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APPENDIX

DPSIR Framework in Selected Industries Outside
the Arctic

This appendix presents examples of the DPSIR framework
that have been applied in selected industries outside the
Arctic. Case studies were available for all the sectors except
for Indigenous livelihoods.

Aquaculture and Fisheries: Martins et al. (2012)
conducted a comprehensive review of indicators selected to
apply the DPSIR framework to this sector. Indicators were
organized according to two criteria: the DPSIR categories
and the four sustainable development pillars (environment,
society, economics, governance). The ecological dimension
included natural environment features (species, chemical,
and physical variables); the social dimension represented
the characteristics of the fishing community (employment/
unemployment, culture, tradition, level of education,
number of fishers); the economic dimension included
vessels and devices, profits, demand, and consumption; and
the governance dimension was related to measures adopted
to improve the other dimensions.

In a specific case study, Mozumder et al. (2019) provide
a good example of how it is possible to integrate equity
and justice into DPSIR analysis through participative
identifications of indicators. The authors conducted
interviews and focus groups with local fishers and other
stakeholders in localities in Bangladesh. They considered
important social factors underlying the exploitation of
fisheries and created suggestions for better and more
effective policies arising from local fishers’ knowledge.

A mixed approach (review of scientific literature and
participative methods-based research) in the definition of
categories and in the selection of indicators was chosen by
Sanon et al. (2020) for the analysis of their case study in
countries in southern Africa.

Marin et al. (2021) used a modified version of the DPSIR
framework, DAPSI(W)R(M), to assess impacts of salmon
farming in Chile in relation to organic waste accumulation
in marine water. AMBI (a software developed by AZTI’s
Marine Biotic Index) indicators were proposed for Impact
assessment. The authors discuss the use of different
environmental indicators and stress the importance of
monitoring to set sustainable goals and policy strategies to
achieve them, balancing rights and responsibilities in the
use of marine resources and ecosystem services.

Forests: Paillet et al. (2021) focused on important but
still limited policy-monitoring processes. They organized
DPSIR categories according to indicators from the Forest
Europe 2020 report that are relevant for the European
Arctic. They note that most are State and Impact indicators,
and that there is a lack of Drivers and Pressures indicators,
making it difficult to have a complete view of the processes
that affect forest ecosystems. For example, no indicator
about climate change is included.

Vacik et al. (2007) improved the systems analysis view
of the DPSIR framework by combining a set of criteria and
indicators, multi-criteria decision-making techniques, and a
modelling approach. To account for the interconnectedness
of indicators, they used the analytic network process to
evaluate four forest management plans according to the

! Natural Resources Institute Finland (Luke), Ounasjoentie 6, 96200 Rovaniemi, Finland

2 Corresponding author: moiolisara3@gmail.com

3 University of Iceland, Seemundargata 2, 102 Reykjavik, Iceland

4 Norwegian Food Research Institute (Nofima), Muninbakken 913, Breivika; PO Box 6122, NO-9291, Tromsg, Norway
5 Institute of Silviculture, Department of Forest and Soil Sciences, University of Natural Resources and Life Sciences, Vienna

(BOKU), Knédelhiittenstraie 37/1.UG, 1140 Vienna, Austria

¢ Institute of Forest, Environmental and Natural Resource Policy, University of Natural Resources and Life Sciences, Vienna

(BOKU), Feistmantelstraf3e 4, 1180 Vienna, Austria

7 European Forest Institute, Forest Policy Research Network, Feistmantelstrae 4, 1180 Vienna, Austria
8 Centre for Bioeconomy, University of Natural Resources and Life Sciences, Vienna (BOKU), Peter-Jordan-Straf3e 82/11, 1190

Vienna, Austria

° Norwegian Institute for Nature Research (NINA), PO Box 5685 Torgarden, NO-7485 Trondheim, Norway

© The Arctic Institute of North America


https://doi.org/10.14430/arctic81476
mailto:moiolisara3@gmail.com

S2 « S. MOIOLI et al.

DPSIR framework by modelling the priorities of indicators
and strategies as a result of their relationships within
the network. The study shows that the limited analytical
perspective of the original DPSIR framework can be
enhanced to involve and inform stakeholders. The authors
also provided a complete set of indicators.

Tourism: Mandi¢ (2020) considered the specific
challenges of tourism in natural protected areas, adopting
an inductive approach for the development of a general
DPSIR framework. This paper did not focus on specific
case studies but used inductive and ground theory to
recreate the causal chain from Drivers to Responses. The
DPSIR framework was used to identify the causal relation
of challenges affecting ecosystems and communities in
areas where nature-based tourism is practised and to define
potential responses to support sustainable development. On
one hand, tourism can have positive impacts both on the
environment and local communities. The growth of nature-
based tourism makes protected areas particularly attractive
and can therefore provide new income opportunities and
economic development in remote regions. Also, if well
managed, it can enhance environmental protection, raise
money, and prevent land-use changes. On the other hand,
over-tourism is a major threat to fragile environments and
local communities whose economic and cultural needs
must be considered when planning the management of the
protected area to avoid negative social and environmental
impacts. The author also stressed the importance of local
people’s participation in planning, not just to guarantee
their right to fair access to natural resources and economic
opportunities but to decide in an effective and democratic
manner what should be included in the tourist product and
what should be kept outside. Local ownership of protected
areas is also essential to guarantee the persistence of
environmental protection. Since establishing protected
areas occurs from political will, it is always possible that
protected areas can lose political support or even lose their
protected status. The general framework defined by the
author is highly relevant in the Arctic context, since the
vast majority of tourism in the area is nature-based, and the
effective and balanced management of protected areas there
can have a major role in the industry’s success.

Mustika et al. (2017) applied the DPSIR framework with
a different approach; the authors focused more on specific
environmental Impacts that could arise in the absence of
strong strategies of sustainable management. The specific
characteristic of this DPSIR application was the substitution
of human-dimension data for ecological indicators and
data, to overcome the difficulties, high costs, and long
time periods needed to gather reliable data about wildlife
behaviour and to produce policy recommendations. The case
study considered in the paper is dolphin-watching tourism
in Asia. Despite the different geographical area, the study
could be consistent with last-chance tourism in the Arctic—
the type of tourism that attracts visitors to see endangered
species and ecosystems before they are gone, which in
turn makes their extinction faster as they add further

Pressures on already fragile environments. Furthermore,
the paper provides important insights into the social and
economic reasons underlying excessive exploitation of
natural resources, bringing to light the need to consider the
economic requirements of local communities in order to
plan holistic and balanced development.

The last example from the tourism sector application of
the DPSIR framework is the quantitative approach adopted
by Ruan et al. (2019) that assesses tourism ecological
security. Tourism ecological security is defined as a
balanced state in which the environment can carry out its
natural functions while allowing for the tourism industry’s
sustainable development. The authors provide a complete
list of indicators and units of measurement suitable for
quantitative analysis.

Mining: Even outside the Arctic context, the application
of the DPSIR framework in the mining sector is limited.
For a general overview, Spitz et al (2008) provide a diagram
with the main variables that affect mining as a sector and
list the main Pressures, Impacts, and Responses.

A study conducted by Chen et al. (2020) has more
potential for application in an Arctic context. The authors
apply the DPSIR framework using quantitative indicators
to assess the implementation of green mining in a Chinese
case study. This paper provides a complete set of indicators
that could be used as a starting point for other applications
of the DPSIR framework in the mining sector. Furthermore,
being specifically designed to assess sustainability, it fits
particularly well in Arctic mining localities, since the need
to limit the negative social and ecological impacts of the
industry is a growing issue in many northern countries. For
example, the green mining concept has been developed in
Finland (Nurmi, 2017).

DPSIR in Arctic Non-Industrial Case Studies

We can now consider six applications of the framework
in the Arctic context (including some that are outside
the industries we selected to discuss). The first, by
Alexander et al. (2015), analyzed the different Drivers
that put pressure on the northeast Atlantic, causing such
adverse environmental effects as contaminant emissions,
changes in biological communities due to overfishing,
introduction of non-indigenous species, and the presence
of microplastic. The authors recognized that Drivers and
Pressures are multiple and sometimes competing, leading
to high complexity and difficulty for marine environmental
governance. To include all the different perspectives,
values, and beliefs about priorities and possible solutions,
they suggest adopting a soft system approach that can
develop a comprehensive understanding of the situation
and enable the drawing of different boundaries according
to what the system is perceived to be. To structure the
information collected in this way, they adopted a modified
version of the DPSIR framework: Driver-Pressure-State-
Welfare-Response (DPSWR) and present the main limits
and potential biases related to it:
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Variability of the Ecosystem: The environmental
state can vary over time independently of anthropogenic
pressures, and it is difficult to disentangle human-induced
changes from natural incidents.

Cumulative Effects: Changes in human societies
happen over a long time period, and despite improvement of
regulation of and responses to Drivers, the pressure could
increase from the legacy of previous patterns.

Ecosystem Resilience: An ecosystem can show little
response to pressures until a critical threshold is reached
and changes become irreversible.

Conflicting Policy Targets: Marine areas are subjected
to different regulations created at several levels of
governance, each of which tries to pursue different societal
goals, which often conflict or call for compromise, such as
economic growth and environmental conservation.

This last point is particularly relevant in the Arctic, since
it stresses the importance of stakeholder participation in
policy design and implementation.

Barton et al. (2016) researched the eutrophication of
Vanemfjorden Lake, Norway, mostly due to nutrient
loading from agriculture. The resource is affected by
different uses: agriculture, recreational use for bathing and
fishing, providing drinking water, and being habitat for
flora and fauna. As in other studies, these authors stress
that ecological value should not be measured only through
biophysical indicators but also represent the resource’s
importance for the actors relying on it. The modified
version of the DPSIR framework they proposed (DPSIR-
OOBN) should therefore respond to nine criteria:

1. management relevance.

. value plurality (ecological, social, and economic values).

. value heterogeneity (variability along time and space).

. interdisciplinarity.

. knowledge systems.

. information types (qualitative and quantitative).

. evels of societal organization.

. consistent scaling of plural values, and

. consistent weighting of the relative importance of
multiple types of values, explicitly addressing trade-offs.

O 0 9N bW

The third Arctic paper considered was produced by
Bolter et al. (2016); it describes the resilience of polar
(both Arctic and Antarctic) ecosystems along the lines
of the DPSIR categories. Drivers identified include
anthropogenic and natural phenomena, such as human
energy consumption, global political constraints, and the
North Atlantic Oscillation. Indicators for Pressure, State,
and Impact categories are also listed.

Kruse (2016) provides a very interesting and detailed
example of a DPSIR application over an extended period.
The author interprets 420 years of Svalbard history—from
the first expedition to today—through the lens of human
pressures on the archipelago’s marine and terrestrial
ecosystems. They used human presence to estimate
anthropogenic pressure and subpopulations of selected

species of game animals to understand environmental
impacts. Protection policies have been considered as
milestones in the relationship between society and
environment.

Lovecraft and Meek (2019) focus on the state of
Arctic coastlines through a socio-ecological perspective,
applying a DAPSI(W)R(M) framework to the whole
pan-Arctic coastal system and providing local, smaller
scale examples. The authors emphasize the importance
of considering feedback loops between society and
ecosystems to understand the changes in all four types
of ecosystem services (provisioning services, cultural
services, regulating services, and supporting services) and
the related impacts over the five components of human
well-being (security, basic materials for good life, health,
good social relations, and freedom of choice and action).
The aim is to understand what the appropriate management
goals and methods are and to ensure human well-being in
relation to Arctic resources, especially considering that
virtually all of them are common-pool resources. This
makes systems users socio-ecologically interdependent,
since both positive and negative externalities in one area
of management are likely to impact another. The great
variety of dimensions, structures, and compositions in
Arctic communities needs also to be considered with a
proper scaling of the framework and with the inclusion
of different knowledges and cosmologies. The authors
also provide a brief description of Arctic populations and
governance, including the main Indigenous organizations
and government bodies and a complete list of elements in
each category of the framework.

Finally, Reckermann et al., (2022) examine human
factors affecting the coastal environment of the Baltic Sea
region, focusing on their mutual influence. Some of the
factors are climate change, acidification, non-indigenous
species, land cover and use, aquaculture, agriculture and
nutrient load, dumped military material, tourism, and
offshore wind farms. They used the DPSIR framework to
“assign a structure to the different factors and their link to
environmental changes” (Reckermann et al., 2022:6). For
every factor, they identify Drivers, Pressure, State, Impact,
and Responses, to give each a clear definition. For example,
for “dumped military material,” the Driver is the Second
World War, and determines that “dumping of unexploded
warfare agents in various locations” is a Pressure. State is
thus “current state of corrosion of dumped warfare agents,”
whose change will turn into “potentially harmful impacts
on marine ecosystems, potential danger of poisoning and
accumulation up the food chain up to humans” Impact. The
identified Response is “various national and international
efforts to retrieve the dumped objects as far as possible”
(Reckermann et al., 2022:5). They then proceed to focus
on Impacts, whose assessment and summary is the focus of
the paper.
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