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ABSTRACT 

 
 

BRAIDING KNOWLEDGE: CREATING AN ENVIRONMENTAL COMMUNICATION PROCESS 

FOR FARMERS AND ANIISHNAABE USING DRONES  

 

 
Amanda Hutter 
University of Guelph, 2020 

Advisors: 
Helen Hambly-Odame 
Brandon Heung 

 

 
This research seeks to use Unoccupied Aerial Vehicles (UAV) or drones to address challenges 

in communicating relationships to ecosystem services for farmers and Aniishnaabe, specifically 

regarding managing conflicts and making decisions around land management. Drones and a 

range of communication tools related to Unoccupied Aerial Systems (UAS) will be a central 

technology of focus in exploring how to merge processes, technology and skills from across 

multiple knowledge systems to create the framework for a process called the ‘D3 Process’ used 

to address the communication needs of land stewards regarding ecosystem services. This 

research is built from the examples of two use-cases based in northern Ontario, Canada: agro-

ecosytems of the Black River Farmers’ Co-op, and land and forest stewardship of the 

Matachewan First Nation. The research methodology is directed by the needs and values of 

land stewards themselves, taking a user-defined approach that is seldom represented directly in 

drone literature.  
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Chapter 1: Introduction 

 

1.1 Background 

Promising examples of software platforms and technology for supporting the restoration and 

protection of ecosystems are well represented in the domain of unoccupied aerial systems 

(UAS) that use Unoccupied Aerial Vehicles (UAV) or drones. Ways to link drone technology 

directly to the creation of quality communication process and materials that are made by, with, 

and for land stewards, however, are limited. Land stewards like farmers and Indigenous peoples 

— share a common experience; if their tacit knowledge is neglected there can be conflicting 

values for land resulting in unsatisfactory results of consultation processes (Coates & Favel, 

2016; Kayahara & Armstrong, 2015; Saugeen Ojibwe Nation, 2018). This thesis examines how 

the struggles to make informed decisions regarding land management amidst environmental 

pressures can be enabled by using drone technology (Capmourteres et al., 2018; IRICS, 2017; 

Wachowiak et al., 2017). This study has two use-cases, one of Ontario farmers and one an 

Aniishnaabe community engaged in navigating land stewardship experiences. In responding to 

the environmental communication needs of participants in each use-case, both cases are used 

to design a framework for using drone technology for addressing challenges inherent in 

community consultations and land management. 

Land stewards are the people or entities whose activities in a particular ecosystem are 

grounded in a reciprocal relationship with the services of a particular area of land. As land is 

managed and cared for, stewards have specific needs or uses for the ecosystem services that 

the land they care for provides, such as water filtration, medicines, or wind buffering. The 

reciprocation of care and protection for land ensures the longevity of these services (F. Brown et 

al., 2009; OSCIA, 2020; Schmidt et al., 2013). The concept of ‘braiding knowledge’ (Snively & 

Williams, 2016) is a metaphor that is applied in this research to support the communication of 

the tacit-expertise represented by this reciprocity. The concept is best credited to the work of 

John Borrows (Burrows, 2016) and Robin Kimmerer (Kimmerer, 2013) to describe their work 

demonstrating the harmonious co-existence of Indigenous-science among other knowledge 

systems when applied towards common goals. Reciprocity in the farming and Indigenous 

context is not new, although communicating this reciprocity in order to build stronger alliances 

between conservation and economies has underpinned fundamental shifts in stewardship 

approaches (Asch et al., 2018; Godfray et al., 2010; Government of Canada, 2019; Nellemann 

et al., 2009; Reilly, 1986). The ability to communicate the give-and-take relationships with the 

services that ecosystems provide presents fundamental communication challenges in the 

Indigenous and farming contexts. The challenges stem from conflicting perspectives in 

dominant ontologies surrounding land ownership (Burow et al., 2018), from systemic inabilities 

to link common pool benefits to the work of land stewards (Cantrill, 2012; Ostrom, 2007), and 

from the simple fact that the language and perspectives of tacit-knowledge holders are so 

fundamentally different than collective stakeholders (Greskiw & Innes, 2008). 

There does not yet exist a communication process for land stewards using drone technology 

that focuses on communicating ecosystem services. Further to this, there is not yet a 

communication process which is flexible enough to capture the values of relationships with land 

without jeopardizing the ability for communication materials to be meaningful or understandable 
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for those who will be using the resulting materials (Caroline Gevaert et al., 2018; C. Zhang et 

al., 2014). By focusing on supporting the work of representatives in agriculture and Indigenous 

contexts through using a drone to create user-defined communication materials, the significant 

importance of ecosystem restoration and protection that is provided by these land stewards can 

be communicated in order to support conservation efforts.   

The creation of a drone-based communication framework for use in these unique contexts 

requires overcoming some limitations that land stewards can experience in the use of drones as 

well as outlining mechanisms for directly transferring the volume of drone research into real life. 

A challenge faced in the creation of a drone-based communication framework is that accurately 

communicating the relationship that humans have with their ecosystems is a complex task that 

is laden with unique values for land (Booth & Skelton, 2011; Filson, 1996; IPBES, 2015; Kaye-

Zwiebel & King, 2014).  Identifying suitable and safe processes, methods, technology and 

techniques that would allow the involvement of drone technology in environmental 

communication for the creation of a new framework warrants examination. The current literature 

does not sufficiently examine decision-making processes around the selection of drone and 

related drone systems technology. Overcoming the limitations for land stewards to access and 

applying this technology towards ecosystem restoration and protection goals in a way that will 

benefit their own unique purposes have only recently begun to be addressed, primarily in the 

context of agriculture (Frankelius et al., 2019; Latif, 2018; Pádua et al., 2017). Such work is 

entirely absent in the context of Indigenous land engagement. Using structured systems 

approaches for approaching communications materials that can accurately reflect the 

relationship that tacit-knowledge holding land stewards have with their land may provide 

opportunities to overcome challenges in communicating these values (Meyer et al., 2014; 

Özesmi & Özesmi, 2004; Rounsevell et al., 2012).  

 

1.2  Research Goal 

This research pursues the creation of a step-by-step process and framework for braiding 

knowledge, referred to in this thesis as the ‘D3 Process’ (Drones, Data, and Deep 

communication) for the purposes of aiding the conservation efforts of tacit knowledge holding 

land stewards. This research aims to explore this through the merging of processes, technology 

and skills that can assist with the creation of meaningful communication materials made by, 

with, and for land stewards using drone technology. First, and foremost, this research is directed 

by the needs and values of land stewards themselves by taking a user-defined approach that is 

seldom represented directly in drone technology literature. This research structures the creation 

of the framework within the existing social, ecological, systems framework (Walker, Holling, 

Carpenter, & Kinzig, 2004). Tools and techniques relevant to this communication process are 

established collectively within the term ‘UAS Environmental Communication Tools’ (or UAS 

Tools to respectfully avoid the use of additional acronyms) and are pulled from natural sciences 

in fields such as drone ecology (Koh & Wich, 2012), remote sensing (Awange, 2018) precision 

agriculture (Pedersen & Lind, 2017), ecosystem assessment and evaluation (Bowd et al., 2015; 

European Union, 2018), participatory GIS (Dunn, 2007) with modeling techniques from the 

social sciences (Grimm et al., 2006; Nonaka et al., 2000).  
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The link to data (information), knowledge mobilization and communication feature in studies and 

policies for environmental education and agricultural and rural extension (G. Reed et al., 

2020)The approach of K* (or knowledge mobilization), which addresses knowledge synthesis 

and translation in order to create ways to bring complex tools into the public domain (Brouwers 

et al., 2016; Shaxson et al., 2012) is incorporated into process design.  Within the agriculture 

and Indigenous contexts of Northern Ontario, Canada, improvements to engagement and 

communications about relationships to ecosystems will be explored in a user-driven format 

within the domain of technological stewardship (Wenger et al., 2009). The applications of high-

resolution, spectral imagery from drone technology is proposed as the central technology that 

will be stewarded in this research. The use of drone technology is based on the assumption that 

its system is flexible enough to allow one to explore the ability to express the widest range of 

unique communication needs of land stewards regarding ecosystem services within these two 

contexts. The use of a drone will be based on its ability to assist with the visual communication 

of unique user-identified indicators of ecosystem services (Haines-Young & Potschin, 2013; 

IPBES, 2015) including such tools for communication as the Driver Pressure, Impact State, 

Response (DPSIR) model and Common international Classification for Ecosystem Services 

(CICES). The resulting possible communication materials are intended to be based on 

supporting the communication needs that are defined by participants for the purposes of 

communicating ecosystem values, improving land management, or communicating ecosystem 

service-based metrics that are unique to the user. 

 

1.3  Research Question, Goal and Objectives 

The overall research question for this study is:  

How can the wide range of existing drone applications be used to benefit the environmental 

communication needs of tacit knowledge holding land stewards in agricultural and Aniishnaabe 

contexts? 

The goal of this study is to explore the design of a process and framework for enabling the 

creation of user-defined ecosystem-service based communication materials that use UAS tools 

to communicate relationships that tacit knowledge holding land stewards have with their 

ecosystems. 

 

 

 

 

 

 

 

 

Creation of user-
defined 

communication 
material(s) 

 

Creation of user-

UAS 
Environment

al 
Communicati

on Tools 
 

Point A Point B 

Identify unique 

communication 

need(s) within 

knowledge system 

Figure 1 Simplified flowchart showing research goal. 
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The specific research objectives are to: 

1. Aggregate appropriate methods and techniques (UAS tools) for linking drone technology 

to the communication needs of land stewards regarding their relationships to 

ecosystems. 

2. Engage land stewards in testing processes that link the tacit knowledge of land stewards 

to UAS tools and techniques for communicating relationships with their respective 

ecosystems. 

3. Design a testable framework that will enable the use of drone technology to be 

appropriately applied towards the communication needs of tacit knowledge holding land 

stewards for the purposes of environmental restoration or protection. 

 

1.4  Significance of the research 

 
This research stems from recent support for protection and restoration of ecosystems that is 

currently expressed from global (United Nations, 2019), federal (Canada, 2016; Environment 

and Climate Change Canada, 2019), provincial, institutional, and watershed (SVCA, 2018) 

levels of governance. This research demonstrates support for protection and restoration efforts 

through collaborative knowledge sharing (Research Impact, 2010; Shaxson et al., 2012) under 

the concept of braiding knowledge (Burrows, 2016; Kimmerer, 2013) which may help to build 

applied examples in user-defined communications of ecosystem services using drones. This 

work also supports the development of actionable approaches in capacity building towards 

Participatory Geographic Information Systems (PGIS) techniques(Corbett et al., 2016; Sinha et 

al., 2017), and lays foundations for integrated Spatial Decision Support Systems (SDSS) 

(Sugumaran & Degroote, 2011) specifically designed for tacit-knowledge holders in support of 

ecosystem restoration and protection efforts (Lieske, 2015).  

These efforts respond to ground-up stewardship efforts from within the agricultural and 

Indigenous land protection sectors also requesting integration and recognition of tacit 

knowledge systems in higher level programming (Booth & Skelton, 2011; Coates & Favel, 2016; 

Filson, 1996; Saugeen Ojibwe Nation, 2018; Snively & Williams, 2016). Also significant is the 

applied nature of this research that places benefits to land stewards who hold tacit knowledge at 

the front of research itself, an approach which is largely absent within the drone industry. 

Literature from within the fields of environmental science, remote sensing from the natural 

sciences, as well as capacity development and extension from the social-sciences, respectively, 

point towards the need to adopt a multi- and trans-disciplinary approach towards empowering 

marginalized groups in the creation of meaningful communications regarding their relationships 

with land (Duncan et al., 2010; Koster et al., 2012; Rambaldi et al., 2007; C. Zhang et al., 2014), 

an approach which has not yet been applied in drone literature. 
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1.5  Overview of the Thesis 

Chapter 2 will focus on outlining the literature relevant for framework and associated process 

design for creating communication materials regarding land stewardship efforts using a drone, 

its associated system and tools. Four gaps in current knowledge are identified and addressed 

by this research: addressing the ecosystem-based communication needs of land stewards, 

modifications and expansion of PGIS approaches, laying potential groundwork for integrated 

SDSS software design, and operationalizing the concept of braiding knowledge towards 

strengthening common goals in the restoration and protection of ES.  

In Chapter 3 the methodology for design of the D3 framework is explained. Research will focus 

on areas of land within boreal regions of Northern Ontario in the Temiskaming district of Ontario 

(Matheson as well as Matachewan) located within the Arctic Watershed, or Nishnaabe Aski 

Nation territory. Land Stewards involved in research respectively include two use-cases: The 

Black River Farmer Co-op – Matheson, ON; and Matachewan First Nation.  

Chapter 4 presents the results of testing steps identified in the D3 process. The focus for 

communications materials that will be identified through testing is on the qualitative and 

quantitative functions of Ecosystem Services (ES, used interchangeably with Natures 

Contributions for People, NCP), and use-based values of land stewards participating in research 

as far as they are linked to practices that would ensure the availability of these resources for 

future generations. The efforts of land stewards are being examined within the themes of 

agriculture and Indigenous land conservation. Research findings are reported as they were 

completed over the course of three phases: exploratory, action, and compilation. A process for 

engagement and communications using a drone is drafted at the onset of research and is 

continuously revisited through each phase of research.  

Chapter 5 discusses the overall contributions, benefits, and experiences of this research 

through the four gaps identified in literature. Finally, Chapter 6 concludes the thesis.  
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Chapter 2: Relevant Literature  

 

2.1  Introduction 

This chapter identifies and reviews the relevant literature on drone technology used in 

communication and practices related to understanding and mobilizing knowledge about 

ecosystem values.  

The literature suggests that there are three branches of knowledge that are relevant to the use 

of drones in communicating human relationships with ecosystems (Figure 2, three branches of 

literature):  

1. Valuing ecosystems  

2. Drone technology and its applications 

3. Communication, communications, and environmental communication 

In this chapter, the strengths, weaknesses, and conceptual approaches of each branch are 

identified for their ability to collectively aid in the analysis of strengthening communication 

capacities for the design of a framework for using drones in environmental communication.  

 

Figure 2 Three branches of literature examined that surround the theme of using a drone for 

communication about human relationships with ecosystems. 
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2.2  Ecosystem Values 

The first branch of relevant literature for this research projects pertains to understanding what is 

meant by ecosystem services, health, and values. Services, health and values together 

represent the expanse of ways to identify the unique relationship with which each land steward 

has with the ecosystems which they care for. Ultimately, it is this unique relationship which lays 

at the foundation of what is attempted to be communicated in this research. 

2.2.1 Ecosystem Services 

Communicating the human-ecosystem interactions that drive ecosystem restoration and 

protection activities has witnessed a series of evolutions over the past 35 years. The onset of 

this concept is captured best through the work of Gretchen Daily as ‘Natures Services’(Daily, 

1997). The acknowledgement that this term points to is a link between human interactions with 

nature, setting a precedent for the later used term Ecosystem Services (ES) as the “benefits 

that people obtain from ecosystems”—popularized by the Millennium Ecosystem Assessment in 

2005 (Millennium Ecosystem Assessment, 2005). The term Ecosystem Services (ES) has 

become a useful word for directing attentions towards unique relationships that people have 

with ecosystems through the use of specific indicators from which pre-action objectives and 

post-action evaluations can be quantified and communicated (Alam et al., 2014; Ash, 2010; 

Cordier et al., 2014; J. A. Fisher et al., 2014). To relieve contentions of categorical reductionism 

within the concept of ES, the Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (IPBES) expanded the ES concept in science-policy discourse in 2015 into 

a form that seeks to consider multiplicity of interpretations. Termed Natures Contribution to 

People (NCP), the NCP has received its own critiques for its ability to represent multiple 

perspectives (Peterson et al., 2018), and debate on whether or not the framework is more useful 

then the ES approach (Braat, 2018). Nonetheless the IPBES NCP framework was established 

in order to address the different lenses of worldviews and perspectives through which 

interactions of people with nature are viewed (See graphic example in Appendix Bi, Graphic 

representation of differences in perspectives) (Díaz et al., 2018; IPBES, 2015; Pascual et al., 

2017a).  

Following the release of the MA, the literature surrounding the classification of ES grew 

exponentially (Czúcz et al., 2018; Haines-Young & Potschin-Young, 2018a; USEPA, 2015). 

Approaches for classification differ primarily across the concepts of natural resource assets and 

components of nature, natural processes or functions services, and benefits (USEPA, 2015). 

Co-evolving with these classification schemes was the formalization and expansion of Payment 

for Ecosystem Services (PES) programs which sought to incentivize the protection and 

restoration of ecosystems based on these classification systems (Engel et al., 2008; Joshua 

Farley & Costanza, 2010; B. Fisher et al., 2010, 2010; Vanderhaegen et al., 2015). PES type 

programs have been applied across a wide variety of scales (Atela et al., 2015; Josh Farley et 

al., 2010; Joshua Farley & Costanza, 2010), payment types (Baskaran et al., 2010; Cranford & 

Mourato, 2014), economics systems (Cordier et al., 2014), and demographics (Ingram et al., 

2014) remaining a notable driver in the development of mechanisms for bringing theories of 

unique human relationships with nature into practice through restoration and protection activities 

(Asquith et al., 2008; Bremer et al., 2014; Cranford & Mourato, 2014; Engel et al., 2008; S. Liu & 

Costanza, 2010). Although suggestions of policy changes for adopting PES systems to 

incentivize environmental protection have been well represented in literature, the ES community 
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behind this work still lacks common units, scales, or ‘measurement protocols’ (Stevens, 1946) 

as ‘accessories’ for reaching its potential in the policy sphere (Czúcz et al., 2018). This suggests 

that flexible systems that can consider variability across metrics, scales, and measurements 

may help to overcome these challenges. Most notably applicable in examples of agriculture or 

forest based activities included in PES schemes which represent a wide variety of 

misrepresentations for appropriate scales, units, and measurement schemes across 

stakeholders (Aziz & Van Cappellen, 2019; Campbell & Tilley, 2014; Katoomba Group et al., 

2008; Prokofieva & Gorriz, 2013; M. S. Reed et al., 2014; Wynne-Jones, 2013) . 

Most useful for this research in communicating ES or NCP is the Common International 

Classification for Ecosystem Services (CICES) classification scheme. Although the CICES has 

received criticism for the mis-use of its categorization across the literature (Czúcz et al., 2018), it 

has also undergone a series of revisions since its original release in 2012 (Haines-Young et al., 

2016; Haines-Young & Potschin-Young, 2018b). An important distinction that can impact the 

creation of communications was made in V.4, then later refined in V 4.3 of CICES, which 

distinguishes between three divisions of Ecosystem services: 

• Final ecosystem services - being the contributions that ecosystems make to human 

well-being. 

• Ecosystem goods and benefits- being the things that people create or derive from final 

ecosystem services. 

• And Human well-being – being a product of the aggregated output of ecosystem goods 

and benefits that lead to ‘a good life’ (Haines-Young & Potschin, 2013) 

In its most recent version (5.1) (Haines-Young & Potschin-Young, 2018b) an alignment is made 

between IPBES, ES, and The Economics of Ecosystem Benefits (TEEB) (Müller, Alexander and 

Pavan Sukhdev, 2018) so that classification systems can interoperate across the ‘cascading’ 

hierarchy of classifications (Figure 3, example of CICES Ecosystem Services “cascade”). The 

MA (2005) classification—which divides ecosystem services into provisioning, cultural, 

Figure 3 Example of CICES Ecosystem Services "cascade" or hierarchy used in the 

classification of Ecosystem Services, V4.3 (Haines-young, 2016) 
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regulating, and supporting service categories— has remained the most widely cited. Together, 

the concept of Natures services, its evolutions into ES for categorizing services, CICES as a 

classification system, and NCP for describing science/policy-based interface, there exist a 

comprehensive kit of approaches using a common language upon which the stewardship 

activities of tacit knowledge holders can be empirically backed.  

 

2.2.2 Ecosystem Health 

The term ‘ecosystem health’ is used in this research for how it reflects the collective functions of 

multiple ecosystems services as they are related to human relationships with those functions 

(Waltner-Toews, 1996). In using the term n this way, this research examines the ability to 

consider the land stewards definition for the state of their respective ecosystems. For this to 

happen, one must consider the ability to consistently define elements that contribute to a robust 

SES that surrounds a relationship which land stewards have with their ecosystems. To this 

effect, it is easiest to turn to examples from Environmental Impact Assessments (EIA)(Glasson 

et al., 2012; Morris & Therivel, 2009). Historically, EIAs consider the geographical (spatial), 

biological, and natural physical environment domains using simple checklists, matrices, 

networks, and quantitative methods. In these iterations, it is the inclusion and consideration of 

the social systems as they are reflected by resource users or stakeholders deriving benefits 

from the resource system (Anderies et al., 2004; Bowd et al., 2015) that become most useful for 

this research.  

The Driver Pressure State Impact Response (DPSIR) created by the European Environment 

Agency (1999) provides an appropriate framework for use in addressing communication of 

ecosystem health. The DPSIR is an adaptive management scheme, which has lent itself well as 

a structural skeleton for use in the EIA process (Anzaldua et al., 2018). It carries a history of 

being applied, borrowed and modified in ways that have dominantly shaped the EIA process 

(Anzaldua et al., 2018; Mourhir et al., 2016). The DPSIR provides a simple structural element 

which can be slightly modified and linked with other theoretical research that highlights 

relationships with natures services, such as the “ecosystem service cascade” of CICES (Figure 

3, example of CICES ES “cascade”) (Czúcz et al., 2018; Haines-Young & Potschin, 2013; 

Müller & Burkhard, 2012; van Oudenhoven et al., 2012). 

2.2.3 Global drivers of policy and institutional change for ecosystem values 

At the global scale, initiatives for ecosystem restoration and protection have been driven 

through policies and principles set by, for example, the United Nations (UN). The earliest 

example of this occurred during the UN “Conference on Environment and Development" 

(UNCED) in 1992, where the Rio Declaration on Environment and Development was created 

consisting of 27 principles intended to guide countries in future sustainable development (United 

Nations, 1992). Eight years later, in 2000, global leaders gathered to update these global 

initiatives through the establishment of the UN Millennium Development Goals (MDGs). The 

MDGs requested the world to tackle extreme poverty through eight goals that would be pursued 

for the following 15 years. Ensuring Environmental Sustainability was one of those eight goals.  

In 2008, the UN also created a catalyst that forced recognition of the importance of knowledge 

in the Aboriginal context through the UN Declaration on the Rights of Indigenous People 
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(UNDRIP), which included “respect for Indigenous knowledge, cultures and traditional practices 

[that contribute] to sustainable and equitable development and proper management of the 

environment” as a right (United Nations, 2008). Later realizing the limitations of focusing on 

poverty alone, in 2015, the UN expanded the MDGs by launching the Sustainable Development 

Goals (SDGs). These updated 17 goals focused on the core theme of sustainability, itself, 

alongside equity issues, which have the tagline of “leaving no one behind”. The SDGs, which 

now currently include, for example, Goal 2: Zero Hunger, which focuses on promoting 

sustainable agriculture with attention to integrating environmental, societal and economic 

benefits into farming practices (United Nations, 2019).  

2.2.4 Modelling of Human Relationships with Ecosystems 

There can be found been a long lineage of research in modelling systems which pair 

themselves well to addressing relationships between humans and their natural environments 

(Epstein & Axtell, 1996; Gilbert & Troitzsch, 2005). In order to address this relationship well, a 

model must have sufficient flexibility to be able to address multiple viewpoints for reaching 

decisions about an ecosystem (Grimm et al., 2006, 2010), which is equally variable in its level of 

complexity for which to make decisions regarding assessment of the services themselves 

(Bunch, 2016; C.S. Holling, 2001; Joshua Farley & Costanza, 2010). A standard protocol for 

Individual Based Modelling (IBM) and Agent Based Modelling (ABM) was designed by Grimm et 

al. called Overview, Design, and Detail (ODD) protocol (Grimm et al., 2006). This protocol 

provides a flexible structure for guiding the preparation phases for IBM and ABM across multiple 

disciplines (Grimm et al., 2010). 

Considering complicated scenarios for addressing uncertainty surrounding data to be included 

in modeling systems that surround the theme of ecosystem health and ecosystem services, the 

use of Multi Criteria Decision Making (MCDM), or Multi Criteria Decision Analysis (MCDA), is a 

concept that can be suitably applied to the ODD structure. MCDM is a conceptual tool for 

comparing, selecting, or ranking multiple alternatives in decision making processes (L. Zhang, 

2016). MCDA has evolved across a wide range of techniques that are well infused in the Natural 

Resources Management (NRM) ‘discipline’ (Annandale et al., 2005). Examples of the weighing 

of data used and manipulated in modeling using MCDA include water-resource planning 

(Sugumaran et al., 2004), land-use planning (Ananda & Herath, 2008; L. Zhang, 2016), timber 

harvesting, transport planning, and the valuation of significance associated with the assessment 

of projects (Gorsevski et al., 2013). The techniques vary substantially in both operation and 

intention. However, within literature, all of them share the following basic set of components:  

•there exists a given set of alternatives 

•there exists a set of criteria for comparing the alternatives, and  

•there is a method for ranking the alternatives based on how well they satisfy the criteria 

 

The techniques surrounding the MCDA process represent unique opportunities for defining 
user-defined data inputs for use in Spatial Decision Support Systems (SDSS) (Silva et al., 
2014). Summarized as a decision making tool for assisting with strategizing in considerations 
that involve large volumes of options (thus a welcome fit for MCDM principles) and geo-spatial 
data (Sugumaran & Degroote, 2010), SDSS systems continue to grow in both conceptual 
design and applications where decisions require strategy and organization (Daras et al., 2019). 
The analysis of data for use in decision analysis relies on identifying problems, dividing and 
categorizing them into smaller pieces that are able to be managed independently through 



11 

 

analysis, then combining those parts together into solutions that are meaningful and follow an 
ordered logic (Karnatak et al., 2007). Due to the complexity, volume, and socially determined 
needs within the environmental domain, SDSS are increasingly used and developed towards 
climate change context for its strength as a visualization tools that supports adaptation planning 
and strategy (Ghunowa, 2017; Gorsevski et al., 2013; Lieske, 2015). Following criticisms of the 
SDSS system towards its lack of providing functionalities that meet the needs of decision 
makers and that facilitate adequate visualization of available data (Hernandez, 2007), there now 
exists a wide range of examples of SDSS systems which can accurately channel volumes of 
geospatial data into communication materials that meet the needs of users. Examples of these 
integrated SDSS systems which combine geo-spatial data other data sets for particular 
functions in the environmental field include desktop software such as the InVEST software of 
the Natural Capital Project, web based software such as the Climate Adaptation Viewer (Lieske, 
2015) or ENACT service (IRI, 2016), and proprietary software such as Trimble ECognition 
(What Is ECognition? | Trimble Geospatial, n.d.).  
 
Software systems designed for use by tacit-knowledge holders for creating ecosystem-based 
communication materials that combine drone planning, collection, and visualization are limited 
in both literature and in commercial forms. Mutually exclusive examples of software, however, 
do exist which can help with envisioning an integrated software for the above purposes that 
combines elements across the various examples. Planning apps are well represented in the 
drone industry (e.g., Pix 4D, Precision Mapper, etc.), as well as drone imagery processing and 
visualization software (e.g., Drone Deploy, Agisoft, ESRI Drone2Map, etc.), both providing 
commercial examples of bookends for an otherwise underdeveloped opportunity for research. 
Towards these ends and using existing SDSS systems described in the previous paragraph as 
an example, provided there is adequate structure in system design, opportunities may arise 
through this research to lay the groundwork for integrated SDSS system design that combines 
all three elements of drone planning, collection, and visualization of environmental data that is 
created for use by tacit-knowledge holders.  

 

2.3 Drone Technology as an Environmental Communication Tool 

The ability to effectively translate information about land and space into visual forms is at the 

core of the relatively new field of drone ecology, which uses a drone to aid in communications 

about ecosystems (Anderson & Gaston, 2013; Koh & Wich, 2012; Lopez & Frohn, 2017; 

Sample, 1994). Going beyond simple visualization of photos and videos alone, the drone is a 

central tool in collecting land-based images that are also able to be processed using geographic 

information system (GIS) or photogrammetry software, and combined with other types of data 

sets, which are then used for the purposes of facilitating land restoration, protection, or 

conservation (Ogden, 2013). Drones are adaptable to communication needs by providing 

flexibility in terms of the temporal planning for flights, the ability to revisit sites, data/sensor types 

available (e.g. multispectral, hyperspectral, microwave, thermal/night imaging, Light Detection 

and Ranging (LiDAR), and photogrammetric stereos), viewing angles, flying altitudes, and 

overlap dimensions (Gaffey & Bhardwaj, 2020), giving a wide range of options for supporting 

communication materials that are bounded only by the communication needs of its users.  

Consistent in the rare cases of user engagement using drones, drone technology remains 

useful for tacit knowledge holders above and beyond other remote sensing technology (e.g. 

Satellite imagery, aerial photography from planes, etc.) due to three factors: Images are able to 
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be collected in real time; images are collected at high resolution, and images are collected at a 

local scale (Awange, 2018; Lausch et al., 2017). 

In a systematic quantitative literature review developed by Pickering and Byrne (Pickering & 

Byrne, 2014) it was found that term usage across articles regarding drone applications was 

mixed. The term UAV (Unmanned Aerial Vehicle) across the past 10 years remained the most 

effective term for sourcing relevant, reliable, and reasonable literature. Prior to 2017, the term 

UAV was used often used interchangeably with UAS (Unmanned Aerial System), with terms 

Unmanned Aircraft (UA), Remotely Piloted Aircraft (RPA), Remotely Piloted Vehicle (RPV), 

Remotely Operated Aircraft (ROA), and Remotely Piloted Aircraft System (RPAS) also used to 

represent either the system or the vehicle itself (Chapman, 2014), leading to notable confusion 

within the drone community. In an annual review of marine science completed by David 

Johnston, it was pointed out the necessity of enforcing the use of Remotely Piloted Aircraft 

System (RPAS) in order to achieve to consistency across regulatory domains as well as the 

importance of using the words Unoccupied Aircraft System to represent UAS instead of 

Unmanned Aircraft System in order to maintain appropriate gender representation within 

literature (Johnston, 2019). Despite the differences in acronym usage, a distinction must be 

made that the term UAV, UA, RPV, RPA all represents the vehicle itself, devoid of sensors or 

attached systems of operation and the term UAS, or RPAS both represents the entire range of 

components used for operating a UAV, including sensors, piloting systems, remote control 

systems, and positioning systems. The term ‘drone’, as it was found to be used most often in 

common term descriptions as they relate to public interactions was used in non-technical 

iterations, as well as it was used in the research context of both describing the vehicle itself and 

its related systems. With its roots in military context, the word ‘drone’ remains the most popular 

(Chapman, 2014)1 and as such is selected for use in this thesis, using drone systems in 

replacement of UAS except where earlier iterations of research included UAV or UAS and a 

change could not be made (e.g. UAS tools). 

2.3.1  Technology Stewarding of Drones, Communication and Environmental Knowledge  

To address the use of technology as a communication tool to safely ”attend to this interplay 

between technology and the community”, the concept of “technology stewardship” proposed by 

Etienne Wenger and Nancy White (Wenger et al., 2009, pg 39) guides the resulting examination 

of literature. With such an array of options, this approach is taken to remain pragmatic in the 

endeavors of this research and remain structured in assigning the applications of drone 

technology. Technology stewarding forces a user to adopt a perspective of community 

surrounding the use and applications of particular technology. A steward of technology must 

strike a balance between what happens spontaneously and what happens “purposefully, by plan 

and by cultivation of insights into what actually works” (Wenger et al., 2009 pg 39). In order to 

best support the development of capacity for use-cases, technological stewardship for the use 

of drone technology as a communication tool around land stewardship is best approached from 

the perspective of developing its own Community Of Practice (COP) (Lave & Wenger, Etienne, 

1991). A COP is defined as “a group of people who share a concern or a passion for something 

they do, and learn how to do it better as they interact regularly” (Wenger, 2000). The literature of 

 
1
 Although term usage is not the focus of this work, it nonetheless needs consideration, and this author reserves the right to change 

the usage of this term in future iterations of this research as expected popularity of the RPAS term grows.  
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drone applications is examined through the lenses of three dimensions of a COP which place 

demands on what technology is able to do in each community of practice that develops its tools: 

domain, practice, and community (Wenger, 2000; Wenger-Trayner & Wenger-Trayner, Beverly, 

2015). By doing this, a technology steward, the role adopted by the researcher, is better able to 

help a group of people who will be using or benefitting from drone usage (community) that are 

united by a common theme (domain), to choose, configure, and use technologies to best suit its 

needs (practice). The consideration of techniques, technology, and tools in each of these three 

dimensions can draw attention to possibilities for defining tools for use in a new COP. In the 

case of this research, the theme from which relevant tools are selected for use within a COP is 

to communicate ecosystem values of tacit-knowledge holders for the purposes of supporting 

land stewardship.  

In the dimension of community, described as the “experience of togetherness that makes a 

community a social container for learning together” (Wenger et al., 2009), existing communities 

of practices for drone applications fall within many disciplines and industries consequently 

developing an exceptional range of methodologies for approaching the applications of drones.. 

In a review completed by the Journal of Unmanned Vehicle Systems looking at the topics of 77 

papers published over the journals 5 year history, 50 of them (65%) relate to UVS applications; 

20 (26%) involve engineering or design, 17 (22%) dealt with operational safety, policy or 

societal issues, and four (5%) delve into business and industry aspects, with several papers 

falling into more than one of these broad categories (Chabot, 2018). Engineering and design-

oriented papers in the JUVS detail a sliver of the enormous technological advances in control 

and navigation systems, sensors and instruments, physics and mechanics, materials, and 

propulsion that are provided to these existing communities. The development of specific UAS 

tools within each community are used to tackle the communication needs of land resource users 

in each context, especially in cases of conflict where the application of a tool can enhance the 

simultaneous interplay between diversity and common ground (Arts et al., 2015; Booth & 

Skelton, 2011; Ecojustice Canada, 2008; Ward, 1963). Applications-oriented papers represent a 

wide range of research communities, including coastal and marine biology (Pirotta et al., 2017; 

Schofield et al., 2019; Sturdivant et al., 2017; Torres et al., 2018), wetland and water resources 

(Boon et al., 2016; Boon & Tesfamichael, 2017b; Jeziorska, 2019), agriculture (Barbedo & 

Koenigkan, 2018; De Souza et al., 2017; Roth & Streit, 2018; Sandino & Gonzalez, 2018), 

precision agriculture (Elarab, 2016; Nolan et al., 2017; Pechanec et al., 2014), forests and wild 

vegetation (Bertacchi et al., 2019; Fraser & Congalton, 2019; Getzin et al., 2012; Lu & He, 2018; 

Palace et al., 2018), geology (James et al., 2020; E. J. Liu et al., 2019), mining (Padró et al., 

2019), urban monitoring (Grubesic et al., 2018; PWC & Urban Land Institute, 2020), surveillance 

of protected areas (Nowlin et al., 2019), and emergency response (Dietrich et al., 2017).  

In an article by Arts et. al in 2015 on the use of Digital Technology and the Conservation of 

Nature, it was proposed that data on nature, data on people, data integration and analysis, 

communication and experience, and participatory governance could be amalgamated as the 

foundational underpinnings of the field of “Digital Conservation” that can apply the use of drone 

technology  (Arts et al., 2015).  Although this approach still lacks a body of actual examples in 

drone-based communities of practice, it was also suggested in this same article that the use of 

technology in the conservation field can and should “be reconceptualized by 

conservationists…to a dual-faced force in need of guidance”. Examples of this approach has 

been applied in the field of precision agriculture  (C. Zhang et al., 2014), urban development ( 
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Gevaert et al., 2018) and landscape reconstruction (Duncan et al., 2010) although these 

examples were extremely difficult to find. Participatory processes for using drone directly to 

cater directly to the ecosystem-based communication needs of users, or methods that 

transcend user limitations by offering UAS tools to land users through support systems are 

significantly underrepresented in literature. 

In the dimension of practice, UAS tools can be selected and amalgamated. The selection and 

amalgamation of UAS tools used within each community that could potentially allow for 

sustained and mutual engagements around a practice of using drones for the protection and 

restoration of ecosystems begins the process of articulating ways that knowledge can be 

braided together. the coupling of UAS imagery with quality approaches for processing that are 

represented in the literature can be a creative process whose volume of applications is a 

testament to its flexibility. Methodologies for analysis and processing of high-resolution aerial 

imaging provide an ever-expanding set of concrete guidelines for diagnosing and 

communicating a nearly unlimited range of ways that ecosystems can be communicated. Using 

ecosystem services alone as an indicator set based on the total count of 95 CICES indicators 

currently identified (Burkhard & Maes, 2017; European Union, 2016; Haines-Young & Potschin-

Young, 2018a, p. 1), assuming that the use for each ES varies among participants, this presents 

a nearly unmanageable range of potential guidelines for the interpretation and translation of 

ecosystems into human interests using drones. This range is evident in application-based 

literature by examining communication themes that are able to be directly linked to Ecosystem 

Services, including water protection (Boon et al., 2016; Boon & Tesfamichael, 2017a; Jaud et 

al., 2019), species identification (Boon & Tesfamichael, 2017a; Fraser & Congalton, 2019; 

Michez et al., 2016), wildlife habitat identification (Chrétien et al., 2015; Varela et al., 2018), 

habitat structure assessments (James Hutton Institute, 2018), disease detection in forest 

canopies (Waite et al., 2019), biodiversity estimation (Getzin et al., 2012), carbon sequestration 

(Kustiyanto, 2019), or wetland assessments (Boon et al., 2016). Applied examples of 

highlighting these ES specifically according to the human needs of landowners directly remains 

on the fringe of the literature (Capmourteres et al., 2018; Caroline Gevaert et al., 2018; Duncan 

et al., 2010; Wachowiak et al., 2017; C. Zhang et al., 2014). A comprehensive framework of 

theoretically sound and methodologically sophisticated protocols that can guide a process for 

communicating ecosystem services for use by future technology stewards has yet to emerge 

(Doukari et al., 2019).  

2.3.2  Drones and PGIS Tools 

Tools which are not commonly used in drone-based communities of practice are selected for 

their ability to streamline the selection or practices and foster the updating of common 

engagement practices which then become unique to the endeavors of this research. One 

practice that is not commonly used in drone-based community’s that is selected for 

accomplishing these goals is PGIS, Participatory Geographic Information Systems. 

A particularly useful approach for basing engagement techniques upon is Participatory 

Geographic Information Systems (PGIS), a mapping exercise for translating values for land into 

spatial information. PGIS is based on the engagement of participants to inform the use of 

Geographic Information Systems (GIS). Multiple forms of data are collected from participants 

during interviews, questions, and focus groups, all using some form of paper maps to allow 

participants to record spatial details (Mayhew, 2015). Data that would otherwise be understood 
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together as being imprecise in terms of scales, parameters, temporal dimensions, or metrics 

provided by participants are then layered together into a single map representing multiple 

values. Exercises using maps and even tactile interaction with spatial data using physical 

models of land (Rambaldi et al., 2007) combine hands on manipulation of information with 

visualization of spatial data that cater to more tactile, auditory, and visual styles of learning (G. 

Brown & Weber, 2013; Dunn, 2007; Mukherjee, 2015). Through mapping values, spatial 

information is able to be visualized through braiding together the knowledge of both the 

participants and technology stewards (Smith et al., 2012). The final form of maps is typically a 

2D or 3D version of spatial reality that are created in a growing array of forms as the inclusion of 

additional technology and software is included in the process, for example Geoweb and Web 

2.0 (Mukherjee, 2015). Examples of PGIS have been noted for their usefulness in the vertical 

communication of data where there exists conflicts around common pool land resources (Dunn, 

2007; Sinha et al., 2017) as well as in aiding land managers who have limited resources, 

technological, or communications capacity to share and validate their unique knowledge 

systems surrounding a reciprocal relationship to their respective ecosystems (Gorman et al., 

2008; Rambaldi et al., 2007; Smith et al., 2012). Tacit knowledge holders that theoretically 

remain at the core of the processes used have been able to use PGIS as a process for linking 

their own meaningful knowledge regarding values for land into communication materials that are 

backed by empirical science (Dunn, 2007; Gorman et al., 2008; Rambaldi et al., 2007). Taking 

PGIS one step further, where the provision of spatial ecosystem data itself that lies at the root of 

map creation can be directed by, with, and for tacit knowledge holders is where we enter an 

unexplored realm.   

As there exist no current PGIS literature examples that detail the use of drones as a primary 

geographic data collection tool, provided that the same standards of quality for GIS transfer can 

be maintained, oversight on the PGIS process and ownership of the resulting maps created can 

potentially be improved through the inclusion of drone imagery.  The data sets used at the root 

of map creation used in PGIS often rely on several different existing GIS based geographic data 

sets that lay the foundations of a map on data which is not created by participants at all, thus 

opening the question as to the relevance of foundational maps used. Central to a reigning 

debate of the effectiveness in the use of PGIS is its use as a way to overcome power 

inequalities in communicating land based values, expressed in the theme of empowerment 

(Corbett et al., 2016). In efforts to attend to this flaw in the process that may lead to 

disempowerment, it has been suggested by authors Corbett, Cochrane, and Gill after a 2013 

examination of the PGIS literature that in response to a lack of theoretical and practical 

engagement surrounding empowerment, as new approaches and tools are added to PGIS work, 

efforts are better spent including specificity regarding the processes used and greater linkages 

made between activities and resulting impacts. Researchers have begun to go beyond 

assessing the qualitative data inside the map (Young & Gilmore, 2013) and are instead 

accounting for the impacts of the process itself in terms of a maps resulting quality, for example, 

a facilitated process results in more accurate representations of real spatial environments 

(Zolkafli et al., 2017). An interesting article applied the Spatial Data Transfer Standard (SDTS), 

a data transfer standard of GIS data sharing that is designed to facilitate dissemination and 

sharing of data, to the PGIS process itself, providing a starting point for PGIS studies to assess 

the quality of the product (Musungu, 2015) especially as power continues to shift with the 

inclusion of new forms of software and communications technology.  
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Although PGIS provides well practiced examples of creating maps at a local scale that is 

meaningful to tacit knowledge holders, the principles of engagement are not necessarily suitable 

for rural mainstream applications. The dominant reason for this is the notable absence of useful 

scales or values in mapping systems that are intended to be useful to wider public audiences. 

Examples of this can be seen in using GIS based mapping of ecosystem services which are 

intended to visually represent the complexity of ecosystems and their relationship to people 

(Chaplin-Kramer et al., 2019; Wu et al., 2013; Yukuan et al., n.d.).. One example, the European 

Union Mapping and Assessment of Ecosystems and their Services (EU MAES) program, was 

designed to map ES provided by urban ecosystem services at the national level (European 

Union, 2018) and has begun to be adopted throughout the world to address national and 

regional level monitoring of ES at a common mapping scale of approximately 1:100000 

(Nedkov, 2016). In most of the cases, indicators for mapping of ES using MAES framework use 

the Common International Classification of Ecosystem Services (CICES) classification, the 

CORINE Land Cover dataset, and the reporting streams under the EU environmental directives 

(European Union, 2016, 2018; Vogiatzakis et al., 2020). Although this mapping of ES is one 

approach to spatial visualization that has demonstrated ability to feed spatial information of 

human ecosystem relationships into adaptive governance strategies that reflect complex 

systems interactions (Folke, 2007; Gunderson & Holling, 2002), it remains a technique that has 

not yet been addressed comprehensively for use by rural land stewards, including farmers and 

Aniishnabe. The target scales shown in the mapping of ecosystem services is not relevant to 

the typical stewardship activities of these users, and the use of indicators used in these 

programs represent top-down use values that are not able to be selected by people on the 

ground.  

 

2.4 Communication, communications, and environmental communications of 

environmental values 

The ability to strengthen communication abilities has long been part of the theoretical and 

practical perspectives of capacity development and extension (Lavergne & Saxby, 2001). 

Capacity development, by definition, requires a culmination of i) human skills development and 

knowledge mobilization, ii) potential changes in organizations and networks, and iii) changes in 

governance/institutional content (Hambly, 2010). As such, all three dimensions are considered 

in the literature, which spans from the global-level of policymaking to the practical-level of 

communicating with individuals. The communication of environmental values is examined as a 

link between successional ‘blocks’ of investment and activity addressed in development policy 

and programming (Hambly, 2010; Lavergne & Saxby, 2001).  

2.4.1 The Braiding of Knowledge Concept and Practice 

In recent years, a need for new perspectives has been well represented in communications 

surrounding our relationships with ecosystems and management of those ecosystems in ways 

that blend knowledge systems together. The changing of perspectives, regarding ecosystem 

interactions that comes from effectively braiding together different knowledge systems, spans 

well over a century (Leopold, 1949; Rapport et al., 1998) and has left a wake of momentum in 

intercultural knowledge mobilization regarding environments (Basso, 1996; Bowers, 2002; Sato 

et al., 2018; Sterling et al., 2017). As a result, communications that reflect a change in 
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perspective—away from dominant empirically-based narratives into easier to understand 

forms—have spurred an outpouring of ground-level initiatives that use multiple knowledge 

systems as the new status quo for approaching land management (Berkes et al., 2005; 

Peterson et al., 2018; Shaxson et al., 2012; World Bank, 2011). Hence, initiatives for land 

protection and conservation that integrate multiple knowledge systems employ ‘bottom up’ 

approaches for environmental change that are enacted across scales of influence (Alexander et 

al., 2011; Diduck et al., n.d.; Hawken, 2007; IRICS, 2017; Sato et al., 2018). However, as 

conflicts in values that impact land sustainability continue (e.g., Opening of mines in ‘Ring of 

Fire’ area of Northern, Ontario, or examining pressures and pathways to alternative farming 

practices)(Atlin, 2019; Ramankutty et al., 2019), the search for ways to connect knowledge and 

perspectives respectfully and safely from the ground to dominant narratives must continue.  

The sources of knowledge included in this particular research are examined from its most 

foundational level – tacit knowledge – originally credited to Michael Polanyi’s 1966 work in The 

Tacit Dimension (Polanyi, 1966). Tacit knowledge is suggested as being the root of all 

knowledge by its childlike property of being learned by doing, learned by watching, or learned by 

engaging in an activity—without having intended to learn at all (Reber, 1996). By these 

definitions, tacit knowledge is a form of knowledge that underlies a large proportion of land 

stewardship activities in both the agriculture sector as well as Indigenous land conservation 

sector2. These are the knowledge systems which have typically been ignored or discounted in 

the past in favor of western empirical science, but which have recognized capacity for informing 

systems at equal scale (Atela et al., 2015; Hambly & Tobias Onweng Angura, 1996; Inglis et al., 

1993; Petheram & Campbell, 2010; Teetl’it Gwich’in Renewable Resources Council et al., 2006; 

Turnbull, 1997). The structured codification and translation of people’s knowledge systems have 

been included in literature of Dynamic Knowledge Creation (DKC) (Nonaka et al., 2000) for 

approximately 20 years at this point and has been used in examples of co-creation of 

ecosystem modeling (C. O. Tan & Özesmi, 2006), in decision making (Obiedat & 

Samarasinghe, 2016), and in integrated environmental assessment (Mourhir et al., 2016). A 

paradigm shift occurring at this point in time is for the research community to look first to tacit 

knowledge systems as a form of expertise that can be linked to other forms of knowledge in 

order to benefit land management (Lee, 2017; J. Liu et al., 2017; Nonaka et al., 2000; C. O. Tan 

& Özesmi, 2006).  

2.4.2 Communication Among and With Farmers and First Nations 

In the spirit of embracing this role as a land steward, farmers are increasingly adopting practices 

of farm scale environmental protection in response to both rising market demands (Mann, 

2016), regulation and policy shifts (Filson, 1996), and climatic change (C. S. Tan & Reynolds, 

2003). A common response of the modern farmer is to employ greater amounts of unfamiliar 

forms of information that are external to farm operations, such as in the use of remote sensing 

techniques (Awange, 2018). Increasingly, the literature shows a role for external assistance 

from communication specialists and technologists to present information about the values that 

guide stewardship decision making. However, the creation of communication run the risk of 

 
2 Although this is not explored or addressed within this MSc, this author acknowledges that ‘land stewardship’ activities, as a collective practice 

towards restoring and protecting ecosystem services, are dominantly a westernized practice in response to environmental degradations. In the 

Indigenous context, this term can be regarded as an empirical mislabel for ways of respecting and caring for land that are commonly accepted 

traditional practices within the cultures of Indigenous persons. 
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being predominantly geared towards what other knowledge holders would deem ‘relevant’ (C. 

Zhang et al., 2014). This is apparent in the field of precision agriculture, for example, where 

information communication tools have begun to be accepted onto farms throughout Ontario for 

the purposes of aiding production (Mitchell et al., 2018). As to what level these communications 

reflect the famers values for ecosystem needs and uses, especially as to how they relate to 

protection of land and water resources that the farm operations may depend upon, remains 

unexplored and unclear.  

In Indigenous communities, such as the Aniishnaabe, there exists immeasurable barriers in 

communications between land management and resource governance systems, such as in 

language itself, oral traditions of knowledge sharing, and protection of the sacredness of 

traditional ecological knowledge (Minter et al., 2012; Sapic et al., 2009). The transfer of 

knowledge has historically been uni-directional from colonial pressures, and exploitative in 

nature when knowledge is used without consideration of potential impacts (B. Chilisa & Tsheko, 

2014; Koster et al., 2012; Lee, 2017). Recent attention in the literature is only now supporting 

the de-colonization of approaches for communications about land into new styles that better 

place communication tools back into the hands of the land stewardship representatives in 

Aniishnaabe communities (LeBlanc et al., 2012) and the recognition of even land itself as being 

an entity with its own voice seeking translation (Country et al., 2015). Although the approaches 

are now well recognized institutionally, the real world is consistently different. Shifting the 

perspectives at the level of industry with any ability to safely impact the nexus between land 

sustainability in light of nested economies remains a challenge (Houdet et al., 2012; Koellner et 

al., 2010; Newman, 2017).   

2.4.3 Environmental Communication Approaches and Needs in Canada 

In 2019, the Government of Canada published its 2030 National Agenda, detailing national-level 

approaches towards achieving the UN SDGs by committing to the National Sustainable 

Development Act, which defines sustainability as "Development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs 

(Government of Canada, 2019). Sustainability was addressed generally in this agenda by 

rooting its approaches in the principles of inclusiveness, diversity, dignity, respect, fairness, and 

opportunity for everyone and had an emphasis on “leaving no-one behind” by “supporting those 

furthest behind and putting in place adequate monitoring to ensure progress improves for all”. 

For Canada, the equity dimension of sustainability is particularly relevant to Indigenous 

communities upholding the treaty rights of Indigenous to land and resources (Greskiw & Innes, 

2008). Stakeholders at the local-scale, such as farmers, have also claimed that their role as 

land stewards or agri-ecosystem stakeholders has not be sufficiently engaged. 

To be able to accurately realize the monitoring requirements of SDGs and sustainability in the 

context of communities that are dependent on the land, there is a need for expressing the 

complex relationship that such individuals have with their own ecosystems. These relationships 

happen amidst the modern-day pressures, dictated by the policy approaches, which makes this 

a complex and an unprecedented challenge (AAFC, 2017; Green & Minchin, 2014). Policies in 

support of the SDGs in Canada require monitoring and assessment. For example, 

measurements of key performance indicators of the national strategy are deferred to Provincial 

and Municipal bodies through regulatory processes, such as the Bill C-69 Impact Assessment 

Act (Bill C-69 House Government Bill C-69 (42-1), 2019, p. 69)); Ministry agencies, such as 
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Conservation Authorities (SVCA, 2018); and Ministry funding programs, such as Ontario 

Ministry of Agriculture Farming and Rural Affairs (Ontario Biodiversity Council, 2015a, 2015b) 

are all responsible for reporting on progress towards the SDGs. Although data is made available 

through national-level reports using aggregated data from these bodies (NRC, 2019), top-down 

approaches that dominate the communication of information contradict an important principle in 

this national agenda. Governments are expected that,  

“…emphasis will be placed on hearing from all segments of society, particularly under-

represented and marginalized groups, and ensuring they actively participate in shaping the 

way Canada implements the 2030 Agenda.” (emphasis added) (Government of Canada, 

2019) 

The literature suggests that without approaches in place for accurately linking the values for 

ecosystems directly into programs that monitor and track progress in national strategies, the 

processes attached to this national agenda effectively limit the involvement of “those left behind” 

due to the complexity surrounding the communication of their relationship with ecosystems 

(Berkes et al., 2003; Bowd et al., 2015; Garner, 2019; Vaillant, 2005). 

Narrowing the focus to the policy context of Ontario, Canada, values of ecosystems have 

become a large concern to populations across the province (Environment and Climate Change 

Canada, 2019) as this area of Ontario is earmarked for economic development and expansion 

(NOHFC, 2018). In particular, it is earmarked for expansion in agriculture (Chapagain, 2017).  In 

the Boreal North of Ontario, settlement and resource development, since Ontario was colonized 

early in the 18th century, has caused significant intersection of values to this resent day 

(Chapagain, 2017; Joseph W. LeBlanc et al., 2012; Kayahara & Armstrong, 2015; McLeod, 

2004; Sapic et al., 2009). Value conflicts have driven significant animosity between the 

spectrums of governance systems (Kayahara & Armstrong, 2015), markets (Chapagain, 2017; 

Mann, 2016), and culture (Minter et al., 2012; Sapic et al., 2009). These conflicts have been 

explored for how they represent unique human relationships with our natural environments in 

Indigenous environmental law (Asch et al., 2018), mining (Ecojustice Canada, 2008), agriculture 

(Walters & Shrubsole, 2003), and forestry (Ward, 1963). All four of these domains play a 

significant role in how expansion and development impact the lives of people in Northern 

Ontario’s boreal region. As development of Northern Ontario continues, despite conflicts in land 

usage (Chapagain, 2017; NRC, 2019; OMAFRA, 2019), additional research in providing 

mechanisms that address both the nature of these conflicts while providing opportunities for 

navigating safely around them is warranted.  

 

2.5 Summary  

Throughout this examination of the three branches of literature that are relevant for this work are 

the techniques, technologies, and tools that collectively can be grouped together into the 

category of UAS Environmental Communication Tools or ‘UAS Tools’ being the term which will 

from this point forth be used in this research. This term acts as an extension to the term drone 

systems (UAS) as it refers only to the kit of sensors and technology used in drone applications 

and instead includes the wider range of techniques, technologies and tools that can be applied 

towards the creation of environmental communication materials based specifically on the needs 

of tacit knowledge holding land stewards. 
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Despite the gradual shift towards including wider ranges of knowledge sets into perspectives on 

the values for ecosystems, miscommunications of understandings and conflicting values for 

protection and restoration of ecosystems persist (Greskiw & Innes, 2008; Kayahara & 

Armstrong, 2015; Nielsen, 2014; Ruwhiu & Cathro, 2014; Zander et al., 2012). Requests 

continue to be made for decolonization of research regarding human relationships to 

ecosystems with a continuous pressure for uncovering new ways to relate to, account for, and 

communicate about tacit, knowledge-holder’s relationships with ecosystems (Koster et al., 2012; 

Tengö et al., 2017; Turnbull, 1997). Given the volume of today’s pressures for agriculturalists to 

manage land better (IRICS, 2017; Rosenzweig & Hillel, 2011); today’s pressures for knowledge 

sharing by, with, and for Aniishnaabe (Alexander et al., 2011; Green & Minchin, 2014); and 

today’s need to improve monitoring and reporting approaches for national strategies of 

environmental sustainability (Environment and Climate Change Canada, 2019; Government of 

Canada, 2019), exploring a modernized approach for stepping the act of weaving knowledge up 

to the next level is warranted.  

Chapter 3: Methodology  

3.1  Introduction 

In this chapter, research methods are examined, including research stages, preliminary 

framework and process design, and the selection of use-cases. The research approach is 

transdisciplinary with emphasis on using drone systems in remote sensing and drone ecology to 

inform the process and materials of environmental communication in the two use-cases. The 

research design is explained followed by an outline of the methods used to collect and analyze 

the data. 

 

3.2 Analytic approach and research design 

The analytical approach to this study was informed by the conceptual framework that positions 

drone technology and UAS tools as relevant and useful to “braiding knowledge” with local land 

stewards. In section 3.4, below, the two contexts or use-cases for this study will be discussed. 

In this section, the cyclical design adopted for research is explained. This is a continuous 

Stage 1: Exploratory 
Review

*2 Parts

Stage 2: Action 
Research

*8 Steps

Stage 3: Framework 
Design and Analysis

Figure 4 Research design occurs within three iterative 

stages. 
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processing of new information and data that are generated by using drones for participant 

engagement and communication. This process is summarized by Figure 4 (research design 

within three iterative stages).  

Figure 5, a summary of the research design, summarizes how each of the three stages of 

research respond to a research objective for the study.  Each of these stages in the research 

design are now discussed. The researcher reminds the reader that only Phase 1 (mimicked 

within research Stage 2) and Phase 2 (also mimicked by research Stage 2) of the proposed 

process within the D3 framework are tested in this thesis due to fieldwork limitations discussed 

later in this chapter. 

 

 

Stage 1: 

Exploratory 

stage 

Stage 2: 

Action 

Researc

h Stage  

Stage 3: 

Framework 

modification 

and analysis 

Figure 5 Summary of research design, with details of steps involving 

human participation included in Appendix E, Methods used for Phase 2 

Steps. Additional details of each step is included in Chapter 4 
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3.2.1 Stage 1 

In response to research objective one, the first research stage explores and collects drone 

technology and secondary documentation on relevant methodologies, software, and technology 

with a potential role in environmental communication. Specifically, the selected set of 

technology is referred to as ‘UAS tools’ and these include drones/drone ecology tools, remote 

sensing and geographic information systems (GIS). Specific technology was selected according 

to the communication needs of participants.  

UAS tools were examined based on their potential ability to contribute to the process of 

communication as per a series of individual steps, as well as support the potential creation of 

communications materials generated with land stewards. Each tool was then selected for its 

ability to be aggregated within a larger framework of technology and activity. A process for 

navigating through relevant steps between these two points is also created in Phase 1. Chapter 

4 of the thesis will summarize the findings of Phase 1. 

 

3.2.2  Stage 2 

The second stage used an action research method (act-reflect-act) to take the results of Stage 1 

into a use-case, involving participants (the selection of which was addressed through 

inclusion/exclusion criteria available through ethics application, and are described in section 3.4) 

and their interactions with and feedback on the UAS tools experience. This stage begins the 

“braiding knowledge” engagement process with participants through an information session 

(focused on the use of video) and multiple information exchanges including workshops, 

interviews, and reviews that are intended to outline all possible communication needs that can 

be addressed using a drone and relevant UAS tools. The “braiding knowledge” process is a 

non-hierarchical participatory action research method (Snively & Williams, 2016). In this respect, 

engagement with participants involved sequenced phases and steps of interactions designed to 

collect feedback for each stage. A foundational methods used in analysis is based on the 

“systematic, inductive, and comparative approach for conducting inquiry for the purpose of 

constructing theory” of Grounded Theory Method (GTM) (Bryant & Charmaz, 2007, pg. 2) 

(Charmaz & Mitchell, 2001) that uses coding as the basis for interpretation and translation into 

beneficial information (Saldaña, 2012). This could include knowledge about UAS tools for 

stakeholders, identification of values and indicators, using participatory engagement techniques, 

sharing of resulting communications with stakeholders, and collecting feedback on results of 

process. In this stage, phase 3 of the process used within proposed process could not be 

implemented due to the limitations discussed below in Section 3.5 and will be left for future 

studies. 

Details of methods used across steps in this Stage are included in Appendix E, Methods used 

for Phase 2 steps. Due to the use of Grounded Theory as a method, details of methods used in 

this Stage that do not include human participation are included as results in section 4.3. 
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3.2.3 Stage 3 

A third stage of this study combines all findings to compare, examine, and process the 

information collected during previous stages of exploration and engagement. As no primary data 

is collected in this stage, this stage is presented through discussion section. 

 

 

 

 

 

 

 

 

 

 

 

3.2.4 Proposed D3 Process and Framework 

A skeleton of a framework for braiding knowledge towards the creation of environmental 

communication materials was drafted, which can be found in Appendix Ai, Draft of proposed 

process. Research itself is designed to test and develop steps in the proposed process that 

supports this framework (Figure 7, draft proposed process steps). This draft process is 

temporarily titled the D3 Process, referring to its use of Drones, Data, and Deep 

communications. The D3 process builds upon the IPBES NCP process (Appendix B, IPBES 

framework basis, and Appendix C, Generalized IPBES Value breakdown) (Pascual et al., 

2017b, 2017a), and includes ODD standards for individual and agent based modelling (Grimm 

et al., 2006). Steps included in this proposed process were heavily dependent on feedback and 

interaction between a technology steward and the research participant. The drafted framework 

is laid as a starburst (Appendix Ai, Draft of proposed process) to allow for overlapping of 

theoretical approaches that can be used to complement the process, as well as allow expansion 

of methodologies and techniques used in each section. 

 

Stage 2 

Accurate and 
meaningful 

communication 
material(s) 

 

Accurate and 

UAS Tools 

 

Point A Point B 

Communication 
need within 

unique 
knowledge 

system 

 

Stage 1 

Stage 3 

Figure 6 Stages of research goal (from Figure 1), with areas to be explored during each 

stage highlighted. 
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Figure 7 Draft proposed process steps outlined for D3 Process. 

3.4 Selection of Use-Cases 

Two use-cases contextualize the development of the framework and process for structuring the 

use of UAS tools in environmental communication. The term ‘use-case’ is the preferred term to 

refer to the exploration of new technology applications within a “digital habitat” or community 

context (Wenger et al., 2009). As compared to case studies where the content of the case or 

example is known, the context of a “use-case” is not yet known, or fully explored. Use-cases in 

technology design and development allow for an exploration of an emergent process of using 

and adapting the technology application (Wenger et al., 2009). Selection of the use-cases was 

based on the following criteria employed for participants within use cases: 

o The researcher preferred to focus on rural and northern Ontario communities, and had 

some initial introduction knowledge of the community/participant.  

o Participant represents the active use and experience with a tacit knowledge system that 

helps them to understand their area of land.  
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o Participant has experienced conflicts in land management of their own areas of land 

between themselves and other organizational entities.   

o Participant is interested in long term protection or restoration of ecosystem needs and 

uses.  

o Participant has demonstrated or holds sentiments of a reciprocal relationship with land 

area being examined.  

Use-Case A: ‘Black River Farm Co-op’. The Black River Farm Co-op is currently concept agri-

food enterprise that is in Matheson, Ontario. This agricultural co-op is a representative example 

of the Local Food and Farm Coops (LFFC) organization of Ontario. The property of this 

enterprise (175 acres) is owned by a farmer who wishes to transition into environmentally 

respectful agricultural practices in partnership with other farmers within a cooperative enterprise 

structure. Agricultural operations are now maintained by co-op members, some of which live on 

site. The site (apprx. 175ac) is divided into two farming zones, the second zone of which 

currently remains undeveloped (Figure 8, Black River Coop site location).  

Figure 8 Black River Coop site location, property boundaries 

 

Use-case A had one primary participant who represented the use-case (farming co-op) and was 

called participant ‘RL’. Participant RL had previous education, experience and employment in 
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sectors of forestry, as well as food security for Northern districts of Ontario. She had extensive 

experience in wild food harvesting and wildcrafting that was passed down from generations of 

family members that was the foundation of her own business. She had lived and worked in land-

based occupations in Northern Ontario all of her adult life and shared her farm work, including 

management of the co-op, with her husband and 3 children. The area which RL represented 

was the entire area owned and operated by the Black River Farm co-op where she had lived 

with her family for approximately 10 years.  

Use-Case B: Matachewan First Nation. Matachewan First Nation is located 2hrs South of 

Timmins, Ontario in Niishnaabe Aski Nation and Temiskaming district of Northern Ontario. 

Members of Matachewan First Nation (MFN) expressed an interest in the use of drones for the 

purposes of aiding in engagement and communications among community members. On further 

discussions with Chief and Council, Lands and Resources Department, and community 

members, another purpose identified was to create communications that could aid in oversight 

and translation of concerns expressed during the Custom Engagement Approach for Forest 

Management Planning (CEA FMP) that was currently being designed in collaboration with the 

Ministry of Natural Resources and Forestry. Selection of Use-Case B also fit well with 

community-defined interactions recommended in the Indigenous research literature (Castleden 

et al., 2008; Bagele Chilisa, 2012; Christensen, 2012; Koster et al., 2012).  

Use-case B had three primary participants who represented the use-case (Matachewan First 

Nation). In figure 14 and 15 (section 4.3.3) are maps of areas represented by all participants in 

use-case B. Participant ‘MM’ acted as a mentor for this research. He had a lifetime of living off 

the land in and surrounding the area that he represented was located, including hunting, fishing, 

and harvesting of medicines. He had worked in the forestry sector as well as with his First 

Nation Lands and Resource department. At the time of research, MM was the carrier of the 

Sweatlodge ceremony, a traditional healing ceremony that involved many uses of medicines 

from the land. The area he represented was a block of land approximately 1400ac adjacent the 

Montreal river which had been a part of his family for generations. Participant ‘CY’ managed the 

Lands and Resources department of the First Nation and was surrounded in her family by 

traditions of hunting, wildcrafting, and wild harvesting. She had a post-secondary education and 

was at the time of research continuing to pursue education in land and resource management. 

The area of land she represented was selected as an area approximately 1800ac in size where 

forestry operations were underway but which many of her family had picked blueberries over 

multiple generations. This area was the subject of conflict after the area was sprayed with 

herbicides. Participant ‘EJ’ was a recognized Elder in the community who had been active over 

her lifetime advocating for and practicing the traditions of hunting. EJ was active in the passing 

of her extensive knowledge of land to her children and grandchildren through the continuation of 

these land-based activities. The land area she represented was a block of land approximately 

1400ac in size where forestry operations were also underway. She and her family had 

numerous traplines across this area of land where generations of trapping activities were at the 

time of research disrupted by forestry activities. All participants had unique respective decision-

making roles within the community as ceremony keeper and Elder, department manager, and 

Elder.  

In both use-cases, as the research design suggests, it is the role of the researcher to act as the 

technology steward, and it is the role of the use-case participants to guide the applications of 

the technology within their own unique context.  
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3.5  Data Collection 

The research methods in this study were, as follows: 

1. Review of literature. A review of relevant literature and documentation on UAS tools 

using website searches, secondary documentation from the drone industry, experts’ 

blogs and other documents. 

2. Researcher’s initial draft of the process for using drone for environmental 

communication. This will be referred to as the D3 Process, referring to its use of 

Drones, Data, and Deep communications. This process builds upon IPBES NCP 

recommendations for translating science and policy knowledge about ecosystem 

services (see Appendix B, IPBES framework basis) (Pascual et al., 2017b, 2017a). This 

process also includes ODD standards for individual and agent based data modelling and 

structured communication using drones (Grimm et al., 2006).  

3. Multiple, structured individual and group interactions: several methods were used 

to obtain data that reflect the feedback and interaction between the researcher in the 

use-case context. These methods are selected steps of the D3 process, including from 

Stage 1, exploratory stage, the introductory engagement in person and by phone, the 

presentation of an educational video about UAS tools, and arranging/planning the 

interview. In the role of a technology steward, researcher discusses with the research 

participant the ideas, actions and plans for drone use. In the Stage 2 of action research 

the methods tested were a workshop summarizing and further educating on drone 

applications. Details of participants included for each type of method can be found in 

‘Results’ section.  

 

All steps of the draft process (Figure 7, draft proposed process; and Table 3, proposed process 

framework found in section 4.1) represent the sequence of steps as a method that was created 

specifically for the D3 process. Steps can be scheduled as a timeline which can be flexible, 

provided all steps are completed. For this research, steps were scheduled over the course of a 

6-month period (November – April).  

 

Steps were also drafted to represent a framework that is designed in a starburst shape 

(Appendix Ai, Draft of proposed process) to allow for overlapping of knowledge that can be used 

to complement the process, as well as allow expansion of techniques used in the draft 

framework. All data from the research stages was recorded, summarized and categorized 

according to the stage and steps in the draft process (methods for recording are described more 

in Appendix E, Methods used for Phase 2 steps). The findings are presented in Chapter 4. 

 

3.6 Ethics Considerations 

This study received approval from the Research Ethics Board of the University of Guelph 

(Appendix D, Certificate of ethics approval). A separate application was made for each use-case 

because use-case B included additional cross-cultural and Indigenous research considerations.  

The main considerations of this study was to pursue the design and development of a process 

that uses drones for environmental communication in a respectful and ethical manner across all 
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participants. This required awareness on the side of the researcher to be able to adapt to the 

expectations and needs of the participants at any time in the study.  For example, working with 

what is considered to be Traditional Ecological Knowledge where there is great apprehension 

and sensitivity about what knowledge is shared and how it is used (Morgan, 2003). In this light, 

certain types of knowledge from the Indigenous context (e.g., where medicines grow, or how 

medicines that are part of a healthy ecosystem are used) will not be employed in this research 

in order to mitigate risks of exploitation resulting from knowledge sharing in the Indigenous 

context. 

 

For steps drawn up for Phase 2 of proposed process (which was not able to be tested during 

this research), additional consideration was given to risks associated with the use of drones 

themselves. A set of Standard Operating Procedures was drawn, including necessary training 

and insurance required by Transport Canada.  

 

Limitations and Assumptions: 

One limitation of the study is that although consideration of limitations for the applications of 

drone technology are used to guide the methods employed, the results may not focus entirely of 

overcoming those limitations. Due to this research being exploratory in nature, the results were 

expected to be complex or chaotic during the movement between the research design stages 

and steps. As a result, the intended process is only able to follow the path of one single 

representative participant (described in section 3.4) for each piece of land. Furthermore, as this 

research is exploratory, limits as to the range of communications materials are drawn only 

around the potential use of information that can be collected using UAS tools. It is an 

assumption tested only to an initial extent in this research that ecosystem values can be 

accurately categorized, identified, and translated to mapping analytics and communications 

using drone imagery.  

 

3.7 Summary 

In this chapter, intended research methodology has been laid out with sufficient flexibility to 

allow for exploration in this relatively new field of drone system applications. Important to note is 

that it was expected that additional methods and techniques would be needed to be forged 

throughout research, as well as flexibility would be required as these new techniques are forged 

for the purposes of achieving research objectives.  

 

 

Chapter 4: Results 

4.1  Introduction 

This chapter presents the findings of the study. This research approached the creation of 

communication materials resulting from the use of drones as an iterative communication 
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process referred to as “braiding knowledge” that must be flexible, but which also requires 

elements of structural integrity. The communication materials would be created for the purposes 

of addressing the communication of ecosystem services of tacit knowledge holding land 

stewards. 

A process of back-casting from the end goal of creating communication materials (‘Point B’ in 

Figure 1, research goal), was used in Stage 1 to outline possible options for UAS tools that 

could be used for creating communication materials, either by a technology steward, or by the 

participant themselves as well as supplementary techniques. Back-casting refers to a step-by-

step planning approach for use in complex situations that focuses on future desired conditions 

and the steps leading up to those end goals (Holmberg & Robert, 2000), Subsequently, Stage 1 

was followed by Stage 2, action research, involving the testing of steps identified for intended 

use as Phase 1 and 2 of the proposed D3 process. UAS tools identified in stage 1, including 

engagement techniques, were tested in stage 2 for environmental communication in the two 

use-cases of the Black River Coop and Matachewan First Nation. In Stage 3, final framework 

and process design and modifications are presented based on the findings in the previous two 

Stages. 

 

4.2  Stage 1 

Stage 1 was an exploratory stage involving the review of relevant documentation identifying a 

range of UAS tools and associated engagement techniques that could be relevant to land 

stewardship. From this review, and due to the time constrictions for this thesis, three key 

principles were identified for the selection of UAS tools for environmental communication: 

relevance, reliability and reasonability, as defined in Table 1.  

Table 1 Principles used for selection of UAS tools, and throughout research. 

Principle Explanation/ Example 

Relevance To be relevant, UAS tools must hold characteristics that allow it to be useful for the 
following purposes: 

▪ Useful for purposes of land stewardship, including ecosystem restoration and 
ecosystem protection objectives 

▪ Useful for uncovering unknown information about ecosystems OR 
▪ Useful for validating known information about ecosystems which is difficult for 

other forms of communicators to convey 

Reliability The demonstrated ability for accuracy, precision, or validity to be achieved which 
must be considered. For this principle, tools which have been peer reviewed and 
accepted, which are consistently chosen above others, or which have been 
developed to expand upon or fill erroneous gaps in previous work are selected for 
review.  

Reasonability The context of use which must be considered. For this principle, the selection of tools 
are chosen according to the determinants that will be exposed during a planning 
interview (hence included as step 2, Phase 1). For example, if the cost for drone is a 
dominant limitation found during the planning interview, and the land steward wishes 
to be able to pursue the technology on their own, it is more likely that a land steward 
may find it reasonable to use a drone which costs <$2000 (e.g., DJI Mavic) rather 
than one which costs <20,000 (e.g., senseFly’s eBee RTK). Another example may be 
that a technology steward may guide a land steward towards user friendly and 
automated software for analysis (e.g., Pix4D) rather than open-source manual 
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analysis software (e.g., SAGA) if technical capacity for analysis is an issue but is 
necessary for the land steward to create communication materials on their own.  

 

In Stage 2, the results of Stage 1 inform the next steps that follow in an action research process 

of “act-reflect-act”. There are five steps of the proposed D3 process that were informed through 

this stage as outlined below with results detailed in the following sections of this results chapter: 

o Stage 2, step 1: use of technology stewardship and CoP (community of practice) 

principles from Wenger et al (Wenger-Trayner & Wenger-Trayner, Beverly, 2015) to 

inform the creation of a video for use in stakeholder learning and education session 

(used for all participants) 

o Stage 2, step 2: to define questions to be used during Planning Interview  

o Stage 2, step 3-5: as well use systems framework parameters for agent based modeling 

(Grimm et al., 2006) for the design of a flowchart to use to connect communication 

needs described by the land stewards with possible creation of communication materials  

o Stage 2, step 5: to create the ‘Flight, Analysis, and Communications Plan’ template. This 

form will be intended to provide informants a summary of the process that will be used in 

the creation of communications, as well as guide the provision of further education 

regarding technical knowledge of data collection and analysis process  

o Stage 2, step 6-8: to provide accurate information (analysis methods, forms of data 

communication, equipment or software needed, sources for education, etc.) to use for 

information workshop.          

      

A Flight Analysis, and Communications (FAC) plan would be used to provide participants with 

an informative summary of the process that will be used in the creation of communications, as 

well as guide the provision of further education regarding technical knowledge of data collection 

and analysis process. Example of the template for this plan is included in Annex F, Flight, 

Analysis, and Communication plan template. 

The use of ODD protocols (Grimm et al., 2006) was used to design the process structure that 

would enable the following: 

• a process between communication need and communication material focuses on a 

single participant 

• a single participant is analogous to Individual or Agent in IBM or ABM 

• a presence of multiple pressures on that single participant 

• a nesting of details within overarching goals for modelling of communications 

processes 

 

Placement of ODD structure (Grimm et al., 2006) was decidedly best suited only for use 

between proposed Phase 2 steps 3-5 of the D3 Process (proposed process) towards the 

creation of FAC plan (outlined in Table 3, proposed D3 process found in section 4.1) due to the 

complex nature of moving between these steps. This modified ODD process is shown in Figure 

9 (standard ODD protocols modified). 
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Stage 1 was used to narrow down the UAS tools specifically for their ability to support the 

following dimensions required to create final communication materials process (Table 2, UAS 

tool categories) as defined by modifying ODD standard protocols established by Grimm et al. 

(Grimm et al., 2006). 

Table 2 UAS tool categories for creation of communication materials 

Modified ODD Process 
Category  

Focus Details to be included 

Flight planning 
 

Measurement and data 
acquisition (Goal, 
Environment, Input 

Equipment, e.g.: Type of drone; Type of 
sensor 
Dependencies on temporal and spatial 
dimensions 
Area selection and morphology 
 

Analysis and processing 
planning 
 

Analysis and interpretation 
(Throughput) 

Uses and needs of ecosystems (selected 
based on NCP framework (Díaz et al., 
2018; Pascual et al., 2017a) 
Methodology for analysis 
 

Communication planning 
 

Provision of knowledge and 
assessment  
Communications (output 
and feedback) 

Control mechanisms, e.g.: ease of use, 
accessibility, cost 
 
Effectiveness for each stage of process 
 

 

Steps of a third phase for the proposed D3 process was anticipated to be tested in this project 

but was not tested as part of the thesis. Phase 3 of the proposed D3 process combines all 

information collected, examined and processed during Phase 1 and Phase 2 to create 

communication materials. The details included in the original framework is presented in Table 3. 

Steps that are included for testing in this MSc research are shaded:  

Table 3 The proposed D3 process with steps tested in this thesis shaded. 

IPBES NCP process Steps for Engagement Associated multidisciplinary 
methods 

Elements of ODD process for Agent and 
Individual Based Modeling, grouped into 3 
categories (Grimm et al., 2006) 
 

 ODD process skeleton applied to flowchart design 

Overview 

Purpose 

Communications 

Communication theme 

State Variables and 
scales 

Area selection 

Process overview and 
scheduling 

Audience 

Design Concepts Design concepts Flight Design concepts 

Details 

Initialization 
Analysis and 
Processing 

Initialization  

Input Input 

Submodels Submodels 

Figure 9 Standard ODD protocols (Grimm et al, 2006) modified and used in the initial design 

stage of a flowchart for use in decision making to move between Phase 2, Steps 2-5 of proposed 

process. 
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1. Identify the 
purpose 

 
-Decision making 

-Raising awareness 
-Accounting 

-Litigation/conflict 
resolution 

Step 1: Provide general education on 
drone data collection and 

communication techniques to 
participants based on context and collect 

feedback 

 

Step 2: Examine general details of 
context based on discussions with 

organization representative(s) 

Include selection of focus for 
project, roles, communication 
flows, and identification of 1 

representative/spatial area for 
interviews 

Step 3: Examine secondary information 
relevant to context 

 

2. Scope the process 
 

-worldviews 
-foci of value 

-Types of value 

Step 4: Drone data collection planning 
interview or survey 

Address overview: Purpose, State 
variables and scales, process 

overview and scheduling 

Address design concept: design 
concepts 

Address details: Initialization, input, 
submodels 

3. Pluralistic 
Valuation 

 
Select methods: 

-biophysical 
-cultural and social 

-economic 
-health 

-holistic and ILK 
 

Assess: 
-key potential trade-
offs among types of 

values 
-Power relations 

among value holders 

Step 5: Create flight, analysis, and 
communications plan 

 

Step 6: Present plan to participants and 
seek feedback 

 

Step 7: Provide appropriate education 
surrounding details of flight and analysis 

 

4. Integration and 
Bridging 

 
-Integrated modeling 
-multicriteria analysis 

-narrative analysis 
-deliberative valuation 

 
Step 8: Drone Flights 

 
Include Go-Along interview 

Include flight plan for intended 
analysis 

Step 9: Data processing  

5. Communicate on 
values and review the 

valuation process 
 

-disseminate 
knowledge on values 

-be aware of 
confidence limits 
-iterative process 

(review) 

Step 10: Present data to participants 
and collect feedback 

Include Photo-elicitation 

Step 11: Closing survey following 
presentation of data 
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Interdisciplinary structural features were compiled for use within the D3 process to support the 

modified ODD protocol (Table 4, UAS tools used for structural design).  

Table 4 UAS tools used for structural design for moving between interview (Stage 2, step 2) and 

creation of FAC plan (Stage 2, step 5 of research) 

Methodological 
framework 

Literature Purpose Application 

IPBES NCP 
framework 

(IPBES, 2015) Original design of framework Already included in 
design of original 
framework 

PGIS (G. Brown & 
Weber, 2013) 

Original approach towards 
engagement 

Approaches already 
included in design of 
engagement activities 

Driver Pressure State 
Impact Response 
(DPSIR) 

(Jørgensen et al., 
2010) 

identifying contextual factors 
important to communication 
theme  
 

Flowchart decision 
making: 
communications 
planning 

Common 
International 
Classification for 
Ecosystem Services 
(CICES) 

(Haines-Young & 
Potschin-Young, 
2018b) 

Identification of indicators for 
Ecosystem Services, as well 
as placement within FAC 
planning process 
 

Design of interview 
questions and 
Categorization of ES 
indicators for use in 
flowchart decision 
making 

Drone Data 
Acquisition Protocol 

(Doukari et al., 
2019)  
 

Structure is expanded 
depending on results of 
research to identify flight 
planning categories  

Flowchart decision 
making: Flight planning 

Analytic Hierarchy 
Process (AHP) 

(Brunelli, 2015) For use in decision making 
processes across flowchart 
nodes where multiple 
options exist 

Flowchart decision 
making: all sections as 
needed 

Fuzzy Cognitive 
Mapping (FCM)  

(Obiedat & 
Samarasinghe, 
2016) 

Identification of themes and 
approaches for linking 
elements of flowchart 
together into single plan for 
using drone systems 

Flowchart decision 
making: All sections as 
needed 

 

Each of these UAS tools used for structural design of D3 process are described further for their 

contributions to the process in Appendix Eii, Structural contributions. 

      

4.3   Stage 2 Findings from testing the process in two use-cases. 

In Stage 2, the results of Stage 1 inform steps that follow in an action research process of “act-

reflect-act” by taking the proposed process and weaving together info from participants in two 

use-cases. Use-case A is the Black River Coop which is involved in local food production. Use-

case B is Matachewan First Nation which is involved in Forest Management. 

In this section of the thesis the findings from both use-cases will be referred to. The data from 

the two use-cases are marked separately in the various summary data tables contained in the 

Appendices. The presentation of the findings are organized according to each step intended to 
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be mimicked in Phase 2 of the proposed process.  For the sake of brevity, the bulk of the 

findings are summarized in tables contained in the Appendices. 

In Stage 1, for each of the two use-cases the following 8 steps in the proposed D3 process were 

prepared and taken in Stage 2: 

• Step 1: Information workshop (1), Video 

Distribute an Introductory video explaining drone systems and introduce study and 

consent to participate. 

o Video was created for the land stewards on the range of possibilities for 

communication of land-based information will be presented to participants. 

o Video focused on providing general education on the applications for drone data 

for communication materials. 

o Video can be found in Appendix Ei, Link to introductory video. 

• Step 2: Planning Interview: Based on results from literature of elements which may be 

important for the creation of communication material, interview focused on 7 separate 

tasks: 

1. Area selection/Project overview - Contextual details of a particular site 

2. Indicator usage - Identification of needs and uses of ecosystem. 

3. Indicator benefits 

4. Management - Knowledge of protection or restoration of those values, 

perceived improvements to management of health using communications 

from use of drone technology. 

5. Drone usage – history, interest, current and desired level of knowledge 

regarding the use of drone 

6. Communications form - Form of communications that participant is most 

comfortable with 

7. Equipment and scheduling – selection of most appropriate equipment to 

use to complete flights as well as selection of appropriate timing.  

Methods available in Appendix E, Methods used 

• Step 3: Relevant secondary information: Based on results of the planning interview, 

relevant secondary information was planned that may assist with the creation of a Flight, 

Analysis, and Communications Plan (Stage 1, Step 5). 

• Step 4: Analysis: Results from the planning interview and secondary data were coded 

(Galman, 2016; Saldaña, 2012) and analysed using NVivo. 

o Analysis pointed to links between knowledge presented by land stewards and 

appropriate uses for UAS tools based on the use of drones for the collection of 

data.   

• Step 5: Flight, analysis, and communications plan created: UAS tools outlined and 

generally structured in Phase 1 were combined with results from planning interview to 

guide selection and planning of flight details, analysis details, and resulting 

communication details (including cameras, analytics, mapping techniques, software and 

communication styles) that can be used to create communication materials most 

appropriate for participant(s). 

• Step 6: Plan Feedback Interview: The Flight, Analysis, and Communications Plan 

(Phase 1, Step 5) was presented to participant(s) (in person) for feedback. The Flight 
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Analysis and Communications Plan includes the following details prepared in previous 

steps (2-5): 

• the educational content/information to be provided to help make the 

participant feel comfortable with using a drone for creating information. 

• flight plan information, including location(s), range of flights, equipment that 

will be used, permissions, and any necessary safety details (suggested in 

standard operating procedures for safe drone operations by Transport 

Canada) 

• methods for analysis 

• anticipated forms for resulting communications. 

Methods used for this step available in Appendix E, Methods used. 

• All information collected up to this point shaped the design of an information workshop to 

be presented to participants for feedback. 

▪ Step 7: Education Session for participant and invited guests: Participant(s) were required 

to commit to 1-2hrs for education and discussions surrounding the use of drone 

technology for the communication theme(s) identified in FAC plan.  

o Education material will be presented to stakeholders as necessitated by previous 

steps (indicated in planning interview, as well as ‘Flight, analysis, and 

communications’ form) 

o This section will be based on using maps, videos, or aerial imagery created through.  

workshop preparation as the basis for photo-elicitation. 

o Workshop material created will be presented to participant(s) in person using  Photo 

Elicitation (Harper, 2002) that has been modified slightly to assess understanding of 

photos and images created as well as to gauge the appropriateness, understanding, 

and meanings  of communications created. Responses will be audio recorded. 

Selected questions will be presented to collect feedback regarding the process for 

creating communications. 

o Photo elicitation using spatial information is highly dependent on both the types of 

analysis being completed as well as the type and form of communications that are 

being created. These will, at this point, have been outlined for the participant in 

Phase 2, Step 6. 

Notes3 will be taken to collect feedback to the information provided due to the 

sensitive nature of responses4.  

• Steps 8 and 9 – were not able to be complete due to restrictions of COVID-19. 

 

 
3 Although in original planning of this section was to be recorded, due to the limitations exposed by COVID-19, the 

exploratory nature of this research, and data sensitivity concerns, this section was recorded however transcription 

of recording was not included in research since returning the transcription to participants for review was not 

possible without a printer, adequate network connection in Northern Ontario, or COVID-19 safety concerns for 

communications to take place. 

4 In the case of First Nation context, Indigenous Research Methods that respect the knowledge, customs and 

protocols, and co-creation of knowledge (Castleden et al., 2008; Bagele Chilisa, 2012; Koster et al., 2012; Nykiforuk 

et al., 2011; Sutton-Brown, 2014) will need to be applied. 
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4.3.1 Stage 2, step 1: Identify the purpose - Drone education and context. 

In Stage 2, step 1, the framework proposed to operationalize ideas about technology 

stewardship and CoP (community of practice) principles from Wenger et al (Wenger et al., 

2009) which suggest that group communication techniques around a topic of learning generate 

collective understanding and bring forth and mobilize new, combined knowledge. The method 

used here was the creation of a video that attempted “building, connecting and energising ba” 

(Nonaka et al., 2000) about drone engagement for land stewardship in the two use-cases. This 

approach emphasises autonomy, creative chaos, redundancy, requisite variety, as well as the 

presentation of love, care, trust and commitment to the themes within the video.   

Using supplementary aerial imagery that was collected during the relationship building process 

with use-case participants (pre-research stage), a seven-minute video was created using open-

source video creation software (OpenShot). In the video, relevant examples of drone 

applications for land stewardship were presented (a link to this video is available in Appendix Ei, 

Link to Introductory Video). Drone applications were categorized in such a way that reflects the 

complexity of the process itself that goes behind creating final communication materials. These 

categories were as follows: 

1. Basic visual imagery 

 

Basic visual imagery involves the creation of communication materials using unmodified, 

unaltered, or ‘raw’ visual or video imagery. This can be applied to a limited number of 

sensors, including Red, Green, Blue sensors (RGB), and Thermal sensors.  

 

2. General Analytics 

 

General Analytics involves the creation of communication materials using only data 

collected from drone sensors which are also automatically or manually processed using 

computer software that does not require software manipulation through machine 

learning/training. By this definition, all sensor types are included, including sensor types 

which require more sophisticated forms of computer processing (e.g., hyperspectral 

sensors, and LiDAR sensors). 

 

3. Advanced Analytics 

 

Advanced Analytics involves creating communication material by using data collected 

using drone sensors as well as supplementary information, additional imagery, or 

relevant spatial data (including ground-truthed data).  Advanced Analytics also include 

applications that require manipulation of software operations where sensory imagery is 

coupled with machine learning/training approaches. 

Elements were selected according to these categories to educate tacit-knowledge holders on as 

wide a range as possible of applications. Through interaction with the participants, three 

questions guided the discussion of the video: 

1) How useful was this video towards empowering participants towards defining 

their own communication materials? 
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2) Was there insight generated beyond exiting knowledge that was useful in 

supporting direction towards a particular communication need? 

3) What weaknesses emerged in this step that require modification? 

It was found that the video facilitated initial stakeholder learning and education session about 

UAS tools in land stewardship. Some skepticism about UAS tools was evident. As one 

participant remarked, 

“This work kind of scared me at first. I thought when you said ‘drone’ that you were going 

to be using it to drop some bombs all over the place.” 

In the use-cases, the introductory video was played for the use-case representative(s) with the 

researcher acting as the technology steward to answer questions. It was apparent immediately 

following the video that the video had exposed the participant to a much wider range of 

possibilities than the participant had thought possible. In use-case A, the participant expressed 

that original understandings for the use of this technology were that a drone was able to create 

visual imagery alone, however after watching the video, the participant began to imagine 

additional possible applications including mapping, monitoring, and exploring possible impacts 

of neighboring activities to their own property.  

In use-case B, the video was played for two participants during Stage 2, Step 1 in this process. 

For a third participant the video was played during Step 8, during education session. For the first 

two participants, it was again immediately apparent that the video had exposed the participant 

to a much wider range of possibilities than each participant had thought possible. Each 

participant expressed that their original understanding for the use of this technology was to 

create visual imagery alone, for surveillance, or the capacity for completing analytics was 

beyond their reach. It was noted that the usefulness for addressing concerns regarding impact 

from forestry operations. The use for basic visual imagery was preferred among both 

participants for creating communication materials for use within the community, especially 

among elders. As well, for both participants, applications for general and advanced analytics 

were thought most useful for communications with forestry companies, or to support the building 

of knowledge within the community itself, especially around species identification on forestry 

blocks. 

In both use-case A and use-case B the findings suggest that it was difficult to imagine scenarios 

or options without relevant references to the participants own situation. In the section of ‘Basic 

Visual imagery’, the ability to understand where the image being shown was depicted was 

difficult and at times disorienting. A concept of ‘Navigational Transparency’ was suggested by 

use-case B participant MM, which was described as having a small map or direction reference 

in the bottom corner of the screen in order show what direction the drone camera was pointing 

to over what area of land. It was suggested this may help to overcome confusion regarding area 

association. Also important was the guidance of a research mentor in use-case B who stressed 

the importance of using of local examples for the creation of this video. Table 5, detailing 

responses to introductory video, provides examples of using the video to build a community of 

practice around UAS tools for land stewardship using the criterial of a COP provided by Wenger 

et al. (Wenger et al., 2009). Examples of descriptive comments raised by participants are 

summarized. 
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Table 5 Responses of participants to introductory video 

CoP  Response (from 
researcher/tech steward 
notes) 

Use-case A 
(Black River 
Farmers Co-op) 

Use-case B (Matachewan 
First Nation) 

Events The activities proposed in the 
research were immediately 
considered an opportunity for 
education among co-op 
members.  

 Knowledge sharing 
activities among 
community members were 
identified as being 
beneficial, as well as 
having community 
members accompany 
technology steward during 
future flights 

Leadership Video was played for leaders of 
the Co-op, including Chief 
Executive Officer and 
Administrator 

 Video was played for 
members which would 
oversee leadership on the 
research work, including 
Chief, department head, 
and Band Administrator 

Connectivity No data for this category 

Membership Roles for members of this co-
op were identified, including 
who would be suitable for 
representing areas of land 
were identified, as well as 
members that would benefit 
from knowledge sharing 
activities 

“Our co-op 
members would 
really like this. 
Making info 
about what we 
are doing so 
visual is 
something they 
would really 
like.” 
 

Roles of those who would 
be involved in the work 
included elders to present 
findings to as well as to 
inform planning steps, 
stewards who would be 
interviewed, and research 
team members from within 
the community.  

Projects Master planning “This would be a 
great way to 
send some 
information back 
to our funders.”  
 

“Can we use the results in 
legal proceedings?” 
“Can we use it to back up 
what the Elders have been 
saying about Birch? Or on 
that site up by [location 
described], they’ve been 
taking all those small trees, 
but they keep saying 
they’re not. Maybe we can 
get some pictures of that.” 

Artifacts Future communication 
materials created 

“I didn’t know 
you could do 
much more then 
take pictures 
with the drone.” 
 

Future communication 
materials created 

 

Following the video discussions, testing then led to Step 2. At this point the roles, 

communication flows and identification of at least one representative for the subsequent phase 

of interviews was completed. 
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The final step of identifying the purpose of the process with participants (referred to as Stage 2, 

Step 3) was intended to involve an examination of secondary information relevant to the 

context. This step was not completed in the testing of the proposed process. It would be used in 

the actual delivery of the process and would, for example, include land survey data, ground-

truthed data, land cover classification data, species lists from participants, etc. Literature was 

reviewed for strategies used for informing missing details of flight planning and analysis sections 

for each communication need. Literature was selected using the same 3R principles (relevance, 

reliability, and reasonability). Examples of the literature was reviewed to fill in details needed to 

complete categories identified as required for FAC planning as required by proposed framework 

(Appendix Ai, Draft of proposed process) and process (Table 3, proposed D3 process) as well 

as identify any additional categories that may have been overlooked up to this point in the 

research. 

 

4.3.2 Step 2 Stage 2: Identify the process: drone data collection planning 

interview and contextual information. 

The next step in the proposed process was to define an interview structure and specific 

questions to be used during the subsequent step of the Planning Interview which would then 

inform the Flight Analysis and Communications Plan.  

 

Findings were that the interview structure itself had to have the following seven characteristics: 

i. be flexible enough in its simplicity for the questions to be understood in a common 

language. 

ii. allow for relevant information to emerge. 

iii. allow for previous information shared to be built upon 

iv. is structured enough to be able to intentionally nudge a participant towards providing 

sufficient information for creating relevant communication materials.  

v. can incrementally build on statements said previously in the interview.  

vi. structure allows participant to remain in control across each section of FAC plan 

creation.  

vii. directs attention towards communication needs. 

Table 6 (theme, questions, and coded findings category) presents a summary of the interview 

questions identified. The questions are grouped into themes to link the specific interview 

question to the related category of FAC planning. 

Table 6 Theme, Questions and Coded Findings Category 

Theme Interview Questions Category  

1. Area(s) 
selection/Project 
Overview 
 

1.a Please describe for me the area that you would like to 
focus on for this project.  

Flight planning 

1.b) If this area of land were to tell you a story about itself, 
what would that story be? 
1c) If you could create a story about this land to share with 
others, what would that story be? 
1d) Who would you want to hear that story? 

Communications 
planning 
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Theme Interview Questions Category  

2.Indicator Usage 
 

2a) Tell me about some of the important features of this 
area of land? 

Flight planning 

2.b) What are the uses from this area of land that are 
important to you?  
2.c) For each one of the resources that you have pointed 
out that are important to you, please describe how you use 
each resource? 

Analysis planning 

2.d) Using this calendar as a guide, can you describe for 
me how the availability or use of each resource changes 
through the seasons over the course of the year?  

Flight planning 

2.e) Is there anything in particular about the features of this 
area that you would like to learn more about? 

Communications 
planning 

3.Indicator benefits 3.a How does the use of each resource that is available on 
your piece of land benefit you?  
3.b Are there any benefits that your area of land brings to 
others that you are interested in focusing on?  
3.c Are there any benefits that that may be able to happen 
in the future which you are not yet able to benefit from? 
Please describe these future benefits. 

Analysis planning 

 3d) Why are these future benefits interesting to you?  Communications 
planning 

4.Management 4.a What history do you know of that you can share with 
me in this area that we are looking at? 

Analysis planning 

 4b What do you watch for in this area of land that lets you 
know that these resources are safe, or will continue to be 
available in the future? 
4.c Can you tell me about any concerns you have at this 
point in time about things that may affect the availability of 
these resources into the future? 

Communications 
planning 

 4.d What can you tell me about what needs to be done in 
order to protect the availability of these resources? 
4.e How are you working on protecting the availability of 
these resources right now that you know would be good to 
keep doing? 

Analysis planning 

 4.f Using this calendar again, can you tell me about any 
differences in the actions that you take throughout the year 
that are good for this area?  
4.g Is there anything that you know you would need to see 
about your area of land that may help to protect the 
availability of these resources better? 

Flight Planning 

5.UAV usage 
 

5.a Based on what you currently know or are aware of, on 
a scale of 1-10, how would you rate your level of 
knowledge about the use of drones, 1 being that you know 
that drones exist, but not much more and 10 being that you 
are aware and on top of cutting-edge knowledge and 
work? 
 
5.b On a scale of 1-10, how would you rate your level of 
experience with the use of drones themselves, 1 being 
nothing at all, and 10 as knowing intimately how to fly, how 
to build and repair, and how to work amidst systems that 
drones are linked to. 

Communications 
planning 

 5.c Based on what you currently know and understand 
about the use of drones, how do you see the use of a 

Analysis Planning 
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Theme Interview Questions Category  

drone as being useful for helping to protect or restore the 
availability of resources on the area(s) of land that we have 
been talking about? 

 5.d Have you ever had any interest in using a drone in 
order to better understand your land?  
5.e What would you say are the limitations that you would 
have for being able to use a drone? 

Flight Planning 

6.Communications 
form 

6.a Please rate on a scale of 1-5, 1 being least appealing 
and 5 being most appealing how interested you are in 
seeing the final results of this research communicated in 
the following forms: 
Digital maps 
Posters or handouts 
Maps with important areas identified by color. 
Maps with important information written in a chart, or over 
top of map. 
Maps showing changes over time. 
Video 
Images explained by video. 
Interactive web page 
Images of land itself 
6.b How do you think you would use the resulting 
communications created through this research for 
restoration or protection work? 
6c) Who would this information be used to communicate 
to? 

Communications 
planning 

 6.d) Is there anything else you would like to let me know 
that you think may be helpful in creating communications 
using a UAV before we end this interview? 

Flight planning 

7.Equipment and 
Scheduling 
 

7a) Would you have a preference for how you would like to 
see the images that are being collected? 
7b) Approximately how long are you able to view a screen 
until you begin to lose focus or interest? 
7c) Approximately how much time would you be willing to 
dedicate to accompanying a drone pilot to view and record 
the area(s) of interest?   
7d) What do you think would be the best time of day for 
viewing the area of land from the air. Why? 
7e) Are there any dates within this range of dates that 
might be best for you to complete Flights? 

Flight planning 

 

The Planning Interview was tested in the context of both use-cases. It was found that the 

interview averaged 1.5 hours across all participants. One interview was completed in its entirety 

for at least one participant within each use-case (Black River Co-op, ‘RL’, and Matachewan First 

Nation ‘MM’). Participant CY was able to complete Question sections 1-4, and Participant EJ 

was only able to dedicate enough time to complete the interview through question section 1 only 

by asking the question ‘Tell me about the features of this land’ and using additional questions to 

probe for additional information as appropriate. This limitation in time was due to activities 

underway related to moose harvesting and although EJ was keen to participate in research, 

interview process was adjusted in this way to continue to follow protocols addressed in 

approved ethics application, while respecting this Elder’s responsibilities.  
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The location where each interview occurred was selected by each participant. It was found that 

only one participant (MM) chose to complete the interview at a site which was not at the area of 

concern itself due to comfort.  

Responses from questions requiring further analysis are addressed directly in section 4.3.3. 

 

4.3.3 Steps 3-5: Pluralistic valuation: flight, analysis and communications plan 

and feedback 

Phase 2, step 5 creates an integral part of the proposed process known as the ‘Flight, Analysis, 

and Communications Plan’ (FAC Plan) using a template. This form is developed to provide 

participants with a summary of the process that will be used in the creation of communications 

materials, as well as guide the provision of further education regarding technical knowledge of 

data collection and analysis process. Phase 2 steps 6-8 were used to provide accurate 

information (on analysis methods, forms of data communication, equipment or software needed, 

sources for education, etc.) to use in these field workshops which culminate at Step 8, the UAV 

flights.  

The steps required for using the participants’ responses from the Planning Interviews inform the 

creation of a Flight, Analysis and Communications Plan. This involved a series of experimental 

approaches to what is referred to here as “deep communication” analysis based on the series of 

interactive discussions with the participants outlined in research steps. These transcripts were 

coded with the findings put into “nodes” using NVIVO qualitative data analysis software. Coding 

according to categories that aligned with question categories alone was difficult because 

throughout responses, there was significant overlap in interpretation between these categories 

as well, despite the creation of clear inclusion/exclusion criteria. Therefore, included in an initial 

node establishment section is the linking of information coded in nodes to FAC categories 

(Figure 10, initial flowchart design), the definition of nodes (Table 7, node definition), and the 

establishment of node tiering and categorization (Figure 12, links in FAC panning categories). In 

a secondary review, the analysis investigates the nodes themselves to link participant 

references into the FAC plan.  

To grasp the entire dataset generated, Figure 10, initial flowchart design, presents the sorting of 

the findings according to different nodes of data collected from participants. There are four 

analytical tasks using NVIVO completed here: initial node establishment, secondary review, 

linking of all nodes to FAC plan, and the creation of the FAC plan itself.  
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Figure 10 Initial flowchart design. Information provided by participant through interview process 

provides information across 3 separate tiers. 

Several appendices in this thesis contain the coded data from each participant’s interview that is 

categorized to the node categories (Appendices J, M, Mi, N, O, P, Q and T). The analysis 

created inclusion and exclusion criteria for each final node category (Table 7, node definition). 

These criteria required continuous consideration of not only the data (interview responses) that 

would be included in a node, but also the ability of that data to be able to feed into initial 

flowchart design (Figure 10, initial flowchart design). This required the selection, de-selection, 

ordering, re-ordering, naming and re-naming of codes in order to create a coding scheme which 

could be replicated in future iterations of research Appendix G (Coverage of interview), 

Appendix Gi (References applied to all 43 categories), Appendix Gii, (References for each 

node), and H (Response coverage) present the resulting codes, reference count across all 

interviews, according to inclusion/exclusion criteria defined in Table 7 (node definition).  

 

Table 7 Node definition and inclusion/exclusion criteria created during initial coding. 

Node Inclusion/Exclusion criteria 
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Analysis planning Gives direction for the analysis or processing of data collected using a 

drone 

Land Management 

(Reciprocation) 

Interaction between participant/proponents and features in area of 

discussion. References equate to ‘State’, ‘Impact’ and/or ‘Response’ 

category of DPSIR. 

*Sentiments should be noted with responses in this category to further 

guide direction 

Supplemental Data needed 

from participant 

Additional information that would be needed to create communications 

(Advanced) 

Communications planning Gives direction for the approach taken towards creation of 

communications materials 

Communication Theme Point(s) regarding area of interest where knowledge is being 

requested, knowledge is intended to be shared, or points of conflict 

that are expressed as being important to participant. References that 

inform ‘Driver’ category of DPSIR.  

Audience Intended stakeholders who would be reviewing final communication 

materials 

Communication Form How final communications would be presented 

Conflict, Communications Forms of communications to avoid, address in a user defined way, or 

disagreements in understandings between stakeholders. Informs 

‘Pressure’ (DPSIR) category definitions. 

*Sentiments should be noted with responses in this category 

Conflicts, Common pool 

Resources 

Where benefits or uses of NCP associated with area of interest are 

shared between multiple stakeholders with differing values. Responses 

inform ‘Pressure’ (DPSIR) category definitions.  

*Sentiments should be noted with responses in this category 

Conflicts, Management Where interactions between stakeholders and area of interest differ 

between stakeholders. Responses inform ‘Pressure’ (DPSIR) category 

definitions. 

*Sentiments should be noted with responses in this category 

Conflicts, Values Values associated with area of interest are expressed as being notably 

different between stakeholders. Responses inform ‘Driver’ (DPSIR) 

category definitions. 

*Sentiments should be noted with responses in this category 

NCP Benefits Descriptors for NCP services or benefits that can point to a particular 

CICES class type  

NCP Uses Equates to CICES Group category (V5.1), using either ecological or 

use clause descriptors 
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Flight planning Gives direction for planning of drone operations 

NCP Indicator, POI, POF Visual products of relationship with nature. Can also be informed by 

‘Class Type’ category of CICES.  

Area selection Indicates a location or space 

Timing Temporal dimension, includes past, present, or future 

Knowledge Features which frame a particular worldview. It includes descriptions of 

a source of relationship with a particular area of land Includes 

memories or stories, present interactions with land, roles that inform 

interactions with land, or future goals, intentions or objectives for future 

management that are based on existing knowledge.  

Qualitative or quantitative 

features 

Descriptive information provided that can be directly linked to positive 

or negative sentiments. Responses inform ‘State’ (DPSIR) category. 

*Sentiments should be noted with responses in this category 

Spatial features Details which can be interpreted as spatial information (point, line, or 

polygon). Spatial features contain data that is a high level of granularity 

between specific, not generalized, features. They are not required to 

be coded about a specific location that is also coded in area selection 

but would be coded within another node category to become relevant  

Point Data which can be translated into a single point (GIS) 

Line Data which can be translated into a continuous line (GIS) 

Polygon Data which can be translated into a bounded polygon (GIS) 

UAV Usage Communications which can be created using basic visual imagery, 

general analytics, and/or advanced analytics 

 

The findings indicate that through the initial coding process for responses that a clear distinction 

for ES was necessary using the CICES V.3 distinction (Haines-Young & Potschin, 2013). This 

research used instead the term Natures Contribution to People (NCP) and distinguished 

between Indicators, Benefits, and Uses as they emerged through the coding of the responses. A 

‘UAV usage’ category was identified and used as an umbrella parent category for selecting 

information for the creation of an FAC plan5. The node ‘UAV Usage’ was further divided into 

categories of basic visual imagery, general analytics, and advanced analytics (the categories of 

which were originally identified in section 4.3.1) but were not linked to references contained in 

the interviews in initial coding. 

Included in definitions (Table 7, node definitions) are DPSIR categories that are initially 

associated with 7 different nodes (Land management, Communication theme, Conflict: 

 
5 The use of the term UAV for analysis in section 4 was retained from early attempts of analysis that were unable 

to be modified in the presentation of research results. Consistently, this researcher prefers to use ‘drone’ in place 

of UAV with additional systems simply noted.  
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Communications, Conflict: Common pool resources, Conflict: Management, Conflict: values, 

Qualitative or quantitative features) and CICES hierarchy categories that are associated with 3 

nodes (NCP uses, NCP Benefits, and NCP indicators), all of which are addressed in Table 7 

(node definitions). The use of DPSIR and CICES category classification is applied here to assist 

with the clarification of node coding. Sentiment association with responses is also suggested in 

six different nodes namely, Land management, Conflict: Communications, Conflict: Common 

pool resources, Conflict: Management, Conflict: values, Qualitative or quantitative features.  

To aggregate the qualitative data further, nodes were organized into a tiering system to link data 

provided by participants within each node to suitable categories identified in initial flowchart 

(Figure 10, initial flowchart design). To do this, reference frequency was reviewed on the 

assumption that nodes with highest frequency of non or minimally overlapping node references 

would provide information that was unique to each category. For example, the “UAV Usage” 

node acted as a first level tier for splitting responses further into appropriate node categories 

that could be associated with FAC planning categories. All references were examined for 

overlap between UAV usage category and planning category nodes (identified in Table 2, UAS 

tool categories) that were established during coding process with results visible in Figure 11 

(UAV usage category and intersection across nodes). 

 

 

Figure 11 UAV Usage category and intersection across nodes 

 

In Figure 11, three nodes containing greater then 25% coverage were found across the 

interviews – NCP Indicator, Communications Themes, and Land Management. These three 

nodes became the parent categories that would inform the three FAC planning categories to 

guide the planning of each category. A diagram of this relationship is included in Figure 12 (links 

in FAC planning categories). Additional nodes created through analysis (addressed in following 

sections) were linked to each FAC category by examining their reference overlap between these 

first three node categories.  
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This section details how participants responses were used to assemble details in the 

communication planning section of the FAC plan. Communications planning for use in FAC plan 

began with examining the node ‘Communication Themes’ that was used as the parent node 

(Figure 12, links in FAC planning) for manual inspection because it contained the highest 

percentage of subcategories in the Communication FAC planning category (55 total references, 

Appendix Gii References for each node). This node was examined between each use-case and 

was further divided across each participant for use-case B for purposes of comparison of 

resulting content. All responses coded in this category were manually inspected and divided into 

interpreted categories (example included in Appendix J, Communication Planning). A priority 

theme category was created (Appendix J, Communication Planning, identified as “Theme, 

Priority”). The contents of this node were given their own category to give greater weight to 

themes which were specified by participants as being important. Each response examined was 

able to be initially categorized into communication needs, sub-themes, and purposes from the 

perspective of the participant themselves. These were summarized in Table 8 (emerging 

communication needs). Initially emergent categories other than priority categories that could 

support the theme of priority themes were categorized as “Sub-themes” (Appendix J, 

Communication Planning, seen also in Table 8, emerging communication needs).   

Categories of purpose for communication materials that emerged through the responses 

themselves (Appendix J, Communication Planning) were broken into two main categories that 

emerged through responses. In Table 8 (emerging communication needs), these 2 categories 

are listed in ‘Communication purpose’ column: Teaching (other stakeholders) and Learning 

(provision of insights).  

Sub-themes acted as categories which could potentially be represented in any of the priority 

categories as relevant. Responses for each sub-theme were used to further direct content 

planning of each priority category that could include sub-theme(s) (seen in Appendix J, 

FAC planning 

categories informed by 

nodes 

Parent nodes used 

in interview coding 

Figure 12 Links in FAC planning categories provided by parent node categories 

established through initial coding and analysis of interviews. 
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Communication Planning, and Table 8, emerging communication needs). For use-case B, the 

responses of our 3 participants are examined individually, but are grouped together in Appendix 

J, Communication Planning. This approach was selected in order to still represent the interests 

of the individual, while aligning their expertise to the collective interest of the community.  

Table 8 Emerging communication needs from examining communication theme node for both 

use-cases. 

Use-
case 

Communication Need (Driver) Sub-theme Communication 
purpose 

A 1.Planning 1.Food security Learning 

2.Plant growth 

2.Reporting for Funders 3.Environmental 
Economics 

Teaching 

4.Carbon 

5.Plant growth 

3.Responsible stewardship 6.Demonstration Teaching 

7.Food security 

4.Water 8.Plant growth Learning 

B 1.Disruptions and impacts of 
industry 

1.Identity6 Teaching 

2.Connection7 

3.Flora and Fauna 

2.Cultural landscape 4.Identity Teaching 

5.Connection 

3.Flora and Fauna 6.(General) Learning 

 

This examination resulted in 4 primary communication needs in use-case A, with 8 separate 

supporting sub-themes identified. For use-case B, there were 3 primary communication needs 

identified, with 6 separate supporting sub-themes identified.  

“Deep communication” analysis used a search for word frequency to address communication 

needs identified by participants. With codes assigned to interview responses in the 

Communications planning node and sub-nodes, these nodes were analysed for word frequency 

across each interview using NVIVO software. Examining references for repetition may signal 

stronger interests by a participant within established communication themes. Word frequency 

results were queried across exact matches, stemmed words, synonyms, generalizations and 

specializations. Findings for the top 500, 100, and 50 words were examined across each word 

type. A minimum word length of three letters were selected for each query. After running each 

query, testing the use of synonyms, generalizations and specializations, the ‘similar words’ 

criteria were examined for the principles of 3 R’s of UAS tools for environmental communication 

 
6 The use of the term ‘identity’ refers to sense of self, including attention to cultural worldviews that define 

relationships with a particular area of land. 

7 This research acknowledges that this is an English word used to identify a particular theme that the Ojibway 

language has a word for whose meaning is not able to be captured in a single word in the English language. The 

researcher does her best to use the participants own references to identify the meaning behind this theme. For 

the purposes of this research, the term refers to features of the land, both physical and otherwise, which by the 

actions of people are recognized to affect the state of other features.  
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(relevance, reliability and reasonability) and irrelevant words were removed by adding them to a 

‘stop words’ list (used across all word types).  

The ‘Stemmed words’ using 50 words was selected as query criteria because it provided results 

that were most relevant with comparatively less effort required for examining words across 3R 

principles (Appendix M, Word frequency results). Using these parameters, word clusters (visible 

in graphic included in Appendix M, Word frequency results) also resulted in significantly more 

useful groupings of words to use for communication planning (results included in Appendix Mi, 

Insights generated, as well as the process applied to all other participants is included in 

Appendix N, O, and P)  

Originally, responses returned through word frequency search were examined independent of 

any pluralistic valuation methodology identified, however information presented was incomplete 

and left too much interpretation. In response, the reference file was examined directly to review 

the conversation, with useful contextual information associated with the referenced word used in 

the cluster figures arranged (examples of this process visible in Appendix M, Mi, N, O and P) 

Each word cluster was examined and categories of ‘communication need’ were assigned 

through closest interpretation of word cluster.  A minimum of one word from each word cluster 

(Appendix M, Word frequency results, visible in colored clusters) was examined manually 

according to assigned ‘communication need’ categories (Table 8, emerging communication 

need) to extract information that could be used to inform categories of FAC plan (Table 3, 

proposed D3 process). During manual examination of responses, originally assigned 

communication themes were adjusted (Appendix M, Word frequency results, examined word 

usage and includes words added to each category in the figure included in this Appendix). The 

responses attached to each word were reviewed until data saturation was reached (all words 

were reviewed, and saturation was reached at the point where the same responses were being 

revisited through different words). Using this method, responses from each cluster were used to 

link ‘communication need’ categories highlighted in Table 8 (emerging communication need) to 

inform or modify categories of FAC plan (Table 3, proposed D3 process) in ‘Insight generated’ 

column found in Appendix M, Word frequency results for participant MM. Insights generated 

from participant MM are then summarized in Appendix Mi. Examples of this same process used 

with other participants are included in Appendix N, O, and P, Word frequency results).  

As initial coding of communication theme categories (Table 8, emerging communication needs) 

used notably vague or incomplete information, further clarification and direction would be 

gradually filtered through clues provided in other coded categories at increasing levels of 

granularity. Four categories of conflicts emerged during coding of interviews: Values, 

communications, common pool resources, and management. Each was examined for overlaps 

between all node categories (Appendix Q, Examining conflict categories for overlap). 

Across all participant interviews, there were six categories that overlapped with conflict 

categories which had >10 references (highlighted in yellow in Appendix Q, Examining conflict 

categories): Land Management, Conflict, Communication themes, Area Selection, NCP 

Indicator, POI and UAV Usage. Responses in each of these categories were examined (with 

most duplications removed) for information to use in communication planning categories of FAC 

plan (example for participant RL included in Appendix Qiii, Responses from 6 nodes). 

Subsequently, relevant responses were then directed into appropriate planning categories 
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(example of the results of this process can be found in Appendix Qii, Content for FAC planning 

and Appendix Qiv, Guidance for FAC planning). 

Audience was a key code in the findings. The audience node was reviewed manually for each 

participant. Responses were used to give clarity to the audience category of FAC planning that 

was categorized in previous steps. Data on audience that was provided through the previous 

three sections (communication theme, word frequency, and examining conflict categories) were 

used for additional clarification. Audience references that were not included through previous 

sections of analysis used matrix coding function to examine two node categories that were used 

in previous sections (communication theme and conflict categories) that overlapped with 

references from ‘audience’ node. As matrix coding exploration was not possible with word 

frequency analysis, overlapping codes were instead found by examining remaining responses 

left at this point and using word search against responses provided in word frequency 

examination to see if there was overlap. Results for this examination process are contained in 

Table 9 (reference counts across ‘audience’ node). 

Table 9 Reference counts across 'audience' node used or not used in previous examinations. 

Use-case A B 

Participant RL MM CY EJ 

# references in original coding 9 6 2 0 

# audience references used in communication theme 
examination 

3  1 N/A 

# audience references in word frequency 
examination 

8 3 1 N/A 

# audience references in conflict category 
examination 

0 1 1 N/A 

# references in word frequency coding that were not 
coded in any other examinations 

2 3 1 N/A 

 

Participants provided important feedback in the discussions on the use of the Communication 

Form that seeks feedback on how the final results of the communication material creation 

process are communicated. Table 10 (ranking of communication forms) summarizes these 

results from two main participant responses (one representing each use-case). 

Table 10 Ranking of communication forms for participant MM and RL. 

Form of communications Participant responses (scale of 1-5) 

RL MM 

digital maps 5 3 

posters or handouts 4 5 

maps with important area identified in colors 5 2 

maps with important information written in a chart 5 2 

maps showing changes over time 4 2 

Video 5 5 

images that are explained by a video 5 5 

Interactive web page 5 3 

Images of the land itself 5 5 

Google Earth 3 0 
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Education was also a key code identified in the findings. In respects to knowledge sharing, the 

findings inform Stage 2, step 8 of research (Information workshop) which needs to be designed 

also using details provided by participants. Design of the workshop contents for use in step 8 

were pulled from responses in question section 5, in particular Q5e “What would you say are the 

limitations that you would have for being able to use a drone?”. Results are included in Table 11 

(responses indicating extent of content). 

Table 11 Responses indicating extent of content for step 8, workshop. 

Use-case A Use-case B 

5.a Based on what you currently know or are aware of, on a scale of 1-10, how would you rate your 
level of knowledge about the use of drones, 1 being that you know that drones exist, but not much 
more and 10 being that you are aware and on top of cutting-edge knowledge and work? 

3 I would say a 7 

Where would you like to be on this scale 

6 or 7  

5.b On a scale of 1-10, how would you rate your level of experience with the use of drones themselves, 
1 being nothing at all, and 10 as knowing intimately how to fly, how to build and repair, and how to work 
amidst systems that drones are linked to. 

1 5 

Where would you like to be? 

7, I don’t need to know how to repair 
them because I take a lot of footage 
because its really good for our 
marketing, and its really good for 
sharing things with our stakeholders 

10 

5.d Have you ever had any interest in using a drone in order to better understand your land?  

Ya. Marketing, Tracking, monitoring, 
and totally monitoring what’s going 
on around 

I would say that from my 4 years of experience of working with 
the drone. 4 years of utilizing a phantom 5, I would say yes. 
But I require better technology. Not just the drone itself but 
also the computer programs to actually produce the desired 
information. 
 

5.e What would you say are the limitations that you would have for being able to use a drone? 

Finances. and maybe the time that it 
would take to do the training. Its out 
of our bubble right now. Its nothing 
we can divert finances towards at all. 

I would say cost. The cost of utilizing the drone. The limitations 
are the new regulations that have come in. It limits the ability to 
actually that creates limitations. I would say weather plays a 
factor. I would say again it comes down to access to the 
technology. Other technology that’s utilized to transfer those 
images, transfer that information can be very technical, can be 
very costly for transformation. And again, cost factor. The 
other part of utilizing the drone here too is time. Technology is 
constantly changing. It’s becoming more advanced. Becoming 
more user friendly, but the worry is right now I would say its 
got its limitations for data analysis. The availability of 
technology that is very expensive. It costs big bucks. I guess 
that’s what I would say. 

5.c Based on what you currently know and understand about the use of drones, how do you see the 
use of a drone as being useful for helping to protect or restore the availability of resources on the 
area(s) of land that we have been talking about? 

Better communicated with out 
funders, better communicate with 
community about what’s going on, 
educate others about the type of 

I'd say its of critical importance. Because of time, access, 
visual imagery is the way to go. In the 21st century. Hands 
down. 
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work that were doing out here, and 
market too. 

 

Coding of the data finds the transition of information from communications planning into analysis 

planning. Analysis planning logically followed communications planning and requires the least 

amount of information to be provided directly by the participant.  

Details from communications planning was at this point compiled into a single excel 

spreadsheet for each participant (Appendix K, Combined flowchart information; and Appendix L, 

Flowchart Information) using a template created in Stage 1 of research, included in Appendix 

Fii, Final FAC planning spreadsheet template. Information was reorganized into singular 

communication themes by splitting information within each sub-theme that contained >1 

communication need, or points in DPSIR categories. All information contained within the 

communication sub-theme was split into suitable lines of focus that would be able to be 

communicated using a drone. These lines of focus became the purpose for each potential 

communication material that would be created.  Table 12 (communication themes) provides an 

example of the results of this process. Included in Table 12 is the column ‘Associated CICES 

codes’ where details of Ecosystem Services that were attached to each communication need 

were identified. Following the splitting of categories into distinct lines of focus, the application of 

the CICES category was not further examined. This is indicated as ‘Not Assessed’ in this 

column.   

Table 12 Communication themes for participant RL organized into distinct lines of focus. 

Communication 
Need 

Sub-theme Line of Focus Associated CICES 
codes 

1.Planning a) General 3.a.i Biodiversity baseline 2.1.1.2 

3.a.ii Identification and 
communication of areas for different 
purposes 

All included in this 
column 

3.a.iii Identifying water movement 
(addressed in section 4) 

Not Assessed 

b) Food security 1.b.i Identification of areas for food 
growth (wild) 

2.2.2.3 

1.b.ii identification of biodiversity in 
areas of food growth (wild) 

1.2.1.1, 2.2.2.3, 
1.1.5.1 

1.b.iii. Soil quality in areas where 
food is grown (cultivated) (addressed 
in section 3.a.ii and 3.a.iii) 

Not Assessed 

c) Plant growth 1.c.i identifying areas of animal 
habitat 

1.1.2.1; 2.2.2.2; 
2.2.2.3. 

1.c.ii baseline of plant growth around 
ditches 

Not Assessed 

1.c.ii identification of diseased trees Not Assessed 

2.Reporting for 
Funders 

a) General Baseline monitoring of plant growth 
and associated carbon sequestration 
value (addressed in section 1.a.i) 

Not Assessed 

b) Environmental 
Economics 

Monitoring of materials/plants/etc. 
Being bartered 

4.3.2.1; 4.3.2.2.; 
1.1.1.1 
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c) Carbon Carbon sequestration of plants on 
fields (using grown plants) or forests 
(in locations of harvesting) 

5.1.1.3; 2.1.1.2 

d) Plant growth Tracking plant species that will be 
propagated 

1.2.1.1. 

3.Responsible 
stewardship 

a) General  3.a.i Selection of areas for selective 
harvesting to benefit useful 
undergrowth species 

1.2.1.1; 4.3.2.1, 
4.3.2.2; 1.1.5.2; 
1.1.5.3: 1.1.1.1; 
4.3.1.1; 2.2.1.4 

3.a.ii growth patterns of field 
(wild/cultivated) plants used for 
harvesting; 

Not Assessed 

b) Demonstration 3.b.i Soil stabilization in buffer areas 6.1.1.1; 3,1,1,1. 

3.b.ii Monitoring of fruit tree growth  4.3.2.1 

3.b.iii biodiversity as an indicator of 
soil requiring amending  

Not Assessed 

3.b.iv Addressing impact of 
neighboring conventional farming 
(addressed in section 4.b.iii) 

Not Assessed 

c) Food security 3.c.i identification of biodiversity in 
forested areas (addressed in section 
1.b.ii) 

Not Assessed 

3.c.ii Yield potential on fields Not Assessed 

4.Water a) General12 4.a.i. Water flow/sharing between 
neighbors’ property 

4.2.1.2 

4.a.ii Water flows across 6-acre 
parcel 

Not Assessed 

4.a.iii. Nutrient erosion due to water 
flows 

Not Assessed 

b) Plant growth 4.b.i areas where water is pooled 
(nutrient concentrations) 

Not Assessed 

4.b.ii areas of runoff, soil loss 
prevention from shoreline buffers 

2.2.1.1 

Water flows across property to 
address contamination potential 

Not Assessed 

Communication 
Needs 

Sub-themes Lines of Focus Associated CICES 
codes 

4 12 27 18 

 

Charts for other participants are included in Appendix R, Ri, and Rii, FAC Analysis Planning.  

The node ‘Land Management’ was also analyzed under the parent category 'Analysis Planning'. 

Using the existing Communication themes, sub-themes, and lines of focus, the information 

contained in this node was reviewed manually for information that may provide details to each 

line of focus. It was found that all references within the ‘land management’ had already been 

reviewed in previous sections of analysis. To draw more focus to points which may have been 

overlooked, this node was combined with references that overlapped with the ‘NCP Indicator’ 

node and results were examined. References were found to inform CICES categories, Area 

selection and Point of interest categories only of FAC planning for each of the participants.  

Analysis planning transitioned into Flight Planning, which was populated by another grouping of 

nodes that contribute to findings. This section describes how participants responses were used 
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to create flight planning details. Flight planning was able to expand upon the information 

assembled during communication planning and analysis planning. Two categories of the FAC 

plan that was informed by information provided by participants up to this point – communication 

need and point of focus – were used as recipient categories where possible for the information 

contained in four nodes that were expected to be most useful for directing flight planning: 

Spatial dimensions, Temporal dimensions, NCP indicators and Area Selection. 

In use-case A, three areas were outlined by the participant, shown in Figure 13 (selected areas 

using google maps) and details were shared about each area.  

 

In use-case B, only 2/3 participants used Google Earth to draw boundaries (MM and CY) 

(Figure 14, selected areas for MM and CY). Distinct boundaries became immediately 

problematic because of difficulties in associating areas of interaction with distinct boundary 

lines. Participant MM was able to support participant EJ in drawing a boundary for this Elder. 

Participant MM and CY used Forest Operations Map provided through the Custom Engagement 

Area 1: North 

 

Area 3: South 

 

Area 2: Central 

 

Figure 13 RL selected areas using google maps. 
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Approach to Forest Management Planning as a guide (Figure 15, forestry operations map), 

however and expressed concerns and challenges created by not having a map of their own that 

reflected their own perspectives. 

Spatial dimensions was an emergent node. This node included details within a relationship, 

story, or examination of past or present roles that expressed the use of different senses, which 

could be translated into GIS based spatial features of a relationship with land (points, lines, or 

polygons). 

This node emerged through use-case B. In use-case B, there is no specific geographic 

boundary that is consistently referred to. In use-case B, the area boundary is drawn in a flexible 

manner around the extent of their memories and experiences with things of value within a 

particular area. To link values to flight planning, a value must be able to be rooted in a feature 

(NCP Indicator) in which there is an expressed spatial relationship with. These spatial features 

were found to provide an easy means towards validating knowledge and translating irregular 

values into flight planning for communication materials (Table 13, details of ‘spatial dimensions’ 

node). 

Area B: Matachewan Spray 

block 

 

Area A: Matachewan 

block 

 

Area C: Argyle block 

Figure 14 Selected areas for MM (Area A), CY (Area B), and 

EJ (Area C) whose selection was assisted by MM and CY. 
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Table 13 Details of ‘spatial dimensions’ node for participant CY 

Participant 
response 

Point/ Line/ 
Polygon 

Communication 
material 

Flight 
planning 
details 

Communication 
themes supported 

Especially in the 
wetter areas, 
they’d use the 
roots to sew their 
stuff. My gramma, 
we'd go along the 
waterway and 
we'd stop for 
lunch on the 
shore, she would 
plant potatoes. 
Everywhere we 

Line: trails Basic visual imagery 
(video) shoreline 
areas with identified 
trails used in the 
past/present by 
members of the 
community. 
 

Imagery 
collected: 
Video of 
shoreline 
areas with 
trails used in 
the 
past/present 
by members of 
the 
community. 
Sensor: RGB 

Cultural landscape: 
Identity 
2.b.i Identification of 
features of land that 
are desirable for 
land-based traditions 
(harvesting); 

Figure 15 Forestry operations map of the 

Temiskaming Management unit used by MM and CY 

to guide area selection, in this process would be 

considered 'Supplementary Information.' 
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went. So, there’s 
areas all over 
here. And not 
even just on the 
shore, even out on 
the trails, right?  
So that’s where 
we would go to 
camp all the time 
or to have a lunch 
or supper or 
something 

Area selection: 
Mistinikon 
River, village 
area adjacent 
to cut blocks. 
Supplemental 
info: location of 
trail system 

And of course, 
you get a good 
thing of 
blueberries 
picking and 
you’ve been going 
there and then all 
of a sudden, they 
spray it, now you 
can’t go there 
anymore. So now 
you have to find 
something further 
and you have to 
go further and 
further.  
 

Line: between 
point of 
old/new 
harvesting 
sites 

General Analytics: 
Orthomosaic with 
line between old and 
new harvesting 
areas 
 

Imagery 
collected: 
orthoimagery 
within area 
surrounding 
two points.  
Area selection: 
Spray site 
(harvesting 
area) 
Sensor: RGB 

Disruption and 
impact: Identity 
1.b.ii Protection of 
areas where 
harvesting traditions 
will be disrupted 

Polygon: 
obstacles 
between 
old/new 
harvesting site 

Basic visual imagery: 
(video) areas 
between old 
blueberry harvesting 
area and new sites 
inland 

Imagery 
collected: 
Video of 
blueberry 
harvest area 
and area of 
impact 
(following line 
between 
old/new sites) 
Area selection: 
spray site 
Sensor: RGB 
 

Disruption and 
impact: Identity 
1.b.ii Protection of 
areas where 
harvesting traditions 
will be disrupted 

Polygon: Area 
of 
contamination 
from herbicidal 
sprays 

General analytics: 
Runoff potential into 
creek adjacent to 
blueberry harvesting 
site  

Area selection: 
spray site (S of 
mine) 
Imagery 
collected: 
Orthoimagery 
within polygon 
area of 
sprayed site 
adjacent to 
creek. 
Sensor: RGB 

Disruption and 
impact: Connection 
1.c.iii Addressing 
connection, including 
people as part of that 
connection; 

Getting ready for 
moose calling. 
And the moose 
hunt. This time of 
year, we would be 
getting ready for 

Line: Radius 
of moose call 
(apprx. 8km) 
Point: 
Location from 
where moose 

Basic visual imagery: 
Video of areas of 
interaction for 
traditional moose 
calling 

(line) Becomes 
approximate 
distance of a 
radial 
boundary for 
area within 

Disruptions and 
impact: Identity 
1.b.i. Protection of 
areas where hunting 
traditions will be 
disrupted. 
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moose hunting 
season. We would 
be out there 
calling and calling 
and calling.  So, 
as we'd call. And 
we would just call, 
we're not out there 
hunting, we're just 
calling right? To 
bring them in. To 
bring them to the 
area 

are called 
from 
Polygon: 
Circumference 
surrounding 
area where 
moose would 
hear call 

which to 
examine using 
drone system. 
(point) 
becomes the 
center of area 
for 
examination 
using drone. 
Imagery 
collected: 
Video of areas 
within 8km 
radius of 
moose call 
containing 
features 
requiring 
conservation. 
Area selection: 
Site C, Argyle 
hunting sites 
Supplemental 
information: 
point of moose 
calling. 
Sensor: RGB 

Cultural Landscape: 
Identity 
2.b.ii Identification of 
features of land that 
are desirable for 
land-based traditions 
(hunting) 
 

 “” “” General and 
Advanced Analytics: 
(combine with 
existing details of 
point of focus) 

Imagery 
collected: 
orthoimagery 
surrounding 
point where 
moose calling 
occurs 

2.b.ii Identification of 
features of land that 
are desirable for 
land-based traditions 
(hunting) 
 
Flora and Fauna 
3.ii community owned 
and managed 
baseline 
inventory/Provision of 
starting points for 
building inventory of 
species in areas of 
concern 

 

Spatial dimensions that are directed to be used for basic visual imagery (‘Communication 

materials’ column, Table 13, details of ‘spatial dimensions’ node) were included directly into 

excel spreadsheet containing all details of FAC planning (Appendix K, Combined flowchart 

information, and Appendix L, Final FAC planning spreadsheet). Spatial dimensions that 

informed general or advanced analytics forced a review within existing literature (Appendix S, 

Literature Association) which was then included in excel spreadsheets (Appendix K, Combined 

flowchart information, and Appendix L, Final FAC planning spreadsheet) with all FAC planning 

details.  
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Results within the spatial dimensions node were also examined with references that were 

combined with NCP indicators. NVIVO matrix coding was completed to extract responses which 

were coded in both NCP indicators and spatial dimensions. Results are provided in Table 14 

(References for spatial dimensions). 

Table 14 References for spatial dimensions also coded in NCP indicators for all participants. 

Participant RL 

…where both rivers meet (point) 

I've identified over 100 species that were harvestable that were available from the 6acres that were on 
right now (point 

…an ecosystem. A really super rich ecosystem. Biodiverse. Rich (polygon) 

So, year after year, even though we know we need to remediate the soil, we still keep planting things 
because we need to. And it still keeps coming up for us. (polygon) 

…propagating food trees and propagating plants and natural plants and plants that are native to the 
area (polygon) 

…plant and carbon tracking would happen on the 6-acre parcel (polygon) 

Also, because the river is tea colored. Or murky, you can’t always tell, but there’s so much life going on 
in that first 12' of water. (polygon) 

Participant MM 

…that kind of ability and capacity is limited by a current belief system that are not related to our 
historical understanding of sacred sites. Of this significance because it is what we would consider 
sacred because of its characteristics. (point, polygon) 

Participant CY 

Especially in the wetter areas, they’d use the roots to sew their stuff. (polygon) 

And of course, you get a good thing of blueberries picking and you’ve been going there (polygon) 

Getting ready for moose calling. And the moose hunt. This time of year, we would be getting ready for 
moose hunting season. We would be out there calling and calling and calling.  So, as we’d call. And we 
would just call, we’re not out there hunting, we’re just calling right? To bring them in. To bring them to 
the area (line) 

Participant EJ 

…landfor cuz we said what’s the use. We're not getting many now anyways because the landfor needs 
trees (line) 

But there’s nothing for them, the lynx live off the rabbits and the rabbits are not very, you don’t see too 
many of those no more. (polygon) 

 

Temporal dimensions is a node that acted as a simple and easy means through which to outline 

temporal dimensions that participants indicated cognizance of that could be also used to direct 

flight planning categories. Information coded in this node was manually reviewed and used to 

guide the selection of timing for flights according to relevant lines of focus of the communication 

needs (All originally coded references are included in Appendix T, Temporal references). Within 

the identified lines of focus for communication themes (Table 8, emerging communication 

themes, ‘Line of focus’, temporal references were screened for relevance and suitability for 

directing the temporal dimensions of flight planning. These are included in Table 15 (references 

used for temporal planning). 

Table 15 References used for temporal planning for all participants. 

Participant RL 
herbs and different things that we forage in the summertime 

Fall is the big harvesting season 
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A lot of just log harvesting all happens in the winter. Fall is a big one too because there’s a lot of water 
movement, and its the wet season, so everything gets flushed out, but we also get a lot of water that 
comes off our neighbor’s property and goes by here in the river or comes through our small stream 
areas. 

And as spring comes in its a big work time between, I would say May and June, April May June 
sometimes if there’s still snow in April.  

Ya, so we do a lot of shoots at that time, in the spring 

Selective cutting, most of that happens in the winter because trees are at their lowest moisture level. 
So, when youre taking trees out in the winter, they just dry faster. For burning, but for selective cutting, 
would be spring because there’s no foliage. So, its just a lot easier to maneuver, its a lot easier to see 
what’s happening in all the different layers of forest. Its a lot easier to see everything. In the summer its 
just way too overwhelming.  

Participant MM 

to look at the wintertime, to look at the tracks that are coming in and out of the sites. And that would 
also be an indicator a visual indicator to know what animals are in that block 

where are the vulnerable places for the runoff? When you talk about spring runoff, what’s that going to 
mean now? Because all the snow is going to leave earlier so because there’s creeks there so that 
means that there’s going to be an effect. Because of the slope, because its on the side of the hill. So, 
what does that mean, with respects to spring thaw 

The value changes through the seasons. So, there are values of each season. Those values go up and 
down the spectrum.  

I would say 10-3pm The reason being is that you end up with shadows. Youre looking at lighting. And 
again, also depending on the weather conditions. Right? So, if its cloudy out. Depends on the 
landscape. ON a side of a hill, valley, so some areas might have shadows. 

The fall would be a better time when the leaves are off the trees. You need the leaves off the trees in 
order to capture other anomalies on the ground that we won’t see with the vegetation, the tree canopy 
on. VIP. To get that full spectrum of looking at that aspect of looking at how youre seeing it now vs 
when all, you just see so much more with the leaves off. But with the leaves on, especially in the fall 
time, you get to see in the fall time youre getting the spectrum of the different colors of the leaves. So 
that also helps you to identify through the tree canopy the different species that are in that area. Cuz 
theyre going to turn different colors. So, you have your maple, you have your poplar, you have your. 

Participant CY 

And the moose hunt. This time of year, we would be getting ready for moose hunting season. We 
would be out there calling and calling and calling.  So, as we'd call. And we would just call, we're not 
out there hunting, we're just calling right? 

  

The participants of use-case B (Matachewan First Nation) offered the opportunity to combine 

results into one FAC plan (Appendix V, Flight Analysis and Communication plan). Lines of focus 

for communication needs were examined for similarity and details contained in each were 

combined. Results of this are contained in Appendix K, Combined flowchart information for use-

case B. 

The three originally identified communication themes for use-case A (Table 8, emerging 

communication needs) were retained and sub themes were adjusted slightly based on 19 

different communication needs identified in spreadsheet included in Appendix L, Final FAC 

planning spreadsheet, which could be assisted using the drone, shown in Table 16 (summary of 

communication themes, needs, and associated CICES codes). Shown below are 22 different 

CICES codes for ES (NCP) that were also identified across communication themes and sub-

themes before splitting of Lines of Focus across all participants in use-case B.  



61 

 

Table 16 Summary of communication themes, needs, and associated CICES codes for use-case 

B. 

Communication 
Need (Driver) 

Sub-
theme 

Line of Focus Associated 
CICES Code 

1.Disruptions 
and impacts of 
industry 

1.a 
General 

1.a.i Examining impacts from road building into 
undisturbed areas 

1.1.5.1, 
1.1.6.1, 
2.2.1.2, 2.2.5.1 

1.a.ii Identifying restrictions for cutting in trap 
grounds 

3.2.2.2; 

1.b Identity 1.b.i Visualization of areas where hunting traditions 
will be disrupted 

Not assessed 

1.b.ii Visualization of areas where harvesting 
traditions will be disrupted 

Not assessed 

1.b.iii Reorientation following cutting (address 
disorientation) 

Not assessed 

1.b.iv Oversight of on the ground cutting activities 
to prevent disorientation and psychological trauma 
from cutting activities 

3.2.2.2; 
1.1.5.2; 
3.1.2.3; 3.1.2.2 

1.c 
Connection 

1.c.ii support for alternatives to spraying 
(employment) Support for elimination of spraying 

Not assessed 

1.c.ii support for alternatives to spraying 
(employment) Support for elimination of spraying 

Not assessed 

1.c.iii Identification of areas of impact from spraying Not assessed 

1.c.iv Addressing connection, including people as 
part of that connection; 

Not assessed 

1.c.v Protection of conditions for pre-settlement 
engagement with ecosystem services as a way of 
life 

Not assessed 

1.d Flora 
and Fauna 

1.d monitoring of cutting activities for elders and 
those practicing land-based traditions to prevent 
discrepancies in plan, pre/post cut/spraying 
imagery 

1.1.5.1; 
1.1.5.2; 
4.3.2.1, 3.2.2.1 

1.d.ii Identification/volume of abandoned wood Not assessed 

2.Cultural 
landscape 

2.a 
General 

2.a.1 Moving communications away from words like 
‘Values’ which are misleading and represent a new 
language being used, encouraging deeper listening 
to elders; monitoring on cutting and forestry 
operations 

3.1.2.1; 
4.2.1.1; 3.1.1.1 
+ 1.1.5.1, 
1.1.6.1, 
2.2.1.1-4, 

2.a.iii Identification of all birch stands within a 
forestry cut block 

3.1.2.1 

2.b. 
Identity 

2.b.i Identification of features (habitat) of land that 
are desirable for land-based traditions (hunting and 
harvesting), (moose); Support for continuation of 
food and fur harvesting tradition, supporting 
symbiism with forestry operations and blueberry 
picking   

3.2.2.2; 
3.1.2.1; 1.1.6.1 

2.b.ii Maps that identify current practiced traditions 2.2.2.3; 
3.2.1.2, 3.1.2.3 

2.c 
Connection 

2.c.i Demonstration of relationships and 
connection, and dependencies between 
plants/animals, Specific points to focus on at the 
onset of cultural baseline creation (to be grown 
over time as knowledge is added).  Justification for 

3.1.2.2; 
1.1.6.1; 
2.2.2.3; 
1.1.5.1; 
3.2.2.1; 
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how to approach ‘destruction’ of features within a 
forest during the process of extraction. 
Identification of suitable habitat for birds, landfor 

3.2.2.2, 
3.1.2.2; 

3.Flora and 
Fauna 

N/A 3.i Living baseline, including understory 
composition, soil ‘richness throughout areas of 
cutting, identification of cedar, birch, balsam trees 
in areas of interest, 

2.2.1.4, 
2.2.2.1-2, 
2.2.2.3 + 
2.2.4.2 + 
2.2.5.1 

3.ii visual examples of forestry practices; 
Continuous updating/educating on forestry 
techniques and justifications/visual examples of 
forestry practices, 1.d.ii identifying forestry activities 
and practices which are favorable/unfavorable to 
community, 2.a.ii education on forestry operations; 
3.ii Characteristics of forest regrown using different 
techniques of reforestation; 

3.2.2.2; 3.1.1.1 

Totals 

Communication 
themes 

Sub-
categories 

Lines of Focus (Communication needs) Associated 
CICES codes 

3 7 19 22 

 

The ‘Knowledge’ node was an experimental emergent node. This node was attempted to be 

further broken down into past interactions, present roles, and future management however 

these distinctions because difficult to define. Instead, the category of 'knowledge' was 

experimentally examined for its intersection across other nodes. The greatest frequency was 

found across the category 'Land Management' (16/61 references, 26%), 'Area Selection' and 

'Communication Theme' (14/61 references, 23%). As all 3 categories were represented at such 

a high percentage across such a reference dense category (seen in Figure 16, knowledge node 

intersection), it was made into its own standalone category for use in providing clarity for unclear 

information across other nodes within the 3 parent FAC categories.  

 

Figure 16 Knowledge node intersection across other node categories 
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The use of positive or negative sentiments were able to be consistently coded across all spatial 

features. Sentiments were suggested in association with responses applied to 6 different nodes 

(Land management, Conflict: Communications, Conflict: Common pool resources, Conflict: 

Management, Conflict: values, Qualitative or quantitative features), suggested in Table 7 (node 

definitions). 

A final step in the data analysis and reporting of findings was the linking of the parent planning 

categories and sub-categories. Results of analysis from within this section (4.3.3) were used to 

modify the flowchart originally outlined in Figure 10 (initial flowchart design). Modified version 

indicates a coarse association (based on having greater then 1 instance of responses from 

participants contributing to FAC categories in both use-cases) of how knowledge from 

participants, which was coded and contained in assemblage of node data is used to inform FAC 

categories. This modified flowchart is seen in Figure 17 (modified FAC flowchart).  
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Figure 17 Modified FAC flowchart, adjusted from version in Figure 10 after analysis completed in 

section 4.3.3 
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Following all analysis steps completed up to this point in stage 2 of research, including review of 

literature through analysis and flight planning (Appendix S, Literature association), all categories 

identified for informing details of FAC plan for use with participants were compiled and are listed 

below: 

FAC parent 
category 

Planning 
category 

Sub-categories Descriptive details 

Communications 
planning 

Context Purpose for 
communications 

As indicated by participant (e.g.:  
Education (internal), education (external), 
management planning (decision making) 
management planning (monitoring), 
regulatory obligation, contractual 
obligations, etc.  

Communications 
objective (Need) 

““(e.g., carbon measurements, water 
flows, species identification, plant 
communities, taxonomic identification, 
monitoring of plant species, water filtration 
potential, historical influence, identification 
of habitat, zoning, nutrient pooling, area 
measurements, plant health, tracking of 
native plant species, species 
classification, forest monitoring, etc.  

Audience “ “  

Subject Driver (DPSIR) “ “ 

Pressure (DPSIR) “ “ 

State (DPSIR) “ “ 
 

Impact (DPSIR) “ “ 

Response (DPSIR) “ “ 

ES Section (CICES) 
and code 

“ “ 

ES Division (CICES) “ “ 

ES Group (CICES) “ “ 

ES Class (CICES “ “ 

ES Class Type 
(CICES) 

“ “ 

Output Level of 
Involvement 

““Options 
      Involvement in flights 
own own drone and sensor. 
stewardship support needed. 
no interest 
Analysis 
own their own software. 
stewardship support needed. 
no interest 
Processing of communications 
a)   can process independently 
b)   stewardship support needed 
c)   no interest 

Form of 
Communication 

““Options 
Interactive web-based map (Story map, 
Arc GIS online, Custom, etc.), Map 
(alone), Map (in video form), Map (in 
online interface, Google Earth Posters or 
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handouts, Google Earth document, image 
(alone), image (in online interface), video 
(alone), video (in movie format), video (in 
online interface) 

Flight Planning Morphology of 
Site 

Area Selection 
(description) 

“ “ 

Size (acres) Use google earth 

Point of 
Interest/Focus 

As indicated by participant 

Maximum distance 
from any edge of 
area 

Use flight planning software or google 
earth 

Accessibility (by 
road or trail) 

Yes/no - describe 

# buildings =/>30m 
from area 

Locations of buildings 

Flight Zone Type Use flight planning apps and include map 
(e.g., Controlled airspace (<5.6km from 
‘Cert’ airspace and <1.9km from 
heliport), >6km from ‘cert’ airspace AND > 
1.9km from heliport, etc. 

Temporal 
dimensions 

Season for imagery Spring, summer, fall, winter 

Seasonal conditions 
(Ontario based) 

e.g., Leaf bud out, following rainfall event, 
pre-spring ephemeral emergence, post 
spring ephemeral emergence, etc.  

Visual indicators As indicated by participant 

Equipment Equipment available Available to participant (UAV and sensor) 
(e.g., Multi rotor/fixed wing, RGB, 
hyperspectral, multispectral, LIDAR, 
thermal, etc.  

Available to steward (UAV and sensor) 
(e.g., same examples as above) 

Equipment required UAV type 
As indicated in literature or by technology 
steward (e.g.: multi rotor/fixed wing, RGM, 
hyper/multispectral, LIDAR, thermal, etc.) 

Sensor required. 
As indicated in literature or by technology 
steward  

 Flight or sensor software required. 
As indicated in literature or by technology 
steward (e.g., Pix4D mapper, manual 
(DJIGo), etc.) 

Flight parameters Resolution required. 
As indicated in literature or by technology 
steward 

Flight altitude 
As indicated in literature or by technology 
steward 

Resolution available 

Time of day for flight 
As indicated in literature or by technology 
steward 

# flights required 
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As per planning 

Spectral sensitivity 
 

Environmental 
thresholds 
(based on 
equipment 
and temporal 
dimensions) 

Wind speed Based on manufacturing limitations of 
UAV Precipitation 

Temperature 
(range) 

Cloud cover 

Sun elevation 

Analysis Purpose   

Type  Basic visual, general analytics, or 
advanced analytics 

External 
datasets 
required 

 As indicated in literature or by technology 
steward 
(e.g., image data, spatial data, census 
data, etc.) 

Techniques  As indicated in literature or by technology 
stewards (e.g., object-based image 
analysis, geographic object-based image 
analysis, multiscale object-specific 
segmentation, machine learning, etc.) 

Processing 
software 
required 

 As indicated in literature or by technology 
steward (e.g.  
(e.g., GIS/QGIS/SAGE; Pix4D, ArcGIS to 
drone, Agisoft, Litchi, etc.) 

 

All data up to this point was compiled into the final FAC plan for use in documenting and 

communicating the assemblage of UAS tools and applications available to the participants. The 

Final FAC plans created for each participant are included as separate appendices (Appendix U 

and V, Flight, Analysis, and Communications plan) due to length of these documents. Highlights 

are included in Appendix W, Wi, Wii, and Wiii.  The contents of each FAC plan were based on 

details compiled in final FAC planning spreadsheet (Excel), (Appendix K, Combined flowchart 

information, and Appendix L, Final FAC planning spreadsheet), using FAC planning 

spreadsheet template created in Stage 1 (Appendix Fi, Final FAC planning spreadsheet 

template) as well as relevant results, quotes, graphics, and visual information collected through 

research up to this point. The FAC plans were created according to the University of Guelph 

Agreement and Knowledge Translation and Transfer (KTT) model (OMAFRA, 2020) including 

the use of graphics, infographics, and simplified information using lay person terms where 

possible. Information contained in FAC plan was intended to allow participants to replicate the 

approaches used past the end of research. 

In ‘Communication Planning’ section of FAC plan, graphics such as word clouds were used to 

visualize the analysis process, for example for word frequency analysis (Appendix Wi, Graphics 

used in communication planning) with data provided from participant MM and RL. The ‘Analysis 

Planning’ section of FAC plan contained graphics such as the use of logos for software that was 

suggested to be used (Appendix Wii, Graphics and information for analysis planning). Flight 

planning details were predominantly included as maps that were created using standard flight 

planning applications (NAV Canada flight maps and National Research Council Canada drone 

site selection tool (Appendix Wiii, Graphics used in ‘flight planning’), maps of flight plans (using 

Pix4D mapper free software), with safety details (to transport Canada standards) and flight 
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descriptions included in an easy-to-read summary chart (Appendix W, Example of flight details).  

All site locations were assessed for risks, hazards or zone restrictions for UAS (drone) flights 

and information was included in Flight Planning section of FAC plan.  

 

4.3.4 Step 6 Planning Feedback interview 

The FAC plan was provided to participants during the planning feedback interview which 

involved four questions and lasted 15 minutes for use-case A, and 35 minutes for use-case B. 

The FAC plan provided detailed the communications plan surrounding the results of phase 2, 

steps 2-5. The plan was provided in person with use-case participants and a digital copy was 

also provided via a USB stick. Questions were presented verbally, and notes were taken during 

the in-person presentation sessions. Use-case A was attended by participant RL and her 

spouse. Use-case B was attended by participants MM and CY. 

In use-case A, participant was provided the FAC. In use-case B, department representative 

(CY) and mentor (MM) were both provided the FAC. JY was not interested in receiving or 

reviewing FAC due to priorities associates with moose hunting season. Responses are included 

in Table 17 (examples of feedback on FAC plan). 

 

Table 17 Examples of Feedback on FAC Plan from Feedback Interview (Stage 2, Step 6) 

 Use-case A Use-case B 

Question 
1)    What are 
your thoughts on 
this plan? 
 

“The plan is fantastic. You’ve really 
captured our needs and we are so 
thrilled about this piece of 
communication.” Participants were 
enthusiastic about all points of focus 
suggested for communication needs. It 
was noted that the communication 
materials would help very much with 
their goal of building the farmers co-op 
model that is underway across Ontario 
with an organization which the Black 
River Farm Co-op is supported by 
(Local Farm and Food Coops of 
Ontario). Participants expressed 
appreciation for the flexibility that was 
evident in the plan, as both a teaching 
tool, and for building the capacity 
towards work independently. Each 
communication need was reviewed 
separately, with participants selecting 
individual lines of communication that 
would most assist with their efforts, as 
well were able to mix and match details 
within the plan to further suit their own 
needs (e.g., combining the details 
provided by particular maps with master 

Participants were enthusiastic about all 
points of focus suggested for 
communication needs. Both 
participants expressed a lack of 
knowledge about the use of drones to 
support efforts in land restoration and 
protection. Both were also keen to 
explore details of this plan in workshop 
planned in phase 2, step 8. Participants 
identified that the structure of the 
planning process and FAC plan offered 
a flexible array of tools that could be 
used in addressing specific conflicts 
(e.g., persistence in the use of 
herbicidal sprays could be “fought using 
these tools like bullets in the fight 
against our asserting our traditional 
rights”.   
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plan zoning for communication with co-
op members).   
 

Question 
2)    How do you 
feel about the 
information that 
has been shared 
with you and the 
process that we 
are going through 
to create future 
communications 
about your area 
of land? 
 

“I feel that you’ve done a great job 
breaking down the process so that our 
members with zero experience with 
UAV can understand it.” Participants 
were content with the information 
provided about what areas they would 
be focusing on, what types of data we 
will end up with and why the suggested 
imagery is important.” 

Participants emphasized the use of 
visual and tactile information to 
community members and moving away 
from the use of static maps. Lands and 
Resources director felt that the capacity 
to build this plan again was not 
available and suggested an extended 
time frame (2yrs) for working with the 
technology. The information was felt to 
be easy to understand and was 
summarized well, however it was felt 
there was a lot of information. Both 
participants involved in this interview 
emphasized a focus on Elders as both 
a recipient and provider of knowledge 
that can be communicated using the 
drone. 
 

Question 
3)    How do you 
feel about using 
UAS technology 
to communicate 
information about 
your area of land? 
 

“I feel extremely lucky to have been 
chosen for this research, I feel this is a 
huge step forward for us in terms of 
having some solid data to put forward to 
our community and of course to explore 
in our master planning process.” 
Participants was interested in owning 
their own drone following the review of 
FAC plan. 

The use of drones was seen to be a 
form of technology that may conflict 
with traditional practices (Natural Law, 
specifically), however there would need 
to be ceremony (prayer) conducted 
surrounding permission for its use. 
Provided that protection and 
restoration, as well as assistance with 
having ‘voices be taken seriously’ is 
occurring while using the drone system, 
then its use is felt as being acceptable. 

Question 4)    Do 
you have any 
particular 
concerns about 
the abilities or 
uses of this 
technology 
specific to your 
area of land? 
 

“My only concerns are the seasonal 
weather changes as it relates to 
equipment, as well as the workshop 
piece taking place in November, a few 
weeks after one of our key members 
embarks on some North American 
travel. I’m preparing to capture as much 
of the education piece as I can to 
forward to her on the road.” Participant 
was concerned about the ability to 
share or transfer data between other 
co-op members. 

Participants felt that this was a 
transitional period for the first nation. 
Adopting technology to create 
communication materials was felt to be 
unfamiliar territory. The participants felt 
that to continue work, additional support 
would be needed as far as staffing. 

 

4.3.5 Step 7 - 8 Analysis and Information Workshop 

This workshop was the final area of primary data collection. This workshop was planned in 

section 4.2 with contents designed during section 4.3.3. The workshop was planned also to 

provide an open and safe space for participants to direct any modifications to plans for the 

creation of communication materials. In the process, this space became an opportune time to 

collect data on the perspectives and benefits of the process being designed through research.  
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Workshop was oriented on addressing points expressed by participants in this section through 

communication needs identified in section 4.3.3 (Communication theme node to address 

communication needs).  Participants invited their own choices of people for workshop 

participants. There was a total of 4 attendees for workshop in use-case A that included 

members of the Black River Farm Co op, and 16 attendees (4 elders) for use-case B who 

attended the workshop, 5 (2 elders) of whom stayed for the duration of the entire workshop and 

all of whom were community members, family members of the participants, or members of 

leadership (council members). A PowerPoint presentation was created for each use-case 

according to the details included in the ‘Education’ section of ‘Communication planning’ of the 

FAC plan. Copies of the FAC plan were available for participants of the workshop to review.  

Information workshop took approximately 1hr to complete for use-case A, and 2hrs to complete 

for use-case B with a scheduled break for the latter. Both workshops were audio recorded for 

reference with the permission of participants. In use-case B, research mentor was available as 

an assistant to help answer questions for community members (Research mentor role described 

in Appendix Dii, Research Protocols, Matachewan First Nation). Discussions were held 

following the workshop for use-case A, and throughout workshop for use-case B. 

 During this workshop, the identified process was referred to as the ‘UAS engagement and 

communications process’. Participants of both use-cases instead referred to the process that 

has been explored through this research as a ‘tool’ that was unique to each case. In use-case 

A, the use of the identified process as a tool was associated with the benefits of communicating 

the complex nature of the farm co-op operations to others. In use-case B. the use of the process 

as a tool was identified as a ‘tool for fighting back’ (anonymous participant of workshop 

session), with participants referring to how the solid structure of the process would allow for it to 

be comparable to techniques of value mapping that are used in court cases regarding traditional 

rights (these rights are not addressed directly in this research).   

In both use-cases, attendees ended the interview keen to incorporate the use of drone as a tool 

for their respective organization. There was significant appreciation for the ability to understand 

the points that would attempt to be communicated from the use of examples of visual imagery 

and video, 3D models, and high resolution orthomosaics throughout the presentation. Although 

technical details were avoided, participants were enthusiastically engaged in the presentation, 

requesting the presentation to be paused to examine images further, to discuss stories that 

were associated with the images used (when images in presentation were used from 

supplementary drone imagery collected during relationship building process), and the use of 

reference to imagery during discussion period in order to clarify points regarding 

communications with respective audiences of potential communication materials.  

Also found in both use-cases, the workshop was incredibly useful for clarifying messaging that 

was intended for audiences of the communication materials. As the participants were all 

assumed experts of the topic presented on, and because of the engaged nature of the entire 

process used up to this point, participants were highly engaged amongst themselves in decision 

making surrounding who the communication materials would be communicating to and how 

during this workshop.  
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4.4  Stage 3: Results presentation and framework modification 

Due to complications surrounding COVID-19, step 1 of stage 3, the presentation of final 

research results was unable to be arranged. Process design and modification, however, as it 

occurred throughout Stage 1 and Stage 2, provided sufficient details to complete Stage 3. 

 In this stage, Stages and steps of research were translated into Phases and steps of a 

formalized D3 process. This included the re-sequencing of steps into more logical progression, 

the final version which can be seen in Figure 18 (final D3 process).  Modifications to details 

included in framework design is included in Appendix Y, Modified details of overlapping steps. 

 For the sake of condensing the length of this thesis, details are further pursued through 

discussion section using all findings from within section 4.  

 

Figure 18 Final D3 process 
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Chapter 5: Discussion 

5.1  Introduction 

This chapter discusses the results found through the three iterative stages of research. Stage 

one results (Stage 1) are not discussed in great detail. Instead, focus is given to discussing their 

contributions to Stage 2 where testing of techniques prepared in Stage 1 was focused on. 

Discussion of Stage 2 and Stage 3 results includes details of both content and process towards 

addressing gaps in or contributions to knowledge. Although objectives for research8 are not 

explicitly discussed, the bulk of discussion will be focused on narrowing the results into selected 

points that are integral to realizing the objectives and ultimate benefits of this research. This 

includes how participant concerns and context for communication needs are addressed, 

evolution of PGIS techniques, SDSS software development approach for software programs 

that are respectfully intended for use by tacit knowledge holders, and contributions to the 

concept of braiding knowledge. 

Important to note is the slight adjustments for contributions to original research question and 

objectives that had to be made mid-research due to the lateness in the ethics approval process. 

Original start date for Stage 2 in original research design was spring of 2019, however was 

delayed until fall of 2019 (November 2019). In the loss of the spring, summer, and part of fall 

months for conducting Stage 2 research, adjustments were made to remove all sections of 

Phase 2 of proposed process that involved drone collection of imagery and Phase 3 of 

proposed process that involved the processing of collected imagery. As such, the full proposed 

process (including all proposed phase 3) was not tested, and instead, focus was given to the 

handling of knowledge as far as it would contribute towards research objectives.  

 

5.2  The D3 Process and Framework 

The techniques explored in this research have resulted in a framework titled the D3 Framework 

and an accompanying process titled the D3 process, for its use of Drones, Data and Deep 

Communications. The phases and steps of the process used in this framework are graphically 

summarized in Figure 19, graphic representation of D3 process. The overlapping steps involved 

in the framework are included in Appendix Y, Modified details of overlapping steps.  

 
8  Objectives are as follows:  

1. Aggregate appropriate methods and techniques (UAS tools) for linking drone technology to the 

communication needs of land stewards regarding their relationships to ecosystems. 

2. Engage land stewards in testing processes that link the tacit knowledge of land stewards to UAS tools and 

techniques for communicating relationships with their respective ecosystems. 

3. Design a testable framework that will enable the use of drone technology to be appropriately applied 

towards the communication needs of tacit knowledge holding land stewards for the purposes of 

environmental restoration or protection. 
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In Stage 3 of research, process steps were graphically laid as a flowchart across 3 Phases in 

Figure 18 (final D3 process) of section 4.4, aligning with both IPBES NCP framework and ODD 

protocol design which is used for planning during steps 2-5, the application of which is present 

throughout the process (Appendix Y, Modified details). The process represented in Figure 18 

(final D3 process) includes colored indications (red and blue) of knowledge mobilization both to 

and from the participants, as well as steps which are intended solely for processing by the 

technology steward and as such, there is no indication of knowledge sharing. Although this is a 

granular representation of the process and framework, due to time constraints of this thesis, all 

methods, techniques, and analysis processes uncovered within this research (e.g., in section 

4.3.3, pluralistic valuation) although described, have not yet been translated into similar graphic 

or tabular form.  

As this research is intended to be understood for use by a non-technical audience, a graphic 

representation of the process being tested, however, was created for use in easing knowledge 

transfer between participants (Figure 19, graphic representation of D3 process). This image was 

Figure 19 Graphic representation of D3 process 
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used throughout FAC plan to explain to participants the process being followed through the 

creation of details used in the FAC plan. In this graphic, presented is an artistic representation 

of how knowledge is braided and turned into communication materials.  

In using multiple techniques for the design of this process and framework, including the IPBES 

framework for science/policy communications (Appendix B, IPBES framework basis), modified 

ODD protocols (Figure 9, standard ODD protocols modified, section 4.1), and K* principles 

throughout, resulting communication materials presented to participants were confirmed to be 

strengthened through this user defined approach. The flexibility provided through use of the D3 

process, in that it was able to be applied to two completely different contexts (use-case A and B) 

as well as providing 27 and 19 different individual communication materials that were helped to 

create communications regarding Ecosystem Services respectively for use-case A and B, 

confirms that communications can be customized for use across multiple diverse scenarios. 

This includes examples throughout research of management, decision making, or conflict based 

communications that could assist the use science to inform policy (e.g. value of carbon 

sequestration provided by sustainable farming practices in use-case A), conflict resolution (e.g. 

cultural impact to harvesting rights from herbicidal spraying in traditional territory of use-case B), 

land management planning (e.g. water management in sustainable farming operations) or 

capacity development (e.g. community members involved in the collection of visual examples of 

logging practices to inform Elders in use-case B). 

 

5.3  Gaps filled by the D3 Process and Framework 

 

5.3.1 Addressing the environmental communication needs of participants. 

The communication needs surrounding the communication of relationships with Ecosystem 

Services (or NCP) were different for each participant. Through creating the D3 process to 

directly respond to the communication needs described by participants, in use-case A, 27 lines 

of focus were identified as well as 19 identified for use-case B. Although all cannot be described 

at length here, highlights from these results are described according to the unique context 

addressed for each use-case and the gaps addressed in doing so.  

 

Addressing gaps in current Consultation processes of Custom Engagement Approach 

for Forest Management Planning (CEA FMP) and requirements of FPIC  

Early in this research, during pre-research discussions, Matachewan First Nation expressed 

concerns for the development of the CEA FMP that was underway at the onset of this research. 

Included in these concerns was the ability to appropriately (visually) educate community 

members about forestry activities, their concerns not being ‘listened to’, and the general feeling 

of ‘consultation fatigue’ from continuously reiterating points without witnessing changes to 

forestry operations. Witnessed during research was a situation where industry consultation 

processes through this CEA FMP used forest operation maps (indicated in Figure 15) to consult 

with community members on forestry activities. Due to the technical format of the maps, there 

was misunderstanding among community members of the locations, actions, and timelines for 
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forestry operations, leading to a historically significant area of traditional blueberry harvesting 

being sprayed with pesticides during harvesting season.  

The completeness of the interviews in the MFN use-case (Use-case B) raised the opportunity to 

examine the difference between the D3 process and CEA FMP approach by examining the 

information that is made available between different types of interview structures. Interview with 

EJ participant, because of its adjustment, was found to mimic the industry recommended 

approach for consultative process that was underway in this community. This evidence was 

collected during a consultation event held regarding the Temiskaming Forest Unit held by First 

Resource Management Group, which the student researcher was invited to attend by participant 

MM and CY. Participant EJ‘s interview was most comparable to this typical consultation process 

which were open spaces for discussion that did not use mechanisms for capturing concerns and 

translating those into actionable communications. Results in research showed a high number of 

points of conflict, similar to consultation process attended, with a much lower number of 

references for CICES values, context, land management activities, and consequently details 

which would assist with conflict resolution or address communication needs through the creation 

of communication materials compared to the full interview process used among participant MM, 

CY. Although communication materials suggested for creation were similar in theme across 

participants of use-case B, absent from participant EJ was the ability to construct solutions that 

communication materials could provide. Planned communication materials from Elder EJ had to 

be combined with data provided by other participants (MM and CY) to complete FAC planning. 

The information provided by the structure in the interview process, as well as the ability to 

combine responses towards user-defined communication goals provided the ability to address 

concerns for forestry practices in a way that would be meaningful and relevant to MFN. 

Participants of use-case B, many of whom had frequently attended CEA FMP consultation 

activities, confirmed during Stage 2, step 8 workshop that the process had proved itself as a 

“tool” for translating concerns raised into a realizable range of communication materials. The 

use of this process as a communications ‘tool’ was described for how it would help to build 

capacity, oversight, and facilitate greater involvement among community members in the CEA 

FMP process. Specifically, it was acknowledged by participants and community members how it 

could be used in lodging formal objections to forestry practices that conflicted with traditional 

livelihoods and provide potentials for future employment in land-based protection. Although final 

communication materials were not able to be created (Phase 2, step 2.1.1 of proposed process 

and Phase 3), the benefits of this process offered noticeable relief to community members for its 

construction as a process that was created by, with, and for community members. 

Communication and engagement with Indigenous Canadian resource development has seen 

the development of Free and Prior Informed Consent (FPIC) (Shrinkhal, 2014). FPIC is a 

potential tool for the protection of values for land that are associated with the identities and 

treaty rights of Indigenous peoples. Although it is has yet to be fully embraced as a mechanism, 

FPIC replaces the Duty to consult, which is “triggered hundreds of thousands of times per year” 

(Newman, 2017) in Canada due to common-pool resource conflicts, specifically in the 

development and resource extraction sector (Ecojustice Canada, 2008). Although Canada 

currently exceeds the requirements of the UNDRIP in its legal obligations for proceeding with 

FPIC in resource development cases (Coates & Favel, 2016), the use of FPIC remains 

contested. The reason being that “…a higher standard of consent is potentially unachievable 

and a lower standard carries the risk that a project could be approved while a community is very 
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divided” (Newman, 2017). As such, although additional efforts are currently being put forth in 

order to institutionalize and operationalize FPIC, the process is highly dependent on clarity of 

consent (Coates & Favel, 2016). Without sufficient knowledge of how exactly beliefs, 

worldviews, or culture itself are linked to the values of ecosystems, that clarity of consent will 

remain problematic, stemming from a worldview, which traditionally struggles itself to be 

understood (Kayahara & Armstrong, 2015).  

In terms of improving the CEA FMP process for this community by including characteristics of 

Free, Prior, and Informed Consent included in the development of the CEA FMP process, the 

techniques tested in this research should be considered for inclusion in the development of the 

CEA FMP process. Following the suggestions found in current literature for raising the 

standards and the clarity for consent within the FPIC process, as well as following requests by 

participants directly requesting that the results of this research be able to be used in legal 

objections to activities that continue as a result of current consultation practices (e.g. spraying in 

traditional territory that continues despite using the CEA FMP process), the techniques 

proposed in this research provide a flexible but well structured approach for addressing 

communication needs that would operationalize FPIC obligations (e.g. basic visualization of 

forestry practices through video and imagery).  Methodological analysis using well structured, 

open-ended questions to point towards management solutions creates a more comprehensive 

picture for engagement activities that empower participants, as well as highlighting 

communication challenges that emerge through typical consultation processes, including 

identifying the problem, communication need, identifiers, and solutions. 

 

Providing support for decision making in sustainable farming systems. 

Throughout the testing stage of process steps (Stage 2), co-op member capacity for 

communicating and subsequently directing activities according to the co-ops overarching theme 

of ‘sustainability’ was strengthened by addressing activities with communication materials that 

demonstrated the concept of reciprocation. Through braiding their own expertise with the 

technical knowledge required for drone applications, the idea of reciprocation that underpinned 

many of their activities could be validated and communicated across co-op members, thereby 

defining the concept of sustainability for the co-op under a demonstrable theme approached 

through specific indicators of NCP’s.  The Black River Farmers co-op, at the onset of research, 

was a model for co-operative farming operations on a single farm that was in its testing phase 

through the Local Food and Farmers Coop (LFFC) organization of Ontario, Canada. As each 

member of the co-op was pursuing a separate avenue for farming operations (e.g., wild 

harvesting, intercropping, wood milling, etc.) the management of ecosystem integrity across all 

members under a common theme being pursued through the Black River co-op model was 

assisted through the organized and user defined approach for communication.  

The Knowledge node, which included stories and experiences, hosted all references indicating 

a relationship with land. Where references of the Knowledge node overlapped with references 

of the ‘Land Management’ category, there could be found distinct examples of reciprocation 

being described (e.g., “There’s some really great established forests that have been managed 

by Bill. So, he goes in and he takes the huge trees down that are gonna be falling down so that 

he can use them for lumber and things” (Participant RL). When all three ‘Knowledge’, ‘Land 

Management’ and ‘NCP benefits’ were present, reciprocation as a management technique of 
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land stewards could be identified (e.g., “We’re not really benefitting from anything yet, so 

everything is a long-term gain. Like the food forest, that’s going to be 10-20 years. 

Permaculture, just a permaculture farm, its all about putting in the work up front and then being 

able to benefit more freely through the years”) (Participant RL. When all 3 of these references 

were codded and are also coded in the ‘UAV Usage’ category, the use of reciprocation as a 

management technique could be clearly communicated using a drone (e.g., “…propagating food 

trees and propagating plants and natural plants and plants that are native to the area…) 

(Participant RL). 

References within this node, when applying the technique of associating with positive or 

negative sentiments, became a way to guide towards conditions and features associated with 

perceptions of ecosystem health. Many of the references within this node were found to 

describe qualitative features (e.g., ‘good soil’) or quantitative features (e.g., ‘counting hides’, 

use-case B). The node ‘qualitative and quantitative’ features were created and used to further 

code references in the ‘Knowledge’ node to this end. When these qualitative features or 

quantitative features found in the ‘Knowledge’ category were coded with positive or negative 

sentiments, indicators for the participants own interpretation of ecosystem health were found.  

Multiple NCP’s whose benefits extend beyond the farm boundaries which can be communicated 

using a drone (based on the availability of sufficient information for FAC planning) supports the 

normalization of reciprocity and regard for ecosystems as an approach to farming operations 

that are responding to demands for ‘sustainability’ (IRICS, 2017). Co-op models established 

through the LFFC, alike the Black River Farmers Coop, were set up to demonstrate farming 

operations that respond to ecological and market demand pressures by providing examples of 

alternatives to conventional farming operations. Co-management principles based on the co-op 

structure described by the participant informant offered a land management mechanism which 

considers a much wider range of NCP's because of multiple values of co-op members, thus 

highlighting a greater range of ecological benefits from activities that consider the reciprocal 

nature of ecosystem services. Similarly, through the presence of conflicts (e.g. environmental 

trespassing of potentially harmful contaminants, habitat loss in surrounding areas due to 

conventional farming practices, or species loss in vegetation due to the expansion of 

conventional farming practices), the communication of values for such a volume of NCP's 

identified through this co-op mechanism provide a greater range of ammunition for defending 

sustainable farming operations against activities external to farm operations which may degrade 

the integrity of any one of those identified NCP’s. Lines of focus which responded to conflict-

based scenarios (e.g., monitoring of areas where runoff passing through property sources from 

neighboring farm using field applications) were able to build planning material for these lines of 

focus by combining NCP’s identified from other categories of communications to use as 

indicators (e.g., cattail, arrowroot, and algae). 

The off-farm benefits as described by the participant that could be validated and communicated 

using a drone through the D3 process provided a larger currency for the co-op model to pursue 

funding and communicate results of activities to funders. This point considers the examples of 

communication materials suggested for use with current funders that visualize or analyze 

imagery in such a way that achieves stated funding objectives. These included examples such 

as carbon sequestration potential through identifying canopy and understory structure through 

advanced analytics, and areas for nucleation of species identified as biodiversity hotspots using 

advanced analytics. As Canada continues to pursue their sustainability goals as part of their 
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2030 National Agenda (Government of Canada, 2019) programs for farmers are now trickling 

down into organizational programming, such as through the Canada Agriculture Partnership or 

Ontario Soil and Crop Improvement Association. Consequently, these programs are 

increasingly being linked to funding strategies which encourage the restoration or protection of 

ecosystem services (NCP’s). Examples are evident across a flexible range of scales that focus 

on linking farmers needs to environmental strategies, such as the general Environmental Farm 

Plan (Ontario Biodiversity Council, 2015a; Schmidt et al., 2013) or the specifically targeted 

Support for Honeybee Health Management program (Canadian Agricultural Partnership | 

OSCIA, n.d.) among many other examples throughout Canada (Canadian Agricultural 

Partnership | Producer, n.d.; Yukon Territory, 2019). The use of the D3 process offers the 

farmer an opportunity to directly communicate back to these funding programs indicators of 

Ecosystem Services that underlie program visions (e.g. the Canadian Agricultural Partnership 

describes “adoption of innovative products and practices, with an emphasis on sustainable and 

clean growth”)(AAFC, 2017) , but which are not yet directly described. Thus, the ability to 

facilitate greater understanding of ecosystem services for funders is eased, while the farmers 

application for funding programs is strengthened.  

Using the drone to pursue learning objectives for co-op members, such as determining water 

flows, ensures that land management decisions are based on valid scientific principles. In the 

example of water flows, communication materials were planned for using a simple digital terrain 

model (using Pix4D software) as an example of general analytics. The surface hydrology of the 

participants site could then be visualized, which would ease the planning around any of their 

intended activities (e.g., drainage of grey water through biofiltration ponds). Further to the above 

paragraph, examples of decision making assisted by the use of a drone, such as examples from 

our participants of calculating water filtration values from identifying riparian vegetation 

(classified as advanced analytics from the use of multiple datasets) (Michez et al., 2016; Pearce 

et al., 1998) or habitat provision (birds) through basic visual imagery (Fritz et al., 2018), provide 

farmers the ability to communicate the scientifically based information supporting these unique 

land management decisions to potential funders in simplified or visual formats.  

 

5.3.2 Taking PGIS and Value Mapping to the next level. 

The translation of irregular values into spatial data is a valuable characteristic of PGIS 

(Musungu, 2015). The in depth and guided nature of the interview process, the inclusion of 

oversight in the D3 process, and the flexible nature of the communication forms that can be 

created using drone imagery offers additional opportunities to create communications that can 

better reflect the values of participants beyond the current capacity of PGIS. The D3 process 

supports well the IPBES NCP framework. In doing so, the science-policy translation ability of the 

IPBES process (Pascual et al., 2017b) is expanded to include the contributions of participants 

themselves. Thus, the vertical communication of stakeholder knowledge, or ‘empowerment’, a 

feature which is held in high regard but remains poorly translated into project activities (Corbett 

et al., 2016), is resolved through the customization of communication materials. To this effect, in 

this section, the various steps of the D3 process which supplement or improve current features 

of the PGIS approach are described. 
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Introductory Video to build capacity. 

Step 1 is essentially a capacity building process designed to engage in a scoping process 

whose categories are visible in tier 2 of Figure 10 (initial flowchart design) found in section 4.3.3. 

In directly answering the question of this video’s usefulness as a step in the D3 Process, by 

introducing a scoping process that is built upon capacity building, this informational video 

demonstrated a strength in naturally eliciting from stakeholders’ initial characteristics of 

Community of Practice (COP). 

Immediately evident was the natural assignment by participants of needs for using the drone 

into features that align with a Community of Practice  (Wenger, 2000; Wenger-Trayner & 

Wenger-Trayner, Beverly, 2015)(Table 5, responses to intro video). Missing however was the 

feature of ‘connectivity’, or the degree to which a technology can connect users together, thus 

completing the community. It is not evident, nor is it able to be assumed, where the feature of 

‘connectivity’ would emerge in the case of use and as such, it is likely but inconclusive as to 

whether this process is suitable for recognition as a technology that would support a community 

of practice.  

By viewing this step through the lens of building a CoP in this first step of engagement, 

however, it is easier to track the D3 Processes ability to building capacity. Catering to the need 

to address a lack of linkage between activities and benefits required in PGIS literature for 

tracking of ‘empowerment’ (Corbett et al., 2016). Highlighted in section 4.3.1 are quotes from 

participants that show the starting point of participants in terms of knowledge of the capacity for 

drone use. The understanding of drone use that followed viewing this video allowed for details 

of Table 5 (responses to intro video) to be easily populated. 

A particular strength of the video is that it remained relevant to participants by including imagery 

that was from the geographic area of participants. This helped make the video familiar and 

helped participants to better understand the benefits of this work that were possible using 

examples that were relevant to the participants own context. To do this, a relationship of 

friendship and mutual understanding of benefits was grown over time with participant 

organizations, in particular with the Matachewan First Nation (use-case B) while collecting 

imagery that could be used to create the video itself in a fun and pressure-free way. Although 

this may not be possible in all iterations of applying the D3 process, in terms of testing this 

process, the trust that grew over the process of creating this information video using local 

examples was essential in relationship building, applying approaches for research within the 

First Nation context that were based on respect and trust (Bagele Chilisa, 2012). 

 

Planning interview designed for the expertise of participants. 

By structuring this interview across 7 different sections of focus, not only was focus able to be 

drawn towards the participants own interests from multiple angles (addressed more in following 

section), but two unexpected benefits emerged: challenges in temporal saliency could be 

addressed, and participants could define their own uses of terminology. There was a strong 

connection between participants with the functions of the land that are directed by signals of 

interactions with the land, which were coded through the ‘temporal dimensions’ node. A risk 

from this strong connection is that a typical consultation at one point in time makes it impossible 
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to expose all important interactions throughout the year because of the considerations that are 

most salient to the participant at the time of interview. For example, during the fall interview with 

participant EJ, details of moose were most salient. When compared to interviews that followed 

the structure outlined by the D3 process (participant MM and CY), temporal details of seasons 

other than fall were extracted.  

The use of terminology can become problematic and cause misunderstandings. In particular, 

the use of the word ‘resource’ was uncomfortable for participants in both use-cases. Of key 

importance is to allow the space during the interview to have participants define their own 

terminology. Modifications, additions, and removal of questions for use in future research are 

included in Appendix X, Modifications, additions and removal of questions. granting greater 

strength to the user-defined approach that the D3 process is build upon. 

 

Structured analysis of planning interview 

In using the ODD principles as the overlying structure for analysis, relevant points were able to 

be pulled directly from the participants own responses through analysis to inform details of 

15/19 categories (79%) of FAC planning within the Flight, Analysis, and Communications 

planning parent categories. Gaps in data where categories were not able to be informed by 

participants responses or nodes that instead required guidance directly through literature 

included Software, Type, Techniques (Analysis planning) and Environmental Thresholds (Flight 

Planning) (Figure 17, modified FAC flowchart, section 4.3.3). Five categories required both 

participant responses and suggested input from external literature. These included Purpose and 

External datasets (Analysis planning), Temporal dimensions, Equipment, and Flight parameters 

(Flight Planning) (Figure 17, modified FAC flowchart, section 4.3.3).  

By intentionally overlapping the content aimed for through questions as well as structuring the 

analysis process, the groundwork was effectively laid for mechanisms through which to 

measure the % of contributions from participants, as well as strengthen the quality of content of 

FAC planning according to participants own expertise. Examples of this are most obvious in 

word frequency technique where, for example, the word ‘cut’ was use 21x across the interview 

with participant MM. In its examinations for use in ‘Disruptions and Impact’ communication 

themes and sub themes, this single word was able to be used to direct 3 different categories of 

FAC planning across using the word ‘cut’ to inform each category from an average of 3 different 

references (Appendix M, Word frequency). This technique, as well as the combination of other 

techniques explored (e.g., using ‘matrix coding’ function to identify overlapping node references 

using NVIVO software), offered opportunities to triangulate and cross reference communication 

needs from various angles. Through the structured Interpretation and translation techniques 

explored for analysis, the information provided by participants was able to inform 15/19 (79%) 

categories of FAC planning (Figure 17, modified FAC flowchart, section 4.3.3).  

Analysis conducted in step 4 also outlined a means for interpreting and translating information 

provided by tacit knowledge holders that would otherwise be considered vague or without 

metrics. This refers to the pattern recognition and classification angle of ‘fuzzy’ information sets 

described by Berkes (Berkes & Berkes, 2009) and originally, Zadeh (Zadeh, 1973). This was 

done simply through using ‘spatial dimensions’ node, by linking the definition of this node 

category to information provided by participants. For example, in our example of moose calling 
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being coded in the ‘spatial dimensions’ node, the expertise of the knowledge holder, e.g., 

following the question “What would you be doing at this time of year?” which was responded by: 

 

Getting ready for moose calling. And the moose hunt. This time of year, we 

would be getting ready for moose hunting season. We would be out there calling 

and calling and calling.  So, as we'd call. And we would just call, we're not out 

there hunting, we're just calling right? To bring them in. To bring them to the area 

       Participant CY 

Using this response, the concept of ‘Moose calling’ was considered a spatial dimension by 

envisioning the call as a straight line, thus translating the call into useable information - an 8km 

line that formed the radius of a circle within which and area could be scouted for protection of 

hunting and harvesting habitat – without losing the authenticity of knowledge.  

Although analysis attempted to standardize a structured process for effectively braiding 

ecological knowledge of tacit knowledge holders together with the technical expertise required 

for drone operation using ODD principles (Grimm et al., 2006), two factors greatly affect the 

ability to consistently approach analysis: quality of coding including the interpretation of 

responses, and the selection of nodes used to inform categories within FAC plan.  

 

Presenting results of testing to participants 

The presentation of these results happened in two steps: During Stage 2, step 6 during FAC 

planning feedback interview, and Stage 2 step 8 during information workshop. This offered 

multiple opportunities to modify, adjust, or simplify details of intended communications. 

Locations and geographic boundaries, although this was a struggle to identify for particular 

participants during planning interview, indeed also disorienting because of the changes to land 

in such a short period of time, were able to be addressed successfully through the flexible 

customization of areas and spatial dimensions provided through the variety of different 

communication forms (e.g., video, google maps, orthomosaics, etc.). All participants had been 

witnessing changes that were startling and consequently drove a strong need to create 

communications that would help to prevent further loss of what had been witnessed as being 

lost. In use-case B, moose became a central subject of focus for almost all communication 

pieces which participants felt represented them well (e.g., use of moose as a spatial data set to 

identify spatial range for video monitoring of cutting activities in communication needs 1.d.i and 

2.a.i Appendix K, Combined flowchart information). 

The final workshop was able to provide a final space for suggestions and modifications to 

communications to be included in communication materials. During FAC planning and creation, 

the “sounds of the land” (expressed by participants CY and EJ of use-case B) were incredibly 

difficult to fit into the use of drones. The combination of communication materials with sound 

was not able to be adequately addressed through planning, however these particular workshops 

resulted in requests for audio recordings as background audio to be included in proposed 

videos that could be created for education. As audio recording using a drone requires 

specialized and relatively new equipment, such as ‘Chirocopter’ drones that silence rotor noise 
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(Fu et al., 2018) or mounted equipment for localizing recordings (Hioka et al., 2019), this 

equipment did not fit within the ‘available equipment’ category of FAC planning, it was 

considered UAS tools for future reference, but which laid outside the capacity for the researcher 

or community to pursue. Regardless, these modifications made during presentation events are 

points which can not be overlooked, especially when video materials are to be used for 

education of youth (e.g., use-case B, communication need 2.a.i and 2.c.i, Appendix K, 

Combined flowchart information). As such, the Final FAC planning spreadsheets offer a 

convenient way for notes and details to be collected and passed to more suitable expertise.  

For use-case B, as the land management style of this FN is very hands off, based on the 

principle of “take only what you need” (Participant MM) for those who hold relationships with an 

area, the multiple options of distinct communication materials that could be used for addressing 

the discrepancies in management styles between forestry operators and members of the first 

nation were felt to be achievable by participants. One example is the use of CICES code 

3.1.2.2, Maintaining nursery populations and habitats (Including gene pool protection). In 

highlighting this particular ES, the management style of ‘take what you need’ was able to be 

translated into solutions that were designed in consideration of various contexts where future 

generations were requested to be considered (provided in DPSIR details). In combining this ES 

with other codes (e.g., CICES code 3.2.2.2, Characteristics or features of living systems that 

have an option or bequest value) in communication material 2.c.1 (a ‘living’ baseline within the 

‘connections’ sub theme of Cultural Landscape theme), information could be collected and 

communicated about ES that would be able to be preserved into the future. Multi-generation 

communications, although difficult to plan for, was thought to be assisted greatly using video as 

a teaching resource into the future.  

 

Capacity development 

The series of steps described through the three Phases of the D3 process are designed to 

incrementally grow the capacity, involvement of the participants in the communication creation 

process. The methods used in terms of knowledge sharing, specifically tested in Stage 2, step 

1, 5, and 8 offer potential structure for use in teaching. The creation of the FAC offered step by 

step instructions planned for participants to be able to use the same techniques being 

experienced throughout the process (except for processing of communications, which would 

require additional information that was not able to be covered within the time frame of workshop 

from Stage 2 step 8).  

 

5.3.3 Using structural design elements to guide foundation for SDSS software 

design intended for use by tacit-knowledge holders.  

This research now explores the results for the contributions it may provide for future 
developments in software designed to assist tacit-knowledge holders towards strategic decision 
making about ecosystems that involve large volumes of options and data. According to Daras et 
al., the main components of SDSS system design include data integration and manipulation,, 
analysis, and visualization of the results (Daras et al., 2019). Each of these were found to be 
provided through the D3 process and are respectively discussed.  
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Data integration and manipulation using coding. 

This requirement of the SDSS system was represented through the coding process in Stage 1, 

steps 3-5. The question of how to interpret what was being said by participants so that 

information could be guided into appropriate categories of FAC planning categories (Figure 7, 

draft proposed process steps) was a challenge that was eased through the inclusion/exclusion 

criteria defined in Table 7 (node definitions).  

The emergence of the ‘spatial data’ node was the result of these difficulties in translating 

obscure values which were identified as important to participants (being referred to multiple 

times in interview) into flight planning information. For example, in all participants from use-case 

B, there was multiple references to moose without any information which would assist with FAC 

planning. However, for 2/3 participants, there was reference to moose calling as part of their 

relationship with moose, which was able to be translated into a spatial data set (described in 

previous section (structured analysis of planning interview).   

The ‘Knowledge’ code was also an emergent node which contained important contextual details 

hidden within the responses. The responses from both use-cases described unmatched 

expertise about their area of land which spanned across past, present, and future experiences 

with features of their land, often told in the form of stories. Although this emergent node was not 

able to be fully explored within the bounds of this research, the Knowledge node heavily 

represented the relationship that the participant had with their particular area as a form of 

expertise. By using ‘matrix’ function of NVIVO software (observing overlap between responses 

in this code that are also coded in other nodes), details could be extracted for use within all FAC 

categories. For example, responses also coded in ‘land management’ detailed reciprocal 

management techniques that formed communication needs.  Consistently, responses were able 

to be coded with nodes associated with Natures Contributions to People, helping to arrange 

themes of focus for communication planning, and points of focus for flight planning.  

Another example of data manipulation towards the categorization of data according to user-

defined communication needs was using the ‘conflict’ nodes that were categorized within the 

‘Communications planning’ FAC category of nodes. Conflicts that overlapped with the ‘land 

management’ node was highest across all participants, in particular within the ‘Communications’ 

theme of conflicts (Appendix Q, Examining conflict categories). This was a strong indicator for 

the presence of conflict in communications as driving the need for assistance with responding to 

conflicts through user-defined communication materials.  

 

Analysis 

As per the research steps outlined, this section examines the process of analysis tested in 

Stage 1, steps 3-5. The analysis conducted in section 4.3.3 used an inductive process to create 

a qualitative version of a Fuzzy Cognitive Model (Özesmi & Özesmi, 2004), the details of which 

are included in the excel spreadsheet of Appendix F (Flight, Analysis, and Communication plan 

template). The details included in this spreadsheet, which were transferred into final FAC plan 

acts as the implied codebook (Barnlund, 1970) for decoding the tacit-knowledge provided in 

interviews and translating that knowledge into a form which can be braided with other 
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knowledge systems (Obiedat & Samarasinghe, 2016). The use of ODD principles (Grimm et al., 

2006) from the onset of research provided a way to structure the usage of the ‘fuzzy’ knowledge 

of tacit knowledge holders  (Berkes & Berkes, 2009) within a fuzzy cognitive model type of logic 

for use (Obiedat & Samarasinghe, 2016) in analysis of coded participant responses into this 

FAC plan, which also included instructions for the creation of communication materials that 

would be created through ‘Analysis’ step in Phase 2, step 2.1.1 of proposed D3 Process. 

With the information provided through the population of the template, the diagrams provided in 

both Figure 10 (initial flowchart design) and Figure 17 (modified FAC flowchart) effectively lay 

the structural rules for validating all knowledge systems being braided together. Each system of 

knowledge engaged through this process towards the creation of communication materials 

helped to define the boundaries of inclusion/exclusion of other knowledge systems, e.g., using 

technical expertise of drone operations for collection of imagery for digital surface modelling to 

show runoff potential of pesticides. The format of that rulebook can be seen in the initial 

flowchart laid in Figure 10 (Initial flowchart design) of section 4.3.3., and the resulting summary 

in Figure 17, modified FAC flowchart also found in section 4.3.3.  

Flexibility was provided for validating knowledge systems alongside each other from the 
inclusion of various approaches towards the development of something similar to the ‘codebook’ 
dictated by Barnlund (Barnlund, 1970)  for developing a FAC plan. Depending on the responses 
of participant, communication approaches could be decided from across a range of options. For 
example, communication needs of use-case A focused more on the communication of 
ecosystem services (NCP) as a teaching tool for others (co-op members and funders), which 
relied heavily on the communication of CICES based communication planning categories 
identified. Alternatively, communication needs of use-case B focused more heavily on 
addressing conflicts surrounding ecosystem services (NCP), taking advantage of the DPSIR 
based communication planning categories. The examination of conflict aligned well with 
informing details for FAC planning using the DPSIR EIA approach. In addressing conflicts for 
both use-case A and B, the DPSIR ‘Response’ category specifically was able to be dedicated to 
the communications planning context as far as addressing conflict instead of the typical 
environmental response used in the classic DPSIR EIA process, best summarized as 
“institutional efforts to address changes in state, as prioritized by impacts” (Carr et al., 2007, pg 
545). 
 
Of importance is the possibility of losing the ‘forest for the trees’ so to speak, in that in breaking 

apart the words of the participants through transferring information between NVIVO and Excel, 

the authenticity of the messages being communicated in communication needs risk being lost. 

This was a risk that was especially evident through the ‘strategizing’ activities undertaken with 

results (Appendix R, Ri, and Rii, FAC Analysis planning) where during the division and sorting of 

information, the authenticity that words provided to communication needs is risked by 

separating the words used to inform categories from the categories themselves. By working 

through analysis by continuously cross-referencing responses of participants, priority messages 

are revisited throughout the analysis process (Appendix J, Communication planning, see 

‘priority categories’ noted). Absent from methodology, due to explorative nature of the research, 

was methods (e.g., software, organization, etc.) for keeping words used to inform each category 

linked to the data provided for informing FAC plan. 

The direct conversational interaction with participants allowed for themes to come up multiple 

times which provided the opportunity to examine word frequency as an analysis technique. The 
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use of word frequency for analysis of conversations offered a way to create a non-mathematic 

Analytic Hierarchy (Brunelli, 2015) by examining each context within which particular words 

were used.  Although this may not be possible in an automated process, this research does 

consider this method of analysis as useful although time consuming. Word Frequency was a 

method that helped to clarify ambiguous responses to direction question. For example, question 

1d “Who would you want that story to be told to or 6c Who would this information be used to 

communicate to?” The responses to the question were unclear e.g. “Again, if I'm talking to the 

leadership of my community, again it depends largely on your audience. Is it culturally related? 

Is it economically related? Is it conservation related? Does it have to do with climate change?” 

this could be clarified through linking this response to other responses, e.g., in Appendix M, 

Word frequency results, audience is able to be clarified as industry for some communication 

pieces, and leadership for other communication pieces.  

The details provided by participants in each used case towards DPSIR categories reflected the 

story or context that each communication material would be created in response to (thus using 

‘Response’ category of DPSIR as a focus for communication objectives).  

The details provided by participants towards CICES categories provided an ideal way to 

organize subject of each communication materials and draw focus to planning of drone 

applications. For example, CICES code 1.1.5.1., Wild plants (terrestrial and aquatic, including 

fungi, algae) used for nutrition was identified for descriptions involving the harvesting of 

blueberries. Areas where blueberries grow then was identified in the category ‘Points of Focus’ 

in Flight Planning, and the purpose of analysis category could be identified further based on 

information provided in DPSIR context categories (e.g., using machine learning to identify total 

coverage of blueberries being impacted within a proposed area of cutting). 

 

Visualization of final results 

In total, for use-case A, a total of 27 different communication needs were able to be identified 

which could be addressed through the creation of predominantly visual communication 

materials using a drone and associated tools recommended in FAC plan, including 18 different 

Ecosystem Services (NCP) identified in CICES categories (Table 12, communication themes). 

In use-case B (individual details included in Appendix W), there were 19 different 

communication needs and 22 different CICES based Ecosystem Services (NCP) identified 

(Appendix R, Ri, and Rii, FAC Analysis Planning) that could also be created using the 

assemblage of UAS tools compiled in the FAC Planning spreadsheets (Appendix K, Combined 

flowchart information). Through analysis conducted in steps section 4.3.3 (steps 3-5), clear 

details of the creation of each communication material were compiled, creating something akin 

to step-by-step instructions for the creation of all visual communication materials.  

In examining these 46 entirely different communication needs, as well as the wide range of 

CICES based Ecosystem services identified, in effect, this research has identified a large, albeit 

complex opportunity for development of SDSS software that is geared towards the creation of 

each communication need. All three FAC planning elements – communications, flight, and 

analysis planning – provide data inputs towards the creation of predominantly visual 

communication materials (which can also be manipulated further for extracted summarized 

forms of data for sharing using GIS queries). The extensive amount of time required for 
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independently processing for planning and eventual visualization could potentially be automated 

in an independent software system.   

In use-case B, maps were difficult to comprehend for participants to understand (evident in 

responses used in Communications theme node, Appendix J, Communication planning) 

because the NCP features that are held as ‘values’ do not consistently follow a particular 

boundary (water, animals for trapping, wind), nor are they able to be discreetly separated in the 

traditional worldview of participants. This resulted in the ‘Connections’ sub-theme in Table 8 of 

section 4.3.3 ‘Communication theme node...’ which attempted to search for supporting 

knowledge that would connect features together. The suggested solutions for communications 

differed across each participant, but examples included, for participant CY, connection theme in 

‘Disruption and Impact’ required tracing areas of potential pesticide contamination to harvesting 

areas through digital surface modeling which is a technique that reflects multiple ‘connections’ 

using general analysis techniques that avoids classic mapping conflicts with members of the 

first nation. 

A point of weakness of current methods for visualization of communications which could warrant 

addressing includes a concept that emerged through responses and observations of the 

participants ability to understand the video presented in Stage 2, step 1. The concept of 

“Navigational transparency” (M. Millen, personal communication, October 2019) - a way to 

address orientation and locational awareness when communication materials are being 

presented to an audience which has not been involved in the process of their creation - would 

aid in the understanding images in the ‘basic visual imagery’ category. This concept was also 

discussed as how it could benefit communication materials by being incorporated into resulting 

materials.  

 

5.3.4 Extension on communication models to address knowledge braiding. 

An unanticipated result worth discussing is the heavy emphasis throughout this work in using 

the structures and concepts of communication models and applying them towards real-life 

examples of knowledge braiding. Reinforced throughout the work is the idea that 

communications, and the creation of, is are created as a process of understanding, coding, 

decoding, manipulating and applying information between a series of actors and contexts 

(Berlo, 1966). This work lands itself within the ballpark of social-constructionist approaches for 

describing how communication is constructed, transmitted, received, and acted upon as 

occurring within the forces of context and history. Within this domain, this work builds on 

Interactional Theories of Communication, where a “fundamental message is that conversation is 

primarily used to coordinate joint activities among individuals” (Bangerter & Mayor, 2013), where 

this particular research proposes using multiple situations for arriving at common 

understandings for joint activity of creating communication materials.  Although interactional 

theories of communication exploit the understanding of communication from within the realm of 

cognition, psychology, language choice and audience design, this research expands on these 

ideas by demonstrating how to extend these concepts into the realm of intentionally selecting 

specific strands of that knowledge to combine in a collaborative way for joint actions (or goals in 

communication materials creation) to be achieved, particularly within the field of environmental 
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protection and restoration by directly applying multiple knowledge systems that are both tacit 

and technological in nature.  

The use of a structured processes for analysis helped to strengthen the relevance of each 

communication theme by maintaining the user-defined approach and signalled how to weave 

the information provided by participants together with other forms of knowledge (e.g., flight 

planning using Transport Canada regulations, analysis planning using supplementary literature). 

For example, the initial coding of communication theme categories (Appendix J, Communication 

planning) used notably vague or incomplete information in terms of planning for drone 

applications. Further clarification and direction was gradually filtered through clues provided in 

other coded categories from the inclusion of techniques such as CICES for identifying clear 

examples of ecosystem services, DPSIR categories to address purposes of conflict, and 

supplemental literature for options of analysis. These details provided structure in the remainder 

of FAC planning between step 2-5.  

Representation across multiple participants (in use-case B) was only able to be achieved 

provided there was consistency across participants in themes, conflicts, or other directive 

categories of FAC planning in the ‘Communications planning’ category. By combining the similar 

responses of each participant together, additional categories of FAC planning were able to be 

combined, effectively braiding the differences in each participant together into stronger plans for 

the creation of communication materials. 

By designing the steps in the D3 process using K* techniques (Shaxson et al., 2012) and 

technology stewardship (Wenger et al., 2009), the D3 process is able to provide an in depth 

level of oversight and knowledge to participants on the range of UAS tools, without requiring 

certification of drone system (UAS) pilot licencing. Thus, effectively and safely braiding 

knowledge together to strengthen communications and capacity towards the restoration or 

protection of ecosystem services.  

All knowledge available or use in this research is not able to be considered equal in the classic, 

undissected sense of the term, but rather points to a distinction towards a role-based, and 

collaborative form of equal opportunity for the applications of knowledge. There is such an 

extraordinary diversity in the roles towards communication creation that each knowledge set 

plays in using a drone that to say each is equal in the classic hierarchal sense of contributions is 

somewhat deceptive. This researcher can see a distinction. All knowledge used in this research 

is unique in how it is applied towards collaborative strengthening of communications for the 

purposes of restoration and protection. In this way, the researcher discovers through this 

research that braiding of knowledge boils down to  

• the role that knowledge sets and types can play in the braiding process. 

• the collaborative nature of identifying spaces for contributions from knowledge sets that 

emerge during the handling of knowledge. 

• the paramount importance of striking a balance between flexibility and structure when 

knowledge is being shared through the braiding process. 
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Chapter 6: Final summary, conclusions, and recommendations 

 

My message is we got to start lookin’ after mother earth. That’s what we have to do. Because our 

ancestors, or the older people looked after the earth. But it just happened with too much cutting 

and all this pollution and everything goin’ around. 

         Participant (Elder) EJ 

 

6.1  Final Summary 

The D3 Framework and its associated process represents the results of three iterative stages of 

research used to achieve the goal of research, summarized in Figure 1 (research goal). To 

achieve objectives of research, Stage 1 of research was used to aggregate appropriate 

methods and techniques for linking drone technology to the communication needs of land 

stewards (objective 1). Stage 2 of research engaged land stewards in testing the processes that 

linked the expertise of land stewards to UAS tools and techniques. Stage 3 resulted in the 

design of the full framework and associated process that would enable drone technology to be 

appropriately applied towards the communication needs of tacit knowledge holding land 

stewards for the purposes of environmental restoration and protection.  

Methodology was sufficient for providing results that would help to achieve original research 

objectives. The exploratory as well as multi-disciplinary approach taken forced the research to 

be redesigned throughout the analysis process, however despite the flexibility in the iterative 

research design that would allow this to happen, the results are able to be a) reasonably 

replicated b) achieve validity across the standards of multiple disciplines, and c) allow gaps to 

be clearly identified and filled beyond the scope of a MSc thesis into future research into the 

topics addressed in this work. 

Considering achieving the goal and objectives of research, this chapter takes up the challenge 

for boiling the insights generated through results and discussion up to this point of research 

through conclusions, recommendations, and completes this work with some final remarks.  

6.2  Conclusions 

Recognized as a communications ‘tool’ on various occasions by participants during the 

presentation of this work, the gap filled best by this work was most pointedly expressed by 

participants from Matachewan First Nation:  

“The knowledge of our Elders IS the expertise of our people. They carry the 

most knowledge of who we are as a people, descended from our ancestors. 

They MUST be listened to. Better ways of communicating to our people, to our 

Elders, and communicating the knowledge of our Elders to others to help 

protect our lands are needed.” 

       Participant MM 
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This conceptual framework and process presented in this work conclusively point to the creation 

of communication materials as being a process whose resulting quality heavily relies on the 

mechanisms provided for knowledge to be shared, the roles played in the process of knowledge 

sharing, and the balance between flexibility and structure to maintain authenticity of knowledge 

that is coming from different sources. Rather than attempting to find common ground, or a 

common ‘codebook’ of transactional models of communication (Barnlund, 1970) as the basis for 

successful communications, a theme that emerges out of this research is to use that same code 

book idea to instead guide the planning and subsequently creation of communications as a 

process. In this way, opportunities are opened for braiding multiple forms of expertise together 

to strengthen the ability for a) knowledge to be communicated to others that are not involved in 

the process, b) address learning objectives that will complement the knowledge system of the 

participant, or c) to identify roles and purposes for the expertise used expertise that ensures 

authenticity is maintained and respect is given to each knowledge system used.  

The results achieved by the application of the D3 process – 46 different individual 

communication materials across two different contexts of use-cases – demonstrated the wide 

flexibility in supporting communication needs towards protection or restoration of ES (NCP). The 

differences in planned communications materials reflected differences in knowledge sets, roles, 

contexts and worldviews of each participant across both use-cases. 

Through Stage 1 and 2 of research, a closed but expandable system with clearly defined data 

inputs (FAC categories) are provided for creating final communication materials. End goals are 

defined for communication materials in communications planning, steps for aerial data collection 

are defined in flight planning, and processing requirements for the creation of visual 

communication materials are defined in analysis planning. Thus, between Point A to Point B of 

original research goal (Figure 1, research goal), this research has outlined all elements of an 

integrated system required for traveling between those two points using drones as the focal 

technology.    

Crucial to the entire process is in good initial coding of interviews. With 43 different initial 

categories for coding identified (Appendix Gi, References applied to all 43 categories; and 

Appendix Gii, References for each node), this can be a difficult and onerous process, however it 

must be completed with care and clarity. With 43 different initial categories, the definition of 

inclusion/exclusion categories for parent and sub-nodes (for NVIVO analysis) guided how to 

interpret what was being said by participant into appropriate categories of FAC planning. 

The exploratory nature of framework and process allowed for several interdisciplinary 

techniques to be applied directly towards the creation of communication materials, thus 

expanding drastically the availability of tools that can assist in the creation of communication 

materials using a drone. The use of ODD principles (Grimm et al., 2006) were used to structure 

the ‘fuzzy’ knowledge of tacit knowledge holders  (Berkes & Berkes, 2009) into a qualitative 

version of a Fuzzy Cognitive Model (Özesmi & Özesmi, 2004)for organizing the use of 

participant expertise. In addressing conflicts for both use-case A and B, the DPSIR 

Environmental Impact Assessment model was adjusted slightly, using the ‘Response’ category 

as a focus for communication objectives). The use of CICES categories that were informed by 

participants provided an ideal way to organize subject of each communication materials and 

draw focus to planning of drone applications that remained focused on interpretations of NCP 

that are recognized, accepted, and widely used both within and outside academia. 
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The explorative nature of this work also leaves opportunities for future development in 

reshaping the foundations laid by this framework and process. As FAC plan was one of the 

most time-consuming pieces of testing of Phase 1 and 2 proposed steps, included in this 

research are the simplified foundations for FAC creation for use by future researchers. This 

includes the FAC plan template (Appendix F, Flight, Analysis, and Communication plan 

template), FAC planning spreadsheet (Appendix Fi, Final FAC planning spreadsheet), node 

definitions for use in coding of interviews (Table 7, node definitions) and clear sequencing of the 

process itself that can be used in planning for the technology steward (Figure 17, modified FAC 

flowchart) or in the community context (Figure 18, Graphic representation of D3 process).  

Methods used for interpreting and translating information from interviews cannot at this point be 

considered exhaustive. No one particular method was found could possibly provide the volume 

or completeness of information provided in the final FAC plan when taken independently. The 

sample size (use-cases) it is felt by the researcher was too small to reach saturation in 

questions of effectiveness of process steps, however the deeply qualitative nature of the 

research provided adequate opportunity to focus on process and framework design. Although 

the foundation of methods used in analysis are based in the Grounded Theory Method (GTM) 

(Bryant & Charmaz, 2007, pg 2) (Charmaz & Mitchell, 2001) and uses coding as the basis for 

interpretation and translation into beneficial information (Saldaña, 2012) methods used beyond 

this are experimental and exploratory in nature.  

 

6.3  Recommendations  

Although additional structural features could be included in future iterations of the process 

towards Phase 1 steps 3-5, this research includes only 6 distinctive approaches included in the 

D3 process design to lay a foundation for future iterations of research to build upon. Refinement 

of the integration together of these 6 included structural features is suggested.  

There are several minor modifications, or refinement to the process itself that became evident 

following the testing. During the presentation of results of FAC planning to participants, it would 

be ideal to use either of these steps included in the final proposed process to select a 

reasonable number of communication materials to focus on. Although flight planning was 

originally intended for following communications planning, analysis proved to be the most logical 

following category for analysis. This led to a confusing acronym (FAC), however this might be 

changed in the future to reflect the order of analysis and presentation (e.g., CAF planning). The 

process could withstand additional scrutiny to modify how knowledge travels across each 

category. This would require additional examination on the number of times responses are able 

to be fed into this process and how. Missing from analysis (results) is the percentage of 

references themselves that were used in informing FAC plan, which was not completed during 

analysis, but which may be a useful focus in interview design for future extensions of research. 

The ‘Knowledge’ node may warrant further examinations in future research by more formal 

examinations of the relationship between this node and the NCP node. Although the definitions 

used in Table 7 (node definitions) were consistently applied to this research, these categories 

are not a final version and may require modification in future iterations based on the expertise of 

other experts for which each definition may be relevant. Finally, if the communication theme 

analysis (section 4.3.3, Appendix J, Communication planning) used similar techniques to the 
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categorization that occurred during word frequency analysis (Appendix M-P, Word frequency 

analysis), this may be able to streamline the enormous workflow involved in this work. Any of 

these points may be able to be explored in future iterations of similar research that directly apply 

the framework and process outlined in this work.  

Ultimately conclusive is the need for more work within the drone industry for translating the 

benefits and applications of drones towards use by two of our largest collective land holders 

across Canada: Farmers and Aniishnaabe. This resulting framework and process designed in 

this work could achieve this point across any one of three different complimentary directions: 

supporting the communication needs of land stewards (in particular Farmers and Aniishnaabe), 

modifications and additions to the PGIS approach to include drone technology, integrated SDSS 

software design, or simply by exploring the appropriate and respectful braiding of knowledge in 

the effort to protect or restore ecosystems.  

Framework and processes within research forge new avenue for addressing approaches to 

consultations, especially to support FPIC obligations. Although Forestry management principles 

strive to protect NCP's, mechanisms for recognizing NCP values are grossly inadequate. As the 

crown as well as First Nations are joint land managers based on treaty rights representing ALL 

citizens within jurisdictional boundaries, this would need to be explored further to address. 

The use of high-resolution imagery from drone flights, when added to existing participatory GIS 

processes (PGIS), can create detailed, spatial-based communications for use by land stewards 

towards conflict resolution, to secure additional resources, or simply to learn more about one’s 

own ecosystem to better inform decision making in land management. 

The focus on the development of integrated SDSS software offers significant commercial, 

academic, or industrial opportunities as a tool for valuation methods associated with early 

Canadian examples of Ecosystem service markets. This process creates a standard for creating 

scientifically based communications that are guided by the on participants own expertise, 

design, management choices, and values. Although unique communication materials are 

attempted to be planned, there is truly no escaping the interpretations and values of the 

technology steward. In effect, the design of software would have to be guided through the needs 

of participants in on the ground examples of communications surrounding ecosystem restoration 

or protection activities. In its entirety, all communication materials suggested (27 for use-case A 

and 19 for use-case B) could be undertaken individually by replicating the methods suggested in 

literature and directed further into consistent approaches for conservation using integrated 

SDSS software, thus strengthening concerns over methodological consistency (Buters et al., 

2019).  

Future efforts in expanding the direct use of this process include the creation of a technical 

guide for clearly guide the use of this framework in future research not carried out by PI or 

student researcher of this work as well as a summary of UAS tools (structural process tools, 

technology, supporting information, etc.) and applications and techniques for drones within 

examples of ecosystem restoration or protection activities. There exists a strong potential for 

use of this process as a teaching tool which could be aided through these efforts. Through 

publications, applications of the framework and process identified in this research through the 

work of other researchers can help to test the idea across a wider range of use-cases. Although 

a granular representation of the process and framework itself were created, due to time 

constraints of this thesis, methods and techniques uncovered within this research (e.g., in 
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section 4.3.3, pluralistic valuation) although described, have not yet been translated into similar 

graphic or tabular form. 

Additional testing of entire proposed process (Figure 18, final proposed process; Appendix E, 

Methods used for phase 2; and Appendix Y, Modified details of overlapping steps and Figure 

19, graphic representation of D3 process), including ‘Go along interview with drone’ and 

‘workshops’ for use in collecting additional data for processing using images from ‘Go along 

interview using drone’ should be focused on.  

 

6.4.  Final Remarks 

This thesis highlights the untapped potential of the drone when used with the flexible collective 

of UAS tools for engagement and communications processes within the context of the 

protection or restoration of ecosystem services provided by Indigenous people and Farmers. 

Using the D3 process formalized through this research, drone practitioners now have a 

structured and systematic process of using their drones to communicate interactions between 

components of ecosystems that are important to land stewards using expertise from stewards, 

literature, and themselves. This is especially relevant in defining key issues for communicating 

across spheres of influence (Wenger, 2000).  Better communication about human relationships 

with ecosystems, using a drone and based on unique needs and uses for these ecosystems, 

has demonstrated potentially positive outcomes for land stewards when employed appropriate 

to the needs to participants. Provided that adequate regulatory and technical support is 

available, the flexible nature of engaging the wide range of potential UAS tools, when used 

collectively and in a complimentary manner has proven to be an effective communications or 

engagement tool. The D3 process allows for the exploration of land values from a new 

perspective in real time, granting the guidance of data collection back into the hands of the 

users. The creation of the D3 process and framework, through which different knowledge 

systems involved in the creation of user defined communications are ‘braided’ together indeed 

can strengthen restoration or protection efforts.  

Despite the substantial journey taken in exploring the themes of this research, ultimately all this 

research has done is systematize something that is fundamentally familiar to all: translation of 

knowledge. Whether we view this translation as one of from scientific literature into real life, 

from traditional or otherwise land-based knowledge into maps, or from ecosystem services into 

measurable values, the focus is to take the vast amounts of tools, literature, expertise available, 

combine them within the domain of drone usage, and translate that knowledge into supporting 

actions. Throughout all 92 pages of research that detail this otherwise lofty journey, this 

research helps to correct an extraordinary challenge that underlies conflict and opportunity in 

nearly all scales of ecosystem management involving multi-stakeholder relationships. That is 

the act of listening well in order to select the very strands of knowledge which, when braided 

together, will help to strengthen efforts towards the protection and restoration of ecosystems 

that matter the most. 
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Appendices  

Appendix A: Macrolevel examination used for examining communities of usage 

relevant to this research. 

 

Initial Search term: Unmanned Aerial Vehicles *highlighted categories include top 100 results which 
were examined. 
 

Initial 
search 
results 

Narrowed to past 10 years (2010-2020) Total results Total results  
 

44,794 21,232 
 
Excluding 
Engineering 
Computer science 
Computing and processing 
Signal processing and analysis 
Computational Intelligence 
Image processing and computer vision 
Robotics and control systems 
Robotics 
Algorithms 
Algorithm Analysis and problem 
complexity 
Transportation 
Unbemanntes Luftfahrzeug 
Robots/robotics/Mobile robots 
Robotics and automation 
Aircraft 
Components, circuits, devices and 
systems 
Software engineering 
User interfaces and human computer 
interaction 
Electronic books 
Control and systems theory 
Information systems applications incl 
internet 
Aerospace technology and astronautics 
Algorithms 
Power energy and industry applications 
Astronautics 
Drone aircraft united states 
Drone Aircraft moral and ethical aspects 
 
Including 
Unmanned aerial vehicles (16494) 
UAV (3103) 
Remote Sensing (2508) 
Drones (1617) 
Unmanned Aerial Vehicles (UAV) (1019) 

2661 results 
 
Excluding 
Engineering 
Robotics systems and 
control 
Computing and processing 
Signal processing and 
analysis 
Communication, 
networking and broadcast 
technologies 
Aircraft 
Components, circuits, 
devices and systems 
Algorithms 
Aerospace 
Computer science 
Unbemanntes Luftfahrzeug 
Drone Aircraft 
Design 
Autopilot 
Automatic light control 
system 
Electronic books 
Aeronautics in agriculture 
 
Including  
Unmanned Aerial Vehicles 
(16494) 
Sensors 
Agriculture 
Drone (461) 
UAS (214) 
Remotely piloted vehicle 
(6) 
Agricultural innovations 
 
 
 

1956 
 
Included 
Unmanned 
aerial 
vehicles 
(1994) 
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Unmanned Aerial Vehicle (UAV) (368) 

Secondary search term: UAS *highlighted categories include top 100 results which were examined. 
 

Initial 
search 
results 

Narrowed to past 10 years (2010-2020) Total results 
 

Total results  
 

54614 3591 
Excluding: 
Engineering 
Aircraft 
Computer science 
Aerospace 
Communication networking and 
broadcast technologies 
Transportation 
Computing and processing 
Robotics and control systems 
Signal processing and analysis 
Components, circuits, devices and 
systems 
Artificial intelligence 
Visual arts 
Drone aircraft 
Mechanics 
Aerospace technology and astronautics 
Vibration 
Robotics and automation 
User interfaces and human computer 
interaction 
Computational intelligence 
Software engineering 
Astronautics 
Electronic books 
Computer graphics 
Drone aircraft control systems 
Mechanics applied 
Solid mechanics 
Vehicles remotely piloted 
Vibrational dynamical systems control 
Airplanes radio control 
 
Including 
Unmanned Aerial vehicles (1995) 
Geography 
UAS (765) 
Sensors 
Photogrammetry 
Safety 

587 
Excluding 
Engineering  
Aircraft 
Aerospace 
Communication networking 
and broadcast technologies 
Unmanned aircraft 
(An) 
Robotics and control 
systems 
Computing and processing 
Computer science 
Drone Aircraft 
Aeronautics in agriculture 
Electronic books 
 
Including 
Drone (198) 
Agriculture (177) 
Agricultural innovations (1) 

0 
 
Excluding 
Aircraft 
Aviation 
Engineering 
Unmanned 
aircraft 
Drone aircraft 
 
Including 
Federal 
Aviation 
Administration 
Mapping 
Precision 
agriculture  
Unmanned 
aerial vehicle 
(25) 
Unmanned 
aircraft 
systems (19) 

Secondary search term: UAS *highlighted categories include top 100 results which were examined. 
 

Initial 
search 
results 

Narrowed to past 10 years (2010-2020) Total results 
 

Total results  
 

59,837 7,475 
 

4162 
 

Subject 
results from 
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Excluding 
Computer science 
Engineering 
International Relations 1,642 
Law 1,329 
Terrorism 1,290 
War 1,290 
Bees 1,023 
Robotics 1,020 
Artificial Intelligence 966 
Aircraft 838 
Technology 820 
Surveillance 810 
Drone 803 
Apis Mellifera 719 
Uav 699 
Ethics 634 
International Law 586 
Human Rights 511 
Privacy 455 
Drone Aircraft 398 
Computer Vision 216 
Electronic Books 101 
Computer Security 101 
Computer Communication Networks 75 
Software Engineering 61 
User Interfaces and Human Computer 
Interaction 48 
Drone Aircraft Control Systems 14 
Drone Aircraft United States 12 
Drone Aircraft Moral and Ethical Aspects 
12 
Information Systems Applications Incl 
Internet 10 
Instructional Films 10 
Drone Aircraft Government Policy United 
States 10 
Robotics Military  
 
Included 
Drone (803) 
UAV (699) 
Applications 7 
 
 

Excluded 
Engineering 1,154 
computing and processing 
856 
communication, networking 
and broadcast technologies 
805 
signal processing and 
analysis 657 
robotics and control 
systems 590 
Aircraft 556 
Surveillance 360 
Drone Aircraft 292 
War 277 
Terrorism 250 
Law 221 
Privacy 169 
Ethics 149 
Design 71 
Autopilot 8 
Electronic Books 3 
Remotely Piloted Vehicle 3 
Aeronautics in Agriculture 1 
Automatic Flight Control 
System 1 
Drone Aircraft Design 
Construction 1 
 
 
Included 
drones 3,990 
Agriculture  
Uas 125 
Agricultural Innovations  
 

previous 
query were 
not sufficiently 
relevant 
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Appendix Ai: Draft of Proposed UAV for Engagement and Communications 

Process Framework 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proposed UAV for Engagement and Communications 

Process Framework 

 

Proposed UAV for Engagement and Communications 

Process Framework 

Associated methodologies

Steps for UAV Engagement 

IPBES Natures Contribution to People 
Process

Tacit knowledge system process



115 

 

Appendix B: IPBES Framework basis 
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Appendix Bi: Graphic representation of differences in perspecitve assumed by 

IPBES NCP approach (Diaz et al. 2015) 
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Appendix C: Generalized IPBES Value breakdown
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Appendix D: Certificate of Ethics Approval
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Appendix Di: Research Protocols, Matachewan First Nation 

 

Available by special request of the primary author. 
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Appendix E: Methods used for Phase 2 steps. 

 

Phase 2, Step 2: Planning Interview: 

Equipment or materials needed for interview: 

• Annual Calendar  

• Audio recording device 

• SD Card (for recording device) 

• Notebook 

• Printed Consent Information/Document 

• Laptop with internet access (for drawing up a map) 

 

Method: 

1. Read consent information/document. 

2. Agree to proceed/do not proceed. 

3. If yes, consent document is signed. 

4. Ensure access to internet is secured (for use in Question 1a) 

5. Turn on audio recording device.  

6. Proceed with interview questions. 

a. Question 1a) use laptop to identify area on map. 

b. Question 2d) present calendar (Calendar) 

c. Question 7e) present calendar (Calendar) 

7. Thank participant and end interview by turning audio recording device off. 

 

Time required: 60-90 minutes. 

Phase 2, Step 6, Planning Feedback Interview 

        Equipment or materials needed for interview: 

• Flight, Analysis, and communications plan (created in Ph1.Pt2. St5) 

• Audio recording device 

• SD Card (for recording device) 

• Extra paper (for notes) 

 

Method: 

1. Read consent information/document. 

2. Agree to proceed/do not proceed. 

3. If yes, consent document is signed. 

4. Begin audio recording.  
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5. Proceed with interview questions. 

6. Thank participant and end interview by turning audio recording device off. 

 

Form and the details on the form will be explained, followed by two open ended questions to 

be asked during an Interview (2) for feedback (information will be audio recorded): 

i. What are your thoughts on this plan? 

ii. How do you feel about this process? 

 

Phase 2, Step 8: Education session for participant and invited guest(s) 

Equipment or materials needed for interview: 

• Audio recording device 

• SD Card (for recording device) 

• Communications materials created. 

 

Method: 

1. Read consent information/document. 

2. Agree to proceed/do not proceed. 

3. If yes, consent document is signed. 

4. Begin audio recording.  

5. Proceed with interview questions. 

6. Thank participant and end interview by turning audio recording device off. 
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Appendix Ei: Link to Introductory Video 

Video used in Stage 2, Step 1 can be found at 

(Video will be available at this link until December 2020 and following that, by special request of 

the author) 

https://uoguelphca-

my.sharepoint.com/:v:/g/personal/huttera_uoguelph_ca/EQIzt0MFQeRKiggjnxglE30BJGlq-

DgC5vrXmgCStS4OsA?e=YhEiCh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uoguelphca-my.sharepoint.com/:v:/g/personal/huttera_uoguelph_ca/EQIzt0MFQeRKiggjnxglE30BJGlq-DgC5vrXmgCStS4OsA?e=YhEiCh
https://uoguelphca-my.sharepoint.com/:v:/g/personal/huttera_uoguelph_ca/EQIzt0MFQeRKiggjnxglE30BJGlq-DgC5vrXmgCStS4OsA?e=YhEiCh
https://uoguelphca-my.sharepoint.com/:v:/g/personal/huttera_uoguelph_ca/EQIzt0MFQeRKiggjnxglE30BJGlq-DgC5vrXmgCStS4OsA?e=YhEiCh
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Appendix Eii Structural contributions to the D3 Process 

 

Use of DPSIR indicators to direct communications theme. 

 

As per the original intention of the DPSIR and its predecessors, the use of DPSIR in this 

research was used not as a model, but a means of identifying appropriate indicators for the 

measurement and evaluation of environmental problems. It is used for categorizing expressed 

communication needs that arise through scenarios of expressed conflict, as well as highlighting 

the means for disseminating information related to environmental challenges. Categories 

included in the DPSIR which could be used in the identification of context surrounding a 

communication need include: 

 

• Driving forces (or Drivers) refer to fundamental social processes. 

• Pressures are both the specific human activities that result from driving forces which impact the 

environment and the natural processes that have a similar impact on the environment, such as 

volcanoes and solar radiation. 

• State is the condition of the environment. This condition, under current conceptualizations, is 

not static, but is meant to reflect current environmental trends as well. 

• Impacts are the ways in which changes in state influence human well-being. 

o This category is unlikely to emerge through responses, as the original nature of this 

category is designed for use in the EIA process. However, it is retained for exploratory 

purposes.  

• Responses generally refer to institutional efforts to address changes in state, as prioritized by 

impacts (Carr et al., 2007). 

o This category is also unlikely to emerge through responses, as the original nature of this 

category is designed for use in the EIA process. However, it is retained for exploratory 

purposes.  

 

The DPSIR has been criticized for its inability to address cause-effect relationships that lead to 

these challenges, which although is not important for the EIA process that the DPSIR model is 

applied to, is important in this research and must be addressed separately as an emergent 

theme.   Use of the DPSIR categories offer an ability to highlight a relationship between a land 

steward and their respective ecosystem in a static state, otherwise offering guidance on how to 

define the angle of creating a ‘snapshot’ of that relationship. With a static snapshot, to address 

communication needs effectively, the temporal aspect of that static snapshot will have to be 

released by addressing the cause-effect element of this relationship that may emerge through 

using the key categories of ‘Driver’, ‘Pressure’, and ‘State’ as well as ‘Impact’ and ‘Response’ 

included for exploratory purposes.     
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Although it may not be possible for responses to highlight all DPSIR categories, approaching 

responses in this manner offers an opportunity to create direction for communication planning 

based on a context that would be recognized within the DPSIR EIA approach. Presence of a 

response that can be considered within a DPSIR category offers a point of focus for searching 

for additional information for communication plan creation. 

 

In some cases, the context of the use of DPSIR categories may be applied within the context of 

communications, for example, the Driver category may be applied to there not being sufficient 

knowledge regarding knowledge flows in a particular area, which may lead to defining details in 

other categories. The DPSIR categories may also assist in creating definition for the selection of 

information for use in other FAC categories (e.g., CICES class category, area selection, etc.) 

 

 Use of CICES for ecosystem services indicators. 

 

The updated version 5.1 revision (Haines-Young & Potschin-Young, 2018b) is used as a means 

through which the widest possible range of ecosystem services can be identified, classified, and 

associated with the data on indicators. The cascading categories carried from version V4.3 

(Figure 3) into V5.1 distinguish the categorization of services, however it is the identification of 

services within 3 categories, first proposed in the V4.3 revision which can be useful for 

identification of indicators for placement in the resulting cascading categories: 

 

• Final ecosystem services are the contributions that ecosystems make to human well-being. 

These services are final in that they are the outputs of ecosystems (whether natural, semi-

natural or artificial) that most directly affect the well-being of people. A fundamental 

characteristic is that they retain a connection to the underlying ecosystem functions, processes 

and structures that generate them.  

• Ecosystem goods and benefits are things that people create or derive from final ecosystem 

services. These final outputs from ecosystems have been turned into products or experiences 

that are no longer functionally connected to the systems from which they were derived. Goods 

and benefits can be referred to collectively as ‘products’.  

• Human well-being arises from adequate access to the basic materials for a good life needed to 

sustain freedom of choice and action, health, good social relations and security. The state of 

well being is partly dependent on the aggregated output of ecosystem goods and 

benefits.(Haines-Young & Potschin, 2013)  

 

These three categories provide a conceptual angle for which the identification of ecosystem 

services can be approached during interview process that would help resulting information to be 

included in the categories of flight, analysis or communications planning. In version 5.1, 

clarification is made as well as an extension of the scope of classification of how specific 

ecosystem services are defined. This addition is the aggregation of services categories for 
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reporting purposes when no end use is known. Further to this, another useful piece of the V5.1 

revision is the distinction of the ‘purposeful’ nature of ecosystem services where the definition of 

each services is arrived at in “two parts, one describing the biophysical output from the 

ecosystem (i.e. what the ecosystem does) and the other describing the contribution it makes 

some benefit (i.e. how that output is used or enjoyed by people) (Haines-Young & Potschin-

Young, 2018 pg 4),” 

 

Consequently, there are 5 characteristics through which relationships with ecosystem services 

that are useful for identifying how the ecosystem services can be applied to the creation of 

communication materials: 

 

• Final ecosystem services 

o Potential direction for communications planning 

• Ecosystem Goods and benefits 

o Potential direction for analysis planning 

• Human wellbeing arises from  

o Potential direction for communications planning 

• Biophysical output 

o Potential direction for point of interest in flight planning 

• And the contribution that it makes to benefit people 

o Potential direction for communications planning 

 

Although actual use can cross between categories of flight, analysis, and communications 

planning, this approach aids in the selection of nodes during analysis of interviews (stage 2, 

step 3).  

 

Further categorization of identified ecosystem services can also be separated into the 

categories that can be linked to broader policy, regulatory, or communication themes that can 

help to link communication materials to other programs or services. This is done using the 

CICES V5.1 Spreadsheet according to the classic cascading scheme that is associated with this 

version (Figure 3) (Haines-Young & Potschin, 2018; Haines-Young & Potschin-Young, 2018a) 

including: 

 

• Section 

• Division 

• Group  

• Class 

• Class Type 

 

https://cices.eu/content/uploads/sites/8/2018/03/Finalised-V5.1_18032018.xlsx
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The ability to then place communication themes within the cascading system of 5.1 offers 

opportunities to associate communication themes to a greater range of supplementary material. 

It is suggested in version 4.3 that the ‘Class Type’ level of classification becomes most useful 

for mapping, while for accounting, it is the ‘Group’ that may be sufficient. These differences 

announce a difference in communication intent, meaning that the use of CICES categorization 

must be directly linked to a particular Communication theme that would emerge in Stage 2, Step 

2.  

 

These five categories allow for a wide range of angles through which to view responses 

provided by participants to associate them with CICES categories, provide a simple means for 

streamlining efforts that stem from multiple but similar references, or for associating references 

that occur across communication themes which have multiple angles or messages associated 

with a main theme.  

 

Use of current drone Data Acquisition Protocols 

 

Using an approach for designing flight protocols proposed by Doukari et. Al (2019), a 

preliminary protocol for optimal data acquisition was created for designing flight operations 

according to communication needs expressed by participants using three primary parameters 

that were assembled through reviewing the work of Doukari (Doukari et al., 2019), Nahirnick et 

al. (Nahirnick et al., 2019), Hernandez-Santin et al. (Hernandez-Santin et al., 2019), Manfreda 

et al. (Manfreda et al., 2018) with the fourth category comprised of details presented from 

Ewertowski (Ewertowski et al., 2019): 

 

• Morphology of the area 

o Ground reference data collection  

• Survey planning (Ruleset of the Unmanned Aerial Systems (UAS) toolbox)  

o Variable environmental Thresholds Units 

▪ Wind Speed (e.g., 3.3 m/sec) 

▪ Precipitation Probability (e.g., <50 %) 

▪ Temperature (e.g., <38 Celsius) 

▪ Cloud Cover (e.g., <25 %) 

▪ Wave Height (in the case of marine applications) (e.g., 0.5 m) 

▪ Sun Elevation angle (e.g., 25–45 degrees) 

o Spatial resolution,  

o Spectral sensitivity 

o Spatial extent 

o Temporal frequency (Hernandez-Santin)  

o  

o Equipment  

▪ UAV, Software, sensors,  
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• Safety planning  

o Selection of the appropriate flying platform 

o Transport 

o preliminary on-site activities (including optional ground-control-point collection) 

o pre-flight setup and checks 

o Environmental conditions (at time of flight) 

▪ Weather Conditions 

▪ Location-Position Wind Turbidity UAV parameters 

▪ Maritime and Terrestrial safety Information 

▪ Air Temperature–Humidity Water Temperature Sensor Parameters 

▪ Clouds-Haze Tides Flight plan 

▪ Sun glint Phenology 

▪ Rain-Snow 

 

For this section, additional features or elements of drone usage may emerge through future 

steps or in future iterations of research, however this provides a baseline of elements to 

consider.  

 

Use of Fuzzy Cognitive Mapping and Analytic Hierarchy Process 

 

These techniques were found to aid in decision making surrounding the selection of responses 

that would be used to guide the planning contents of the FAC plan. Although mathematical in 

nature, this research chose to instead explore their use in informing the structure of the process 

of moving between Stage 2, step 3-5.  
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Appendix F: Flight, Analysis, and Communications plan template 

 

FAC template created for use in Stage 2, Step 5 can be found at 

(Will be available at this link until December 2020 and following this, by special request of the 

primary author) 

https://uoguelphca-

my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/ERzQNfI4URdBoWDUjQ4mcKMBcZQi

siysUV3KS2_aQlKdwA?e=VgH28N 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/ERzQNfI4URdBoWDUjQ4mcKMBcZQisiysUV3KS2_aQlKdwA?e=VgH28N
https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/ERzQNfI4URdBoWDUjQ4mcKMBcZQisiysUV3KS2_aQlKdwA?e=VgH28N
https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/ERzQNfI4URdBoWDUjQ4mcKMBcZQisiysUV3KS2_aQlKdwA?e=VgH28N
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Appendix Fi: Final FAC planning spreadsheet template (Excel template) 

 

FAC planning spreadsheet template created in Stage 1 can be found at 

(Will be available at this link until December 2020 and following this, by special request of the 

primary author) 

https://uoguelphca-

my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/EVZqFMLZA9tEnZCWkiZw-

6UBUczSDktL3KOBqRQ3J5IhBw?e=kYiRYJ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uoguelphca-my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/EVZqFMLZA9tEnZCWkiZw-6UBUczSDktL3KOBqRQ3J5IhBw?e=kYiRYJ
https://uoguelphca-my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/EVZqFMLZA9tEnZCWkiZw-6UBUczSDktL3KOBqRQ3J5IhBw?e=kYiRYJ
https://uoguelphca-my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/EVZqFMLZA9tEnZCWkiZw-6UBUczSDktL3KOBqRQ3J5IhBw?e=kYiRYJ
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Appendix G: Coverage of interview (%) by section and subsection for each 

interview 
 

      Use-case 
A 

Use-case B 

 
RR MM CY EJ 

 

 Length of 
interview: 1hr, 
6min 

Length of interview: 
3hr, 15min 

Length of 
interview: 
57min 

Length of 
interview: 
47min 

Average 
Coverage (%) 

Section1 24.91 28.09 14.38 99.97 41.84 

1a 10.7 12.16 
  

11.43 

1b 6.78 3.24 2.22 42.91 13.79 

1c 2.09 8.14 1.89 
 

4.04 

1d 3.22 4.03 8.64 
 

5.30 

2 25.09 41.99 37.55 
 

34.88 

2a 2.82 32.86 21.45 
 

19.04 

2b 6.2 1.88 0.88 
 

2.99 

2c 2.33 1.18 
  

1.76 

2d 5.62 2.5 2.44 
 

3.52 

2e 5.25 1.55 10.15 
 

5.65 

3 9.66 1.57 36.05 
 

15.76 

3a 3.49 0.27 29 
 

10.92 

3b 1.4 0.11 1.85 
 

1.12 

3c 3.59 0.75 2.57 
 

2.30 

3d 
     

4 29 7.58 11.97 
 

16.18 

4a 4.12 0.83 0.21 
 

1.72 

4b 3.4 0.56 6.52 
 

3.49 

4c 2.89 0.64 3.12 
 

2.22 

4d 6.97 2.51 
  

4.74 

4e 3.91 0.23 
  

2.07 

4f 2.71 0.56 
  

1.64 

4g 1.63 0.88 
  

1.26 

5 3.39 2.64 
  

3.02 

5a 0.55 0.23 
  

0.39 

5b 0.83 0.24 
  

0.54 

5c 0.56 0.42 
  

0.49 

5d 0.83 0.51 
  

0.67 

5e 0.6 1.24 
  

0.92 

6 5.07 12.72 
  

8.90 

6a 1.62 1.86 
  

1.74 
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6b 0.92 0.3 
  

0.61 

6c 2.07 2.1 
  

2.09 

6d 0.46 9.51 
  

4.99 

7 2.69 4.3 
  

3.50 

7a 1.11 1.01 
  

1.06 

7b 0.25 0.93 
  

0.59 

7c 0.3 0.28 
  

0.29 

7d 0.29 0.51 
  

0.40 

7e 0.01 1.16 
  

0.59 
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Appendix Gi:  References applied to all 43 categories of nodes established in 

initial coding across all interviews. 

 

Q 1 Area 

Selection 

Respons

es 

 Q 2 

Indicator 

Usage 

response

s 

Q 3 

Indicator 

Benefit 

Respons

es 

Q 4 

Manage

ment 

Respons

es 

Q 5 

UAV 

Usage 

Respon

ses 

Q 6 

Communic

ation Form 

Responses 

 Q 7 

Equipment 

and 

Scheduling 

Responses 

1: Analysis 

planning 

27 28 5 10 0 1 0 

2: Land 

Management 

(Reciprocatio

n) 

23 27 5 10 0 1 0 

3: Direct 

Management.

..FP...Ind 

1 7 0 0 0 0 0 

4: 

Management 

Concerns, 

questions...C

P 

0 6 0 0 0 0 0 

5: Passive 

Management.

..FP...Ind 

2 4 1 0 0 0 0 

6: 

Observation 

and 

monitoring 

0 4 1 0 0 0 0 

7: 

Supplemental 

Data needed 

from 

participant 

6 2 1 0 0 0 0 

8: 

Communicati

ons planning 

67 56 11 11 2 5 0 

9: Audience 5 5 0 2 0 4 0 

10: 

Communicati

on Form 

0 1 0 0 0 1 0 

11: Form 0 0 0 0 0 1 0 



133 

 

12: Use 0 0 0 0 0 1 0 

13: 

Communicati

on Themes 

26 18 3 6 2 1 0 

14: Conflict, 

Communicati

ons 

14 11 0 1 0 0 0 

15: Conflicts, 

Common pool 

Resources 

7 6 3 1 0 0 0 

16: Conflicts, 

Management 

12 1 0 0 0 0 0 

17: Conflicts, 

Values 

11 5 2 0 0 0 0 

18: NCP 

Benefits 

9 14 6 2 0 0 0 

19: NCP 

Uses 

8 15 3 0 0 0 0 

20: Flight 

planning 

55 46 5 13 0 0 6 

21: Area 

selection 

29 11 0 3 0 0 0 

22: Land 

based 

Context 

4 2 0 2 0 0 0 

23: NCP 

Indicator, 

POI, POF 

17 30 3 10 0 0 0 

24: Timing 15 20 2 2 0 0 6 

25: Past 

(relationship) 

1 1 0 0 0 0 0 

26: Single 

point (flight 

planning) 

 references were not applied to initial coding 

27: Feature 

relationship 

0 0 0 0 0 0 1 

28: 

Knowledge 

30 20 5 4 0 2 0 
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29: 

Qualitative or 

quantitative 

features 

11 7 0 5 0 0 0 

30: Spatial 

features 

24 17 1 3 0 0 0 

31: Line 8 6 0 0 0 0 0 

32: Point 8 6 0 0 0 0 0 

33: Polygon 12 14 1 3 0 0 0 

34: UAV 

Usage 

40 43 4 13 4 1 0 

35: Advanced 

Analytics 

0 1 0 0 0 0 0 

36: Baseline 

support 

 References for these sections and following sections were not applied/were not 

examined fully in initial coding. 

 37: Basic 

Visual 

38: General 

Analytics 

39: Spatial 

Measurement

s 

40: 

Limitations 

41: POI 

42: 

Preferences 

for flights 

0 0 0 0 0 0 6 

43: Z 

Equipment 

and 

scheduling 

0 0 0 0 0 0 2 

 

Each of the four interviews were also examined for number of references across each of the 43 

nodes, suggesting potential number of data points which were available for organizing data into 

a FAC plan (Table 3) using initial flowchart designed in Figure 10 (Initial flowchart design). 
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Appendix Gii: References for each node across each individual interview 

 

A: RL B: Interview MM B: CY B: EJ 

Total 

reference 

count 

1: Analysis planning 25 26 6 14 71 

2: Land Management (Reciprocation) 25 21 6 14 66 

3: Direct Management...FP...Ind 8 0 0 0 8 

4: Management Concerns, questions...CP 6 0 0 0 6 

5: Passive Management...FP...Ind 7 0 0 0 7 

6: Observation and monitoring 5 0 0 0 5 

7: Supplemental Data needed from participant 1 7 0 1 9 

8: Communications planning 48 56 20 27 151 

9: Audience 8 6 2 0 16 

10: Communication Form 0 2 0 0 2 

11: Form 1 0 0 0 1 

12: Use 1 0 0 0 1 

13: Communication Themes 23 18 7 7 55 

14: Conflict, Communications 0 18 0 8 26 

15: Conflicts, Common pool Resources 5 6 5 1 17 

16: Conflicts, Management 0 0 2 11 13 

17: Conflicts, Values 0 9 5 4 18 

18: NCP Benefits 14 10 3 4 31 

19: NCP Uses 15 5 5 1 26 

20: Flight planning 54 42 14 15 125 

21: Area selection 21 7 9 6 43 

22: Land based Context 6 1 1 0 8 

23: NCP Indicator, POI, POF 26 24 7 3 60 

24: Timing 15 18 6 6 45 

25: Past (relationship) 1 0 0 1 2 

26: Single point (flight planning) 0 0 0 0 0 

27: Feature relationship 0 1 0 0 1 
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28: Knowledge 18 19 9 15 61 

29: Qualitative or quantitative features 10 6 4 3 23 

30: Spatial features 20 12 5 8 45 

31: Line 0 6 4 4 14 

32: Point 3 6 2 3 14 

33: Polygon 19 6 3 2 30 

34: UAV Usage 46 39 8 11 104 

35: Advanced Analytics 0 1 0 0 1 

36: Baseline support 0 0 0 0 0 

37: Basic Visual 0 0 0 0 0 

38: General Analytics 0 0 0 0 0 

39: Spatial Measurements 0 0 0 0 0 

40: Limitations 0 2 0 0 2 

41: POI 0 0 0 5 5 

42: Preferences for flights 6 0 0 0 6 

43: Z Equipment and scheduling 0 1 0 0 1 

 

Total references 437 375 133 174 
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Appendix H: Response coverage (%) per question section 

 

 Use-case A Use-case B  

Question 
section 

RL MM CY EJ Average (%) 

1 24.91 28.09 14.38 57.06 31.11 

2 20.68 41.99 24.92 42.92 32.62 

3 9.66 1.57 36.05  15.76 

4 29.00 7.58 24.60  20.39 

5 3.39 2.64   3.015 

6 5.07 12.72   8.895 

7 2.69 5.35   4.02 

 

With consideration of possible existence of certain questions carrying a greater number of 

references to a particular node category, the intersection between main categories of FAC and 

Question categories themselves were examined across all interviews to review potential 

association to the hierarchy of tiers established in Initial flowchart according to parent categories 

established. Highest covered category in each interview is highlighted in blue, and category with 

highest coverage over entire interview across all interviews highlighted in yellow. 
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Appendix I: Reference frequency across all questions and all nodes 

 Question section 

 1 2 3 4 

Nodes 

1

a 

1

b 

1

c 

1

d 

2

a 

2

b 

2

c 

2

d 

2

e 

3

a 

3

b 

3

c 

3

d 

4

a 

4

b 

4

c 

4

d 

4

e 

4

f 

4

g 

1: Analysis planning 

8 5 3 1 1

8 

1 2 3 4 2 0 3 0 1 0 2 1 4 2 0 

1.1: Land Management 

(Reciprocation) 

6 4 2 1 1

7 

1 2 3 4 2 0 3 0 1 0 2 1 4 2 0 

1.1.1: Direct 

Management...FP... Ind 

1 0 0 0 1 1 2 2 1 0 0 0 0 0 0 0 0 0 0 0 

1.1.2:  Management 

Concerns, questions...CP 

0 0 0 0 0 1 1 1 3 0 0 0 0 0 0 0 0 0 0 0 

1.1.3: Passive 

Management...FP...Ind 

2 0 0 0 2 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 

1.1.3.1: Observation and 

monitoring 

0 0 0 0 2 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 

1.2: Supplemental Data 

needed from participant 

3 1 1 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

2: Communications 

planning 

1

9 

1

2 

9 7 2

9 

8 2 9 8 5 3 3 0 1 2 4 3 1 0 0 

2.1: Audience 1 0 0 4 2 0 0 0 3 0 0 0 0 0 0 0 2 0 0 0 

2.2: Communication Form 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.2.1: Form 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.2.1: Use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.3: Communication 

Themes 

1

0 

3 3 2 8 1 2 2 5 2 1 0 0 0 1 3 1 1 0 0 

2.3.1: Conflict, 

Communications 

4 2 1 0 8 0 0 3 0 0 0 0 0 0 0 0 1 0 0 0 

2.3.1: Conflicts, Common 

pool Resources 

4 0 1 1 3 1 0 2 0 0 1 2 0 0 0 1 0 0 0 0 

2.3.3: Conflicts, 

Management 

0 5 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.3.4: Conflicts, Values 3 2 2 1 4 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 

2.4: NCP Benefits 2 1 2 1 4 6 3 0 1 3 1 2 0 1 1 0 0 0 0 0 
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2.5: NCP Uses 5 0 2 0 7 2 1 4 1 2 0 1 0 0 0 0 0 0 0 0 

3: Flight planning 

2

9 

9 5 2 2

6 

5 2 8 4 3 0 2 0 3 2 0 3 2 2 1 

3.1: Area selection 

2

2 

3 0 0 7 2 0 1 1 0 0 0 0 1 0 0 1 1 0 0 

3.1.1: Land based Context 1 3 0 0 1 1 0 0 0 0 0 0 0 2 0 0 0 0 0 0 

3.2: NCP Indicator, POI, 

POF 

1

0 

2 1 1 1

7 

4 0 5 4 2 0 1 0 3 2 0 2 2 0 1 

3.3: Timing 

3 4 4 1 1

1 

0 2 6 0 1 0 1 0 0 0 0 0 0 2 0 

3.3.1: Past (relationship) 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.3.2: Single point (flight 

planning) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.3.3: Feature relationship 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4: Knowledge 4 9 8 1 7 6 2 2 3 3 1 1 0 1 1 0 1 1 0 0 

5: Qualitative or 

quantitative features 

2 0 5 1 3 3 1 0 0 0 0 0 0 2 2 0 0 1 0 0 

6: Spatial features 

1

0 

4 5 0 9 3 1 1 3 1 0 0 0 2 1 0 0 0 0 0 

6.1: Line 1 3 2 0 5 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

6.2: Point 3 2 1 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

6.3: Polygon 6 0 4 0 6 3 1 1 3 1 0 0 0 2 1 0 0 0 0 0 

7: UAV Usage 

1

8 

1

1 

1 3 2

4 

3 0 8 8 3 0 1 0 2 2 2 2 3 1 1 

7.1: Advanced Analytics 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.1.1: Baseline support 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.2: Basic Visual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.3: General Analytics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.3.1: Spatial 

Measurements 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.4: Limitations 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.5: POI 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.6 Preferences for flights 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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8: Equipment and 

scheduling 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 

 

 Question section 

 5 6 7 

 5a 5b 5c 5d 5e 6a 6b 6c 6d 7a 7b 7c 7d 7e 

1: Analysis planning 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

1.1: Land Management 

(Reciprocation) 

0 0 0 0 0 0 0 0 1 0 0 0 0 0 

1.1.1: Direct 

Management...FP...Ind 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.1.2:  Management Concerns, 

questions...CP 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.1.3: Passive 

Management...FP...Ind 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.1.3.1: Observation and 

monitoring 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1.2: Supplemental Data needed 

from participant 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2: Communications planning 0 0 1 1 0 1 1 3 0 0 0 0 0 0 

2.1: Audience 0 0 0 0 0 0 1 3 0 0 0 0 0 0 

2.2: Communication Form 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

2.2.1: Form 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

2.2.1: Use 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

2.3: Communication Themes 0 0 1 1 0 0 0 1 0 0 0 0 0 0 

2.3.1: Conflict, Communications 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.3.1: Conflicts, Common pool 

Resources 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.3.3: Conflicts, Management 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.3.4: Conflicts, Values 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.4: NCP Benefits 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2.5: NCP Uses 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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3: Flight planning 0 0 0 0 0 0 0 0 0 0 1 1 2 2 

3.1: Area selection 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.1.1: Land based Context 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.2: NCP Indicator, POI, POF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.3: Timing 0 0 0 0 0 0 0 0 0 0 1 1 2 2 

3.3.1: Past (relationship) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.3.2: Single point (flight planning) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3.3.3: Feature relationship 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

4: Knowledge 0 0 0 0 0 0 0 1 1 0 0 0 0 0 

5: Qualitative or quantitative 

features 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6: Spatial features 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6.1: Line 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6.2: Point 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6.3: Polygon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7: UAV Usage 0 1 2 1 0 0 1 0 0 0 0 0 0 0 

7.1: Advanced Analytics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.1.1: Baseline support 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.2: Basic Visual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.3: General Analytics 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.3.1: Spatial Measurements 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.4: Limitations 0 0 0 1 1 0 0 0 0 0 0 0 0 0 

7.5: POI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7.6 Preferences for flights 0 0 0 0 0 0 0 0 0 2 1 1 1 1 

8: Equipment and scheduling 0 0 0 0 0 1 0 0 0 1 1 1 1 1 

 

Important to note is the division of coding between 3 tiers of coding in ‘Nodes’ column of 

Appendix I that were used for dividing information, including 8 parent nodes (dark grey), 16 sub-

nodes (medium grey), and 16 sub-sub nodes (white) 
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Appendix J: Communication Planning (themes), Manual examination of 

responses from ‘Communication, themes’ node 

 

Theme 
Category 

Refere
nce 
Count 

Reference 

Use-case A, BRC, Themes 

Theme, 
Priority 

4 “Definitely the water movement, how the water is moving, that is for sure.” 
“…our 6 acres, because were doing the greenhouse and through the local food and farm or 
the fair finance funding. we have to report on this anyway.” 
“I think the big thing for us is that to steward the land in a really responsible way, and in a 
way that doesn't have to be, there doesn’t have to be any huge losses. So, its not either the 
land or us, what are we going to pick? Are we going to wreck the integrity of the soil and the 
biodiversity to make money or are we going, and I don't think we have to do that. That’s the 
story that I would like to tell. And to prove, you know, that we can do things in a good way. In 
a respectful way.”  
“Well, our farm master plan is what needs to be done. Because we’re a team of people and 
that’s our huge priority right now as the greenhouse is getting closer and closer to 
completion, is we need this document. This farm master plan. That’s the huge thing for us. 
Right now. It’s going to affect the way all the rest of the projects unfold. How the land is 
managed, that’s why the way the water moves around these properties is so important. It’s 
important for the master plan.”  

Theme, 
Demonst
ration 
(Sub-
theme) 

4 “And this is why were doing this, right? So, this is like a legacy that we want to leave for the 
children in our family, the children in our community” 
“But I think that’s a really cool feature to go walk around that forest and see what it looks like 
when someone is managing it in a good way.” 
“For marketing” 
“…better communicate with community about what’s going on, educate others about the type 
of work that were doing out here…” 

Theme, 
Environm
ental 
Economi
cs (Sub-
theme) 

7 “The farm fields are our economic engine. So, if we want to continue living and working on 
the farm and creating this not-for-profit, and create a place where that can be used as an 
example of how things could work really well, I want to point out that that’s one of our big 
focuses.” 

“I myself have a little business that I run all winter that kindof keeps things chugging along for 

the winter and that’s based on all the herbs and different things that we forage in the 
summertime. It’s a livelihood. And the plan is to be able to work full time on the farm. For the 
next couple years. And that’s to maintain our quality of life. So were not travelling.” 
“So, its kind of like a whole network of businesses that are going to be benefitting from this 
project. But a big one was tracking plant species and carbon.” 
“So, the point of the coop it that it will be a community owned not for profit. Essentially 
community owned. You know its not a free for all, but to give everyone an opportunity to have 
access if they want it.” 
“…but for me, preserving as much as we can through doing construction, doing access 
roads, and through doing these facilities that we need to build to run our businesses out of 
and run our home.” 
“Marketing.” 
 “…and market too.” 

Theme, 
Food 
security 
(Sub-
theme) 

1 “…but to give everyone an opportunity to have access if they want it. and food security. Local 
food security. We do not have local food security here. And that’s because of our climate. It’s 
really difficult to do that, unless you have that knowledge. Tacit farmer knowledge on how to 
store things in a root cellar. Without ruining everything.” 

Theme, 
Planning 
(priority) 

1 “Well, our farm master plan is what needs to be done. Because we’re a team of people and 
that’s our huge priority right now as the greenhouse is getting closer and closer to 
completion. Is we need this document. This farm master plan. That’s the huge thing for us. 
Right now. Its going to affect the way all the rest of the projects unfold. How the land is 
managed, that’s why the way the water moves around these properties is so important. It’s 
important for the master plan.” 
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Theme, 
Plant 
growth 
(Sub-
theme) 

4 “Definitely how plants are regenerating and spreading and growing.” 
“But a big one was tracking plant species and carbon.” 
“That’s what we need to do right now is do the baseline.”  
“Tracking, monitoring…” 

Theme, 
Reportin
g for 
funders 
(priority) 

4 “…our 6 acres, because were doing the greenhouse and through the local food and farm or 
the fair finance funding. we have to report on this anyway.” 
“But a big one was tracking plant species and carbon.” 
“Better communicated with our funders.” 
“And funders, priority might be the funders because whatever we get that is directed towards 
a funder, we can use in our own stuff too. At least if it’s directed towards a funder, someone 
that doesn’t know anything about the project then it gives us more, makes it more useful.” 

Theme, 
Carbon 
(Sub-
theme) 

2 “The only thing that we'd want with the forest stuff is to potentially get carbon, but carbon is 
really only important for this area back here. So, for the main farm where we are right here, 
that’s mainly where we need carbon stuff.” 
 
“But a big one was tracking plant species and carbon.” 

Theme, 
responsi
ble 
stewardin
g 
(priority) 

2 “I think the big thing for us is that to steward the land in a really responsible way, and in a 
way that doesn't have to be, there doesn’t have to be any huge losses. So, its not either the 
land or us, what are we going to pick? Are we going to wreck the integrity of the soil and the 
biodiversity to make money or are we going, and I don't think we have to do that. That’s the 
story that I would like to tell. And to prove, you know, that we can do things in a good way. In 
a respectful way.”  
“…totally monitoring what’s going on around us.” 

Theme, 
Water 
(priority) 

6 “Definitely the water areas, ya, are important.” 
“Definitely the water movement, how the water is moving that is for sure.” 
“I think it comes back to how water moves, that’s pretty clear eh? Now that you've…its a 
pretty good way to get through to what’s, definitely how plants are regenerating and 
spreading and growing.” 
“Water quality and runoff is also a big concern for us.” 
“How the land is managed, that’s why the way the water moves around these properties is so 
important. It’s important for the master plan.”  
“So, continuing to use a composting toilet system rather than a septic system.  Which is also 
why we need to know how the water moves. So, we know where to put those things. I guess 
just conservation.” 

Use-case B, MFN, Themes 

All 
Participa
nts 

  

Themes, 
Priority 

7 MM: “If it was my choice, I would not allow them to cut it. Because of it's significance.” 
“Geographically that whole area where these two particular blocks are located is that it has a 
HUGE significance with respects to culture and heritage. So, when they say value, that value 
also has a spiritual connection and the reason I say that it has a spiritual connection is 
because of one of the sites located where that block is. And so, I don’t really like using the 
word Heritage site because that’s not what we call it. Its a sacred site. So as a sacred site, 
and the impacts of that because we've lost a lot of that knowledge. Theyre utilizing the 
western language to label it with something that is not a part of the Ojibwe language, 
heritage, customs, or practices. This IS ALL NEW LANGUAGE to distinguish the values on 
that land base, so it does NOT go in correlation with the Ojibwe customs and practices. It 
does not go in correlation with our ancestors and how they respected sacred space.” 
“The other is that we still yet haven't ground-truthed that area and what I mean by ground 
truthing everything is that we don't know what kind of vegetation still exists in that block, we 
don't know what kind of habitat, whether its a sensitive habitat, do we know if there are any 
endangered species in that particular area. Not that I’m aware of and I don't believe that our 
community is aware of it neither.” 
 
CY: “Cutting. Oh, that is a big concern. The spraying is a big concern. The taking up of land. 
The more and more that you build on the land and the more and more less land that you 
have for nature itself to grow.” 
“…where I try to look is look at the whole picture.  Not just what they want, what we want. I 
think that’s why I'm trying so hard just to get a baseline.  Get something that we can work 
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with and work up the ladder with. So that’s my job. You know? Is to let people know where 
we are. Like what’s on the land. And what theyre doing to it. Because a lot of people don't 
know what theyre doing to it. So, its like I'm a messenger. Not just for Indigenous people. For 
everyone.” 
 
JE: “I just went there last week, that’s when I saw the whole big cut-out. I was like oh my god.  
I was gonna take my 4-wheeler and go for a good ride and check it right all out. There’s not 
going to be nothing to trap there for awhile.” 
“My message is we got to start lookin’ after mother earth. That’s what we have to do. 
Because our ancestors, or the older people looked after the earth. But it just happened with 
too much cutting and all this pollution and everything goin’ around.” 

Theme, 
Connecti
on (Sub 
theme) 

5 MM: “That would be the story related to the Ojibwe nation and our creation story. That story 
would be related to OUR relationship with Earth and Sky, and how our people at one time 
respected mother earth and father sky.” 
“I would say loss of habitat. I would say loss of ecosystems. Impacts to, effects to climate 
change. I would say affects to landscape change. I would say affects of changing the 
species, the natural species that are there. I would say affects to all other forms. The cause 
and effect of that. Food sources habitat source species loss.” 
CY: “It would be a story of how it all connects, how it all connects underground, aboveground 
and I could go out on that land and I'd have everything Id need, like I would survive because 
everything’s out there. Your food, your medicines, your shelter.” 
“That’s why I try to bring youth into what I'm doing because I'm teaching myself, a lot. Of 
getting back to my roots. I come back, I used to come back to visit, but I've lost that 
connection. And even that connection with my clan, I guess, my reserve. So, there’s a lot of 
us that are outsiders that feel like we're outsiders because we either had to be taken away, or 
we were taken away, or you know we didn't have that opportunity to stay in one place and 
utilize that land. So, you kind of feel disconnected and lost sometimes. But when I'm in the 
bush though, I don’t, I feel connected. I feel like Ok, its coming back. But I don’t have those, 
my elder family members, like I have aunts and uncles and that, but they all have their own 
lives too and the uncles and that that I did connect to when I was a child, theyre gone also.” 
JE: “You know we need these trees to keep us alive and if they cut everything down and then 
they don’t go planted but they want these trees.”  

Theme, 
Cultural 
Landsca
pe 
(Priority) 

6 MM: “So I would consider this block as a cultural landscape. But that isn't being 
acknowledged by the current process and for me that is significantly a cultural landscape 
because of the historical interaction between the Hudsons bay company and our people in 
the fur trade era.” 
“Geographically that whole area where these two particular blocks are located is that it has a 
HUGE significance with respects to culture and heritage. So, when they say value, that value 
also has a spiritual connection and the reason I say that it has a spiritual connection is 
because of one of the sites located where that block is. And so, I don’t really like using the 
word Heritage site because that’s not what we call it. Its a sacred site. So as a sacred site, 
and the impacts of that because we've lost a lot of that knowledge. Theyre utilizing the 
western language to label it with something that is not a part of the Ojibwe language, 
heritage, customs, or practices. This IS ALL NEW LANGUAGE to distinguish the values on 
that land base, so it does NOT go in correlation with the Ojibwe customs and practices. It 
does not go in correlation with our ancestors and how they respected sacred space.” 
“So, if that land could tell a story, it would talk about why those drawings were there. it would 
talk about why those people chose that area to go and live in because our, how I understand 
it from the Elders NOT from other elders of Ojibwe origin is that our people selected areas 
because there would be food there, there would be medicines there, there would be shelter, 
and there would be security.” 
“The other is that I would also be looking at when we talk about a cultural landscape what 
does that mean in terms of an archaeological site. So, the current protection measures for 
sensitive areas as such again area miniscule in the sense of how the elders understand, how 
the elders today understand any sensitive areas of cultural significance. Because we have, 
because that kind of ability and capacity is limited by a current belief system that are not 
related to our historical understanding of sacred sites. Of this significance because it is what 
we would consider sacred because of its characteristics.”  
“But the other part that I'd be looking at with respects to the drone and flying over sensitive 
areas again that’s something else that is, how do I put that, I guess I'm kindof, I feel I'm 
kindof, how do I say that I have different views about why it should be and why it shouldn't 
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be. Why it shouldn't be is because they are considered as sacred areas but the other, the 
reason why I say that it would be important is because we are losing these sites, we are 
losing them left right and center theyre just going in and theyre cutting areas that the younger 
generation don’t understand. And the older generation are afraid of them. And then there are 
those that say we need to protect these sacred areas. We need to protect these sacred sites. 
There’s spirits that live there.  There’s natural law that’s connected to that. By our arrogance 
and our ignorance, we are going in and we're assaulting natural law. That’s impact to natural 
law.” 
CY: “So the drone can actually help to identify, what would a cultural landscape look like? 
and why?” 

Theme, 
Flora and 
Fauna 
(Priority) 

7 MM: “The other is that we still yet haven't ground-truthed that area and what I mean by 
ground truthing everything is that we don't know what kind of vegetation still exists in that 
block, we don't know what kind of habitat, whether its a sensitive habitat, do we know if there 
are any endangered species in that particular area. Not that I’m aware of and I don't believe 
that our community is aware of it neither.” 
“The other is that we have already been impacted by the last 25 years of logging in our area 
so that again is a strain on the birds, the other animals that are there.”  
“How I understand it from the Elders NOT from other elders of Ojibwe origin is that our 
people selected areas because there would be food there, there would be medicines there, 
there would be shelter, and there would be security.” 
“So, the way that the MNR do their moose count, they use the Cessna’s to go in to go and do 
our helicopters to go and do their moose counts. Well, that’s their information, that’s not ours 
as First Nations. We're a government. Were a first Nation. So how are we able to do our 
moose count? How are we able to do our beaver count? How are we able to do these counts 
that we used to be able to count on from the trappers? We don't do that anymore because 
theyre not out there. So, is that factored into this equation of forest management planning? 
“So also, again, in that landscape also what I'd be looking for again, what are we losing in 
there, so on the landscape what are we actually losing?” 
“Basically, all four seasons, because there are different medicines that we pick. So, like I said 
because we don’t actually know what’s in there. So, without actually ground-truthing it, we 
really don’t know what vegetation is in there.” 
“Based on the species that are in that given area. Again, this is why the importance of 
utilizing the UAV to identify, its kind of moot to really say what that is. We don't know. We 
haven’t ground truthed it. So how do we know?” 

 

CY: “I could go out on that land and I'd have everything Id need, like I would survive because 
everything’s out there. Your food, your medicines, your shelter.” 

Theme, 
Identity 
(Sub-
theme) 

4 CY: “…he would never get lost in the bush. So, like I said, when you cut it, you lose that 
story because you lose your path, to get to it. You know like there’s areas back there that I 
wouldn't even know how to get to moose mountain because it has so changed from all the 
forestry cutting.” 
“But I don’t have those, my elder family members, like I have aunts and uncles and that, but 
they all have their own lives too and the uncles and that that I did connect to when I was a 
child, theyre gone also. So, coming back to the land is hard Its hard for us. And then when 
they strip it like this, it even makes it harder because then we don’t recognize it. So, trying to 
get that connection back.” 
“Because I was gone for a long length of time, so when I was a little girl, I think it benefitted 
me because I was learning how to survive, I was out with my dad, I was out with my grandpa, 
or my gramma, out here so I knew things like to leave something behind like the potatoes 
right? Or just little things like that. Leave something behind. Or you know, what sounds to 
listen for or what to look for in the bush to see maybe if there’s a bear around, or something 
like that right?”  
“And so, when I came back, 30 years later, and I lived at my cottage, I started coming back 
for a couple of years before my dad died. And he was bringing me back out on the land and 
like, he would show me how to track a moose right? So, we tracked the moose, for like over 
half an hour with not even any blood. He would show me just those little slight prints in the 
moss you know? That kind of stuff. And how to move, you know in the bush. And how to just 
be still. Sometimes and just listen.” 

Themes, 
Disruptio
n and 

13 MM: “If it was my choice, I would not allow them to cut it. Because of its significance. To not 
just my generation, but my mother’s generation and so it has that significance to it as a first 
nations community is that was considered their land base, but it was intruded on with mining 
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impacts 
of 
industry 
(Priority) 

and hydro-development prospectors. So, you had other settlers coming in. You know you had 
your people coming to look for work, so you know, so the development of the TOWN of 
Matachewan also disrupted our way of life. So that’s what WE lost. Is that we LOST that way 
of life on the land because of them putting a mine, actually 2 mines up in that general area 
and then there is hydro-development that created that disturbance and that way of life.”  
“The other is that we have already been impacted by the last 25 years of logging in our area 
so that again is a strain on the birds, the other animals that are there. It's also with respects 
to environmental changes that we are beginning to understand from a scientific, biological, 
ecological sense that we know that we are getting a sense that Forest Management Planning 
has a long ways to go to understand those short, mid, and long term impacts.” 
“The reason why I say that it would be important is because we are losing these sites, we are 
losing them left right and center theyre just going in and theyre cutting areas that the younger 
generation don’t understand. “ 
“So, because I'm a witness to that. So, when we talk about utilizing the UAV, we ain't gonna 
stop them. We aint gonna stop them. But at least, if we can record these areas and the 
condition that they were, at least we have something that’s visual, that the future generations 
can see the way that it was. And that is very important for their future land use management, 
conservation, environmental monitoring, and the list goes on. That’s why the UAV would be a 
very powerful tool to help to capture what is there before, and what is there after. The 
changes to the landscape are very important.” 
“So also, again, in that landscape also what I'd be looking for again, what are we losing in 
there, so on the landscape what are we actually losing?” 
“I would say loss of habitat. I would say loss of ecosystems. Impacts to, effects to climate 
change. I would say affects to landscape change. I would say affects of changing the 
species, the natural species that are there. I would say affects to all other forms. The cause 
and effect of that. Food sources habitat source species loss.” 

 
CY: “He would never get lost in the bush. So, like I said, when you cut it, you lose that story 
because you lose your path, to get to it. You know like there’s areas back there that I 
wouldn't even know how to get to moose mountain because it has so changed from all the 
forestry cutting.” 
“I'd like to see how its changed, over the years.  with the cutting. Cuz there’s never been any, 
like there’s really no information out there about what was in there before except for the 
Indigenous knowledge part.” 
“So, coming back to the land is hard Its hard for us. And then when they strip it like this, it 
even makes it harder because then we don’t recognize it. So, trying to get that connection 
back.” 
“And that’s always where I try to look is look at the whole picture.  Not just what they want, 
what we want. I think that’s why I'm trying so hard just to get a baseline.  Get something that 
we can work with and work up the ladder with. So that’s my job. You know? Is to let people 
know where we are. Like what’s on the land. And what theyre doing to it. Because a lot of 
people don't know what theyre doing to it. So, its like I'm a messenger. Not just for 
Indigenous people. For everyone.”  

 
JE: “We're not getting many now anyways because the landfor needs trees.” 
“We used to go in the bush we could hear birds, everything you know, squirrels, but now, you 
can go to some places where they spray, you don’t hear nothing. I don’t think that sprayin’ is 
very good. It’s getting’ the animals sick.” 
“I just went there last week, that’s when I saw the whole big cut-out. I was like oh my god.  I 
was gonna take my 4-wheeler and go for a good ride and check it right all out. There’s not 
going to be nothing to trap there for awhile.” 
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Appendix K: Combined flowchart information for use-case B 

 

FAC plan created in Stage 2, Step 5 can be found at the following link. 

(Will be available at this link until December 2020, after this date, available by special request of 

primary author) 
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Appendix L: Final FAC planning spreadsheet 

 

FAC plan created in Stage 2, Step 5 can be found at 

(Will be available at this link until December 2020, and afterwards, is available by special 

request of primary author) 

Use-case A:  

https://uoguelphca-

my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/ERmnWrGhyo9OlKnNJM9mZIkBqtCTx

ODT__7464VP3zgSmw?e=iCf0bL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uoguelphca-my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/ERmnWrGhyo9OlKnNJM9mZIkBqtCTxODT__7464VP3zgSmw?e=iCf0bL
https://uoguelphca-my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/ERmnWrGhyo9OlKnNJM9mZIkBqtCTxODT__7464VP3zgSmw?e=iCf0bL
https://uoguelphca-my.sharepoint.com/:x:/g/personal/huttera_uoguelph_ca/ERmnWrGhyo9OlKnNJM9mZIkBqtCTxODT__7464VP3zgSmw?e=iCf0bL
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Appendix M: Word frequency results for participant MM 

Word frequency of participant MM from use-case B using all responses coded within 

"Communications Planning' node 

Word Length Count 

Weighted 

Percentage 

(%) 

Similar Words 

people 6 65 1.28 people, peoples 

land 4 61 1.20 land, lands 

landscape 9 60 1.18 landscape, landscapes 

talking 7 58 1.14 talk, talked, talking 

value 5 58 1.14 value, values 

block 5 55 1.09 block, blocks 

changes 7 55 1.09 change, changed, changes, changing 

respects 8 48 0.95 respect, respected, respecting, respects 

community 9 42 0.83 communicate, communicated, communication, 

communications, communities, community 

impact 6 37 0.73 impact, impacted, impacting, impacts 

life 4 36 0.71 life 

information 11 34 0.67 information, informing 

site 4 34 0.67 site, sites, sites' 

cultural 8 33 0.65 cultural, culturally, culture, cultures 

source 6 32 0.63 source, sources 

understand 10 32 0.63 understand, understanding 

habitat 7 31 0.61 habitat, habitats 

nations 7 31 0.61 nation, nations 

river 5 31 0.61 river 

maps 4 30 0.59 map, mapping, maps 

species 7 30 0.59 species 

utilizing 9 30 0.59 utilization, utilize, utilized, utilizing 

animals 7 29 0.57 animal, animals, animation 

depends 7 29 0.57 depend, depended, dependencies, depending, depends 

system 6 29 0.57 system, systems 

uav 3 29 0.57 uav 
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identify 8 28 0.55 identified, identify, identifying 

ground 6 27 0.53 ground, grounds 

elders 6 24 0.47 elder, elders 

knowledge 9 24 0.47 knowledge 

question 8 24 0.47 question, questions 

town 4 24 0.47 town 

natural 7 23 0.45 natural 

sacred 6 23 0.45 sacred 

food 4 22 0.43 food 

generation 10 22 0.43 generation, generations 

reason 6 22 0.43 reason, reasonable 

significance 12 22 0.43 significance, significant, significantly 

consider 8 21 0.41 consider, considered, considering 

cut 3 21 0.41 cut, cutting 

help 4 21 0.41 help, helpful, helping, helps 

tree 4 21 0.41 tree, trees 

drone 5 20 0.39 drone, drones 

interesting 11 19 0.37 interest, interested, interesting 

practices 9 19 0.37 practice, practices 

world 5 19 0.37 world, worlds 

limited 7 18 0.36 limitation, limitations, limited, limits 

require 7 18 0.36 require, required, requires 

research 8 18 0.36 research 

based 5 17 0.34 base, based 
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Associated 
communication 
theme  

Examined 
word 
usage  

Useful associated responses Insight generated 

Disruptions and 
impact of 
industry 
(general) 
 

“Cut” …would not allow them to cut it. Because of its 
significance… 
… Currently, it is only a predictive model that they 
are utilizing. That doesn't mean that they have 
people ground truthing it. It doesn't mean that 
they have people out there monitoring these 
areas that they are going to cut. And if they do, it 
is a very limited time frame, and the other is that 
the first nations aren’t even engaged or involved 
in that process. And if we are it is very limited to 
our participation… 
 

CICES (class): 
Characteristics or features of 
living systems that have an 
existence value (code): 
3.2.2.1 
 
Area selection (flight 
planning): Matachewan cut 
block 
 
Audience: industry decision 
makers 
 
Communication need, State 
(DPSIR): monitoring 
*MIR monitoring of what 
 
Temporal (flight planning): 
extended time frame (NOT 
limited) 
Level of involvement: high 

 “Practices” 
(added) 

…The road building and equipment that’s used to 
go into. And again, depending on the topography 
of the area, what’s the effect to the landscape? 
That landscape has changed. So, they put in 
roads, they put banks along the side, so what 
does that mean for runoff. Again, that depends on 
the forestry company itself. What is their practice? 
And does that practice accommodate concerns. 
 

State (DPSIR): topography 
Pressure (DPSIR): Road 
building (drainage), 
equipment 
 
Response (DPSIR): areas 
permissible for roads and 
banks 
 
Supplemental material: 
areas currently planned for 
new roads  

 “Values” 
(added) 

…what it does. So, its providing a buffer zone. Its 
providing a food source. ITs providing habitat. Its 
value is also the current environmental changes. 
Our atmospheric changes that are happening. 
Again, we are contributing, we are weakening 
those bigger values that are there. Called climate 
change… 
 
 

Class (CICES): 1.1.5.1, 
1.1.6.1, 2.2.1.2, 2.2.5.1 
 
Impact (DPSIR): ‘weakening’ 
of previous CICES values 

 “Impact” *Addressed in responses already included  

Disruptions and 
impact of 
industry:  
Connection 

“Impact” …we have already been impacted by the last 25 
years of logging in our area so that again is a 
strain on the birds, the other animals that are 
there… 
..how I understand the creeks is that the creeks 
are like the food chain to the river system that 
feed the fish feeds all these other living organisms  
so these creeks that release food for those other 
organisms in the river, its like a food web so the 
impact of that, the loss of that vegetation and the 
food source for the fish or for other living animals 
organisms out there because you have insects, 
you have all kinds of other things that live in that 
particular environment, so youre losing your 
insects, youre losing your food, your other, youre 

** 
communication purpose: 
Identification of interactions 
between ecosystem features 
 
State (DPSIR): refuge for 
birds 
 
Impact DPSIR) bird habitat, 
food for fish and other 
animals  
*MIR other animals in habitat 
 
CICES (class) Regulation of 
the chemical condition of 
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losing your other food sources that actually feed 
different species that may be in that geographic 
location… 

freshwaters by living 
processes (code) 2.2.5.1 
 
Analysis: nutrient runoff 
potential, areas of potential 
fish habitat 
 
POI: creeks, watercourse, 
vegetation 
 
Class Type (CICES): Birds, 
insects, fish 
MIR: Food types of species 

Disruptions and 
impact of 
industry:  
Identity 
 

“Cut” …along that river, beside that cut block, as I said 
IN that cut block there is one particular site that is 
a sacred… 
… it would be important is because we are losing 
these sites, we are losing them left right and 
center theyre just going in and theyre cutting 
areas that the younger generation don’t 
understand. And the older generation are afraid of 
them. And then there are those that say we need 
to protect these sacred areas. We need to protect 
these sacred sites. There’s spirits that live there.  
There’s natural law that’s connected to that. 
…That story would be related to OUR relationship 
with Earth and Sky, and how our people at one 
time respected mother earth and father sky. And 
there are stories that are along that river that we 
know, along that river, beside that cut block… 
 

Response (DPSIR): 
determine conditions 
affecting adjustment to 
cutting plan 
 
Driver (DPSIR): Cutting 
within areas of spiritual 
significance that traditionally 
require protection 
 
 

 “People” …So, if that land could tell a story, it would talk 
about why those drawings were there. it would 
talk about why those people chose that area to go 
and live in because our, how I understand it from 
the Elders NOT from other elders of Ojibwe origin 
is that our people selected areas because there 
would be food there, there would be medicines 
there, there would be shelter, and there would be 
security. 
 
 

State (DPSIR): baseline 
habitat, medicines 
*MIR, particular animals, 
particular medicines,  
CICES Class: 1.1.5.1, 
1.1.6.1 (both include plants 
and animals), 2.2.1.1-4,  

 “Impact” …So, the residential school era had an impact 
where they were not able to live on the land the 
way that they did… 
…When the elders went up there, they didn't 
recognize the landscape at all. It had changed. 
They don't remember, the didn't even know where 
they were on that landscape. They said, "Where 
are we?" and I said, "we're at this lake". And they 
said, "I don't recognize it". So, when we talk about 
a cultural landscape and what does that do, they 
were devastated. They cried. They stood there 
and they cried. That’s the impact that this can 
have. And it does happen. Listen to the tone of 
my voice. This has a psychological impact to our 
people. When we talk about impacts and social 
structure, this deforestation of our landscape and 
our boreal forest, ya youre damn right it has an 
impact, psychologically…  
 

Communication purpose: 
disruption in continuity of 
knowledge 
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Disruptions and 
impact of 
industry:  
Flora and 
Fauna 

“Cut” …I would be looking at the different areas that 
may represent a particular area of interest for 
shelter for animals it may be particular plants that 
may be in there that I would be looking for. It 
would be also the tree canopy that is there that 
may be taken into consideration, because that 
also tells you something about the natural 
environment and so that will change once they cut 
that block, I don't know… 
…watershed where they are actually cutting this 
these trees…. 
… people in the community in the town of 
Matachewan are already recognizing an increase 
in the wind and so by them cutting this block, 
what is that going to do? … 
…size that’s going to be cut to look at what are… 

Point of focus: shelter for 
animals *MIR – animals of 
focus 
 
State DPSIR: Tree canopy 
*MIR, function of canopy 
 
Impact (DPSIR): to 
watershed  
Class (CICES code): 2.2.1.3, 
Class (CICES): 2.2.5.1 
 
Impact (DPSIR): potential 
loss to Wind buffering 
Class (CICES): 2.2.1.4 
 
 

 “Impact” …on the landscape what are we actually losing? 
Are there unique characteristics with respect to 
wet areas, so youre looking at frogs, youre 
looking at snakes, youre looking at other species 
that require those wet areas. So once that’s cut, 
its going to dry up. So now again were impacting 
that landscape and their home… 
…I would say loss of habitat. I would say loss of 
ecosystems. Impacts to, effects to climate 
change. I would say affects to landscape change. 
I would say affects of changing the species, the 
natural species that are there. I would say affects 
to all other forms. The cause and effect of that. 
Food sources habitat source species loss...  
…What’s impacting the environment today is 
overpopulation. Its overharvesting. It’s changing 
the ecosystems that theyre changing at this time. 
And we see those results. Were feeling those 
results. Were dealing with those results. Whether 
science or the governments at play right now 
want to deny climate change or deny any of these 
catastrophic changes, well look at the increase in 
algae buildup, look at the increase in fish habitat 
die off. Look at the increase in species loss… 

 
 
 

Impact (DPSIR): Habitat 
loss, wet areas drying 
 
Class Type (CICES): Frogs, 
snakes, watercourses 
 
POI: Watercourses 
 
Communication purpose: 
landscape scale impact from 
ecosystem loss 
 
Impact (DPSIR) Algae 
buildup 

Cultural 
Landscape 
(general) 

“Culture” …I would say for cross cultural purposes, 
because we have a… 
…the Montreal River is of cultural significance to 
our First Nations… 
…consider this block as a cultural landscape. But 
that isn't being… 
…when we talk about a cultural landscape what 
does that mean… 
…to identify, what would a cultural landscape look 
like? and why… 
…when we talk about a cultural landscape and 
what does that… 
…utilizing the UAV to identify cultural landscape 
values. Again, that’s where… 
 

Area selection (flight 
planning): Areas of cut block 
along Montreal river 
 
Audience: Industry 
stakeholders 
 
Communication need: 
Defining features of a 
cultural landscape 

 “Practice” …to understand that natural law, it would require 
customary practice to identify that. And that in 

Communication form: Video 
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turn would only be able to be identified orally. It 
wouldn't be written….  
…They need to respect our customary practices. 
As tribes. As First People of this land. Were not 
savages. We're not hunter gatherers. We are not 
nomadic. We lived with these systems for a 
reason. And we moved with these systems for a 
reason….  
…our concepts our ideas and our perceptions of 
our relationship and customary practices are 
protecting mother earth. That it's equal to science. 
Its equal to western based knowledge or biology, 
ecology, environment. I would say that in doing so 
that this is a part of reconciliation for Canada. 
That’s true reconciliation in Canada. To the First 
People and to prevent the further erosion of our 
customary practices and knowledge…  
 

Audience: Industry involved 
in modification to area of 
land 
 
Response (DPSIR): 
Education for industry on 
relationship with mother 
earth (skukimikwe) in area of 
concern 
*MIR perceptions of 
connection 

 “Tree” 
(added) 

…anything. All they see is trees. All that operator 
sees is… 
…All that operator sees is trees. And there have 
been cases… 
…is more important than a tree, or a tree is 
more… 
…than a tree, or a tree is more important than a… 

Response (DPSIR): 
Education for industry on 
difference in values 

 “Value” …that value of spirit, to understand that natural 
law, it would require customary practice to identify 
that. And that in turn would only be able to be 
identified orally. It wouldn't be written. The other is 
that the current system would need to 
acknowledge that value. In order to protect that 
value…  

Audience: Industry causing 
impact to ecosystem 
 
Communication purpose: 
acknowledging value and 
importance of natural law 

 “Elders” …it’s telling. But because our Elders today, 
because of the influence… 
…I understand it from the Elders NOT from other 
elders of Ojibwe origin is that... 
…about the stories from the Elders who have 
since passed into… 
…the sense of how the elders understand, how 
the elders today understand any sensitive 
areas…(PR) 
…went up there with the elders because it was 
sanctioned that the elders needed to go up, take 
a look. When the elders went up there, they 
didn't…(PR) 
…So, do our elders understand? What that 
means? With… 
…to ask one of the elders over there, was that 
considered… 
…The other is that those elders are going to also 
have… 
…decision makers, our youth, our elders, our 
hunters, our harvesters, our… 

Audience: Must be able to 
be understood by Elders 

 “Sacred” *All references overlap with other references and 
are already used 

 

Cultural 
Landscape: 
Identity 

“Culture” …medicines. It also has a cultural significance 
with respects to historical First Nations sites with 
respects to what day to day call 'archaeological 
sites'. There is a site in this block that will require 
an archaeological field assessment… 

Area selection: sacred site 
(burial site)  
Class (CICES): 3.2.1.2  
 
Area selection: birth site of 
community members 
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…Geographically that whole area where these 
two particular blocks are located is that it has a 
HUGE significance with respects to culture and 
heritage. So, when they say value, that value also 
has a spiritual connection and the reason I say 
that it has a spiritual connection is because of one 
of the sites located where that block is… 
…a sacred site.... It’s a cultural landscape. 
Sacred site. That’s how… 
… its my family’s connection to that land, how I 
put it, is connected to the Ojibwe tribe. I don't put 
it as Matachewan First Nation. I put it as the 
Ojibwe nation because that’s who my ancestors 
are and when we look at not the culture but the 
heritage of Ojibwe tribe on what we call turtle 
island, North America, this continent, the place 
where my spirit chose to come in geographically 
looking at a map of Canada or Turtle Island I 
should say, that’s where my spirit chose to come 
in… 
…So, the current protection measures for 
sensitive areas as such again area miniscule in 
the sense of how the elders understand, how the 
elders today understand any sensitive areas of 
cultural significance. Because we have, because 
that kind of ability and capacity is limited by a 
current belief system that are not related to our 
historical understanding of sacred sites. Of this 
significance because it is what we would consider 
sacred because of its characteristics… 
… Again, if I'm talking to the leadership of my 
community, again it depends largely on your 
audience. Is it culturally related? Is it economically 
related? Is it conservation related? Does it have 
to do with climate change?...This needs to be 
taught across many spectrums. Its not just about 
industrial development. Its not just about 
academic knowledge. Its also about informing 
people that this is what’s at stake… 
 

 
Spatial feature 
(line/polygon): between birth 
site and burial site 
 
POI: *MIR ‘characteristics’ of 
cultural site 
Class (CICES): 3.1.2.3 
 
Driver (DPSIR): Limitations 
in protection measures that 
do not account for Ojibway 
family (ancestral) connection 
to land 
 
Audience: Leadership of 
community, industry decision 
makers  

 “Practices” N/A  

 “Value” …So, the other is that the values that are in there 
for me are the habitat for the animals, the habitat 
for the fish, its also the loss of our vegetation and 
our plants that are in that block… 

Group (CICES): 2.2.2.3 
(animals and fish) 
Impact (DPSIR) Vegetation 
*MIR: Particular vegetation 

Cultural 
Landscape 
(Connection) 

“Practice” …at one time, they could dip their cup into the 
water and drink it. It was, there was stories about 
how there was plentiful food available until the 
prospectors came in, until the European settlers 
started coming in, that’s when there was a 
decrease in the animal population that’s when 
there was a decrease in the access to fish. When 
the ministries came in and started restricting them 
by their trapping licences again, we were 
restricted. My relatives were restricted to land use 
and customary practices of harvesting for 
subsistence for life… 

CICES (class): Surface 
water for drinking 
(code): 4.2.1.1 
Driver (DPSIR): growing 
population increasing 
resource extraction 
Pressure (DPSIR) resource 
extraction affecting 
subsistence-based practices  
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 “Value” …if they replant in that area, what are they going 
to replant. So, its how that value has changed. So 
that value to me is that it is a source of life. Its the 
lungs of mother earth. Its a source of medicine. Its 
a source of food. Shelter. Its a part of a larger 
ecosystem that is also impacted by its removal. 
So, I would say that its a source of life. At all 
levels. Its a wholistic view. Its not a linear view 
that I'm thinking from as a first nation person. Its 
wholistic. Its all interconnected. And it has values 
as a source of life… 
…how I understand it as a first nations person is 
that everything there is of a value. Everything. So, 
for me to selectively say that its good for this, that, 
or the other, would be ignorant on my behalf. For 
the simple reason that I'm not considering 
everything.  I'm not considering all the life forms 
that are there. My values and the values to other 
living beings are one and the same. At the same 
time, I can’t speak on their behalf. I can and I 
can’t. I know that I've said in other questions of 
how the other life forms depends on that 
ecosystem. So, my values and their values I 
wouldn't compare. Its a source of life. Its a source 
of subsistence…9  

Area selection: Between 
point of birth and burial site 
(=life, human perspective10) 
Pressure (DPSIR): Removal 
of ecosystem features 
Impact (DPSIR): Loss of life 
(due to removal of medicine, 
food, shelter) 
 

 “Food” …animals are territorial. But there’s a name for 
that. So those are other characteristics that I 
would be looking for on the landscape. Because 
that landscape requires space for those animals. 
Because they are territorial. And some that will 
actually come back and actually if its a particular 
bird, you know we have owls over there, we 
have...So we don’t actually know what’s over 
there. If there’s a cave there, if there’s bats, I 
don’t know if bats also have a particular 
vegetation also that they require. So, by them 
changing that landscape and that habitat again 
youre also affecting the insects. which is a food 
source for these areas’ birds. Again, and the 
streams and the creeks. Again, youre looking at 
the vegetation that’s there that provides that food 
source for that particular landscape habitat for 
those animals that are there…  
 

Communication purpose: 
Specific points to focus on at 
the onset of baseline 
creation (to be grown over 
time as knowledge is 
added).  
POI: bird (e.g., owls), 
animals (e.g., bats, insects), 
habitat (e.g., caves, streams 
and creeks), vegetation 
Group (CICES) 1.1.5.1 ** 

Flora and 
Fauna 

“tree” …its right beside a major watershed where they 
are actually cutting this, these trees... 
…now you won’t have the trees there to do that. 
So…(PR) 
…I would be looking at the different areas that 
may represent a particular area of interest for 
shelter for animals it may be particular plants that 

POI: Areas beside visible 
water features, insect habitat 
(association) 
 
Analysis: tree species, area 
of canopy 
 

 
9 This concept, of the value as it is connected to the needs and values of other lifeforms, is a value which was found 

is not represented in any versions of CICES and is not able to be translated into current DPSIR uses.  

10 There is a conceptual leap made in this point of area selection, however, the availability of a site where there is a 

point of birth as well as a recognized point of burial offers an opportunity to use the unique values (life in the 

context of ‘connection’ category) of one single representative to guide the definition of spatial boundaries within 

this particular communication theme.  
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may be in there that I would be looking for. It 
would be also the tree canopy that is there that 
may be taken into consideration, because that 
also tells you something about the natural 
environment and so that will change once they cut 
that block, I don't know if its going to be a free to 
grow back, I don't know if it will be replanted with 
different tree species but it will never come back 
the same as it was. it will never be a natural 
environment again. so, they have, ok so what I'm 
looking at is that I'm looking at the, what are the 
characteristics that we're going to lose with 
respects to tree species, insect species. Is it a 
part of a migration, is it a migration, are there any 
migratory paths that the insects are using, or 
other animals are using? So, all of a sudden that 
tree cover that was there, now they're being 
exposed to, those species become vulnerable, 
because now you have a football field that they 
have to run through. Because, to, so, if they were 
to leave a corridor for the martin, or there’s other 
species there that require forest coverage how 
are they going to do that… 
…The fall would be a better time when the leaves 
are off the trees. You need the leaves off the 
trees in order to capture other anomalies on the 
ground that we won’t see with the vegetation, the 
tree canopy on… 
…with the leaves on, especially in the fall time, 
you get to see in the fall time youre getting the 
spectrum of the different colors of the leaves. So 
that also helps you to identify through the tree 
canopy the different species that are in that area. 
Cuz theyre going to turn different colors. So, you 
have your maple, you have your poplar, you have 
your. That also plays a factor in seeing the tree 
canopy that’s in that geographical area... 

Temporal (flight planning): 
seasonal (trees in full 
canopy and without canopy) 
 
Supplementary information: 
canopy cover loss (impact) 
 
 
Class (CICES): 2.2.1.4  
 
Group (CICES): 2.2.2.1-3 
 
Response (DPSIR): 
Corridors 
 
Temporal (Flight planning): 
when leaves are off trees 
 
Class (CICES): Maple trees, 
poplar 
*MIR: CICES code 

 “practices” 
(added) 

…by following the Indigenous practice and 
knowledge and taking only what you need. Based 
on traditional knowledge and customs and 
practices… 

State (DPSIR): baseline 
(vegetation) 
 
Analysis: availability of ES 
for community members 
*MIR categories of needs by 
class type (CICES) 

 “Values” 
(added) 

… other is that the values that are in there… (PR) 
…the other part of that value system that’s in 
there is that it will also have an impact as to the 
air flow because of the topography of that area. 
So, the topography of that area being on a river… 

Group (CICES): 2.2.2.3 
(animals and fish) 
Impact (DPSIR) Vegetation 
*MIR: Particular vegetation 
 
Class (CICES): 2.2.1.4 

 “Habitat” …there for me are the habitat for the animals, the 
habitat for the fish, its also… 
…don't know what kind of habitat, whether its 
sensitive habitat, do we know if there… 
…that mean again for the habitat for the animals 
that live… 
…If I could identify a habitat of that size that’s 
going to be cut to look at what are the 
characteristics of what species would depend on 
that size of a block for their habitat. For their food 
source for… 

Communication form: Static 
map is not appropriate 
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…when they brought that Martin habitat map out, 
and I wanted to get rid of that map because I'll tell 
you what, that’s just wrong. That is wrong and 
coming with a map like that to tell ME this is 
where our Martin habitat? Youre a fool. She’s a… 
…if youre talkin about martin habitat, if youre 
talkin abut Fischer, if youre talkin about a bird 
habitat. Those habitats are also, there’s also to 
…a word for it, terrestrial habitat? What I'm trying 
to get... 
…changing that landscape and that habitat again 
youre also affecting the insects… (PR) 
 
…You said winter for habitat and hibernation. 
Spring for spring 
…Called climate change. Ecosystem changes. 
Habitat changes. All of those values…(PR) 
…I would say loss of habitat. I would say loss 
of…(PR) 
…effect of that. Food sources habitat source 
species loss…. 
…at the increase in fish habitat die off. Look at 
the…(PR) 

 “Species” …if there are any endangered species in that 
particular area. Not… 
 
…sources that actually feed different species that 
may be in that…(PR) 
…be replanted with different tree species but it 
will never come…(PR) 
…lose with respects to tree species, insect 
species. Is it a… 
…respects to tree species, insect species. Is it a 
part of… 
…they're being exposed to, those species 
become vulnerable because now you… 
…the martin, or there’s other species there that 
require forest coverage… 
…into consideration is the bird species that are in 
the area… 
…we really don’t know what species are actually, 
what species I'd… 
…what species are actually, what species I'd be 
lookin at. If… 
…are the characteristics of what species would 
depend on that size… 
…animals, the snakes, the other species that go 
into hibernation? How… 
…the other is that some species that actually 
come back to… 
…snakes, youre looking at other species that 
require those wet areas… 
…values are. Based on the species that are in 
that given… 
…say affects of changing the species, the natural 
species that are… 
…changing the species, the natural species that 
are there. I would… 
…that. Food sources habitat source species 
loss…  
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…Look at the increase in species loss. So, all of 
the… 
…the tree canopy the different species that are in 
that area… 
 

 “Animals” …up to see where these animal tracks are and 
that will… 
…those trails are where those animals are? We 
don't have any… 
 
 

Temporal (flight planning): 
Winter (tracks) 

 “Food” …Summer for food, water quality, shelter. 
Summer and spring. Basically, all four seasons, 
because there are different medicines that we 
pick. So, like I said because we don’t actually 
know what’s in there. So, without actually ground 
truthin it, we really don’t know what vegetation is 
in there… 
 
*All other responses for this category have been 
applied in other sections, overlapping with 
references with other words 

Temporal (Flight planning): 
All four seasons 

PR = previous referenced 
*MIR = More Information Required, refers to incomplete information 
** CICES focuses on values solely for human interactions, however absent from all versions is consideration for 
values as connected to plant, animal needs.  
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Appendix Mi: Insights generation for FAC planning using Word frequency and 

clustering for participant MM. 
 P

la
n

n
in

g
 

c
a

te
g

o
ry

  

Theme 

Disruptions and Impact Cultural Landscape Flora 
and 
Fauna 

General  Identity  Connect
ion 

Flora 
Fauna 

General Identity Connecti
on 

N/A 

Communication Planning 

Communic
ation need 

        

Communic
ation 
purpose 

 disruptio
n in 
continuit
y of 
knowled
ge 

Identifica
tion of 
interactio
ns 
between 
ecosyste
m 
features 

- 
landscape 
scale 
impact 
from 
ecosyste
m loss 

Defining 
features of 
a cultural 
landscape, 
acknowled
ging value 
and 
importanc
e of 
natural law 

 Specific 
points to 
focus on 
at the 
onset of 
baseline 
creation 
(to be 
grown 
over time 
as 
knowledge 
is added). 

 

Audience Industry 
decision 
makers 

   Industry 
stakeholde
rs, 
Industry 
involved in 
modificatio
n to area 
of land, 
Industry 
causing 
impact to 
ecosystem
, must be 
able to be 
understoo
d by 
Elders 

Leadership 
of 
community
, industry 
decision 
makers 

  

Driver 
(DPSIR) 

 - Cutting 
within 
areas of 
spiritual 
significa
nce that 
tradition
ally 
require 
protectio
n 

   Limitations 
in 
protection 
measures 
that do not 
account for 
Ojibway 
family 
(ancestral) 
connection 
to land 
 

growing 
population 
increasing 
resource 
extraction 

 

Pressure 
(DPSIR) 

Road 
building 
(drainag
e), 
equipme
nt 

     resource 
extraction 
affecting 
subsistenc
e-based 
practices, 
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Removal 
of 
ecosystem 
features 

Response 
(DPSIR) 

-areas 
permissi
ble for 
roads 
and 
banks 
 

-
determi
ne 
conditio
ns 
affecting 
adjustm
ent to 
cutting 
plan 

  Education 
for 
industry on 
relationshi
p with 
mother 
earth 
(skukimikw
e) in area 
of concern 
*MIR 
perception
s of 
connection 
- 
Education 
for 
industry on 
difference 
in values 

  Creation 
of 
corridors 

State 
(DPSIR) 

-
monitorin
g 
*MIR 
monitorin
g of what 
-
topograp
hy 
 

- 
baseline 
habitat, 
medicin
es 
*MIR, 
particula
r 
animals, 
particula
r 
medicin
es, 

-refuge 
for birds 

- Tree 
canopy 
*MIR, 
function 
of canopy  
 

   baseline 
(vegetati
on) 

Impact 
(DPSIR) 

‘weakeni
ng’ of 
previous 
CICES 
values 

 bird 
habitat, 
food for 
fish and 
other 
animals  
*MIR 
other 
animals 
in habitat 
 

-to 
watershe
d 
-potential 
loss to 
Wind 
buffering 
- Habitat 
loss, wet 
areas 
drying 
- Algae 
buildup 

 Vegetation 
*MIR: 
Particular 
vegetation 

Loss of life 
(due to 
removal of 
medicine, 
food, 
shelter) 

Vegetati
on *MIR: 
Particula
r 
vegetatio
n 

Section 
(CICES) 

N/A 

Division 
(CICES) 

Group 
(CICES) 

     2.2.2.3 
(animals 
and fish) 

1.1.5.1 2.2.2.1-
3, 2.2.2.3 
(animals 
and fish) 

Class 
(CICES) 

1.1.5.1, 
1.1.6.1, 
2.2.1.2, 

1.1.5.1, 
1.1.6.1 
(both 

 -2.2.1.3, 
Class 

 3.2.1.2, 
3.1.2.3, 
4.2.1.1 

 2.2.1.4 
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2.2.5.1, 
3.2.2.1 
 

include 
plants 
and 
animals)
, 
2.2.1.1-
4, 
 

(CICES): 
2.2.5.1 
-2.2.1.4 

Class type 
(CICES) 
(Species, 
habitat, 
etc. of 
focus) 

  Birds, 
insects,  
MIR: 
Food 
types of 
species 

Frogs, 
snakes, 
watercour
ses 

   Maple 
trees, 
poplar 
 

Code 
(CICES) 

N/A 

Communic
ation form 

    Video    

Level of 
involvemen
t 

High        

Supplemen
tal info 
required 

- areas 
currently 
planned 
for new 
roads 

      canopy 
cover 
loss 
(impact) 

Flight Planning 

Area 
selection 

Matache
wan cut 
block 

   Areas of 
cut block 
along 
Montreal 
river 

sacred site 
(burial 
site), birth 
site of 
community 
member, 
between 
birth site 
and burial 
site 

: Between 
point of 
birth and 
burial site 
(=life, 
human 
perspectiv
e11) 
 

Areas 
beside 
visible 
water 
features, 
insect 
habitat 
(associat
ion) 

Temporal Extende
d time 
frame 

      seasonal 
(trees in 
full 
canopy 
and 
without 
canopy), 
when 
leaves 
are off 
trees, 
Winter 
(tracks), 
All four 
seasons 

Point of 
focus 

  creeks, 
watercou

- shelter 
for 

 : *MIR 
‘characteri

bird (e.g., 
owls), 

 

 
11There is a conceptual leap made in this point of area selection, however, the availability of a site where there is a 

point of birth as well as a recognized point of burial offers an opportunity to use the unique values (life in the 

context of ‘connection’ category) of one single representative to guide the definition of spatial boundaries within 

this particular communication theme.  
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rse, 
vegetatio
n 

animals 
*MIR – 
animals of 
focus 
-
Watercou
rses 

stics’ of 
cultural site 

animals 
(e.g., bats, 
insects), 
habitat 
(e.g., 
caves, 
streams 
and 
creeks), 
vegetation 

Analysis Planning 

Purpose   nutrient 
runoff 
potential, 
areas of 
potential 
fish 
habitat 

    tree 
species, 
area of 
canopy, 
availabilit
y of ES 
for 
communi
ty 
members 
*MIR 
categorie
s of 
needs by 
class 
type 
(CICES) 
 

Type N/A 

External 

Technique
s 

Software 
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Appendix N: Word frequency results for participant CY 

 

Word Length Count Weighted Percentage (%) Similar Words 

connects 8 16 2.90 connect, connected, connection, 
connects 

land 4 16 2.90 land 

something 9 12 2.17 something 

moose 5 10 1.81 moose 

reserve 7 10 1.81 reserve, reserves 

cutting 7 8 1.45 cut, cutting 

survive 7 8 1.45 survival, survive 

trees 5 8 1.45 trees 

bring 5 6 1.09 bring, bringing 

lived 5 6 1.09 lived, lives, living 

lost 4 6 1.09 lost 

needs 5 6 1.09 needed, needs 

people 6 6 1.09 people 

picking 7 6 1.09 pick, picking 

roots 5 6 1.09 roots 

sometimes 9 6 1.09 sometimes 

whole 5 6 1.09 whole 

anymore 7 4 0.72 anymore 

bear 4 4 0.72 bear, bears 

behind 6 4 0.72 behind 

birds 5 4 0.72 birds 

blueberries 11 4 0.72 blueberries 

changed 7 4 0.72 changed 

choose 6 4 0.72 choose 

clan 4 4 0.72 clan 

concern 7 4 0.72 concern 

disconnect 10 4 0.72 disconnect, disconnected 

family 6 4 0.72 family 

fields 6 4 0.72 fields 

forestry 8 4 0.72 forestry 

girl 4 4 0.72 girl 

gramma 6 4 0.72 gramma 

grampa 6 4 0.72 grampa, grampas 

hazelnuts 9 4 0.72 hazelnuts 

Indigenous 10 4 0.72 Indigenous 

lose 4 4 0.72 lose 

move 4 4 0.72 move 

picture 7 4 0.72 picture 
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place 5 4 0.72 place 

potatoes 8 4 0.72 potatoes 

shore 5 4 0.72 shore 

show 4 4 0.72 show 

spray 5 4 0.72 spray, spraying 

taken 5 4 0.72 taken 

talk 4 4 0.72 talk, talking 

track 5 4 0.72 track, tracked 

uncles 6 4 0.72 uncles 

aboveground 11 2 0.36 aboveground 

age 3 2 0.36 age 

alive 5 2 0.36 alive 
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Disruptions and 

impact of industry 

 

Disruptions and 

impact of industry 

Cultural Landscape 

 

Cultural Landscape 

Flora and Fauna 

 

Flora and Fauna 

Flora and Fauna 

 

Flora and Fauna 
Flora and Fauna 

 

Flora and Fauna 

Cultural Landscape 

 

Cultural Landscape 

Selected but not 

used due to 

saturation 

 

Selected but not 

used due to 

saturation 

Cultural Landscape 

 

Cultural Landscape 

Disruptions and 

impact of industry 

 

Disruptions and 

impact of industry 

Disruptions and 

impact of industry 

 

Disruptions and 

impact of industry Cultural Landscape 

 

Cultural Landscape 

Selected but not 

used due to 

saturation 

 

Selected but not 

used due to 

saturation 

Selected but not used 

due to saturation 

 

Selected but not used 

due to saturation 

Potential associated 

categories of communication 

theme   

Level of clustering 

examined. 
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Associated 
communication 
theme  

Examined 
word usage  

Useful associated responses Insight generated 

Disruptions and 
impact of industry 
(general) 

“Cutting” …like I said, when you cut it, you lose 
that story… 
…changed from all the forestry 
cutting….(PR) 
…I'd like to see how its changed, over the 
years.  with the cutting. Cuz there’s never 
been any like theres really no information 
out there about what was in there before 
except for the indigenous knowledge part. 
And a lot of elders, and actually I was told 
this by an elder, is they pass their 
knowledge down in their own family. And 
over the last 50 years because of 
genocide and everything thats been 
happening, a lot of families don't have 
that12,  
… Cutting. Oh that is a big concern (PR) 

Communication need: 
Pre/post cutting images 
Supplemental info: Aerial 
imagery of areas over time 
 

Disruptions and 
impact of industry:  
Connection 

“Spraying” …And of course you get a good thing of 
blueberries picking and youv'e been 
going there and then all of a sudden, they 
spray it, now you cant go there anymore. 
So now you have to find something 
further and you have to go further and 
further… 
 

Communication need: 
Addressing concerns over 
spraying, disconnection 
(familiar/unfamiliarity) driven 
by spraying 
 
(DPSIR) Pressure: spraying 
on land 
 
(DPSIR) Impact: harvesting is 
moved to unfamiliar areas 

 “Spraying” …is a big concern. The spraying is a big 
concern. The taking up of land. The more 
and more that you build on the land and 
the more and more less land that you 
have for nature itself to grow. 

(DPSIR) Pressure: 
development on land 
 

 “Trees” (added) …up. And youre not seeing trees all 
around there anymore. Youre… 

(DPSIR) Impact: safe areas 
for continuing traditions 
become smaller and smaller 

Disruptions and 
impact of industry:  
Identity 

“Blueberries”  …get a good thing of blueberries picking 
and youv'e been going…(PR) 
 

Communication need: Areas 
where harvesting traditions 
are disrupted 
 
POI: Blueberries 
 
Area selection: Areas of 
blueberry harvesting at 
risk/not at risk of spraying 

Disruptions and 
impact of industry:  
Flora and Fauna 

“People” 
(added) 

…Not just what they want, what we want. 
I think that’s why I'm trying so hard just to 
get a baseline.  Get something that we 
can work with and work up the ladder 
with. So that’s my job. You know? Is to let 
people know where we are. Like what’s 

Communication need: 
community owned and 
managed baseline inventory, 
pro/post cut/spraying 
imagery, forestry activities 
and pratices which are 

 
12 This point indicates guidance for selection of participants in the case of community consultations: 

representatives on the basis of family 
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on the land. And what theyre doing to it. 
Because a lot of people don't know what 
theyre doing to it. So its like I'm a 
messenger. Not just for indigenous 
people. For everyone.  

favorable/unfavorable to 
community 

 “Aboveground” 
(added) 

…if I wanted to create a story about that 
land back there it would be a story of how 
it all connects, how it all connects 
underground, aboveground and I could 
go out on that land and I'd have 
everything Id need, like I would survive 
because everything’s out there. Your 
food, your medicines, your shelter…. 
 

Communication need: 
Addressing connection, 
including people as part of 
that connection 
 
CICES (class) Wild plants 
(terrestrial and aquatic, 
including fungi, algae) used 
for nutrition (code) 1.1.5.1 
(class) Fibres and other 
materials from wild plants for 
direct use or processing  
(excluding genetic materials) 
(code) 1.1.5.2 (class) Non-
mineral substances or 
ecosystem properties used 
for nutritional purposes 
(code) 4.3.2.1 

 “Blueberries” …used to be really big. Blueberries we 
used to pick all (PR)… 

Communication need: 
baseline monitoring of 
blueberry plant quality 
 
(DPSIR) Impact: Changes in 
blueberry plant quality  

Cultural 
Landscape 
(general) 

“Potatoes” …My grandmother, even my aunt 
Jeanette used the roots from the trees all 
through there. Especially in the wetter 
areas, they’d use the roots to sew their 
stuff. My gramma, we'd go along the 
waterway and we'd stop for lunch on the 
shore, she would plant potatoes. 
Everywhere we went. So there’s areas all 
over here. And not even just on the 
shore, even out on the trails right?  So 
that’s where we would go to camp all the 
time or to have a lunch or supper or 
something we would always have 
potatoes. And my dad used to tell me that 
and my grandpa's… 

CICES (class): Fibres and 
other materials from wild 
plants for direct use or 
processing  (excluding 
genetic materials) (code) 
1.1.5.2 (class) Characteristics 
of living systems that are 
resonant in terms of culture 
or heritage (code) 3.1.2.3  
 

 “Connects” …story of how it all connects, how it all 
connects underground, aboveground and 
I could…(PR) 

 

Cultural 
Landscape: 
(Identity) 

“Connect” …and that’s why I try to bring youth into 
what I'm doing because I'm teaching 
myself, a lot. Of getting back to my roots. 
I come back, I used to come back to visit, 
but I've lost that connection. And even 
that connection with my clan I guess my 
reserve. So there’s a lot of us that are 
outsiders that feel like we're outsiders 
because we either had to be taken away, 
or we were taken away, or you know we 
didn't have that opportunity to stay in one 
place and utilize that land. So you kind of 
feel disconnected and lost sometimes. 
But when I'm in the bush though, I don’t, I 

CICES (class) Characteristics 
or features of living systems 
that have an option or 
bequest value (code) 3.2.2.2 
Communication need: 
Address how ‘stripping’ of 
land perpetuates trauma of 
being disconnected from 
identity (all dimensions of), 
justified protection for 
features of land that are 
desirable for land based 
traditions.   
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feel connected. I feel like Ok, its coming 
back. But I dont have those, My elder 
family members, like I have aunts and 
uncles and that but they all have their 
own lives too and the uncles and that that 
I did connect to when I was a child, theyre 
gone also. So coming back to the land is 
hard Its hard for us. And then when they 
strip it like this, it even makes it harder 
because then we dont recognize it. So 
trying to get that connection back…. 

 “Family” 
(added) 

…At one time, I don't know, maybe I 
came blueberry picking in here and I had 
a really good experience with my family.  
and there is areas that I know like back in 
the day with my mom and dad like we 
used to go all through those areas 
because that was all harvested before 
when I was a little girl. That was all 
harvested back there. It would be a whole 
family day. We'd go out into the bush, 
we'd have our tomato sandwiches shed 
make all our stuff right on the hood of the 
truck, you know, so it was like a 
communication going out and in these 
areas. You could do your picking, or do 
your fishing… 
 

POI: Blueberries 
Communication need: 
Supporting symbiism with 
forestry operations and 
blueberry picking   
CICES (class) Wild animals 
(terrestrial and aquatic) used 
for nutritional purposes 
(code) 1.1.6.1 (class)  
Characteristics of living 
systems that enable scientific 
investigation or the creation 
of traditional ecological 
knowledge (code) 3.1.2.1 

Cultural 
Landscape 
(Connection) 

“Potatoes” …I was gone for a long length of time, so 
when I was a little girl, I think it benefitted 
me because I was learning how to 
survive, I was out with my dad, I was out 
with my grandpa, or my gramma, out here 
so I knew things like to leave something 
behind like the potatoes right? Or just 
little things like that. Leave something 
behind. Or you know, what sounds to 
listen for or what to look for in the bush to 
see maybe if theres a bear around, or 
something like that right?... 

CICES (class) Characteristics 
of living systems that enable 
education and training (code) 
3.1.2.2 

Flora and Fauna “Aboveground” …if I wanted to create a story about that 
land back there it would be a story of how 
it all connects, how it all connects 
underground, aboveground and I could 
go out on that land and I'd have 
everything Id need, like I would survive 
because everythings out there. Your food, 
your medicines, your shelter…. (PR) 

 

 “Moose”  
…Like my dad used to go in the bush all 
the time, so he would go in there and he 
would know exactly everything that’s in 
there. Its just the way he was, he would 
never get lost in the bush. So like I said, 
when you cut it, you lose that story 
because you lose your path, to get to it. 
You know like there’s areas back there 
that I wouldn't even know how to get to 
moose mountain because it has so 
changed from all the forestry cutting… 

Area selection: Moose 
mountain, areas of expressed 
family significance from 
interactions with elders 
 
Communication need: 
Finding areas with historic 
family significance which are 
now difficult to find 
 
(DPSIR): Pressure: Forestry 
cutting 
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…I don't understand, like, I couldn't 
choose what I'd want to destroy in that 
forest, because everything is needed for 
another thing to live  right? Your trees 
need your roots, they need your 
understories, and the ground, nice and 
healthy and rich right? And your animals 
needs shoots and stuff to come up, your 
littler ones needs to be able to get under 
the cover, you know, your moose and that 
need to be able to hide through different 
areas. When theyre right in the open, 
theyre like easy targets. for the bears, 
and especially for the wolves... 
…And my dad had moose all back 
through there. Trapping. That is my 
grampas area. By my grampa and my 
grandmother. They lived up here. Literally 
lived up here…  
…I started coming back for a couple of 
years before my dad died. And he was 
bringing me back out on the land and like, 
he would show me how to track a moose 
right? So we tracked the moose, for like 
over half an hour with not even any blood. 
He would show me just those little slight 
prints in the moss you know? That kind of 
stuff. And how to move  you know in the 
bush. And how to just be still. Sometimes 
and just listen. And he would say, he 
would tell you what you need to know. 
“It’ll give you your direction" type things… 
…right? So we tracked the moose, for like 
over half an… 

(DPSIR) Impact: 
Disorientation and causing 
difficulty in maintaining 
teachings of elders 
 
Communication need: 
Justification for how to 
approach ‘destruction’ of 
features within a forest during 
the process of extraction, 
understory composition, soil 
‘richness throughout areas of 
cutting, Identification of areas 
of new growth, characteristics 
of understory cover for ‘small 
animals’, identification of 
areas for moose to ‘hide’ 
(closed areas) 
 
POI: Areas of new growth, 
areas of dense cover, areas 
within or surrounding areas 
selected where moose are 
hunted 
 
Area selection: Areas 
surrounding where family 
lived 
 
Supplemental info: Point 
where family lived 
 
Communication need: 
Protection of areas for moose 
hunting for reconciliation of 
loss of traditions.  
 
 
CICES (class) Characteristics 
of living systems that enable 
education and training (code) 
3.1.2.2 (class) Wild animals 
(terrestrial and aquatic) used 
for nutritional purposes 
(code) 1.1.6.1 (class) 
Maintaining nursery 
populations and habitats 
(Including gene pool 
protection) (code) 2.2.2.3 
(class)  Decomposition and 
fixing processes and their 
effect on soil quality (code) 
2.2.4.2  

 “Trees” …thing to live  right? Your trees need 
your roots, they need… 
…in and get all the trees at once.. You 
know what… 
…so you cut this area, and you leave this 
area, and then when this grows up, then 
you cut this area, and its like a step. Ya, 
its much better, but it wouldn't be good for 

Communication need: 
Provision of starting points for 
building inventory of species 
in areas of concern, 
examples of favorable types 
of forestry operations 
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them. They wouldn't like it because they 
wouldn't be able to go in and get all the 
trees at once.. You know what I mean, its 
almost like a strip cutting, you cut straight 
down so many hectares and before you 
cut near the road. You wait for that to 
grow up. And you can see if on 65. You 
can actually see it. It looks good in there 
…the blueberries come up so good. And 
they used to be really big. Now you dont 
see them that way. Theyre much smaller 
now, theyre like this now. They used to 
be really big. Blueberries we used to pick 
all back there. Hazelnuts galore, there 
was tons of hazelnuts. And there was lots 
of birch trees. And the birch trees 
 
 

Area Selection: Hwy 65 
forestry cut  
Supplemental info: Location 
of ‘step’ cut on hwy 65 
 
Communication need: 
Identification of areas with 
blueberries, hazelnuts, bitch 
 
POI: blueberries, hazelnuts, 
birch 
 
CICES (class) Wild plants 
(terrestrial and aquatic, 
including fungi, algae) used 
for nutrition (code) 1.1.5.1 
(class) Characteristics or 
features of living systems that 
have an existence value 
(code) 3.2.2.1 (type) birch 

 “People” 
(added) 

…Not just what they want, what we want. 
I think that’s why I'm trying so hard just to 
get a baseline.  Get something that we 
can work with and work up the ladder 
with. So that’s my job. You know? Is to let 
people know where we are. Like what’s 
on the land. And what theyre doing to it. 
Because a lot of people don't know what 
theyre doing to it. So its like I'm a 
messenger. Not just for indigenous 
people. For everyone.  
 
 

Communication need: 
community owned and 
managed baseline inventory, 
pro/post cut/spraying 
imagery, forestry activities 
and pratices which are 
favorable/unfavorable to 
community 

PR = previous referenced 
*MIR = More Information Required, refers to incomplete information 
** CICES focuses on values solely for human interactions, however absent from all versions is consideration for 
values as connected to plant, animal needs.  
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Appendix O: Word frequency results for participant EJ 

 

Word Length Count Weighted Percentage (%) Similar Words 

cutting 7 48 8.45 cut, cut', cutting 

trees 5 22 3.87 tree, trees 

trapping 8 16 2.82 trap, trapping, traps 

close 5 10 1.76 close 

creek 5 10 1.76 creek, creeks 

start 5 10 1.76 start, started, starting 

husband 8 8 1.41 husband 

place 5 8 1.41 place, places 

planted 7 8 1.41 plant, planted 

beaver 6 6 1.06 beaver, beavers 

lake 4 6 1.06 lake 

land 4 6 1.06 land 

maps 4 6 1.06 mapped, maps 

moose 5 6 1.06 moose 

needed 6 6 1.06 needed, needs 

showed 6 6 1.06 show, showed 

together 8 6 1.06 together 

wood 4 6 1.06 wood 

backing 7 4 0.70 backing 

balsam 6 4 0.70 balsam 

earth 5 4 0.70 earth 

elders 6 4 0.70 elders 

everybody 9 4 0.70 everybody 

fox 3 4 0.70 fox 

ground 6 4 0.70 ground 

landfor 7 4 0.70 landfor 

line 4 4 0.70 line, lined 

pile 4 4 0.70 pile, piles 

poplar 6 4 0.70 poplar, poplars 

road 4 4 0.70 road 

rot 3 4 0.70 rot 

seed 4 4 0.70 seed 

spray 5 4 0.70 spray 

supposed 8 4 0.70 supposed 

tom 3 4 0.70 tom 

upset 5 4 0.70 upset 

whole 5 4 0.70 whole 

aerial 6 2 0.35 aerial 
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alive 5 2 0.35 alive 

ancestors 9 2 0.35 ancestors 

animals 7 2 0.35 animals 

antlers 7 2 0.35 antlers 

argyle 6 2 0.35 argyle 

beside 6 2 0.35 beside 

bigger 6 2 0.35 bigger 

birds 5 2 0.35 birds 

blocks 6 2 0.35 blocks 

brother 7 2 0.35 brother 

brush 5 2 0.35 brush 

buffer 6 2 0.35 buffer 
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Associated 
communication 
theme  

Examined 
word 
usage 

Useful associated responses Insight generated 

Disruptions and 
impact of 
industry 
(general) 

“Cutting” …we don’t want them to cut in our trap ground 
no… 
…Because last year was when they did it. My 
mom was buzzed by it. You know i haven’t 
really, because they went back and they said 
they were going to do just, there was a place by 
tom fox lake that needed to be cut. SO ok, I said 
yes, but I did not know what they did… 
 
...The first year they were good, but then they 
were to another place that came down and 
around to another place and made a winter cut. 
And that was not mentioned to us. So then when 
they went back again to cut the things where the 
big cut is now, there was some timber that they 
needed to get by tom fox lake and then later on 
they went up and they went to whitefish creek  
and started there and cutting and then they just 
went towards, where, I'll say, East. They just... 
and that’s where. I just went there last week 
that’s when I saw the whole big cutout. I was like 
oh my god.  I was gonna take my 4 wheeler and 
go for a good ride and check it right all out. 
There’s not going to be nothing to trap there for 
awhile  
…You know we need these trees to keep us 
alive and if they cut everything down and then 
they don’t go planted but they want these trees. 
The ..con..con...conifers. The pop, they want 
poplars. Well, what do they make out of poplar? I 
don't know. But theyre cutting down birch trees. 
Theyre cutting down cedar trees. Theyre cutting 
down balsam trees. And I don't know what they 
use the balsam for. Because I don't even think 
its good firewood. So I don't know. I think they 
make lures out of that one maybe. You know, 
floating lures? Ya but they cut them down when I 
go travelling after theyre finished cutting, and its 
left there to rot  So that’s what I get upset about. 
I don’t know why did they cut it if theyre just 
going to leave it there to rot?  I remembers 
Donny Millen, that was Martins brother when he 
came round he went up and he saw the parts 
towards the big piles and all the wood that was 
left and he was complaining about it then, but 
nobody did nothing. Nobody did nothing. 
Because our ancestors, or the older people 
looked after the earth. But it just happenned with 
too much cutting and all this pollution and 
everything goin’ around… 
 

Communication need: 
Support for additional 
restrictions on cutting in trap 
grounds, monitoring of 
cutting activities for elders 
and those practicing land 
based traditions, 
identification of cedar, birch, 
balsam trees in areas of 
interest, 
identification/volume of 
abandoned wood 
Area selection: Tom Fox 
Lake, areas surrounding 
trapgrounds 
Supplemental info: 
significance of cedar, birch, 
balsam 
CICES (class) 
Characteristics or features of 
living systems that have an 
option or bequest value 
(code) 3.2.2.2. (class) 
Characteristics or features of 
living systems that have an 
existence value (3.2.2.1) 
POI: Wood piles 
(abandoned), fresh cuts, 
birch/cedar/balsam stands 
Driver: Forestry operations 
Pressure: miscommunication 
and misunderstanding about 
area and techniques for 
cutting operations 
Impact: Loss of wildlife for 
trapping 
Response: Monitoring of 
areas being cut, education to 
elders about forestry 
techniques being used in 
areas of cutting, predictive 
modeling in areas of 
proposed cutting that 
overlaps with areas of 
traditional practices 
 

 “Planted” … say that they don’t plant until 2 years after, so 
why, you can see all the poplars comin up. Then 
they gonna come and they gonna spray that, kill 
the poplar, and then plant the trees like, don’t 
make sense. Way back when they used when 
the contractor when in, they cut all the trees, 
they would they got the money to plant it, they 

Communication need: 
Continuous 
updating/educating on 
forestry techniques and 
justifications, support for 
alternatives to spraying 
(employment) 
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would plant it right away. They’d scarify it and 
then plant it right away. And then before they 
started sprayin’, the used to do hand release like 
hire so many people to go out and clean around 
the trees. And i don't know if its cheaper gettin 
the helicopter because that costs a lot of money I 
think. I think it take more money then just if hire 
some people to go out and get them.  
 

*MIR reason for switch to 
spraying 

Disruptions and 
impact of 
industry:  
Connection 

“Planted” …we need these trees to keep us alive and if 
they cut everything down and then they don’t go 
planted but they want these trees. 
The ..con..con...conifers. The pop, they want 
poplars. Well, what do they make out of poplar? I 
don't know. But theyre cutting down birch trees. 
Theyre cutting down cedar trees. Theyre cutting 
down balsam trees…(PR) 
 

Supplemental information: 
significance of birch, cedar, 
balsam 
 
*MIR Use for trees taken by 
forestry indusrty 

Disruptions and 
impact of 
industry:  
Identity 

“Cutting” …That’s where we used to live in the point 
across there. We were kids then. Well the trees 
were small then too and all that. And my brother, 
they used to make a  big trail where they used to 
run around. This is where that, one time my they 
were calling moose and my brother jim was 
outside listening and my sister susie was there 
too, and when they heard the moose coming she 
ran in the house and locked the door and my 
brother was outside. He said well that was 
something. See that’s where theyre starting the 
cut. This is what they did here, but its not the 
worst of it. There’s over there there’s no trees 
standing. This is where they came to cut, and we 
though they were only gonna stay there, but no 
they went down…. 

Spatial indicator (line): 
Distance of moose call 
(point) point of cabin 
POI: Areas within the radius 
of a moose call surrounding 
cabin 
Pressure: Cutting particular 
areas that were 
communicated as being left 
alone 
Impact: Moose *MIR How 
Communication need: 
monitoring of cutting 
activities for elders and 
those practicing land based 
traditions, 
 

Disruptions and 
impact of 
industry:  
Flora and Fauna 

“Cutting” …There’s too much of these trees comin’ back 
when they cut then all these guys, that’s 
plantation. Now the way theyre cutting today, its 
totally different. They got different directions. 
This goes right up behind the reserve. They 
made this road the time they went to cut the 
head of the lakes. When they cut up there I was 
workin’ for the reserve, then we were planting 
trees, so I brought a whole bunch up there and 
we planted up there. See where there’s brush 
growin’, those little things, that’s where they 
musta had their wood pile. Jack pines further 
back. And then these guys, but that’s good, 
cherry trees are good too its a medicine. I think 
maybe they aerial seed this?  So when they do 
that, you’ll notice that all the trees are too close 
together... 
 
…This is where they cut before here. And its 
gonna be down close to the creek there. And this 
one my huspband was really upset becuase they 
cut right on top, theyre not supposed to go 
beside the creeks, they had a buffer line to stay 
eh? Well this one went right on top to the beaver 
house and cut a tree right there and its right 
close to the lake. The creek….  

POI: Areas of aerial seeding, 
Areas of cutting close to 
watercourses 
Supplemental info: Areas of 
aerial seeding, buffer 
requirements 
Driver: Forestry operations 
Pressure: miscommunication 
and misunderstanding about 
area and techniques for 
cutting operations 
Impact: Loss of wildlife for 
trapping 
Response: Monitoring of 
areas being cut, education to 
elders about forestry 
techniques being used in 
areas of cutting, predictive 
modeling in areas of 
proposed cutting that 
overlaps with areas of 
traditional practices 
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…They give you 400'. Now they’re getting’ down 
to almost no buffer at all. Right at the head of the 
lakes on the reserve theyre way up past 
WAubasin Radisson Lake. They cut right down 
to the lake because nobody’s up there to see it. 
And right now all these contractors that are 
coming out cutting, there’s nobody from the 
ministry whose coming and checking. They don’t 
come and check...  

 “Planted” …That I'm positive wasn't planted becasuse 
theyre too close together…(PR) 

Communication need: 
Characteristics of forest 
regrown using different 
techniques of reforestation 

 “Animals” 
(added) 

…I can go in the bush and stand there, and you 
don’t hear nothin’. Nothing. We used to go in the 
bush we could hear birds, everything you know, 
squirrels, but now, you can go to some places 
where they spray, you dont hear nothing. I dont 
think that sprayin’ is very good its getting’ the 
animals sick…. 

Communication need: 
elimination of spraying 

 “Wood” …he came round he went up and he saw the 
parts towards the big piles and all the wood that 
was left and he was complaining about it then, 
but nobody did nothing…  

POI: Piles of abandoned 
wood 

 “Spray” …to some places where they spray, you dont 
hear nothing. I…(PR) 
…gonna come and they gonna spray that, kill the 
poplar, and…(PR) 

communication need: 
alternatives to spraying 

Cultural 
Landscape 
(general) 

“Ancestors” …My message is we got to start lookin’ after 
mother earth. That’s what we have to do. 
Because our ancestors, or the older people 
looked after the earth. But it just happened with 
too much cutting and all this pollution and 
everything goin’ around. When we were younger, 
say that’s moose mountain up there, we could 
walk up there and we didn't have to take a thing. 
We could stop at a creek someplace and drink 
water. You can’t do that no more because its just 
too…. 

CICES (class) 
Characteristics of living 
systems that enable 
scientific investigation or the 
creation of traditional 
ecological knowledge (code) 
3.1.2.1 (class) Surface water 
for drinking (code) 4.2.1.1 
(class) Characteristics of 
living systems that that 
enable activities promoting 
health, recuperation or 
enjoyment through active or 
immersive interactions 
(code) 3.1.1.1 
 
Area selection: moose 
mountain 
 
Communication need: 
Encouraging deeper 
listening to elders 

 “Trapping”  …we got it, Everybody went trapping. Except the 
daughter. She was… 
my husband showed them the traps and the 
trails were to…(PR) 
…wont cut around where your trap, you know? 
The first year..(PR) 
…going to be nothing to trap there for 
awhile…(PR)  
…This is our trap ground in there. There’s 
a…(PR) 

communication need: 
monitoring on cutting and 
forestry operations, 
education on forestry 
operations 
 
POI: Pre/post cutting 
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 “Elders: …there’s where they cut some stuff in and you 
look at it and why, what are they doin’ with the 
birch? Theyre selling it to people for firewood. 
And I'm just concerned, I was out camping out 
with a bunch of the youth and the elders were all 
there and we started talkin and thats when we 
said, we have to start doin something. You know, 
nobody else seems to want to be doing anything 
and we wanted to meet with the chief and 
council, we need their backing. We cant do it, 
just the elders. You know, we need their 
backing…  

 
Audience: Support for 
knowledge of elders in order 
to educate chief and council 
 
POI: Birch 
 
Communication need: 
Identification of all birch 
stands within a forestry cut 
block 

Cultural 
Landscape: 
(Identity) 

“Trapping …spot that we're headgin’ to is argyle, down 
beaudais road. Its Argyle and I think it goes into 
a little bit of Bayden too. That’s behind the 
reserve. And that ground that were having this 
dispersal ground, is 33, it was my grandmothers. 
And then it just got and now I got it. But I haven’t 
been trappin in the last couple of years because 
all we do is get nuisance beavers up by the road, 
and we have to trap them in the summertime and 
we're doin’ MTO's work. LIke opening up the 
calls. And I said no no no I'm not doin’ that. Its 
hard. So I think, anyways, that why we haven’t 
been, I'd say 2 years that we haven’t gone 
trapping for landfor cuz we said what’s the use. 
We're not getting many now anyways because 
the landfor needs trees… 
 

Area selection: Cut block 
that overlaps with 33 trap 
ground 
 
Impact: Disappearance of 
landfor 
 
POI: areas of trees suitable 
for landfor  
Supplemental info needed: 
characteristics of trees 
suitable for landfor 
 
Impact: consideration of 
beavers as a nuisance to 
infrastructure 
 
DPSIR Response: externally 
driven employment is 
unsuitable 

 “Moose” …because we went out, my whole family to go 
get a moose. I kept phoning my son and I said 
Dan, I know theyre there, but theyre playin with 
me, I said I cant get em. So my oldest son, the 3 
sons came out and my daughter came with me 
and we got that moose. It was not the one that I 
always saw, it was a bigger one… 
…we were younger, say thats moose mountain 
up there, we could…(PR) 

Communication need: 
Protection of habitat for 
moose, protection of areas 
for land based traditions 
(moose) 

Cultural 
Landscape 
(Connection) 

“Planted” 
(added) 

…we need these trees to keep us alive and if 
they cut everything down and then they don’t go 
planted but they want these trees… 

CICES (class): 
Characteristics or features of 
living systems that have an 
option or bequest value 
(code) 3.2.2.2 

Flora and Fauna “Animals” …I can go in the bush and stand there, and you 
don’t hear nothin’. Nothing. We used to go in the 
bush we could hear birds, everything you know, 
squirrels, but now, you can go to some places 
where they spray, you don’t hear nothing. I dont 
think that sprayin’ is very good its getting’ the 
animals sick….(PR) 

Communication needs: 
Identification of suitable 
habitat for birds,  
 
POI: habitat for birds, tree 
dwellers 
 
Communication form: Audio 
to accompany any video of 
each area 
Supplemental material: 
Audio recordings of areas in 
imagery 

 “Blocks” …This is our trap ground in there. There’s a road 
up there. That’s where they are. See this is 

POI: Ridges 
 



180 

 

where theyre going to cut too back here, its one 
of the blocks. That was my old grandfathers, 
when her huspband started makin’ a trail in there 
and I came and he was in the bottom and I said 
oh you should be on the ridge because that’s 
what they do, when they make trails, they stay 
on the ridge… 

Communication need: 
Identification of ridges 
 

 “Moose” N/A 
 
 

 

 “Landfor” …we haven’t gone trapping for landfor cuz we 
said what’s the… (PR) 
…many now anyways because the landfor 
needs trees… 

POI (precut): continuous 
stands of trees (corridors) 
 
Impact: Loss of landfor 
 
Communication need: 
protection of landfor habitat  
Supplemental info: 
characteristics of landfor 
habitat 

 “Planted” 
(added) 

…That I'm positive wasn't planted becasuse 
theyre too close together…(PR) 

Communication need: 
Characteristics of forest 
regrown using different 
techniques of reforestation 

PR = previous referenced 
*MIR = More Information Required, refers to incomplete information 
** CICES focuses on values solely for human interactions, however absent from all versions is consideration for 
values as connected to plant, animal needs.  

 

 

P
la

n
n

in
g

 
c
a

te
g

o
ry

  Theme 

Disruptions and Impact Cultural Landscape Flora and 
Fauna 

General  Ident
ity  

Connecti
on 

Flora Fauna General Identity Connecti
on 

N/A 

Communication Planning 

Communic
ation need 

Support for 
additional 
restrictions on 
cutting in trap 
grounds, 
monitoring of 
cutting 
activities for 
elders and 
those 
practicing 
land-based 
traditions, 
identification 
of cedar, 
birch, balsam 
trees in areas 
of interest, 
identification/v
olume of 
abandoned 
wood; 
Continuous 
updating/educ

 monitorin
g of 
cutting 
activities 
for elders 
and those 
practicing 
land-
based 
traditions, 

Characteristi
cs of forest 
regrown 
using 
different 
techniques 
of 
reforestation; 
elimination 
of spraying; 
alternatives 
to spraying;  

Encouragi
ng deeper 
listening 
to elders; 
monitoring 
on cutting 
and 
forestry 
operations
, 
education 
on 
forestry 
operations
; 
Identificati
on of all 
birch 
stands 
within a 
forestry 
cut block 

Protection 
of habitat 
for moose, 
protection 
of areas 
for land-
based 
traditions 
(moose 

 Identificati
on of 
suitable 
habitat for 
birds, 
Identificati
on of 
ridges; 
protection 
of landfor 
habitat; 
need: 
Characteri
stics of 
forest 
regrown 
using 
different 
techniques 
of 
reforestati
on 
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ating on 
forestry 
techniques 
and 
justifications, 
support for 
alternatives to 
spraying 
(employment) 
*MIR reason 
for switch to 
spraying 
 

Communic
ation 
purpose 

        

Audience     Support 
for 
knowledg
e of elders 
to educate 
chief and 
council 

   

Driver 
(DPSIR) 

Forestry 
operations 

  Forestry 
operations 

    

Pressure 
(DPSIR) 

miscommunic
ation and 
misunderstan
ding about 
area and 
techniques for 
cutting 
operations 

 Cutting 
particular 
areas that 
were 
communic
ated as 
being left 
alone 

miscommuni
cation and 
misundersta
nding about 
area and 
techniques 
for cutting 
operations 
 
 
 

    

Response 
(DPSIR) 

Monitoring of 
areas being 
cut, education 
to elders 
about forestry 
techniques 
being used in 
areas of 
cutting, 
predictive 
modeling in 
areas of 
proposed 
cutting that 
overlaps with 
areas of 
traditional 
practices 

  Monitoring of 
areas being 
cut, 
education to 
elders about 
forestry 
techniques 
being used 
in areas of 
cutting, 
predictive 
modeling in 
areas of 
proposed 
cutting that 
overlaps with 
areas of 
traditional 
practices 
 

    

State 
(DPSIR) 

        

Impact 
(DPSIR) 

  Moose 
*MIR How 

Loss of 
wildlife for 
trapping 

 Disappear
ance of 
landfor; 
considerat
ion of 
beavers 

 Decrease 
in 
population
s of 
landfor 
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as a 
nuisance 
to 
infrastruct
ure 

Section 
(CICES) 

        

Division 
(CICES) 

        

Group 
(CICES) 

        

Class 
(CICES) 

Characteristic
s or features 
of living 
systems that 
have an 
option or 
bequest 
value; 
Characteristic
s or features 
of living 
systems that 
have an 
existence 
value 
 

   Characteri
stics of 
living 
systems 
that 
enable 
scientific 
investigati
on or the 
creation of 
traditional 
ecological 
knowledg
e; Surface 
water for 
drinking; 
Characteri
stics of 
living 
systems 
that that 
enable 
activities 
promoting 
health, 
recuperati
on or 
enjoyment 
through 
active or 
immersive 
interaction
s 
 

 Characteri
stics or 
features 
of living 
systems 
that have 
an option 
or 
bequest 
value 

 

Class type 
(CICES) 
(Species, 
habitat, 
etc. of 
focus) 

        

Code 
(CICES) 

3.2.2.2; 
(3.2.2.1) 

   3.1.2.1; 
4.2.1.1; 
3.1.1.1 

 3.2.2.2  

Communic
ation form 

       Audio to 
accompan
y any 
video of 
each area 

Level of 
involveme
nt 
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Suppleme
ntal info 
required 

: significance 
of cedar, 
birch, balsam 

 

 significan
ce of 
birch, 
cedar, 
balsam 
 
*MIR Use 
for trees 
taken by 
forestry 
industry 

Areas of 
aerial 
seeding, 
buffer 
requirements 

 characteri
stics of 
trees 
suitable 
for landfor 
 
 
 
 
 

 Audio 
recordings 
of areas in 
imagery; 
characteris
tics of 
landfor 
habitat 
 
 
 

Flight Planning 

Area 
selection 

Tom Fox 
Lake, areas 
surrounding 
trap grounds 

   moose 
mountain 

Cut block 
that 
overlaps 
with 33 
trap 
ground 

  

Temporal         

Point of 
focus 

Wood piles 
(abandoned), 
fresh cuts, 
birch/cedar/ba
lsam stands 

 Areas 
within the 
radius of 
a moose 
call 
surroundi
ng cabin 

Areas of 
aerial 
seeding, 
Areas of 
cutting close 
to 
watercourse
s; Piles of 
abandoned 
wood;  

Pre/post 
cutting; 
birch 

areas of 
trees 
suitable 
for landfor 
 

 habitat for 
birds, tree 
dwellers 
 
Communic
ation form: 
Audio to 
accompan
y any 
video of 
each area; 
Ridges; 
continuous 
stands of 
trees 
(corridors) 
 

Analysis Planning 

Purpose         

Type         

External         

Technique
s 

        

Software         

Spatial 
Indicator 

  (line): 
Distance 
of moose 
call (point) 
point of 
cabin 
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Appendix P: Word Frequency results for participant RL 

 

Word Length Count Weighted Percentage (%) Similar Words 

land 4 59 2.08 land, lands 

water 5 54 1.90 water, watering, waters 

farm 4 50 1.76 farm, farming, farms 

food 4 37 1.30 food 

community 9 35 1.23 communicate, communicated, 
communication, communications, 
community 

harvesting 10 33 1.16 harvest, harvestable, harvested, 
harvesting 

rivers 6 32 1.13 river, rivers 

plants 6 30 1.06 plant, planting, plants 

people 6 26 0.92 people, peoples 

winter 6 25 0.88 winter 

forest 6 23 0.81 forest, forested, forests 

carbon 6 21 0.74 carbon 

trees 5 20 0.70 tree, trees 

tracking 8 19 0.67 tracking, tracks 

project 7 18 0.63 project, projects 

funding 7 18 0.63 fund, funding 

master 6 17 0.60 master 

funders 7 16 0.56 funder, funders 

growing 7 16 0.56 grow, growing 

business 8 14 0.49 business, businesses 

happens 7 14 0.49 happen, happening, happened, 
happens 

neighbors 9 14 0.49 neighboring, neighbors 

spring 6 14 0.49 spring 

benefits 8 13 0.46 benefit, benefits, benefitting 

greenhouse 10 13 0.46 greenhouse 

help 4 13 0.46 help, helpful, helps 

herbs 5 13 0.46 herbs 

vegetables 10 13 0.46 vegetables, vegetation 

biodiversity 12 12 0.42 biodiverse, biodiversity 

focus 5 12 0.42 focus, focused, focuses, focusing 

managing 8 12 0.42 manage, managed, management, 
managing 

property 8 12 0.42 properties, property 

staple 6 12 0.42 staple, staples 

bills 5 11 0.39 bill, bills 

building 8 11 0.39 building, buildings, builds 
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resources 9 11 0.39 resource, resources 

soil 4 11 0.39 soil 

fall 4 11 0.39 fall, falling, falls 

acres 5 10 0.35 acre, acres 

camps 5 10 0.35 camp, camping, camps 

loan 4 10 0.35 loan, loans 

profit 6 10 0.35 profit 

question 8 10 0.35 question, questions 

start 5 10 0.35 start, starts 

protect 7 10 0.35 protect, protecting, protection, 
protects 

children 8 9 0.32 children 

day 3 9 0.32 day, days 

fields 6 9 0.32 field, fields 

living 6 9 0.32 living 

local 5 9 0.32 local 
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Potential 

associated 

categories of 

communication 

theme  

 

Potential 

associated 

categories of 

communication 

theme  

Responsible Stewardship 

 

Responsible Stewardship 

Water 

 

Water 

Responsible Stewardship 

 

Responsible Stewardship 

Reporting for funders 

 

Planning 

 Responsible Stewardship 

 

Responsible Stewardship 

Responsible Stewardship 

 

Planning 

 

Reporting for funders 

 

Reporting for funders 

Cluster not used 

due to lack of 

responses 

associated with 

this cluster 

 

Cluster not used 

due to lack of 

responses 

associated with 

this cluster 

Reporting for funders 
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Associated 
communication 
theme 

Examined 
word usage 

Useful associated responses Insight generated 

Planning (general) 
 

“Biodiversity” …the last 40 years until present it’s been a 
gradual gradual process of reclamation because 
we can see every year, the biodiversity where 
we are on this little section on this little 6 acres 
is getting richer and richer… 
 
…the big thing for us is that to steward the land 
in a really responsible way, and in a way that 
doesn't have to be, there doesn’t have to be 
any huge losses. So, its not either the land or us, 
what are we going to pick? Are we going to 
wreck the integrity of the soil and the 
biodiversity to make money or are we going, 
and I don't think we have to do that…  

Area selection: 6acres 
Communication need: 
biodiversity baseline 
 

 “Planning” …main farm area where we grow and all of the 
buildings… 
 
…like this is our main growing field that were 
trying to rehabilitate. And then there’s two 
small ones where we've been growing 
vegetables. Right there.  
 
…I think it’ll really great to have imagery of the 
infrastructure and where were trying to 
rehabilitate for food growing .... those are the 
areas that… 
 

Area selection: Main growing 
field on main farm 

 “Water” 
(added) 

...This farm master plan. That’s the huge thing 
for us. Right now. Its going to affect the way all 
the rest of the projects unfold. How the land is 
managed, that’s why the way the water moves 
around these properties is so important. Its 
important for the master plan…  
 

Communication need: 
identifying water movement 

Planning (Food 
security) 

 …the coop it that it will be a community owned 
not for profit. Essentially community owned. 
You know its not a free for all, but to give 
everyone an opportunity to have access if they 
want it. and food security. Local food security. 
We do not have local food security here. And 
that’s because of out climate. Its really difficult 
to do that, unless you have that knowledge… 

Communication need: 
Identification of areas for food 
growth (wild), protection of 
biodiversity in areas of food 
growth (wild), soil quality in 
areas where food is grown 
(cultivated) 

Planning (Plant 
Growth) 

 …Ya, the biodiversity is like Really because we 
also depend on that for like most of our 
medicinal stuff, a lot of food harvesting 
happens in those forests… 
 
…It comes back every year. The biodiversity 
comes back every year. And also, is always 
changing a little bit… 
 

CICES (class): Seeds, spores and 
other plant materials collected 
for maintaining or establishing a 
population (code): 1.2.1.1 
Temporal: Seasonal imagery 
 
 
POI: Areas where nutrients 
(from water) 
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…There’s no topsoil on most of the area, except 
where the water has been leading all of the 
nutrients to… 

 “Water” 
(added) 

…Bald eagles. So, for me, that indicates that 
there’s a lot of prey to be had. So that says 
something. A lot of it, for me has to do with 
watching animals move through the land. Also, 
because the river is tea colored. Or murky, you 
can’t always tell, but there’s so much life going 
on in that first 12' of water There’s just constant 
constant action. If you go down there and you 
just sit, there’s just so much action… 

CICES (class) By amount and 
dispersal agent (code) 2.2.2.2) 
(class) Maintaining nursery 
populations and habitats 
(Including gene pool protection) 
(code): 2.2.2.3 
 
Communication need, 
identifying areas of animal 
habitat 

 “Trees” …all the nutrients and water go down these 
ditches and you can see in the imagery that all 
of the trees and all of the new life are in these 
ditches now… 
 
…And also diseases in trees. So, this year we’ve 
noticed we’ve got some diseases in the Choke 
cherry trees where we've been doing 
landscaping and digging and stuff…  

Communication need: baseline 
of plant growth around ditches, 
identification of diseased trees  
 
POI: Choke cherry (disease) 

Reporting for 
funders (general) 

“Funders” …Better communicated with out funders, better 
communicate with community about… 
…our members. And funders, priority might be 
the funders because whatever we get that is 
directed towards a funder, we can use in our 
own stuff too. At least if it’s directed towards a 
funder, someone that doesn’t know anything… 

Communication purpose: 
teaching  

 “Tracking” …do some environmental and social tracking. 
So, the environmental tracking includes carbon 
and talking about carbon storage and how were 
going to improve that with the greenhouse by 
propagating food trees and propagating plants 
and natural plants and plants that are native to 
the area… (PR) 
 
… The plant and carbon tracking would happen 
on the 6… (PR) 
…time having to do indicator tracking so this is a 
big…(PR) 
…Water movement, carbon, and plant tracking  
species…(PR)  
…Ya. Marketing, Tracking, monitoring, and 
totally monitoring what’s… 

Communication need: Baseline 
monitoring of plant growth and 
associated carbon sequestration 
value 
 
CICES (class) Filtration/ 
sequestration/ storage/ 
accumulation by micro-
organisms, algae, plants, and 
animals (code) 2.1.1.2 

Reporting for 
funders 
(Environmental 
Economics) 

 …if we want to continue living and working on 
the farm and creating this not-for-profit and 
create a place where that can be used as an 
example of how things could work really well, I 
want to point out that that’s one of our big 
focuses right now is getting the soil, the soil 
needs to be rebirthed here. I think soil care I 
think another thing would be to point out which 
I kind of already have that I have a little 
business that I run all winter that kindof keeps 
things chugging along for the winter and that’s 

POI: Plants from greenhouse 
used on the fields 
 
CICES (class) Cultivated 
terrestrial plants (including 
fungi, algae) grown for 
nutritional purposes (code): 
1.1.1.1 (class) Mineral 
substances used for nutritional 
purposes (code) 4.3.1.1 
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based on all the herbs and different things that 
we forage in the summertime…  

 “Funding” …farm or the fair finance funding. we have to 
report on…(PR) 
 
… people who are in charge of handing down 
funding that make these things possible 
because whether we like it or not, its the 
funding that matters and youre not going to get 
the funding to do this type of work when the 
research isn't there… 
 
…a tool for applying for funding. Its a tool to 
help…(PR) 

Communication need: Clear 
information to assist with future 
funding 

 “Planning” 
(added) 

…through the winter. We always grow storage 
varieties and we sell… 
Responsibilities and also a zoning of all the 
different areas of the farm so we'd zone all the 
different areas. Like ok this is for growing, this is 
for foraging, this is for living. This is the 
resource area. This is the sawmill area. kindof 
like a municipal plan. But for the farm. So that 
12 members can refer to it on their own and 
don’t have to ask one person. Its a transparency 
tool. And a communication tool.  

Communication need: 
Identification and 
communication of areas for 
different purposes 
 
MIR: types of areas 
 Supplemental information: 
types of areas 

 “Tracking” …Mike my husband is working on a bartering 
system that he is tracking. So, he's figured out, 
he essentially used a math equation, so he 
created an equation on excel and has a tracking 
sheet, so he tracks all of the things that get 
bartered.  

*MIR Items being tracked 
 
Communication need: 
Monitoring of 
materials/plants/etc. Being 
bartered 

Reporting for 
funders (Carbon) 

 … The only thing that we'd want with the forest 
stuff is to potentially get carbon, but carbon is 
really only important for this area back here. So, 
for the main farm where we are right here, 
that’s mainly where we need carbon stuff... 
 
…The plant and carbon tracking would happen 
on the 6-acre parcel. And that’s why I said that 
was the first priority because its our first time 
receiving a loan as being part of the co-op as a 
member of the co-op. And its our first time 
having to do indicator tracking so this is a big 
learning curve for us. Everything from 
organization to using technology as a tool to 
help us with all this, so that’s a priority. Water 
movement, carbon, and plant tracking  
species… 
 
 

Area selection: Main farm (N), 
forested areas (Center),  
 
CICES (class): Mediation by other 
chemical or physical means (e.g., 
via Filtration, sequestration, 
storage or accumulation) (code): 
5.1.1.3 
 
CICES (class): Filtration/ 
sequestration/ storage/ 
accumulation by micro-
organisms, algae, plants, and 
animals (code): 2.1.1.2 
 
Area selection: 6 acres farm (S) 

Reporting for 
funders (Plant 
Growth) 

 … One of the important things right now is our 
greenhouse project.  so, through the Fair 
Finance Fund we received a loan and were 
required to do some environmental and social 
tracking. So, the environmental tracking 
includes carbon and talking about carbon 
storage and how were going to improve that 

Communication need: Tracking 
plant species that will be 
propagated 
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with the greenhouse by propagating food trees 
and propagating plants and natural plants and 
plants that are native to the area to provide to a 
permaculture design company, who’s going to 
be doing, designing peoples so its kind of like a 
whole network of businesses that are going to 
be benefitting from this project. But a big one 
was tracking plant species and carbon was one 
of our big environmental impacts that we have 
to follow. So were trying to figure out how to 
do that in an effective way… 
 

Responsible 
Stewardship 
(General) 

“Harvesting” …over 100 species that were harvestable that 
were available from the from the 6acres that 
were on right now. For nutrients or medicinal 
purposes… 
 
… ways that we use, like uses of the land, 
lumber for the sawmill harvesting logs, 
harvesting buckets and buckets of saskatoon 
berries, or raspberries, or hazelnuts. I’m 
harvesting all the herbs the wild herbs that I use 
for my business to support my family to feed 
my kids and to be able to live this lifestyle 
because without that extra income there’s no 
way for us to be able to do that here.  
 
…winter. Harvesting and storing crops. its a big, 
big crazy time. The winter is more like low key. 
A lot of just log harvesting all happens in the 
winter. … 
 
…so, we do a lot of shoots at that time. We do a 
lot of bark harvesting, so if there’s anything like 
that in willow bark, crampbark, all those kinds 
of things get harvested early in the spring. A lot 
of roots get harvested early in the spring. 
Fireweed shoots. Even all the herbs, like the 
garden stuff comes back alive. The other thing 
that we want to start using more of but were 
not sure if its safe in this area are the cattail 
shoots because we can do our own sauerkrauts 
and that. But we don’t know because our 
neighbors are so close and they use some 
crappy practices, if its worth it. Because theyre 
kindof like the filters of the ecosystem.  
 
So, we also do selective cutting on the 6 acres 
where we know there are tons of food trees 
coming up. Where there’s tons of choke 
cherries, saskatoons, gooseberry bushes in the 
undergrowth where there’s elderberries, well 
selectively remove an alder tree here and there 
because they choke everything else out. And 
actually, we did that this spring and the trees 
have grown, I would say some of them a meter. 
Just having that availability of extra space. Even 
though Alder trees are really important too and 

CICES (class): Seeds, spores and 
other plant materials collected 
for maintaining or establishing a 
population (code): 1.2.1.1 
CICES (class): Non-mineral 
substances or ecosystem 
properties used for nutritional 
purpose (code): 4.3.2.1 (class 
type): saskatoon berries, 
raspberries, hazelnuts. 
Supplemental material: List of 
identified species and location. 
CICES (class): Non-mineral 
substances used for materials 
(Code): 4.3.2.2 
POI: willow, crampbark, 
CICES (class): Fibres and other 
materials from wild plants for 
direct use or processing 
(excluding genetic materials) 
(code): 1.1.5.2 
CICES (class): Wild plants 
(terrestrial and aquatic, 
including fungi, algae) used as a 
source of energy (code):1.1.5.3 
Temporal: Spring 
POI: New growth, fireweed 
CICES (class): Filtration/ 
sequestration/ storage/ 
accumulation by micro-
organisms, algae, plants, and 
animals (code) 2.1.1.2 (class 
type): cattail 
DPSIR (pressure): contamination 
from neighbors’ property 
DPSIR (state): Filtration potential 
of cattail 
POI: cattail 
Communication need: Benefits 
of selective harvesting on useful 
undergrowth species 
POI: undergrowth species - 
Choke cherries, saskatoons, 
gooseberry 
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you can harvest a lot of things from Alder trees 
but just kindof selective harvesting.  

 

 “Soil” …wreck the integrity of the soil and the 
biodiversity to make…(PR) 
 
...the land is giving us year after year is a year’s 
worth of potatoes and carrots and garlic and all 
of our staples. So, year after year, even though 
we know we need to remediate the soil, we still 
keep planting things because we need to. And it 
still keeps coming up for us. *MIR, nutrient 
needs of potatoes, carrots, and garlic 
 
…if we want to continue living and working on 
the farm and creating this not-for-profit and 
create a place where that can be used as an 
example of how things could work really well, I 
want to point out that that’s one of our big 
focuses right now is getting the soil, the soil 
needs to be rebirthed here. I think soil care I 
think another thing would be to point out which 
I kind of already have that I have a little 
business that I run all winter that kindof keeps 
things chugging along for the winter and that’s 
based on all the herbs and different things that 
we forage in the summertime…  
 
…The buffer zones. Definitely will be helpful. 
Because there’s so much clay in the soil, when 
there’s soil run off, you can see the clouding in 
the river and the way that the waters moving 
that way…  

Communication need: Yield 
potential of fields, growth 
patterns of plants 
CICES (class) Cultivated 
terrestrial plants (including 
fungi, algae) grown for 
nutritional purposes (code): 
1.1.1.1 (class) Mineral 
substances used for nutritional 
purposes (code) 4.3.1.1 
POI: Runoff visible in water 
Communication need: Soil 
stabilization of buffer areas 

 “Trees” Some other features would be, I think the 
amount of fruit trees and the amount of food 
available in such a small area. I've identified 
over 100 species that were harvestable that 
were available from the 6acres that were on 
right now. For nutrients or medicinal 
purposes…(PR) 
 
…the greenhouse by propagating food trees 
and propagating plants and natural…(PR) 
…been coming over here transplanting because 
all the beautiful big spruce trees pop up 
everywhere in this field. They love it. So, he's 
been transplanting those beautiful perfect 
spruce trees over to the farm creating big wind 
breaks with them… 
…So, we also do selective cutting on the 6 acres 
where we know there are tons of food trees 
coming up. Where there’s tons of choke 
cherries, saskatoons, gooseberry bushes in the 
undergrowth where there’s elderberries…(PR) 

Communication need: Baseline 
of fruit tree growth 
POI: Windrow growth (spruce 
trees) 
CICES (class): Wind protection 
(code): 2.2.1.4 
Communication need: Areas for 
selective cutting based on 
undergrowth 

 “Biodiversity” 
(added) 

… Are we going to wreck the integrity of the soil 
and the biodiversity to make money or are we 
going, and I don't think we have to do that… 
(PR) 

Communication need: 
biodiversity as an indicator of 
soil health 
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 “Funders” 
(added) 

…Better communicated with out funders, better 
communicate with community about what’s 
going on, educate others about the type of 
work that were doing out here, and market 
too…  

Audience: General public 
Communication purpose: 
Teaching 

 “Food” …the point. Like where the food forest will be. 
That whole… 
 
…were trying to rehabilitate for food 
growing ....those are the areas… 
 
…greenhouse and through the local food and 
farm or the fair…(PR) 
 
…trees and the amount of food available in such 
a small…(PR) 
 
…bathing, for watering plants and food. And as 
spring comes in…(PR) 
 
…with the greenhouse by propagating food 
trees and propagating plants and…(PR) 
…long term gain. Like the food forest, that’s 
going to be 10-20 years…  
…Laying out the plan for food production. For 
community events. And…(PR) 
 
…know there are tons of food trees coming up. 
Where there’s…(PR) 

Area selection: Point of property 
(food forest) 
POI: Elderberries 
 
 

Responsible 
Stewardship 
(Demonstration) 

“Harvesting” …Fall is the big harvesting season. Fall is pretty 
important… 
 
…A really super rich ecosystem. Biodiverse. 
Rich. Its grown on me… 
 

Timing: Fall (harvest time) 
CICES (class): Natural, abiotic 
characteristics of nature that 
enable active or passive physical 
and experiential interactions 
(code): 6.1.1.1 

 “Soil” …he takes the huge trees down that are gonna 
be falling down so that he can use them for 
lumber and things. Which is great but there’s 
also really great benefits from having trees 
falling down and creating a lot of good soil. But I 
think that’s a really cool feature to go walk 
around that forest and see what it looks like 
when someone is managing it in a good way...  

CICES (class): Characteristics of 
living systems that that enable 
activities promoting health, 
recuperation or enjoyment 
through active or immersive 
interactions (class) 3.1.1.1 

Responsible 
Stewardship (Food 
Security) 

“Harvesting” …stuff, a lot of food harvesting happens in 
those forests… 
 
… Fall is the big harvesting season. Fall is pretty 
important, so were preparing getting ready for 
everyone to make it through the winter. 
Harvesting and storing crops. its a big, big crazy 
time.  
 
…And also, there’s this arrowroot, arrowleaf? 
Theyre all the way along. Traditionally that 
would have been a huge, people would have 
had camps on the river just to come and 

CICES (class): Wild plants 
(terrestrial and aquatic, 
including fungi, algae) used for 
nutrition (code): 1.1.5.1 
Supplemental information: 
leaching potential of roundup 
ready corn 
DPSIR (pressure): contamination 
of glyphosate in main river 
POI: Arrowroot 
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harvest those at this time of year. Because you 
boil it and you put it away. All kinds of stuff. 
There’s ways to process them. That was like a 
huge staple. And so, to know if those are safe in 
the river that were living on because of all the 
different things that have been going on. 
There’s so many things coming off the land and 
into the shoreline. Nutrients and other things 
from the neighbor’s farm. So, they use roundup 
ready corn. And glyphosate is a big concern for 
sure... 
 

 “Food” …medicinal stuff, a lot of food harvesting 
happens in those forests… 
 

Communication need: 
protection of biodiversity in 
forested areas 

Water (General)  …Definitely the water areas ya are 
important…Definitely the water movement, 
how the water is… 
 
…This area is important also, where this little 
creek comes in because our neighbors don’t 
use the same growing practices as we do so its 
important for us to know like what kind of 
volume of water were getting and how, and 
everything’s tile drained over there and 
chemically fertilized … 
 
 
…get that imagery and how water moves and 3 
would be… 
 
…So first it was there’s these drainage ditches 
that go all the way down on the landscape and 
its like big scratches down the hill and they all 
flow towards the water and theyre man-made 
things that all the nutrients and water go down 
these ditches and you can see in the imagery 
that all of the trees and all of the new life are in 
these ditches now coming down, so we'll be 
able to see that. You know that’s kindof like the 
land saying...and that there’s been a lot of 
nutrient erosion from the rest of down into 
those places where the water pools… 
 
…One is the way the water moves around and 
over. Were... 
 
…Fall is a big one too because there’s a lot of 
water movement, and its the wet season, so 
everything gets flushed out, but we also get a 
lot of water that comes off our neighbor’s 
property and goes by here In the river or comes 
through our small stream areas. Winter is our 
big business planning kind of the planning and 
the thinking for the whole year almost. Ya, and 
spring is another huge one because we try to do 
water testing and things while things are 
moving, just to check for safety since we use all 

POI: Water and watercourses 
 
Area selection: Creek from 
neighbors’ property 
 
Communication need: Water 
flow/sharing between 
neighbors’ property, water flows 
across 6-acre parcel (S), nutrient 
erosion due to water flows 
 
POI: Drainage ditches on hill, 
water flow across ditches 
 
Temporal: Fall, Spring, Summer 
 
CICES (class): Surface water used 
as a material (non-drinking 
purposes) (code) 4.2.1.2 
 
Communication need: areas 
where water is pooled (nutrient 
concentrations), areas of runoff, 
soil loss prevention from 
shoreline buffers 
 
CICES (class): Control of erosion 
rates (code) 2.2.1.1 
 
POI: Water clouding in water 
(runoff), neighboring farms,  
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the river water here. We use it in our house, we 
use it for bathing, for watering plants and food. 
And as spring comes in its a big work time 
between, I would say May and June, April May 
June sometimes if there’s still snow in April… 
 
…it comes back to how water moves, that’s 
pretty clear eh… 
 
…this, so that’s a priority. Water movement, 
carbon, and plant tracking…(PR) 
… but there’s so much life going on in that first 
12' of water There’s just constant constant 
action. If you go down there and you just sit, 
there’s just so much action …(PR) 
 
…a trusting relationship comes from. Water 
quality and runoff is also a big concern for us… 
…that’s why the way the water moves around 
these properties is…(PR) 
…So, continuing to use a composting toilet 
system rather then a septic system.  Which is 
also why we need to know how the water 
moves. So, we know where t put those things…  
...The buffer zones. Definitely will be helpful. 
Because there’s so much clay in the soil, when 
there’s soil run off, you can see the clouding in 
the river and the way that the water moving 
that way. So, there’s definitely that that you 
can’t see from the ground.  What’s happening 
in the surrounding fields, neighboring farms. 
Monitoring out water sources. Seeing our 
property lines. Seeing shoreline erosion, stuff 
like that...(PR) 
 

    

Water (Plant 
Growth) 

   

PR = previous referenced 
*MIR = More Information Required, refers to incomplete information 
** CICES focuses on values solely for human interactions, however absent from all versions is consideration for values as 
connected to plant, animal needs.  
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Comm
unicati
on 
need 

biodi
versi
ty 
base
line 
 
ident
ifying 
wate
r 
mov
eme
nt 

Identi
ficatio
n of 
areas 
for 
food 
growt
h 
(wild)
, 
prote
ction 
of 
biodiv
ersity 
in 
areas 
of 
food 
growt
h 
(wild)
, soil 
qualit
y in 
areas 
wher
e 
food 
is 
grow
n 
(cultiv
ated) 

identi
fying 
areas 
of 
anim
al 
habit
at; 
basel
ine of 
plant 
growt
h 
aroun
d 
ditch
es, 
identi
ficati
on of 
disea
sed 
trees 

Baseli
ne 
monit
oring 
of 
plant 
growt
h and 
associ
ated 
carbo
n 
seque
stratio
n 
value 

Clear 
informati
on to 
assist 
with 
future 
funding; 
Identifica
tion and 
communi
cation of 
areas for 
different 
purposes 
MIR: 
types of 
areas; 
Commun
ication 
need: 
Monitorin
g of 
materials
/plants/et
c. Being 
bartered 
*MIR 
Items 
being 
tracked 
 

 Trac
king 
plant 
speci
es 
that 
will 
be 
prop
agat
ed 

Benefi
ts of 
selecti
ve 
harve
sting 
on 
useful 
under
growt
h 
specie
s; 
Yield 
potent
ial of 
fields, 
growt
h 
patter
ns of 
plants; 
Soil 
stabili
zation 
of 
buffer 
areas, 
Baseli
ne of 
fruit 
tree 
growt
h, 
Areas 
for 
selecti
ve 
cutting 
based 
on 
under
growt
h; 
biodiv
ersity 
as an 
indicat
or of 
soil 
health 

 protec
tion of 
biodiv
ersity 
in 
forest
ed 
areas 

Water 
flow/sh
aring 
betwee
n 
neighb
ors’ 
propert
y, 
water 
flows 
across 
6 acre 
parcel 
(S), 
nutrient 
erosion 
due to 
water 
flows; 
areas 
where 
water 
is 
pooled 
(nutrie
nt 
concen
trations
), 
areas 
of 
runoff, 
soil 
loss 
prevent
ion 
from 
shoreli
ne 
buffers 

 

Comm
unicati
on 
purpos
e 

   teachi
ng 

   Teach
ing 

    

Audien
ce 

   Funde
rs 

Funders Funde
rs 

Fund
ers 

Gener
al 
public 
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Driver 
(DPSI
R) 

            

Pressu
re 
(DPSI
R) 

       conta
minati
on 
from 
neigh
bor’s 
proper
ty 

 conta
minati
on of 
glyph
osate 
in 
main 
river 

  

Respo
nse 
(DPSI
R) 

            

State 
(DPSI
R) 

       Filtrati
on 
potent
ial of 
cattail 

    

Impact 
(DPSI
R) 

            

Sectio
n 
(CICE
S) 

            

Divisio
n 
(CICE
S) 

            

Group 
(CICE
S) 

            

Class 
(CICE
S) 

  Seed
s, 
spore
s and 
other 
plant 
mater
ials 
collec
ted 
for 
maint
ainin
g or 
estab
lishin
g a 
popul
ation; 
By 
amou
nt 
and 
dispe
rsal 
agent
;) 

Filtrati
on/ 
seque
stratio
n/ 
storag
e/ 
accum
ulation 
by 
micro-
organi
sms, 
algae, 
plants, 
and 
animal
s;  

Cultivate
d 
terrestrial 
plants 
(includin
g fungi, 
algae) 
grown for 
nutritiona
l 
purposes
; Mineral 
substanc
es used 
for 
nutritiona
l 
purposes 

Mediat
ion by 
other 
chemi
cal or 
physic
al 
means 
(e.g., 
via 
Filtrati
on, 
seque
stratio
n, 
storag
e or 
accum
ulation
); 
Filtrati
on/ 
seque
stratio
n/ 
storag
e/ 

 Seeds
, 
spore
s and 
other 
plant 
materi
als 
collect
ed for 
maint
aining 
or 
establi
shing 
a 
popul
ation; 
Non-
miner
al 
substa
nces 
or 
ecosy
stem 
proper

Natura
l, 
abiotic 
charac
teristic
s of 
nature 
that 
enable 
active 
or 
passiv
e 
physic
al and 
experi
ential 
interac
tions; 
Chara
cteristi
cs of 
living 
syste
ms 
that 
that 

Wild 
plants 
(terres
trial 
and 
aquati
c, 
includi
ng 
fungi, 
algae) 
used 
for 
nutriti
on.  
 

Surfac
e water 
used 
as a 
materia
l (non-
drinkin
g 
purpos
es); 
Control 
of 
erosion 
rates;  
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Maint
ainin
g 
nurse
ry 
popul
ation
s and 
habit
ats 
(Inclu
ding 
gene 
pool 
prote
ction)  
 
 
 

accum
ulation 
by 
micro-
organi
sms, 
algae, 
plants, 
and 
animal
s 
 

ties 
used 
for 
nutriti
onal 
purpo
se; 
Non-
miner
al 
substa
nces 
used 
for 
materi
als; 
Fibres 
and 
other 
materi
als 
from 
wild 
plants 
for 
direct 
use or 
proce
ssing  
(exclu
ding 
geneti
c 
materi
als); 
Wild 
plants 
(terres
trial 
and 
aquati
c, 
includi
ng 
fungi, 
algae) 
used 
as a 
sourc
e of 
energ
y; 
Filtrati
on/ 
seque
stratio
n/ 
storag
e/ 
accum
ulation 

enable 
activiti
es 
promo
ting 
health, 
recupe
ration 
or 
enjoy
ment 
throug
h 
active 
or 
immer
sive 
interac
tions 
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by 
micro-
organi
sms, 
algae, 
plants, 
and 
animal
s; 
Cultiv
ated 
terrest
rial 
plants 
(includ
ing 
fungi, 
algae) 
grown 
for 
nutriti
onal 
purpo
ses; 
Miner
al 
substa
nces 
used 
for 
nutriti
onal 
purpo
ses; 
Wind 
protec
tion; 
  
 
 

Class 
type 
(CICE
S) 
(Speci
es, 
habitat
, etc. 
of 
focus) 

       saskat
oon 
berrie
s, 
raspb
erries, 
hazeln
uts; 
Cattail  
 

    

Code 
(CICE
S) 

  1.2.1.
1, 
2.2.2.
2, 
2.2.2.
3 

2.1.1.
2;  

1.1.1.1; 
4.3.1.1 

5.1.1.
3; 
2.1.1.
2 

 1.2.1.
1; 
4.3.2.
1, 
4.3.2.
2; 
1.1.5.
2; 
1.1.5.
3: 
1.1.1.

6.1.1.1
; 
3.1.1.1 

1.1.5.
1 

4.2.1.2; 
2.2.1.1;   
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1; 
4.3.1.
1; 
2.2.1.
4 
 

Comm
unicati
on 
form 

            

Level 
of 
involve
ment 

            

Supple
mental 
info 
require
d 

    types of 
areas 

  : List 
of 
identifi
ed 
specie
s and 
locatio
n 
 
 

 leachi
ng 
potent
ial of 
round
up 
ready 
corn 

  

Flight Planning 

Area 
selecti
on 

6acr
es 
 
Main 
grow
ing 
field 
on 
main 
farm 

    Main 
farm 
(N), 
forest
ed 
areas 
(Cente
r), 6 
acres 
farm 
(S) 

 Point 
of 
proper
ty 
(food 
forest) 

  Creek 
from 
neighb
or’s 
propert
y 

 

Tempo
ral 

  Seas
onal 
imag
ery 

    Spring Fall 
(harve
st 
time) 

 Fall, 
Spring, 
Summ
er 

 

Point 
of 
focus 

  Area
s 
wher
e 
nutrie
nts 
(from 
water
); 
Chok
e 
cherr
y 
(dise
ase) 

 Plants 
from 
greenho
use used 
on the 
fields 

  willow, 
cramp
bark, 
New 
growt
h, 
firewe
ed; 
under
growt
h 
specie
s - 
Choke 
cherri
es, 
saskat
oons, 
goose
berry; 
Runoff 

 Arrow
root 

Water 
and 
waterc
ourses; 
Draina
ge 
ditches 
on hill, 
water 
flow 
across 
ditches
; Water 
cloudin
g in 
water 
(runoff)
, 
neighb
oring 
farms,  
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visible 
in 
water, 
Windr
ow 
growt
h 
(spruc
e 
trees); 
elderb
erries 

Analysis Planning 

Purpos
e 

            

Type             

Extern
al 

            

Techni
ques 

            

Softwa
re 
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Appendix Q: Examining conflict categories for overlap across all nodes. 

Use-case A B 

Participant RR MM CY EJ 

 Conflict categories 

V
a

lu
e

s
 

C
o
m

m
u

n
ic

a
t

io
n

 
C
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m
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P
o

o
l 
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o
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e
s
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t V
a
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s
 

C
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m

m
u
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a
t

io
n

 
C
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n
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R
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s
 

M
a
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a
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t V
a
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s
 

C
o
m

m
u

n
ic

a
t

io
n

 
C

o
m

m
o

n
 

P
o

o
l 

R
e
s
o

u
rc

e
s
 

M
a

n
a

g
e
m

e
n

t V
a

lu
e

s
 

C
o
m

m
u

n
ic

a
t

io
n

 
C

o
m

m
o

n
 

P
o

o
l 

R
e
s
o

u
rc

e
s
 

M
a

n
a

g
e
m

e
n

t T
o

ta
l 

R
e
s
p

o
n

s
e

s
 

1: Land Management 
(Reciprocation) 

0 0 3 0 2 7 2 0 1 0 2 2 2 2 0 6 2
9 

2: Direct 
Management...FP...Ind 

  
0 

 
0 0 0 

 
0 

 
0 0 0 0 0 0 0 

3: Management Concerns, 
questions...CP 

  
1 

 
0 0 0 

 
0 

 
0 0 0 0 0 0 1 

4: Passive 
Management...FP...Ind 

  
0 

 
0 0 0 

 
0 

 
0 0 0 0 0 0 0 

6: Supplemental Data needed 
from participant 

  
0 

 
2 1 1 

 
0 

 
0 0 0 0 0 1 5 

7: Audience 
  

0 
 

0 1 0 
 

1 
 

0 0 0 0 0 0 2 

11: Communication Themes 
  

0 
 

3 4 1 
 

4 
 

0 0 0 2 1 3 1
8 

12: Conflict, Communications 
  

0 
 

3 0 0 
 

0 
 

0 0 1 1 1 1 7 

13: Conflicts, Common pool 
Resources 

  
0 

 
0 0 0 

 
1 

 
2 2 0 1 0 0 6 

14: Conflicts, Management 
  

0 
 

0 3 0 
 

1 
 

1 1 1 1 0 1 9 

15: NCP Benefits 
  

1 
 

0 0 0 
 

0 
 

0 1 0 0 0 0 2 

16: NCP Uses 
  

2 
 

1 1 2 
 

0 
 

0 0 0 0 0 0 6 

17: Area selection 
  

2 
 

2 1 2 
 

1 
 

1 0 0 1 1 0 1
1 

18: Land based Context 
  

0 
 

1 1 0 
 

0 
 

0 0 0 0 0 0 2 

19: NCP Indicator, POI, POF 
  

2 
 

1 1 2 
 

0 
 

1 1 1 0 0 1 1
0 

20: Timing 
  

1 
 

1 0 2 
 

1 
 

0 0 0 1 0 0 6 

24: Knowledge 
  

0 
 

2 3 2 
 

2 
 

1 0 3 0 0 4 1
7 

25: Qualitative or quantitative 
features 

  
0 

 
0 0 3 

 
1 

 
1 1 0 0 0 1 7 

26: Spatial features 
  

0 
 

1 1 2 
 

1 
 

1 0 0 1 1 1 9 

27: Line 
  

0 
 

0 0 1 
 

1 
 

1 0 0 1 1 0 5 

28: Point 
  

0 
 

0 0 0 
 

1 
 

0 0 0 0 0 1 2 

29: Polygon 
  

0 
 

1 1 1 
 

0 
 

1 0 0 0 0 0 4 

30: UAV Usage 
  

3 
 

4 5 3 
 

2 
 

2 1 3 1 1 4 2
9  

0 0 1
5 

0 2
4 

3
0 

2
4 

0 1
8 

0 1
4 

9 1
1 

1
2 

6 2
4 

 

    
1
5 

   
7
8 

   
4
1 

   
5
3 
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Appendix Qi: Participant responses in ‘Conflict’ nodes, CY 

Use-case 
 
Participant 

B 
 
CY 

 Responses 

1: Land Management (Reciprocation) When I sit on the forestry to try and build these plans, 
how can you choose? I don't understand, like, I couldn't 
choose what I'd want to destroy in that forest, because 
everything is needed for another thing to live right? 
Your trees need your roots, they need your 
understories, and the ground, nice and healthy and rich 
right? And your animals need shoots and stuff to come 
up, your littler ones needs to be able to get under the 
cover, you know, your moose and that need to be able 
to hide through different areas. When theyre right in the 
open, theyre like easy targets. for the bears, and 
especially for the wolves. Right?  
 
But it was almost like, so you cut this area, and you 
leave this area, and then when this grows up, then you 
cut this area, and its like a step. Ya, its much better, but 
it wouldn't be good for them. They wouldn't like it 
because they wouldn't be able to go in and get all the 
trees at once. 
  

11: Communication Themes So, like I said, when you cut it, you lose that story 
because you lose your path, to get to it. You know like 
there’s areas back there that I wouldn't even know how 
to get to moose mountain because it has so changed 
from all the forestry cutting. 
 
And that’s a lot right there, and that’s why I try to bring 
youth into what I'm doing because I'm teaching myself, 
a lot. Of getting back to my roots. I come back, I used to 
come back to visit, but I've lost that connection. And 
even that connection with my clan I guess my reserve. 
So, there’s a lot of us that are outsiders that feel like 
we're outsiders because we either had to be taken 
away, or we were taken away, or you know we didn't 
have that opportunity to stay in one place and utilize 
that land. So, you kind of feel disconnected and lost 
sometimes. But when I'm in the bush though, I don’t, I 
feel connected. I feel like Ok, its coming back. But I 
don’t have those, my elder family members, like I have 
aunts and uncles and that, but they all have their own 
lives too and the uncles and that that I did connect to 
when I was a child, theyre gone also. So, coming back 
to the land is hard Its hard for us. And then when they 
strip it like this, it even makes it harder because then 
we don’t recognize it. So, trying to get that connection 
back. 
 
And he was bringing me back out on the land and like, 
he would show me how to track a moose right?  
 
Because theyre all over the place. You know? Its tough. 
They don't trust outsiders. And to them, I'm an outsider. 
And that’s why I said, I miss that. I've got that 
disconnect. To my clan. To my reserve. If my dad was 
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alive, I would have that connection. You know? I feel 
comfortable when I go to other reserves. I feel so 
relaxed. I could talk to them like anything. Talking to the 
ones at my reserve sometimes, I don't know, I feel like 
you just don’t get it. You know? Like I can see the 
whole picture.  And that’s always where I try to look is 
look at the whole picture.  Not just what they want, what 
we want. I 
  

16: NCP Uses N/A 

17: Area selection So, like I said, when you cut it, you lose that story 
because you lose your path, to get to it. You know like 
there’s areas back there that I wouldn't even know how 
to get to moose mountain because it has so changed 
from all the forestry cutting. 
And of course, you get a good thing of blueberries 
picking and you’ve been going there and then all of a 
sudden, they spray it, now you can’t go there anymore. 
So now you have to find something further and you 
have to go further and further.  

19: NCP Indicator, POI, POF And of course, you get a good thing of blueberries 
picking and you’ve been going there. 
And your animals need shoots and stuff to come up, 
your littler ones needs to be able to get under the cover, 
you know, your moose and that need to be able to hide 
through different areas. When theyre right in the open, 
theyre like easy targets. for the bears, and especially 
for the wolves.   

24: Knowledge So, like I said, when you cut it, you lose that story 
because you lose your path, to get to it. You know like 
there’s areas back there that I wouldn't even know how 
to get to moose mountain because it has so changed 
from all the forestry cutting. 
 
And he was bringing me back out on the land and like, 
he would show me how to track a moose right?  
And of course, you get a good thing of blueberries 
picking and you’ve been going there and then all of a 
sudden, they spray it, now you can’t go there anymore. 
So now you have to find something further and you 
have to go further and further.   

30: UAV Usage I don't understand, like, I couldn't choose what I'd want 
to destroy in that forest, because everything is needed 
for another thing to live right? Your trees need your 
roots, they need your understories, and the ground, 
nice and healthy and rich right. 
And of course, you get a good thing of blueberries 
picking and you’ve been going there and then all of a 
sudden, they spray it, now you can’t go there anymore. 
So now you have to find something further and you 
have to go further and further. 
I don't understand, like, I couldn't choose what I'd want 
to destroy in that forest, because everything is needed 
for another thing to live right? Your trees need your 
roots, they need your understories, and the ground, 
nice and healthy and rich right? And your animals need 
shoots and stuff to come up, your littler ones needs to 
be able to get under the cover, you know, your moose 
and that need to be able to hide through different areas. 
When theyre right in the open, theyre like easy targets. 
for the bears, and especially for the wolves. Right?  
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So, like I said, when you cut it, you lose that story 
because you lose your path, to get to it. You know like 
there’s areas back there that I wouldn't even know how 
to get to moose mountain because it has so changed 
from all the forestry cutting. 
I don't understand, like, I couldn't choose what I'd want 
to destroy in that forest, because everything is needed 
for another thing to live right? Your trees need your 
roots, they need your understories, and the ground, 
nice and healthy and rich right.  
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Appendix Qii: Content for FAC planning provided by examining ‘Conflict’ nodes 

for participant CY. 

 

P
la

n
n
in

g
 

c
a
te

g
o
ry

  

Relevant Communication themes 

Theme 

Disruptions and Impact Flora and Fauna 

General  Identity  Connection Flora 
Fauna 

N/A 

Communication Planning 

Communication need visual 
examples of 
forestry 
practices 

Disorientation, 
protection of natural 
areas to prevent 
further loss of 
identity 

Prevention of 
spraying 

 Demonstration of 
relationships and 
connection, and 
dependencies 
between 
plants/animals 

Communication 
purpose 

N/A 

Audience     Youth 

Driver (DPSIR) N/A 

Pressure (DPSIR) Clearing 
‘large’ areas 
of forest 

 Spraying of areas 
with blueberries 

  

Response (DPSIR) ‘Stepped’ or 
staggered 
cutting 

Basing protection on 
revitalization of 
traditions (land-
based learning) 

   

State (DPSIR) N/A 

Impact (DPSIR) 

Section (CICES) 

Division (CICES) 

Group (CICES) 

Class (CICES) 

Class type (CICES) 
(Species, habitat, 
etc. of focus) 

 Moose Blueberries   

Code (CICES) N/A 

Communication form 

Level of involvement 

Supplemental info 
required 

  Good areas for 
blueberry picking 

  

Flight Planning 

Area selection  Moose Mountain    

Temporal  

Point of focus  Finding 
Pathways/trails 

  Hiding areas for 
moose, young 
plants (shoots), 
understory cover 

Analysis Planning 

Purpose   Estimated yields 
from blueberries in 
area that are 
consumed, areas of 
runoff (potential 
contamination) 

  

Type N/A 

External 

Techniques 

Software 
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Appendix Qiii: Responses from 6 nodes 

Use-case 
 
Participant  

A 
 
RL 

Node Responses 

1: Land 
Management 
(Reciprocation) 

Fall is a big one too because there’s a lot of water movement, and its the wet season, so 
everything gets flushed out, but we also get a lot of water that comes off our neighbor’s 
property and goes by here in the river or comes through our small stream areas.  
 
The other thing that we want to start using more of but were not sure if its safe in this area 
are the cattail shoots because we can do our own sauerkrauts and that. But we don’t know 
because our neighbors are so close and they use some crappy practices, if its worth it. 
Because theyre kindof like the filters of the ecosystem. Which sucks to not know. But for 
the purpose of this... 
 
And also, there’s this arrowroot, arrowleaf? Theyre all the way along. Traditionally that 
would have been a huge, people would have had camps on the river just to come and 
harvest those at this time of year. Because you boil it and you put it away. All kinds of stuff. 
There’s ways to process them. That was like a huge staple. And so, to know if those are 
safe in the river that were living on because of all the different things that have been going 
on.  
 

11: 
Communication 
Themes 

N/A 

16: NCP Uses cattail shoots because we can do our own sauerkrauts and that. 
 
And also, there’s this arrowroot, arrowleaf? Theyre all the way along. Traditionally that 
would have been a huge, people would have had camps on the river just to come and 
harvest those at this time of year. Because you boil it and you put it away. All kinds of stuff. 
There’s ways to process them. That was like a huge staple. And so, to know if those are 
safe in the river that were living on because of all the different things that have been going 
on.  

17: Area selection This area is important also, where this little creek comes in. 
 
because our neighbors don’t use the same growing practices as we do so its important for 
us to know like what kind of volume of water were getting and how, and everything’s tile 
drained over there and chemically fertilized. 
 

19: NCP Indicator, 
POI, POF 

The other thing that we want to start using more of but were not sure if its safe in this area 
are the cattail shoots. 
 
And also, there’s this arrowroot, arrowleaf 

24: Knowledge N/A 

30: UAV Usage Fall is a big one too because there’s a lot of water movement, and its the wet season, so 
everything gets flushed out, but we also get a lot of water that comes off our neighbor’s 
property and goes by here in the river or comes through our small stream areas.  
 
The other thing that we want to start using more of but were not sure if its safe in this area 
are the cattail shoots because we can do our own sauerkrauts and that. But we don’t know 
because our neighbors are so close and they use some crappy practices, if its worth it. 
Because theyre kindof like the filters of the ecosystem. Which sucks to not know. But for 
the purpose of this... 
 
And also, there’s this arrowroot, arrowleaf.  
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Appendix Qiv: Guidance for FAC planning provided by examining conflicts 

participant RL. 

Planning category  Themes 

Responsible stewardship Water 

General General 

Communication planning 

Communication need Addressing impact of neighboring 
conventional farming 

Water flows across property to 
address contamination potential 

Communication purpose N/A 

Audience 

Driver (DPSIR) Desire to use aquatic foods, 
Neighboring conventional 
agriculture 

Use of herb/pesticides on 
neighboring properties 

Pressure (DPSIR)  Infiltration of contaminants into 
stream 

Response (DPSIR) Identification of areas for 
biofiltration 

Examination of impact of 
herb/pesticide use to areas 
within property boundaries 

State (DPSIR) Filtration potential of aquatic 
vegetation in and surrounding 
creek 

 

Impact (DPSIR)  Potential Contamination of 
harvestable wild species 

Section (CICES) N/A 

Division (CICES) 

Group (CICES) 

Class (CICES) 

Class type (CICES) (Species, 
habitat, etc. of focus) 

Code (CICES) 

Communication form 

Level of involvement 

Supplemental info required 

Flight Planning 

Area selection Stream from neighbor’s property Stream from neighbor’s property, 
North and South farms 

Temporal Fall (wet seasons)  

Point of focus Cattail shoots, arrowroot  

Analysis Planning 

Purpose Potential contamination, filtration 
potential of cattails, Filtration 
value of other aquatic species in 
creek 

volume of water 

Type N/A 

External 

Techniques 

Software 
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Appendix R: FAC Analysis planning, participant CY 

Communication 
Need 

Sub-theme Focus Associated 
CICES codes 

1.Disruptions and 

impact 

a) General 1.a.i visual examples of forestry practices  

b). Identity 1.b.i Protection of areas where hunting 
traditions will be disrupted 

 

1.b.ii Protection of areas where harvesting 
traditions will be disrupted 

 

1.b.iii Disorientation  

c). 
Connection 

1.c.i Disconnection (familiar/unfamiliarity) 
driven by spraying 

 

1.c.ii Identification of areas of impact from 
spraying 

 

1.c.iii Addressing connection, including 
people as part of that connection 

 

d). Flora and 
Fauna 

1.d.i pro/post cut/spraying imagery 1.1.5.1; 1.1.5.2; 
4.3.2.1 

1.d.ii forestry activities and practices which 
are favorable/unfavorable to community 

 

2.Cultual 
Landscape 

a) General 2.a.i Current practices on land (‘stripping’ of 
land) perpetuates trauma of being 
disconnected from culture (all dimensions of) 

3.2.2.2; 1.1.5.2; 
3.1.2.3; 3.1.2.2 

b) Identity 2.b.i Identification of features of land that are 
desirable for land-based traditions 
(harvesting) 

3.2.2.2; 1.1.6.1; 
3.1.2.1 

 2.b.ii Identification of features of land that are 
desirable for land-based traditions (hunting); 

3.2.2.2; 1.1.6.1 

 2.b.iii Supporting symbiism with forestry 
operations and blueberry picking   

 

c) 
Connection 

2.c.i Demonstration of relationships and 
connection, and dependencies between 
plants/animals 

2.2.2.3 

3.Flora and Fauna N/A 3.i Justification for how to approach 
‘destruction’ of features within a forest during 
the process of extraction 

3.1.2.2; 1.1.6.1; 
2.2.2.3; 1.1.5.1; 
3.2.2.1 

3.ii community owned and managed baseline 
inventory/Provision of starting points for 
building inventory of species in areas of 
concern 

3.1.2.2; 

3.iii. understory composition 2.2.2.3 

3.iv soil ‘richness throughout areas of cutting 2.2.2.3; 2.2.4.2 

Totals 

Communication 
Needs 

Sub-themes Lines of Focus Associated 
CICES codes 

3 7 18 10 
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Appendix Ri: FAC Analysis Planning, participant MM 

Communication 
Need 

Sub-theme Focus Associated 
CICES codes 

1.Disruptions and 
impact 

a) General Examining impacts from road building into 
undisturbed areas 

1.1.5.1, 1.1.6.1, 
2.2.1.2, 2.2.5.1 

b) Identity Oversight of on the ground cutting activities 
in response to disorientation and 
psychological trauma from cutting activities 

1.1.5.1, 1.1.6.1, 
2.2.1.1-4 

c) 
Connection 

Protection of conditions for pre-settlement 
engagement with ecosystem services as a 
way of life 

 

d) Flora and 
Fauna 

Inventory of species present throughout 
entire area of cutting *CEA FMP adjustment 

2.2.1.3, 2.2.5.1, 
2.2.1.4 

2.Cultual 
Landscape 

a) General Moving communications away from words 
like ‘Values’ which are misleading and 
represent a new language being used 

 

b) Identity Maps that identify current practiced traditions 2.2.2.3; 3.2.1.2, 
3.1.2.3 

c) 
Connection 

Specific points to focus on at the onset of 
cultural baseline creation (to be grown over 
time as knowledge is added 

 

3.Flora and Fauna N/A Living baseline 2.2.1.4, 2.2.2.1-
3, 

Totals 

Communication 
Needs 

Sub-themes Lines of Focus Associated 
CICES codes 

3 7 8 12 
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Appendix Rii: FAC Analysis planning, Participant EJ 

 

Communication 
Need 

Sub-theme Focus Associated 
CICES codes 

1.Disruptions 
and impact 

a) General 1.a.i Justification for restrictions on cutting in trap 
grounds, Continuous updating/educating on 
forestry techniques and justifications/visual 
examples of forestry practices, 

3.2.2.2 

 1.a.ii support for alternatives to spraying 
(employment) *MIR reason for switch to 
spraying; Support for elimination of spraying 

 

b) Identity 1.b.i Reorientation following cutting (address 
disorientation) 

 

c) 
Connection 

1.c.i monitoring of cutting activities for elders and 
those practicing land-based traditions, 

3.2.2.1 

d). Flora and 
Fauna 

1.d.i; Observing Changes to Landfor habitat 
causing decline 

 

1.d.ii Identification/volume of abandoned wood;  

2.Cultual 
Landscape 

a) General 2.a.i Encouraging deeper listening to elders; 
monitoring on cutting and forestry operations, 

3.1.2.1; 
4.2.1.1; 
3.1.1.1 
 

 2.a.ii education on forestry operations; 3.1.1.1 
 

 2.a.iii Identification of all birch stands within a 
forestry cut block 

3.1.2.1 
 

b) Identity 2.a.i Protection of areas (habitat) for land-based 
traditions (moose); 

 

 2.a.ii Support for continuation of food and fur 
harvesting tradition 

 

c) 
Connection 

N/A 3.2.2.2 
 

3.Flora and 
Fauna 

N/A 3.i identification of cedar, birch, balsam trees in 
areas of interest, 

 

3.ii Characteristics of forest regrown using 
different techniques of reforestation; 

 

3.iii Characteristics of forest regrown using 
different techniques of reforestation 

 

3.iv Identification of suitable habitat for birds, 
landfor 

 

Totals 

Communication 
Needs 

Sub-themes Lines of Focus Associated 
CICES codes 

3 6 15 5 

 

 

 

 



211 

 

Appendix S: Literature association with communication need of use-case A and 

B. 

 

Use-case A 

Line of Focus (Communication need) Associated Literature (based 
on relevance, reliability and 
reasonability, depending on 
details provided in 
Communications Planning  

3.a.i Biodiversity baseline (Saarinen et al., 2018) 

3.a.ii Identification and communication of areas for different 
purposes 

(Utomo, 2019) 

3.a.iii Identifying water movement (addressed in section 4) N/A 

1.b.i Identification of areas for food growth (wild) (Baena et al., 2017; Bertacchi 
et al., 2019) 

1.b.ii Identification of biodiversity in areas of food growth (wild) N/A 

1.b.iii Soil quality in areas where food is grown (cultivated) 
(addressed in section 3.a.ii and 3.a.iii) 

N/A 

1.c.i Identifying areas of animal habitat (Carrasco-Escobar et al., 
2019; Frey et al., 2020) 

1.c.ii Baseline of plant growth around ditches (Shafian et al., 2018) 

1.c.iii identification of diseased trees (Michez et al., 2016) 

2.a Baseline monitoring of plant growth and associated carbon 
sequestration value (addressed in section 1.a.i) 

N/A 

2.b Monitoring of materials/plants/etc. Being bartered (Ahongshangbam et al., 2019; 
Viljanen et al., 2018) 

2.c Carbon sequestration of plants on fields (using grown 
plants) or forests (in locations of harvesting) 

(Kustiyanto, 2019) 

2.d Tracking plant species that will be propagated (Bertacchi et al., 2019) 

3.a.i Selection of areas for selective harvesting to benefit useful 
undergrowth species 

(Michez et al., 2016) 

3.a.ii Growth patterns of field (wild/cultivated) plants used for 
harvesting; 

(Shafian et al., 2018) 

3.b.i Soil stabilization in buffer areas (Ford et al., 2016; Vergani et 
al., 2017; Wang et al., 2019; 
Watanabe & Kawahara, 2016) 

3.b.ii Monitoring of fruit tree growth  (Librán-Embid et al., 2020) 

3.b.iii Biodiversity as an indicator of soil requiring amending  (Librán-Embid et al., 2020) 

3.b.iv Addressing impact of neighboring conventional farming 
(addressed in section 4.b.iii) 

N/A 

3.c.i identification of biodiversity in forested areas (addressed in 
section 1.b.ii) 

N/A 

3.c.ii Yield potential on fields (ten Harkel et al., 2019) 

4.a.i Water flow/sharing between neighbors’ property (Deng et al., 2020) 

4.a.ii Water flows across 6-acre parcel (Barreiro et al., 2014; Deng et 
al., 2020) 

4.a.iii Nutrient erosion due to water flows (Deng et al., 2020; Menzies 
Pluer et al., 2020) 

4.b.i Areas where water is pooled (nutrient concentrations) (Deng et al., 2020) 

4.b.ii Areas of runoff, soil loss prevention from shoreline buffers (Deng et al., 2020; Menzies 
Pluer et al., 2020) 

4.b.iii Water flows across property to address contamination 
potential 

(Deng et al., 2020) 
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Use-case B 

Line of focus Associated Literature Associated Literature 
(based on relevance, reliability and 
reasonability, depending on details 
provided in Communications Planning 

1.a.i. Visual examples of forestry practices; N/A (basic visual imagery) 

1.b.i Protection of areas where hunting 
traditions will be disrupted 

N/A (basic visual imagery) 

1.b.ii Protection of areas where harvesting 
traditions will be disrupted 

N/A (basic visual imagery) 

1.b.iii Disorientation N/A (basic visual imagery) 

1.c.i Disconnection (familiar/unfamiliarity) 
driven by spraying 

N/A (basic visual imagery) 

1.c.ii Identification of areas of impact from 
spraying 

(Deng et al., 2020) 

1.c.iii Addressing connection, including 
people as part of that connection 

N/A (basic visual imagery) 

1.d.i Pre/post cut/spraying imagery N/A (basic visual imagery) 

1.d.ii Forestry activities and practices which 
are favorable/unfavorable to community 

N/A (basic visual imagery) 

2.a.i Current practices on land (‘stripping’ of 
land) perpetuates trauma of being 
disconnected from culture (all dimensions 
of) 

N/A (basic visual imagery) 

2.b.i Identification of features of land that are 
desirable for land-based traditions 
(harvesting) 

(Dujon & Schofield, 2019; Prandi et al., 2016) 

2.b.ii Identification of features of land that 
are desirable for land-based traditions 
(hunting) 

(Dujon & Schofield, 2019; Frey et al., 2020) 

2.b.iii Supporting symbiism with forestry 
operations and blueberry picking   

(Lausch et al., 2016, 2017) 

2.c.i Demonstration of relationships and 
connection, and dependencies between 
plants/animals 

(Lausch et al., 2016, 2017) 

3.i Justification for how to approach 
‘destruction’ of features within a forest 
during the process of extraction 

(Prandi et al., 2016) 

3.ii Community owned and managed 
baseline inventory/Provision of starting 
points for building inventory of species in 
areas of concern 

(Baena et al., 2017; Saarinen et al., 2018) 

3.iii Understory composition (Venier et al., 2019) 

3.iv Soil ‘richness’ throughout areas of 
cutting 

(Lausch et al., 2016, 2017) 

 

 

 

 

 

 



213 

 

Appendix T: Temporal references for all participants 

 
Participant RL  
 
And this is why were doing this, right? So, this is like a legacy that we want to leave for the children in our 
family, the children in our community. 
 
I have a little business that I run all winter that kindof keeps things chugging along for the winter and that’s 
based on all the herbs and different things that we forage in the summertime Its a livelihood. 
 
And the plan is to be able to work full time on the farm. For the next couple years. 
 
Fall is the big harvesting season. Fall is pretty important, so were preparing getting ready for everyone to make 
it through the winter. Harvesting and storing crops its a big, big crazy time. 
 
The winter is more like low key. A lot of just log harvesting all happens in the winter. Fall is a big one too 
because there’s a lot of water movement, and its the wet season, so everything gets flushed out, but we also 
get a lot of water that comes off our neighbor’s property and goes by here in the river or comes through our 
small stream areas.  
 
Ya, and spring is another huge one because we try to do water testing and things while things are moving, just 
to check for safety since we use all the river water here. 
 
And as spring comes in its a big work time between, I would say May and June, April May June sometimes if 
there’s still snow in April.  
 
Ya, so we do a lot of shoots at that time, in the spring. 
 
Oh, there’s so many. Were not really benefiting from anything yet, so everything is a long-term gain. Like the 

food forest, that’s going to be 10-20 years. Permaculture, just a permaculture farm, its all about putting in the 

work up front and then being able to benefit more freely through the years. 

Water testing. In the spring and fall. Selective cutting, most of that happens in the winter because trees are at 

their lowest moisture level. So, when youre taking trees out in the winter, they just dry faster. For burning, but 

for selective cutting, would be spring because there’s no foliage. So, its just a lot easier to maneuver, its a lot 

easier to see what’s happening in all the different layers of forest. Its a lot easier to see everything. In the 

summer its just way too overwhelming.  

Were always keeping our trails open. So that’s a huge thing. Bill does that. Always in the spring and fall, hes 

gone through all the forested areas and kept the forest trails open. Also, things like brush cutting, because its a 

constant almost battle to keep ground.  

Half an hr? Maybe less. outside influences. 

As much time as it requires. Like a day. 2 days. As long as it’s known in advance. 

Any time of day that gives the best results. So, what is that like mid day?  

Not on long weekends. 
 
Participant MM 
 
…in this area is where when this particular area played significance in our historical interaction with respects to 
fur trade era, to the era of mining, forestry, hydro development. It was an area that when our people were 
asked to relocate to another area in this block is an area where some of the families had moved to because of 
the development of the town of Matachewan. So, it was an area that a lot of our band members were familiar 
with this particular area because it was again the town of Matachewan was developed because of mining. 



214 

 

 
Because of its significance. To not just my generation, but my mother’s generation and so it has that 
significance to it as a first nations community is that was considered their land-base, but it was intruded on with 
mining and hydro development prospectors. So, you had other settlers coming in.  
 
The other is is that we have already been impacted by the last 25 years of logging in our area so that again is a 
strain on the birds, the other animals that are there.  
 
So, when you have drawings on the rock that are 2000yrs old those drawings are related to our knowledge our 
instructions, our relationship with Earth and Sky. So, if it was to tell a story, that story is connected to our 
ancestors that date back 2000 yrs. 
 
…when I was growing up and being told about the stories from the Elders who have since passed into the spirit 
world, that they talked about how they used to travel up and down that river when they were kids, when their 
mode of travel was by canoe. When their way of life was living off the land and where at one time, they could 
dip their cup into the water and drink it. It was, there was stories about how there was plentiful food available 
until the prospectors came in, until the European settlers started coming in, that’s when there was a decrease 
in the animal population that’s when there was a decrease in the access to fish.  
 
So, the story about growing up at the very end of a way of life is that my generation was like the very last 
generation in our area that actually still had a physical presence on the land because our people for that time 
our economy was the fur trade. So, a lot of people still hunted and trapped. Cuz that was the economy. 
 
 I remember as a boy going up to the reserve when there wasn't anyone settled on the reserve yet its when 
they first started when they built the first houses on the reserve, I remember that as a boy. 
 
…ya that’s where I grew up. Its where I spent most of my until I was 17. 
 
…how do we know that its a historical river system? Because we have drawings on the river that are 2000 

years old 

Were going back a thousand years. Were going back 2000 years. So how many generations before us were 

there?  And so, when we consider where these people would have been buried, that village that was never 

investigated by archaeologists, that never had an anthropological study, we still don’t know yet the full extent of 

that story. 

…to look at the wintertime, to look at the tracks that are coming in and out of the sites. And that would also be 

an indicator a visual indicator to know what animals are in that block. 

1970, our people were still trapping, there were still hunters, 

…where are the vulnerable places for the runoff? When you talk about spring runoff, what’s that going to mean 

now? Because all the snow is going to leave earlier so because there’s creeks there so that means that there’s 

going to be an effect. Because of the slope, because its on the side of the hill. So, what does that mean, with 

respects to spring thaw? 

 So, by them changing that landscape and that habitat again youre also affecting the insects. which is a food 

source for these areas’ birds. Again, and the streams and the creeks. Again, youre looking at the vegetation 

that’s there that provides that food source for that particular landscape habitat for those animals that are there.  

And the other is is that that particular area, for our community, I would actually have to ask one of the elders 

over there, was that considered as a winter area? Was it summer area? Was it a spring area? Or was it a fall 

area? Because we had different areas that we harvested.  

The value changes through the seasons. So, there are values of each season. Those values go up and down 

the spectrum.  
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I would say 10-3pm The reason being is that you end up with shadows. Youre looking at lighting. And again, 

also depending on the weather conditions. Right? So, if its cloudy out. Depends on the landscape. ON a side of 

a hill, valley, so some areas might have shadows. Lighting plays a critical part of the clarity of the images that 

youre going to capture.  

 The fall would be a better time when the leaves are off the trees. You need the leaves off the trees in order to 

capture other anomalies on the ground that we won’t see with the vegetation, the tree canopy on. VIP. To get 

that full spectrum of looking at that aspect of looking at how youre seeing it now vs when all, you just see so 

much more with the leaves off. But with the leaves on, especially in the fall time, you get to see in the fall time 

youre getting the spectrum of the different colors of the leaves. So that also helps you to identify through the 

tree canopy the different species that are in that area. Cuz theyre going to turn different colors. So, you have 

your maple, you have your poplar, you have your…That also plays a factor in seeing the tree canopy that’s in 

that geographical area. 

 
Participant CY 
 
Oh, ya I can remember being back in there, with my cousin or my dad. As a little girl, we stayed right in the 

bush.  you know we got our water from the lake and we had our outhouse. We lived there. In the winter at Clark 

Lake, you could go outside and, on that lake, and you could see the wolves across the lake. 

My gramma, we'd go along the waterway and we'd stop for lunch on the shore, she would plant potatoes. 

Everywhere we went. 

Getting ready for moose calling. And the moose hunt. This time of year, we would be getting ready for moose 

hunting season. We would be out there calling and calling and calling.  So, as we'd call. And we would just call, 

we're not out there hunting, we're just calling right? To bring them in. To bring them to the area 

Its kind of separated. There’s two different age levels of where mine is coming from. Because I was gone for a 

long length of time, so when I was a little girl, I think it benefitted me because I was learning how to survive, I 

was out with my dad, I was out with my grandpa, or my gramma, out here so I knew things like to leave 

something behind like the potatoes right? Or just little things like that. Leave something behind. Or you know, 

what sounds to listen for or what to look for in the bush to see maybe if there’s a bear around, or something like 

that right? Those things I remember as a little girl but then when we had to move away because there was no 

work here from my dad, he was Indian right? So, and it was either that or go and live on the reserve which 

there was no houses. So, it was really hard living around here back in those days. And so, when I came back, 

30 years later, and I lived at my cottage, I started coming back for a couple of years before my dad died. And 

he was bringing me back out on the land.  

 
Participant EJ 
 
I'd say about 2 or 3 years now I start paying attention I should say I think it was happening all the time, but I just 

started paying attention to it. 

 No Id say maybe 4 years ago 5years. 

The year before. Then this year it was like, not this year, it was last year and the year before. Because last year 

was when they did it.  

Grouse. Yeah, theyre eating those mountain ash berries. 

Hey that bear poop too. See, theyre gettin all their feed now because theyre goin hibernating pretty soon. So 

theyre just eating everything they could. They had plenty of blueberries this year. There’s wolf tracks too. 

There’s wolves walkin back and forth on these roads. So, they get the calves. Theyre lookin for the calves.   

And the bears will get the calf too. The smaller moose 

…one time they went huntin, my brother, and it was in the wintertime.  
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Appendix U: Flight, Analysis, and Communications plan, Use-case A 

 

FAC plan created in Stage 2, Step 5 can be found at 

(Will be available at this link until December 2020, and afterwards will be available by request of 

the primary author) 

https://uoguelphca-

my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EXFGZJQB5GpIqKrKxyMhTAEBSwaQ

9o4q0MB6WSDscnDp8Q?e=CVGdf2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EXFGZJQB5GpIqKrKxyMhTAEBSwaQ9o4q0MB6WSDscnDp8Q?e=CVGdf2
https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EXFGZJQB5GpIqKrKxyMhTAEBSwaQ9o4q0MB6WSDscnDp8Q?e=CVGdf2
https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EXFGZJQB5GpIqKrKxyMhTAEBSwaQ9o4q0MB6WSDscnDp8Q?e=CVGdf2
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Appendix V: Flight, Analysis, and Communications plan, Use-case B 

 

FAC plan created in Stage 2, Step 5 can be found at 

(Will be available at this link until December 2020 and afterwards will be available by special 

request of primary author) 

https://uoguelphca-

my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EeldIW6PIytAhPFKk6DfyjsBLbCaNCba

0BEsLaobt_MpIQ?e=NronNI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EeldIW6PIytAhPFKk6DfyjsBLbCaNCba0BEsLaobt_MpIQ?e=NronNI
https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EeldIW6PIytAhPFKk6DfyjsBLbCaNCba0BEsLaobt_MpIQ?e=NronNI
https://uoguelphca-my.sharepoint.com/:w:/g/personal/huttera_uoguelph_ca/EeldIW6PIytAhPFKk6DfyjsBLbCaNCba0BEsLaobt_MpIQ?e=NronNI
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Appendix W: Example of flight details for sites in use-case B 

Approximate time required 
for flight operations. 
Including transportation, 
charging of batteries, set 
up, and take down. 
 
41hrs 

8 full days  
Site A (3 days) 21hrs 
Session 1, Early spring (7 flights/day @1hr/flight) 
Session 2, Late summer (7 flights/day @1hr/flight) 
Session 3, Early fall (7 flights/day @1hr/flight) 
Site B (1 day) 3hrs 
Session 1, Early fall (3 flights @ 1hr/flight) 
Site C (2 days) 5hrs 
Session 1, Early fall (3 flights @ 1hr/flight) 
Session 2, Early fall (2 flights @ 1hr/flight) 
 
Supplementary sites (2 days) 12hs 
Session 1, throughout summer (6 flights/day @ 1hr/flight) 
Session 2, throughout fall (6 flights/day @1hr/flight) 
 *Several sites have been identified during informal discussions as 
having visual content that can assist with the creation of data. 
4 sites were identified, and 2 days will be spent across these sites, time 
allowing. 
 

Imagery to be collected 
during flight 

Programmed photogrammetric flights. 
Pre-programmed flights that use both multispectral and RGB camera: 
Images are shot at -90’ (looking straight down) of entire area, 
75% overlap of each image taken allows for images to be put together 
into one single photo. 
50-90m height allows for 1.9-3.5cm pixel resolution. 
Must be completed mid day, late summer/early fall.  
Manual photogrammetric images 
Same details as above, however completed without a programmed 
flight. 
Video and images 
Used for creating simple video and photography. 
Go along interview. 
Using goggles or a screen, participant guides the images collected, the 
flight direction, angles of the camera all by verbal commands while 
describing what they see. 
 

Number of Flights 
 
41 

Site A (21) 
Programmed photogrammetric flight.  
X3 areas, 2 East and 1 North 
Manual photogrammetric images  
X 1 area, North 
X 1 area, East 
Go Along interview 
X1 area, South 
X1 area, North 
Manual video 
X12 areas 
Site B (3) 
Programmed flight. 
X1 areas 
Programmed multispectral imagery. 
X 1 areas 
Manual Video and images 
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X 1 area 
Site C (5) 
Programmed flight. 
X 2 areas 
Go along interview. 
X 2 areas 
Manual photogrammetric images 
X1 area 
 
Supplementary sites (12) 
Various supplementary imagery 
 

Visual Indicators that will be 
looked for at sites (during 
collection of video/photos 
for basic visual imagery 
and during Go Along 
Interview) 

Site A 
Areas where water flows across or pools on land. 
Areas where healing resources are harvested. 
Plants that can be visually identified 
Identified Landmarks  
Birch trees or birch stands. 
Grand mother trees 
 

Site B 
Areas where water flows across or pools on land. 
Areas where spray is connected to surrounding water areas. 
Areas where healing resources are harvested. 
 

Site C 
Animal habitat on cut area vs in uncut areas 
Extent of cutting. 
Identified historic areas in memory of participant. 
Ground debris, including unused logs 

Camera(s) required RGB (40 flights) 
Multispectral (1 flight) 

Other details of flight plan N/A 
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Appendix Wi: Graphics used in Communication section of FAC Plan. 
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Appendix Wii: Graphics and information provided in ‘Analysis’ section of FAC 

plan. 

Communication 
Need 

Sub-
theme 

Focus Software required 

1.Disruptions 
and impact 

a) General Examining impacts from road building 
into undisturbed areas  

b) Identity Oversight of on the ground cutting 
activities in response to disorientation 
and psychological trauma from cutting 
activities  

c) 
Connection 

Protection of conditions for pre-
settlement engagement with ecosystem 
services as a way of life 

 
d). Flora 
and Fauna 

Inventory of species present throughout 
entire area of cutting *CEA FMP 
adjustment (also covered in 3) 

 
2.Cultual 
Landscape 

a) General Moving communications away from 
words like ‘Values’ which are 
misleading and represent a new 
language being used 

 

b) Identity Maps that identify current practiced 
traditions  

c) 
Connection 

Specific points to focus on at the onset 
of cultural baseline creation (to be 
grown over time as knowledge is added  

 
3.Flora and 
Fauna 

N/A Living baseline 
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Appendix Wiii: Graphics used in ‘Flight planning’ section of FAC plan. 

 

 

Example map of Aerodromes and Airports nearest to site locations of use-case B. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site location A, B and C, 

Matachewan, ON 

Aerodrome, Elk Lake 

Airspace, Earlton 

(Temiskaming Shores) 

(class E) 

Airport, Earlton 

(Temiskaming 

Regional) 
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Appendix X: Modifications, additions, and removal of questions for future 

research 

Modifications to questions 

1b: If this area of land were to tell you a story about itself, what would that story be? 

The use of the word ‘story’ is used to replace the words ‘communication materials’ however may 

be too broad. Although the question (and the following question) is intended to be as broad as 

possible, so that the largest possible range of themes can guide the process in creating 

communications, the time frame or point in time of this question needs to be tightened or 

focused for the participant. 

Q1c: If you could create a story about this land to share with others, what would that story be? 

This question would benefit from being focused on messages.  

Q2b: What are the uses from this area of land that are important to you? 

This question may benefit from indicating that these are features that the participant would focus 

on. It may also benefit from being changed in location which addresses a section specifically 

focused on UAV usage.  

Since the theme of the interview was UAV usage, this usage was salient and thus confusing as 

to whether the questions was about features themselves or features which could be seen using 

a UAV in 2/3 of the interviews.  

Following this question, it became clear that the use of the word ‘resources’ became 

problematic in two interviews that took place at Matachewan First Nation. Although the option 

for selecting their own word, how to phrase this a question like this became difficult. Resources, 

‘Gifts from Nature’, ‘benefits’ were mentioned as possible words that could be used, however 

the terminology was difficult to address.  

Q2c: For each one of the resources that you have pointed out that are important to you, please describe how 

you use each resource? 

Although this question targeted management and was intended to draw light on benefits or 

services of particular indicators, in the First Nation context, this question elicited a defensive 

response and may need to be adjusted. 

Q2e: Is there anything in particular about the features of this area that you would like to learn 

more about? 

When there have been specific concerns or conflicts that are strongly present in the interview, 

this question needs to be reworded in order to focus on gaps in knowledge regarding this 

particular concern or conflict (e.g., the management style of cut blocks themselves) 

Q3a: How does the use of each resource that is available on your piece of land benefit you? 

This question may be unnecessary because there had been many benefits addressed during 

question 1 and 2. The use of this question here would validate details regarding benefits. A 

probing question was used in one interview asking the participant what their role would be. This 
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probing question yielded helpful responses regarding selection of audience and communication 

theme and may be added to interview script in future iterations.  

 Q3b: Are there any benefits that your area of land brings to others that you are interested in 

focusing on?  

This particular question was one of the only questions that was asked in all 4 interviews. In all 

files from use-case B, it was immediately difficult to pin stories, details, and focus to one region 

despite highlighting area with the use of a google maps, as well as supplementary maps.  

Q4c: Are there any benefits that that may be able to happen in the future which you are not yet able to 

benefit from? Please describe these future benefits. 

This question must be addressed specifically for addressed indicators, species, features, etc. 

that may have come up during previous sections of the interview. Scope for this question must 

be made specific.  

Q4f: Using this calendar again, can you tell me about any differences in the actions that you 

take throughout the year that are good for this area? 

Again, a scope must be defined for the participant through this question, either through area or 

communications theme that has become immediately obvious in the previous responses.  

Section 6: Communications Form 

Without previous experience with particular examples this question represents a guess on the 

part of the participants. This question would be strengthened by providing examples in the 

previous step. 

Section 7: Equipment and Scheduling 

Participants reaching this point were noticeably exhausted from the interview process. This particular 

question provided an opportunity to link experience and knowledge indicated in section 5 (UAV Usage) to 

the responses in this section which could direct decision making power between technology steward and 

participant. For FAC, this section could be represented as a sliding scale. Sample size was too small to 

draw conclusions as to how effective this could be.  

Q7a:  Would you have a preference for how you would like to see the images that are being collected? 

Without any previous knowledge on how images can be used, this question was difficult for 

participants unless options are listed. This question would also depend on the equipment that is 

available itself. In one participants response, the participant indicated methods for sharing data 

itself, including use of a USB, cloud storage, or a “sharable link”, which is addressed in the 

following section. Understanding of the examples of this question may be assisted by adding 

examples into introductory video, which is suggested previously.   

 

Questions which could be removed: 

Questions which were found did not contribute to information that was used in analysis in Stage 2, step 3-

5 included question 7b and d which can be removed from interview process. 
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Questions which could be added:  

A question could be added at the beginning of the interview as an ice breaker that would help to 

define the participants role in the organization, e.g. 'Do you represent yourself and your land, or 

are you a representative/spokesperson on behalf of an organization or entity that us using this 

area? 

Section 2: A question could be added regarding how to define word usage and preference (e.g., resources, 

etc.) 

Section 7: A question could be added about data sharing, as far as how they would prefer to receive 

data, e.g. What is the most convenient way for resulting images or communications to be shared? With a 

listing of options following.  

 

Questions which could be aided by modifying previous step (Stage 2, step 1: Introductory video): 

6a: Examples of communication forms 
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Appendix Y: Modified details of overlapping steps involved in D3 process. 

Engagement 

Phase 
NCP process D3 Process Steps 

Associated multidisciplinary 

methods 

Phase 1 

1. Identify the 

purpose 

 

-Decision making 

-Raising 

awareness 

-Accounting 

-Litigation/conflict 

resolution 

Step 1: Provide general 

education on drone data 

collection and 

communication 

techniques to 

participants based on 

context and collect 

feedback 

Use video elicitation to begin 

open discussions 

Step 2: Design general 

details of context based 

on discussions with 

organization 

representative(s) 

Include selection of focus for 

project, roles, communication 

flows, and identification of 1 

representative/spatial area for 

interviews and examine 

secondary information 

relevant to context 

2. Scope the 

process 

 

-worldviews 

-foci of value 

-Types of value 

Step 3: drone systems 

planning interview or 

survey 

 

Step 4: Analysis of 

planning interview - 

Communications 

planning 

ODD Address overview: 

Purpose, State variables and 

scales, process overview and 

scheduling, including CICES 

and DPSIR 

Step 5: Analysis of 

planning interview - 

Analysis planning 

ODD: Address details: 

Initialization, input, 

submodels 

Step 6 Analysis of 

planning interview - 

Flight planning 

ODD Address design 

concept: design concepts 

Phase 2 

3. Pluralistic 

Valuation 

 

Select methods: 

-biophysical 

-cultural and social 

-economic 

-health 

-holistic and ILK 

Step 7: Create flight, 

analysis, and 

communication plan 

Plan according to 

learning/teaching needs of 

participants  

Step 8: Present plan to 

participants and seek 

feedback 
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Assess: 

-key potential 

trade-offs among 

types of values 

-Power relations 

among value 

holders 

4. Integration and 

Bridging 

 

-Integrated 

modeling 

-multicriteria 

analysis 

-narrative analysis 

-deliberative 

valuation 

Step 9: Drone Flights 

Include Go-Along interview 

using drone following 

necessary flight protocols 

Step 10: Information 

workshop surrounding 

details of flight and 

analysis 

Include photo-elicitation for 

feedback 

Phase 3 

 

5. Communicate 

on values and 

review the 

valuation process 

 

-disseminate 

knowledge on 

values 

-be aware of 

confidence limits 

-iterate process 

(review) 

Step 11: Final data 

processing to address 

communication needs 

Address solutions for conflicts 

(using DPSIR guidance and 

CICES categories as focus) 

and/or decision making 

(based on CICES categories) 

Step 12: Present data to 

participants and collect 

feedback 

Include Photo-elicitation for 

feedback 

Step 13: Closing survey 

following presentation of 

data 

As needed (for project 

management purposes) 

 

 


