
Chapter 1
Introduction to the Concepts and Use
of ERA Acute

Abstract Introducing the main concepts of ERA Acute, this chapter describes the
overall framework and purpose of the methodology. ERA Acute is a recently devel-
oped oil spill risk assessment (OSRA) methodology for quantification of oil spill
impacts and risk (Environmental Risk Assessment, ERA). It covers four environ-
mental compartments; sea surface (seabirds, turtles,marinemammals), water column
(fish eggs/larvae), shoreline and seafloor (species and habitats) using continuous
impact functions and introduces the Resource Damage Factor (RDF). The method-
ology depends on external oil spill modelling and input data related to the pres-
ence and vulnerability of Valued Ecosystem Components (VECs). ERA Acute is
developed to provide an improvement over the currently used “MIRA” method
on the Norwegian Continental Shelf (NCS) and is better suited for risk manage-
ment, decision-making and analyses from screening studies to full environmental
risk assessments.

Keywords ERA Acute concept · ERA Acute input data · Environmental
compartments · Environmental risk assessment · Environmental risk management

1.1 Why the Need for a New Methodology?

Environmental RiskAssessments (ERAs) are a crucial part of planning and execution
of offshore oil and gas (O&G) activities and are important in supporting the O&G
industry in environmental risk management (ERM) of their operations worldwide.
In varying regulatory frameworks, operators must ensure overall high environmental
performance, whether it is in applications for permits, or in planning or operation
of activities where there is a risk of an accidental oil spill. Quantitative ERAs of
acute oil spills at different levels of detail are used to support decision-makers in
complying with regulations, e.g. for activity applications and planning processes for
oil spill response.

Several ERA models, assessing potential impact and risk from an acute oil spill,
exist and are available for global use. A recent overview of some applicable models
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for risk assessments in the Arctic is given in Wenning et al. (2018). Some avail-
able models for use in a risk assessment process are oil spill trajectory models.
The Bureau of Ocean Energy Management in the US uses “Oil Spill Risk Anal-
ysis Model” (OSRAM) which calculates probabilities of surface oiling at specific
locations (Guillen et al. 2004, BOEM webpage for OSRAM). The “Blowout and
Spill Occurrence Model” (BLOSOM) was developed by the U.S. Department of
Energy’s National Energy Technology Laboratory, and has e.g. been used to evaluate
the coastal communities’ vulnerability to oil spills in the Gulf of Mexico area from
deepwater and ultra-deepwater blowouts (Nelson et al. 2015; NETL Factsheet 2019).
Readily available also is the GNOME-model (General NOAAOperationalModeling
Environment) by the US National Oceanographic and Atmospheric Administra-
tion. The OSCAR (Oil Spill Contingency and Response) model by SINTEF is
frequently used on the Norwegian Continental Shelf (NCS). Also available is the
MIKE model by DHI for surface and water column modelling. These oil spill trajec-
tory models make use of Geographical Information Systems (GIS) to geographically
locate areas of potential concern but may vary with respect to the number of environ-
mental compartments they include. Several include response option modelling, e.g.
GNOME and OSCAR. Taking it a step further, some established models include an
impact assessment of potentially harmed Valued Ecosystem Components (VECs).
The SIMAP model by RPS ASA has oil spill trajectory modelling integrated and
is a coupled oil spill modelling and risk assessment by also including exposure and
impact modelling to wildlife groups. Links to the home pages of the mentioned
models are given in the reference section to this chapter.

On the NCS the quantitative “MIRA” method has been used as an industry stan-
dard since the 1990s (NOROG 2007), for execution of ERAs for Authority appli-
cations, planning and other pre-spill analyses. MIRA uses input of external oil spill
fate and transport modelling, for example by using input from the OSCAR model,
or similar trajectory models to calculate potential population losses of wildlife and
impacted shoreline habitats. The industry and regulators in Norway have seeked an
improvement over MIRA, and a model that could be globally applicable in line with
“Guideline for oil spill risk assessment and response planning for offshore installa-
tions” (IPIECA-IOGP 2013). ERAAcute was developed to meet these requirements.
Like MIRA, ERA Acute does not contain an integrated oil spill trajectory model but
allows the user to select a preferred oil spill model giving the required input format.
Themethodology is expected to replaceMIRA on the NCS following comprehensive
testing, validation and a series of case studies comparing the two methods. The case
studies are not described in this book. Like MIRA, ERA Acute uses the results of oil
spill trajectory statistics, primarily aimed at assessments for pre-activity planning.
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1.2 Methodology, Model and Software

The ERA Acute methodology provides updated impact and restoration functions
based on available international research, both peer-reviewed papers and scien-
tific reports. It is designed to have robust and continuous damage functions in
four compartments, i.e. a harmonized framework of calculations, whilst maintaining
scientific integrity of each compartment. ERA Acute does not include an oil spill
trajectory model but utilizes input from any oil spill model that can provide results
from a multitude of single simulations exported to a standardized grid format. VECs
are natural resources, e.g. seabirds, shoreline habitats etc. for which impacts are
calculated. The VEC input data are gridded to the same standardized format and
each VEC is ascribed to the compartment where the main impact occurs.

The methodology of ERA Acute is an analytical concept which depends on input
data fromprecedingmodels,which need to provide data of adequate quality. TheERA
Acute model itself contains mathematical functions in a sequence that make up the
impact and restoration calculations, and the methodology also has defined concepts
related to the recommended presentation of the analytical endpoints of these calcu-
lations. A software tool has been developed to run the model calculations, with an
interface to assist users in setting up the correct inputs, run the calculations and view
the results. However, the software is not the focus of this book and the method-
ology can be used independently. The methodology, including the descriptions of
use of input data are described in an industry guideline (NOROG 2020), whereas
the biomathematical model functions and sequence of calculations are described
as an overview in this book and in the underlying development reports (see list of
references). As far as possible in this short book, we have included the equations.

Figure 1.1 shows an overview of the ERA Acute methodology and the divi-
sion into: Inputs (top two boxes), model calculation units (middle box) and result
presentation concepts (bottom box). The required input data on VECs and oil drift
simulations are not included in the model nor included in the software tool (lilac
background), offering a flexibility in choice of oil spill model and VEC data to be
used in the risk assessment. Each of the impact and restoration calculations contain
parameter values that are provided by the user as input files (see Sect. 1.4.3). For
the parameter values, default values are available suitable for global use. These may
be changed if specific knowledge exists about local resources (VECs) etc., thereby
reducing uncertainty. The functions (middle light orange box) calculate impacts and
restoration-related results and summarize and create statistical results. The func-
tions and their sequences have been implemented in the software tool calculator.
The software tool also includes interfaces for setup, calculation and presentation of
recommended results (lower light orange box).
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Fig. 1.1 The ERA Acute methodology showing the division into Inputs (top two boxes), model
calculation units (middle box) and result presentation concepts (bottom box). Data on resources
(VECs) and oil drift simulations are not included in the model (lilac background) whereas the
ERA Acute conceptual model documentation includes recommended values for input parameters
for each compartment (upper right light orange box), and the calculations (middle light orange
box). The software includes setup, calculation and presentation (lower light orange box) tools.
(DSHA—defined situation of hazard and accident)

1.3 Basic Concepts of ERA Acute

1.3.1 Four Compartments

ERA Acute uses gridded data on the biological distribution of a VEC (i.e. biolog-
ical resources: species, communities or habitats) within the area of interest, in four
environmental compartmentsmentioned above: Sea surface, shoreline, water column
and seafloor. The VECs are assigned to the compartment where their impact occurs.
Some VECs may occupy more than one compartment, for example representing
resources in different life stages that have separate data sets. Whilst it was important
to design a common framework for the ERA Acute methodology calculations, the
different nature of the impact mechanisms is reflected in the risk functions of each of
the four compartments. Emphasis has also been placed on keeping data transparency
throughout the calculations.
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1.3.2 ERA Acute Uses Continuous Risk Functions

Where category-based models like MIRA (NOROG 2007) assume a probability
distributionof impacts in categories basedonoil amount intervals, ERAAcute applies
a continuous impact function based on the exposure, lethality given exposure and the
VEC fraction present in the cell. The continuous impact and damage functions are
believed to bemore suitable for e.g. Net environmental benefit analysis (NEBA)/Spill
Impact Mitigation Assessments (SIMAs) than category-based assessments, since
more subtle differences in exposure will give different impact results which the risk
assessor can then evaluate for decision making.

1.3.3 Two Main Steps—Three Levels of Detail

Questions to be answered by ERA-related studies vary in demand for detail,
depending on e.g. the phase of the project, the maturity of petroleum activity in
the region, or the sensitivity of the environment. The model framework is therefore
designed to be flexible in its uses, and ERA Acute calculates several endpoints.
Chapter 2 is dedicated to the application of ERA Acute results for environmental
risk management purposes.

The modelling is carried out in two main steps. In the first step (A), ERA Acute
methodology uses input from the oil spill trajectory model and the VEC data to
calculate impact in each grid cell for each oil drift simulation (see Fig. 1.6). The
results are summed up or averaged for each VEC in all compartments. In the second
step (B), recovery results are calculated.

1.3.3.1 Impact Calculation (Step A)

Impactmodelling in ERAAcute uses the framework of probability of exposure (pexp),
probability of lethal effect given exposure (plet) and presence of vulnerable resources
(VEC “unit”) to calculate themortality in each grid cell for each spill simulation. This
basic principle is the same in all compartments, however the actual calculation of
exposure and lethal effect, as well as the VEC “unit” in each compartment reflects the
differences in mechanism of harmful action. The exposure and lethality parameters
are determined from the compartment-specific oil spill impact parameters, such as
oil coverage above a certain film thickness on the sea surface to induce a mortality
to seabirds, turtles and marine mammals and oil mass on the shoreline to induce
impact to sensitive shoreline types. ERA Acute uses continuous exposure-response
relationships in order to predict mortality, meaning that a change in exposure from
the oil drift will lead to a change in mortality as output. For species at the sea surface
or in the water column compartment, the total injury is calculated for each spill
simulation by summarizing the impact in all grid cells affected by the simulation.
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This will give a total population loss of seabirds/mammals or fish larvae loss for
each simulation. For the shoreline compartment, the impact is also summarized to a
total shoreline impact in kilometers, distributed on the various shoreline rankings of
Environmental Sensitivity Indexes (ESI) (NOAA 2002). Similarly, for the seafloor
compartment, the total impact is given in km2 impacted for each benthic habitat or
community.

ERAAcute can use three levels of detail in the continuous-function impact calcu-
lations, depending on availability of data on VEC occurrence and distribution. Two
screening levels allow for ERA Acute risk assessment even if VEC data are limited
or even missing. Oil spill trajectory input data are needed at all levels, however, not
all analyses may require complex modelled input of both oil and VEC. Simplified oil
spill input data can be prepared manually for screening purposes or based on actual
knowledge from a spill.

Impact calculation level A.1 is used if there are no data on the presence of envi-
ronmental resources available (no VEC data). It uses only the oil drift simulations to
determine exposure and potential mortality and assumes the most sensitive resource
is present in all cells as a conservative estimate of the potential risk area. This quan-
titative result is suitable for identifying areas at risk in a screening or early phase
project decision, or for identifying which area to focus on filling data gaps. It is
particularly useful in areas where no knowledge exists on the presence of VECs,
allowing ERA Acute to be used for screening purposes (see Sect. 2.3) or decision
support where a specific detail on particular species is not needed (see Sect. 3.2.1).
Parameters that relate to the sensitivity of the species are provided as default values
based on globally applicable data, e g. global VEC wildlife groups.

Impact calculation levels A.2 and A.3 use resource data to identify specifically
where impacts and risks to resources are highest. Level A.2, the second screening
level, includes knowledge and data of whether the most sensitive VEC is present or
not in the cell, thereby excluding cells with known non-presence of sensitive VEC
(see Sect. 1.4.2.2). At the most detailed level (A.3), the full-resolution data on VEC
abundance distributions are used (i.e. population fraction in each grid cell), providing
a more accurate measure of potentially impacted fractions of the VEC (population
loss, impacted coastline length or seafloor area). This is suitable for more detailed
studies, e.g. analyses in sensitive areas, detailed decision making etc. and are used
for further calculations in the next step, recovery time calculations (step B).

1.3.3.2 Recovery Estimation (Step B)

In the second main step (B), the duration of the impact (i.e. the total recovery time)
is calculated as three time-factors for each VEC; the impact time (timp) describes
the time until full impact is seen, lag time (tlag) is the time before restoration can
commence (where relevant), and restoration time (tres) is the time it takes for the
resource to recover from re-growth starts to pre-spill levels. For the four environ-
mental compartments, different parameters and sub-models are used to calculate
restoration times. The restoration time for birds and marine mammals is calculated
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based on the population loss using a discrete logistic growth model. For the water
column, a global fish-population model has been built that translates the egg or
larvae loss to a restoration time for the adult spawning stock biomass. The shore-
line restoration calculations use a simpler look-up table to estimate the restoration
time for a specific ESI shoreline type. Restoration time in soft seafloor substrates is
calculated by a linear relationship between the amount of oil in the sediment above
a threshold value and the expected maximum concentration of Total Hydrocarbon
(THC) resulting from sedimentation of oil.

1.3.4 Introducing the Resource Damage Factor

ERAAcute introduces the ResourceDamage Factor (RDF) as an index that combines
the extent of impact and duration of impact described by the recovery time. RDF
was previously denoted Resource Impact Factor (RIF) (Stephansen et al. 2017a,
b; Spikkerud et al. 2006) but this was updated to better clarify that the concept
includes both extent and duration of the impact in the damage assessment. In Fig. 1.2,
RDF is illustrated by the geometric area representing the combination of extent (y-
axis as loss) and duration (x-axis). Its calculation is slightly different in the four
compartments (Chap. 3). The RDF supplements the recovery time as an endpoint of
the damage assessment. Figure 1.2 illustrates impact as a fraction of the VEC lost
(e.g. population loss) and the calculation of time factors and RDF.

Fig. 1.2 Basic illustration of the use of impact as resource (VEC) loss and time factors to calculate
the Resource Damage Factor as the geometric area representing the combination of extent and
duration of impact
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1.4 Inputs Needed for ERA Acute

1.4.1 Oil Spill Trajectory Modelling

ERAAcute does not include an oil spill trajectory model. Oil drift simulationmodels
used should provide results from a multitude of single simulations exported to a
standardized grid format. Each simulation has a start date and a duration, which is
used to identify the relevant month. Each cell in each simulation has output values
of the necessary oil inputs.

Although the ERA Acute project has used SINTEFs oil spill trajectory model Oil
Spill ContingencyAndResponse (OSCAR) as an example for development purposes,
oil drift simulations are carried out separately using any preferred oil drift model that
can provide the necessary parameters in the right format for input to ERA Acute.
The format (the parameters and their units) is specified a separate report (Brönner
et al. 2017).

ADefinedSituation ofHazard andAccident (DSHA)may consist of one or several
scenarios (see Sect. 3.1) where each scenario represents a rate-duration combination
and a spill location depth and is modelled in numerous simulations. The scenarios
have different probabilities, defined by a probability distribution. Single simulation
results must contain the oil exposure-related input parameters for each compartment
in each cell. Initial impacts are calculated in individual cells of single simulations for
every VEC. The impact mechanisms are different in each compartment. Results from
the cells and simulations are aggregated to scenario statistics and DSHA assessments
using the probability distributions of the individual rates, durations and spill depth.
In this way, results are averaged and/or summarized in a series of steps that allow the
investigation of results at several levels. Impacts can be viewed in individual cells
and for single simulations or can be summarized for scenarios or whole DSHAs. A
case can consist of one or more DSHAs.

In order to include the large variation in drift and fate of the oil following an
accidental oil spill, the oil spill modelling is carried out using a stochastic approach
with numerous simulation runs using different historical start dates, representing a
variety of wind and current situations throughout the simulated spill and modelling
duration from a hindcast archive of historical wind and current. The output is a
significantly large number of spill simulations, each representing a historical situation
of how the oil spill would have behaved and impacted different areas on the sea
surface, water column, seafloor or shoreline had it started on a specific historic date.
In this way seasonal and annual variations are included in the statistical results. For
each oil spill simulation, various endpoint parameters are recorded for each grid cell
that will be used to quantify the impact (mortality or habitat loss) for various VECs.
This includes parameters like:

• oil mass and oil film thickness on the sea surface
• surface oil coverage in grid cell above a threshold film thickness
• accumulated oil mass in shoreline or seafloor grid cells
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• total water column concentrations of oil (droplets and dissolved oil components)
or a potential accumulated fish larvae mortality calculated over the duration of
the simulation based on the composition of the hydrocarbons at each time step
and their toxicity, if available from an external model.

Many of the input parameters to ERAAcute from oil drift modelling are averaged
over the spill simulation time steps, i.e. oil film thickness is the average oil film
thickness in a grid cell when there has been oil in the grid cell during the simulation.
For the shoreline and seafloor compartments, the accumulated oil mass at the end of
the simulation is recorded and given as output of the oil drift model, in turn used as
input to ERA Acute to quantify the impact in these compartments.

1.4.2 Valued Ecosystem Components

Asmentioned, aVEC inERAAcute is a natural resource forwhich the environmental
risk is assessed. VEC data are used for the more detailed levels of analysis in ERA
Acute (see description of the levels in Sect. 1.3.3) and VECs are assigned to an
environmental compartment of their primary exposure. The VEC can be a population
of seabirds, turtles or marine mammals, sensitive early life stages (ELS) of a fish
population, a shoreline type or seafloor species or habitat/community “represented”
by a key species.

1.4.2.1 Analysis Level A.1 Impact Analysis

At level A.1 impact analysis, VEC data are not needed (see Sect. 1.3.3.1).

1.4.2.2 Analysis Level A.2 Impact Analysis

If VEC data are limited to a geographic area comprising the location and extent of
a habitat of a species, a spawning area or similar, but no details are known about
the density distributions within that area, simplified VEC data can be prepared for a
compartment to allow for an ERA Acute analysis at level A.2. The data are simple
gridded polygon data where the VEC may be present (see Sect. 3.2.1), which will
be matched with the oil spill input to limit the impact assessment to specific areas.
Many globally available GIS data are readily available for this level, requiring only
gridding of the polygons.
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1.4.2.3 Analysis Level A.3 Impact Analysis

VEC input data at the highest level are gridded to the same standardized format as oil
spill trajectory simulations, containing VEC population (or equivalent) fractions in
each cell. Each VEC is ascribed to the compartment where the main impact occurs.
The parameter values used for the VECs can be changed where relevant, e.g. for
different regions, but globally applicable default values are available.

In order to calculate the most detailed potential impact and recovery of a VEC,
its distribution needs to be mapped into the same grid cells as the oil drift output.
For a population, each grid cell will have a value representing the fraction of the
population present in that cell. Environmental risk will vary between seasons with
the VEC distribution, the VEC distribution data therefore have a monthly resolution.
For shorelines, the shoreline length of each ESI ranking (NOAA 2002) in each grid
cell is used as the VEC unit. For seafloor habitats and/or communities, the area
distribution in km2 within each seafloor grid cell is used.

The VEC data are entered for each of the four environmental compartments in
ERA Acute (Fig. 1.3):

• Sea surface compartment—(Sea birds, marine mammals, turtles)
• Water column compartment—(Fish stocks represented by eggs and larvae)
• Shoreline—(ESI shoreline ranking of shoreline)
• Seafloor—(Benthic habitats/communities or key species).

Sea surface

Water column

Seafloor

Shoreline

Fig. 1.3 Valued ecosystem components are natural resources that are assigned to one of four
compartments sea surface, water column, shoreline or seafloor (Illustration C. Stephansen)
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As for oil drift simulations, VEC-data are entered as input data to ERA Acute.
Figure 1.4 shows a map of a monthly distribution of a sea bird VEC with partial data
coverage.

The distribution of a VEC population within an area is sensitive to the quality
of data, which directly affects the accuracy of the impact calculations. VEC data at
the A.3 level should be prepared using caution and scientific approaches to handle
uncertainty (see Chap. 4). Sources of quality data from specialist scientific insti-
tutions that carry out VEC distribution modelling, validated with observations are
preferable. For example, for seabirds, colony data with additional foraging area
distributions around the colonies are relevant for breeding seasons, whereas data for

Fig. 1.4 Example of a monthly distribution map showing population fractions of a seabird VEC
in each grid cell with a limited geographic coverage of the data set
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migration and wintering areas could be established using loggers and other tracking
devices, machine learning techniques etc. to estimate and validate distributions.
For NCS, the authors have prepared industry standard seabird data using species
distributions from the specialist scientific institutions Norwegian Polar Institute
(NPI) and Norwegian Institute of Nature Research (NINA) under the SEAPOP and
SEATRACK programs (http://www.seapop.no/en/). Data prepared by agent-based
modelling under MARAMBS (Marine Animal Ranging Assessment Model Barents
Sea, DHI) (http://marambs.dhigroup.com/) have also been utilized. Construction of
VEC data for the international validation cases are described in Sect. 4.1.4. For
all ERA Acute parameters, default values are suggested based on assessment of
available scientific knowledge. However, parameter values related to the VEC and
specific population in question should be assessed, tested and if necessary, adjusted
and validated for the specific VEC population.

1.4.3 Model Input Parameters

ERA Acute calculation functions use many parameters which have values that are
specific for certain species or regions (upper right light orange box in Fig. 1.1).
Recommended values based on literature studies are supplied for use in the Northern
Atlantic/NCS region with the software tool and documented in the methodology
development reports (Bjørgesæter and Damsgaard Jensen 2015; Brude et al. 2015;
Brönner et al. 2015; Stephansen et al. 2015). These values can be changed by the
user if other values are considered more appropriate for another specific region or
when future research provides new knowledge. However, it is strongly recommended
to obtain consensus for the parameter values used in analyses that are carried out
for example within the same regulatory framework or region, in order to compare
analyses.

1.5 From Spill Scenario to Case and from Damage to Risk

The basic concepts of impact and recovery calculation in ERA Acute have been
described in Sect. 1.3 and are described in greater detail in Chap. 3. In order to
calculate risk from the estimated consequences, the probability of the damage also
has to be taken into account. For this, the case needs to be analyzed with the correct
distribution of probabilities between the elements that contribute to the risk.

To give an example, say a risk assessor needs to analyze the annual environmental
risk related to accidental oil spills for an oil field in production. This is the Case.
The possible spills that contribute to the analysis case may be different DSHAs (see
Sect. 1.4.1) A DSHAmay be pipeline leakages or blowouts from loss of well control
during drilling ormaintenance, or other spill scenarios related to the activity or annual
activities on the field. The first step is to define which DSHAs that make up the case

http://www.seapop.no/en/
http://marambs.dhigroup.com/
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Fig. 1.5 A case can consist of several DSHAs that in turn consist of one or several scenarios. For
each scenario several simulations are run (with equal probability contribution within the scenario),
giving results in cells

to be analyzed, and to determine the frequency for each. Each of these DSHAs have
individual frequencies (probabilities of occurring) per annum or per activity, based
on statistics from historic incidents.

A DSHA in turn consists of one or several spill scenarios, which in ERA Acute is
defined as a spill situation characterized by all the properties of the scenario where
the rate and duration differ between the scenarios. One scenario within a DSHA
is defined by a spill rate and duration combination, all other properties (location,
oil type etc.) are the same within the DSHA. A blowout DSHA, for example, may
consist of many spill scenarios representing surface or seabed releases or a range
of blowout rates and durations representing spills from open hole, annulus or drill
pipe. The spill scenarios are commonly presented in a rate-duration matrix with a
probability distribution between the scenarios, given as input to the calculations.

For each scenario, several oil drift simulations are run as described above. The
calculations are run “bottom-up” starting with the single cell calculations in the
simulation and ending with the results for the whole case.

The results are typically viewed from the case perspective and drilled down to
scenarios for example to illustrate which of the spill scenarios contributes the most
to environmental risk (Fig. 1.5). As oil and gas activities can have many different
spill scenarios, it is also relevant to show the individual risk for each spill scenario
or the aggregated risk of the DSHA or the Case. From a scenario, results can be
drilled down even to single simulations, relevant e.g. for viewing extreme situations.
Figure 1.6 shows this model framework up to a DSHA.

1.6 What Can ERA Acute Results Be Used for?

ERAAcute hasmany endpoints (impact, recovery times andRDF), and the flexibility
in the use of data detailing makes ERA Acute useful for both screenings and more
in-depth risk assessments in several Environmental Risk Management applications
(see Chap. 2).
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Fig. 1.6 Structure of ERA Acute with four compartments and cell and simulation-to-DSHA build.
Each of the spill scenarios has a probability

Results are presented as average impacts or time factors, maximums and mini-
mums, as graphs ofmonthly results for one or several VECs, probability distributions
and frequencies. A common set of recommended presentation formats are developed
to facilitate standardized analyses and user-friendly risk analysis endpoints. In-depth
knowledge of the sensitivities of the model and its inputs is a necessary background
for setting operator-specific boundaries of risk acceptance for each endpoint, as well
as adapting datasets and input parameters in the model.

Asmentioned, at itsmost detailed level, ERAAcute requires several types of input
data as well as understanding of the implications of the analysis area scale and the
transparency of input data. Screenings from the first levels provide a good basis for
decision-support in early stages of project development, whereas the most detailed
results are beneficial in other environmental risk management processes, authority
applications etc. Endpoints from a variety of calculation steps can be presented or
post-processed to answer questions in analyses such as ERAs or impact assessments
or can be used to compare and select the response option(s) that will best mitigate
the overall impact and risks such as for Spill Impact Mitigation Assessments, Net
Environmental Benefit Analysis and company-specific risk matrix approaches (see
Chap. 2). It can therefore provide quantitative input to comprehensive comparative
methods such as described by Bock et al. (2018), whichmay also include stakeholder
engagement processes and value-based weighting/scoring.

The use of a continuous function in the impact calculations is expected to be
valuable when comparing e.g. risk mitigation by use of oil spill recovery options,
since the impact calculations will be able to better detect the effect of small variations
in exposure than a model based on oil amounts in categories. Category-based models
will assume the same impact probability distribution whether the oil amount is the
lowest or the highest amount within the category interval. For example, in MIRA the
impact is the samewhether the oil amount in a cell is 1 ton or 99 tons,whereas 100 tons



1.6 What Can ERA Acute Results Be Used for? 15

of oil brings the impact into the next impact category.Using the continuous function in
ERAAcute will mitigate this shortcoming and is especially useful for comparing risk
between alternative cases and solutions, such as for SIMAs. Although in some cases
a category-based method may result in higher impact for a small spill, a continuous
functionwill bemore sensitive to subtle changes in exposure. ERAAcute is therefore
expected to be more suitable for analyzing efficiency of mitigation of smaller spills
than a category-based method, which is especially important in environmentally
sensitive areas.

Because ERAAcute quantitatively evaluates the impact and risk in grid cells, risk
assessors can view results in maps at various assessment steps using a geographical
information system for any region globally. An ERA Acute environmental risk map
for a VEC can show where the risk is high or low, for example by showing average
population loss from all simulations or by highlighting the worst case by showing
maximum population loss. The environmental risk assessor can identify areas of
high risk for use in decision support and spill response planning, independently
of the region. All georeferenced results are useful for strategic use of geographic
information in risk management and planning.

For detailed studies of scenario impacts, analysis endpoints can be plotted against
frequencies in risk matrixes. Since many spill simulations have been carried out for
each spill scenario, a probability distribution is obtained of different outcomes in
terms of environmental damage. The various impact and recovery time endpoints in
ERA Acute can be categorized according to level of seriousness and the probability
for defined categories of environmental damage can be calculated, e.g. “minor”,
“moderate”, “serious” etc. These severity categories are subjective, based on operator
preferences or industry standards where relevant (see Chap. 2 for more detail). The
applications of the methodology are discussed in Chap. 2.

1.7 Model Sensitivity and Uncertainty Issues

As a quantitative impact and restoration model, The ERA Acute methodology
attempts to describe in mathematical terms the magnitude and duration of the impact
from an accidental oil spill. The ability of such a model to accurately quantify the
relationship between the exposure and the impact in terms of mortality depends on
our understanding of underlying mechanisms of harmful action and how well these
can be implemented into mathematical functions. In developing such models, there
are numerous decisions to be made, regarding e.g. complexity versus data avail-
ability, simplification versus inaccuracy etc. It has been a major goal of the project
to develop a model that could be used robustly if there is a low availability of data
on presence of resources, but also to be able to utilize high-quality data where these
are available.

As a model that uses data on resource presence and exposure-parameters from oil
drift simulations to determine exposure and lethality probabilities (denoted pexp and
plet , described in Chap. 3), the model is naturally sensitive to these and other inputs.



16 1 Introduction to the Concepts and Use of ERA Acute

Transparency is therefore needed when presenting results, and as with all other
models, users need to verify both data coverage and applicability before entering
data into the model. It is recommended that VEC data from the different levels
(A.1, A.2 and A.3) are not mixed in the same analysis, e.g. by using presence/no
presence data for one VEC and fraction of populations for another VEC, as the
calculated results reflect the VEC cell value directly. Different data types should
be separated when showing results. Many options are possible for the VEC “unit”,
the parameter that defines the seasonal and geographical distribution (denoted N in
calculations), and the ERA Acute industry guideline (NOROG 2020) will advise on
data use for standardized applications of the ERA Acute methodology, including
setting the analysis scale. The model implementation software handles differences
in data set levels but uses the VEC distribution parameter-value transparently and
directly. Users must therefore still apply scientific caution when using data sets from
different sources, especially when comparing and interpreting results, as is the case
for all models.

Comparing results between compartments can be particularly challenging in
models like ERA Acute, because the impact calculations are based on compartment-
specific modes of action and ERA Acute therefore uses compartment-specific func-
tions behind the calculations of lethality and exposure. In e.g. the surface compart-
ment, laboratory-controlled experiments cannot be used to determine the quantitative
relationship between dose and response. For some mechanisms, such as smothering
or oiling on feathers, a dose-response relationshipmay not even be clear, althoughwe
intuitively understand that a large spill may have a higher impact than a smaller spill.
Different approaches have therefore been used in the model development, utilizing
as far as possible the knowledge available of impact mechanisms, impact magni-
tudes after known oil spills and various theoretical approaches. Since the units of
the VEC distribution parameter-values and therefore also the endpoints are different,
the numerical results in compartments cannot be compared directly, but users may
compare for example results as relative to a maximum or in severity categories care-
fully defined for each compartment. Relative differences in risks within a single
compartment may be compared directly between cases. Comparisons are relevant
e.g. in SIMA analyses. Keeping the integrity of each compartment is important, both
when it comes to the possibility for the analyst to interpret results clearly and for the
use of the different endpoints in practical applications. Weighting the result-levels
between the four compartments has so far not been part of the methodology devel-
opment. Also, under different regulatory frameworks there may be different require-
ments regarding weighting between VECs and/or compartments, or to which degree
stakeholders are involved in the assessment process or whether the management
process includes stakeholder value scoring of VECs (e.g. Bock et al. 2018).

ERA Acute uses a series of input parameters that are entered into the model
at various stages. The ERA Acute methodology has been tested with respect to
sensitivity towards important input parameters, using statistical and deterministic
testing methods as part of the uncertainty handling (Chap. 4). The model is flexible
in design by allowing the user to change some of these parameters if other values
are more relevant regionally. However, within a region, it is recommended that the
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parameters are used with consensus within the industry, to obtain comparable results
between analyses. As an example; for sediment substrates, finding as accurate as
possible values of e.g. total organic carbon content (TOC) will improve the result
accuracy. On the other hand, measurements of TOC vary greatly with the local
conditions (e.g. background contamination) and the uncertainty may be high. The
sensitivity of eachmodel step to its parameters was therefore the subject of a separate
study in the project and is the focus of Chap. 4. The input parameters and the proposed
standard values were tested for their relative importance to the outcome of the model
in the sensitivity and validation phase of the project.

As far as possible, results have also been validated against impact estimates from
two historically important oil spills, the Exxon Valdez Oil Spill and the Deepwater
Horizon Oil Spill. Comparing the model against historic spills is a particularly inter-
esting and challenging task described in Chap. 4 “Testing and Validating against
Historic Spills”. Whilst such model validations have many limitations, as impact
assessments from the historic spills in themselves also contain uncertainties as results
of modelling and calculations, we found that the results of ERA Acute calculations
fellwithin the boundaries of the impact estimates from the spills.We therefore believe
that the model is ready to be used and that further experience and work will refine
and improve it over time.
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