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Abstract Resource development projects typically result in
monitoring programs that fail to fully consider the values
and participation of surrounding communities. Also, mon-
itoring protocols for single environmental values can be
insufficient for addressing the cumulative impacts of
resource development. Community-based environmental
monitoring (CBEM) has emerged as a way to meaningfully
include local citizens in the decision-making process and
assessment of the development of natural resources. Our
research explored how to develop effective and sustainable
CBEM. Interviews were conducted with staff from 15
CBEM programs established across Canada to identify
criteria of what constitutes effective CBEM. Results
demonstrate that CBEM offers an effective, locally adapted,
and culturally applicable approach to facilitate community
participation in natural resource management and to track
environmental change. Benefits of CBEM include: locally
relevant monitoring protocols, inclusion of cumulative
impacts, better informed decision-making, and increased
awareness and collaboration amongst community, govern-
ments, and proponents. Challenges associated with CBEM
are cost, capacity, longevity, distribution of results, and
establishing credibility. This research validates the use of
CBEM for improving resource management.

Keywords Community-based environmental monitoring ●

Public participation in resource management ● Decision-
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Introduction

Monitoring programs created for resource development
projects typically represent a large number of environmental
parameters; however, these programs often fail to fully
consider the values and participation of surrounding com-
munities and the cumulative impacts of resource develop-
ment. Community-based environmental monitoring
(CBEM) is emerging as a way to directly include local
citizens in the project review and resource development
process (Fernandez-Gimenez et al. 2008). CBEM is “a
process whereby non-government organizations, commu-
nity groups or individuals participate in long-term mon-
itoring of selected species, habitats, or ecosystem processes
with the ultimate goal of improving management of eco-
systems and natural resources” (Yarnell and Gayton 2003:
IV). CBEM programs can generate data that reveal change
in the ecosystem condition or select environmental para-
meters; improve management processes and decision-mak-
ing; contribute to the conservation of biodiversity or
management of harvested populations; and, when imple-
mented correctly, CBEM has the capacity to document and
address the cumulative impacts of human activities
(Danielson et al. 2014; Lawe et al. 2005; Yarnell and
Gayton 2003).

CBEM can improve the breadth of understanding provided
by formal scientific studies, and the citizens involved are
rewarded with education and experience (Loss et al. 2015;
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O’Faircheallaigh 2007). Input and participation from local
communities can enhance monitoring and management
(Noble and Birk 2011). Furthermore, CBEM can result in
relationship building between local people, proponents of
development projects, and other levels of government (Fer-
nandez-Gimenez et al. 2008; Noble and Birk 2011). CBEM
builds trust and credibility for all parties, which can lead to
more open and meaningful communication (Fernandez-
Gimenez et al. 2008). Monitoring enables communities to
communicate effectively their concerns about specific aspects
of industrial development or government decision-making in a
clear and structured manner (Pollock and Whitelaw 2005).
Communities may build capacity, which can lead to a higher
level of independence and active participation in resource
management decision-making (Fletcher 2003; O’Fairch-
eallaigh 2007). Complementing the local benefits of CBEM,
this approach equips decision makers with more information
from a broader range of perspectives (Yarnell and Gayton
2003; Conrad 2006). Proponents of development projects may
have a strong interest in supporting CBEM as such processes
are tangible examples of commitments to local communities
and local sustainability, ultimately improving their corporate
image which can enhance communication and dialogue related
to current and future projects (Noble and Birk 2011).

Across Canada, many CBEM programs are focused on
the particular challenges facing small and remote Abori-
ginal communities (Lawe et al. 2005; McKay and Johnson
2017; Noble and Birk 2011). In such cases, traditional
knowledge (TK) is often an important source of culturally
relevant information for understanding environmental
change (Berkes et al. 2007; McKay and Johnson 2017;
Parlee et al. 2014). Applications of scientific methods to
environmental monitoring are usually generic and may not
accurately represent unique ecosystem processes or local
values and perspectives (Fraser et al. 2006). Aboriginal
people are local experts that are intimately familiar with the
environmental norms on their traditional territories (Berkes
et al. 2007). Their culturally defined perception and place in
the environment is often termed TK: a “body of knowledge
and beliefs transmitted through oral tradition and first hand
observation” (Whitelaw et al. 2009, p. 205). Multi-genera-
tional, cumulative, and adaptive knowledge held by
Aboriginal communities from past and current experiences
contains a wealth of information specific to a community,
ecosystem, or region (Alexander et al. 2011; Johnson et al.
2015; Tremblay et al. 2008). TK can identify gaps in sci-
entific knowledge, offer alternate interpretations of obser-
vations, and provide a more holistic and long-term
understanding of the environment (Berkes et al. 2007;
Karjala et al. 2004; and Parlee et al. 2014). CBEM pro-
grams can structure and empower the participation of
Aboriginal people in information collection, analysis, and
decision-making (Lawe et al. 2005; O’Faircheallaigh 2007).

Including Aboriginal concerns, participation, and knowl-
edge can make monitoring locally relevant and of greater
value to the community (Gordon et al. 2008). However, this
does not necessarily exclude scientific knowledge as there
are often opportunities to combine or identify com-
plementarities for each source of knowledge, ultimately
improving environmental monitoring and management
(Berkes et al. 2007; Larter 2009).

Despite the many benefits, CBEM is a relatively new
process; thus, challenges arise with the acceptance of infor-
mation generated from such programs (Bonney et al. 2014).
Johnson et al. (2015) suggested that there may be a bias
against data collected by volunteers who are not formally
trained in scientific methods. Herrmann et al. (2014) noted
that CBEM is gaining increasing recognition and interest, yet
a lack of acceptance can diminish opportunities for the full
use of monitoring data (Bonney et al. 2014). Social aspects
present a challenge for CBEM programs, such as lack of trust
between stakeholders, loss of volunteers, communicating
results beyond the program, and communication within the
program (Fernandez-Gimenez et al. 2008; Herrmann et al.
2014; Johnson et al. 2015). Resources (i.e., funding, time, and
labor) may also limit the success of CBEM (Fernandez-
Gimenez et al. 2008; Herrmann et al. 2014).

Government agencies are not fully recognizing or inte-
grating CBEM data within resource management or con-
servation programs (Conrad and Daoust 2008; Bonney et al.
2014). In many cases, data collected through CBEM are not
applied to decision-making processes (Conrad and Daoust
2008). One reason for this resistance may be that CBEM
data are “developed apart from the management and policy
making processes rather than emerging from within”
(Conrad 2006, p. 26). Despite barriers, government and
industry decision makers can use CBEM as a reliable and
cost effective tool to help manage natural resources (Little
et al. 2015). To increase the relevance of a CBEM program,
decision makers and communities should collaborate to
determine the monitoring protocols and data that are prac-
tical and useful for both parties (Spyce et al. 2012). When
involving Aboriginal communities, this engagement
requires cross-cultural trust and relationship building
(Noble and Birk 2011). Without collaboration, effort may
be wasted on collecting data that are unusable or resisted by
decision makers (Conrad and Daoust 2008).

Our objective for this research was to identify criteria
that define effective CBEM. These criteria address both the
establishment and maintenance of long-term monitoring
programs, with a particular focus on monitoring the
cumulative impacts of industrial development. We use
results of interviews conducted with staff of 15 CBEM
programs from across Canada to gain insight into what
constitutes effective programs. As a corollary, we inquired
about barriers to the long-term sustainability and overall
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effectiveness of CBEM. We conclude with recommenda-
tions that inform the refinement or development of CBEM
programs. This includes the identification of key elements
that are essential to supporting the effectiveness and long-
term sustainability of such programs.

Methods

Data Preparation and Planning

Interviews

We used qualitative methods (semi-structured interviews) to
identify the strengths and limitations of CBEM programs as
noted by practitioners working across Canada. Quantitative
methods (e.g., numerical surveys) were not used as they are
restrictive and limit integration of social aspects and values
(Punch 2014; Winchester 2008). Single participant, semi-
structured interviews were conducted to collect information
from study participants. This method enhances independent
thought and coherence, as group scenarios can be distract-
ing (Quinn 2007). Semi-structured interviews provide many
benefits for this type of research, including a flexible yet
orderly and focused strategy for collecting qualitative
information (Dunn 2008; Kirby et al. 2006). These methods
maintain the integrity of the interviewee’s message and
allow him or her to lead the direction of the interview and
ultimately the findings of the research (Dunn 2008).

Interview style

We prepared a semi-structured questionnaire to guide the
interviews, with open-ended questions to accommodate
various levels of responsiveness. Thus, participants could
deviate from the questionnaire and pursue ideas or recom-
mendations that broadly fit the research objectives (Place
2007). We interviewed participants from across Canada that
were associated with active or past CBEM programs.
Interviews were conducted by telephone, and follow-up
conversations occurred via phone calls and email exchan-
ges. Interviewees were provided with an information letter
and the questionnaire prior to the interview. The informa-
tion letter briefly summarized the project, outlined relevant
information regarding CBEM and the information we were
seeking, and explained how the participants’ interviews
were to be used. Interviews were audio-recorded and later
transcribed.

Based on the literature (e.g.,Lefler 2010) and other
monitoring programs we identified a number of key themes
to explore during the interviews. Thus, the interview guides
focused on several broad topic areas:

● Cumulative impacts—can CBEM explicitly address
cumulative impacts?

● Precision of data—is the data collection method
repeatable and precise enough to produce rigorous
results?

● Sustainability of monitoring protocols—can CBEM
maintain long-term participation? Does CBEM typically
span the entire life of a resource development project
(i.e., 10-25 years)?

● Cultural appropriateness of the monitoring program—

does CBEM address cultural values and technical
capacity?

● Cross sectoral communication and application of
monitoring data—does CBEM facilitate and enhance
communication among communities, government, and
those organizations that use the land or hold tenures and
permits?

● Application of CBEM to external decision-making—
what challenges and opportunities are associated with
including CBEM processes and information in decision-
making?

● Application of CBEM to internal decision-making—in
what capacity do municipal or provincial and Aboriginal
governments actively use the results of CBEM when
interacting with governments and industry in the context
of land-use planning, development permitting, or
mitigation strategies?

● Ownership of monitoring protocols and information—
what factors or processes allow local and Aboriginal
communities control over monitoring data, but also
preserve the integrity of the monitoring data when
applied to external decision-making processes?

Interviewees were free to carry the discussion beyond
these topic areas and to introduce novel ideas and
experiences.

Data Gathering

Interview participants

We used the published and gray literature (e.g., Whitelaw
et al. 2003) as well as the internet presence of monitoring
organizations or agencies to identify existing or past CBEM
programs. This included programs that exclusively served
Aboriginal governments and communities. We contacted
the manager or posted contact person for the identified
programs and requested an interview. Following an
expression of interest to participate in the project, the pro-
spective participants were provided with a detailed sum-
mary of the research objectives and methods, and a copy of
the interview questions. Using a peer-nomination method,
the initial participants recommended other potential
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interviewees (Bradshaw and Stratford 2008; Place 2007).
We assessed the suitability of nominated participants rela-
tive to their knowledge or experience in: CBEM, study and
management of cumulative impacts, application of TK to
resource management, recent experience working with
Aboriginal communities, and experience communicating
with decision makers about program results.

We identified a total of 15 monitoring program from
across Canada and conducted interviews with employees or
managers from these programs. Interviews were conducted
between July and September 2013. We had representation
from five Canadian provinces and one territory. This
included monitoring being conducted in both northern and
southern Canada (i.e., monitoring programs >55° latitude).
The programs generally focused on monitoring a single
environmental parameter, such as lake ice, water chemistry,
stream flow, wildlife, tree growth, and indices of climate
change, etc. Funding to support these programs typically
came from government, local businesses, or local residents.
The interviewees’ roles within the program included coor-
dinating and training volunteers, analyzing data, seeking
funding, communicating with decision makers, and pre-
senting results to the community.

Data Analysis

Interview transcription and checking

The audio record of the interviews was transcribed into text,
which facilitated the data analysis and resulted in a written
record of the information and knowledge generated through
the research process (Dunn 2008). Interviews were tran-
scribed in point-form style and verbatim quotes were
entered to add additional context or to capture subtle or
nuanced ideas. The interview guide acted as a template for
transcribing the interview.

Participant checking enhances the reliability of interview
findings by ensuring that the transcripts are correct and that
critical concepts are not missed (Dunn 2008; Place 2007).
Participant checking has been known to improve the qual-
ity, reliability, and rigor of the record (Dunn 2008; Kirby
et al. 2006; Place 2007). Thus, each interviewee was pro-
vided with the opportunity to check the final transcript for
accuracy and clarity, and to remove any information he or
she did not want revealed (Dunn 2008). All edits were
included in the final version of the transcript.

Information summary and analysis

We used latent content analysis to summarize and cate-
gorize relevant information from each transcript, which
involved identifying general themes relevant to the research
objectives (Cho and Lee 2014; Dunn 2008; Lombard et al.

2002). After becoming familiar with the interview content,
we developed a coding system that was structured accord-
ing to key themes and phrases from the transcripts (Cho and
Lee 2014; Cope 2008). Since the interviews were semi-
structured, the interview guide served as a template for
identifying key themes. Ideas and phrases from individual
interviews were then grouped according to the codes that
emerged iteratively as each transcript was analyzed. Latent
content analysis was the best approach for this research as it
facilitated a grounded theory-inspired method, in that key
findings were generated from the content of the interviews
(Cho and Lee 2014; Karjala et al. 2004). Latent content
analysis provided a deeper understanding of the inter-
viewee’s perspectives (Dunn 2008).

We used OneNote 2010 software (Microsoft Corpora-
tion, Redmond, Washington) to organize the interview
content. This included grouping content into themes that
were reflective of the successes and limitations of envir-
onmental monitoring as observed by the interviewees
(Table 3). We used the software to ‘tag’ interview content
that was related to each theme; we then grouped the tags
according to topic (Table 3). For example, in each transcript
when there was a mention of traditional knowledge, we
would tag that sentence with ‘TK’. Then, we would use
OneNote to create a summary page which included all TK
tags from all transcripts.

Results were reported using a qualitative approach.
Instead of tabulating or ‘quantifying’ ideas, as presented by
the interviewees, we highlighted consistent themes (i.e.,
content analysis) and identified key findings, and supported
those findings with quotes from the transcripts. This method
maintained the qualitative richness of the information, but
also provided an unbiased accounting of the participant’s
perspectives. The themes were presented as broadly repre-
senting the views of the participants. Themes generated
from the interviews ultimately contributed to developing the
recommendations for effective CBEM.

We assigned each participant a number; to maintain anon-
ymity, we have presented direct quotes in the results with the
interviewee’s identification number and not their name or
professional affiliation. Statements and ideas presented in the
results were derived from the transcripts of interviewees, even
if not written in direct quotations. Some interviewees’ had
insights that were more directly related to the research, or had a
more extensive set of ideas, thus some participants were quoted
more frequently. All interviewees were helpful to the research
and responsive and knowledgeable of the research topics.

Results

Through interviews of participants from CBEM programs,
we developed an understanding of the value and limitations
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of CBEM. The interviews provided valuable insight on a
number of aspects of environmental monitoring, including:
efficacy of monitoring; social cohesion and relationships;
ability to inform decision making; and, effectiveness of
CBEM for local or Aboriginal communities (see Table 1).

Efficacy of environmental monitoring

CBEM effectiveness

Study respondents reported that CBEM programs were a
more bottom-up, proactive approach than current monitor-
ing by industry. When a bottom-up process is invoked,
“research and monitoring questions are driven by the com-
munity” (Interviewee #5). These questions can consider
holistic dimensions of the environment, not just the reduc-
tionist components typical of traditional scientific inquiry.
A community’s interest and investment in the local envir-
onment contributes to CBEM success. Commenting on
successful data collection, one participated stated: “people
are effective at monitoring what they are passionate about.
They are doing something they love and we can show them
connections with the natural environment” (Interviewee
#15).

Study respondents stated that CBEM promoted connec-
tions with the natural environment, awareness, engagement,
conversation, and education. As expressed by one partici-
pant, “people involved increase their education level of
lakes and issues affecting water quality, which promotes
behavioral changes in a positive way” (Interviewee #11). A
CBEM program should report success or failure, positive or
negative, so that others may learn. One participant stated:
“failure might be more important to find out what did not
work, what caused a negative result” (Interviewee #1).
Study participants found that the most successful programs
were supported by adequate resources, funding, and train-
ing. Volunteers need opportunities for training, and to
expand skills to develop and maintain monitoring and data
management protocols. Volunteers and the community
build capacity and through this there is more buy-in. One
participant noticed: “people might not believe science but
they will believe their own eyes” (Interviewee #15).

CBEM limitations

CBEM is relatively new, thus, it may be difficult for people
to understand the objectives and methods of monitoring
protocols. However, understanding and ultimately cred-
ibility are necessary for broad acceptance of results.
Acceptance from proponents (i.e., industry and govern-
ment) may be even more challenging if they do not want to
be monitored, or if “the data say something that is not
convenient to the decision maker” (Interviewee #13). One

participant stated: “industry might not want the community
to check up on them, and might ignore their monitoring
results” (Interviewee #13).

Additional limitations mentioned by study participants
included: funding, capacity, quality assurance of data,
access to resources or labs for data analysis, long-term
participation or turnover in staff or monitors, continuity and
sustainability of monitoring protocols, and scale of the
program. One participant elaborated on the importance of
consistent protocols for long-term data collection: “changes
to our data collection methods reduced the power of reso-
lution over time, and time-important dimensions to mon-
itoring were lost” (Interviewee #6).

Addressing cumulative impacts through CBEM

Including cumulative impacts in CBEM presents a more
comprehensive and holistic approach, that is broader and
more ecosystem-based than currently required within most
Canadian regulation. A cumulative approach to measuring
environmental change could tie multiple projects together
with linkages that result in data sharing and revealing
complex interactions. Respondents recognized that impacts
of multiple developments are cumulative, but that these
impacts are not easy to monitor. One participant said:
“attributing amount of impact from an individual industry
on cumulative change is impossible” (Interviewee #9).
Thus, monitoring cumulative impacts may be “more diffi-
cult in practice than in theory” (Interviewee #9); there are no
guidelines yet for incorporating cumulative impacts into
CBEM. Participants believed it would be easier to imple-
ment monitoring for cumulative impacts if policy and legal
structures demanded such.

There were suggestions from participants about how to
incorporate cumulative impacts into CBEM. The program
could establish baseline conditions and monitor how
industrial development influences those conditions. This
would involve some measure or assessment of historical
conditions or parameters. The program could use environ-
mental indicators that are easy to monitor to track cumu-
lative changes. The program could use systems models to
investigate the influence of cumulative developments on an
ecosystem. Regardless, “[cumulative impacts] need to be
addressed, we need to recognize they are happening and
then we can make changes to protocols” (Interviewee #4).

Ability to Inform Decision-Making

Study participants found that CBEM can encourage team-
work and data sharing amongst parties. Also, CBEM can
capture additional information to what is normally collected
during compliance monitoring. One participant reported
that CBEM can “collect more data because there are more
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people accessing a larger area” (Interviewee #8). As stated
by one participant: “we saved 8 months of work by invol-
ving the community” (Interviewee #5), which illustrates
CBEM as a cost-effective approach. Participants have found
that decision makers value discussions with the community
about local issues, and community members’ local knowl-
edge “adds to the richness of the discussion” (Interviewee
#12). For example, one program monitors stream tempera-
ture; “locals know what is going on in the area, if we [the
volunteers] notice a rise in temperature they can answer
why it might be changing” (Interviewee #4). Another par-
ticipant stated: “these people (program volunteers) know the
area, they frequent it, and they know the norms” (Inter-
viewee #1).

Respondents reported that decision makers were excited
about using CBEM for developing baselines and measuring
trends in important environmental values. For example, one
CBEM program was called upon to help with an oil spill
response as no other baseline data were available (Inter-
viewee #8). Referring to the use of CBEM data by decision
makers, one participant said “the keenest are those interested
in new permits and licenses, this kind of involvement would
look good for them” (Interviewee #5). Referring to how
local government uses CBEM data, one participant said “we
get to see local decisions in policy and action as a direct
effect in a short time period. There is a straight correlation
and direct feedback from our program” (Interviewee #3).
One participant cautioned that using CBEM data to promote
resource management changes may be a lengthy process:
“we knew in the beginning that our data would be used in
decision-making, but it takes a while after monitoring
because it is hard to ask people to change” (Interviewee
#14).

Social Cohesion or Relationships

Developing partnerships through CBEM

Addressing the role of partnerships, one responded stated:
“we have partnered with government, First Nations, and
other programs. The partnerships made [the CBEM pro-
gram] successful” (Interviewee #14). Respondents reported
that CBEM can provide opportunities to involve stake-
holders and create new partnerships, which can push the
bounds of research. Partners can offer credibility, educa-
tional opportunities, and technical advice to the program.
For example, one monitoring program linked their data with
graduate projects (Interviewee #1). This resulted in pub-
lished journal articles and a further extension of the results
from the monitoring program. However, one respondent
cautioned about partnerships with industry: “industry may
go into [CBEM] with expectations for findings or anticipate
findings, which will add bias” (Interviewee #2).

Partnerships with decision makers can improve their
understanding and acceptance of CBEM protocols and
results. Involving decision makers early in the design pro-
cess can provide vision to the program, identifying impor-
tant environmental parameters for monitoring and
appropriate methods. One respondent stated that: “people
accountable and responsible for decision making should be
part of the CBEM design process” (Interviewee #4). Study
participants found that program partners valued frequent
communication and reporting of results from CBEM.

Communication and trust

Communication of the current and changing state of the
local environment can be improved and facilitated by
CBEM. Early, clear, and frequent communication with
proponents empowers the community to vocalize their
concerns about developments and “have a powerful voice in
negotiation” (Interviewee #7). Including decision makers in
CBEM can improve direct communication and keep all
parties informed of current data and monitoring results. The
majority of respondents reported that communication of
monitoring results and activities was also critical to the
community and to other communities. CBEM programs can
distribute results in a number of ways; one program sends
an annual newsletter to participants, while another fre-
quently updates their website (Interviewees #8 and 1).

Study respondents reported that there was a strong need
for parties involved in CBEM to develop relationships and
trust. Participants recommended communication to help
establish trust and increase decision makers’ use of program
results. One participant commented on the current state of
communication with proponents; “when we ask for infor-
mation from proponents then it is given, but they will not go
out of their way to pass information onto us” (Interviewee
#5). Trusting relationships would lead to information shar-
ing and opportunities for groups to learn from each other.

Effectiveness of CBEM for Local or Aboriginal
Communities

Local or Aboriginal CBEM: effectiveness

Ideally, a CBEM program would be locally adapted to
address issues and questions important to the community.
Study respondents reported that successful CBEM requires
support from community leadership and interest from
members of the community. Decision makers can use
CBEM to supplement external results and reports. In the
case of a proposed mine expansion, one respondent com-
mented that the proponent “used community data on water
quality and water levels in the hearing for the expansion”
(Interviewee #9). In many cases, the monitoring program
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studied areas unfamiliar to the project proponents; the
Aboriginal or local communities were able to provide
background and ongoing information on the local envir-
onment and systems (Interviewees #1, 5, 12, and 14).

The Aboriginal perspective tends to be holistic, which
brings “a more complete approach to monitoring” (Inter-
viewee #14). Additionally, a CBEM program that includes
TK will enhance monitoring with specific and long-term
local knowledge. Although TK has unique qualities and
importance, when coupled with western science there are
synergistic opportunities to further investigate environ-
mental change. As stated by participants, “there is a richer
story when TK and western science are put together” and
“western science and TK complement each other, and it is
becoming common to marry the two” (Interviewee #9 and
14). One CBEM program supplements data with Aboriginal
nomenclature to uphold cultural values (Interviewee #10).
Aboriginal communities can use CBEM to address cultural
values and interests that produce long-lasting benefits. With
CBEM, communities can “lever themselves into a decision-
making position about how development should be unfol-
ded on their traditional territory” (Interviewee #9). The
community can build capacity, tools, and confidence to
better manage their traditional territory. One respondent
commented on a successful Aboriginal CBEM; “their
awareness and systematic approach to catalog data helps
them advocate for their rights” (Interviewee #9). However,
one participant stated: “there are many TK surveys but
results are not available to government or industry, so the
missing piece is getting results into the decision-making
processes” (Interviewee #5).

CBEM can influence the local community in ways such
as “encouraging positive behavior towards the land through
social marketing” (Interviewee #11) to mitigate environ-
mental harm. The program can “promote awareness and
education about monitoring” (Interviewee #10). Community
engagement in CBEM provides opportunities for growth
and development, and for producing local solutions.

Local or Aboriginal CBEM: limitations

Monitoring provides many benefits, but Aboriginal orga-
nizations and communities have a “hierarchy of needs with
social needs preceding environmental needs” (Interviewee
#9). In that context, monitoring may be difficult to imple-
ment due to limited capacity and the prioritization of
resources to other more pressing challenges and responsi-
bilities. One solution suggested by study participants is that
communities develop partnerships to alleviate costs and
improve efficiency. However, Aboriginal communitiesmay
be hesitant to work closely with proponents due to
“checkered history and dealings” (Interviewee #3) in the
past.

Summary of Results

Through this research, we identified criteria of what constitutes
effective CBEM, based on past and current experiences of
monitoring programs from across Canada. The interviews
provided valuable insight into the workings and objectives of
environmental monitoring programs. This included decision-
making, communication, and the role of local knowledge in
CBEM; proper considerations of these components can lead to
an effective CBEM program. Four key themes emerged from
the interviews as being critical to consider in CBEM: efficacy
of environmental monitoring, social cohesion or relationships,
ability to inform decision-making, and effectiveness of CBEM
for local communities (Table 1).

Discussion

A CBEM program can improve communication amongst
government, industry, and communities. In our research,
study respondents recommended that frequent commu-
nication will help develop trust, and strengthen relationships
or create partnerships. Some study respondents were wary
that while CBEM would benefit industry through enhancing
their corporate image, the program would provide little
value to the community. Similar concerns were noted by
others (Noble and Birk 2011). Partnerships, especially with
universities, may help establish or maintain the integrity of
a program (Whitelaw et al. 2003). Study respondents
revealed that CBEM can be an impartial, common-ground
for partnerships and collaboration among industries, gov-
ernments, and communities without competition or secrecy.
New partnerships formed from CBEM can help to push the
bounds of research and enhance environmental protection
(Yarnell and Gayton 2003).

Resources for environmental monitoring are currently
limited or declining; however, both the literature and the
study participants reported that CBEM may be a cost
effective solution to fulfill monitoring objectives for gov-
ernment, industry, and communities (Parlee et al. 2014;
Tulloch et al. 2013). Loss et al. (2015) recommended that
decision makers seek opportunities to use CBEM. Yet,
study participants recognized that it was challenging for
decision makers to be aware of local CBEM programs if
there was a lack of communication of monitoring protocols
and results. Programs may not be publicized or linked to
broader networks and therefore they are not used to their
full potential (Conrad and Daoust 2008). As a result, deci-
sion makers can be unaware of how best to support the
development of such programs or how to employ infor-
mation and data provided through CBEM (Johnson et al.
2015). As a solution, study participants recommend that
programs involve decision makers in initial planning stages.
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Study respondents recognized that cumulative impacts were
a prevalent and pressing issue. Respondents recommended
developing protocols that addressed the cumulative environ-
mental impacts of resource development. More focused con-
ventional monitoring programs may not address the impacts
from multiple resource sectors occurring at broad spatial and
temporal scales (Burton et al. 2014; Tulloch et al. 2013).
Additionally, taking a cumulative approach to monitoring
complements the holistic perspective that many communities
share on environmental use and change. Study respondents
noted the challenge to incorporate cumulative impacts into
CBEM as there were no guidelines or standard protocols. This
is an area where partnerships and collaboration amongst
communities, governments, and industries would produce
beneficial results, especially if multiple industries adopt a col-
lective approach to monitoring (Franks et al. 2010).

Study participants clearly noted that CBEM has the
power to help community participants increase their
knowledge and awareness of the environment, while sub-
sequently increasing their respect for local resources.
Additional benefits to the community can include capacity
building, training, and networking (Conrad 2006; Luzar
et al. 2011). Study respondents reported that participants
involved in CBEM work together more effectively to
identify and address (e.g., mitigation) environmental issues
resulting from local resource development. Enhanced col-
laboration amongst the parties involved in CBEM also
encourages communication and resource sharing which
results in more effective natural resource management.

The four key themes that emerged from the interviews
were: efficacy of environmental monitoring, ability to
inform decision-making, social cohesion or relationships,
and effectiveness of CBEM for local or Aboriginal com-
munities (Table 1). Proper considerations of these compo-
nents can lead to an effective CBEM program that integrates
the local-level management and monitoring priorities as
well as the participation and knowledge of the community.
In particular, interviews with 15 CBEM practitioners
revealed 11 key elements important for an effective and
sustainable program. Those elements were consistently
noted by participants from across Canada and ranged from a
focus on community interest and values (Community dri-
ven) to consistent and credible methods for data collection
(Defined methods, Data confidence, Reporting) to the
recognition and incorporation of Aboriginal values and TK
(Linked with culture; Table 2).

Conclusions and Recommendations

Our study was limited to 15 participants from CBEM pro-
grams from across Canada. Increasing our sample size
would have provided a more extensive representation and
allowed for a deeper investigation of the perceived effec-
tiveness of CBEM from the views of practitioners. How-
ever, there are a limited number of active programs.
Nonetheless, we observed broad agreement amongst the
participants on criteria and the supporting elements for

Table 2 Key elements necessary for effective and sustainable CBEM programs

Key Elements to include in
CBEM

Description of elements

Community-driven The program should reflect community interest and values, and should include local knowledge.

Support The program requires support by adequate funding, technical resources, capacity, community participation, and
opportunities for training.

Defined methods Monitoring protocols must be credible, accepted by decision makers, and to ensure consistency in data, methods
should not be altered over time.

Data confidence Data and resulting information from the program must be accurate and reliable for use in decision-making.

Reporting Results from the program (both success and failure) should be distributed to participants, partners, community
members, and decision makers.

Cumulative impacts The program should consider impacts from multiple development projects and attempt to explicitly monitor
cumulative impacts.

Partnerships Partnering with multiple organizations may bolster program credibility and acceptance, and encourage data and
resource sharing.

Communication Frequent communication with proponents and government will help the community build relationships, keep parties
current with program information, and can encourage buy-in.

Trust Trust is a critical component of strong relationships which will lead to acceptance and use of CBEM data, as well as
information sharing amongst parties.

Linked with culture When appropriate (i.e., CBEM for an Aboriginal community), Aboriginal values and TK should be incorporated into
CBEM to investigate trends, supplement program results, and help create baseline data.

Influence The program should help the community better manage their environment and use local solutions to address resource
management issues.

The elements were inferred from the perspectives of representatives of 15 programs from across Canada
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effective CBEM. Although our research focused on only
CBEM programs, the recommendations may be applied
broadly by a range of groups (i.e., communities, govern-
ments, industries) and extended outside of Canada. CBEM
is an idea with international relevance, but we suspect that
programs beyond Canada face similar challenges to what
we documented in this study (e.g., Bonney et al. 2014;
Fernandez-Gimenez et al. 2008; Pandya 2012; Topp-
Jorgensen et al. 2005).

Supporting the conclusions of others (Conrad and Hil-
chey 2011; Fernandez-Gimenez et al. 2008; Little et al.
2015; Noble and Birk 2011), our research further docu-
ments the effectiveness of CBEM for monitoring environ-
mental values, considering cumulative impacts, and
encouraging local participation in natural resource man-
agement and decision-making. CBEM programs are most
effective when premised on the following criteria: efficacy
of environmental monitoring, social cohesion or relation-
ships, ability to inform decision-making, and focus on the
needs of local communities. Also, we noted a number of
elements that supported these criteria and should be incor-
porated in the development of new or existing programs
(Table 2).

Including cumulative impacts in CBEM was important to
study participants. Many communities look at their local
environment as a whole, not as a combination of discrete
resources. Addressing cumulative impacts aligns with this
perspective and could greatly enhance local resource man-
agement. Few interviewees from this study had direct
experience including cumulative impacts in CBEM. There
is a need for focused research that moves beyond simply
talking about cumulative impacts to actually developing
protocols to monitor cumulative impacts within a CBEM
program.

Results from this study and others (Johnson et al. 2015)
suggest that there is great potential for the success of CBEM
and much interest from various parties in further developing
such programs. Yet, CBEM is far from reaching its full
potential (Bonney et al. 2014; Loss et al. 2015). Study
participants were clear that CBEM can increase the like-
lihood of achieving monitoring objectives, leading to better
resource management. More broadly, our research produced
a set of criteria and supporting elements for evaluating the
effectiveness of CBEM. These criteria can guide the col-
lection and potentially the multi-party application of data
and information resulting from a CBEM program. This
aspect of the research is directly transferable to other dis-
ciplines, projects and communities.
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Appendix

Table 3

Table 3 Content themes and tags used to code interview transcripts of
practitioners involved in community-based environmental monitoring
programs from across Canada

Content theme Content tag

Environmental monitoring General

CBEM general

Cumulative impacts

CBEM limitations Funding

Volunteers/participation

Data/resources

Resistance

Partners

CBEM effectiveness Funding

Volunteers/participation

Data/resources

Inclusion

Resistance

Partners

Benefits

Aboriginal CBEM Monitoring general

TK

Capacity/resources

Limitations

Inclusion

Benefits/control

Decision making Challenges

Data/program use

Benefits

Community involvement

Social aspects Communication

Relationships/partnerships

Trust

Environmental Management (2017) 60:484–495 493



References

Alexander C, Bynum N, Johnson E, King U, Mustonen T, Neofotis P,
Oettle N, Rosenzweig C, Sakakibara C, Shadrin V, Vicarelli M,
Waterhouse J, Weeks B (2011) Linking indigenous and scientific
knowledge of climate change. Bioscience 61:
477–484

Berkes F, Berkes MK, Fast H (2007) Collaborative integrated man-
agement in Canada’s North: the role of local and traditional
knowledge and community-based monitoring. Coast Manag
35:143–162

Bonney R, Shirk JL, Phillips TB, Wiggins A, Balladard HL, Miller-
Rushing AJ, Parrish JK (2014) Next steps for citizen science.
Science 43:1436–1437

Bradshaw M, Stratford E (2008) Qualitative research design and
rigour. In: Hay I (ed) Qualitative research methods in human
geography. Oxford University Press, Victoria, p 67–76

Burton AC, Huggard D, Bayne E, Schieck J, Solymos P, Muhly T,
Farr D, Boutin S (2014) A framework for adaptive monitoring of
cumulative effects of human footprint on biodiversity. Environ
Monit Assess 186:3605–3617

Cho YJ, Lee EH (2014) Reducing confusion about grounded theory
and qualitative content analysis: similarities and differences. Qual
Rep 19:8–11

Conrad C (2006) Towards meaningful community-based ecological
monitoring in Nova Scotia: where are we versus where we would
like to be. Environ J 34:25–37

Conrad C, Daoust T (2008) Community-based monitoring frame-
works: Increasing the effectiveness of environmental stewardship.
Environ Manag 41:358–366

Conrad C, Hilchey KG (2011) A review of citizen science and
community-based environmental monitoring: Issues and oppor-
tunities. Environ Monit Assess 176:273–291

Cope M (2008) Coding qualitative data. In: Hay I (ed) Qualitative
research methods in human geography. Oxford University Press,
Victoria, p 221–233

Danielson F, Pirhofer-Walzl K, Adrian T, Kapijimpanga D, Burgess
N, Jensen P, Bonney R, Funder M, Landa A, Levermann N,
Madsen J (2014) Linking public participation in scientific
research to the indicators and needs of international environ-
mental agreement. Conserv Lett 7:12–24

Dunn K (2008) ‘Doing’ qualitative research in human geography. In:
Hay I (ed) Qualitative research methods in human geography.
Oxford University Press, Victoria, p 77–105

Fernandez-Gimenez M, Ballard H, Sturtevant V (2008) Adaptive
management and social learning in collaborative and community-
based monitoring: a study of five community-based forestry
organizations in the western USA. Ecol Sci 13:4–26

Fletcher C (2003) Community-based participatory research relation-
ships with Aboriginal communities in Canada: an overview of
context and process. Pimatziwin 1:27–62

Franks D, Brereton D, Moran C, Sarker T, Cohen T (2010) Cumula-
tive impacts—a good practice guide for the Australian coal
mining industry. Centre for Social Responsibility in Mining and
Centre for Water in the Minerals Industry, Sustainable Minerals
Institute, the University of Queensland., Brisbane, Australian
Coal Association Research Program.

Fraser EDG, Dougill AJ, Mabee WE, Reed M, McAlpine P (2006)
Bottom up and top down: analysis of participatory processes for
sustainability indicator identification as a pathway to community
empowerment and sustainable environmental management. J
Environ Manag 78:114–127

Gordon AB, Andre M, Kaglik B, Cockney S, Allen M, Tetlichi R,
Buckle R, Firth A, Andre J, Gilbert M, Iglangasak B, Rexford F
(2008) Arctic borderlands ecological co-op community reports

(2006–07). Arctic Borderlands Society, Whitehorse, Yukon
Territory

Herrmann TM, Sandstrom P, Granqvist K, D’Astous N, Vannar J,
Asselin H, Saganash N, Mameamskum J, Guanish G, Loon JB,
Cuciurean R (2014) Effects of mining on reindeer/caribou
populations and indigenous livelihoods: community-based mon-
itoring by sami reindeer herders in Sweden and first nations in
Canada. Polar J 4:28–51

Johnson N, Alessa L, Behe C, Danielsen F, Gearheard S, Gofman-
Wallingford AK, Krummel EM, Lynch A, Mustonen T, Pulsifer
P, Svoboda M (2015) The contributions of community-based
monitoring and traditional knowledge to arctic observing net-
works: reflections on the state of the field. Arctic 68:1–13

Karjala MK, Sherry EE, Dewhurst SM (2004) Criteria and indicators
for sustainable forest planning: A framework for recording
Aboriginal resource and social values. For Policy Econ 6:95–110

Kirby SL, Greaves L, Reid C (2006) Experience research social
change: methods beyond the mainstream. Broadview Press,
Peterborough, ON

Larter N (2009) A program to monitor moose populations in the
Dehcho region, Northwest Territories, Canada. Alces 45:89–99

Lawe LB, Wells J, Mikisew Cree (2005) Cumulative effects assess-
ment and EIA follow up: a proposed community-based mon-
itoring program in the oil sands region, Northeastern Alberta.
Impact Assess Proj Apprais 23:205–209

Lefler T (2010) Successful community-based monitoring in Canada:
Three case studies. Major Paper, School of Environmental Design
and Rural Development, University of Guelph, Guelph, ON

Little KE, Hayashi M, Liang S (2015) Community-based groundwater
monitoring network using a citizen-science approach. Ground-
water 54: 317–324

Lombard M, Snyder-Duch J, Bracken CC (2002) Content analysis in
mass communication- Assessment and reporting of intercoder
reliability. Hum Comm Res 28:587–604

Loss SR, Loss SS, Will T, Marra PP (2015) Linking place-based
citizen science with large-scale conservation research: a case
study of bird-building collisions and the role of professional
scientists. Biol Conserv 184:439–445

Luzar JB, Silvius KM, Overman H, Giery ST, Read JM, Fargoso JMV
(2011) Large-scale environmental monitoring by Indigenous
peoples. Bioscience 61:770–782

McKay A, Johnson C (2017) Confronting barriers and recognizing
opportunities: Developing effective community-based environ-
mental monitoring programs to meet the needs of Aboriginal
communities. Environ Impact Assess Rev 64:16–25

Noble B, Birk J (2011) Comfort monitoring? Environmental assess-
ment follow-up under community-industry negotiated environ-
mental agreements. Environ Impact Assess 31:17–24

O’Faircheallaigh C (2007) Environmental agreements, EIA follow-up
and Aboriginal participation in environmental management: the
Canadian experience. Environ Impact Assess 27:319–342

Pandya RE (2012) A framework for engaging diverse communities in
citizen science in the US. Front Ecol Environ 10:314–317

Parlee BL, Goddard E, Łutsël K’é Dene First Nation, Smith M (2014)
Tracking change: traditional knowledge and monitoring of
wildlife health in Northern Canada. Hum Dimens Wildl 19:47–61

Place J (2007) Expanding the mine, killing a lake: A case study of First
Nations’ environmental values, perceptions of risk and health.
Master’s Thesis, Natural Resources and Environmental Studies,
University of Northern BC

Pollock R, Whitelaw G (2005) Community-based monitoring in sup-
port of local sustainability, local environment. Int J Justice Sus-
tain 10:211–228

Punch K (2014) Introduction to social research: quantitative and
qualitative approaches. Sage, London

494 Environmental Management (2017) 60:484–495



Quinn S (2007) Locally defined measures of successful forest co-
management: A case study of Tl’azt’en Nation and the John
Prince Research Forest. Master’s Thesis, Natural Resources and
Environmental Studies, University of Northern BC

Spyce A, Weber M, Adamowicz W (2012) Cumulative effects plan-
ning: Finding the balance using choice experiments. Ecol Soc
17:22–33

Topp-Jorgensen E, Poulsen MK, Lund JF, Massao JF (2005)
Community-based monitoring of natural resource use and forest
quality in montane forests and miombo woodlands of Tanzania.
Biodivers Conserv 14:2653–2677

Tremblay M, Furgal C, Larrivee C, Annanack T, Tookalook
P, Qiisik M, Angiyou E, Swappie N, Savar JP, Barrett M
(2008) Climate change in Northern Quebec: adaptation
strategies from community-based research. Arctic 61:
27–34

Tulloch A, Possingham H, Joseph L, Szabo J, Martin T (2013) Rea-
lising the full potential of citizen science monitoring programs.
Biol Conserv 165:128–138

Whitelaw G, Vaughan H, Craig B, Atkinson D (2003) Establishing the
Canadian community monitoring network. Environ Monit Assess
88:409–418

Whitelaw G, McCarthy D, Tsuji L (2009) The Victor Diamond Mine
environmental assessment process: a critical First Nation per-
spective. Impact Assess Proj Apprais 27:205–215

Winchester HPM (2008) Qualitative research and its place in human
geography. In: Hay I (ed) Qualitative Research Methods in
Human Geography. Oxford University Press, Victoria, p 3–17

Yarnell P, Gayton DV (2003) Community-based ecosystem monitor-
ing in British Columbia: A survey and recommendations for
extension. FORREX- Forest Research Extension Partnership.
FORREX Series 13. Kamloops, British Columbia

Environmental Management (2017) 60:484–495 495


	Identifying Effective and Sustainable Measures for Community-Based Environmental Monitoring
	Abstract
	Introduction
	Methods
	Data Preparation and Planning
	Interviews
	Interview style
	Data Gathering
	Interview participants
	Data Analysis
	Interview transcription and checking
	Information summary and analysis

	Results
	Efficacy of environmental monitoring
	CBEM effectiveness
	CBEM limitations
	Addressing cumulative impacts through CBEM
	Ability to Inform Decision-Making
	Social Cohesion or Relationships
	Developing partnerships through CBEM
	Communication and trust
	Effectiveness of CBEM for Local or Aboriginal Communities
	Local or Aboriginal CBEM: effectiveness
	Local or Aboriginal CBEM: limitations
	Summary of Results

	Discussion
	Conclusions and Recommendations
	ACKNOWLEDGMENTS
	Appendix
	References




