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Abstract: Spatially integrated social science is a broad term used to describe the integration of space and
place in social science research using Geographic Information Systems (GIS). It includes qualitative
GIS approaches, such as geo-ethnology and geo-narratives, which combine qualitative social data
with GIS and represent an emerging approach with significant potential for facilitating new insights
into the dynamic interactions between mining companies and host communities. Mine operations
are unique in their complexity, both in terms of the dynamic and diverse nature of issues and the
requirement to integrate knowledge, theories, and approaches from a range of disciplines. In this paper
we describe the potential for spatially integrated social science using qualitative GIS to understand
the social impacts of mining. We review current literature and propose a framework that incorporates
quantitative and qualitative knowledge across social and biophysical domains within a multi-user
approach. We provide examples to illustrate how our approach could support past, present, and future
assessment of socio-environmental systems in large-scale mining. We conclude by discussing the need for
a multi-disciplinary approach to support decision makers and local stakeholders in considering complex
social and environmental scenarios.

Keywords: mining; resource extraction; social impact; environmental impacts; qualitative GIS;
geo-narrative; geo-ethnography; geographic information systems; spatially integrated social sciences

1. Introduction

Mining is commonly considered to be the purview of geologists and engineers, although the
influence and impacts of resource extraction are felt across social and environmental domains [1,2].
As such, there is a need to consider the effects of resource extraction on the surrounding environment,
including biodiversity, water, soil, and local communities, alongside the more traditional concerns of
production, cost, and efficiency. Failure to address any one of these can lead to long-term environmental
and/or social impacts which, in turn, can affect a company’s relationship with host communities as
well as the viability of other current and future development opportunities [3-5].

Understanding the linkages between natural and human systems is an important focus for mining
and natural resource management disciplines, from conservation to catchment management [6-10].
A better understanding of the interactions between social and environmental systems is crucial in the
formulation of sustainable development strategies, especially in the context of mining. Mine operations
are unique in their complexity, both in terms of the dynamic and diverse issues associated with planning
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across various environmental and social domains. Therefore, the requirement to integrate knowledge,
theories, and approaches from a range of different disciplines makes sustainable mine planning a
formidable challenge [2].

Applied research that is focused on the management of mining impacts has addressed and,
to some extent, integrated social and environmental dimensions, although predominantly using
quantitative approaches [11-14]. However, certain kinds of information and knowledge derived
from qualitative methods and data are rarely integrated with quantitative data. For example, when
disciplines, such as anthropology, are engaged in the early phases of project development to assist in
determining ownership of land and local practices for the use and management of natural resources
this information is rarely integrated with quantitative approaches used in the environmental sciences.

Spatially integrated social science is a broad term used to describe the integration of space
and place in social science research [15]. Such an approach, embedded within a GIS platform,
can link qualitative methods with quantitative social and environmental methods. Examples include
“ethno-geographical” and “geo-narrative” approaches. At their simplest, these approaches can be used
to build multidisciplinary perspectives drawing on respondents” accounts or qualitative knowledge to
triangulate findings with other data [16]. Spatial data can be used to complement ethnographic research,
including providing context for interpreting qualitative data and providing a more accessible reading
than an extended narrative account [17]. GIS, in effect, provides a platform for linking the diverse
kinds of data that are needed to understand the unique challenges associated with mining operations.

Integrating knowledge across environmental and social disciplines is of critical importance for
addressing many of the intractable problems associated with mine planning. Applying integrated
analyses requires that different types of information are made accessible for people involved in
decisions about a mining project. It is important to ensure that decision-making processes involve all
relevant stakeholders, including government, local communities, environmental groups, and mining
companies [18-20]. Different perspectives contribute diverse knowledge about ecological values
and system functionality, which can improve the quality and durability of decisions. Techniques
using participatory GIS mapping for engaging stakeholders are one means of facilitating decisions
that explicitly account for a plurality of perspectives, trade-offs and relationship sets, and to explore
potential outcomes [21,22].

This paper reviews and discusses the potential for spatially integrated social science to understand
the social impacts of mining on host communities. We emphasize the unique and essential role that a
multi-disciplinary approach can provide when assessing the socio-environmental risks and impacts of
mining. We first provide examples of the types of qualitative analyses that have a spatial dimension.
We then review the current literature on spatially integrated social science. Finally, we develop a
framework that incorporates quantitative and qualitative knowledge across social and biophysical
domains, within a multi-user approach. This approach includes a requirement for engagement with
local level stakeholders.

2. Qualitative Analyses and Resource Development

Kemp and Owen [3] highlight the significance of local-level relationships in resource development
processes. These processes include strategies that prioritize local relationships to ensure continuity of
access to land for operational purposes [23]. Mining companies maintain these relationships primarily
through preferential recruitment and inclusion in supply chains, social investment, and routine
stakeholder engagement. Decisions about who to engage, when to engage, or what to engage about all
rely, to some extent, on qualitative information. The importance attributed to these decisions, and the
consequences that follow, is often under-stated and poorly documented.

Mining operations actively use and rely on qualitative information in their exchanges with internal
and external stakeholder groups. The use of qualitative information extends to interpreting the perspectives
and expectations of these groups. In an environment in which data is central to both engagement and
mine planning processes, the absence of records in data management systems has operational implications.
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Securing and maintaining access to land, for example, is an arena where collecting, storing, analyzing,
and presenting qualitative information is critical to mining operations [24]. Community relations functions
are responsible for ensuring that companies understand which local level stakeholders have rights and
entitlements to land and resources in a project’s area of interest and maintain an appreciation of how
entitlements are allocated amongst members of the community. Without this type of information managing
complex and sensitive issues, such as resettlement and in-migration, becomes problematic [25]. When
companies require additional land to expand their operations an inability to discern who holds what kinds
of legal and customary rights and entitlements can be the difference between whether a project stalls,
proceeds, or proceeds responsibly [26,27].

The case for improvement in the way mining companies approach the collection, storage, and use
of this kind of social data is two-fold. Firstly, companies cannot demonstrate their commitment to
uphold international safeguard frameworks without relevant data. Under the United Nations Guiding
Principles on Business and Human Rights [28], for example, companies are required to exercise
human rights due diligence in order to “know and show” that they respect human rights. Secondly,
the interface between mining companies and communities is dynamic, with each change in the social
and environmental landscape raising new questions and challenges. Not only do these shifting
complexities create unique circumstances for social due diligence, they also contribute to an evolving
and multi-faceted operating environment for all stakeholders involved. Informed decision making
in these contexts implies that companies and other groups are able to access, interpret, and integrate
widely diverse types of data.

3. Review of Concepts

The spatial dimensions of social phenomenon and their characterization with GIS has been the
focus of research in the discipline of geography for many decades [29,30]. The notion of “space”
provides a platform for combining knowledge about social processes and recognizes the heterogeneity
of populations and their interactions across space and time [29]. Amongst the sub-disciplines of social
science that recognize the importance of space, qualitative GIS is an emerging field with potential for
understanding change in and around resource development projects.

Qualitative GIS has been used across the social scientific sub-disciplines from social work [31] to
sociology [32]. Spatial data allows researchers to account for spatial dimensions in assessing when,
how, why, and where “location” is relevant [31]. GIS is commonly used in qualitative research through
the provision of statistics (e.g., demographic data) associated with specific locations in order to provide
a broader sense of the context in which to examine social processes, and to examine patterns and
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trends of these processes, through maps and other forms of visualization [16,17,31,33,34].

To assess the extent and diversity of research on qualitative GIS we conducted a selective review
of the academic literature. We used the keywords “geo-ethnography”, “geo-narrative”, “grounded
visualization”, and “qualitative GIS” in Scopus, which returned 74 hits (8 February 2019). Due to the
broad nature of the topic area and some authors employing GIS with qualitative methods but not
using this terminology [32], it is likely that the keyword search contains omission errors. We then
selected 14 papers to represent the diversity of research in this area. Papers stem from diverse
subject areas including, nutrition and dietetics [35], environmental science, geography, planning,
and development [36] (Table 1). Kwan (2016) describes three distinct qualitative GIS approaches as
follows: Geo-ethnography [17], grounded visualization [36], and geo-narrative [16]. We found that
articles often use multiple terms, including the three described by Kwan [37], in addition to terms such
as “spatial polygamy” [38]. Others use the more general term “qualitative GIS” without describing
their paper as based on a specific method.

A diverse range of unstructured or semi-structured qualitative techniques are used with GIS data
and/or to create qualitative GIS data. Data gathering techniques can include observation of individuals
and their behaviour [36], various forms of surveys and interviews [17,35], ethnographic approaches for
recording photographs, text, audio, and video [16,36], and participant accounts of daily routines [17].
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These data can be coded into a GIS (i.e., made spatial), combined with other spatial data (i.e., through
overlay analysis) and visualized in a GIS [39,40]. GIS can also be used for participatory mapping to
gather ethnographic spatial data, for example, identifying significant sites and establishing linkages
between people and places [41]. Finally, GIS data can provide valuable information to triangulate data
from qualitative interviews. For example, MacNell (2018) assesses shopping motivation and strategies
by comparing respondents” qualitative assessments with spatial data describing the nearest and most
frequented supermarket, where distances were derived through a GIS.

Qualitative GIS moves beyond “data” and “GIS tools”—it aims to enhance our understanding
of long-standing qualitative science themes, such as power, belief systems, and cultural practices,
which shape the development and experience of complex landscapes. In contrast, quantitative
methods emphasize measurement and analysis of causal processes between variables, commonly
ignoring the subjectivity associated with observation. For example, Knigge and Cope [36] apply a
“grounded visualization” approach, where analyses are exploratory, iterative, and recursive, enabling
simultaneous consideration of particular instances and general patterns and encouraging multiple
views and perspectives from participants involved in the study. Themes emerge through multiple
iterations of “constant comparison” [36]. Kwan and Ding’s [16] geo-narrative approach allows for
a spatial expression of personal narratives, which incorporate emotional geographies to express
lived experience of individuals over time. Narratives composed of sequences of events are analyzed
through ethnographic data, such as photos, videos, and audio clips, linked to space using GIS software.
Qualitative GIS have also been applied through the lens of feminist geographers, who are committed
to understanding differences in context and power [36].
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Table 1. Review of selected existing qualitative GIS approaches. The subject area and category information was obtained from Scimago (www.scimagojr.com, accessed on

9 December 2018).
Title Subject Area and Category Journal/Book Name References
GIS, Ethnography, and Cultural Research: Manage}ment Inforr.nahon System§; . f . . )
Putting Maps Back into Ethnographic Mapping Information systems; Cultural studies; Information Society [41]
Political Science and International Relations
A Geo-ethnographic Analysis of Low-Income Rural Nutrition and dietetics; Appetite [35]
and Urban Women'’s Food Shopping Behaviors Psychology (miscellaneous) PP o
Grounded Visualization: Integrating the Analysis of Qualitative and Environmental Science; Geography, . .
Quantitative Data Through Grounded Theory and Visualization planning and development Environment and Planning A [36]
Extending the Qualitative Capabilities of . . L
GIS Computer-Aided Qualitative GIS Earth and Planetary Sciences (miscellaneous) Transactions in GIS [39]
Geo-ethnography: Coupling Geographic Information Analysis Social Psycbology; Cultur'al Studies Education; . . L
. . . . Social Sciences (miscellaneous); American Behavioral Scientist [17]
Techniques with Ethnographic Methods in Urban Research . o .
Sociology and Political Science
Forestry; Tourism, Leisure and Hospitality
Combining Geographic Information Systems and Management; Environmental Science . /
Ethnography to Better Understand and Plan Ocean Space Use (miscellaneous); Geography, Applied Geography 421
planning and development
Methods of Mapping Ethnographic Data on Migration, Earth-surface processes; Geography, . )
Tourism, Labor, and Health Risk in the Dominican Republic planning and development Florida Geographer 431
Geo-narrative: Extending Geographic Information Systems for Earth-surface processes; Geography, .
Narrative Analysis in Qualitative and Mixed-Method Research planning and development Professional Geographer 16l
Qualitative GIS and the Visualization of Narrative Activity Space Data Information Sys.tems; Geography, pl.anmn‘g and International ]our.n al obeeographlcal [44]
development; Library and Information Sciences Information Science
What Qualitative GIS Maps Tell and don’t Tell: Cultural Studies; Geography,
Insights from Mapping Women in Tehran’s Public Spaces planning and development Journal of Cultural Geography (451
A Qualitative Geographical Information Systems Public health, environmental and occupational
Approach to Explore How Older People Over 70 years Interact with health; Geography, planning and development; Health and Place [46]
and Define their Neighborhood Environment Social science
Combining Survey Data, GIS and Qualitative Interviews in the Public health, . .
Analysis of Health Service Access for Persons with Disabilities environmental and occupational health BMC International Health and Human Rights [47]
A New Qualitative GIS Method for . )
Investigating Neighbourhood Characteristics Using a Tablet Farth-surface processes Cartographica (48]
. . . Social psychology; Cultural studies; Education;
Spatial Polygamy and Contextual Exposures (SPACEs); Promoting Social Sciences (miscellaneous); American Behavioral Scientist [38]

Activity Space Approaches in Research on Place and Health

Sociology and Political Science
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4. Multi-User Integration of Quantitative Environmental and Social Data Within A Qualitative
Framework

Qualitative GIS approaches represent a promising suite of methods for understanding the spatial
dimensions and dilemmas associated with mining. We argue that these approaches would be more useful
if embedded in, or integrated with, quantitative approaches and supported by community engagement.
Quantitative spatial approaches are used to understand land use and environmental change at mine
sites, including for planning and assessing rehabilitation, understanding the extent of small-scale and
artisanal mining, and monitoring a range of mining environmental impacts [11,49-53]. GIS can be used as
a common platform to integrate data across biophysical and social science disciplines, using qualitative and
quantitative methods, using shared locational data and presented and communicated through interactive
visualization platforms.

Figure 1 represents our conceptual model for linking quantitative and qualitative environmental
and social data. Starting from the top right, qualitative social research is used to develop an
understanding of an ecologically embedded human experience (Figure 1a). An initial output is to
establish the relationship between environmental and community changes (Figure 1b). Ethnographic
research can be used to characterize livelihood activities or to build a deep knowledge of how
environmental degradation from mining impacts livelihood strategies [34,54,55]. These information
sources can be used to drive the development of spatial data (e.g. through the creation of research
questions) to provide another opportunity to build understanding. From here, spatial analyses provide
spatial and temporal quantitative data (Figure 1c). A key output from the spatial analysis is land
cover classifications informed by, and created in response to, categories developed through qualitative
research (Figure 1d). Integration of the land cover data (and other spatial data) occurs through
qualitative GIS methods such as a geo-narrative or geo-ethnography (Figure 1le). For example, the use
of a time series of land cover change to support and triangulate local community accounts of mine
impacts over time. Finally, these spatial data are used in conjunction with biophysical assessments,
such as field assessments of water quality (Figure 1f). The choice of biophysical assessments is,
to some extent, driven by the qualitative data such as qualitative interviews with local community
members to identify specific locations for water quality assessments. Both quantitative and qualitative
social data can be used to inform hypotheses, validate environmental data, and identify the types of
environmental data that need to be gathered for biophysical assessments.

Collaboration
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Environmental
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Spatial C] Qualitative methods

analysis

[:] Quantitative methods

Spatial analysis supported
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Figure 1. Conceptual diagram describing methods for linking quantitative and qualitative environmental
and social data for characterizing mining impacts and local level socio-environmental phenomena.
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Both qualitative and quantitative analyses and the applications of such analyses represent an
instrumental approach to decision making where social and biophysical scientists provide data driven
assessments of local-scale mining issues. Applications of such approaches can negate the importance
of communication and deliberation between a range of stakeholder groups [56,57] who influence
and have interests in a mine site’s operations. Thus, quantitative and qualitative outputs need to be
nested within a communicative and collaborative process to surface deep value conflicts between
different communities of practice [58] (Figure 1g). These value conflicts may occur not only between
the mining company and the local community but also between parts of a mining company, including
between different technical disciplines [59]. Engagement processes recognizing goals, criteria, norms,
and knowledge of the various participants can lead to a more personalized understanding of issues
and expectations [60-63]. Participatory GIS mapping, as one example, can support collaborative
analysis of complex problems and encourage participants to engage with more than one viewpoint
or understanding of a given situation. [21,22]. One potential application is participatory scenario
development to test values and stakeholder capacities, based on a range of different forecasted
outcomes [20,64].

5. Examples of the Potential Application of Spatially Integrated Social Science to Mining

Current approaches to investigating the evolution, and prediction, of social and environmental
issues associated with mining are limited by their ability to demonstrate the relevance and relationship
between key drivers of change. Jacka’s [65] Alchemy in the Rain Forest is a recent example that combines
methods from political anthropology and remote sensing to explain social and environmental change
in a resource development context. To advance knowledge and practice, approaches to the analysis of
social and environmental issues must define changes in discipline-specific domains and integrate this
information to demonstrate significance within and across the project lifecycle.

There are various ways in which spatially integrated social science, qualitative GIS in particular,
could assist research about the impacts of mining. In Table 2 we provide examples showing the
potential application of existing qualitative GIS methods to social and environmental issues in
mining contexts.



Resources 2019, 8, 47 8 of 12

Table 2. Different methods that could be applied to support assessments of past, present, and future local-scale mining with examples. References from Table 1

describe how similar approaches have been used by in other disciplines.

Methods Past Present Future References (from Table 1)

Spatial data can be used to triangulate qualitative data either during or post-
interview. This can be done for current and historical issues. For example, historical
Triangulation patterns of mining-induced displacement and resettlement could be mapped using
historical satellite data describing settlement locations to triangulate accounts from
displaced communities (i.e., https:/ /www.youtube.com/watch?v=iNZdryn-zaU).

[16,17,33,43]

Participatory mapping can be used to generate new spatial data from areas of historic
Participatory mapping for or current importance. For example, participatory mapping can be used to identify [41,42,46,47]
generating new data spiritually important locations or customary land boundaries, which are not e
commonly recorded on standard maps.

Qualitative assessments are useful for exploratory data analysis, generating hypotheses, or qualitatively identifying key
Hypothesis/research environmental or social impacts which may then be characterized quantitatively with spatial analysis. For example, focus groups [35,44]
question generation can be used to identify key environmental concerns of local communities, which are then assessed and mapped quantitatively with o
social and environmental GIS.

Visualization of social and environmental data can be used as a prop to facilitate an interview or discussion. For example, maps of
Visualization land cover change describing the loss and degradation of community lands to mining impacts, such as dust and waste storage, can [17,39,43]
be used to illicit responses about how these changes have impacted on local livelihoods.

Integration and data GIS can be used as a platform for integrating and gathering a diverse array of data types and approaches which share common
& . locations. GPS devices can be used to map daily movement patterns and with qualitative data the negative effects of mining [33,36,39,43,45,47]
gathering platform . . . .
infrastructure, such as fences, pipes, and roads, on daily routines can be understood.

Future land use planning scenarios can
be generated and mapped. For example,
mapped alternative future land use Examples from outside of the
scenarios can be used as a visual aid to Qualitative GIS literature [66,67] !
discuss the implications of future mining
operations and land use configurations.

Land use future
scenario generation

! For “Land use future scenario generation” method we could not find a reference in the Qualitative GIS literature and thus have included related quantitative examples which potentially
could be applied using qualitative approaches.
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6. Conclusions

The use of GIS for mapping and integrating data about operational and non-operational activities
provides a platform for engaging and untangling complex life-of-mine problems. Despite its potential,
there are few examples where GIS has been used to integrate qualitative data, beyond enhancing
environmental data or combining social and environmental data gathered separately cf. [11,68].
Our framework provides some guidance and identifies opportunities for how mining stakeholders can
engage across disciplinary domains.

The framework also prompts new engagements in the internal domain of companies, where
separation in disciplinary silos is an inherent challenge. Internal collaboration is often limited by
the types of data and information each respective discipline is comfortable with. Engineering and
environmental sciences are most comfortable using quantitative approaches using biophysical data
while community relations and social scientists often work with qualitative data sets. Qualitative
GIS provides a link between the disciplines through the use of a common platform and the ability
to visualize data across time and space. It also provides a framework for reflecting on power,
belief systems, and cultural practices, which shape the data creation and interpretation process from
the outset.
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