carlsbad, a seaside town of 109,318 residents in Southern Cali-
fornia that is part of the San Diego County Water authority district
(Fig. 1). The offshore marine area adjacent to the plant site is part
of the geographic zone known as the Southern California Bight
(SCB), which encompasses about 56,979 km2 (22,000 square
miles) from Point Conception in the north to Cabo Colnett in Baja
California in the South [51]. The coast adjacent to the plant con-
sists of 50-70 mwide beaches backed in places by 12–24 mmarine
terrace bluffs. Important habitats in the area include intertidal
sand habitats, subtidal soft bottom habitats, and subtidal hard
bottom habitats. Abundant benthic organisms in soft bottoms in-
clude clams, snails, polychaete worms, arthropods (crabs and
shrimps), fishes and offshore kelp beds, while the nearshore water
column contains pelagic fishes, phytoplankton and zooplankton.

Freshwater supply in the area depends heavily on imported
water. The San Diego water district receives about 64% of its
drinking water from the Colorado River, approximately 20% from
the state water project in Northern California, and only 16% from
local sources [52]. The supply from imported resources has be-
come increasingly unreliable due to changing weather patterns,
including reduced snowpack in the Sierra Nevada, less precipita-
tion, and continued drought conditions [35]. To diversify its water
portfolio, the San Diego Water Authority entered a 30-year
agreement with a private investor, Poseidon Resources, to pur-
chase 56,000 acre-feet of desalinated water per year from the
Carlsbad desalination plant [53]. This desalinated water will in-
crease local supply to about 26%. The desalination plant is a 1 bil-
lion dollar project that will increase water price for homeowners
by about $5 per month [54]. Development of the plant began in
1998 and, after multiple delays in the permitting process, the plant
started operation in December 2015.

At full capacity, the desalination plant will use about 300 mil-
lion gallons (mgd) of seawater every day via open ocean intake
technology [55,56]. The reverse osmosis desalination process will
use 100 mgd to produce 50 mgd of high quality drinking water
and 50 mgd of salty brine (with a concentration of about



Fig. 1. Location of Carlsbad and the desalination plant.
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67,000 ppm, twice the concentration of incoming seawater). The
remaining 200 mgd of seawater will dilute the brine before dis-
charge into the ocean [57]. The plant shares the existing seawater
intake and outfall infrastructure of the Encina power plant located
next to the new desalination plant.

2.2. Mail survey

Data on public awareness and knowledge were collected via a
questionnaire-based survey between March and May 2015.
Questionnaires were administered by mail to a sample of 1500
residents in Carlsbad, California. The sample was randomly se-
lected from postal records. Questionnaires were administered
using three mailings, following Dillman et al. [58]. The first and
third mailings consisted of a cover letter, booklet style ques-
tionnaire, and prepaid return envelope. The second mailing was a
postcard reminder sent to residents who had not responded to the
first mailing. The third mailing was sent only to addresses that had
not responded to the survey or were returned as undeliverable in
the first or second mailings [59]. The total sample size was 330
with a response rate of 25% after accounting for undeliverable mail
(n¼159). This response rate is consistent with mail surveys asking
the public about natural resource issues [33,59,60].

Similar to previous studies on public knowledge [1,33], re-
sidents' literacy about marine impacts of the desalination plant
was assessed based on three indicators: (1) public awareness of
the plant and brine discharge; (2) self-assessed level of knowledge
about impacts from the plant; and (3) factual knowledge about
brine discharge, including composition of the brine, location of
discharge, and movement of brine in the ocean. The distinction
between self-assessed and factual knowledge is important
since knowledge is usually highly subjective [61]. Self-assessed
knowledge is measured by assessing what a person believes he or
she knows. Factual knowledge is measured by assessing if a person
knows the correct answers to specific knowledge questions [33].

The questionnaire contained closed questions on residents'
awareness with a yes/no choice asking about awareness of the
plant and the brine discharge. The level of self-assessed knowl-
edge for five items was measured on a 5-point scale from 0¼do
not know to 4¼very high level of knowledge. Factual knowledge
was measured based on a list of 11 knowledge items. The items
were listed as statements and people were asked to agree, dis-
agree, or indicate that they do not know for each item. The list was
based on information in the peer-reviewed and gray literature,
including environmental impact reports and government reports
on brine discharge in California.

Independent variables included socio-demographic informa-
tion on gender, level of education, years living in the community,
and age (Table 1). Motivational variables (Table 2) included fre-
quency of undertaking five marine activities in the area on a
5-point scale from 1¼never to 5¼almost every day. Similar to the
study by Perry et al. place attachment was measured based on
three items on place identity (emotional ties to a place related to
its symbolic meanings) and three items on place dependence
(functionality associated with an area, represented by its tangible
physical characteristics and attributes) [62]. These variables were
measured on a 5-point scale from 1¼strongly disagree to
5¼strongly agree. The questionnaire also included a yes/no
question about membership in an environmental NGO. Use of
information sources was assessed based on how frequently people
used 15 information sources to learn about the local desalination
plant on a 3-point scale from 1¼never to 3¼very often. In addi-
tion, residents were asked to check the 3 most trusted information
sources. All statistical analyses were conducted using IBM SPSS.23.



Table 1
Socio-demographic profile of coastal residents in our study (N¼330).

Variable Coding Sample

Gender Male (1) 55.5%
Female (2) 44.5%

Age Continuous 56.9 (mean), Min19,
Max¼94

18–34 9.7%
35–60 44.8%
461 45.5%

Education Less than high school (1) 1.9%
High school (2) 11.4%
Associate degree (3) 13.9%
Undergraduate (4) 34.0%
Graduate (5) 38.9%

3.97 (mean)

Years living in Carlsbad Continuous 16 (mean), Min 1, Max 79
0–10(42.4%)
11–20(28.2%)
420 (29.4%)

Member NGO Yes (1) 12.7%
No (0) 87.3%

Table 2
Description and reliability analysis of ocean use and place attachment (N¼320).

Variable Mean SD Alpha

Frequency of ocean use a 2.44 0.70 0.785
Fishing 1.73 0.98 0.770
Surfing/swimming 2.83 1.26 0.713
Boating 1.91 0.97 0.746
Wildlife viewing 3.18 1.11 0.750
Beach walks 3.71 0.93 0.739

Place attachment b 4.13 0.84 0.911
These areas mean a lot to me 4.51 0.83 0.818
I am very attached to these marine areas 4.25 0.90 0.814
These areas are very special to me 4.29 0.87 0.849
I wouldn't substitute any other area for doing the type
of things I do here

3.99 1.13 0.881

These areas are the best place for doing what I like to
do

4.00 1.07 0.881

For the things I enjoy most, no other place can compare 3.86 1.17 0.886

a Measured on 5-point scale 1¼Never to 5¼Almost every day.
b Measured on 5-point scale of 1¼Strongly Disagree to 5¼Strongly Agree.

Fig. 2. Awareness (% of respondents, N¼307).

N. Heck et al. / Marine Policy 68 (2016) 178–186 181
3. Results

3.1. Awareness and knowledge about impacts of seawater desalina-
tion on marine ecosystems

For the first indicator, awareness, the majority of coastal residents
in our study (94.1%) were aware of the desalination plant (Fig. 2), yet
fewer than half the respondents (48.7%) reported that they were
aware that the plant discharges brine after the water is desalinated.

For the second indicator, self-assessed knowledge, respondents
indicated lower levels of knowledge about the brine discharge
(62.4%) and associated impacts on the ocean (56.7%) (Fig. 3). The
low level of self-assessed knowledge extended to the price of
desalinated water, the desalination process, and energy demand
for the plant (Fig. 4).

For the third indicator, factual knowledge, more than half the
respondents answered 2 out of 11 items correctly: that the brine
contains salt (83.2%) and dead marine organisms (52.2%) (Table 3).
49% of respondents also knew that the salt content of brine differs
from that of the oceanwater. For all other eight items, the percentage
of respondents who answered correctly was considerably less than
50%. In addition, the number of incorrect responses was relatively
low for all 11 items. In fact, the proportion of “do not know”

responses was higher for all questions than the number of incorrect
answers, and nine of 11 items had more than 50% “do not know”

responses. Respondents thus either gave the correct answer or were
aware that they did not know if the statement was true or false.
Correlation analysis further revealed that factual and self-assessed
knowledge were positively correlated (Table 4). Respondents with
low factual knowledge thus seem to be aware that they did not
possess a high level of knowledge about the desalination plant and
its impacts on the local marine environment.

3.2. Where do people learn about seawater desalination?

The use of information sources to learn about desalination was
low (Figs. 5 and 6). Residents most frequently learned about the
plant from newspapers, the internet, and TV, but they had the
greatest trust in information from newspapers and public hearings
(Fig. 5). When asked about the providers of information, residents
learned most often about the plant from friends and family, en-
vironmental NGOs, and the San Diego Water Authority, even
though they trusted scientist the most to provide accurate in-
formation (Fig. 6). For many items, frequency of information use
was not related to trust in the source.

3.3. Factors that increase public awareness and knowledge

A non-parametric correlation analysis was conducted to un-
derstand which variables increase awareness and knowledge, in-
cluding socio-demographic, motivational, and information vari-
ables (Table 5).

3.3.1. Socio-demographics
Gender correlated negatively with all three indicators, suggesting

that male respondents were more aware (r¼�2.30, po0.01) and
more knowledgeable than female residents (r¼�2.77, po0.01, and
r¼�2.70, po0.01). Age and residential time in Carlsbad only cor-
related with awareness and self-assessed knowledge. Older re-
spondents were slightly more aware of the plant than younger ones
(r¼0.136, po0.05). Residents who have lived in the community for a
long time were more aware of the plant (r¼0.195, po0.01) and had
a higher level of self-assessed knowledge (r¼0.234, po0.01). Edu-
cation did not correlate with any indicator, suggesting that higher
educational achievement did not increase awareness or knowledge
about the plant and its environmental impacts.

3.3.2. Situation-specific motivational variables
Frequency of ocean use and membership in an environmental

NGO correlated positively with awareness and knowledge. People
engaging frequently in marine activities in the area were more



Fig. 3. Self-assessed level of knowledge about the seawater desalination plant in Carlsbad (mean value, N¼314).

Fig. 4. Self-assessed level of knowledge about the seawater desalination plant in
Carlsbad (mean value, N¼314) Measured on a 5-point scale from 0¼do not know,
1¼ low, 2¼moderate, 3¼high, 4¼very high level.

Table 4
Correlations between factual and self-assessed knowledge (Spearman's rho,
N¼314).

Factual knowledge
brinea

Factual knowledge
oceanb

Self-assessed knowledge im-
pact oceanc

.482nn .320nn

Self-assessed knowledge brine
dischargec

.521nn .305nn

nn Spearman's rho significance p o0.01 (2-tailed).
a Mean percentage of correct answers for10 knowledge questions about

brine.
b Mean percentage of correct answer to 1 question about behavior of salty

water in ocean.
c Mean value of self-assessed knowledge measured on 5-point scale from 0¼do

not know to 4¼very high level of knowledge.
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aware of the plant (r¼0.129, po0.05), and had higher self-as-
sessed (r¼0.170, po0.01) and factual knowledge (r¼0.197,
po0.01) than other residents. Membership in environmental
NGOs increased awareness (r¼0.124, po0.05) and self-reported
knowledge (r¼0.159, po0.01), but not factual knowledge
(r¼0.102, p40.05). Place attachment correlated negatively with
self-assessed knowledge. Residents who felt very attached to local
marine areas reported lower self-assessed knowledge about im-
pacts on the local marine ecosystem than residents who felt less
attached to local marine areas (r¼10.181, po0.01).

3.3.3. Information use
Frequency of information use correlated positively and sig-

nificantly with both awareness and self-assessed knowledge for all
Table 3
Factual knowledge about brine discharge and the desalination process.

Brine composition Brine may contain chemicals and heavy metals
Brine contains salt
Brine contains dead marine organisms
Brine has less salt than ocean water
Brine has same % of salt than ocean water
Brine will be mixed with more seawater before it is discharged i
ocean

Discharge location Brine is discharged in the surf zone (right off the beach)
Brine is discharged more than 1 mile off shore

Intake More water is taken from the ocean than the amount of freshwa
available after desalination
Intake from water to dilute brine kills fish, plankton, or other ma

Ocean Water with more salt than ocean water floats to the surface
Total (% average score)
but one of 15 information sources. The exception was social media,
which had positive but not significant correlations with both
indicators.

The correlation of frequency of use with factual knowledge was
more varied. While all correlations were positive, only half
(8) significantly increased factual knowledge. Six sources (news-
papers, internet, radio, scientists, environmental NGOs, and gov-
ernment) strongly correlated with increased factual knowledge
(all po .01). Two sources, anti-desalination groups and the water
industry, did not correlate strongly (both po0.05) (Table 5).

Public hearings that are often used to educate the public about
issues relevant to policy did not increase factual knowledge
(r¼0.074, p40.05). These venues only raised awareness of the
Correct response % answer correctly % answer incorrect Don't know

Yes 26.8 22.6 50.6
Yes 83.2 1.0 15.9
Yes 52.2 7.1 40.7
No 49.0 4.5 46.5
No 44.7 7.7 47.3

nto the Yes 27.8 4.2 68.0

Yes 17.6 22.4 59.9
No 9.1 23.9 70.0

ter Yes 46.2 7.4 46.5

rine life Yes 40.1 11.5 48.4
No 22.9 21.3 55.7

38.1 12.1 50.0



Fig. 5. Frequency of use and trust in media for learning about the Carlsbad desalination
plant Frequency of use measured on a 3-point scale from 0¼never, 1¼sometimes,
2¼very often; Trust measured based on checked 3 most trusted resources.

Fig. 6. Frequency of use and trust in source of information for learning about the
Carlsbad desalination plant in Carlsbad Frequency of use measured on a 3-point
scale from 0¼never, 1¼sometimes, 2¼very often; Trust measured based on
checked 3 most trusted resources.

Table 5
Non-parametric correlation coefficients among 22 independent and 3 knowledge
variables.

Awarenessa Self-assessed
knowledgeb

Factual knowledge (# of
correct answers)

Socio-demographics
Gender � .230nn � .277nn � .270nn

Education � .103 � .032 .015
Age .136n .108 � .098
Years in Carlsbad .195nn .234nn .060

Situation-specific
factors

Member NGO .124n .159nn .102
Frequency ocean use .129n .170nn .197nn

Place attachment � .065 � .181nn �0.021

Information use
TV .262nn .350nn .059
Newspaper .327nn .236nn .197nn

Internet .234nn .322nn .234nn

Radio .258nn .301nn .156nn

Public hearings .211nn .333nn .074
Visit plant .128n .294nn .060
Social media .041 .045 .059
Info Family or friends .241nn .141n .094
Info scientist .241nn .352nn .181nn

Water authority .295nn .364nn .107
Environmental NGO .163nn .301nn .194nn

Pro-desalination
group

.255nn .310nn .086

Anti-desalination
group

.243nn .312nn .126n

Water industry .292nn .343nn .131n

Government agency .221nn .289nn .195nn

a ¼combined awareness of plant and brine discharge.
b ¼self-assessed knowledge of impact on ocean and brine discharge.
n po0.05.
nn po0.001.

Table 6
Binary logistic regression coefficients for residents' awareness and self-assessed
knowledge.

Awarenessa Self-assessed knowledgeb

B S.E. Exp(B) B S.E. Exp(B)

Gender �1.225 .310 .294** �1.521 .337 .218**
Years in Carlsbad .160 .014 1.016 .024 .015 1.024
Age .001 .011 1.010 � .001 .012 .999
eNGO .684 .429 1.983 � .201 .396 .818
Ocean use � .126 .257 .882 � .357 .265 .700
Place attachment � .049 .199 .952 � .270 .195 .763
Information use 2.610 .439 13.598** 3.290 .526 26.844**
Constant �3.270 1.199 .038 �2.665 1.21 .070

*po0.05.
a mean 2 awareness items, dichotomized 1¼above median, 0¼else; Cox&Snell

R2¼0.228, NagelkerkeR2¼0.305.
b mean 5 knowledge items, dichotomized 1¼above median, 0¼else; Cox&Snell

R2¼0.296, NagelkerkeR2¼0.396.
** po0.001.
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plant without increasing factual knowledge.
Regression analysis reveals that when a number of in-

dependent variables are combined, they can predict a fair amount
of awareness (R2¼0.305), self-assessed knowledge (R2¼0.396),
and factual knowledge (R¼0.385) (Tables 6 and 7). Gender and
information use remain the only predictors across all three in-
dicators. Ocean use was also predicative for factual knowledge.

3.4. The influence of awareness and knowledge on attitude towards
the seawater desalination plant

Binary regression analysis revealed that factual knowledge and
awareness of brine discharge both influenced attitudes towards
the plant (Table 8). Coastal residents who were aware of brine
discharge and had high factual knowledge about marine impacts
were less supportive of the new facility.
4. Discussion

This paper explores coastal residents' awareness and knowl-
edge about potential impacts on the marine ecosystem from a
newly constructed seawater desalination plant in Carlsbad, Cali-
fornia. More than 50% of respondents in our study were not aware
that the desalination plant will discharge brine and only two out of
11 questions about brine composition, location of discharge and
impacts on the marine ecosystem from the plant had more than
50% correct responses. In fact, with the exception of three ques-
tions, all knowledge items had the highest percentage for the “do
not know” answer choice to factual questions. The data suggest
very little knowledge about the concept of desalination in general
and its environmental implications in particular among coastal
residents in our study.
Table 7
Linear regression coefficients for residents' factual knowledge.

B B Std. Error Beta

Gender �1.225 �1.40 .31 � .25**
eNGO .684 0.29 .38 .44
Ocean use � .126 0.52 .24 .13*
Place attachment � .049 � .171 .192 � .053
Information use 2.610 1.32 .38 .20**
Constant �3.270 2.93 .85

R¼0.385, R2¼0.148, Adjusted R2¼0.136.
n po0.05.
nn po0.001.



Table 8
Binary logistic regression coefficients for residents' support.

B S.E. Sig. Exp(B)

Factual knowledge based on # of correct
responses

� .208 .087 .016 .812

Self-assessed knowledge desalination process .361 .330 .275 1.435
Self-assessed knowledge ocean impact � .338 .300 .259 .713
Self-assessed knowledge energy demand .182 .305 .551 1.20
Self-assessed knowledge water price � .011 .246 .963 .989
Self-assessed knowledge brine discharge � .541 .330 .101 .582
Awareness of plant .487 .913 .594 1.627
Awareness of brine 1.07 .469 .022 2.915
Constant 2.45 .993 .014 11.589

Cox&Snell R2¼0.077, NagelkerkeR2¼0.132.
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The low level of factual knowledge is similar to studies of
public knowledge about other marine topics [33,63,64,8]. The
limited factual knowledge in our study might stem from seawater
desalination being a recent ocean use in Southern California. The
newness of a marine issue, however, usually heightens its ex-
posure in the media (Murphy 2010), and this was also the case for
the desalination facility in our study e.g., [65–67]. Subsequently,
people might feel at least aware and knowledgeable even though
their actual knowledge might be low [33]. In contrast to findings in
previous studies of public knowledge about ocean related issues
[33,7,8], reported self-assessed knowledge was not higher than
factual knowledge, and both had low scores. The lack of self-as-
sessed knowledge was not restricted to impacts on marine eco-
systems since respondents in our study felt that they know very
little about the desalination process and its environmental and
economic impacts.

Further analysis revealed that people who frequently sought
information about the plant reported greater awareness and self-
assessed knowledge, irrespective of the information sources. Since
almost all media sources, with the exception of social media, were
positively correlated with greater awareness, it appears that a di-
versity of media sources can be used to foster awareness of de-
salination, a new technology and ocean sector. The finding also
suggests that people might not use social media to learn about the
desalination or the ocean since these media did not even increase
awareness of the plant or brine discharge in our study. However,
social media, such as Twitter or Facebook have great potential to
inform the public about marine issues, e.g. by following environ-
mental and marine organizations (e.g., NOAA or Sea Grant). Future
research could investigate the potential of particular social media
for increasing ocean literacy.

Few information sources actually increased factual knowledge;
these were mainly newspapers, the Internet, and radio. The effec-
tiveness of newspapers and the Internet for increasing public lit-
eracy about ocean issues was also reported in previous studies [1,8].
In contrast to Steel et al. no information source in our study corre-
lated negatively with knowledge and adversely affected knowledge
about the plant. Our findings also reveal that information provided
by scientists, environmental groups, anti-desalination groups, and
state government agencies (e.g., Department of Water Resources,
State Water Resources Control Board) increased factual knowledge
about desalination, whereas attending public hearings did not. This
has important implications, as government agencies often use public
hearings to inform the public about new coastal and marine de-
velopments and to elicit public opinions about the issues. Based on
our findings, these venues are currently not effective in increasing
public literacy about seawater desalination and its impacts on
marine ecosystems.

Among socio-demographic variables, male respondents were
more aware and knowledgeable than females. This gender gap is
consistent with previous research on public knowledge about
policy-relevant issues [8]. Other socio-demographic factors, in-
cluding age and education, did not affect factual knowledge.
Therefore, except for gender, socio-demographic characteristic did
not explain differences in knowledge in our study.

People who engage frequently in marine activities were both
more aware and more knowledgeable. This confirms that situa-
tion-specific variables, such as use of marine environments, in-
crease policy-relevant knowledge about marine issues. Steel et al.
[8] also found that personal visits or business interests are factors
conducive to acquisition of knowledge about coastal and ocean
resources. Therefore creating more opportunities for the public to
engage in marine activities, and enhancing education and outreach
programs with activity-based elements, in addition to the dis-
tribution of information, may significantly enhance public literacy
about marine issues. These could be a critical ways for developing
public ocean stewardship, since knowledge shapes behavior and
attitudes towards the ocean [1,16].

Residents who were members of environmental NGOs reported
high self-assessed knowledge but they did not have a high level of
factual knowledge. Information provided by environmental NGOs
may instill a feeling of knowledge that is not necessarily matched
by factual knowledge of the issues. Passive membership in an or-
ganization may be less effective for increasing ocean literacy than
active engagement in marine activities.

Our study also tested whether place attachment to marine
areas increases knowledge about potential threats and impacts on
marine ecosystems from desalination plants, since people might
retain more information about areas they feel attached to [68]. In
our case, place attachment to local marine areas did not correlate
significantly with awareness and factual knowledge, indicating
that people with higher place attachment did not know more
about impacts on the marine ecosystem than residents with lower
place attachment. In addition, place attachment correlated nega-
tively with reported self-assessed knowledge. Perry et al. reported
a similar lack of influence of place attachment on knowledge for
marine protected areas. Our study thus adds to mixed findings on
the relationship between place attachment and knowledge, in
particular for marine areas [33,68,69]. Perry et al. suggest that
people may connect to marine areas in a different way compared
to terrestrial areas, and that factors other than place attachment
might increase knowledge retention about marine areas. In our
study, for example, active engagement in marine activities had a
more significant influence on knowledge than place attachment.
Additional empirical research comparing the influence of place
attachment on knowledge with other variables could clarify this
point.

Factual knowledge about the plant and its impacts correlated
negatively with support for the new desalination plant. Residents
who knew more about environmental impacts were less suppor-
tive of the plant than residents who knew less about it. This
finding confirms that public literacy is an important factor in in-
dividual decision making and attitude formation about policy is-
sues [8]. Increasing public knowledge is thus essential to facilitate
meaningful and informed discussions with the public e.g., during
public hearings. Current efforts seem inadequate to allow for
meaningful engagement of citizens. In addition, increasing public
literacy about impacts on marine areas may instill a sense of ocean
stewardship, or at least increase calls for more environmentally
friendly technologies. In the case of seawater desalination, multi-
ple options exist to reduce impacts on the ocean (e.g., subsurface
water intake, diffusers for brine discharge etc.). Less support for
plants affecting marine ecosystems, due to increased public
knowledge about these issues, could foster the development of
desalination plants that add less stress to marine environments
and increase sustainable use of ocean resources.
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5. Conclusions

Our findings confirm that current ways of raising awareness
and knowledge among the public about coastal and marine issues
are inadequate [70]. As the use of seawater desalination to im-
prove reliability of freshwater supply in coastal areas is likely to
increase in the future, there is a great need for more public edu-
cation. Our study suggests the public currently lacks an under-
standing of even basic concepts about this new ocean sector. Tar-
geted education and outreach efforts will be critical for addressing
this knowledge gap.

In addition, research is needed to identify the influence of ad-
ditional variables that increase policy-relevant knowledge of new
ocean sectors, such as seawater desalination. Such studies could
also include economic, technological, and social issues surround-
ing desalination that were beyond the scope of our study. Future
studies could also determine to what extent findings in this study
apply to particular stakeholder groups that may be involved in
policy- and decision-making on desalination plants (e.g., marine
users groups, recreation interest groups, commercial interest
groups, environmental NGOs, and resource managers).
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