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Abstract
The study reviews frameworks within which it is possible to estimate the financial risks and costs placed upon offshore industry by European environmental legislation. The aim is to pursue the development of models that could be used to build an insurance market. However, there is high uncertainty surrounding the extent to which offshore industries can be challenged by standards established within current environmental legislation. By establishing a methodology for assessing the risks, this chapter aims to influence the process in a manner that will produce workable scenarios for offshore industries.
The chapter defines tasks that will establish (1) the types of hazards likely to result in regulators placing restrictions upon offshore industries, (2) the likelihood of exposure of sensitive species to these hazards, (3) the potential toxicity of these hazards towards sensitive species, (4) an overall probability that hazards will lead to biologically significant effects upon sensitive species, (5) an estimate of the probability that these effects will exceed legal thresholds, and (6) a cost function for infringement of legal thresholds or for mitigation associated with up-front regulation as a precaution against infringement of thresholds.
The underlying analysis defines the overall economic costs associated with environmental compliance in the offshore environment and offers a structure within which different scenarios can be modelled for their economic viability. This research effort is a step towards providing a robust economic valuation of natural resource conservation within the offshore marine environment.
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Introduction
During the next two decades, the marine environment will arguably be the location where a significant share of new major industrial developments will take place. At least within Europe, demand for renewable energy will mainly be satisfied from marine sources; there will be increasing exploration for hydrocarbons both to extract remaining reserves from current oil and gas fields and to move into deeper waters, an increasing demand for marine aggregates, and continuing demand for fish protein, which will be delivered from aquaculture facilities that may move into deepwater regions. Although this is predominantly a European perspective, similar trends are present worldwide.

In both North America and Europe, there is significant new legislation in place or being currently developed to regulate and control these different types of offshore developments. Regulation is aimed at achieving three main objectives: (1) to sustain the health of the marine system in the face of industrial encroachment, (2) to maintain biodiversity within the marine environment, and (3) to maximize the productivity of the marine system in economic terms. It is recognised that conflicts will arise between these objectives and, as a result, systems for planning activities must be put in place to optimise across all of these objectives.
Within Europe, the European Commission, through legislation like the Water Framework Directive, the Habitats Directive, the Marine Strategy Framework Directive and the Environmental Liability Directive, sets the legal precedents. In the UK, the Food and Environmental Protection Act 1985 (FEPA) is the primary vehicle for the regulation of offshore development, but licences issued under this legislation take account of the UK national and regional legislation that enacts the European environmental directives. Where power generation is concerned, the Electricity Act (1989) is also a relevant legal instrument. In cases where European Law is breached (infracted), the European Commission can place hefty fines (£millions/day) upon member states until the problem is rectified.
Because the penalties from infraction are substantial, there are strong incentives placed upon the member states to be highly precautionary in the regulatory regime put in place. For commercial enterprises wishing to use the marine system, this may result in two forms of risk: (1) regulatory risk and (2) infraction risk. 
Regulatory risk is the risk associated with regulators taking the view that development cannot be licensed because, in their view, there is a possibility that environmental damage will occur, with a risk of infraction.
Infraction risk is the risk that once a commercial enterprise has developed its infrastructure and begun an operation, a form of previously unknown and unpredicted environmental damage occurs and that this results in an infraction being brought by the European Commission on the member states. In such a case, the member states will almost certainly withdraw the operating license for the facility and may require the removal of any structures put in place. In a worst-case scenario, the threat of infraction could result in the withdrawal of the operating license.
Within Europe, different member states take differing approaches to the application of the spirit of the European directives. In the UK, the approach is one of up-front regulation; in other countries, such as Spain, the approach is one involving punitive down-stream sanctions on developers if the infraction occurs. In one case, there is risk mitigation through bureaucratic oversight and in the other, there is mitigation through punitive deterrence, although of course, most legislative systems rely on graduation from one extreme to the other. This graduation is often misinterpreted as differing levels of compliance across cultural transitions within Europe, but the results and risks are similar. Although they are shared differently, they are potentially higher in the case of the approach involving down-stream actions without up-front mitigation.
1.0 Regulatory Mechanics
Very broadly, there are four different pieces of environmental legislation in Europe that underpin the regulatory risks associated with offshore marine development.

Water Framework Directive – This directive is constructed to protect aquatic environments and, in particular, to regulate pollution in the near-shore region.

 Habitats Directive – This directive regulates the effects on natural habitats by designating areas called Special Areas of Conservation (SACs). Although SACs are often quite small areas of critically important habitat for designated species, the risks from this legislation derive from the possibility that anything can affect that "special conservation status" of the featured species in that small area and lead to an infraction. For large mobile species like marine mammals and seabirds, virtually anything that is done anywhere could affect the special conservation status of these species. Moreover, SACs for these species have been placed in such a way to ensure the total coverage of Europe's regional seas and coastlines. A further feature of this legislation is that those exploiting the environment must show their commercial and industrial activities, which will not affect the advance of any implementations and developments. So, they must prove a negative. This is, of course, impossible, but it adds to the overall risks attached to the development in the offshore region.
 Marine Strategy Framework Directive (MSFD) – This directive was adopted in 2008, and it regulates all issues related to the protection of natural resources used and involved in marine commercial, industrial, and social activities. The directive provides legislative coverage for four European marine regions – the North-East Atlantic Ocean, the Baltic Sea, the Mediterranean Sea, and the Black Sea. The main policy contribution of the marine strategy directive is the definition of a concept called Good Environmental Status (GES 2020), with five distinct process components (see Figure 8.1), and with two critical sub-components or sub-metrics. Firstly, the establishment and measurement of initial assessments, or initial conditions, was accomplished in the 2012–2014 time period. , Secondly, from 2015 through 2018 came the development of a monitoring program and a measure plan to achieve the environmental ‘goodness’ status by 2020. Lastly, the cycles of monitoring and measures are repeated from 2018 to 2021. This overall monitoring and measuring strategies are driven by 11 quantitative metrics, which cover baseline species status, non-indigenous species introduction, commercial exploitation of species, but also seafloor resources, the concentration of contaminants, and others (MSFD, Annex 1). In practice, these 11 quantitative indicators drive the processes of the Monitoring Program, defined in 2014 (see Figure 8.1) of the resilience and functioning of the whole GES initiative, as well as structural changes of GES 2020 due to human, commercial, industrial, and recreational activities. MFSD 2008 also enhances the agility of EU regulation implementations by serving as a bridge with other legislation pieces and directives and by requiring the continuous assessment and monitoring of the functioning of marine ecosystems, such that environmental changes are linked to human activities and pressures. The desired outcome is a process, which allows causes and consequences to baseline parameters of the marine environment to be identified, controlled, and managed with a multitude of legislative instruments to ensure that each community member state meets the goals of GES 2020, which will trigger acceptance and commencement of the second cycle of the initiative to be complete by 2021 (see Figure 8.1). These goals represent a balance of the social and economic benefits of marine activities and the fitness of indicators and targets of the health of marine biodiversity and ecological systems. The proposed model measures and reports changes in these biodiversity goodness of health targets and indicators.




Figure 8.1: Timelines, components, and dependencies in GES 2020GES 2020













Environmental Liability Directive (ELD) - This directive has been in force since April 2007. This liability legislation covers only certain industrial activities, such as the transportation of dangerous products, the handling of hazardous substances, waste management operations, and plant protection products. The fundamental contribution of the directive is the legal establishment of the ‘polluter pays’ principle, i.e., the public sector should not provide resource funds for remediation of environmental damage by private commercial and industrial operators. The directive requires both preventive of immediate threat and restoration post-damage action of liable operators, who bare the entire cost. A satisfactory outcome after environmental damage has occurred is the recovery to the baseline of pre-damage condition of the environment, including biodiversity assets. For this proposal, it is significant that the directive does not apply in the case of force majeure, and notably in cases of maritime oil disasters, and cumulative forest and natural habitat decline. Damage and loss of protected species and natural habitats caused by officially approved infrastructure projects, such as motorways, bridges, ports, offshore industrial and energy facilities, are not considered as environmental damage, provided that the operator and the state authority have taken those into account during the process of their official authorization. However, this rule highlights another subset of regulatory risk involving the need to ensure that any developments are accompanied by appropriate and thorough up-front risk assessment and evaluation with due diligence.
It is also at the discretion of the national legislative procedures to exempt companies from the cost of penalties and remedy to the damage that has occurred during normal and approved operations. For this exemption to take place, the company must prove that both the damage has not occurred through a fault of their own and that there was no previous technical and scientific knowledge that could have foreseen such negative outcomes.
At present, the directive does not require any mandatory private insurance coverage. Yet, all the EU member states have translated this directive into national law at various paces since 2007. In 2010 the European Commission provided a report (COM.2010 #581) to the European Council and European Parliament on the general adequacy and availability of environmental insurance products. The commission report recommended that it is up to the member states to introduce a mandatory financial security system, including mandatory requirements for environmental insurance coverage. However, the EU member states were requested to encourage the development of financial security practices, instruments, and markets. By and large, national governments limit their ‘encouragement’ of building up insurance markets to periodical consultations with trade organizations and large insurance firms. The insurance firms have been the principal driving force in the development of environmental liability markets, even in conditions where national governments legislate mandatory financial security systems. 
The implementation continues to be refined and to evolve, which can be seen in the recent development of the Multi-Annual Work Programme (2017 - 2020) – “Making the Environmental Liability Directive more fit for purpose”. The Commission encourages and requests (1) the improvement in tools and measures, which describe the technical evidence base of cases subject to the ELD; (2) the actual implementation of cases to be vigorously supported by further synchronization of understanding, terms and concepts among the commission and member states civil servants, national, and local elective bodies and practitioners by enhanced capacity building and training; (3) the availability of financial security and remediation to insolvency needs to be ensured for an actual remediation to take place,. 
2.0 Market Mechanics
Commercial enterprises operating in the marine system are becoming more receptive and willing to carry insurance against both regulatory risk and infraction risk. They may wish to have an improved definition and more granular and explicit quantitative metrics of near- and long-term financial risks associated with compliance with environmental protection legislation. 
Both regulatory and infraction risks are associated with the risk of damaging the environment, but both have, in effect, the same type of financial consequences associated with acute environmental events, including chronic environmental exposures. These risks may be revealed through new knowledge of the effects, technological developments in measurement, or through the gradual ramp-up of statistical and computational power to detect patterns. It is becoming possible to model such risks and to develop appropriate theoretical underpinning for assessing and quantifying their impacts with increasingly reliable metrics. Such metrics immediately raise the quality of advice about the financial viability of proposed developments in the marine system and additionally provide the basis for a market that can insure commercial enterprises against this form of low-grade, high-frequency risk as well as more rare, low-frequency catastrophic risk.
For operators of hazardous industrial and energy facilities and processes, the issue of cost due to environmental damage becomes central to their basic view on the viability and profitability of the business proposition. The costs associated with such industrial and energy operations without environmental insurance coverage have been discussed above. At the same time, such coverage, when purchased, carries the cost of its premiums, operational expenses along with the risks of its adequacy, the default of the insurance provider and legal operations, all of which are well understood by commercial operators. 

Quantifying the cost/risk schemes and trade-offs of the above framework becomes a necessary task for operators both currently engaged in such situations and planning to expand or enter new opportunities in the physical marine offshore and coastal systems. While a lot of legal, operational, and policy level research has been done in this field, less has been accomplished in developing statistical and numerical risk methodologies to quantify the probability of damage and cost/risk trade-offs and likely scenarios in terms of financial and insurance risks to operators. Practice shows that estimating quantitative risk and probability-based scenarios is a difficult task for central and local regulators. For example, the environmental liability cost of the Chemie Pack BV accident in Holland in 2011 was 65 million euros, with an evident gap to a mandatory model, i.e., the maximum environmental security instrument under the mandatory Spanish model is 20 million euros. 
3.0 Classification of Environmentally Hazardous Activities and Damage
For a quantitative risk methodology and metrics to be consistent and accepted on the market, it is necessary to define environmental activity-to-damage liability relations (see Figure 8.2) in specific terms. One possible approach is to follow the definition of the EU Commission White Paper on Environmental Liability (February 09, 2000), where it is defined as damage resulting from industrial accidents and from gradual pollution and deterioration by hazardous substances, waste, or operations from strictly identifiable sources. 

Figure 8.2: Activity-to-Damage Liability relations: EU Commission White Paper on Environmental Liability (02.09.2000)
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In cases where the damage itself is identifiable and limited to biodiversity and contamination of sites, it is defined as strict liability (see Figure 8.2) where a precise economic quantitative valuation of damage is essential, mainly when it is irreversible, although this remains a challenging proposition. When restoration of damage is still possible, the estimation of costs is a necessary tool for both the commercial operator and the public state body. In both cases, if partial restoration is the only option, alternative solutions and replacements may need to be evaluated. The outcomes will very much depend on the soundness of the methodology used to assess risks and measure impact. The community directives provide a spatial component in the classification of environmentally hazardous activities by requiring states to measure the ecological impacts of commercial operators beyond their borders on pre-established trans-border marine areas. Such measures are also multi-disciplinary and range from the physical and technical to the socio-economic and socio-ecological impacts on populations most affected by the deterioration of environmental services (Art.13.3, DG Environment 2015, MSFD CIS).
The process of creating a market risk community with a classification knowledge, systems, tools, and funds for estimating and insuring biodiversity and environmental liability is both continuous and laborious. Similar processes at the national and international level have developed over many years with relevant examples from marine cargo and hull and space satellite telecommunications market segments. Society, with its academic, regulatory, and market institutions, is capable of developing risk classification and knowledge systems for complex multi-national and large geospatial hazard risk problems. The European Commission recommends to the members of national governments to encourage and facilitate the development of markets for mandatory environmental liability coverage. Simultaneously, a gap may be already emerging in readiness, theoretical understanding and metrics, and systems-in-place between the insurance industry and best practice recommendations from EU institutions. 

4.0 Developing Standard Insurance Instruments for Environmental Biodiversity Liability
Various market-based financial instruments, including bank guarantees, municipal and sovereign secured funds and bonds, are used to provide coverage for environmental liability. Insurance products have emerged as the most effective and popular coverage instrument. National insurance pools have also emerged in France, Italy, and Spain. In principle, market insurance coverage for the Environmental Liability directive is effectively achieved with Third Party Liability and Environmental Impairment Liability policies. Still, the challenges in developing standard insurance instruments for environmental biodiversity liability are significant. An obvious definition of scope and scale of coverage, and the triggering mechanisms of its indemnification are critical for acceptance by all market players – insurers, commercial policyholders, and regulators. The very nature of large-scale environmental catastrophe brings the risk of bankruptcy upon the offending party. This opens the needs for a solution that remediates to the possibility of corporate bankruptcy, such as (1) mandatory insurance, (2) the intervention of the state by providing the full financial coverage, and (3) the private-public sector fund pools, which are insulated from litigation and are thus available to provide uninterrupted financial security. 
The definition of unpredictable and random insurable events and scenarios that span over longer time-periods, covered by general liability policies is still in process from both an economic and legal perspective. This very definition and explicit socialization are performed within the framework of the ELD 2008 (see Figure 8.3).  The ELD 2008 and four additional components as defined in Figure 8.3 are deemed indispensable to the effective functioning of an insurance market for marine biodiversity liability.  This first step of putting in place legal definitions is currently in progress at many levels for national and EU bodies. Once a stable and acceptable legal framework is functioning, which is the process in construction since 2008, then inevitably follows the task of production and dissemination of modelled statistical risk metrics. Such metrics require that the probability and severity of marine biodiversity damage and loss must be quantifiable, which is tremendously challenging since the scientific expertise in this field is just beginning to emerge. A market risk community of commercial operators, researchers, and insurers and financiers, which is to appreciate required dependences among these five components (see Figure 8.3) needs to emerge on such ground to identify, share, diversify, and ultimately turn this risk into a transferable commodity. Only then will private insurance and re-insurance firms be able to estimate the risk and charge a premium for its transfer and accumulation.
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The scarcity of available historical data from past events, the unique nature of the processes, which may not have historical precedence, and the current generation of mathematical models of marine biological diversity damage make the production and distribution of risk metrics a serious challenge. To begin with, the very definitions of hazard risk events, responsible operators, protected habitats, and risk exposures influence the magnitude of potential losses. The combination of high potential losses with little opportunity for diversification, remediation, or recovery, presents another challenge for all involved in the process. Some case studies are available concerning pollution events, but not many are compiled concerning acute and permanent environmental damage. Cost estimates associated with risk mitigation may be constructed around experience gained by the oil and gas industry. Case studies exist for scenarios involving produced water in the North Sea.

Modelled probability of industrial accidents from known existing processes, installations, and materials is more straightforward to estimate due to the accumulated knowledge by insurers, actuaries, and the availability of historical statistical data. Comparative and transferable modelling and estimation of probabilistic frequency and severity of bio-diversity hazard events to new industrial processes, new installations, and retrieval of new materials in newly developed geospatial areas are necessary practices for the academic and insurance industry modeller. Continuously changing legislative requirements and definitions of exposed and protected habitats, thresholds, and boundaries of damage make building coherent, bio-diversity damage model a challenging proposition. Nevertheless, regulators, academic institutions, and insurance firms are taking actions to accumulate data about the severity, the scale, and the estimated economic costs of environmental impact. The same direction of effort is also occurring in gathering data on the impact of already known environmental hazards to human health, soil, water resources, and biodiversity as a measurable benchmark with which we estimate new and unknown damage occurring from prospective industrial activities. Opportunity and hope lie in the methodologies of inference on processes with minimal information and stochastic nature that mathematical and statistical sciences have developed.
Measuring the likelihood of outcomes of hazard events following damage and economic and social losses becomes a critical factor in determining if environmental and biodiversity assets are insurable. Inevitably for some market practitioners, the notion of damage to biodiversity will be considered vague and hence not suitable for insurance coverage. However, measurable monetary metrics of the cost of remediation, opportunity and economic costs, and the costs associated with having operating licenses withdrawn may prove more practical to be translated to liability and insurance policy coverage. All such insurance markets’ growth depends on the development of coherent methodologies for accurate monetary and legal estimation of such costs. 
From the perspective of an insurance industry firm, the fundamental insurability of environmental and biodiversity liability must be legislated and justified by market dynamics. Along with the multiple challenges presented above, there are still positive developments in both the legislative and market climates that support the process of developing such insurance products and instruments. Faure and Grimeaud (2010) observe at least three positive developments in the legislative environments that would encourage market developments. The authors argue that, firstly, the Environmental Liability Directive (ELD 2007) does not impose a general strict liability rule for any environmental harm but has a balanced approach to limit strict liability to specific types of activities and geographical areas that are considered hazardous. Secondly, the directive establishes that the new environmental and biodiversity regimes should not be retroactive. Thirdly, several defences are available to operators of which the most notable is force majeure. The same authors advocate that additional defence should be included in the regime in order to improve its predictability and addictiveness to insurers. 
5.0 Financial Insurance and Security and Cost of Infraction
A range of costs arises for operators practising in the regulatory and legislative framework of the environmental liability and marine strategy directives of 2007 and 2008. Decontamination and restoration of environmental habitat and species after incurred damage constitutes a significant ‘remediation cost’. In the case of water, marine habitat, and species, ‘the directive’ classifies remediation costs into (1) primary: returning natural resources towards baseline; (2) complementary: compensation for any deficit from baseline, and (3) compensatory: compensation for interim loss until primary remediation has taken place. The assessment of the baseline condition of the bio-environmental asset becomes of primary importance; here, all available scientific, technical data, and measurements are used. Subjecting the baseline condition to a time discounting function is also necessary, as this provides the estimated time progression condition of the assets as if a hazardous impact has not occurred. The employment of best measures, information, and scientific practices in this process is critical. The EU Habitats Directive and Water Framework directive are valuable information sources for this estimation. 
Significant environmental catastrophe events such as the Bouches-du-Rhone oil spill of August 2009, the Hungarian toxic sludge spill of October 2010, and the Deepwater Horizon in April of the same year, invariably and expectedly had impacts upon the European civil service thinking. The Commission encourages and continues to consider a wider compulsory environmental liability framework for all member states. The current Environmental Liability Directive does not require any financial security or insurance purchase against the deterioration of bio-environmental diversity and assets from established and measured existing conditions. It does however encourage such developments by national and local governing bodies and market insurers. Local financial security requirements have already been introduced in some countries. Such requirements can be satisfied with the purchase of insurance, bonds, bank guarantees, and other instruments. The traditional insurance and re-insurance European markets and instruments cover basic liabilities resulting from property damage and physical harm, which result from pollution and environmental damage by third parties. With the increased importance of the ELD, the risk and liability exposure of many commercial and industrial operators will not be covered by the existing general liability or environmental liability insurance policies. First of all, operators and local governments are in the process of reviewing and quantifying liability concepts such as ‘significant damage’ to environmental assets and bio-diversity and ‘imminent threat’. In parallel, the leading insurance firms have begun to develop local and global insurance products for public law claims on biodiversity deterioration and damage.
Further refinement and customization of insurance coverage policy details and instruments allow firms with low capital funds to obtain protection against the cost of significant environmental damage and to provide protection against insolvency. With flexible and customizable insurance coverage available on the market, large energy, transportation, and other strategic corporations will not have the incentives to transfer high-risk hazardous operations to smaller, marginally capitalized firms to avoid the responsibility and cost of environmental liability. However, the growth of environmental liability and biodiversity damage insurance markets is in its very early stages of development. There is still a very low level of sophistication in markets and products, especially in the area of remediation and restoration of environmental damage. Notably lacking are techniques to evaluate the cost of restoration, ecological damage, and biodiversity damage; as well as the cost of pure economic loss. Working papers from the EU Commission and large insurers support the notion that in more than half of the EU member states there is no mature liability market at all and in only two-thirds of the countries, there is liability coverage for property damage and bodily injury as a result of industrial environmental accidents. At the level of global insurance markets, the availability of such standard instruments is even lower. 
Practice in some countries shows that solutions are sustainable and available. The case of Spain is a valid example. The Spanish environmental ministry has extended the coverage of ‘the directive’ (ELD 2007), which is limited to protected areas and species, equal to 14% of the territory of Spain, to full coverage of the territory. In the area of financial security, Spain proposes a mandatory system as it would create the necessary incentives and pressure for operators to adopt more cautious practices and preventive rules. The financial security scheme established that if the economic operator should carry the potential to cause more than €2 million of damages, it must purchase an insurance policy or provide financial guarantees such as a bank or independent fund guarantees. For damages between €300,000€ and €2 million, operators must provide financial guarantees or join the EU Eco-Management and Audit Scheme. Similar legislation from the Czech environmental ministry establishes a mandatory financial security system for operators in the form of insurance or re-insurance policies or bank guarantees. France has strengthened its ‘environmental liability insurance framework’ known as CARE and established an insurance pool, known as Assurpol. The French experience shows that having more insurance firms involved in the environmental liability market, accompanied by strong policies of information sharing and public awareness of environmental and biodiversity hazards, has had a very positive effect on lower and competitive premiums, and increased insurance coverage penetration. 
Nonetheless, these approaches are not replicated across all member states. There is often an implicit need for insurance coverage when it is not traditional for national or local legislation to specify how a company should protect itself from financial risks. Uneven and unequal interpretation and implementation may discourage market participants. Still, understanding the mechanics of the EU environmental liability legislative process and its implementation in different member states will help the insurance policy providers to work towards a well-functioning market.
6.0 Quantitative Modelling Approach
Designing a quantitative risk model to estimate both damages to environmental assets and biodiversity needs to meet several challenges and requirements. The first of these is to transfer concepts established within traditional qualitative risk assessment, typically involving some form of conjugation of the likelihood of exposure and the severity of the response, to a quantitative framework. In order to develop a quantitative model of that nature, the risks to the reduction in biodiversity need to be deemed as having a sufficiently probabilistic character. This conclusion involves multiple measuring, modelling and statistical algorithmic stages. A typical marine environment risk model, described and recommended by Smith C.J. et al. (2016), involves numerical components which model the present state of variables of the marine habitat: pressures and drivers of degradation change upon these measurable variables, and a measurable output defining impacts and quantitative data changes to the initial state of marine and biodiversity metrics. Particularly, the driver for baseline change and impact metrics in such models is entirely desirable to be anchored with the definitions of the MFSD (2008). Thus, existing commercial, industrial, and social activities within the marine domain need to be converted to measurable and modelled hazard drivers of impact upon the baseline variables of biodiversity status. Long-term and good quality geospatial data set in this context are invaluable in the determination of both baseline status of environmental and biodiversity metrics and of the definition of their degradation through the workings of drivers of human economic and social activity nature.









Figure 8.4: Measuring, Modelling and Statistical Algorithmic Stages in a Bio-Diversity Damage Quantitative Risk Model 
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6.1 Hazard Identification Module 
In this module, industrial activities would be classified to present some level of hazard risks, but the majority is likely to be benign. Classification and general assessment of the hazards in the context of marine renewable energy is the normal product of Environmental Impact Assessments (EIAs). The outputs from EIAs are the starting point of definition of existing conditions, and baseline scenarios of biodiversity status in a selected geospatial zone. Measuring upon this baseline, the academic researcher and industry practitioner can identify and classify hazard risk scenarios and short- and long-term hazard impact events. For example, in case studies on the impact of offshore renewable energy on marine mammals, the hazards will vary depending upon the industrial devices, the facilities, and the geophysical characteristics of the installation. In general, these will fall into three categories: (1) habitat exclusion through physical exclusion; (2) habitat exclusion through habitat modification because of acoustic or physical disturbance, change in the disposition of food, or loss of habitat critical to a life-history function; (3) direct physical damage to populations and single species. Given the baseline of the EIAs and the classification of hazard risks, the hazard identification module selects the most pressing set of risks presented by current commercial and industrial activities by market operators.
6.2 Exposure Assessment 
This function measures the number of individuals exposed or the proportion of the population exposed to the hazard. This measure depends on the disposition of the hazard in relation to the distribution of sensitive species or habitats. Similarly, based on reviews of existing data and case studies, enough information is available about the distribution of marine mammals around the European continental shelf to allow the construction of exposure distributions. It may be necessary to develop movement models of different species to allow simulation of exposure. Such movement and migration models develop an exposure assessment that describes the probability of exposure for different selected sensitive species to each hazard type, focusing on those deemed most important under stage A. The exposure assessment includes the varying sensitivity between sedentary and mobile species and uses the predicted disposition of industrial, commercial, and energy facilities. The response or vulnerability functions of each species are thus highly sensitive to their chronological and geospatial location within the model domain. This dependence of the species response functions, and in more general terms, of the baseline environmental and biodiversity metric creates a premise for a complex multi-variable, multi-dimensional model, with explicit temporal and geospatial domains of metrics and simulation and modelling functions, (see Rose, K. A et al., 2010). In this context it becomes critical to define the temporal and geospatial granularity and scale of the model domain, which at present can be reliable supported by advances in memory and hardware resources management computational algorithms. These complex types of models by their very nature create result sets, which could be non-trivial for review and interpretation, and in turn this premise will create demand for adequate results and data validation, visualization, and interpretation tools.
6.3 Toxicity Assessment 
This module and algorithmic library serve to identify the dose-response characteristics of species, which is generally not well characterised. Data that already exists would be used to develop probability distributions across all sensitive species for the three general categories of hazard listed under stage A. Again, in the context of offshore energy facilities developments and hazard risks for marine mammals, work has already been done to model some hazard factors. The relationship between the body size of an animal, the blade diameter and speed, and the probability of an animal striking a tidal turbine blade can be modelled and quantified. The effect of a direct damage upon the viability of individual animals may be modelled under different scenarios to examine the sensitivity of the risk assessments to different assumptions about toxicity until measured data become available. Similar approaches can be taken for other hazards, such as noise from pile driving. In principle, at this stage of the process, a range of dose-response functions is developed for selected sensitive species to different hazards that should include the effects of habitat exclusion and physical damages. Where possible, these functions should be based upon any experimental data available but, where this is not available, scenarios should be used to explore the sensitivity to the toxicity of each hazard.

6.4 Probability of Effect 
A fully probabilistic module measures the joint probability of animals being exposed to all hazards, some of which may occur simultaneously. The toxicity of these hazards provides an overall risk probability for the sensitive species or habitats involved. This, in effect, provides a fully quantitative risk quotient, including uncertainty around the quotient. For example, this measure defines the number of animals of a particular population likely to be exposed to hazardous impacts. In situations where there is insufficient information to feed a reasonable risk profile derived from first principles, academics and actuarial practitioners typically use current data sets to develop a generalized risk distribution for environmental hazards that could then be applied in its needed context. An example could be to use stranding data for marine mammals around the UK and European Atlantic coastlines, or fisheries data to examine the possibility of developing underlying generalized functions for extreme events. This use of data is particularly important in the context of offshore renewables because there will always be an underlying probability of effects occurring, which are unrelated to the effects of the activities being modelled. It is essential to understand the capacity as we must distinguish the effects and signals of the development of renewable energy from the background of natural stochasticity noise of variability in environmental biodiversity. In summary, at this stage of the modelling process, the probability distribution of the effects of a hazard upon selected sensitive species or habitats is constructed by using available time-series of species-based data. Generalized information about the background distribution of natural hazards is derived with an estimated likelihood of detecting effects on sensitive species. The probability of effect is measurable by category and will vary by hazard driver and by the geospatial resolution of the model. The measurability of the impacts of the change drivers in most general terms has two aspects. Firstly, it captures the sensitivity of the disturbance and degradation upon the whole geospatial habitat, and secondly, it captures in a more detailed manner the impact on component species of interest (see Smith C.J. et al., 2016). Furthermore, the complexity of modelling is increased by inter-dependence and correlations between hazard drivers and the time variability element of such impacts (see Smith C.J. et al, 2014). 
6.5 Probability of Exceeding Legal Thresholds 
Social, economic, and legal measures are a much-needed estimate in the definition of insurable loss under the framework of the ELD 2007. Unlike for many forms of chemical pollution where discharge concentrations have been set as thresholds that should not be exceeded, thresholds for the effects on sensitive species have generally not been agreed to, despite recent legislation developments. Since all commercial and industrial procedures are likely to have some level of impact, it is critical to distinguish effects, which are likely to be biologically significant. Although some European Commission directives call for there to be demonstrably no effect before a development can proceed, this is impractical, and such an extreme position will likely shift to one where effects must not exceed some pre-determined level of biological significance. The outputs from a methodology measuring the likelihoods of effects (D) are translated into a biological significance through specific biological models. These often include generalized demographic models for sensitive species. Past assessments of biological significance are available for some species, as for harbour porpoises concerning fisheries bycatch. These estimates, frequently provided by academic institutions, are used by national and local governments, which lead to the development of sensible legal thresholds, by embedding them in fundamental biological theory.
Differences between regulatory risk and infraction risk are apparent, and they do constitute different definitions of likelihoods of exceeding a legal threshold. Without a clear case law or precise guidance and in the presence of high uncertainty, regulators may take a precautionary approach to set the acceptable thresholds, and local socio-political drivers may also drive this threshold to some extent. This regulatory risk is likely to differ from infraction risk. Regulatory risk may also show volatility through time depending upon the political process. However, it should not be assumed that regulators will be more precautionary with legal thresholds that will lead to infraction because, under some circumstances, regulators may be forced to apply “national and local interest” criteria to their judgements, and these may force decisions about licensing that exceed legal thresholds.
In summary, a methodology for estimating likelihoods of exceeding legal thresholds provides a generalized approach to define the probability of a hazard or a set of hazards resulting in an infraction. The likelihoods of exceeding thresholds in terms of precautionary levels address regulatory risk, while defining thresholds in terms of legal terminology cover infraction risk.

6.6 Financial and Insurance Risk 
Monetary losses, impact and policy outcomes are always the superior methodology products of research and modelling strategies for defining and measuring marine bio-diversity risks. Having defined the probability of exceeding legal thresholds, actual or perceived, in (E), the next methodology task is to express this in terms of financial and insurance risk. In the industry, as well as consulting and academic case studies, it is achieved through an economic model of the offshore renewables industry that calculates the trade-offs involved in different scenarios. The functions relating to bio-diversity hazard risk translated to regulatory and infraction risk and mapped to economic cost are critical to making value judgements about the financial viability of projects. These methodologies define the insurance and financial risks being carried by commercial and industrial operators and in turn inform their demand for the proper kinds of insurance schemes to provide the most appropriate insurance coverage for the offshore oil, renewables, and other industries operating in the coastline marine environments. Standard insurance and financial modelling methodologies and actuarial knowledge of available and proposed insurance and re-insurance instruments and policies are used in this practice to estimate losses and costs to the economic operators and the insurance sector. As EU environmental regulations and national government implementations are continuously developing, ELD is one of the top growing legislative fields. Financial cost models need to reliably define the insurance risks associated with compliance with current and proposed EU environmental regulations.
In the overall development and growth of these methodologies, innovation is required and is continuously emerging in many areas. These advancements are summarized as follows: (i) creating data sets of risk parameters for bio-environmental assets; (ii) deriving mathematical-statistical methodologies to describe the severity of environmental and bio-diversity hazard events; (iii) designing relation functions to translate the impact of hazard events on the baseline of the risk parameters of bio-environmental assets into physical and monetary costs to public domain; and (iv) creating mathematical insurance models to estimate the cost and loss distributions to economic operators and insurance companies.
However, traditional mathematical-statistical methods have limitations because of the low availability or simple lack of technical historical and statistical data, and lack of experience in economic operators, which otherwise provide valuable information for modelling risk distributions under the assumption that these are stationary. The use of insurance claims experience and data is limited for the same reason and due to current changes in regulatory practices, which are compensated by alternative methods of mathematical and statistical inference for problems of low initial information and data availability.
7.0 New Developments and Challenges, Further Work
Developments in legislative, research, and modelling processes that enhance the growth of marine bio-diversity liability insurance markets are too recent to generate some definitive pronouncements from the data on their effectiveness. Nevertheless, progress is evident in the increased exchange in information such as in discussion of methodologies and proposed risk metrics, raw historical data, policy papers, and proposals among key stakeholders, which include operators, government experts and agencies, academic and research institutions, and financial and insurance firms. The very publication of research articles, white papers on policy, and empirical studies serves to raise awareness of needed actions towards the development of this market segment. As with any new emerging market, the definition of initial conditions – ‘baseline condition’ – needs to be critically and equivalently interpreted among national and local agencies and governments, and respectively by local and multi-national operators. The same critical acceptance and agreement holds true for more complex concepts and risk metrics, including modelled and probabilistic metrics on ‘significant environmental damage’ and ‘marine bio-diversity damage’. 
At the same time, local and national governments have a less well-discussed role as facilitators, and one critical aspect of it is their role in the collection of data and physical metrics of ELD registered cases and the building of databases available to academic and research institutions. On a positive note, between 2007 and 2014, member states have reported 1,245 registered cases, albeit unevenly across nation-states, of environmental damage of both marine, water, and land origin, which invoked the legal application of the ELD. At the EU level, a centralized ELD case data repository system with public and academic access is much needed and will invariably further academic research, including the development of quantitative risk models and policy proposals. These are all components that encourage growth in insurance markets and coverage penetration for commercial and industrial operations.
On the legislative side of the market, the all-important choice to make is whether to move towards a mandatory system of environmental and marine coverage liability. For now, the European Commission has taken the position that at present, there is not enough evidence that a mandatory system of financial security is both necessary and could be made successfully operational. After all, experience has proved that the enforcement of legislation across countries is the more challenging, demanding, and prone to disappointment process rather than developing and adopting policy proposals. The re-evaluation of options will continue, particularly for the option of local and national governments managing mandatory financial security systems instead of doing so at the supra-national level. It is evident that there is a need for convergence on definitions and quantitative metrics, such as ‘thresholds of significant environmental damage’.
A more pressing need than the evolution towards mandatory environmental financial security is the resolution and closure of gaps in the present system of marine environmental coverage. The damage to biodiversity and requirements for remediation of the marine environment due to oil spills and energy industry industrial accidents is not yet adequately addressed. Current EU legislation defines environmental damage as the damage to soils, water, natural habitats, and protected species, which leaves unprotected species and the general marine coastal environment outside of many requirements and regulations. 
Of the three critical costs for marine environmental damage – infraction, administrative, and remediation – the latter can be reduced by financial and insurance instruments. The purchase for environmental liability insurance by European companies, including a coverage for the marine environment, has increased by 13.6% since 2006. Still, demand is low, and insurance market growth and penetration are slow. The registration and reporting of insufficient numbers of ELD cases in many countries is a possible impediment to insurance market growth. Eleven-member states have not reported any ELD cases, since its legislative implementation in 2007. This non-reporting by member-states is undoubtedly linked to the harmonization of the implementation, and actual or perceived lack of conceptual clarity. The directive among national legislators is, in fact, the second impediment to insurance market growth. Harmonization and synchronicity play an intricate role not only among national and regional legislation within the EU, but also across the conventions of the International Maritime Organisation (IMO). For marine bio-diversity hazard risk factors, such as oil pollution from tankers, there is more than one level of conventions and mechanisms of compensation and remediation, which introduce a need for additional efforts in harmonization.
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