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Abstract

This thesis examines the shortcomings and challenges for Australian marine
environmental impact assessment (EIA) legal frameworks to consider and assess
cumulative and synergistic impacts, as distinct impact types, from large-scale marine use
and development. The thesis aims to identify how the legal frameworks and requirements
can be improved to enable better consideration and assessment of these impact types.
Emphasis is given to the legal frameworks for marine environmental assessment: EIA
and strategic environmental assessment (SEA). In particular, the thesis examines the
different characteristics of cumulative and synergistic impacts, and how they are typically
defined to be the same type of impact when considered or assessed as part of
environmental assessment. Concentrating on this, if environmental assessment
frameworks use definitions that do not distinguish the characteristics of these impact
types, then there is a risk that detrimental synergistic impacts may be neglected. Thus, it
is argued in this thesis that these impact types should be assessed and considered

separately.

The thesis emphasises that consideration and assessment of cumulative and synergistic
impacts should be required in EIA and SEA to enable iterative planning and decision-
making frameworks. Improving EIA legal requirements for cumulative and synergistic
impact consideration and assessment to better inform decision-making is a main focus.
Theoretical and practical mechanisms to improve planning and decision-making are also
identified to examine how the improvement of knowledge about cumulative and
synergistic impacts can assist with achieving goals of marine environmental protection,
and reduce uncertainty in environmental assessment and decision-making processes. The
precautionary principle and the use of post-approval monitoring (PAM) are two key
mechanisms that can assist with the iterative feedback of knowledge about cumulative

and synergistic impacts, and the integration of EIA with SEA.

Analysis of Australian marine EIA legal frameworks to consider and assess cumulative
and synergistic impacts is provided through two case studies. The first case study
analyses legislation applicable to the Otways Marine Area and seeks to ascertain the
extent of, and approach to, legal requirements to assess these impact types within four
Australian jurisdictions (Commonwealth, Victoria, South Australia and Tasmania). The
second case study analyses the consistency of approach to cumulative and synergistic
impact consideration and assessment within the EIA, decision-making processes and
PAM associated with Victoria’s Port Phillip Bay Channel Deepening Project. These two

case studies demonstrate that increased attention needs to be given to the consideration



and assessment of cumulative and synergistic impacts in EIA. A third case study was
undertaken to give insight into the shortcomings and benefits of approaches to
cumulative and synergistic assessment when there are legal requirements to consider
these impact types in marine environmental assessment legislation. To achieve this, the
final case study examined the EIA, PAM programmes, and legal frameworks for existing

and approved offshore wind farms in Denmark.

The thesis concludes with recommendations for the reform of Australian marine EIA
legal frameworks. The recommendations focus on improving legislative requirements for
the consideration and assessment of cumulative and synergistic impacts as distinct impact
types. This includes through the use of express provisions, distinct definitions and other

aiding mechanisms, such as the precautionary principle, and PAM.
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1. Introduction

The Australian marine environment has significant intrinsic value and covers an area of 13.86
million square kilometres.! There is also significant recreational and economic value gained
from the area; with 85 per cent of Australia’s population living within 100km of the coast, a
marine resources and industries sector predicted to be valued at over $105 billion by 2030, and
ecosystem services currently valued at $25 billion.2 The commercial and recreational activities
associated with these values can cause pressures that result in detrimental environmental

impacts.

Decisions about impacts from anthropogenic activities in Australia’s marine environment, and
whether they are acceptable, need to involve the assessment and consideration of complex
interactions. The decision-making processes for assessing these marine environmental impacts
are subject to legal requirements. Without legal requirements that specifically require the
assessment and consideration of these complex interactions, there is a risk that detrimental
impacts will be neglected. To address this, this thesis evaluates Australia’s legal framework for

requirements to consider and assess cumulative and synergistic impacts within the

1 K Evans, N Bax and D C Smith, Australia state of the environment 2016: marine environment, independent report
to the Australian Government Minister for the Environment and Energy (Australian Government Department of the
Environment and Energy, 2017) v.

2 1bid.
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environmental impact assessment (EIA) of large-scale marine use and development associated

with anthropogenic activities.

This thesis has two aims. The first is to identify areas in which Australian legal requirements for
marine environmental assessment (in particular EIA) may be inadequate for the consideration
and assessment of cumulative and synergistic impacts. As part of addressing this aim, the
challenges for the consideration and assessment of cumulative and synergistic impacts are
identified.

The second aim is to provide recommendations for improving the current legal approach to
cumulative and synergistic impact consideration and assessment within marine EIA. This aim is
considered within the context of Australia’s future and emerging offshore industries. It is
intended that these recommendations support reform for Australian marine EIA legal
frameworks through assisting to address any shortcomings identified in response to the first aim.
The recommendations will provide “first step” opportunities for achieving improvements in
marine environmental protection. The different types of impacts affecting the marine
environment are complex, and a better understanding of these impacts, including those that are
cumulative or synergistic, will assist environmental protection. One way of achieving this is
through management of marine anthropogenic activities, with environmental assessment

processes such as EIA.

The foundation for understanding the issues and identifying the main challenges associated with
the effective consideration and assessment of cumulative and synergistic impacts is developed
through academic reviews and analysis; principally environmental assessment literature and
legal scholarship. For the early chapters, the literature is sourced from Australia and other
countries (e.g. Canada, New Zealand, Sweden, the United Kingdom and the USA). The
literature from countries other than Australia is used to guide the identifications of shortfalls in
the Australian context. Case studies were undertaken to assist in identifying and understanding
any shortcomings within legal frameworks. The case study analyses include a review of several
Australian jurisdictions (Otways Marine Area)® and an example of a Victorian EIA and
decision-making process (Victoria’s Port Phillip Bay Channel Deepening Project).* An
international case study focusing on the Danish and associated European Union approach to
ElAs for offshore wind farms is also included.® The shortcomings and benefits identified within
this case study are used to assist with the development of recommendations for improving the

Australian legal framework.

3 Chapter 5 Otways Marine Area
4 Chapter 6 Victoria’s Port Phillip Bay Channel Deepening Project
5 Chapter 7 Offshore Wind Farms in Denmark: The Assessment of Cumulative and Synergistic Impacts
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This chapter is divided into eight sections. Following this introduction is a review of cumulative
and synergistic impacts, including discussion of the importance of environmental assessment for
these impact types for the marine environment. The third section addresses Ecologically
Sustainable Development (ESD) and the roles of the precautionary principle and post-approval
monitoring (PAM) within environmental decision-making processes. These discussions are

expanded within subsequent chapters; as are discussions about the definitions of certain terms.

The fourth and fifth sections of this chapter explain the research aims and questions of the thesis
and the methodological approach. The sixth section discusses the scope and limitations of the
research, and the seventh section provides an outline of the thesis structure. The eighth section

outlines the original contribution and significance of the research.

2. Environmental impacts and marine environmental protection

Stressors within the marine environment, such as anthropogenic activities and environmental
change,® are increasing.” Detrimental implications include a loss of biodiversity,® changes to

ecosystem health,® and decline in overall health and productivity.'® These are due to factors such

6 Refer to glossary.

7 See, eg, K R N Anthony et al, A framework for understanding cumulative impacts, supporting environmental
decisions and informing resilience-based management of the Great Barrier Reef World Heritage Area: Final Report
to the Great Barrier Reef Marine Park Authority and Department of the Environment (Great Barrier Reef Marine
Park Authority, 2013), 15, 21 <http://www.environment.gov.au/resource/framework-understanding-cumulative-
impacts-supporting-environmental-decisions-and-informing>; George Hegmann and G A (Tony) Yarranton,
‘Alchemy to reason: Effective use of Cumulative Effects Assessment in resource management’ (2011) 31
Environmental Impact Assessment Review 484, 484; Millenium Ecosystem Assessment, Ecosystems and Human
Well-Being: Biodiversity Synthesis (World Resources Institute, 2005) 47 — 51; Alex D Rogers and Dan Laffoley,
‘Editorial: Introduction to the special issue: The global state of the ocean; interactions between stresses, impacts and
some potential solutions. Synthesis papers from the International Programme on the State of the Ocean 2011 and
2012 workshops’ (2013) 74 (2) Marine Pollution Bulletin 491, 491.

8 See, eg, B Worm et al, ‘Impacts of Biodiversity Loss on Ocean Ecosystem Services’ (2006) 314 Science 787, 787,
Fanny Douvere and Charles N Ehler, ‘New Perspectives on sea use management: Initial findings from European
experience with marine spatial planning’ (2009) 90 Journal of Environmental Management 77, 77.

% See, eg, Millenium Ecosystem Assessment, above n 7, 3- 10; Douvere and Ehler, above n 8,77.

10 See, eg, Worm et al, above n 8, 787; Douvere and Ehler, above n 8, 77; A D Rogers and D d’A Laffoley,
International Earth System expert workshop on ocean stresses and impacts (IPSO Oxford, 2011), 9
<http://www.stateoftheocean.org>.
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as climate change, 1! overfishing,'? habitat destruction,*® and pollution.* In 2011, a widely
acknowledged international group of researchers released a report entitled International Earth
System expert workshop on ocean stresses and impacts.t® The report concluded that - as a matter
of global concern — the marine environment would suffer further ‘ecosystem collapses’ if

appropriate actions are not taken.'® The conclusion has since been reiterated.’

The combination of stressors from environmental change and anthropogenic activities is causing
increased pressure in Australia’s marine environment. In the Great Barrier Reef region this is
occurring due to the impacts of climate change, and increased intensity of activities such as
tourism, shipping, fishing and port development.!® Other examples of marine areas affected by
stressors include the north-west shelf of Australia, where there is increased pressure associated
with offshore petroleum production, development and shipping.'® In the Great Australian Bight,

the increased intensity of fishing for Southern Bluefin Tuna is a further cause for concern.?

The need to protect the marine environment from degradation is recognised within international,
regional and domestic legal frameworks. Examples from an international perspective include the
Law of the Sea Convention (LOSC),% and the Convention on Biological Diversity (CBD).?? At
the regional level, multilateral agreements such as the Convention for Conservation of Southern

Bluefin Tuna? between Japan, New Zealand and Australia provide for marine environmental

11 See, eg, Millenium Ecosystem Assessment, above n 7, 2005, 3- 10; Douvere and Ehler, above n 8, 77; U Cubasch
et al, Introduction. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group 1 to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Stocker et al (eds) (Cambridge
University Press, 2013) 136.

12 See, eg, Benjamin S Halpern et al, ‘Managing for cumulative impacts in ecosystem-based management through
ocean zoning’ (2008) 51 Ocean & Coastal Management 203, 206.

13 See, eg, ] G Hiddink et al, ‘Cumulative impacts of seabed trawl disturbance on benthic biomass, production, and
species richness in different habitats’ (2006) 63 Canadian Journal of Fisheries and Aquatic Sciences 721, 721 — 722,
730 — 733; Benjamin S Halpern et al, ‘A Global Map of Human Impact on Marine Ecosystems’ (2008) 319 Science
948, 948; Riki Therivel and Bill Ross, ‘Cumulative effects assessment: Does scale matter?” (2007) 27 Environmental
Impact Assessment Review 365, 381; Paul L A Erftemeijer and Roy R Robin Lewis 111, ‘Environmental impacts of
dredging on seagrasses: A review’ (2006) 52 Marine Pollution Bulletin 1553, 1559.

14 See, eg, Claudio Campagna et al, ‘Gulf of Mexico Oil Blowout Increases Risks to Globally Threatened Species’
(2011) 61(5) BioScience 393, 393; Caroline Williams, ‘Combating Marine Pollution from land-based activities:
Australian initiatives’ (1996) 33 (1 — 3) Ocean and Coastal Management 87, 88 — 89.

15 Rogers and Laffoley, above n 10.

16 Rogers and Laffoley, above n 10, 8 — 9; See, also, Rogers and Laffoley, above n 7, 493,

17 William J Ripple et al, ““World Scientists’ Warning to Humanity: A second notice’ (2017) 67 (3) BioScience 197,
197, 199.

18 See, eg, Great Barrier Reef Marine Park Authority, Great Barrier Reef Region Strategic Assessment: Strategic
assessment report (Great Barrier Reef Marine Park Authority, 2014), Chapter 5.

19 International Risk Consultants Pty Ltd prepared for the Department of the Environment Water, Heritage and the
Arts, Petroleum and minerals industries in the North-west Marine Region: A Report to the Department of the
Environment, Water, Heritage and the Arts (2007), 8 <http://www.environment.gov.au/resource/petroleum-and-
minerals-industries-north-west-marine-region>.

20 Australian Fisheries Management Authority, Southern Bluefin Tuna Fishery (SBTF) at a glance (2014)
<http://www.afma.gov.au/managing-our-fisheries/fisheries-a-to-z-index/southern-bluefin-tuna/at-a-glance/.

21 United Nations Convention on the Law of the Sea, opened for signature 10 December 1982, 183 UNTS 3 (entered
into force 16 November 1994) Part XII.

22 Convention on Biological Diversity, opened for signature 5 June 1992, 1760 UNTS 79 (entered into force 29
December 1993) Art 2.

ZConvention for the Conservation of Southern Bluefin Tuna, opened for signature 10 May 1993, [1994] ATS 16
(entered into force 20 May 1994).
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protection through, for example, collaborative scientific research, and the imposition of catch
limits.2®> Frameworks such as those within the European Union (EU) Environmental Directives
suite provide the foundation and direction for marine environmental protection goals to be
legislated by EU member countries.?® At a domestic level the legal framework varies between
jurisdictions and can include legislation that, using Australia as an example, seeks to provide
protection within the context of the sustainable management of impacts from activities,? or is

specifically directed at marine environmental protection.?®

The challenges posed for the effectiveness of these frameworks include the complexities
associated with poor knowledge about the marine environment.?® This also includes the
integration of scientific assessment, which seeks to address these knowledge gaps, with
decision-making processes (and associated legal frameworks).3 An example of this is the
tendency for decision-makers, and those undertaking environmental assessments, to avoid the
assessment of complex interactions. Legislative requirements for the assessment of cumulative
and synergistic impacts will assist in improving the decision-making approach because it will be
based on a more comprehensive understanding of the environmental consequences of planned

activities.

2.1 Cumulative and synergistic impacts

There are various types of impacts that are addressed by different regulatory frameworks for
marine environmental protection. The report from the International Earth System expert

workshop on ocean stresses and impacts identified negative cumulative and synergistic impacts

24 See, eg, Convention for the Conservation of Southern Bluefin Tuna, opened for signature 10 May 1993, [1994]
ATS 16 (entered into force 20 May 1994), Article 9.

%5 See, eg, Convention for the Conservation of Southern Bluefin Tuna, opened for signature 10 May 1993, [1994]
ATS 16 (entered into force 20 May 1994), Article 8.

% See, eg, Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a
framework for community action in the field of marine environmental policy (Marine Strategy Framework Directive)
(Text with EEA relevance), [2008] OJ L 164/19.

27 See, eg, Offshore Petroleum and Greenhouse Gas Storage Act 2010 (Vic), s 61, as an example of industry specific
application, and the Environment Protection and Biodiversity Conservation Act 1999 (Cth) as an example of general
application.

28 See, eg, Great Barrier Reef Marine Park Act 1975 (Cth).

29 See, eg, State of the Environment 2011 Committee, Australia state of the environment 2011. Independent report to
the Australian Government Minister for Sustainability, Environment, Water, Population and Communities
(DSEWPaC, 2011) 373, 435; Natalie C Ban, Hussein M Alidina, and Jeff A Ardron, ‘Cumulative impact mapping:
Advances, relevance and limitations to marine management and conservation, using Canada’s Pacific Waters as a
case study’ (2010) 34 Marine Policy 876, 876; Stelios Katsnevakis et al, ‘Ecosystem-based marine spatial
management: Review of concepts, policies, tools, and critical issues’ (2011) 54 Ocean and Coastal Management 807,
809; Lourdes M Cooper, ‘CEA in policies and plans: UK case studies’ (2011) 31 Environmental Impact Assessment
Review 465, 466.

30 See, eg, Monique Dubé and Kelly Munkittrick, ‘Integration of Effects-Based and Stressor-Based Approaches into a
Holistic Framework for Cumulative Effects Assessment in Aquatic Ecosystems’ (2001) 7(2) Human and Ecological
Risk Assessment: An International Journal, 247, 250 — 253.
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as some of the impact types that cause significant environmental concern.! It is stated that the:

...examination of synergistic threats leads to the conclusion that we have underestimated the
overall risks and that the whole of marine degradation is greater than the sum of its parts, and
that degradation is now happening at a faster rate than predicted.

In the Australian context, the connection between increasing pressures within the marine
environment and cumulative impacts was articulated in the 2011 State of the Environment
Report (2011).% These issues have been evident for several decades, with concerns about the
degradation of Australia’s marine environment raised in earlier parliamentary reports, such as

the 1991 The Injured Coastline: Protection of the Coastal Environment.®*

Cumulative and synergistic impacts within the marine environment result from environmental
change and anthropogenic activities.®* Whilst discussed later in depth in Chapter 2, ‘cumulative’
impacts can be defined here as the same or different type of impacts accumulating across time
and space, with the accumulation occurring in a linear nature.®® In contrast, although sometimes
defined as a type of ‘cumulative’ impact,®’ ‘synergistic’ impacts refer to those impacts that
accumulate in a nonlinear nature and result in a magnitude that is greater than the sum of the
contributing impacts.® These too can occur across time and space. The definition of synergistic
impacts is also discussed in more depth within Chapter 2; as are the potential problems with the

31 Rogers and Laffoley, above n 10, 5.

32 |bid; Also see a similar comment in Elizabeth R Selig et al, ‘Global Priorities for Marine Biodiversity
Conservation’ (2014) 9(1) PloS One: €82898, 9 <http://doi:10.1371/journal.pone.0082898>.

33 State of the Environment 2011 Committee, above n 29, 373.

34 House of Representatives Standing Committee on Environment, Recreation, and the Arts, Parliament of the
Commonwealth of Australia, The Injured Coastline: Protection of the Coastal Environment (1991) xiii, 47.

3 See, eg, Anthony et al, above n 7,18; Great Barrier Reef Marine Park Authority, above n 18, 10-3; Clive Wilkinson
and Bernard Salvat, ‘Coastal resource degradation in the tropics: Does the tragedy of the commons apply for coral
reefs, mangrove forests and seagrass beds’ (2012) 64 Marine Pollution Bulletin 1096, 1097; Andrew J Wright and
Line A Kyhn, ‘Practical management of cumulative anthropogenic impacts with working marine examples’ (2014) 29
(2) Conservation Biology 333, 334.

36 See, eg, L M Cooper and W R Sheate, ‘Cumulative Effects Assessment; A review of UK Environmental Impact
Statements’ (2002) 22 Environmental Impact Assessment Review 415, 416, 422 - 423; Halpern et al, above n 12, 205;
Samuli Korpinen, Manuel Meidinger and Maria Laamanen, ‘Cumulative impacts on seabed habitats: An indicator for
assessments of good environmental status’ (2013) 74 Marine Pollution Bulletin 311,313; Great Barrier Reef Marine
Park Authority, above n 18, XIII; Ban, Alidina and Ardron, above n 29, 883; Murray Raff, ‘Ten Principles of
Environmental Impact Assessment’ (1997) 14 Environmental and Planning Law Journal 207, 210.

37 See, eg, Ban, Alidina and Ardron, above n 29, 883; Greig et al (2003) in Peter N Duinker and Lorne A Greig, ‘The
impotence of cumulative effects assessment in Canada: Ailments and Ideas for Redeployment’ (2006) 37(2)
Environmental Management 153, 157; Nicole E Seitz, Cherie ] Westbrook and Bram F Noble, ‘Bringing Science into
river systems cumulative effects assessment practice’ (2011) 31 Environmental Impact Assessment Review 172, 173;
Jill A E Harriman and Bram F Noble, ‘Characterizing Project and Strategic Approaches to Regional Cumulative
Effects Assessment in Canada’ (2008) 10(1) Journal of Environmental Assessment Policy and Management 25, 26.
38 See, eg, Raff, above n 36, 210; C L Folt et al, ‘Synergism and antagonism among multiple stressors’ (1999)
44(3)(2) Limnology and Oceanography 864,864; John D Court, Colin J Wright and Alasdair C Guthrie, Assessment
of cumulative impacts and strategic assessment in environmental impact assessment: prepared for the
Commonwealth Environment Protection Agency, (Commonwealth of Australia, 1994) Appendix 1.3; Great Barrier
Reef Marine Park Authority, above n 18, 10-3; Ban, Alidina and Ardron, above n 29, 883; Harry Spaling and Barry
Smit, ‘Cumulative Environmental Change: Conceptual Frameworks, Evaluation Approaches, and Institutional
Perspectives’ (1993) 17(5) Environmental Management 587, 592; the definition is also supported within a different
context in Daniel Simberloff and Betsy Von Holle, ‘Positive Interactions of nonindigenous species: invasional
meltdown?’ (1999) 1 Biological Invasions 21, 22.
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approach to include synergistic impacts within the definition of cumulative impacts.*® Both
these definitions are intended to have general application and are derived by a synthesis of
multiple definitions found within the literature. The literature is sourced from several
jurisdictions (e.g. Australia, Canada, the United Kingdom and the USA).

The conservation, protection and sustainability needs of marine areas is prioritised within
environmental science and management.“’ To achieve these goals, awareness of the cumulative
and synergistic nature of anthropogenic activities, in combination with a changing marine
environment, is required. As described by Harriman and Noble, assessing cumulative impacts is
about improving knowledge of ‘environmental effects and pathways’, so as to understand and
therefore minimise the causes of ‘cumulative environmental change.’#* In this respect,
cumulative impact assessment is important for achieving marine environmental protection
goals,*? and in comparison with other environmental management tools can enable a better
understanding of the health status of the marine environment.** Such assessments can also be
used within environmental decision-making processes to better understand the requirements for

conservation and protection of environmental values.*

Synergistic effects caused by human impacts are substantially altering marine ecosystems,* and
as such it is important to further assess these types of interactions between the different
anthropogenic activities and environmental change, as well their outcomes.*® An understanding
of cumulative and synergistic impacts will assist in providing strategies to alleviate detrimental

impacts in a way that responds to the individual nature and therefore differing requirements of a

39 It is also noted here that although there are other terms that can be used in reference to these impact types (e.g.
‘combined effects’ or ‘interactive’), because these terms have the potential for a greater variety of alternative
meanings, and do not appear to be the most commonly used terms within the literature, unless otherwise specifically
mentioned these terms are not the focus of this thesis.

40 See, eg, Rhian E Jenkins, Raymond D H Brown, Michael R Phillips, ‘Harbour porpoise (Phocoena phocoena)
conservation management: A dimensional approach’ (2009) 33 Marine Policy 744, 744; Richard Curtin and Raul
Prellezo, ‘Understanding marine ecosystem based management: A literature review’, (2010) 34 Marine Policy 821,
821; Robert O’Boyle and Glen Jamieson, ‘Observations on the implementation of ecosystem-based management:
Experiences on Canada’s east and west coasts’ (2006) 79 Fisheries Research 1,1; Benjamin S Halpern et al (2008)
cited in Dana Clark et al, ‘Validation and limitations of a cumulative impact model for an estuary’ (2016) 120 Ocean
& Coastal Management 88, 88; Halpern et al, above n 12, 205; Wright and Kyhn, above n 35, 334; Jesper H
Anderson et al, ‘Baltic Sea biodiversity status vs. cumulative human pressures’ (2015) 161 Estuarine, Coastal and
Shelf Science 88, 91 - 92.

41 Harriman and Noble, above n 37, 27.

42 See, eg, Ban, Alidina and Ardron, above n 29, 876; Randall Bess and Ramana Rallapudi, Spatial conflicts in New
Zealand Fisheries: The rights of fishers and protection of the marine environment’ (2007) 31 Marine Policy 719, 726;
B S Halpern and R Fujita, 'Assumptions, challenges and future directions in cumulative impact analysis’ (2013)
Ecosphere 4(10): 131, 1 <http//:dx.doi.org/10.1890/ES-13-00181.1>; Danielle Marcotte, Samuel K Hung and
Sébastien Caquard, ‘Mapping cumulative impacts on Hong Kong’s pink dolphin population’ (2015) 109 Ocean &
Coastal Management 51, 53.

43 See, eg, Selig et al, above n 32, 9; Paul M Gilliland and Dan Laffoley, ‘Key elements and steps in the process of
development ecosystem-based marine spatial planning’ (2008) 32 Marine Policy 32 (2008) 787, 788.

4 See, eg, Anthony et al, above n 7, 8; Melissa M Foley et al, ‘Guiding ecological principles for marine spatial
planning’ (2010) 34 Marine Policy 955, 963.

4 See, eg, Jeremy B C Jackson, ‘Ecological extinction and evolution in the brave new ocean’ (2008) 105 suppl. 1
PNAS 11458, 11458 <http//:www.pnas.org/cgi/doi/10/1073/pnas.0802812105>.

46 See, eg, Jackson, above n 45, 11464,

21



habitat, ecosystem, or species.*’ Further, it is an effective approach to mitigate or alleviate

individual stressors.*®

Knowledge about the ways in which cumulative and synergistic impacts from environmental
change and anthropogenic activities affect the marine environment is therefore an important part
of understanding environmental vulnerability and resilience.*® A flow-on effect is that
knowledge about the maintenance of ecosystem resilience will help enable the achievement of
sustainability goals.®® Two examples of the way the management of cumulative or synergistic
impacts will help improve resilience are the capacity to reduce impacts through the
identification of all contributing factors, and the removal of one or more detrimental impacts to
slow a potential environmental effect.>* There are a number of different approaches that will
facilitate an increase in knowledge about cumulative and synergistic impacts. One approach is
through the incorporation of cumulative and synergistic impact assessment into environmental

assessment and associated decision-making processes.

2.2 The environmental assessment of cumulative and synergistic impacts

Legal frameworks for marine environmental protection can be utilised to increase knowledge
about the marine environment and offer direction as to how to improve the integration of
scientific assessment into statutory decision-making processes. This part discusses the use of
environmental assessment,* as associated with environmental law frameworks and scientific
assessment, to assess cumulative and synergistic impacts. It is important to note that not all
environmental assessments are required to include the assessment of cumulative and/or

synergistic impacts.

47 See, eg, Laura J Falkenberg, Sean D Connell and Bayden D Russell, ‘Disrupting the effects of synergies between
stressors: improved water quality dampens the effects of future CO2 on a marine habitat’ (2013) 50 Journal of
Applied Ecology 51, 52, 56; Selig et al, above n 32, 9.

8 See, eg, Falkenberg, Connell and Russell, above n 47, 52 — 53, 55, 56; Selig et al, above n 32, 9.

49 See, eg, Carl Folke et al, ‘Regime Shifts, Resilience, and Biodiversity in Ecosystem Management’ (2004) 35
Annual Review of Ecology, Evolution and Systematics 557, 573; Also see the discussion surrounding Folke et al in
Curtin and Prellezo, above n 40, 822; Great Barrier Reef Marine Park Authority, above n 18,10-6; Sarah J Burthe et
al, ‘Assessing the vulnerability of the marine bird community in the western North Sea to climate change and other
anthropogenic impacts’ (2014) 507 Marine Ecology Progress Series 277, 291; Jo Foden, Stuart | Rogers and Andrew
P Jones, ‘Recovery of UK seabed habitats from benthic fishing and aggregate extraction — towards a cumulative
impact assessment’ (2010) 411 Marine Ecology Progress Series 259, 260.

%0 See, eg, Great Barrier Reef Marine Park Authority, above n 18, 10-3: Anthony et al, above n 7, 16 — 17;
Falkenberg, Connell and Russell, above n 47, 56; Folke et al, above n 49, 575;

51 Great Barrier Reef Marine Park Authority, above n 18, 10-3.

52 ‘Environmental assessment’ is a general term used to refer to the process of assessment using scientific tools and
methods for the purpose of measuring and predicting the impact of stressors on the natural environment. See, eg,
Keijiang Zhang, Yuansheng Pei and Changjing Lin, ‘An investigation of correlations between different
environmental assessments and risk assessment’ (2010) 2 Procedia Environmental Sciences 643, 643.
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The assessment of cumulative and synergistic impacts can occur as part of environmental
assessment processes; 2 with strategic environmental assessment (SEA) > and EIA% being two
of the commonly used processes. Within the context of this thesis, and from a marine planning
perspective, SEA is defined to encompass the assessment of broad scale planning frameworks
determining the appropriate locations of different uses in response to the potential
environmental outcomes within an environmental area or region.* It also relates to the policy
and programmes developed to implement the strategies.®” In contrast, EIA refers to the
assessment and prediction of environmental impacts that occur due to the proposed development

of an individual project, as well as the activities associated with a particular use.>®

Environmental assessments can occur through domestic legal frameworks or requirements at the
international or regional level. For example, at the international level, Article 206 of the
LOSC, imposes an obligation on State parties to assess the ‘potential effects of activities’ if
the impact on the marine environment has the potential to be significant.®° The CBD provides
for similar obligations if the impacts on biological diversity are considered ‘significant’ and
‘adverse’.%! The Convention on Environmental Impact Assessment in a Transboundary Context
also provides reference to the need to consider ‘significant adverse transboundary impact(s)’
within the preparation of an EIA.%2 As examples at a regional level, the EU Directives provide
separate frameworks for SEA% and EIA.% In Australia, as an example, the Environment

53 Within this thesis reference to the term ‘environmental assessment’ encompasses both ‘strategic environmental
assessment’ and ‘environmental impact assessment’. Refer to glossary.

5 See, eg, Simon Marsden, ‘Strategic environmental assessment in Australian land-use planning’ (2013)
Environmental and Planning Law Journal 422, 422; Simon Marsden, ‘Strategic environmental assessment of
Australian offshore oil and gas development: Ecologically sustainable development or deregulation?’ (2016) 32
Environmental and Planning Law Journal 21, 21; Anna McLauchlan and Elsa Jodo, ‘The inherent tensions arising
from attempting to carry out strategic environmental assessments on all policies, plans and programmes’ (2012) 36
Environmental Impact Assessment Review 23, 23; Jill Gunn and Bram F Noble, ‘Conceptual and methodological
challenges to integrating SEA and cumulative effects assessment’ (2011) 31 Environmental Impact Assessment
Review 154, 154.

5 See, eg, Marsden, above n 54, 422; McLauchlan and Jodo, above n 54, 23; Hegmann and Yarranton, above n 7,
484.

5 See, eg, Marsden, above n 54, 422; McLauchlan and Jo3o, above n 54, 23; Gunn and Noble, above n 54, 154.

57 See, eg, Marsden, above n 54, 422; McLauchlan and Jo&o, above n 54, 23; Gunn and Noble, above n 54, 154.

58 See, eg, Marsden, above n 54, 422; McLauchlan and Jo&o, above n 54, 23; Hegmann and Yarranton, above n 7,
484.

59 United Nations Convention on the Law of the Sea, opened for signature 10 December 1982, 183 UNTS 3 (entered
into force 16 November 1994).

60 Refer to the glossary for an explanation about the use of the term ‘significant’ as a term to describe the
measurement of an impact.

61 Convention on Biological Diversity, opened for signature 5 June 1992, 1760 UNTS 79 (entered into force 29
December 1993) Art 14.

62 Convention on Environmental Impact Assessment in a Transhoundary Context, opened for signature 25 February
1991, 1989 UNTS 309 (entered into force 10 September 1997) Art 2, 3.

83 Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the assessment of the
effects of certain plans and programmes on the environment, [2001] OJ L 197/30.

64 Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on the assessment of
the effects of certain public and private projects on the environment (codification), [2012] OJ L 26/1; Directive
2014/52/EU of the European Parliament and of the Council of 16 April 2014 amending Directive 2011/92/EU on the
assessment of the effects of certain public and private projects on the environment, [2014] OJ L 124/1.
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Protection and Biodiversity Conservation Act 1999 (Cth) includes requirements to undertake
both SEA and EIA.%

Early legal approaches requiring cumulative effects assessment appeared within environmental
assessment legislation during the late 1970s in the United States,®® early 1980s in Canada,®” and
early 1990s in New Zealand.®® Attention in Europe was demonstrated in the 1980s when the
requirement to consider cumulative impacts was included in EC Directive 85/337/EEC on the
assessment of the effects of certain public and private projects on the environment and the
subsequent amending Directives 97/11/EC, 2003/35/EC & 2009/31/EC.*° Since that time, the
United States, Canada and the European Union have developed guidelines with relatively

common approaches for the assessment of cumulative impacts.

In Australia, legal requirements for the use of cumulative impact assessment have been slow to
develop.”™ Australian jurisdictions include legislative frameworks that identify cumulative
impact assessment as a beneficial tool for gaining a better understanding of environmental
impacts.”? This occurs through a combination of legislation and policy.” Further, the assessment

of cumulative impacts is also being incorporated (with or without specific legislative

% See, eg, ch 4 — Environmental assessments and approvals, and pt 10 Strategic Environmental Assessments.

% Robert (Bob) Connelly, ‘Canadian and international EIA frameworks as they apply to cumulative effects’ (2011)
31 Environmental Impact Assessment Review 453, 453.

57 Ibid; Duinker (1994) in Peter N Duinker and Lorne A Greig, ‘The impotence of cumulative effects assessment in
Canada: Ailments and Ideas for Redeployment’ (2006) 37(2) Environmental Management 153, 154.

8 John Court, Colin Wright and Alasdair Guthrie, ‘Environmental Assessment and Sustainability: Are We Ready for
the Challenge?’ (1996) 3 Australian Journal of Environmental Management 42, 46.

69 EC Directive 85/337/EEC on the assessment of the effects of certain public and private projects on the environment
and the subsequent amending Directives 97/11/EC, 2003/35/EC & 2009/31/EC, [2009] OJ L 140/114. It is noted that
this has since been superseded by Directive 2011/92/EU of the European Parliament and of the Council of 13
December 2011 on the assessment of the effects of certain public and private projects on the environment
(codification), [2012] OJ L 26/1 and Directive 2014/52/EU of the European Parliament and of the Council of 16
April 2014 amending Directive 2011/92/EU on the assessment of the effects of certain public and private projects on
the environment, [2014] OJ L 124/1. Also see the discussion in Connelly, above n 66, 453.

0 See, eg, G C Hegmann et al, Cumulative Effects Assessment Practitioners Guide (AXYS Environmental
Consulting Ltd, CEA Working Group for the Canadian Environmental Assessment Agency, 1999); Canadian
Environmental Assessment Agency, Cumulative Effects Assessment Practitioners’ Guide (2014) <http//:www.ceaa-
acee.gc.ca/default.asp?lang=En&n=43952694-1&offset=6&toc=hide>; European Commission, Guidelines for the
Assessment of Indirect And Cumulative Impacts And Impact Interactions (Office for Official Publications of the
European Communities, 1999); Council on Environmental Quality, Considering Cumulative Effects Under the
National Environmental Policy Act (1997) <http//:www.ceq.hss.doe.gov/publications/cumulative_effects.html>;
Council on Environmental Quality, Guidance on the Consideration of Past Actions in Cumulative Effects Analysis
(2005) <http//:www.ceq.hss.doe.gov/nepa/regs/Guidance_on_CE.pdf>; also see discussion in Connelly, above n 66,
454,

1 Court, Wright and Guthrie, above n 68, 49.

72 See, eg, Environmental Planning and Assessment Act 1979 (NSW), s 115J (4); Environmental Planning and
Assessment Regulation 2000 (NSW), cl 228(2)(0).

73 See, eg, Environment Protection and Biodiversity Conservation Act 1999 (Cth), Part 10 Strategic Environmental
Assessments; in association with Australian Government, Department of Sustainability, Environment, Water,
Population and Communities, A guide to undertaking strategic assessments: Environment Protection and Biodiversity
Conservation Act 1999 (2013), 7 <http//:www.environment.gov.au/resource/guide-undertaking-strategic-
assessments>.
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requirements to do so) at both the SEA™ and EIA™ level.

Despite the apparent increasing assessment of cumulative and synergistic impacts, there is
limited knowledge about these impact types.” Whilst there has been ongoing development of
the assessment methods,’’ the approaches taken within environmental assessment have been
critiqued by academics for inconsistencies and inadequate direction as to the assessment
parameters and method.” In addition, some commentators have questioned whether there is
sufficient capacity to achieve effective change without also improving decision-making

frameworks.”

The Australian environmental assessment legal frameworks have been critiqued for inadequate
requirements associated with the consideration of cumulative impacts.® As an example, the
1996 critique by Court, Wright and Guthrie stated that the only legislation they were aware of to
require the consideration of cumulative impacts, the Environmental Planning and Assessment

Act 1979 (NSW), focused solely on additive and linear®! impacts and did not acknowledge the

4 An SEA example includes the consideration given within the 2014 Great Barrier Reef Region Strategic
Assessment: Strategic assessment report: Great Barrier Reef Marine Park Authority, above n 18, Chapter 6.8.

S An EIA example is the cumulative impact assessment undertaken as part of the overall assessment for the
expansion of the Port of Abbot Point coal export facility: Eco Logical Australia Pty Ltd and Open Lines Consulting
Pty Ltd, Abbot Point Cumulative Impact Assessment (2013) <http//:www.ngbp.com.au>. This document notes that
the CIA is a voluntary initiative (refer to Executive Summary).

76 See, eg, State of the Environment 2011 Committee, above n 29, 435; Ban, Alidina, and Ardron, above n 29, 876;
Stelios Katsnevakis et al, above n 29, 809; Cooper, above n 29, 466; Katrina Pavlickova and Monika Vyskupova, ‘A
method proposal for cumulative environmental impact assessment based on the landscape vulnerability evaluation’
(2015) 50 Environmental Impact Assessment Review 74, 75.

7 See, eg, Ban, Alidina and Ardron, above n 29, 876, 885; Halpern and Fujita, above n 42, 1 -11; Halpern and Fujita
(2013) cited in Kostantinos A Stamoulis and Jade M S Delevaux, ‘Data requirements and tools to operationalize
marine spatial planning in the United States’ (2015) 116 Ocean & Coastal Management 214, 218; Halpern and Fujita
(2013) cited in Linda Harris et al, ‘Quantifying cumulative threats to sandy beach ecosystems: A tool to guide
ecosystem-based management beyond coastal reserves’ (2015) 110 Ocean & Coastal Management 12, 19; L W
Canter and S F Atkinson, ‘Multiple uses of indicators and indices in cumulative effects assessment and management’
(2011) 31 Environmental Impact Assessment Review 491, 491; Peter N Duinker and Lorne A Greig, ‘The impotence
of cumulative effects assessment in Canada: Ailments and Ideas for Redeployment’ (2006) 37(2) Environmental
Management 153, 153 — 155.

8 See, eg, Gunn and Noble, above n 54, 157 - 159; Duinker and Greig, above n 77, 156; Courtney Fidler and Bram
Noble, ‘Advancing strategic environmental assessment in the offshore oil and gas sector: Lessons from Norway,
Canada, and the United Kingdom’ (2012) 34 Environmental Impact Assessment Review 12, 16,19; Peter N Duinker et
al, ‘Scientific dimensions of cumulative effects assessment: toward improvements in guidance for practice’ (2013) 21
Environmental Review 40, 42 — 45, 49 - 50.

79 See, eg, Hegmann and Yarranton, above n 7, 486 - 490; Duinker and Greig, above n 77, 154; Spaling and Smit,
above n 38, 589.

8 See, eg, Hon Justice Brian J Preston, ‘Adapting to the impacts of climate change: The limits and opportunities of
law in conserving biodiversity’ (2013) 30 Environmental and Planning Law Journal 375, 383; Court, Wright and
Guthrie, above n 68, 44; Peter Wulf, ‘Offshore Petroleum and the Environment Protection and Biodiversity
Conservation Act 1999 (Cth): Consideration of all adverse impacts’ (2005) 22 Environmental and Planning Law
Journal 296, 309 — 316; Andrew Macintosh and Debra Wilkinson, ‘EPBC Act — The case for reform’ (2005) 10(1)
The Australasian Journal of Natural Resources Law and Policy139,164,171; Andrew Macintosh, ‘Why the
Environment Protection and Biodiversity Conservation Act’s referral, assessment and approval process is failing to
achieve its environmental objectives’ (2004) 21 Environmental and Planning Law Journal 288, 299,305 — 307, 310.
81Within the context of ‘cumulative impacts’, ‘linear’ demonstrates that the quantified impact can be graphically
represented in a straight line that shows the value increasing in increments that are directly proportional to the value
added. See, eg, Halpern et al, above n 12, 207.
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nonlinear®? effects associated with synergistic impacts.2® However, despite this statement, there
is scant commentary on the level of consideration given to synergistic impacts as a distinct
impact type to that of cumulative impacts.®

There have been Australian examples of both SEA® and EIA® that include cumulative impact
assessment. The preferred future direction for cumulative impact assessment, however, has been
demonstrated within environmental law reviews undertaken in Australian jurisdictions (e.g.
Victoria and the Commonwealth) as an increased focus of cumulative impact consideration
within SEA frameworks.®” This preference reflects criticism regarding the absence of
requirement to consider such impact types within Australian legislation. The criticism is found
in commentary on historical® and current® legal frameworks. Whilst not necessarily focusing
on a preference for further attention in SEA, the issue of whether cumulative impacts should be
considered has also received attention within judicial decisions.®® The influence of some of

these judicial decisions is discussed in Chapter 4.

A preliminary 20 year (1995 — 2014, inclusive) analysis of Australian legal journal literature,
conducted for this thesis, demonstrates that commentary on cumulative and synergistic impact
assessment has tended to focus on cumulative rather than synergistic impacts (as a different

impact type), and on the terrestrial environment more than the marine environment.®* The lesser

82 For the purpose of this thesis, the term ‘nonlinear’ is the opposite of the term ‘linear’ and when impacts are defined
as ‘nonlinear’ in nature, the quantified impact can be graphically represented in a curved or non-straight line. For
example, the curve may represent an exponential increase in value.

8 Court, Wright and Guthrie, above n 68, 49.

84 For examples refer to Chapter 2 for a detailed discussion of academic literature.

8 Great Barrier Reef Marine Park Authority, above n 18.

8 Eco Logical Australia Pty Ltd and Open Lines Consulting Pty Ltd, above n 75.

87 Allan Hawke, The Australian Environment Act - Report of the Independent Review of the Environment Protection
and Biodiversity Conservation Act 1999 (Commonwealth of Australia, 2009) 80, 83, 116, 148, 156, 215; Department
of Sustainability, Environment, Water, Population and Communities, Australian Government Response to the Report
of the Independent Review of the Environment Protection and Biodiversity Conservation Act 1999 (Commonwealth
of Australia, 2011) 15 - 17,19, 23, 25; Environment and Natural Resources Committee, Parliament of Victoria,
Inquiry into the Environmental Effects Statement Process in Victoria (2011), 235.

8 Court, Wright and Guthrie, above n 68, 44; Simon Marsden, ‘Applying EIA to legislative proposals: practical
solutions to advance ESD in Commonwealth and State policy-making’ (1997) 14 Environmental and Planning Law
Journal 159,161 — 162; Ralf Buckley, ‘Strategic Environmental Assessment’ (1997) 14 Environmental and Planning
Law Journal 174,175,178.

89 See, eg, Preston, above n 80, 383; Marsden, above n 54, 422; Wayne Gumley, ‘An update on the EPBC Act
Reviews’ (2009) 3 National Environmental Law Review 39, 41 — 42, 44; Isabelle Connolly and Martin Falding,
‘Biocertification of local environmental plans — promise and reality’ (2009) 26 Environmental and Planning Law
Journal 128, 130 — 131; David Robinson, “Strategic planning for biodiversity in New South Wales’ (2009) 26
Environmental and Planning Law Journal 213, 227; Macintosh and Wilkinson, above n 80, 164, 171; Andrew
Macintosh, ‘The Environment Protection and Biodiversity Conservation Act 1999 (Cth) — An evaluation of its cost
effectiveness’ (2009) 26 Environmental and Planning Law Journal 337, 350; Australian Panel of Experts on
Environmental Law, Marine and Coastal Issues (Technical Paper 4, 2017) 26.

% See, eg, Brown v Forestry Tasmania, Commonwealth of Australia, Commonwealth of Australia and State of
Tasmania (No 4) (2006) 157 FCR 1, 2, 22 [146]; Tarkine National Coalition Incorporated v Minister for the
Environment [2014] FCA 468, 270 — 272 [106-115]; Queensland Conservation Council Inc v Minister for the
Environment and Heritage [2003] FCA 1463, [38 — 41]; Minister for the Environment and Heritage v Queensland
Conservation Council Inc (2004) 139 FCR 24, 35 — 40 [43 — 62] (Nathan Dam Case).

91 For the purpose of this analysis six Australian based legal journals (including publication name changes) with the
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focus on the marine environment is demonstrated in Figure 1-1 for cumulative impacts, and
Figure 1-2 for synergistic impacts. The greater focus on cumulative impacts compared with
synergistic impacts can be seen when Figure 1-1 and Figure 1-2 are compared.
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Figure 1-1: Comparison of ‘cumulative’ impacts (environmental assessment context) and
‘cumulative’ impacts (environmental assessment context) - marine environment.

Light blue colour = ‘cumulative’ environmental assessment context - marine environment, dark blue
colour = ‘cumulative’ environmental assessment context.

capacity to include discussion on marine environmental assessment law were examined: Environmental and Planning
Law Journal; The Australasian Journal of Natural Resources Law and Policy; Australian Environmental Law News,
National Environmental Law Review and Australian Environmental Law Digest; Maritime Studies and Australian
Journal of Maritime and Ocean Affairs; and Macquarie Journal of International and Comparative Environmental
Law. The journals were analysed across the time frames 1995 to 2014, except the Macquarie Journal of International
and Comparative Environmental Law which commenced publication in 2004 and ceased publication in 2013. The
electronic databases used to search these journals included Westlaw, Informit (Australian Public Affairs Full Text
(APA-FT), Business Collection, AGIS plus), HeinOnline and ProQuest.
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Figure 1-2: Comparison of ‘synergistic’ impacts (environmental assessment context) compared to
‘synergistic’ impacts (environmental assessment context) - marine environment. Dark green colour
= ‘synergistic’ environmental assessment context - marine environment, light green colour =
‘synergistic’ environmental assessment context.

The results of this preliminary analysis show that a relatively small number of the Australian
legal journal articles focused on cumulative and synergistic impacts in the marine environment
(Figures 1-1 and 1-2). This indicates that the issues surrounding these impact types are not often
discussed. This observation raises the question as to whether there is a need for further research
into how marine environmental cumulative and synergistic impacts are addressed by Australian

legal frameworks.

Legislation for marine environmental assessment can, but may not necessarily, expressly require
the consideration and assessment of cumulative and synergistic impacts. When requirements are
not expressed, the requirement for consideration and assessment of these impact types can be
associated with implied or general provisions. If assessments of the environmental
consequences of cumulative and synergistic impacts are incorporated within marine
environmental assessment legislation — through express or implied requirements - an
understanding of the existing and potential ability to require their consideration and assessment
is necessary. This understanding is beneficial because of the role legal requirements play in
identifying these impact types, whilst enabling decision-making processes that can facilitate the
reduction of potential environmental detriment. Further, analysis of the benefits and
shortcomings of legislative provisions may also result in opportunities to research and develop

alternative approaches. This would help improve opportunities for marine environmental
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protection and achieving ESD principles.

3. Ecologically Sustainable Development (ESD): The role of the precautionary
principle and post-approval monitoring

‘Sustainable development’ is an objective of international, regional and domestic legal
frameworks for protecting the marine environment. At the international level ‘sustainable
development’ gained significance as a goal after the release of the 1987 Report of the World
Commission on Environment and Development: Our Common Future (the Brundtland report).®?
The Brundtland report identified that, as a central element of sustainable development,
environmental conservation and protection must be addressed in order for development to
continue in a manner that allows the ongoing use of resources in the future.*® Concern for
increasing and cumulative impacts from use and development pressures on the oceans was

discussed as an imperative for attention.%

As part of the Brundtland report’s conclusions, Annex 1 provided a ‘Summary of Proposed
Legal Principles’ to facilitate the commencement of ‘a universal Declaration and later a
Convention on environmental protection and sustainable development’.® These principles
included references to responsibilities of States in relation to generational equity, conservation,
environmental protection, sustainable use and development, environmental monitoring,
environmental assessment, and the need for a precautionary approach.®® The 1992 Report of the
United Nations Conference on Environment and Development included the Rio Declaration on
Environment and Development (Rio Declaration) and further development of these principles.®’
For the purpose of this thesis, Principle 4 and Principle 15 of the Rio Declaration are
highlighted.

Principle 4 states that:

In order to achieve sustainable development, environmental protection shall constitute an
integral part of the development process and cannot be considered in isolation from it.%

92 World Commission on Environment and Development (WCED), Report of the World Commission on Environment
and Development: Our Common Future (1987), Chapter 2, Chapter 6 <http//:www.un-documents.net/our-common-
future.pdf>.

% |bid.

% 1bid, Chapter 10(1).

% |bid, Chapter 12, [86].

% 1bid, Annex 1.

9 United Nations General Assembly, Report of the United Nations Conference on Environment and Development:
Annex 1 Rio Declaration on Environment and Development UN Doc A:CONF.151:26(Vol.1) (3 — 14 June 1992)
<http//:www.un.org/documents/ga/conf151/aconf15126-1annex1.htm>.

% 1hid Principle 4.
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Principle 15 states that:

In order to protect the environment, the precautionary approach shall be widely applied by States
according to their capabilities. Where there are threats of serious or irreversible damage, lack of
full scientific certainty shall not be used as a reason for postponing cost-effective measures to
prevent environmental degradation.®®

The precautionary principle (Principle 15) is a theoretical mechanism which, through emergence
in policy and legislation, has increased in application. The extent of requirement varies between
jurisdictions. Within the Australian context, the principles of sustainable development were
adopted as part of ESD via the 1992 Intergovernmental Agreement on the Environment
(IGAE);1% with environmental protection being integral to the Principles of Environmental
Policy,** and a modified version of the precautionary principle included at Section 3.5.1 to
state:

Where there are threats of serious or irreversible environmental damage, lack of full scientific

certainty should not be used as a reason for postponing measures to prevent environmental

degradation. In the application of the precautionary principle, public and private decisions should

be guided by:

1.  Careful evaluation to avoid, wherever practicable, serious or irreversible damage to the
environment; and

2. Anassessment of the risk-weighted consequences of various options.%?

Since the IGAE was signed, the ESD principles have been adopted in environmental assessment
legislation and decision-making at all levels of government in Australia.’® It has been argued
that the assessment of cumulative and synergistic impacts is important for achieving a
precautionary approach and, therefore, an effective application of the precautionary principle in
environmental assessment decision-making.'® In this respect, when decisions are made to
support anthropogenic activities in the marine environment, the evaluation of cumulative and
synergistic impacts and subsequent knowledge gain can aid in assisting the management of
uncertainty'® and the avoidance, or mitigation, of detrimental impacts. It has been argued that
the lack of knowledge about such impact types in conjunction with their complexity is in itself a

reason for applying the precautionary principle.1%

9 1bid Principle 15.

100 Council of Australian Governments, Intergovernmental Agreement on the Environment, 1 May 1992,
<http//:www.environment.gov.au/about-us/publications/intergovernmental-agreement>.

101 |bid Section 3.

102 |bid Section 3.5.1

103 See, eg, Environment Protection and Biodiversity Conservation Act 1999 (Cth), section 3A; Fisheries
Management Act 2007 (SA), section 7; State Government Victoria, Stonnington Planning Scheme: Victorian
Planning Provisions (2014) Clause 12 State Planning Policy Framework.

104 See, eg, Court, Wright and Guthrie, above n 68, 44; D Santillo et al, ‘The Precautionary Principle: Protecting
Against Failures of Scientific Method and Risk Assessment” (1998) 36(12) Marine Pollution Bulletin 939, 942.

105 See, eg, Joel A Tickner and Ken Geiser, ‘The precautionary principle stimulus for solutions — and alternatives —
based environmental policy’ (2004) 24 Environmental Impact Assessment Review 801, 807; David Kriebel et al, ‘The
Precautionary Principle in Environmental Science’ (2001) 109 (9) Environmental Health Perspectives 871, 874.
106 See, eg, Rozalyn Daniell, “To what extent do land use planning controls and policy in South Australia facilitate
sustainable development’ (1998) (1)(2) Australian Environmental Law News 50, 51; Derek V Ellis, ‘The
precautionary principle and environmental monitoring’, (2003) 46 Marine Pollution Bulletin 933, 933; Charmain
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One mechanism to improve the ability to effectively implement the precautionary principle is to
monitor the outcomes of marine use and development that has been subjected to an SEA or EIA.
PAM can provide feedback information about previous decisions to enable a better indication of
whether sufficient precaution has been taken when a future decision to approve a use or
development has been made.'”’ In facilitating an iterative cycle, PAM provides for increased
knowledge about the environmental effects of cumulative and synergistic impacts,'%
particularly when comparing the actual versus predicted impacts.’®® The use of SEA, EIA, the
precautionary principle and PAM can assist decision-makers with cumulative and synergistic
impact considerations. However, specific legal requirements for the assessment of these impact

types are important to ensure consistency and clarity in approach.

4, Research Questions

The aims of this thesis are discussed at the beginning of this chapter. The aims provide the basis
for two principal research questions:
1. Do the requirements of Australian legal frameworks (at both state and federal levels),
for the environmental impact assessment of large-scale marine use and development,
effectively address the cumulative and synergistic impacts associated with

anthropogenic activities and environmental change in the marine environment?

2. How can Australian legal frameworks be modified to provide for better consideration
and assessment of cumulative and synergistic impacts within the environmental impact
assessment of an emerging or future industry, for example, the use and development of

offshore wind energy farms?

The sub-questions supporting Principal Research Question 1 are summarised in Table 1-1.

Barton, ‘The Status of the Precautionary Principle in Australia: its emergence in legislation and as a common law
doctrine’ (1998) 22 Harvard Environmental Law Review 509, 513; Kriebel et al, above n 105, 873.

107 See, eg, Ellis, above n 106, 933; A K M R Ahammed and B M Nixon, ‘Environmental impact monitoring in the
EIA process of South Australia’, (2006) 26 Environmental Impact Assessment Review 426, 429; Duinker and Greig,
above n 77, 159.

108 See, eg, Therivel and Ross, above n 13, 367.

109 See, eg, L W Canter (1996) cited in Lourdes M Cooper and William R Sheate, ‘Integrating cumulative effects
assessment into UK strategic planning: implications of the European Union SEA Directive’ (2004) 22(5) Impact
Assessment and Project Appraisal 5, 15; L W Canter, Environmental Impact Assessment (McGraw — Hill Book Co,
1996) 48; Therivel and Ross, above n 13, 367 & 380.
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Table 1-1: Sub-questions supporting Principal Research Question 1

Chapter

Sub-questions

Chapter 2 — Cumulative and
synergistic impacts: definitions,
anthropogenic activities and
environmental change

What are the challenges for defining cumulative

and synergistic impacts?

How can cumulative and synergistic impacts from
anthropogenic activities and environmental

change affect the marine environment?

Chapter 3 — Cumulative and
synergistic impacts: environmental
assessment, the precautionary
principle and post-approval
monitoring

Are cumulative and synergistic impacts better
addressed within environmental assessment

frameworks associated with SEA or EIA?

What are the roles and challenges for the
application of the precautionary principle and
post-approval monitoring within environmental
assessment decision-making processes that can

include cumulative and synergistic impacts?

Chapter 4 — Cumulative and
Synergistic Impacts in Australia: The
Assessment Framework, and the
Precautionary Principle

How can Australian marine environmental
assessment legal frameworks address, incorporate
or require the consideration and assessment of
cumulative and synergistic impacts to enable
decision-making processes to assist marine

environmental protection?

Chapter 5 — Otways Marine Area

Focusing on a case study that encompasses the
Otways Marine Area, what requirements are there
to consider cumulative and synergistic impacts
within the legislation for the environmental
assessment of large-scale marine use and

development?

What is the approach of legal provisions that
expressly require the consideration of cumulative

and/or synergistic impacts, and what are the
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potential limitations and implications when

express requirements are absent?

Chapter 6 — Victoria’s Port Phillip

Focusing on Victoria’s Channel Deepening

Project, as a case study, what can be demonstrated

Bay Channel Deepening Project

about the consistency of approach between the

EIA of, and decision-making about, cumulative

and synergistic impacts?

The sub-questions supporting Principal Research Question 2 are summarised in Table 1-2.

Table 1-2: Sub-questions supporting Principal Research Question 2

Chapter

Sub-questions

Chapter 7 — Offshore wind farms in Denmark:
The assessment of cumulative and synergistic
impacts.

Focusing on EIA and environmental
monitoring for selected offshore wind
farms in Denmark (as a case study), as
well as the associated legal frameworks,
what are the benefits and shortcomings of
the approach to assessing cumulative and

synergistic impacts?

Chapter 8 — Conclusion and recommendations

Based on the challenges identified in the
literature reviewed, and the benefits and
shortcomings identified within the case
studies, what recommendations can be
made to improve the approach to
considering and assessing cumulative and
synergistic impacts within the Australian

marine EIA legal framework?
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To achieve the aims, and address the questions for each chapter, literature from the disciplines
of environmental assessment, science and law are reviewed to identify the challenges associated
with effectively assessing cumulative and synergistic impacts within environmental decision-
making processes. Australian case studies are used to assist with the identification of
shortcomings within the Australian legal framework context for requiring the assessment of
cumulative and synergistic impacts. The case studies include analysis of marine environmental
assessment legislation relating to the Otways Marine Area,''° and a case study analysis of the
legal, EIA, decision-making and PAM frameworks and assessments associated with Victoria’s
Port Phillip Bay Channel Deepening Project (CDP).!!

The Otways Marine Area was selected as a case study because it extends across four
jurisdictions. This enabled analysis into the extent of, and approach to, express and implied
requirements for the consideration and assessment of cumulative and synergistic impacts for a
broad cross-section of Australian legislation. The CDP was selected on the basis that the
primary environmental assessment legislation'? did not expressly require the consideration or
assessment of cumulative or synergistic impacts. The analysis sought to see how the lack of

express requirement influenced decision-making and discussion about these impact types.

Current stressors for the Australian marine environment are predicted to increase in intensity
with additional pressure from existing anthropogenic activities,!** as well as future and
emerging activities (e.g. offshore hydrocarbon and marine renewable energy). Offshore wind
farms are identified as a future renewable energy industry for Australian marine waters; with
Australian Government research funding directed towards its development.''* There is no
industry-specific environmental assessment framework within Australia.**> Assessments are
currently dependent on general environmental assessment legal frameworks.'® For the purpose
of the second element of the research aim, the thesis focuses on marine renewable energy
production from offshore wind farms. Other marine renewable energy sources, such as wave

and tidal energy, have been excluded from the analyses due to the relatively slow progress in

110 Refer to Chapter 5.

111 Refer to Chapter 6.

112 As selected from the legislation assessed in Chapter 5: Otway Marine Area case study, refer to the Environmental
Effects Act 1978 (Vic).

113 See, eg, State of the Environment 2011 Committee, above n 29, 373, 424.

114 See, eg, Clean Energy Finance Corporation, ‘Statement from the CEFC on receipt of updated Investment
Mandate’, (Statement, 23/12/15) <http://www.cleanenergyfinancecorp.com.au/media/releases-and-
announcements/files/statement-from-the-cefc-on-receipt-of-the-updated-investment-mandate.aspx>.

115 In contrast to, for example, offshore petroleum or fisheries. Refer to Chapter 5 and Appendix 5-1 for examples of
the legislative frameworks applicable to these industries.

116 See, eg, Environmental Protection Biodiversity Conservation Act 1999 (Cth). This act is applicable to renewable
energy facilities, with relevant sections for such proposals including, for example: sections 18, 18A, 20, 20A, 23,
24A, 26, & 27A. For an example of state based legislation see the Environmental Effects Act 1978 (Vic), and
Environmental Protection Act 1986 (WA), Part IV.
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successful development and operation as an energy supply.**’

Addressing the second aim, selected examples of the EIA reports and monitoring of cumulative
and synergistic impacts within offshore wind farm construction and operation in Denmark are
analysed. Denmark was selected because of the country’s established programme for the
development of offshore wind farms. The case study includes a focus on the applicable Danish
legal framework and associated EU Environmental Directives.'*® Insights from this case study
can assist in providing recommendations for reforming Australian legislation for marine
environmental assessment, in particular EIA.1° It is anticipated that these recommendations
would improve requirements for the consideration and assessment of cumulative and synergistic

impacts. The recommendations are discussed in the concluding chapter.?

5. Methodological approach

To answer the research questions a combination of qualitative and quantitative analysis was
used. A mix of qualitative and quantitative methods was used when it was apparent that the
level of understanding for a case study analysis would be benefited by a multi-faceted approach.
The literature review chapters provide a qualitative review of literature and legislation in the
areas of environmental assessment, science and law. The case study chapters apply contextual
analysis to determine the extent of reference and/or consideration given to cumulative and
synergistic impacts within legislation and/or EIA reports and associated decision-making

processes and documents.

The literature reviewed for Chapter 2 focused on discussion about definitions for cumulative
and synergistic impacts, as well as examples of cumulative and synergistic impacts from both
anthropogenic activities and environmental change. Examples of definitions from within the
environmental assessment legal frameworks for Canada, the European Union, New Zealand,

and the United States are reviewed.

117 See, eg, Robert L Evans, Fueling our Future: An introduction to Sustainable Energy, (Cambridge University
Press, 2007) 106 — 107, 110; European Ocean Energy Association, Industry Vision Paper 2013 (European Ocean
Energy, 2013), 5 <http://www.oceanenergy-
europe.eu/images/Publications/European_Ocean_Energy_Industry_Vision_Paper_2013.pdf>; this conclusion is also
supported by the author’s perceptions of progress gained during attendance at the Ocean Energy Europe Conference
(Paris, October 2014).

118 Refer to Chapter 7.

119 In narrowing the focus to EIAs, it should be noted that whilst the thesis discussion involves SEAs given the
apparent preference and trajectory for improving cumulative and synergistic impact consideration requirements
within SEA frameworks, the thesis focus is to recommend improvements within the legal framework for EIA to
facilitate a concurrent evolution of approach.

120 Chapter 8.
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Chapter 3 focused on cumulative and synergistic impacts within environmental assessment, in
particular SEA and EIA. Within the context of environmental decision-making, the literature
discussion about the relationship between cumulative and synergistic impacts and the
application of the precautionary principle, as well as the role of PAM are examined.

Chapter 4 narrows the context by reviewing literature and government reports that are focused
on cumulative and synergistic impacts within Australia’s marine environment. The literature
also addressed the fragmentation of legal frameworks, ESD, the precautionary principle and
PAM. Examples of legislation from Australian marine environmental assessment legal
frameworks are reviewed to provide context. The legislation reviewed focused on

environmental assessment, individual sector management and marine environmental protection.

For the case studies within Chapters 5 - 7, the sources examined include publicly available
information and comprise European Union Directives, Danish legislation, Australian legislation
(Acts and Regulations), parliamentary reports, government and agency publications (including

policy), and EIA and environmental monitoring reports.

The Acts and Regulations'?! selected for the Chapter 5 Otways Marine Area'?? case study
analysis were chosen based on the high probability of certain types of the occurrence of large-
scale marine use and development.*?® The legislation selected was applicable to the marine
environment and either directly focused on environmental assessment, or contained
environmental assessment provisions as part of industry-specific or environmental protection
frameworks. Both quantitative and qualitative methods were applied for the analysis. The
quantitative analysis method was based on the selection of value-neutral terminology alongside
a series of presence/absence®* queries. The terms associated with the presence/absence queries
vary in focus on matters such as the extent of cumulative and/or synergistic impact assessment
requirement, definitions, and alternative terminology use. The quantitative analyses are refined
through the application of contextual analysis, and terms are discounted in situations where the
subject matter is irrelevant to the thesis topic. Recent law reform reports commissioned by the
Commonwealth and Victorian governments, focusing on the review of environmental

assessment legislation,'? are also reviewed for cumulative and synergistic impact assessment

121 Victorian, Tasmanian, South Australian and the Commonwealth legislation only.

122 Refer to Chapter 5 for a detailed description of this area.

123 For example, fisheries, offshore petroleum, mining, and shipping.

124 For example, a question might seek to determine whether cumulative impacts are required to be considered by a
certain piece of legislation. The answer based on a presence or absence query is “YES’ or ‘NO’. The answers are then
quantified.

125 Hawke, above n 87; Environment and Natural Resources Committee, Parliament of Victoria, Inquiry into the
Environmental Effects Statement Process in Victoria (2011).
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discussion. The law reform reports apply to general environmental assessment legislation and

processes and are applicable to the Otways Marine Area.

Within Chapter 6, the document selection associated with the analysis of Victoria’s Port Phillip
Bay Channel Deepening Project includes publicly available documents applicable to the legal
framework, the Supplementary Environmental Effects Statement (SEES),*?® decision-making
and post-approval monitoring. Public submissions are not included in the analysis unless
referred to within government or project proponent documentation. The documents are
qualitatively analysed for the extent of consideration given to cumulative and synergistic
impacts. The extent of prediction, and the approach to risk assessment, of cumulative and
synergistic impacts, as detailed in the SEES, are critically analysed from a non-scientific

perspective.

In Chapter 7, qualitative assessments were undertaken between the EIAs for the Danish
offshore wind farm developments known as Anholt and Kriegers Flak. These wind farms were
selected on the basis that EIA documents were publicly available!?” and relatively recent!?®
within the Danish context. A contextual qualitative analysis of the environmental monitoring
programme documentation associated with the Horns Rev | and Nysted*?® offshore wind farms
(Denmark) was also undertaken. Danish legislation and the associated EU Environmental
Directives were analysed based upon relevance to the environmental assessment of offshore

wind farm use and development and marine environmental protection.

Given the nature of and constraints surrounding document selection, conclusions based on the
methods detailed above cannot be considered as providing definitive answers for any
jurisdictions. The data and analysis do, however, provide informative value. Applying this
information, Chapter 8 provides recommendations to aid the development of any future
Australian legal framework for marine EIA frameworks; with offshore wind farms used as an

example.

126 port of Melbourne Corporation, Main Volume Supplementary Environmental Effects Statement Channel
Deepening Project (Port of Melbourne Corporation, 2007) (2007a); Port of Melbourne Corporation, Technical
Appendices Supplementary Environmental Effects Statement Channel Deepening Project (Port of Melbourne
Corporation, 2007) (2007b).

127 English publications only. It is noted that not all documents relevant to the EIAs or environmental monitoring
programmes were publicly available in English.

128 Anholt (2010) and Kriegers Flak (2015).

129 The Nysted area is also known as Rgdsand.
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6. Scope and Limitations

There are a number of limitations surrounding the design and content of this thesis. The thesis is
not intended to be all encompassing of the issues surrounding the assessment of cumulative and
synergistic impacts, but instead focuses on elements that assist in achieving the thesis aims. The
scope and limitations are discussed as follows.

Cumulative and synergistic impacts occurring within the marine environment can be assessed
using different environmental assessment tools, for example, mapping modelst*® and
mathematical models.™® This thesis does not assess the effectiveness of these tools, but instead
is focused on selected legal frameworks. Within this assessment, it is acknowledged that
cumulative and synergistic impacts can have positive outcomes for the environment.**? Unless
discussed otherwise, however, the assumption for these references to impact/s on the
environment is that of a detrimental type. Further, when the term ‘environment’ is used,
reference is only intended to include the natural/ ecological environment and does not, unless

otherwise stated, refer to the built, social or economic aspects.

The primary focus for cumulative and synergistic requirement and consideration analysis relates
to legislation. Whilst there is discussion about policy frameworks and documents within the
chapters, unless otherwise referenced, for the purpose of this thesis discussion any reference to a
legal framework does not include policy. The reason for this centres on the constraints of time
and focus for the research undertaken. It is also the author’s opinion that the discretion,
associated with the application of environmental policy, can result in poorer environmental

outcomes when related statutory requirements are inadequate. 1%

Within the context of environmental assessment, whilst there is discussion on both SEA and
EIA (as well as analysis of the legislation focusing on both), the intent of this thesis is to focus
on large-scale projects for use and development within the marine environment and the
associated capacity of EIA. The reasons for the continual inclusion of SEA within the
discussion include the author’s conclusion that the success of both EIA and SEA are
interdependent. Further, the need for focus on improving consideration requirements within EIA

is at risk of neglect and needs further attention to counteract an apparent shift toward increasing

130 See, eg, Ban, Alidina and Ardron, above n 29, 876; Marcotte, Hung and Caquard, above n 42, 51 - 63.

131 See, eg, Elizabeth A Masden et al, ‘Cumulative impact assessments and bird/ wind farm interactions: Developing
a conceptual framework’ (2010) 30 Environmental Impact Assessment Review 1, 5.

132 See, eg, there is the potential for beneficial synergistic impacts on ‘fish community structure’. Such impacts can
increase with the larger scale wind farms providing artificial reef environments and altering ‘biological interactions’
within an area: Dan Wilhelmsson, Torleif Malm and Marcus C Ohman, ‘The influence of offshore windpower on
demersal fish’ (2006) 63 ICES Journal of Marine Science 775, 782.

133 Based on professional experience in the areas of urban and environmental planning and law.

38



consideration requirements within Australian legal frameworks for SEA. 1%

It is acknowledged that different discourses surrounding marine environmental protection will
attribute different meanings to the terms ‘protection’, ‘conservation’ and ‘sustainability’. This
thesis does not focus on the distinction between the different approaches. For the purposes of
this thesis, unless otherwise discussed in context, reference to marine environmental protection
is intended to be general as a means of supporting marine environmental health, and includes all
facets of conservation, targeted protection (e.g. areas and species), and sustainable resource

management.

All documents assessed within the case studies are either currently, or have been, publicly
available documents. However, given the complexity of translation for Danish language
documents,**® only publicly available Danish legislation was translated from Danish to English.
Other appropriate publicly available Danish documents were reviewed if an English version was
available.

In general, where search terms are used for document analysis, the focus is on cumulative and
synergistic impacts and close linguistic associations. The variations are discussed in detail in
each chapter, and the search term methods used often included an abbreviated form, for
example, ‘cumulat®*’ or ‘synerg*’ (alongside contextual analysis). The term ‘synergetic’, as a
potential variation of ‘synergistic’, was not an appropriate result due to the positive connotations

of this term.

The recommendations focus is constrained to the example of offshore wind farms. Although the
recommendations provided could be translated to other existing marine environmental
assessment legal frameworks, given the complexities surrounding the multiplicity of approaches
to EIA within the varying legislative requirements, including industry-specific legislation (e.g.

offshore petroleum or fisheries), a narrower approach was chosen.

Finally, the evaluations and conclusions made in this thesis are not exhaustive in terms of all
general environmental assessment or industry-specific environmental assessment related
legislation in Australia. The thesis instead seeks to cover sufficient breadth to identify some of

the existing problems and inform potential solutions.

134 See Chapters 3 and 4 for further detailed discussion on the literature surrounding these matters.
135 Unless the document has been published in English, all Danish translations are undertaken by the author of this
thesis. The author therefore takes all responsibility for errors.
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7. Thesis Structure

The purpose of Chapter 2 is to identify and discuss cumulative and synergistic impacts;
including the varying approaches to their definitions, and the differences between these impact
types. Examples of the ways in which cumulative and synergistic impacts can affect the marine

environment are also discussed.

Chapter 3 concentrates on the literature addressing cumulative and synergistic impacts within
the field of environmental assessment. Beyond the challenges associated with the definitions,
this section focuses on the benefits and limitations of considering such impacts within SEA and
EIA. Further, within the context of environmental decision-making, the relationship between
cumulative and synergistic impacts and the application of the precautionary principle is
addressed, including the issues surrounding the reversal of the ‘burden of proof”. The role of
PAM in the effective consideration and assessment of cumulative and synergistic impacts is also

discussed.

Chapter 4 focuses on why cumulative and synergistic impacts are perceived as a problem for
the Australian marine environment. The approach to environmental assessment for large-scale
marine use and development within Australian legal frameworks is then examined. The focus is
on the different jurisdictions having responsibility for Australia’s marine environment, and the
potential within the applicable regulatory frameworks to enable the assessment of cumulative
and synergistic impacts in the marine environment both before and after the approval of a
project. The role of ESD and the precautionary principle for assisting cumulative and synergistic
impact assessment is examined. The discussion also includes examples of the ways in which the
consideration and assessment of cumulative and synergistic impacts can be required within
legislation for environmental assessment, individual sector environmental management and
environmental protection. Examples of the influence Australian judicial decisions have had on
the application of legislative requirements for cumulative and synergistic impact consideration

and assessment are also reviewed.

Chapter 5 analyses the approach to cumulative and synergistic impact requirements within
legislation addressing marine EIA. Within this case study, the analysis focuses on the review of
four of the eight Australian jurisdictions with relevance to the marine environment: the
Commonwealth Government, South Australia, Tasmania and Victoria. A case study area related
to these four jurisdictions, the Otways Marine Area, has been selected as a means of identifying
legislation that provides for the environmental assessment of the use and development of

anthropogenic activities. The legislation applicable to these activities has been analysed to
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determine the extent of inclusion and requirement for the consideration and assessment of

cumulative and synergistic impacts.

Within Chapter 6, the SEES and associated decision-making process arising from Victoria’s
Port Phillip Bay Channel Deepening Project (CDP) provides an example of the application of
environmental assessment legislation from an Australian jurisdiction; the Environmental Effects
Act 1978 (Vic). The analysis reviews the relationship between the Victorian legal requirements
for EIA and the approach taken toward the consideration and assessment of cumulative and
synergistic impacts within publicly available documents associated with the decision-making

process approving the CDP.

The discussion in Chapter 7 begins with a brief review of the potential cumulative and
synergistic impacts associated with offshore wind farms. Analysis of the Danish Offshore Wind
Farm EIA reports, monitoring and legislative approach is then undertaken. The EIA reports for
Danish offshore wind farms reviewed include the Anholt offshore wind farm and Kriegers Flak
offshore wind farm. The environmental monitoring programme analysed is that associated with
the Horns Rev | and Nysted (Rgdsand) offshore wind farms. The benefits and shortcomings are
identified for all offshore wind farms reviewed; with a similar approach taken for the analysis of
Danish legislation and EU Environmental Directives to enable comparative discussion.

Chapter 8 concludes the thesis and in doing so provides for a number of recommendations for
inclusion in any future Australian EIA framework using a legal framework for offshore wind
farm use and development. The recommendations are intended to improve the legal
requirements for the consideration and assessment of cumulative and synergistic impacts within
Australian EIA processes. The recommendations focus on the issues, challenges, shortcomings

and potentially beneficial approaches discussed in the earlier chapters (Chapters 2 — 7).

8. Thesis contribution and significance

The research undertaken for this thesis addresses areas previously under developed within the
academic literature. The thesis draws attention to the distinction between cumulative and
synergistic impacts and aims to evolve the definition discussion about these terms by arguing
that cumulative and synergistic impacts must be considered and treated separately within legal

frameworks and requirements for environmental assessment.

The thesis emphasises the risk that cumulative and synergistic impact consideration within
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marine environmental assessment, including within Australia, might be neglected within EIA.
The potential for improving cumulative and synergistic impact consideration and assessment
within marine EIA legal frameworks, to enable a more effective iterative strategic planning (e.g.
SEA) and statutory decision-making approach, is also emphasised whilst acknowledging the
important roles of the precautionary principle and PAM.

The case studies in Chapters 5 and 6 of this thesis are original research. This is achieved within
the context of cumulative and synergistic impact consideration and assessment within
Australian marine environmental assessment legal frameworks. The analysis within Chapter 7,
focusing on offshore wind farm examples in Denmark, is original, and identifies some of the
shortcomings and benefits of the EIA, monitoring and associated legal framework approach to
cumulative and synergistic impact assessment. Providing a comparative framework, the analysis
of Chapter 7 is used to inform recommendations (discussed in Chapter 8) for the modification

and improvement of the current Australian legal framework approach.

Within the context of assessing cumulative and synergistic impacts, Chapter 8 includes
recommendations to modify the Australian marine environmental legal frameworks for the EIA
of cumulative and synergistic impacts within future and emerging industries (e.g. offshore wind

farms).
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CHAPTER 2 - CUMULATIVE AND SYNERGISTIC IMPACTS:

DEFINITIONS, ANTHROPOGENIC IMPACTS AND
ENVIRONMENTAL CHANGE

‘It is when hidden decisions are made explicit that the arguments begin. The problem for the

years ahead is to work out an acceptable theory of weighting. Synergistic effects, nonlinear

variation, and difficulties in discounting the future make the intellectual problem difficult, but

not (in principle) insoluble.”

1
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Introduction

Cumulative and synergistic impacts, caused by anthropogenic activities and environmental

change in the marine environment, can be addressed in the processes undertaken for

environmental assessment. From a legal and scientific perspective, however, it has been a

challenge to define these impact types in a manner that enables a clear understanding of the

requirements for environmental assessment. This chapter aims to provide an understanding of

the challenges of defining cumulative and synergistic impacts within an environmental

assessment context and examines how definitional variations can affect legal requirements for

! G Hardin, ‘The Tragedy of the Commons’ (1968) 162 Science 1243, 1244.
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the consideration and assessment of these different types of environmental impacts. The chapter
also identifies examples of the ways in which cumulative and synergistic impacts affect the

marine environment.

Sections 2 and 3 of this chapter analyse the definitions of cumulative and synergistic impacts;
highlighting the variations in approach. The definition analysis focuses on a general
environmental assessment context and legal frameworks. The discussion demonstrates a
tendency of some commentators to include ‘synergistic impacts’ as a subset of ‘cumulative
impacts’. Section 4 further examines this approach, and presents the argument that these impact
types should be defined and assessed separately within scientific analyses, and associated legal
requirements, for environmental assessment. The basis for this argument is that the
characteristics of cumulative and synergistic impacts are different, and therefore, distinct
differentiation in legal requirements and scientific method is needed to ensure that both impact
types are independently assessed. Separate consideration and assessment would enable
increased knowledge about cumulative and synergistic impacts and the identification of ways to

avoid or mitigate the detriment caused in marine environments.

The inconsistency between definitions is demonstrated, in section 5, as having occurred since
environmental assessments became entrenched as an environmental management approach in
the 1970s. The implications of inadequate definitions, and the need to achieve adequate
definitions for cumulative and synergistic impacts, is also discussed as a challenge for legal
frameworks. Section 6 identifies examples of the types of cumulative and synergistic impacts
that can occur in the marine environment. The examples focus on anthropogenic activities and
environmental change. This includes the way in which changes that occur within the natural
environment have the capacity to combine with impacts from anthropogenic activities and

intensify detrimental environmental outcomes.

2. Cumulative impacts

This section defines ‘cumulative’ impacts, and includes common definition elements as found
within literature discussions. A discussion of cumulative impact definition examples as provided
within the marine environmental assessment legal frameworks for Australia, Canada, the

European Union, England, New Zealand and the United States is provided.

44



2.1 Defining cumulative impacts

The definition of ‘cumulative impact’ is typically discussed in the context of the methodology
and regulatory requirements for cumulative impact assessment (CIA) or cumulative effects
assessment (CEA).? As stated in Chapter 1, cumulative impacts can be defined as the same or
different type of impacts accumulating across time and space, with the accumulation occurring
in a linear nature.® These impact types can include stressors caused by anthropogenic activities
and environmental change.* Discussing ‘linear’ within the context of cumulative impacts,
Halpern et al demonstrate that when impacts accumulate in a linear nature, the quantified impact
can be graphically represented in a straight line that shows the value increasing in increments

that are directly proportional to the value added.®

Since the mid-1980s, literature discussing the definition of ‘cumulative impact’ has identified
that there is an inconsistent approach to the term and uncertainty about the requirements and
best methods for CIA. There are several definitional elements that are commonly associated
with ‘cumulative impacts’. These include that the temporal element refers to impacts that
accumulate and combine (interact) with past, present and future actions, and that the impacts
assessed occur within a defined geographical area (spatial).® Other elements evident within the

2 See, eg, Barbara L Bedford and Eric M Preston, ‘Developing the Scientific Basis for Assessing Cumulative Effects
of Wetland Loss and Degradation on Landscape Functions: Status, Perspectives, and Prospects’ (1988) 12 (5)
Environmental Management 751, 752; Lennart Folkeson, Hans Antonson, and J O Helldin, ‘Planners’ views on
cumulative effects. A focus-group study concerning transport infrastructure planning in Sweden’ (2013) 30 Land Use
Policy 243, 243; Cheryl K Contant and Lyna L Wiggins, ‘Defining and analyzing cumulative environmental impacts’
(1991) 11 Environmental Impact Assessment Review 297, 298; Peter N Duinker et al, ‘Scientific dimensions of
cumulative effects assessment: toward improvements in guidance for practice’ (2013) 21 Environmental Reviews 40,
40; Anastassios Perdicoulis and Jake Piper, ‘Network and system diagrams revisited: Satisfying CEA requirements
for causality analysis’ (2008) 28 Environmental Impact Assessment Review 455, 456; Daniel M Franks, David
Brereton and Chris ] Moran, ‘Managing the cumulative impacts of coal mining on regional communities and
environments in Australia’ (2010) 28 (4) Impact Assessment and Project Appraisal 299, 299 — 300; Jennifer Dixon
and Burrell E Montz, ‘From Concept to Practice: Implementing Cumulative Impact Assessment in New Zealand’
(1995) 19 (3) Environmental Management 445, 445.

3 See, eg, L M Cooper and W R Sheate, ‘Cumulative Effects Assessment: A review of UK Environmental Impact
Statements’ (2002) 22 Environmental Impact Assessment Review 415, 416, 422 - 423; Benjamin S Halpern et al,
‘Managing for cumulative impacts in ecosystem-based management through ocean zoning” (2008) 51 Ocean and
Coastal Management 203, 205; Samuli Korpinen, Manuel Meidinger and Maria Laamanen, ‘Cumulative impacts on
seabed habitats: An indicator for assessments of good environmental status’ (2013) 74 Marine Pollution Bulletin
311,313; Great Barrier Reef Marine Park Authority, Great Barrier Reef Region Strategic Assessment: Strategic
assessment report (Great Barrier Reef Marine Park Authority, 2014) XI11; Natalie C Ban, Hussein M Alidina and Jeff
A Ardron, ‘Cumulative impact mapping: Advances, relevance and limitations to marine management and
conservation, using Canada’s Pacific Waters as a case study’ (2010) 34 Marine Policy 876, 883; Murray Raff, ‘Ten
Principles of Environmental Impact Assessment’ (1997) 14 Environmental and Planning Law Journal 207, 210;
Harry Spaling and Barry Smit, ‘Cumulative Environmental Change: Conceptual Frameworks, Evaluation
Approaches, and Institutional Perspectives’ (1993) 17 (5) Environmental Management 587, 589.

4 Refer to Section 5 of this chapter for examples.

5 Halpern et al, above n 3, 207. Refer to glossary.

6 See, eg, Contant and Wiggins, above n 2, 302; Contant (1984) in Contant and Wiggins, above n 2, 302; Halpern et
al, above n 3, 205; Raff, above n 3, 210; William Sheate et al, The Relationship between the EIA and SEA Directives:
Final Report to the European Commission (Imperial College London Consultants Ltd, 2005) xiii; Madelaine Porter,
Daniel M Franks, and Jo-Anne Everingham, ‘Cultivating collaboration: Lessons from initiatives to understand and
manage cumulative impacts in Australian resource regions’ (2013) 38 Resources Policy 657, 657 — 656; Franks,
Brereton and Moran, above n 2, 300.
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definitions include a focus on impact accumulation that results in a substantive impact;’ time
and/or space crowding caused by repetitive detrimental impacts with insufficient recovery
between disturbances (perturbations);  ‘nibbling’;® changes that occur within a natural system
that may or may not be known or predictable;'° synergistic reactions;* and that cumulative

impacts can be direct or indirect.'

The association of the words ‘impact’ and/ or ‘effect’ can also have a bearing on the definition
of cumulative impacts, and the variation in approach to the use of these terms in the literature is,
therefore, important to discuss. This variation is driven by the context of usage, with distinctions
between impacts and effects. The approach of some commentators suggests that the terms
‘cumulative impacts’ and ‘cumulative effects’ are interchangeable.'® In contrast, others draw a
distinction between the two; identifying that the term ‘effect’ relates to the changes that actually
occur within the environment, whereas ‘impact’ is the resulting outcome caused by these
changes.'* As an example Bedford and Preston (whose work focused on the USA and Canada)
discussed concern about interchanging of the terms ‘effects’ and ‘impacts’, particularly
alongside the double meaning applied to ‘impact’ (both cause and effect).!® The inconsistent
approach to defining these terms was thought, ‘to impede progress in relating science to
regulatory needs’.'® Preston and Bedford discuss that the term cumulative ‘impact’ has also

been referred to as a ‘social or political’ ‘value judgement’, whereas the term cumulative

7 Raff, above n 3, 210; Contant (1984) in Contant and Wiggins, above n 2, 302.

8 See, eg, Beanlands et al (eds), The Canadian Environmental Assessment Research Council (CEARC ) and the
United States National Research Council (NRC), Cumulative Environmental Effects: A Binational Perspective,
(CEARC, NRC, 1986) 161; Beanlands et al (1986) cited in Contant and Wiggins, above n 2, 301.

9 See, eg, John Court, Colin Wright and Alasdair Guthrie, ‘Environmental Assessment and Sustainability: Are We
Ready for the Challenge?’ (1996) 3 Australian Journal of Environmental Management 42, 50; Contant and Wiggins,
above n 2, 302; Folkeson, Antonson, and Helldin, above n 2, 243; Beanlands et al (eds), above n 8, 161; Gordon A
Robilliard, ‘Commentary I’ cited in Beanlands et al (eds), above n 8, 108; Robilliard cited in E B Peterson et al
(Canadian Environmental Assessment Research Council), Cumulative Effects Assessment in Canada: An Agenda for
Action and Research, (Ministry of Supply and Services Canada, 1987) 49; Peterson et al (1987) cited in John
Glasson, Riki Therivel and Andrew Chadwick, Introduction to Environmental Impact Assessment, (Routledge, 3" ed,
2005) 325. Refer to glossary.

10See, eg, Contant and Wiggins, above n 2, 302;

11 See, eg, Contant and Wiggins, above n 2, 302; Bedford and Preston, above n 2, 758.

12 See, eg, Beanlands et al (eds), above n 8, 161; Beanlands et al (1986) cited in Contant and Wiggins, above n 2, 302;
Thomas G Dickert and Andrea E Tuttle, ‘Cumulative Impact Assessment in Environmental Planning: A Coastal
Wetland Watershed Example’ (1985) 5 Environmental Impact Assessment Review 37, 39.

13 See, eg, Larry Canter and Bill Ross, ‘State of practice of cumulative effects assessment and management: the good,
the bad and the ugly’ (2010) 28(4) Impact Assessment and Project Appraisal 261, 262; John D Court, Collin J Wright
and Alasdair C Guthrie, Assessment of cumulative impacts and strategic assessment in environmental impact
assessment (prepared for the Commonwealth Environment Protection Agency), (Commonwealth of Australia, 1994)
Appendix 1.3; Folkeson, Antonson, and Helldin, above n 2, 243; Spaling and Smit, above n 3, 587, 589, 591.

14 See, eg, Antoinette Warnback & Tuija Hilding-Rydevik, ‘Cumulative effects in Swedish EIA practice — difficulties
and obstacles’, (2009) 29 Environmental Impact Assessment Review 107, 108; Elizabeth A Masden et al, ‘Cumulative
impact assessments in bird/wind farm interactions: Developing a conceptual framework’ (2010) 30 Environmental
Impact Assessment Review 1, 3; Spaling and Smit, above n 3, 587, 589, 591; Eric M Preston and Barbara L Bedford,
‘Evaluating Cumulative Effects on Wetland Functions. A Conceptual Overview and Generic Framework’ (1988) 12
(5) Environmental Management 565, 568.

15 Bedford and Preston, above n 2, 758.

16 1bid.
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‘effect’ directly relates to the ‘scientific and technical component’.}” The Preston and Bedford
approach, as well as the approach within the United States and Canada, and that of other
commentators,'® was considered by Court, Wright and Guthrie.!® The approaches were
addressed within a discussion that extended the issue to the Australian context. Comparing the
Australian legal approach from the 1990s, and the dictionary definition, Court, Wright and
Guthrie reasoned that a determination as to whether these terms should be distinguished or
interchangeable was difficult to conclude.?® For the purpose of this thesis, the interchangeable
use of the terms ‘impact’ and ‘effect’ in association with the terms ‘cumulative’ (and
‘synergistic’) is considered appropriate. This is because both terms can be used to describe the

causes and consequences of stressors within an environment.

The discourse demonstrates that there are different elements that need to be considered when
defining cumulative impacts for the purpose of scientific analysis in environmental assessment.
It also demonstrates variations in approach and concerns about inconsistency because of these
variations. Given the potential for legal requirements to affect the conduct of environmental
assessment and scientific analysis, the approach within marine environmental assessment legal

frameworks should also be considered.

2.2 Definitions within the legal context

Comparison of the approach to defining cumulative impacts taken by several jurisdictions?
relevant to marine environmental impact assessment, indicates that an attempt to achieve
consistency has already occurred. On face value, it appears that Canada, New Zealand and the
United States have sought clarity with the provision of definitions for cumulative impacts within
their legislative and policy frameworks. For example, in the United States, a definition of
cumulative impacts is provided in the National Environmental Policy Act (NEPA) Regulations

1978 (Council on Environmental Quality).?? With some similarities, in Canada, the federal

17 preston and Bedford, above n 14, 568.

18 Court, Wright and Guthrie, above n 13, Appendix 1.3 — 1.4; see, eg, Preston and Bedford (1988) cited in Court,
Wright and Guthrie, above n 13, Appendix 1.3 — 1.4; Stakhiv (1988) cited in Court, Wright and Guthrie, above n 13,
Appendix 1.3 — 1.4; Hubbard (1990) cited in Court, Wright and Guthrie, above n 13, Appendix 1.3 — 1.4.

19 Court, Wright and Guthrie, above n 13, Appendix 1.3 — 1.4,

20 1hid. The legal approaches discussed included environmental assessment legislation from Victoria and New South
Wales. The Macquarie Dictionary (no edition or date identified) was also referred to.

21 Jurisdictions compared include New Zealand, the United States, Canada, Australia, England and the related
directives for EIA from the European Union. The assessment only relates to federal government requirements (June
2016).

22 CEQ, Regulations for implementing NEPA [40 CFR Parts 1500 — 15081]. Washington DC: Council on
Environmental Quality; 1978, Reg. 1508.7. The definition being:*...impact on the environment which results from the
incremental impact of the action when added to other past, present, and reasonably foreseeable future actions
regardless of what agency (Federal or non-Federal) or person undertakes such other actions. Cumulative impacts
can result from individually minor but collectively significant actions taking place over a period of time’
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Canadian Environmental Assessment Act 2012 provides a definition within their requirement to
consider cumulative environmental effects.?® In New Zealand, whilst the wording is different,
the intent could be considered similar to the United States and Canadian requirements, with
Section 3(d) of the Resource Management Act 1991 (NZ) providing an explanation of
cumulative effects within the definition of effect; that being:

...which arises over time or in combination with other effects —

regardless of the scale, intensity, duration, or frequency of the effect, and also includes-
(e) any potential effect of high probability; and
4] any potential effect of low probability which has a high potential impact.?*

The European Union (EU) mandates the consideration of cumulative impacts in a number of the
EU Directives that relate to environmental assessment and marine environmental management.
Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on
the assessment of the effects of certain public and private projects on the environment
(codification)) (EIA Directive)? and the amending Directive 2014/52/EU on the assessment of
the effects of certain public and private projects on the environment® requires CIA as part of
environmental impact assessment (EIA).2” Implementation of the requirements is achieved
through applicable European Union member states’ legislation. The EIA Directive does not,
however, provide a clear definition of cumulative impacts. Similarly, the EU’s Directive
2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the assessment
of the effects of certain plans and programmes on the environment (SEA Directive)?® makes

reference to the consideration of cumulative impacts, but does not provide a definition.

Article 6(3) of the European Union’s Council Directive 92/43EEC of 21 May 1992 on the
conservation of natural habitats and of wild fauna and flora does not directly reference the term
‘cumulative’, yet it appears to contribute to a possible definition of this term. This occurs by
providing for the assessment of cumulative impacts through its requirement that plans and
projects

...not directly connected with or necessary to the management of the site but likely to have a
significant effect thereon, either individually or in combination with other plans or projects, shall

<https://ceq.doe.gov/nepal/regs/ceq/1508.htm#1508.1 >

23 The definition being: “...any cumulative environmental effects that are likely to result from the project in
combination with other projects or activities that have been or will be carried out...” Section 19(1)(a) Canadian
Environmental Assessment Act 2012,

24 Resource Management Act 1991 (NZ) section 3(d).

25 Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on the assessment of
the effects of certain public and private projects on the environment (codification), [2012] OJ L 26/1.

% Directive 2014/52/EU of the European Parliament and of the Council of 13 December 2011 on the assessment of
the effects of certain public and private projects on the environment (codification), [2014] OJ L 124/1.

27 See, eg, Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on the
assessment of the effects of certain public and private projects on the environment (codification), [2012] OJ L 26/1,
Schedule IV; Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the
assessment of the effects of certain plans and programmes on the environment, [2001] OJ L 197/30, Schedule I.

28 Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the assessment of the
effects of certain plans and programmes on the environment, [2001] OJ L 197/30
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be subject to appropriate assessment of its implications for the site...?°

This example definition is unclear and creates ambiguity. The EIA Directive example also
creates ambiguity because there is no definition of the term. In both instances, the absence of a

definition could result in a compromised assessment of cumulative impacts.

Definitions can also be found within policy documentation. These definitions are not legally
binding, but are intended to provide guidance. For example, even though there is no clear
definition of ‘cumulative impacts’ within the European Union legal framework, a non-binding
definition has been provided within the Guidelines for the Assessment of Indirect and
Cumulative Impacts as well as Impact Interactions.®® These guidelines comment on the absence
of a common definition, and as such provide direction on the consideration of cumulative and

synergistic impacts.3!

As an example of implementation of the EU EIA Directive, the particular requirements for
impact assessments for certain activities within the United Kingdom’s marine environment are
regulated by the Infrastructure Planning (Environmental Impact Assessment) Regulations
2009% and Marine Works (Environmental Impact Assessment) Regulations 2007.% These
regulations, whilst requiring the consideration of cumulative effects,* do not provide a

definition. This lack of definition could contribute to inadequate assessment practice.

In Australia, at the federal government level, there is no legislative based definition of
cumulative impacts in marine environmental assessment legislation.® This absence is further
discussed in Chapter 5 through a case study analysis of legislation relevant to the ‘Otways
Marine Area’. The case study provides a review of the extent of assessment requirements and
definitions for cumulative and synergistic impacts as provided within the Commonwealth, South
Australian, Tasmanian and Victorian jurisdictions. Definitions provided by Australian

governments have, however, been included within policy at both the State and Federal

29 Council Directive 92/43EEC of 21 May 1992 on the conservation of natural habitats and of wild fauna and flora,
[1992] OJ L 206/7; this is also discussed in Simon Marsden, Strategic Environmental Assessment in International
and European Law: A Practitioner’s Guide (Earthscan, 2008) 245.

30 Hyder, Guidelines for the Assessment of Indirect and Cumulative Impacts as well as Impact Interactions (European
Communities, 1999), ii — iii <https:www.ec.europa.eu/environment/archives/eia/eia-studies-and-
reports/pdf/guidel.pdf>. Definition provided for cumulative impact: ‘Impacts that result from incremental changes
caused by other past, present or reasonably foreseeable actions together with the project.

31 Hyder, above n 30, ii.

32 As applicable to England, Wales and Scotland only.

33 As applicable to England, Wales, Scotland and Northern Ireland (excepting section 34).

34 Marine Works (Environmental Impact Assessment) Regulations 2007 (UK), Schedule 3(3)(2); Infrastructure
Planning (Environmental Impact Assessment) Regulations 2009 (UK), Schedule 4, Part 1.

35 Refer to Chapter 5 for a detailed analysis.
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government levels.®

In 1994 Court, Wright and Guthrie analysed the need for the consideration of cumulative
impacts within the Australian federal environmental impact regulatory framework and
compared jurisdictions and the approach to considering such cumulative impacts.®” Within
Court, Wright and Guthrie’s discussion, the current definitions were reviewed, including those
from the United States, New Zealand, Canada and the European Community.*® A similar
comparison was undertaken in 1992 by Cocklin, Parker and Hay, for the United States, Canada
and New Zealand.*® A consistent finding of these reviews is the absence of an effective

approach to addressing and evolving the definition during the last 30 years.

The ongoing literature discussion suggests that, in instances where legislation provides a
definition for cumulative impacts (e.g. the United States, New Zealand and Canada), these
definitions appear to have broad parameters and an inadequate explanation as to what exactly
are cumulative impacts. There is also an absence of differentiation as to what they are not (e.g.
synergistic impacts). The definition of synergistic impacts was briefly discussed in Chapter 1,
and because of the distinct elements, the reasons for ensuring that cumulative and synergistic
impacts are distinguished within environmental assessment definitions (legal or otherwise) is

important to examine further.

3. Synergistic impacts

This section defines ‘synergistic’ impacts, and examines the discussion identifying the critical
elements of this impact type when applied to environmental assessment. The marine
environmental assessment legal frameworks examined for the approach to the definition of
cumulative impacts (i.e. Australia, Canada, the European Union, England, New Zealand and the

United States), are also examined for the approach to the definition of synergistic impacts.

% See, eg, South Australian Government’s definition within the context of their Marine Planning Framework. The
meaning provided is relatively simple, being: ‘Created by successive additions (for example: of impacts)’ in Natural
and Cultural Heritage, Department for Environment and Heritage, Marine Planning Network for South Australia,
(Government of South Australia, 2006) 21; Also see Commonwealth Government, Australia’s Oceans Policy:
Specific Sectoral Measures - Caring, understanding, using wisely (Volume 2) (Environment Australia,1998) 46 where
the definition is ‘Cumulative Impact: The combined impacts of successive or coincident influences or effects on
environmental or other attributes’.

87 Court, Wright and Guthrie, above n 13, 5.10 - 5.14.

38 |bid.

39 Chris Cocklin, Sharon Parker and John Hay, ‘Notes on Cumulative Environmental Change I: Concepts and Issues’
(1992) 35 Journal of Environmental Management 31, 32-33.
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3.1 Defining synergistic impacts

Synergistic impacts refer to those impacts that interact and accumulate in a nonlinear® nature,
resulting in a magnitude that is greater than the sum of the contributing impacts.** Synergistic
impacts can also occur across time and space. > Whilst isolated impacts may not in themselves
be considered problematic, when combined, the synergy may produce differing impacts or a
different magnitude of impact.** A simple definition is provided by Warnbéack and Hilding-
Rydevik through their statement of ‘the fact that one plus one can, in some cases, be more than

tWO, 44

With more detail, Breitburg and Riedel explain synergistic impacts as follows:

When multiple stressors affect an individual, population or ecosystem, the effects can be greater
than, less than, or qualitatively different from the sum of the effects that would be predicted if
each stressor occurred in isolation. Effects of multiple stressors that are greater than additive, or
synergistic, occur because a change caused at the physiological or ecological level by one
stressor increases the severity or occurrence of effects of a second stressor.*

This definition is supported by Halpern and Fujita.*® The definition for ‘synergistic’ impact,
however, can vary. MacDonald, for example, identified that for synergistic impacts to occur, the
resultant effect must be more than the total effect if the combined impacts were additive.*” Other

examples of this approach can also be seen within government guidelines,* legislative

40 The term ‘nonlinear’ is the opposite of the term ‘linear’ and when impacts are defined as ‘nonlinear’ in nature, the
quantified impact can be graphically represented in a curved or non-straight line. Refer to glossary.

41 See, eg, Raff, above n 3, 210; C L Folt et al, ‘Synergism and antagonism among multiple stressors’ (1999) 44(3)(2)
Limnology and Oceanography 864,864; Court, Wright, Guthrie, above n 13, Appendix 1.3; Great Barrier Reef Marine
Park Authority, above n 3, 10-3; Ban, Alidina and Ardron, above n 3, 883; Spaling and Smit, above n 3, 587, 592; the
definition is also supported within a different context in Daniel Simberloff and Betsy Von Holle, ‘Positive
Interactions of nonindigenous species: invasional meltdown?’ (1999) 1 Biological Invasions 21, 22.

42 See, eg, Katarina Pavlickova and Monika Vsykupova, ‘A method proposal for cumulative environmental impact
assessment based on landscape vulnerability evaluation’ (2015) 50 Environmental Impact Assessment Review 74, 74;
Contant and Wiggins, above n 2, 302; Glasson, Therivel and Chadwick, above n 138, 325; Garry K Meffe, C Ronald
Carroll and contributors, Principles of Conservation Biology, (Sinaur Associates Inc., 2" ed, 1997) 680; Spaling and
Smit, above n 3, 592; Simberloff and VVon Holle, above n 41, 22; Raff, above n 3, 210; Sheate et al, above n 6, xiii.

43 See, eg, Pavlickova and Vsykupova, above n 42, 74; Contant and Wiggins, above n 2, 302; Glasson, Therivel and
Chadwick, above n 138, 325; Meffe, Carroll and contributors, above n 42, 680; Spaling and Smit, above n 3, 592;
Simberloff and VVon Holle, above n 41, 22; Raff, above n 3, 210; Sheate et al, above n 6, Xiii.

44 Warnback and Hilding-Rydevik, above n 14, 110.

4 Denise L Breitburg and Gerhardt F Riedel, “Multiple Stressors in Marine Systems’ in Elliot A Norse and Larry B
Crowder (eds), Marine Conservation Biology — The Science of Maintaining the Sea’s Biodiversity (Island Press,
2005) 167, 168.

46 Breitburg et al (1998) cited in Benjamin S Halpern and Rod Fujita, ‘Assumptions, challenges and future directions
in cumulative impact analysis’ (2013) 4 (10) 131 Ecosphere 1, 5.

47 Lee H MacDonald, ‘Evaluating and Managing Cumulative Effects: Process and Constraints’ (2000) 26 (3)
Environmental Management 299, 299.

48 See, eg, Office of the Deputy Prime Minister, A Practical Guide to the Strategic Environmental Assessment
Directive: Practical Guidance on applying European Directive 2001/42/EC “on the assessment of the effects of
certain plans and programmes on the environment” (Scottish Executive, Welsh Assembly Government, Department
of the Environment, Northern Ireland, 2005) Appendix A: 78.
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framework reviews,* and from other commentators. For example, Folt et al define these
impacts as ‘stressors in combination are synergistic...when their combined effects are
greater....than, respectively, the effect of the single worst stressor.”®® The Folt et al definition
has been reiterated within both marine biology and environmental assessment focused papers by
a number of commentators.> Rogers and Laffoley have provided a similar definition, to that of
Folt et al, with the additional comment that synergies can be positive or negative in outcome. 2

In the 2005 Final Report to the European Commission on the Relationship between the EIA and
SEA Directives, ‘synergistic effects’ were defined as ‘cumulative effects that result when the
interaction of a number of impacts is greater than or different from the sum of the individual

impacts.”® Examples provided to aid the definition include:

- the combined impact of construction noise from various development is greater than
the sum of the individual noise impacts.

- when a different type of impact occurs from the original impacts, such as when the
combination of particular weather conditions and certain pollutants (NOy) produces
smog.>

That this definition includes reference to cumulative impacts, could be seen as providing
inadequate distinction between the two impact types. That the definition of the term synergistic
can be inadequate, is also identified within the literature.> Folt et al expressed concern about an
absence of clear definition because it is important to distinguish between the different causes

and levels of severity associated with the effects.®

Reiterating an earlier example, Glasson, Therivel and Chadwi used the ‘widely quoted’

definition by the ‘Canadian Environmental Assessment Research Council (CEARC) (Peterson

49 Court, Wright, Guthrie, above n 13, Appendix 1.3.

%0 Folt et al, above n 41, 865.

51 See, eg, V Stelzenmiiller et al, ‘Quantifying cumulative impacts of human pressures on the marine environment: a
geospatial modelling framework’ (2010) 398 Marine Ecology Progress Series 19, 20; Jo Foden, Stuart | Rogers and
Andrew P Jones, ‘Human pressures on UK seabed habitats: a cumulative impact assessment’ (2011) 428 Marine
Ecology Progress Series 33, 34 — 35; J E Johnson et al, ‘Quantitative methods for analysing cumulative effects on
fish migration success: a review’ (2012) 81 Journal of Fish Biology 600, 601; Linda Harris et al, ‘Quantifying
cumulative threats to sandy beach ecosystems: A tool to guide ecosystem-based management beyond coastal
reserves’ (2015) 110 Ocean & Coastal Management 12, 22; Marisa I Batista et al, ‘ Assessment of cumulative human
pressures on a coastal area: Integrating information for MPA planning and management’ (2014) 102 Ocean &
Coastal Management 248, 248 — 249.

52 Alex D Rogers and Dan Laffoley, ‘Editorial - Introduction to the special issue: The global state of the ocean;
interactions between stresses, impacts and some potential solutions. Synthesis papers from the International
Programme on the State of the Ocean 2011 and 2012 workshops’ (2013) 74 Marine Pollution Bulletin 491, 493.

53 Sheate et al, above n 6, xiii.

54 bid.

55 See, eg, Folt et al, above n 41, 865.

% Folt et al, above n 41, 865.
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et al, 1987)’ 5" Summarising the CEARC definition,® they provide that the definition of

cumulative impact includes reference to:

...Synergisms — where different types of perturbation occurring in the same area may interact to
produce qualitatively and quantitatively different responses by the receiving ecological
communities;... %

A similar approach was taken in the early 1990s by Cocklin, Parker and Hay where within the
categorisation of cumulative effects, synergistic effects were also referred to as ‘compounding
effects’. %® As more recent examples, MacDonald identified that cumulative impacts can be
‘additive or synergistic’,%! and Lawrence discussed that ‘compounding and synergistic effects’
often form part of significant impact determination within CEA.2 Similarly, Crain, Kroeker and
Halpern stated that, ‘a synergism occurs when the cumulative effect of both stressors reduces a
response more than the sum of the individual stressor effects’.%® As further recent examples,
Korpinen, Meidinger and Laamanen followed Crain, Kroeker and Halpern, and Foden, Rogers
and Jones and included synergistic impacts within cumulative,®* as do Pavlickova and
Vyskupova.® It is noted that the term ‘nonlinear’ (without express reference to ‘synergistic’)

has also been encompassed under the ‘cumulative’ term.%

Dickert and Tuttle noted that an interaction can be synergistic or additive.5” This approach is
also supported within more recent literature.®® It is also noted that the terms ‘interactive’,
‘interaction’ and ‘multiplicative’ are still used to capture synergistic impacts independently of

‘additive’ cumulative impacts.5®

57 Glasson, Therivel and Chadwick, above n 138, 325; Also see, eg, Cocklin, Parker and Hay, above n 37, 35;
Folkeson, Antonson, and Helldin, above n 2, 243.

58 E B Peterson et al (Canadian Environmental Assessment Research Council), Cumulative Effects Assessment in
Canada: An Agenda for Action and Research, (Ministry of Supply and Services Canada, 1987) 7.

% Glasson, Therivel and Chadwick, above n 138, 325.

60 Cocklin, Parker and Hay, above n 37, 35, 37.

61 MacDonald, above n 47, 299.

62 David P Lawrence, ‘Impact significance determination — Pushing the boundaries’ (2007) 27 Environmental Impact
Assessment Review 770, 778.

83 Caitlin Mullan Crain, Kristy Kroeker and Benjamin S Halpern, ‘Interactive and cumulative effects of multiple
stressors in marine systems’ (2008) 11 Ecology Letters 1304, 1308.

64 Korpinen, Meidinger and Laamanen, above n 3, 313.

8 Pavlickova and Vsykupova, above n 42, 74,

% See, eg, Falko T Buschke and Bram Vanschoenwinkel, ‘Mechanisms for the inclusion of cumulative impacts in
conservation decision-making are sensitive to vulnerability and irreplaceability in a stochastically simulated
landscape’ (2014) 22 Journal for Nature Conservation 265, 265.

67 Dickert and Tuttle, above n 12, 39.

6 See, eg, Crain, Kroeker and Halpern, above n 63, 1305.

69 See, eg, Halpern et al, above n 3, 204; Xiongzhi Xue, Huasheng Hong and Anthony T Charles, ‘Cumulative
environmental impacts and integrated coastal management: the case of Xiamen, China’ (2004) 71 Journal of
Environmental Management 271, 273; Crain, Kroeker and Halpern, above n 63, 1304; Alejandro H Buschmann et al,
‘Salmon aquaculture and coastal ecosystem health in Chile: Analysis of regulations, environmental impacts and
bioremediation systems’ (2009) 52 Ocean and Coastal Management 243, 244; Porter, Franks, and Everingham,
above n 6, 657; Franks, Brereton and Moran, above n 2, 300.
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Buckley typified cumulative impacts in a way that includes ‘interaction’, but with a broad
enough scope to incorporate synergistic impacts. This definition includes:

...Interactive impacts from nearby developments of different types;

Interactions between impacts from diffuse and point sources;

Net impacts of multiple developments on particular environmental parameters (eg water quality)
Joint effects of multiple stressors on plant and animal populations (eg, through habitat
clearance)....”®

In a simpler form, the Guidelines for the Assessment of Indirect and Cumulative Impacts as well
as Impact Interactions provide the following definition of ‘impact interactions’: ‘The reactions
between impacts whether between the impacts of just one project or between the impacts of
other projects in the areas (sic).”’* In this instance, however, there is also a separate definition
provided for cumulative impacts whereby there is specific reference to the additive nature of the
impact type.”? In addition to the examples whereby synergistic impacts are integrated within the
‘cumulative’ definition, the identification of these impact types in a way that clearly identifies
their nature as distinct to that of cumulative impacts is also evident within the literature.” The
next section examines the approach to defining synergistic impacts, but with a focus on
legislation.

3.2 Definitions within the legal context

The legislative impact assessment requirements discussed for cumulative impacts (refer to
section 2.2) were also reviewed for examples of requirements applicable to synergistic impacts.
The distinction of synergistic impacts from cumulative impacts was found within the European
Union’s SEA Directive.”* There is, however, no definition provided within this example. The
absence of definition within the EU Directives, in general, has been associated with inconsistent

approaches to assessment methodology.™

There is no direct reference to the consideration of synergistic impacts in United States, Canada

70 Ralf Buckley ‘Notes, Commentary and Reviews - Cumulative Environmental Impacts: Problems, Policy and
Planning Law’ (1994) 11 Environmental and Planning Law Journal 344, 344 — 345.

"1 Hyder, above n 30, ii.

2 | bid.

73 See, eg, Carle Folke et al, ‘Regime Shifts, Resilience, and Biodiversity in Ecosystem Management’ (2004) 35
Annual Review of Ecology, Evolution and Systematics 557, 575; Stelzenmuller et al, above n 51, 20.

74 See, eg, Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the assessment
of the effects of certain plans and programmes on the environment, [2001] OJ L 197/30, Annex 1.

5 R Aschemann (2005), S Heiland et al (2006) and S Siedentop (2005) cited in Ulrike Weiland, ‘Strategic
Environmental Assessment in Germany — Practice and open questions’ (2010) 30 Environmental Impact Assessment
Review 211, 212.
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and New Zealand legislation.” In Australia, as with cumulative impacts, the legal requirement
for the consideration of synergistic impacts is limited.”” Further, whilst there are examples of
discussions within legislative reviews that include a synergistic impact definition,”® they do not
address the absence of express requirements to assess these impact types within Australian

environmental assessment legislation.

The inadequate differentiation within the legislation discussed above suggests that in the non-
European Union instances, the premise to consider synergistic impacts is derived from a

common approach to include synergistic impacts within the cumulative impact definition and
assessment methodology. This approach of cross referencing and incorporation is apparent in
each of the cumulative impact and synergistic impact definition discussions. The next section,

therefore, addresses the need for a more distinct approach.

4, Defining ‘cumulative’ and ‘synergistic’ separately

The ambiguity associated with the definitions of these terms, when the impact types are clearly
distinct, emphasises the need to ensure they are defined and used separately. This section
considers the reasons why it is important to define, consider and assess cumulative impacts and
synergistic impacts separately. Recommendations that aim to improve the current definition

approaches are also provided.

The inadequate differentiation between the definitions of cumulative and synergistic impacts
identified in the above discussion about legal definitions, is also evident within the academic
literature. ® The definition examples of cumulative impacts indicate that some commentators are

more explicit about identifying a distinction from synergistic impacts (even if they are

6 CEQ, Regulations for implementing NEPA [40 CFR Parts 1500 — 15081]. Washington DC: Council on
Environmental Quality, 1978; Canadian Environmental Assessment Act 2012; Resource Management Act 1991 (NZ).
7 See Chapter 5 for further analysis.

8 See, eg, Australian Government Department of the Environment Water Heritage and the Arts, above n 159, [4.242],
[8.68]; Court, Wright, Guthrie, above n 13, 4.4.

79 See, eg, Ban, Alidina, Ardron, above n 3, 883; Greig et al (2003) in Peter N Duinker and Lorne A Greig, ‘The
impotence of cumulative effects assessment in Canada: Ailments and Ideas for Redeployment’ (2006) 37(2)
Environmental Management 153, 157; Seitz, Westbrook and Noble, above n 140, 173; Jill A E Harriman and Bram F
Noble, ‘Characterizing Project and Strategic Approaches to Regional Cumulative Effects Assessment in Canada’
(2008) 10 (1) Journal of Environmental Assessment Policy and Management 25, 26; Glasson, Therivel and
Chadwick, above n 138, 325; Foden, Rogers and Jones, above n 51, 34; Caitlin M Crain et al, ‘Understanding and
Managing Human Threats to the Coastal Marine Environment’, (2009) 1162 The Year in Ecology and Conservation
Biology 2009: Ann. N.Y. Acad. Sci 39, 52; Peter N Duinker and Lome A Greig, ‘Forum: The Impotence of
Cumulative Effects Assessment in Canada: Ailments and Ideas for Redeployment’ (2006) 37(2) Environmental
Management 153, 157; Gunn and Noble, above n 139, 155 -156; Danielle Marcotte, Samuel K Hung, Sébastien
Caquard, ‘Mapping cumulative impacts on Hong Kong’s pink dolphin population’ (2015) 109 Ocean & Coastal
Management 51, 53, 56.
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considered under the same term).8° Other commentators have preferred definitions that, whilst
acknowledging that there are other categories, tend to focus on the ‘past, present and future
actions’ elements.®! The definition of cumulative impacts, however, applies to accumulation in
an additive (linear) nature. In comparison, synergistic impacts, whilst also capable of
accumulating across space and time, result in outcomes that are nonlinear. This difference
requires separate consideration. Further, incorporation of one impact type within the meaning of
the other compounds the concerns raised around the absence of a clear definition for cumulative
impacts. These issues are also emphasised when terms that are applicable to both cumulative

and synergistic, such as interactive, continue to be used with differential meaning.

The complexities of achieving a clear definition for synergistic impacts can also be seen in
instances where commentators use definitions for CEA methods that are general in terms of
typology. These can be potentially perceived as causing uncertainty as to the type of interaction
being discussed. One such example provided by Pavlickova and Vyskupova includes the all-
encompassing reference to ‘impacts which can supposedly multiply and worsen their effects

more than they could individually.’®

Based on the potential prevalence for synergistic impacts and the defined difference between
cumulative and synergistic impacts, it is important to focus on the concerns raised by Folt et al.
Specifically, it is important to distinguish between levels and severity of impacts,® and examine
examples where synergistic impacts and cumulative impacts are already referred to and
considered separately.®* Whilst not providing a definition, an early example where a clear
distinction was provided through direct reference to both terms is found in the 1995 National
Research Council (United States) report Understanding Marine Biodiversity A Research Agenda
for the Nation. The document stated that ‘the cumulative or synergistic interactions between
natural and human stresses’ are identified as contributing causes for biodiversity changes.® It is
noted however, that whilst other commentators, such as Sala and Knowlton, have discussed
synergistic impacts and acknowledged the work within Understanding Marine Biodiversity A

Research Agenda for the Nation, the distinction between the two impact types was not clearly

8 See, eg, Christina Kelly et al, ‘Investigating options on how to address cumulative impacts in marine spatial
planning’ (2014) 102 Ocean & Coastal Management 139, 139,145; Dickert and Tuttle, above n 12, 39; MacDonald,
above n 47, 299; Folt et al, above n 41, 865; Harriman and Noble, above n 79, 26; M Wing Goodale and Anita
Milman, ‘Cumulative adverse effects of offshore wind energy development on wildlife’ (2016) 59 (1) Journal of
Environmental Planning and Management 1, 7-8; Heiland et al (2006) cited in Weiland, above n 75, 213.

81 See, eg, Folkeson, Antonson, and Helldin, above n 2, 243; Franks, Brereton and Moran, above n 2, 300; Porter,
Franks, and Everingham, above n 6, 657.

82 pavlickova and Vsykupova, above n 42, 82.

83 Folt et al, above n 41, 865.

84 See, eg, Directive 2001/42/EC of the European Parliament and of the Council of 27 June 2001 on the assessment
of the effects of certain plans and programmes on the environment, [2001] OJ L 197/30, Annex 1; National Research
Council, Understanding Marine Biodiversity A Research Agenda for the Nation (National Academy Press, 1995) 25.
85 National Research Council, above n 84, 25.
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stated.®® A recent example with clear distinction provided is that by Rogers and Laffoley, where
it was emphasised that an approach must be found to minimise or remove the impact of
anthropogenic stressors on the marine environment, and that achieving this is ‘critical because

many direct and indirect human stressors act in a cumulative or synergistic fashion’.®
y ynerg

The following argument concentrates on some of the potential problems within environmental
assessment and legal frameworks when synergistic impacts are not identified separately from
cumulative impacts. Of significance is the need to acknowledge that prediction and knowledge
about the implications of stressors within an environment is important.® Further, with
environmental impacts rarely occurring in isolation, research into cumulative and synergistic
impacts is necessary to provide the knowledge and ability to make more accurate predictions
about human induced change within environments such as marine ecosystems.® Whilst it is
acknowledged that synergistic impacts can flow on from cumulative impacts, the importance of
recognising them separately within assessments is useful in relation to the aim of providing a
more complete knowledge base. To date, studies have shown that knowledge about cumulative
and synergistic impacts is limited,® and concern has been expressed about the potential to
neglect the cumulative impact types that are not additive (or linear) alongside the difficulties
associated with predicting impacts.®? Based on this, the query is raised as to whether the absence
of differentiation between cumulative and synergistic impacts might increase the risk that
environmental assessments do not assess adequately these impact types; particularly when

definitions within legal requirements are unclear or inconsistent.

Whilst there has been significant focus on cumulative impacts since the late 1990s, the high
number of observations showing that a combination of stressors can increase as well as
compound a negative effect, demonstrate that synergistic impacts are common.® In support of

this, Halpern and Fujita commented that ‘linear responses of ecosystems to stressors, and to

8 Enric Sala and Nancy Knowlton, ‘Global Marine Biodiversity Trends’, (2006) 31 Annual Review of Environment
and Resources) 93, 101, 106, 110.

87 Rogers and Laffoley, above n 52, 491.

8 Breitburg and Riedel, above n 45, 167.

89 See, eg, Crain et al, above n 79, 49.

% See, eg, Crain et al, above n 79, 49; Johnson et al, above n 51, 601.

91 See, eg, Crain et al, above n 79, 52; Korpinen, Meidinger and Laamanen, above n 3, 313; Selina Agbayani,
Candace M Picco and Hussein M Alidina, ‘Cumulative impact of bottom fisheries on benthic habitats: A quantitative
spatial assessment in British Columbia, Canada’ (2015) 116 Ocean and Coastal Management 423, 432; Pavlickova
and Vyskupova, above n 42, 75.

92 See, eg, Contant and Wiggins, above n 2, 298, 303; Agbayani, Picco and Alidina, above n 91, 428, 430 — 431.

9 See, eg, Benjamin S Halpern and Rod Fujita, ‘ Assumptions, challenges and future directions in cumulative impact
analysis’ (2013) 4 (10) 131 Ecosphere 1, 8; Crain, Kroeker and Halpern, above n 63, 1304; Norman Myers,
‘Environmental Unknowns’ (1995) 269 Science 358, 360; Sala and Knowlton, above n 86, 110; Crain et al (2008),
Darling and C6té (2008), Myers (1995) and Sala and Knowlton (2006) cited in Batista et al, above n 51, 248; Crain,
Kroeker and Halpern (2008), and Darling and C6té (2008) cited in Dana Clark et al, ‘Validation and limitations of a
cumulative impact model for an estuary’ (2016) 120 Ocean & Coastal Management 88, 96.
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cumulative stress, are the exception rather than the rule.’®* Breitburg and Reidel stated that
‘truly additive, non-interactive multiple stressor effects are rare’.% This was also supported by
Buschke and Vanschoenwinkel, based on their interpretation of the research by Rockstrom et
al,% Scheffer,*” and Scheffer et al,% that the relationship between detrimental impacts on the
environment and an environmental response is more likely to be synergistic than additive.*® The
unpredictable nature of these outcomes was also emphasised.'®° Based on this, Buschke and
Vanschoenwinkel warned that the additional impacts from two ‘identical’ projects in the same
area were unlikely to behave in an additive manner.1% This observation is a concern that has
been raised in earlier discourse, by Dickert and Tuttle, who commented on the potential for a

response to additive stressors to become nonlinear or synergistic.1%2

Darling and Cété provided a different perspective and warned against identifying synergistic
impacts as occurring more often than cumulative impacts.'®® In coming to this conclusion,
however, they qualified their research by stating that it was undertaken in the context of simple
situations and that the outcome of those interactions occurring within the natural environment,
at an ecosystem level, is harder to predict.?% It is also noted that their discussion does not
suggest that there was more potential for significant detriment to occur simply because an
impact interaction is additive rather than synergistic. Nor was there the suggestion that
synergistic impacts should be given less attention as a type of impact separate from that of a
cumulative impact.'® Based on this, it could be said that discussions, such as that of Darling and
Coté, suggest that the use of cumulative or additive impacts as a primary all-encompassing term
should be done with caution. It does not suggest that synergistic impacts are indistinct from

cumulative impacts, or that they should not be considered.

This interpretation of Darling and C6té’s perspective is supported by Halpern and Fujita’s

synthesis of Darling and C6té’s research. They concluded that there is a paucity of information

% Halpern and Fujita, above n 93, 8.

% Breitburg and Riedel, above n 45, 168.

% Johan Rockstrom et al, ‘A safe operating space for humanity’ (2009) 461 Nature 472, 472.

9