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Key message

Estimated risk of disturbance to harbour porpoise from reported anthropogenic impulsive sound decreased
by 48% from 2015 to 2017, then increased 31% from 2017 to 2019. Exposure of harbour porpoise to
anthropogenic impulsive sound was typically greatest during August-October. More comprehensive
reporting will improve confidence in the assessment.

Background (brief)

OSPAR endeavours to keep the introduction of energy, including underwater noise, at levels that do not
adversely affect the marine environment. Sound is a by-product of human activities in the marine
environment (e.g., shipping or construction) or is produced intentionally for the purposes of surveying the
seabed or water column. Sound is referred to here as ‘noise’ only when it has the potential to cause negative
impacts on marine life.

The introduction of anthropogenic sound became widespread with the advent of motorised shipping, and
now has a wide range of sources. Anthropogenic sound sources are categorised as impulsive or continuous.
This assessment addresses impulsive sound sources, which include percussive pile driving for inshore and
offshore construction (Figure 1), seismic surveys (using airguns) to map subsea oil and gas deposits,
explosions, and some sonar sources.

Impulsive sound sources are capable of causing permanent hearing damage and blast injuries, and have been
observed to cause temporary displacement of small cetaceans (e.g., harbour porpoise), increased
physiological stress in some fish species (e.g., European seabass), and developmental abnormalities in
invertebrate larvae. While effects on individual animals have been shown for a number of species, there is
uncertainty over whether and how the effects of sound on individuals are translated to the population or
ecosystem scale.

This indicator assesses the estimated exposure to anthropogenic impulsive sound of species known to be
particularly sensitive to disturbance or physiological stress from such sound. This exposure assessment is
taken as a measure of the risk of impact on each species considered. Using data from the most recent
pressure assessment of anthropogenic impulsive sound (which covered 2015-2019) together with monthly
or seasonal maps of estimated species distributions or habitats, the extent of exposure is estimated.

Figure 1: Pile driving operation with bubble curtain. © Trianel/Lang
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Figure 2: Harbour porpoise (Phocoena phocoena). © Solvin Zankl

Background (extended)

Human activities introduce many types of energy into the marine environment including sound, light and
other electromagnetic fields, heat, and radioactive energy. Of these, the most widespread and pervasive is
underwater sound. It is likely that the amount of underwater sound has been increasing since the advent of
steam driven ships although there have been very few studies to quantify any such increase in the OSPAR
Maritime Area.

Anthropogenic sound is commonly known as noise, but for the purposes of this assessment the term ‘noise’
is used only in relation to sound that has the potential to cause negative impacts on marine life. The term
‘sound’ is used to refer to the acoustic energy radiated from a vibrating object, with no particular reference
to its function or potential effect. ‘Sounds’ include both meaningful signals and ‘noise’ which may have either
no particular impact or may have a range of adverse effects. The term ‘noise’ is only used where adverse
effects are specifically described, or when referring to specific technical distinctions such as ‘masking noise’
and ‘ambient noise’. (Van der Graaf et al., 2012).

Sound sources can be categorised as continuous or impulsive. Impulsive sounds are of short duration and
with a rapid onset (e.g., explosions, pile driving, seismic airguns, sonar), while continuous sounds are long
lasting and do not have pulse characteristics (e.g., shipping, dredging). Impulsive sounds may be repeated at
intervals (e.g., pile driving), and at distance will become diffused and may have a more continuous nature.
High frequency sounds propagate less well in the marine environment than low frequency sounds, which can
travel far in waters that are sufficiently deep.

Marine organisms that are exposed to anthropogenic sound (e.g., harbour porpoise Phocoena phocoena, see
Figure 2) can be adversely affected over short timescales (acute effect) and over longer periods. Adverse
effects may be subtle (e.g., temporary reduction in hearing sensitivity, physiological stress) or obvious (e.g.,
overt behavioural responses, death). While there is a growing body of literature on the potential effects of
anthropogenic sound on individual animals (Williams et al., 2015), obtaining direct observations of the effects
of anthropogenic sound on particular ecosystems or populations is challenging. As such, there is uncertainty
over whether and how effects on individuals are translated to the population or ecosystem scale.

Descriptor 11 of the EU Marine Strategy Framework Directive (2008/56/EC) contains two Criteria of Good
Environmental Status (GES) in European waters: D11C1 on “Anthropogenic impulsive sound in water” and
D11C2 on “Anthropogenic continuous low-frequency sound in water”. At present, there are no threshold
values for GES, although these are expected to be defined since the Commission Decision 2017/848 requires
that “Member States shall establish threshold values for these levels through cooperation at Union level,
taking into account regional or subregional specificities.” OSPAR has adopted Criterion D11C1 as an OSPAR
Common Indicator, which is the subject of this assessment. This indicator builds on the existing Common
Indicator for pressure from impulsive noise to consider the risk of impact from impulsive noise. The indicator
is based on the spatio-temporal distribution of low-frequency and mid-frequency impulsive sound sources
within the OSPAR Maritime Area, and spatio-temporal distributions of selected acoustically sensitive species
or habitats.
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Assessment Method (extended)

Pressure data on impulsive noise activity were obtained from the Impulsive Noise Registry, which was
developed for OSPAR by ICES, in 2016, to hold data on activities that generate impulsive sound. The registry
accords with the guidelines from the EU Technical Group on Underwater Noise (adopted by OSPAR in 2014;
OSPAR Agreement 2014-08 (Monitoring Guidance for Underwater Noise in European Seas) and is
maintained by ICES. Initially, this registry was supported by OSPAR alone, but is now also used by HELCOM
and may be used by other Regional Seas Conventions in the future. Data have been uploaded for several
countries and this process is expected to continue. The database collates the data in a standard format and
in accordance with the data requirements for the OSPAR Common Indicator on distribution of
anthropogenic impulsive sound (OSPAR, 2014).

This assessment uses Impulsive Noise Registry data from 2015-2019. Details of this dataset are provided in
the Common Indicator assessment of pressure from impulsive noise, which covers the same period, and
which also describes refinements in the use of spatial units to reduce over-estimation. The methodology is
outlined in the indicator specification sheet (OSPAR, 2019) and follows a nine-step process as outlined
below. As an overview, a simplified example workflow for computing the indicator is shown in Figure a.

(a) Define management area (MA) {b) Population density as % of (C}) Noise pressure map as %
population within MA duration of period

B High

() Exposure indicators (e} Exposure curve (d) Risk map
100

Melric Definition

Exposure Area under exposure curve 75

Index (El) (log-transformed and scaled

from 0 to 10, see Figure 3a)

% time exposed during
assessment pericd
(4]
=}

Chrenic % population exposed >

Exposure chronic % time 25

Indicator {CEI}

Exposure % population exposed > 0

Prevalence significant % time b} 25 50 75 100
Indicator (EPI) % population within MA exposed

Figure a: Example workflow for mapping risk and calculating exposure indicators. Example population
density (b) is modelled North Sea harbour porpoise density during autumn (Sep.-Nov.), from Gilles et al.,
(2016). Noise pressure map (c) is based on impulsive noise data reported for the OSPAR Maritime Area in
Sep.-Nov. 2015. Merchant et al., (2018).

The nine-step methodology for the assessment proceeded as follows:
1. Select indicators species

According to evidence of adverse effects and management priorities, such as conservation status, availability
of distribution/habitat data, and whether representative of other species/taxa. This work forms part of the
assessment process.

The 2019 Common Indicator assessment indicated that most reported pressure from impulsive noise
occurred in the North Sea (OSPAR, 2019): in 2017, when the difference was least, 901 Pulse Block Days (PBDs)
occurred in OSPAR’s Region Il (Greater North Sea), compared to a combined total of 576 maximum in other
OSPAR Regions. In the North Sea, the most common cetacean species is the harbour porpoise, which is also
known to be particularly sensitive to anthropogenic impulsive sound, with displacement of around 20 km
reported from around unabated pile driving operations for offshore windfarms (Tougaard et al., 2009; Ddhne
et al., 2013), 12 km from around abated pile driving operations (Dahne et al., 2017), and up to 12 km from
seismic airgun surveys (Sarnocinska et al., 2020). This is also a species with relatively high-quality modelled
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density estimates (e.g. Gilles et al., 2016) in the North Sea. As a relatively sensitive cetacean species, the
harbour porpoise may serve as a sentinel for other cetaceans. For these reasons, the harbour porpoise was
selected for inclusion in this first indicator assessment.

2. Define assessment area

For example, spatial boundary for a population at an ecologically relevant scale (management unit); defined
habitat (MPA, spawning area, etc.); existing management areas.

The assessment area covers all habitat for the species for which pressure and species/density data are
available. For harbour porpoise, the modelled densities published by Gilles et al., (2016) were recommended
for use in this assessment by the OSPAR Marine Mammal Expert Group (OMMEG). These data cover most of
the North Sea (Figure b), and are available for the months March through November. Impulsive noise data
were first reported to the Impulsive Noise Registry (INR) by Norway for 2019, and so the Norwegian EEZ was
excluded from the assessment for the years 2015-2018 (Figure c), except for a small buffer on the
Denmark/Norway border where some seismic survey activity was reported inside the Norwegian EEZ.

Figure b: Assessment area defined for harbour porpoise with annual average density (animals per km?)
computed from Gilles et al., (2016). Full extent of Gilles et al., (2016) modelled area.
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Figure c: Assessment area defined for harbour porpoise with annual average density (animals per km?)
computed from Gilles et al., (2016). Area used in the assessment, cropped to remove Norway, since activity
was unreported for this Contracting Party during 2015-2018.

3. Define spatial and temporal resolution of indicator
Based on data availability and ecological relevance.

Temporal resolution: the data in the INR have a temporal resolution of 1 day (deriving from the unit of Pulse
Block Day, PBD), while the species densities are seasonal (Gilles et al., 2016). Consequently, risk maps and
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exposure curves (see below) were computed at the resolution of months (March-November), and then
aggregated to produce annual values.

Spatial resolution: the INR data uses ICES statistical sub-rectangles, which are approximately 20 km square,
although this varies with latitude. The species density maps have a spatial resolution of 2 minutes. It was
decided to retain the spatial resolution of ICES statistical sub-rectangles for consistency with the pressure
indicator.

4. Specify estimated animal density or habitat area of indicator species

Use density estimation data if available and appropriate, otherwise use areas (e.g., habitat quality mapping,
MPA, Spawning grounds, etc.).

Ideally, species distribution data would be contemporaneous with the assessment period, with high spatial
and temporal resolution and low uncertainty. However, the limited scale of marine mammal monitoring
constrains the quality of available data. Of the available data, the density maps published in Gilles et al.,
(2016) and updated in 2020 based on field observations made during 2014-2019 (Gilles et al., 2020) were
chosen for harbour porpoise on the recommendation of OMMEG due to the relative robustness of the
density estimates.

5. Produce pressure maps

According to a defined effect, e.q., avoidance, and source properties. May be based on distance of effect or
on acoustic modelling depending on data availability and relevance to the impact being assessed. The use of
data on noise levels, optionally reported to INR, should be included when available to encourage a more
detailed analysis of risk impact if appropriate.

The distance of effect for harbour porpoise displacement was reviewed for the sources in the impulsive noise
registry. This data is typically inferred from statistically significant reductions in porpoise echolocation activity
at click detectors located at a range of distances from the noise source (although some aerial survey data are
available for pile driving). To compute the footprint of each activity, the ICES sub-rectangle in which the
activity occurred was assumed to be entirely affected, and the distances of effect from Table a were then
added as a buffer around this source sub-rectangle.

Table a: Distance of effect used for each source type.

Distance of

effect (km) References / rationale

Source type

No data on porpoise behavioural responses. Source is
Explosions 20 more intense (though shorter lived) than pile driving;
effect assumed to be at least as severe as a precaution.
Significant decrease in porpoise echolocation activity
observed at up to 12 km (Sarnociniska et al., 2020)
Significant decrease in porpoise echolocation activity
Sonar/ADD 20 observed at 15-18 km from ADD source, the maximum
range measured (Ddhne et al., 2017)
Mostly applies to non-airgun seismic sources, which
Generic 12 are unlikely to exceed distances of effect for seismic
airguns
Significant decrease in porpoise echolocation activity
Unabated pile observed at 21 km (Tougaard et al., 2009), and aerial
. 20 . L
driving surveys have shown strong avoidance within 20 km of
the source (Ddhne et al., 2013)
Significant decrease in porpoise echolocation activity
Abated pile 12 observed at up to 12 km (Ddhne et al., 2017), and up to
driving 14 km in some early cases (Brandt et al., 2018),
although the efficacy of abatement systems is

Airgun array 12
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understood to have improved since these early
deployments, which occurred prior to 2015.

6. Compute exposure/risk map by combining 4 and 5
Including quantitative assessment of confidence in the risk values derived.

The risk maps indicate the greatest co-occurrence of pressure and receptors. In other words, the assessment
considers risk of impact to scale with exposure to impulsive noise pollution. The risk maps were computed
as the base 10 logarithm of the average number of PBDs per day in each block (i.e. averaged across the
assessment period, e.g., a month or year) multiplied by the number of animals estimated to be in that block
according to the density data. Using the average number of PBDs per day means that monthly maps and
annual maps can be plotted using the same metric.

7. Derive exposure curve
Including confidence bounds.

Exposure curves were computed following the methodology described in Merchant et al., (2018). These are
plots of the percentage of the population density exposed to impulsive noise, vs. the percentage of the
assessment period that exposure occurred, as shown in Figure d. The exposure curve may also be computed
using percentage of habitat instead of percentage of population.

100
— EI=12.0

80

60

% time exposed

0
0.0 25

50 75 100 125 15.0 175 20.0
% population density exposed

Figure d: Example exposure curve.
8. Compute exposure/risk indicator(s)
Scaling of index may be logarithmic or linear.

The exposure index integrates the area under the exposure curve to give a single number indicative of the
overall amount of noise exposure for a population or habitat. The methodology was originally proposed in
Merchant et al., (2018), in which a logarithmic scaling was used (Figure e). Following testing of different
scaling methods and consideration of the most intuitive way of formulating the metric, Farcas et al., (in prep)
propose a linear scaling of the metric from zero to 100, calculated as the square root of the integral under
the exposure curve (Figure f). This means, for example, that an exposure index of 20 means the overall
amount of exposure is the same as would result from 20% of the population or habitat being exposed for
20% of the assessment period. An El value of 100 corresponds to 100% of the population being exposed 100%
of the time, and an El of 0 means zero exposure during the assessment period.
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Figure e: Option for scaling of exposure index. - logarithmic from 0 to 10, proposed in Merchant et al.,
(2018)
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Figure f: Option for scaling of exposure index - linear from 0 to 100.

9. Assess confidence in indicator values
Including sources of uncertainty and implications for the setting of thresholds and monitoring status.

The upper and lower confidence intervals (10" and 90%) of the harbour porpoise density maps were
propagated through the exposure index calculations to quantify how much error this indicated for the
exposure indices. To assess the contributions of different source types to the risk metrics, we also calculated
the number of PBDs for each source type multiplied by the number of animals predicted to be in that ICES
sub-rectangle, and aggregated these values for each assessment year.

Results (brief)

Overall exposure of North Sea harbour porpoise to reported impulsive noise pollution (Figure 3) was greatest in 2015
(E1 16,1), and least in 2017 (El 8,3). The exposure curve showed that a relatively small proportion of the population
density was exposed for a large proportion of time (Figure 4), with up to ~95% of the assessment period in the worst

9
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case during 2015. However, the vast majority of the population density was unexposed, with the maximum being ~13%
of the population density exposed in 2015 (corresponding to 10% of the assessment area), meaning 87% of the
population density was not exposed to any reported impulsive noise pollution in that year (Figure 4). Since harbour
porpoise are a highly mobile species, these results should not be interpreted as meaning that 13% of animals in the
population were estimated to be exposed, but that 13% of the habitat was exposed, when weighted for how frequently
that habitat is used. The number of individual animals exposed may be much higher than 13% of the population, since
individual animals may incur multiple exposures in different parts of the assessment area (and since the reporting of
activity is known to be incomplete). The annual risk maps indicate that risk was much more widespread in 2015 than in
subsequent years (Figure 5). This was due to a large-scale seismic survey programme carried out by the UK Oil & Gas
Authority during this period (Merchant et al., 2020). Daily exposure data (Figure 6) for both population density and
habitat area demonstrated that exposure was not consistently concentrated in areas with higher porpoise densities.
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Figure 3: Annual exposure indices for harbour porpoise
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Figure 4: Corresponding exposure curves for harbour porpoise
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Figure 5: Annual risk maps for harbour porpoise for 2015-2019. Available at: ODIMS (2015, 2016, 2017,
2018 and 2019)
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Figure 6: Daily exposure of harbour porpoise habitat area (left axis) and population density (right axis) for
2015-2019 based on the habitat area specified in Figure c. Note that population density data available only
for March-November.

Monthly analysis across the five years (Figure 7) indicated that exposure was greatest in August-October,
peaking in August with an average El across 2015-2019 of 15,3, and around 2% of the population density
being exposed for 50% of the month. The monthly risk maps (Figure 9) indicate that risk was most widespread
from August-October, with large areas of the northern North Sea exposed more intensively. In 2015 and
2016, seismic airguns contributed the majority of estimated disturbance to harbour porpoise (Figure 10),
amounting to 77% of 51% of the total, respectively (Table 1), whereas in later years no single source
dominated. The proportion attributable to piling was unusually low (2%) in 2019 (Table 1).
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Figure 7: Monthly exposure indices for harbour porpoise (average across 2015-2019)

100 ¢
—— Mar EI=10.9
—— Apr EI=11.7
—— May EI=9.9
80 Jun EI=9.8
—— Jul EI=9.4
—— Aug EI=15.3
2 —— Sep EI=14.0
§ 60 —— Oct EI=12.9
X —— Nov EI=8.7
)]
)]
=
S 40
x
20+

00 25 50 75 100 125 150 17.5 20.0
% population exposed

Figure 8: Corresponding exposure curves for harbour porpoise
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Figure 9: Monthly risk maps for harbour porpoise, average across 2015-2019 for each month. Available at:
ODIMS (March, April, May, June, July, August, September, October and November).

2015 2016 2017 2018 2019

Figure 10: Proportion of harbour porpoise noise exposure attributable to each source type. Size of pie
proportional to total exposure reported for that year.

Activities
E Explosions
N Airgun array
mm SonarfADD
- Generic
. Piling
Em Multiple

For the winter months (December-February) the daily exposed habitat area was <2,5% in all years (Figure 6),
while during March to October this was typically <5%.
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The use of noise abatement systems was reported for some pile driving operations in German, Danish, Dutch,
and Belgian waters (Figure 11), which reduced the exposure indices by at least between 0,1 and 0,9
depending on year (Figure 12). It should be noted that this is likely to be an underestimate in exposure
reduction due to the conservative assumptions underlying the exposure calculations, since the methodology
was designed to reduce inconsistencies between data types reported by Contracting Parties rather than the
calculation of the reduction of exposure by noise abatement. Further abatement measures in future would
improve upon this risk reduction. In the subset of the area covered by harbour porpoise MPAs (Figure 13),
the exposure was lower inside the MPAs than outside during 2015, 2016, and 2019, but higher in the
intervening years (Figure 14). Reductions in noise exposure due to noise abatement of pile driving were also
lower within Special Areas of Conservation compared to the whole assessment area (Figure 15), ranging from
0to 0,7. It should be noted that these MPAs were not defined with noise abatement in mind.

Table 1: Proportion of harbour porpoise noise exposure attributable to each source type. The generic
category is thought to be dominated by non-airgun seismic sources.

Source type % of 2015 % of 2016 % of 2017 % of 2018 % of 2019
exposure exposure exposure exposure exposure
Explosions 1 1 11 7 6
Airgun array 77 51 24 25 a7
Sonar/ADD 0 0,1 0 0,2 0
Generic 2 23 19 35 37
Piling 16 22 42 31 2
Multiple 2 3 4 3 9

y

| 100 - 200

Figure 11: Pile driving activity reported during 2015-2019 for which noise abatement technologies (left)
were not applied, and (right) were applied.
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Figure 12: Effect of pile driving noise abatement on exposure curves and indices for 2015-2019.

Figure 13: Harbour porpoise MPAs (outlined in green) and corresponding ICES statistical sub-rectangles
included within the MPA exposure analysis.
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Figure 14: Comparison of exposure indices within full assessment area and within harbour porpoise MPAs
for 2015-2019.

17



Risk of Impact from Anthropogenic Impulsive Sound

20.0 Without Actual
abatement  exposure
17 5 2015 EI=12.5 EI=11.8
' 2016 EI=9.1 EI=9.0
2017 EI=10.9 EI=10.4
15.01 2018 ET1=13.4 EI=13.0
2019 FI=9.8 EI=9.8
S 12,5
g
£
[(}]
< 10.0-
(7]
(@]
<
X 7.51
5.0
2.5
0.0-

2015 2016 2017 2018 2019
Year

Figure 15: Effect of pile driving noise abatement on exposure curves and indices within harbour porpoise
MPAs for 2015-2019.

There is a moderate confidence in the methodology used and low confidence in the data availability.

Conclusion (brief)

This first assessment of the OSPAR Common Indicator for the risk of impact from anthropogenic impulsive
sound shows that the estimated disturbance to harbour porpoise from anthropogenic impulsive sound has
declined between 2015-2017, but increased between 2017-2019. Relatively high levels of seismic survey
activity were reported during 2015 and 2016 due to a large-scale survey of UK waters, which explains the
pronounced decline in 2017 (Table 1). There was notable seasonal variance in the estimated disturbance,
with greatest risk during August-October. The greatest exposure index was 15,3 for August (equivalent to
15,3% of the population density being exposed to impulsive noise for 15,3% of the month averaged over the
assessment period), with 2% of the population density being exposed to noise for 50% of the month. For the
winter months (December-February) the daily exposed habitat area was <2,5%. while during March to
October this was typically <5%. The maximum was 10%, reached in September 2015. Noise abatement
applied to pile driving operations reduced annual exposure indices by up to 0,9. This indicator tracks the risk
of impact on selected species based on their exposure to impulsive noise pollution, which is taken to increase
the risk of population-level consequences. However, it does not make an explicit assessment of the risk of
population consequences, which must also take into account other stressors in addition to disturbance from
anthropogenic impulsive sound. Future assessments will consider additional species for risk assessment, and
more comprehensive reporting in future years should reduce uncertainty in the impulsive sound activity used
in the assessment.
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Knowledge gaps (brief)

While the best available data for North Sea harbour porpoise has been used, there are nevertheless
uncertainties in these modelled estimates of animal density, which will translate into uncertainties in this
assessment.

This assessment is based on the data reported to the Impulsive Noise Registry, and it is known that there are
activities which are unaccounted for due to lack of reporting (e.g., unlicensed activities such as the use of
acoustic deterrent devices in fish farms, certain geophysical surveys and classified military sonar).

More specific data on the responses of selected species to noise sources in the registry (e.g., dose-response
curves for each source/receptor combination) may allow for a more precise assessment of the risk of impact.

While this first assessment of the indicator covers only harbour porpoise, future assessments may encompass
further marine mammal species, and fish or invertebrate species.
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