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Executive Summary 
 

This project was initiated as part of the Bow River Cumulative Effects in Action (CIA) project, 
which is attempting to develop a Phosphorous Management Plan (PMP) for the Bow River to 
address phosphorus loading issues by reducing the amount of phosphorus (P) loaded into the 
Bow River, between the Bearspaw and Bassano Dams; increasing awareness of P loading in 
this reach of the river; and, engaging stakeholders in the implementation of effective 
management tools. Given the variety of stakeholders interested in and actively working on P 
loading issues in this particular stretch of the Bow River, the development of the PMP presented 
an ideal opportunity to apply a social network analysis (SNA), to understand the key players 
involved in P loading issues. The Social Network Analysis Pilot Project (SNAPP) was initiated, 
and was tasked with identifying and understanding: 

a) what the pattern and structure of relationships are in the study area, relative to 
phosphorous loadings and water quality management; 

b) how the pattern and structure of relationships might influence the actors’ sharing of 
information; and 

c) how the pattern and structure of relationships might influence the actors’ behaviours. 
 

The knowledge gained from the SNA, including network models illustrating the structure of the 
social network at play as well as specific information around communication flows, was intended 
for use in identifying all relevant and necessary stakeholders to engage in the PMP, as well as 
determining how stakeholder involvement in implementing the PMP might be facilitated. In 
addition to this, the SNAPP provided Alberta Environment and Sustainable Resource 
Development (ESRD) staff with an opportunity to learn about SNA, and how and where it might 
be used in the department. 

 
Through the SNAPP’s activities, 147 stakeholders from 66 organizations were identified, 
including 319 connections between stakeholders. It was found that stakeholders represent a 
wide range of categories including Government of Alberta (e.g. ESRD), Non-Profit, Urban and 
Rural Municipalities, the Private Sector and Academic organizations. In addition, the SNAPP 
identified a range of educational backgrounds and areas of professional responsibility 
(managerial, administrative, scientific, and technical), as well as the individual stakeholders with 
a significant connecting role in the network, as well as those more sparsely connected, have 
been identified. Finally, the SNAPP enabled ESRD staff to test and learn from SNA including 
methodological considerations; software uses based on ESRD’s operating system and needs; 
online survey design and delivery; data collection and validation; network analysis using 
NodeXL; and, network visualization. Based on these learning’s, recommendations are provided 
to ESRD for the use of SNA in the department, as well as specifically to the PMP.  
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1.  The Bow River Phosphorous Management Plan (PMP) 
 

1.1. The Bow River Phosphorus Management Plan (PMP) 
 
The Bow River is one of several sub basins in the South Saskatchewan River Basin (Fig. 1). 
Many of these basins begin in the Rocky Mountains and generally flow east through foothills 
and prairie areas of the province. Major urban centres in the basin include Calgary, Lethbridge 
and Medicine Hat. All of the province's thirteen irrigation districts are found within the 
South Saskatchewan River Basin.  
 
Due to human population and land uses in the area, phosphorus loading levels on the Bow 
River, between the Bearspaw and Bassano Dams, have at times exceeded targets and limits 
set for phosphorous in the river (see Bow River Phosphorous Management Plan Terms of 
Reference, 2012). Various watershed activities, ranging from wastewater effluents to urban and 
rural land uses, are some of the sources of phosphorus loading1 in the river. Continued or 
increased development in this region is expected, and in turn, it is realistic to expect that 
phosphorus loadings may increase as a result of activities. The result of potentially high levels 
of phosphorus loadings can include negative impacts to recreation and aesthetic value of the 
area, as well as source water quality for communities, industries, and aquatic life. As such, there 
is a need for managing the cumulative phosphorus loadings from all sources2

 
 in the Bow River. 

The Bow River Cumulative Effects in Action (CIA) project is attempting to develop a 
Phosphorous Management Plan (PMP) for the Bow River to address phosphorus loading issues 
(Figure 1.0). The intent of the PMP is to: 
 

• reduce the amount of phosphorus (P) loaded into the Bow River, between the Bearspaw 
and Bassano Dams; 

• increase awareness of P loading in this reach of the river; and, 
• engage stakeholders in the implementation of effective management tools. 

 
A variety of stakeholders (regulated and non-regulated) are currently involved in the 
development of the plan. 

                                                           
1 Phosphorus is a plant nutrient and, when present in the river at high levels, can result in nuisance aquatic plant 
growth and critically low dissolved oxygen levels. This, in turn, causes problems for fish and for in-stream 
recreation such as boating and fishing. It also causes problems at water intake areas for irrigation districts. 
 
2 For more information on the Bow River Phosphorous Management Plan, see Appendix A.  
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Figure 1. Focus area for the Bow River Phosphorous Management Plan (PMP). Boundary is 
indicated by the black line. 

 
Given the variety of stakeholders interested in and actively working on this issue, the 
development of the PMP presented an ideal opportunity to apply a social network analysis in 
order to understand the key players involved in P loading issues. In tandem to developing the 
PMP, a social network analysis sub-project was initiated.   

Some of the general research questions guiding the initial stages of the social network analysis 
included identifying and understanding: 

a) what the pattern and structure of relationships are in the study area, relative to 
phosphorous loadings and water quality management; 

b) how the pattern and structure of relationships might influence the actors’ sharing of 
information;  

c) how the pattern and structure of relationships might influence the actors’ behaviours; 
and, 

d) how this information could be used to address P loadings in a proactive way, in order to 
achieve environmental outcomes (e.g. PMP implementation). 

 

1.2. Overview of the Social Network Analysis Pilot Project (SNAPP) 
 
A growing body of literature suggests Social Network Analysis (SNA) can be useful in 
“understanding the characteristics of social networks [in order to] increase the likelihood of 
collective action and successful natural resource management” (Prell et al. 2008: 443).  With an 
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understanding of the social network(s) at play in a particular area comes a better understanding 
of how stakeholders in an area can be supported in relevant and effective ways, to further 
address environmental management issues.  

The Social Network Analysis Pilot Project (SNAPP) was advanced as a proactive step to identify 
and understand the complexity inherent in stakeholder networks; including network structure 
and function of relationships (see Appendix A for team composition). This pilot project would 
assist in the development and implementation of the PMP in ways relevant to stakeholders and 
their existing activities, as well as support the implementation of Regional Plans, Environmental 
Management Frameworks and the Cumulative Effects Management System (CEMS) as a part 
of the larger provincial CEM in Action (CIA) Charter for Southern Region. Further, this pilot 
project was positioned to assist in developing the social dimension3

2. Methodology 

of CEMS, as a sub-project of 
Systems Development (see Appendices for team composition).  

 

2.1. An Overview of Social Networks and Social Network Analysis  
 
Social networks can be thought of as social structures comprised of individuals connected to 
each other based on similar features (e.g. friendship, participation in a committee, etc); these 
networks are often represented in a web or graph (Butts 2001; Wellman & Berkowitz 1988). 
Social networks have long been seen as an important aspect of an individual or group’s 
knowledge acquisition and learning (Burt 2001; Davidson-Hunt 2006; Raffles 2002; Valente and 
Davis 1999). In particular, knowledge is viewed as being embedded in social ties, the 
connections among and between people versus those found in formal channels, such as 
institutions. Through social ties, individuals and groups have opportunities to learn about 
innovations, opinions or perspectives, learn or enhance skills, and reinforce or question 
previously held ideas; all because people are networking with each other and in doing so, 
sharing information.  
 
Social networks are comprised of actors (also referred to as ‘nodes’) who are tied to one 
another (through ‘edges’) through socially meaningful relations. These two relational data sets 
(nodes and edges) are the basic units of social network analysis (SNA). These relations can be 
analyzed for any structural patterns that might be present among actors. As such, an analyst of 
social networks looks beyond the attributes of individuals to also examine the relations among 
actors, how actors are positioned within a network, and how relations are structured into overall 
network patterns (Scott 2000; Wasserman and Faust 1994; Wellman and Gulia 1999). 
 
A social network can be represented as graphical illustration of a social relationship among 
individuals in a bounded group. In this sense, each individual is represented by a vertex (or a 
node) in a graph, and an edge (straight line) is the representation of the relationship that 
connects two vertices; however, the latter can only be shown if a relationship exists between 

                                                           
3 The social dimension of CEM, as a system, is still a definition under construction. That said, a general, plain 
language description refers to explicitly considering the values, knowledge, ideas, behaviours and experiences of 
people relative to environmental decision making. This general description should include considerations for 
relationships between individuals and communities, as well as cultural, political and economic contexts, as they are 
situated within Alberta’s natural environment.  
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two individuals or organizations. For example, Figure 2 illustrates friendship between different 
people. Each person is represented as a vertex (or node) and there is an edge (straight line) 
between two people if they are friends. 
 

 
 

Figure 2.  Friendship network 
 
Analysis of social networks refers to the methods used to identify “the role and influence of 
different stakeholders and categories of stakeholders according to their positions within [a] 
network” (Prell et al. 2009: 501). Thus, social network analysis (SNA) can provide a range of 
analytical tools and concepts for uncovering the patterns and structures of social networks (Prell 
et al. 2008). Products of SNA often include network models, illustrations that depict the 
stakeholders (nodes or vertices) in a network, as well as their relationships (edges). These 
models can be found to represent the following types of relationships: 
 
Strong Ties: refers to the actors that have strong relations, often with a relatively high degree of 
trust between each other. These actors are good at communicating complex information and 
encouraging sharing amongst the network. These actors are often less likely to be innovative or 
exposed to new ideas because of their roles (Prell et al. 2009). 
 
Weak Ties: refers to the bridging of actors and groups connecting those that would otherwise 
be disconnected from the core of the network. New information oftentimes flows through these 
ties, though these actors are less likely to trust one another (Prell et al. 2009).  
 
Homophily: refers to a condition where actors are attracted to one another based on their 
similarities; however, this can be detrimental because similar actors, whom often are better 
communicators of tacit, complex information, are well connected and yet their high level of 
understanding may not diffuse to the rest of the network (Prell et al. 2008: 445). 
 
Centrality: two types of centrality exist:  

 
Degree centrality is the number of other actors that one actor is directly connected to; 
actors with high degree centrality are often viewed as important players for mobilizing 
the network and playing a collaborator role. However, these stakeholders exert a lot of 
energy in the maintenance of many, often diffuse, ties; as such, weak ties can result.  
 
Betweenness centrality refers to the number of times an actor rests between two other 
actors who are disconnected (from each other) in the network. Highly betweenness 
centrality is important for long-term resource management planning because these 
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actors often act as a broker, bringing disconnected segments of the network together 
(Prell et al. 2008). 

 
Centralization: refer to a few actors that hold the network together, and uses their strong 
connectedness to reach others. However, these actors’ reliance on a few well connected 
individuals is not necessarily conducive to resilience in the network (e.g. what if this actor leaves 
the network?) (Prell et al. 2009). 
 

2.2. SNAPP Assumptions, Research Questions and Expectations 
 
Given that different stakeholders4

 

 are assumed to hold a variety of connections between and 
among each other, a social relational approach was thought to be most useful in identifying and 
understanding the interactions of and relationships between individuals and organizations 
(Bodin and Prell 2011).  

In using a social relational approach, it was anticipated the PMP working group could identify 
how the relationships among individuals and/or organizations enabled or constrained action on 
an issue (Bodin and Prell 2011). This would provide insight as to how to engage stakeholders in 
developing and implementing PMP management actions. Thus, SNAPP’s hypothesis was that 
SNA could be used to identify stakeholders, understand the network structure and relationships 
at play, and identify gaps in communication between stakeholder groups. Accordingly, the 
following research questions were identified: 
 

1. What is the network at play, relative to reducing non-point (and to some extent, point) 
sources of P loadings in the Bow River?  

2. More specifically, what can we learn about the following: 
o Strong ties? 
o Weak Ties? 
o Degree of Homophily? 
o Degree of Centrality? 
o Degree of Centralization? 

3. How can we use this (above) information to inform the development and implementation 
of actions that work to reduce or eliminate non-point source P loadings in the Bow 
River? 

4. What are the most common attributes of the stakeholders (e.g. type of educational 
background, role in organization) and what significance does this have in the network? 

5. Who are knowledge brokers and what effects do they have in the network? 
 
Based on these questions, two units of analysis were required: a) analyzing the network and 
relationships of individuals; and, b) analyzing the network of organizations by virtue of 
identifying individuals. Thus, data collection was focused on identifying individual stakeholders 
and their relationships, and using individuals’ attribute data, identifying relational ties through 
organizations.  
 

                                                           
4 In the context of SNAPP, ‘stakeholders’ referred to persons or groups directly or indirectly affected by or involved 
in a project, as well as those who may have the ability to influence a projects’ outcome. 



Social Network Analysis Pilot Project: Phase One  8 of 38 
Alberta Environment and Sustainable Resource Development 

Given this approach, the project team expected to identify: 
• The structure and nature of the individual and organizational network at play, relative to 

the study area; 
• The diversity within the stakeholder network (e.g. identify all possible groups participating 

in the network); 
• The information flows and gaps that exist in the current network; 
• The ‘movers and shakers’ in the network (e.g. the key stakeholders, or actors in the 

network, based on their centrality or other measures); and, 
• The graphic representations of the network(s) to identify stakeholders that could be 

solicited for involvement in the development and/or implementation of the PMP.  
 
Overall, the SNAPP team proposed that by identifying and articulating existing relationships 
between and among stakeholders, as well as uncovering and explicating the strengths or 
weaknesses within these relationships, ESRD and more specifically the PMP working group, 
could be enabled to: 

• Improve communication channels; 
• Identify potential issues in P loadings management at an earlier stage;  
• Enable the generation and communication of new ideas, and: 
• Foster local support and goodwill for new initiatives.  

 
Project findings were anticipated to include: 

• A report documenting the Social Network Analysis (SNA) of the point and non-point 
source pollution stakeholders located within the specific reach of the Bow River, for the 
purpose of the PMP development and implementation; 

• A suite of Powerpoint presentations to be used to instruct and inform staff or external 
stakeholders of the SNAPP results and using SNA in ESRD; and 

• Staff training in the design of an SNA, as well as use of the research tool(s) and 
assistance in analysis. 

 

2.3. Software Selection 
 
Several SNA tools and software libraries were evaluated to determine what tool would best suit 
the needs of the SNAPP. The pros and cons of each tool were outlined, and using these criteria 
recommendations were made to ESRD. Below is the comparison criteria developed for SNAPP.  
 

Criteria Description 

Analysis capabilities All tools had to have a minimum set of capabilities including 
exploratory data analysis, network visualization, centrality 
measures, and community mining. Comparisons were 
made based on the range of visualizations, centrality 
calculations, and community mining algorithms. 

Documentation Comparisons were made based on the quality and quantity 
of available documentation and support resources. 
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Ease of learning and use Systems that offered intuitive designs based on familiar 

interface elements were preferred. This would reduce the 
new user learning curve and increase long-term 
productivity. 

User interface Toolsets that offered a graphical user interfaces (GUI) were 
favoured over toolsets that were invoked from a command 
line or scripting environment. 

Input/output formats Packages that support a large variety of input and output 
formats allow better integration with other tools (e.g., 
Microsoft Excel) and easier data migration to alternative 
SNA systems. 

Programming interface Toolsets with a programming or scripting interface were 
given preference because they would support custom or 
more complex analysis. 

Licensing Some tools are open-source and free (e.g., GPL and BSD 
license) while others require commercial licenses. 
Preference was given to open-source or free systems that 
had active development or were shown to be stable. 

 
Based on the above criteria, two, final software recommendations were made to ESRD for the 
SNAPP and future SNA projects: 

 
1. NodeXL 

NodeXL is the best available option for simple to moderate analysis projects involving 
small to medium sized graphs of up to 1,000 nodes. It is a Microsoft Excel Add-In with a 
familiar, easy-to-use interface, with access to a comprehensive set of SNA features. 

 
2. Cytoscape 

Cytoscape is recommended for large networks or custom algorithmic components. This 
package is used by researchers in academia and industry and it offers a comprehensive 
set of tools and plug-ins for custom SNA projects. 

 
NodeXL was selected for the SNAPP given its user-friendly interface, free access and easy to 
use Microsoft Excel Add-in. Developed by Microsoft Research, NodeXL integrates into Excel 
2007 and 2010, adds ‘graph’ as a chart type to the spreadsheet and calculates a core set of 
network metrics and scores, including various centrality measures. NodeXL also includes a 
number of popular community mining algorithms.  
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2.4. Data Collection (Relational and Attribute Data) 
 
A common method for acquiring data on social networks is a survey or questionnaire. Relational 
surveys are often conducted with well-defined network boundaries (schools, clubs, and 
organizations) and a complete list of actors. In the context of the SNAPP, the stakeholder 
network boundaries were not well-defined at the individual or organizational level – ESRD did 
not know who all the stakeholders were, either those currently involved in P loading issues in 
the Bow River, or those that could potentially be involved. In using social network techniques to 
uncover a partially hidden or unknown population of actors and their relationships, ESRD could 
be better enabled to strategically engage and solicit participation of stakeholders in the 
development and implementation of the PMP. 

 
In order to build internal capacity in SNA, Courtney Hughes (ESRD SNAPP Project Manager) 
worked with Asymmetric Ventures’ Sridhar Mutyala to design and distribute the survey, collect 
data, and identify and resolve issues throughout the project. In addition, a training manual5

 

 and 
several presentations were developed, to build staff capacity in using SNA. Courtney Hughes 
and Tanya Melnyk (ESRD CEMS Coordinator) participated in two training sessions in using 
NodeXL, developing their understanding and abilities in how to use the software to conduct an 
analysis of a stakeholder network. The training manual is a step-by-step tutorial outlining social 
network concepts and terminology. It includes examples of how to use NodeXL to input 
relational data and to perform different types of analysis including visualization, centrality 
measures, and community mining.  

To recruit potential survey participants, snowball sampling was used. Snowball sampling (also 
known as snowballing) is an iterative approach to collecting relational data that is particularly 
effective when dealing with hidden populations and poorly defined network boundaries. It uses 
recommendations from an initial group of experts to identify additional members of the network; 
in turn, new members are surveyed and asked to specify their ties with existing members and 
recommend another round of actors. The SNAPP survey used a name generator, an item or 
series of items that invite respondents to name others with whom they have contact of a specific 
kind, to generate the list of additional participants. This process continued to identify new actors 
and ties in successive rounds, until very little new data was acquired (or, in other cases, until a 
fixed iteration limit is reached).  

 
In addition to collecting relational data using the above method, the survey (see Appendix B) 
collected the following attribute data from stakeholders: 

 
• Job Title 
• Organization 
• Organizational Category (Provincial Government, Non-Profit, Licensee, etc.) 
• Region of Interest 
• Educational Background 
• Interest in Point-Source Pollution, Non Point-Source Pollution, or Both 
 

Attribute data was used to determine how well different organizations and groups were 
represented in the stakeholder network, as well as to understand the communication ties that 

                                                           
5 Contact Courtney Hughes (ESRD) for the manual and presentation, or visit the ESRD website for more details. 
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existed between these groups. Further, alternative networks were constructed and analyzed – 
where the type of organization, organizational categories, and educational backgrounds 
functioned as nodes. Ties between individual stakeholders that “belonged” to each node implied 
ties at the node level for these alternative networks. This step was relevant to the PMP working 
group in terms of determining whether or not there was a diverse and balanced representation 
of different stakeholders, and if not, would enable the working group to identify the knowledge, 
skills, and sectors that may need to be included.  

 
The snowballing process was initiated with the attendees of the September 27, 2011 PMP 
working group meeting.  An overview was given of how snowball sampling and SNA techniques 
would be used to map and analyze the stakeholder network. After this, an online survey (survey 
iteration #1) was designed in order to collect individual attribute data, communication ties to 
existing team members, and recommendations for additional stakeholders. In addition, a 
consent form was drafted and approved by ESRD’s Freedom of Information and Protection of 
Privacy (FOIPP) Office, to ensure that this study was within ethical means to collect and use 
stakeholder information (see Appendix B, included in the survey).  
 
Email was used as the primary form of inviting the PMP working group participants to complete 
the survey. Follow-up phone calls were made after three weeks, to remind potential survey 
participants to complete the survey. As well, to make survey completion simpler for participants, 
the following name generating question was used to elicit stakeholder recommendations: 

 
“Please recommend other key stakeholders for the PMP project, their primary 
relationship to the PMP (e.g., point or non point-source pollution), and the 
frequency with which you communicate with them.” 

 
For engagement purposes, survey respondents were also asked if they would be interested in 
receiving updates and communications from the PMP.  22 of 24 PMP working group members 
completed the initial survey, and from this 92 new stakeholders were identified. 

 
In the second iteration of the snowballing process (December 2011), email invitations including 
a link to the personalized online survey were sent to the 92 recommended stakeholders. Unlike 
the initial participants who were asked to identify their ties to other members of the group, the 
second round of survey respondents were only asked for attribute data and recommendations 
for additional stakeholders outside the PMP. These recommendations resulted in either a new 
actor or a new tie being added to the existing stakeholder network. To increase participation 
rates, the second round of respondents was telephoned if they had not completed the survey 
within a three week period. These individuals were given the option of completing the survey 
over the phone. In total, 37 out of 92 (40%) recommended stakeholders completed the second 
iteration of the survey; this is generally a good response rate, and given the timelines and this 
being an initial pilot study, these rates are good. 
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A third round of surveying was attempted, however, due to time limitations on the project and 
low participation rates (e.g. holiday season, incorrect email addresses and phone numbers), 
very few recommendations resulted. Nonetheless, a final network model using all data gathered 
was developed in January 2012 (survey #3). 
 

2.5. Supplemental Data 
 
Using SNA in isolation from other data, or applying data collected to an unrelated scenario, may 
lead to simplistic or inaccurate decisions about a given network, as well as what actions could 
be taken to bring about desired outcomes as they relate to environmental and natural resource 
management. Case studies6

 

 suggest that SNA be used in conjunction with other methods and 
approaches to gather additional data to further describe the composition, or other features, of a 
social network.  

Given that the snowball sampling method may have been biased toward the initial set of 
stakeholders (PMP working group members) and, as a result, may have overlooked other less 
active or obvious stakeholders involved in P loading issues, other publicly available and social 
media data were used.   
 

2.6. Online Research 
 
Online research was intended to broaden the reach of stakeholder identification and to ensure 
that the PMP project had a fuller understanding of the networks at play in order to identify 
possible entry points for collaboration and engagement in the PMP development and 
implementation. The project aimed to use online research to supplement data collected through 
the survey given the limited number of participants after the first round of surveying, and thus 
the limited information that could be learned from this data. Twitter and Google were the tools of 
choice in the project’s online research, and were used to supplement the stakeholder network 
data collected through the survey.  
 
Twitter maintains an open platform that provides millions of users around the world with the 
means to easily share and discover information (e.g. tweets) and to learn what is happening in 
real-time, in any particular location about a variety of topics. As an open platform, Twitter 
provides third party developers an API7

 

 that they can use to access public Twitter data, 
including tweets, user data and network data. This API has been used to create many public 
studies of the networks within Twitter; a Google search for “influential Twitter users” will uncover 
some of the more prominent examples.  

                                                           
6 See: Bodin, Orjan, and Prell, Christina.  Social Networks and Natural Resource Management: Uncovering the 
Social Fabric of Environmental Governance.  Cambridge University Press, 2011 
7 See https://dev.twitter.com/docs for more information on Twitter API. 

https://dev.twitter.com/docs�
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Twitter users, in communities in the Bow River Basin, were sought out, particularly those who 
were actively tweeting about local issues or environmental and water quality issues. The 
objective was to identify the central users in these community networks, the network hubs that 
transmit information and news to the larger network. This was important given the assumption 
that these individuals and organizations were thought to potentially have a role in diffusing 
information when the PMP moved to the implementation stage. Given that awareness and 
understanding are the first steps in working towards shifting behaviours, it was important that 
the PMP working group understood the role that these other social networks could play in the 
flow of information in their communities. 
 
Below illustrates how the Twitter API was used to collect publicly available data from Twitter. 
Only publicly available data was accessed and the Twitter API was used to do so. No personally 
identifiable information (e.g. Twitter hashtag) was used in project reporting.  

 
1. In order to identify Twitter users in a community (a location) a search request was 

issued, asking for new tweets containing location-specific keywords (e.g., “Calgary”, 
“#yyc”, etc.). The keywords used were specific to the PMP and SNAPP study location 
(communities in the Bow River Basin). 

2. In order to identify Twitter users tweeting about environmental issues, a search request 
was issued asking for new tweets containing environment-specific keywords (e.g., “water 
quality”, “phosphorus”, etc.). Again, this search was bound to the major study topic (P 
loading) and the affected area (communities in the Bow River Basin). 

3. For each user that Twitter returned on these topics, a subsequent request was issued to 
receive the user’s ‘follow’ and ‘followers’ lists. 

4. This Twitter data was used on topical users and their ties, in order to build community-
specific networks. A standard SNA centrality measure was used to identify central actors 
and organizations in the information flows, in these community networks. 

5. Additionally, aggregate statistical data was collected on these networks and, from this, 
visualizations of the Twitter networks were built, and were included in the deliverables 
for the SNAPP. 

 
Data analysis was limited to the network of stakeholders in the affected regions (e.g. Calgary 
and other communities in the Bow River Basin) who were tweeting on either regional topics or 
on environmental or water quality issues. 
 
Google was used to obtain additional information on individuals that consented to participate in 
the study. This information was used to supplement the team’s understanding of the 
professional relationship individuals have with P loading issues in the Bow River, the core issue 
of this project. However, due to discomfort in using Google as a search tool to learn more about 
individuals and organizations within the networks, which was made explicit by the SNAPP team 
at the time of analysis, this step was not included in the SNAPP reporting.  Discomfort in using 
Google to search for information about professional relationships between individuals or 
organizations was expressed by the SNAPP project team. The discomfort was around 
perceptions of “monitoring” individuals for their activities, and the perceived judgments that 
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would be made in using this type of information. Further, the access of publically available 
information raised ethical concerns for some on the project team; as a result this online 
research was not conducted. In the future, using publically available information, such as that 
found through Google searches, may want to be reconsidered given that supplemental data can 
be important to more fully understanding, or testing assumptions of, network relations.  
 

2.7. Defining Network Boundaries 
 
Given that the objective at the early stages of the SNAPP was to cast as wide a net as possible 
to ensure the PMP project could tap into a variety of perspectives from various stakeholders, no 
attempts were made to limit stakeholder recommendations or exclude recommended 
stakeholders from the network models. Network boundaries are more pertinent when using SNA 
to study ties within well-defined communities, and since the stakeholder community for the PMP 
was not well-defined, and was more exploratory, the choice was made to include all 
recommended stakeholders and stakeholder ties in the analysis. 

3. Project Results  
 

3.1. Identified Stakeholders  
 
Through two iterations of online surveying, in the months of September and December 2011, 
147 stakeholders from 66 governmental, non-profit and private-sector organizations were 
identified. 319 connections between stakeholders were identified based on frequent and 
infrequent communications.  Figure 3 presents the resulting social network with stakeholders 
identified in each stage of the survey.  
 
The blue cluster indicates the initial network of 22 stakeholders who seeded the survey (survey 
iteration #1). Through three iterations of snowball sampling, new stakeholders were 
recommended by the initial group, which are labelled by green nodes and edges, and by 
subsequent groups, labelled by orange nodes and edges. 
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Figure 3. Final stakeholder social network, January 2012. Blue, green, and orange nodes and 
edges indicate individuals identified in first, second and third stages of the survey. Filled 
nodes indicate individuals who have completed the survey. 

 
What is interesting in this model is the possibility of generating new questions, based on the 
structure and organization of this network. What can we learn from this network? What 
organizations do each of the nodes belong to and what can this tell us about information flows? 
Who are the central stakeholders and why are they central? How can we use attribute data to 
help us answer these questions?  
 
In the following sections, some of these questions are answered, however, many more have 
been generated from this study and given that this project just touched on learning about 
network structure and function, they would be relevant for the department to explore in order to 
better inform stakeholder engagement and long term understanding of the nature and outcomes 
of relationships. 

3.2. Organization Types  
 
The identified organizations were categorized into 9 types: 

• Academia 
• First Nations 
• Government 
• Licensee 
• Media 
• Municipal (Rural) 
• Municipal (Urban) 
• Non-Profit 
• Private Sector 
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The majority of the identified stakeholders are related to non-profit and governmental 
organizations.  If the participation rates between organization types (Fig. 4) were compared, for 
example, between the number of individuals who completed the survey to the number of 
individuals recommended for the survey, there are considerably lower participation rates in 
private sector and academic organizations than non-profit and provincial and municipal 
governments. This provides insight into which organizations are communicating with each other 
and which are not. Furthermore, why are certain groups participating in the network while others 
are not? As well, what can be done about this perceived lack of engagement if we determine the 
cause for lesser engagement? Do these other stakeholders want to be engaged and if so, how?  

 

 
Figure 4. Breakdown of organization by type, based on the number of identified stakeholders 
and the participation level by each organization type. 

 

3.3. Network Core and Periphery  
 
In SNA the core nodes refer to a set of nodes (or vertices) which are well-connected with each 
other and with the periphery. The peripheral nodes, in contrast, are as a set of nodes (or 
vertices) that are connected to the core but not to each other. In Figure 5 the Government, 
Municipal (Urban), Non-Profit, and Licensee nodes around the middle of the network are 
relatively well-connected to each other and the rest of the network; thus, individuals associated 
with these organization types represent the core of the network.  
 
This becomes important in terms of information and communication flows. Who talks with 
whom, and what they speak about, as well as what impact that has on P loadings in the Bow 
River, are important considerations for the PMP development and implementation. On the other 
hand, nodes associated with Private Sector, Municipal (Rural), and Academia organizations, 
while connected to the core, are sparsely connected to each other. Individuals associated with 
these organizations are on the periphery of the stakeholder social network and may receive less 
information or be less engaged in the network.  
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Figure 5. Stakeholder social network, with node colors indicating the organization type  
associated with the node. 

 
 
In Figure 5, the contrast between the core and the periphery of the network is illustrated, by 
highlighting all edges between the nodes in the core of the network (5a) and all the edges 
between the nodes in the periphery (5b). The nodes in the core (Government, Municipal 
(Urban), Non-Profit, and Licensee) are well connected to each other and the rest of the network, 
while the nodes in the periphery (Private Sector, Municipal (Rural), and Academia) are 
connected to the core, but are sparsely connected to each other. 
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Figure 5a. Stakeholder social network with edges between core nodes (nodes associated with 
Government, Municipal (Urban), Non-Profit, and Licensee organizations) highlighted.  
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Figure 5b. Stakeholder social network with edges between peripheral nodes (nodes 
associated with Private Sector, Municipal (Rural), and Academia organizations) highlighted.  

 
 
Overall, understanding the location of the organizations and specific stakeholders (individuals) 
in the network is helpful to identifying who might need to, or want to be more deeply engaged in 
the development and implementation of the PMP based on their role and location within the 
network. 
 

3.4.  Sub-Networks within Organization Types 
 
If the edges across organization types are removed, 8 sub-networks are represented, where 
each sub-network indicates the connections within an organization type (Figure 6). Note that 
individuals within Non-Profit, Government, and Municipal-Urban organizations are well-
connected, while individuals within Private Sector, Municipal Rural, and Academia are not very 
well connected.  
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Figure 6. Sub-networks resulting from the removal of edges across organization types 

 
 
These connections may be due to lower survey participation rates in Private Sector, Municipal 
Rural, and Academia networks; however, for individuals who took the survey in these 
organization types, the number of within-organization connections is generally low. This may be 
an indication that the stakeholders in Private Sector, Municipal Rural, and Academia 
organizations have fewer and weaker communication links with each other compared to 
stakeholders within Non-Profit, Government, and Municipal-Urban organizations. Additionally a 
pattern of stronger relations appears to emerge in the between connectedness of Government, 
Municipal Urban and Non-Profit, versus that of Private Sector, Municipal Rural, and Academia.   

 
It would be pertinent to explore the nature of these relationships, including such areas as trust, 
reciprocity, and exchange, to learn how relationships have or do form, what these relationships 
(or lack thereof) mean to the individuals and organizations involved, and what these 
relationships may mean in terms of achieving environmental outcomes, such as P loading 
reductions. 
 

3.5. Betweenness Centrality and Connectors between Organization Types 
 

In social network analysis, the betweenness centrality measure of a node is the number of 
shortest paths between pairs of other nodes in the network that go through that node. In other 
words, a person will have a high degree of betweenness in a social network if many people are 
connected to each other through that person.  Figure 7 contains the stakeholder social network 
with node sizes proportional to betweenness centrality. 
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Figure 7. Stakeholder social network, with node size proportional to betweenness centrality 

 
 
Notice that larger nodes (i.e., individuals with high betweenness centrality) are often the nodes 
connecting various organization types. If information on P loadings was provided to individuals 
or organizations with a high degree of betweeness centrality it can be expected that such 
information would be passed along through their relationships to others; this flow of information 
can help build awareness and understanding of an issue, and in turn potentially help shift 
behaviours in order to achieve, in this case, environmental outcomes for P loadings in the Bow 
River. 
 

3.6. Organization Network 
 
The organization network (Fig. 8) clearly shows the central positions are held by the 
Government of Alberta and the City of Calgary. Also note that Non-Profit organizations are well-
connected to each other as well as with other organization categories. Municipal-Rural, 
Licensee, Agriculture, Private Sector, and Academia organizations have fewer connections than 
Non-Profits and most of their connections are to the Government of Alberta and the City of 
Calgary. Finally, note the large number of lesser engaged organizations on the periphery of the 
network which are, for example, connected to only one other organization. The question 
remains then, as to why certain organizations are lesser engaged and what can be done to 
increase their engagement if they are in fact receptive to such engagement? 
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Figure 8. Organization network, with node size proportional to number of individual stakeholders. 
 
 

3.7. Educational Backgrounds 
 
The survey also collected data on the educational backgrounds of individuals in the network. 
The project team assumed that certain educational backgrounds (e.g. Biologist, Engineer) might 
be more well-connected in the overall network and to each other based on common interests, 
as well as the types of information shared and the ways information would be shared.  
 
It was found that the majority of individuals held educational backgrounds from engineering, 
biology, and natural resource management, which included agriculture, environmental science, 
and science more broadly. To a lesser extent, other individuals held backgrounds in education, 
planning, policy, geography, and law. This information was relevant to the PMP in terms of 
ensuring a broad suite of expertise would be represented in the network, as the development 
and implementation of the PMP progressed. For example, certain expertise and skill would be 
required for developing educational materials or aligning PMP activities with policy outcomes. 
This information thus helps identify gaps in expertise within the PMP working group and other 
participants, and can point to professions or governmental agencies where a particular type of 
expertise might be found.  Ideally, attempts would be made to try and recruit other expertise in 
order to counter potential weaknesses in the network’s knowledge. Increasing diversity in the 
roles and educational backgrounds currently represented in the stakeholder network can 
conceivably assist the PMP working group in ensuring that activities from the PMP would be 
effectively and efficiently acted upon 
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3.8. Job Title Categories 
 
Over a hundred distinct job titles were identified in the online survey. The project team assumed 
that certain positions in an organization (e.g. Director) might be better connected in the overall 
network than others, simply based on the position the individual held. 
 
Job titles were manually categorized into four major groups: 

 
• Director / President / Manager / Coordinator 
• Technician / Engineer / Scientist  
• Professor / Academic Position 
• Other 

 
Figure 9 presents the stakeholder job title category breakdown, where the majority of the 
identified stakeholders have managerial and technician job titles.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Job title category breakdown for the identified stakeholders, and the resulting 
network based on job title categories. 
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Figure 10. Networks depicting links between job title categories removed. Blue represents 
Director/President/Manager Coordinator; green represents Technician/Engineer/Scientists; 
yellow represents Professor/Academic Position; and, black represents Other such as policy, 
education, planners, etc.  
 
 

It was found that individuals with director (or equivalent) and technical titles were relatively well-
connected to each other, which confirmed the project assumption. It also became apparent that 
individuals with academic titles were not well-connected in the network, or to each other. This 
raised questions about the types of relationships formed and why and how relationships are 
formed. For example, why are Directors more well-connected in the overall network as well as 
to each other (Fig. 10)? Why are academics or others (e.g. educational professionals, planners, 
etc) not very well connected to each other or the larger network? If necessary, can connections 
be facilitated? What are the possible implications of the lack of connectedness among or 
between academics and the rest of the network? These questions, as well as others, could also 
be explored I future work on SNA for the PMP and for ESRD overall, in order to better 
understand how network connections can improve or facilitate knowledge flows, and what this 
might mean for achieving environmental outcomes.  
 

3.9. Regions of Interest 
 
Survey respondents were asked to identify the regions of the Bow River Basin that were of most 
concern for them. Of the people who answered this question, the 38% were interested in the 
entire basin, and another 25% interested only in the Calgary region; the majority were not 
interested in any specified area (unknown) (Fig. 11). 
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Figure 11. Region of interest breakdown 

 
 
A sub-network consisting only of stakeholders interested in a specific region in the basin was 
also constructed, and the approximate location of the region was used to render Figure 12. An 
interesting result that emerged from this plot was that in many cases, people interested in the 
same region were not necessarily connected to each other. For instance, the two individuals 
interested in Banff, or the two individuals interested in Nose Creek, did not appear to be 
connected. These are potential communication gaps in the network that are important for the 
PMP working group to be aware of, and can potentially include various engagement activities to 
seek out these individuals, and others, in the development and implementation of the PMP. 
 
 
 

unknown 
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Figure 12. Social network of stakeholders interested in a specific region. Original Map © 
Natural Resources Canada. 

 
 

3.10. Twitter Research Results 
 
Twitter API was used to access public Twitter data including tweets, user data, and network 
data; the streaming API was used to receive tweets containing location and topic-specific 
keywords (e.g., ‘Elbow River’, ‘Fish Creek’, ‘phosphorous’, etc.) (Fig.13). Over a period of 42 
days, a network of individuals located in Alberta that produced a minimum number of tweets on 
the topics of interest was built. Based on this data, a social network consisting of 1910 
individuals and 33735 edges was constructed. 
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Figure 13. A Twitter network of people located in Alberta, tweeting about issues related  
to P loadings in the Bow River. 

 
 
Note that the central nodes in the above Twitter network are possible candidates for 
engagement and for raising awareness of the PMP in the Twitter network and in their local 
communities.  
 
Also investigated was the current reach of the ESRD’s Twitter account, @AENV_SRD (Fig. 14). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. ESRD’s Twitter accounts current reach. 
 



Social Network Analysis Pilot Project: Phase One  28 of 38 
Alberta Environment and Sustainable Resource Development 

ESRD’s Twitter account has 225 immediate followers and 93279 unique level-2 followers8

 

. This 
implies that if every one of the followers of the @AENV_SRD account retweet a certain 
message, the @AENV_SRD can reach an audience of about 90,000 people on Twitter.  

ESRD could potentially expand their followers on Twitter if they, for example, included a website 
link to the PMP; however, the website must be easy to navigate and catch the attention and 
interest of the follower. Additionally, the PMP working group could hold an event in the City of 
Calgary or other areas that fall within the study site, and tweet the event; this may peak the 
interest of level-2 or other followers to attend and learn more about the PMP.  

4. Conclusions 
 

4.1. Project Learning’s 
 
The objective of the SNAPP was to develop a SNA for the purpose of strategically engaging 
stakeholders in developing and implementing the Bow River Phosphorus Management Plan 
(PMP).  In order to address chronic issues, such as P loading levels in the Bow River, ESRD 
recognized a need to identify and understand who the point and non-point source pollution 
stakeholders were in the study area, and how they were connected to each other. In order to 
deliver on this need, ESRD piloted a Social Network Analysis (SNA) methodology, to 
understand the benefits, challenges, risks, and limitations of using SNA in environmental and 
natural resource management. Through the course of the Social Network Analysis Pilot Project 
(SNAPP), a methodology for conducting future SNA work was been developed. This included 
software recommendations based on ESRD’s operating system and needs; survey design and 
delivery; data collection and validation; network analysis using an easy-to-use SNA software 
package (NodeXL); reporting and network visualization; and, staff training in using SNA and 
NodeXL. 

 
Overall, through the SNAPP’s online survey and snowball sampling, 147 stakeholders from 66 
organizations were identified, including 319 connections between stakeholders representing 
communication ties in the network. These stakeholders represent a wide range of categories 
including Government of Alberta (e.g. ESRD), Non-Profit, Urban and Rural Municipalities, the 
Private Sector and Academic organizations. The SNAPP also identified a range of educational 
backgrounds and areas of professional responsibility (managerial, administrative, scientific, and 
technical). 

 
Using SNA techniques on the collected relational and attribute data, central and peripheral 
individuals and organizations in this network were also identified. Through this, individual 
stakeholders with a significant connecting role in the network, as well as those more sparsely 
connected, have been identified.  
 

                                                           
8 Level-2 followers are followers who receive updates (tweets) from other Twitter accounts but do not necessarily 
retweet the original tweet; they simply follow and may read the original tweets.  
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4.2. Using the Results of the SNA 
 
The SNA revealed the core and periphery structure of the stakeholder network in the PMP study 
area, as well as the relatively low levels of network ties of individuals and organizations in the 
periphery. While this is not atypical of the structure of many different social networks, what is of 
concern is the clustering of certain categories of organizations in the periphery of the network 
that the SNAPP elicited. 

 
Whereas Government of Alberta (ESRD), Non-Profit, and Municipal-Urban organizations are 
well-represented and well-connected in the core, organizations in the Municipal-Rural, Private 
Sector, and Academia are largely isolated in the periphery of the network. In pursuing 
collaborative and adaptive learning strategies for managing P loading issues in the Bow River, 
increasing network ties to peripheral organizations should be viewed as a priority.  

 
For adaptive learning and collaborative management, involving stakeholders is crucial to all 
stages of the problem-solving process. In the planning stages of the PMP, the working group is 
suggested to determine what the primary problem is, relative to P loadings, and determine what 
solutions might work for the problem. Then, through engagement of stakeholders and soliciting 
their expertise and ideas, the PMP working group can collaboratively select solutions to develop 
and implement, and collectively decide on an implementation strategy that resonates with both 
the needs of the PMP itself, as well as the stakeholders involved. It will be important to ensure 
balanced and diverse perspectives are included amongst the stakeholders engaged in and 
supporting the development and implementation of the PMP. However, tact and finesse will be 
needed to ensure no stakeholders are excluded simply given their role in an organization or 
educational background.   

 
The SNA results can assuredly assist the PMP working group in determining which 
stakeholders to involve in developing the PMP, given that the results do provide insight into how 
to achieve balanced stakeholder representation and manageable group sizes. Through an 
analysis of the network structure and centrality measures, well-connected stakeholders have 
been identified, as well as the organizations they belong to and their stakeholder categories; the 
results also show what stakeholder categories are marginalized and may be engaged. In 
knowing this, central, well-connected individuals can be solicited to participate in the PMP 
development and implementation, in order to represent their organization.  

 
Further, the results of the SNA can be used to detect redundancy in roles (two individuals who 
are central but have a significant overlap in links to the rest of the network) to help the PMP 
team reduce homogeneity in the working group and increase the diversity; however, as 
mentioned previously tact and finesse should be used in soliciting participation in the PMP 
working group. It is suggested that the group does not want to run the risk of excluding highly 
connected individuals simply because there is duplication in their professional role and expertise 
in the network. On the contrary, these individuals might be well-connected to other peripheral 
individuals or organizations and can be key to engaging others.  

 
In terms of using the results of the SNA in the implementation phase of the plan, connecting 
with various stakeholders representing diverse organizations, positions held and educational 
backgrounds can help to outline activities and a strategy for the management of P loadings in 
the Bow River. In addition to developing and implementing PMP actions through the stakeholder 
network, communicating the plan to the public by using the network can be facilitated by 
engaging key individuals in online communities (e.g. Twitter). For example, using ESRD’s 
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Twitter account to tweet about the PMP can increase awareness of the project and P loading 
issues and may engage others either in the periphery of the network or not currently involved in 
the network. In turn, this can help to achieve PMP outcomes, through raising awareness and 
increasing understanding.  

 
Finally, the stakeholder network identified at present can be used by the PMP working group, 
and by ESRD’s Strategic Engagement and Relationships Branch, as a baseline to measure and 
monitor the effectiveness of engagement initiatives. Specifically, the goal of improved 
collaboration requires increasing ties between sparsely connected parts of the network. An SNA 
study following the implementation of stakeholder engagement initiatives can help determine 
whether these ties are actually being created, and help diagnose problems when initiatives 
appear to have stalled. 
 

4.3. Challenges, Risks and Limitations 
 
The snowball sampling process used for data collection can be biased toward over sampling 
central individuals and under sampling peripheral individuals. This introduces the risk of under 
representation of certain stakeholder categories in the network. Supplementary online research 
was conducted to mitigate this risk. 

 
An online survey was chosen as the vehicle of data collection, and a name generator template 
was used to gather stakeholder recommendations from respondents. This was to account for 
the lack of well-defined network boundaries in an attempt to uncover both existing and new 
actors in the network. Surveys can be problematic because participation rates can greatly 
influence the resulting network structure. For example, low participation rates were observed 
from private sector organizations. This gives the impression that individuals in this group are 
poorly connected to the rest of the network and to each other. It is important that these 
interpretations be validated with follow-up data collection targeting individuals who did not 
complete the survey. This was done in the SNAPP through follow-up phone calls, providing the 
opportunity for individuals to complete the survey over the phone.  

 
Ties in the current stakeholder network reflect recommendations and channels of 
communication between actors; ties do not reflect trust, reciprocity, collaboration, knowledge, or 
other interpersonal links that would influence or determine an individual’s position and role in the 
network. These additional relational questions were not asked in this phase of the SNAPP; 
rather, it was determined to be important to introduce the SNA concept to participants at a basic 
level to alleviate potential confusion about the methodology, method and tool that would be 
used, and in doing so, aim to increase participation rates for engagement in the PMP.  
 
As well, the SNA findings may have been limited, in terms of seeking to learn about the 
centrality of stakeholders and their influence in the network, given that some stakeholders may 
derive influence from, for example, exchange of network ties, new ideas, etc, from the network 
other than their communication roles in the network. As such, it is advised that the SNA be 
regarded as a tool to be used in conjunction with other approaches, including any other 
available source of stakeholder data or background information.  

 
As well, based on findings and learning from this pilot project, it is recommended that in order to 
better understand the nature of the relationships in the network, apart from a structural and 
functional perspective, a SNAPP Phase 2 be initiated. Concepts from social capital theory, such 
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as trust, reciprocity and exchange should be explored in a Phase 2, in order to better 
understand the culture of the network. This is important information for ESRD and the PMP 
working group, in order to better understand why stakeholders form relationships amongst and 
between each other, and how these relationships can impact people, organizations and the 
achievement of environmental outcomes.  
 
Finally, it is important to recognize the privacy challenges associated with using SNA for 
stakeholder engagement, both when designing the survey and when conducting online research 
to supplement the data gathered from the survey. Privacy issues can impact data quality and 
representativeness by affecting stakeholder willingness to participate and by circumscribing the 
use of data collected through online research. Lower data quality will affect how accurately the 
network derived from the data represents the true stakeholder network and this can limit the 
potential for engagement activities. That said, ESRD’s FOIPP office was consulted and kept 
updated throughout the entirety of the SNAPP phase 1 and has been solicited to participate on 
the SNAPP phase 2 team. 
 

4.4. Other Methods to Consider 
 
There are alternatives to snowball sampling and online surveys for collecting relational data. 
Among these include full network surveys, where all stakeholders are known and listed on the 
survey and each stakeholder is asked to identify his or her ties to other stakeholders; direct 
interviews, which can increase participation and produce more complete data; and, electronic 
records, such as email logs. Traditional stakeholder analysis techniques including power versus 
interest grids, stakeholder influence diagrams, and participation planning matrices can also be 
used to identify stakeholders. 
 
These alternatives were determined to be inappropriate for the discovery of the PMP 
stakeholder network due to poorly defined boundaries and a lack of prior data on existing 
relationships for the PMP. Thus, the SNAPP for the PMP was an exploratory study that proved 
useful in identifying the structure, and to some extent function, of the existing network. 
 

4.5. Longitudinal Considerations 
 
The SNAPP was conducted in the early stages of the PMP to understand who the point and 
non-point source pollution stakeholders were, as well as to determine their connections 
amongst and between one another. The SNA results demonstrate, at this point, the stakeholder 
network as currently known in this early stage. This network will undoubtedly evolve as the PMP 
and SNAPP phase 2 work moves forward, with new stakeholders and their ties in the culture of 
the network being identified. In addition to this, given the knowledge of the results, existing 
stakeholders have the opportunity to now develop new ties with others through engagement and 
collaboration processes. 

 
Two approaches are recommended for the PMP working group to maintain and develop 
attribute and relational data associated with the stakeholder network. First, new stakeholders 
should be asked to complete the SNA survey once they have been identified; this will allow the 
working team, as well as ESRD’s Strategic Engagement and Relationships Branch, to update 
the existing stakeholder network, map new communication channels, and plan for additional 
collaboration. Secondly, it is recommended that the PMP working group conduct a second 
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iteration of this survey to target all known stakeholders once the PMP has moved into the 
implementation phase. The second iteration should focus on identifying and understanding ties 
within the network rather than on identifying new stakeholders. This would require survey 
respondents to specify ties to a fixed list of stakeholders, rather than filling in new names. This 
would help the team understand how engagement and implementation strategies are affecting 
the communication links in the stakeholder network, and whether or not engagement strategies 
are increasing collaboration among stakeholders (e.g. is communication and collaboration 
increasing, being maintained, declining, etc). 
 
Moreover, based on the results, the current stakeholder network lacks representation at the 
community level. This is where much of the implementation effort, at least with respect to non 
point-source pollution, will occur. As such, the current network should be extended to the 
community level in order to discover key community players that can be engaged to help move 
information through their networks. 
 

4.6. Suggested Research Priority 
 
Based on project findings and learning’s, it is highly recommended that the SNA results are 
supplemented with more detailed information about stakeholders: their specific interests and 
expectations in P loading issues in the Bow River (among others that may arise); the criteria 
they use to participate in the project and judge its performance; the culture of the network, such 
as why they form relationships with others, how relationships are formed, and what this means 
to them, their organization and the achievement of environmental outcomes.  
 
This information can be gathered through interviews and focus groups sessions (proposed 
phase 2) involving stakeholders from the current network. These sessions can also include 
semi-structured interviewing techniques to elicit information, as well as use basic stakeholder 
analysis techniques such as power versus interest grids, influence diagrams, and participation 
planning matrices, to enhance the SNA results.  
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Appendix A. The SNAPP Team  

The project team for SNAPP included the following individuals, based on their interest, 
professional knowledge and experience: 

• Courtney Hughes, Project Manager, Systems Management Branch, Alberta 
Environment and Sustainable Resource Development 

• Sridhar Mutyala, Project Consultant, Asymmetric Ventures 

• Louella Cronkhite, Southern Region Operations, Alberta Environment and 
Sustainable Resource Development 

• Tanya Melnyk, Southern Region Operations, Alberta Environment and 
Sustainable Resource Development 

• Andrea Czarnecki, Alberta Environment and Sustainable Resource Development 

• Monica Dahl, Southern Region Operations, Alberta Environment and Sustainable 
Resource Development 

• Heather Sinton, Southern Region Operations, Alberta Environment and 
Sustainable Resource Development 

• Dave Whitfield, Southern Region Operations, Alberta Environment and 
Sustainable Resource Development 

• Cory Habulin, Systems Management Branch, Alberta Environment and 
Sustainable Resource Development 

• Cory Doll, Strategic Relationships and Engagement, Alberta Environment and 
Sustainable Resource Development 

• Andrea Kalischuk, Water Quality, Alberta Agriculture and Rural Development 

• Rob Dunn, Agri-Environmental Management, Alberta Agriculture and Rural 
Development 

• Joannes Wong, Municipal Services, Municipal Affairs 

• Olimpia Pantelimon, Municipal Services, Municipal Affairs 

• Allister Chisholm, Information Management and Technology, Alberta Environment 
and Sustainable Resource Development 

• Deborah Cartagena, Information Management and Technology, Alberta 
Environment and Sustainable Resource Development 
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Appendix B. The Survey and FOIPP Consent (page 2 of the survey) 
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