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What is this document about?  
This document sets out NRW’s position on assessing significance and adverse effects on 
site integrity from hearing injuries (i.e. permanent threshold shift (PTS)) sustained from 
underwater noise generated by marine development. 

Who is this document for?  
The Position Statement is aimed at:  

• Those within NRW who may be advising on Habitats Regulations Assessment 
(HRA) of Special Areas of Conservation (SACs) with marine mammal features  

• NRW Marine Licensing Team, who may wish to understand how this advice should 
be applied  

• Other Competent Authorities (CA) / regulators / UK Statutory Nature Conservation 
Bodies who may wish to understand our approach and consider its use in 
conducting HRA on sites with marine mammal features  

• Developers and their consultants who wish to understand this approach and submit 
applications with enough information to allow the CA to assess sites with marine 
mammal features in the same way 
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1. Introduction 
Exposure of marine mammals to loud sounds, such as those generated by pile driving, can 
lead to reductions in hearing sensitivity known as “threshold shifts”. These can either be 
temporary (TTS), or permanent (PTS) and can be caused by both impulsive and 
continuous noise. In the UK, PTS is considered an injury (SNCBs 2010). Threshold shifts 
are assessed using the most recent set of auditory injury criteria (currently Southall et al 
2019), and these thresholds are estimated on TTS data, since it is unethical to cause PTS 
in test animals. To account for the different aspects of sound exposure and duration dual 
metrics (unweighted SPLpeak and frequency-weighted SEL) are used to assess for PTS. 
Exceeding either threshold by the specified level is sufficient to result in PTS onset. Sound 
sources are defined as impulsive or continuous based on their characteristics at the 
source (Southall 2007, 2019). To avoid complexity, impulsive noise sources are 
distinguished based on the the nature of the sound at the source despite known effects 
where impulsive noise gradually becomes more continuous at greater ranges (Southall, 
2019). The Southall et al (2019) guidelines have been endorsed by the UK’s Statutory 
Nature Conservation Bodies (SNCBs), and are a revision of and supercede the older 
Southall et al (2007) guidelines. 

The hearing injury pathway requires assessment under the Marine Works (EIA) 
Regulations (2007) or the Conservation of Species and Habitats Regulations (2017). 
Although the process for assessing hearing injury is the same for both an Environmental 
Impact Assessment (EIA) and Habitats Regulation Assessment (HRA), significance can be 
levied at different reference population levels. This is typically at Management Unit (MU) 
level for an EIA, and either at the site level or the MU level for an HRA.  

This document sets out NRW’s advice on how to assess significance and adverse effect 
on site integrity (AEOSI) from PTS from underwater noise, including which metrics to use 
and consider for mitigation, and assumptions to make regarding characteristics of 
impulsive noise. NRW has produced a parallel technical appendix which further informs 
this position statement. 

2. NRW position on assessing significance and 
AEOSI from PTS 

2.1 Assessing significance and AEOSI from PTS 
To assess the potential impact of PTS, we recommend the use of appropriate bespoke 
modelling to predict the spread of sound from its source over an increasing area (referred 
to as sound propagation). The sound level decreases with range, and the distance from 
the source at which the sound decreases to below the level of PTS onset (the PTS 
threshold) can be determined.  The number of animals affected by PTS can be estimated 
by multiplying the maximum area where PTS will occur by the species density.  
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To assess the level of effect from PTS and whether that is significant (in an EIA) or an 
AEOSI (in an HRA), we recommend the use of the Interim Population Consequences of 
Disturbance (IPCoD) model (Harwood et al 2013). Here, the number of animals with PTS 
is compared to the underlying reference population. For EIA purposes the reference 
population used is the Management Unit (MU), whereas for HRA conservation objectives 
relate hearing injury to population viability either at the site level or the management unit 
level where typically the species should be maintaining itself in the long term as a viable 
component of the site. 

If, as a result of PTS, a population shows a continued decline of >1% per year (versus a 
modelled unimpacted reference population) over a set period of time (e.g. the first 6 years, 
based on the former Favourable Conservation Status (FCS) reporting period), then there is 
a high likelihood that a significant effect and AEOSI cannot be ruled out. This is dependent 
on the case specifics and subject to expert judgement (for further information on the 1% 
threshold, refer to the technical appendix and NRW’s position on determining AEOSI in 
relation to potential anthropogenic removals (NRW, 2022)). NRW may consider alternative 
approaches where adequately justified (e.g. Population Viability Analysis, PVA) in 
consultation with NRW at the scoping stage. 

2.2 Metrics and assumptions 
When assessing the impacts of impulsive noise, we recommend that when conducting an 
assessment: (1) both metrics (SPLpeak and SEL) should be evaluated and the one 
predicting the largest range of impact used for the assessment (as recommended by 
Southall et al 2019), and (2) that impulsive noise will retain its characteristics as it 
propagates. 

3. Metrics to use and assumptions on TTS/PTS 
onset and impulsive noise. 

In line with Southall et al (2019) we advise the use of dual metrics for impulsive noise: 
unweighted SPLpeak and frequency-weighted SEL. These metrics are needed to account 
for the different aspects of sound exposure and duration. SPLpeak is a measure of absolute 
maximum exposure at any one time, whereas SEL is a measure of the sound energy of 
exposure accumulated over time. These two metrics are applied under the condition that 
exceeding either threshold by the specified level is sufficient to result in TTS or PTS onset. 
The metric predicting the largest range of impact should be used for the impact 
assessment, and whether mitigation of this pathway is required will be determined by the 
assessment. 

SEL can be cumulative over multiple repeated impulsive noise exposures that occur in 
rapid succession (e.g. a pile driving sequence). This is referred to as cumulative SEL 
(SELcum), and the same thresholds as SEL are used since the exposure builds over many 
events instead of just one. At present, criteria for TTS onset (it is unethical to cause PTS in 
test animals so TTS onset data are used) are based on cumulative exposure over all 
impulsive noise events, without taking into account recovery of hearing between 
successive impulses and as a result this leads to overestimates of the range of PTS onset. 
Some studies have shown that exposures to noise with equal SELcum but with different 
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lengths of time between noise pulses do not result in the same amount of TTS (e.g. 
Kastelein et al 2014a; von Benda Beckman et al 2022). However, the current consensus is 
that more data is needed before we can apply these findings into noise impact 
assessments (Finneran 2015; von Benda Beckman et al 2020; Southall 2021). We 
consider that, at present, there is insufficient evidence to depart from the use of the SELcum 
metric. Where and when sufficient evidence and data is found to support a different 
approach, it may be appropriate to incorporate these in an assessment. 

At ranges over several kilometres impulsive noise gradually becomes more continuous 
due to refraction, absorption and scattering attenuating high frequencies more than low 
frequencies. Sound also reflects off the surface and bottom of the sea taking different 
paths, thus it takes a different amount of time to arrive at a given point, lengthening the 
pulse (Hastie et al 2019; Martin et al 2020). In this way noise that is impulsive at the 
source becomes less likely to cause injury with range however we do not yet have enough 
data about these changes in impulsive character to be able to apply them to impact 
assessments (Southall 2021) although further work is ongoing. We recommend that until 
further evidence is available, a precautionary assumption should be made that impulsive 
noise keeps its impulsive characteristics (i.e. short duration, rapid onset, high amplitude) 
as it propagates away from the source. 

4. Glossary 
Some definitions useful for this position statement are given below. Here, both the official 
terminologies as defined in ISO18405:2017 followed by their more conventionally used 
equivalents have been included, although in this document the conventional terms are 
used. 

• Continuous (non-impulsive) noise: sounds where the acoustic energy is spread over 
a significant time, from seconds to hours. The amplitude of the sound can vary, 
however it does not fall to zero for any significant amount of time. The sound may 
contain broadband or tonal noise at specific frequencies. Sources can include 
shipping, dredging, or operational noise from turbines. The metric most suitable is 
sound pressure level, although sound energy level can also be used if calculated 
over a fixed time period rather than an individual event. 

• Impulsive noise: a pulsed short-duration broadband sound that a sudden onset and 
is often loud. Sources can include pile-driving, airguns, and detonation of 
unexploded ordnance (UXO). For simplicity, here we define impulsive noise sources 
based on their characteristics at the source, despite known effects that take place at 
greater ranges (over several kilometres) where impulsive noise gradually becomes 
more continous. The metrics most suitable are sound exposure level and peak or 
peak-to-peak sound pressure level. 

• Sound Pressure Level (Lp / Lp,rms / SPL / SPLrms): is considered to be a measure of 
the average unweighted level of sound over a given measurement period, and is 
typically used to characterise noise and vibration from a continuous source. Derived 
by taking twenty times the base ten logarithm of the ratio of the root mean square 
sound pressure to the specified reference value (i.e. 1 µPa) (unit: dB re 1µPa) 
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• Peak sound pressure level (Lp,pk / SPLpeak): the unweighted peak sound pressure 
level is the absolute maximum noise level at any one time, and is often used to 
characterise impulsive noise. SPLpeak is determined by measuring the maximum 
variation of pressure from the positive peak to zero within the wave. Also referred to 
as Lp,0-peak or SPL0-peak (unit: dB re 1 µPa). 

• Sound exposure level (LE,p / SEL): the sound exposure level is a measure of the 
sound energy of exposure accumulated over time. It is often used to assess noise 
from impulsive sources. Derived by taking ten times the base ten logarithm of the 
square of the sound pressure integrated over a specified time period (unit: dB re 1 
µPa2s). 

• Single-strike sound exposure level (SELss): single-strike SEL, the sound exposure 
level from a single pile strike. Also referred to as single-pulse SEL when referring to 
impulsive sources other than piling (unit: dB re 1 µPa2s). 

• Cumulative sound exposure level (SELcum): The SEL summed up over multiple 
exposures / multiple impulsive events such as for a pile driving sequence (unit: dB 
re 1 µPa2s). 

• Frequency weighting / auditory weighting: a process where the frequency content of 
a sound is weighted according to a weighting curve to obtain the sound level 
experienced by an animal. They are applied to SEL values but not SPL. Such 
frequency weighting is related to the audiograms of animals, which are graphs that 
show the detection threshold (y-axis) against frequency (x-axis) for a species, or 
group of species with similar hearing capabilities. Essentially, a weighted sound 
level mimics the filtering effect of a mammalian ear, where some acoustic energy is 
filtered out for frequencies which an animal is less sensitive to. For harbour 
porpoise, for example, the most commonly used weighting is the very high 
frequency (VHF) group audiogram in Southall et al (2019). Similarly, for bottlenose 
dolphin, the high frequency (HF) group audiogram is used, and for grey seal the 
phocids in water (PW) group audiogram is used. Other weightings exist such as M-
weightings from Southall et al (2007). 

5. References 
Finneran JJ. 2015. Noise-induced hearing loss in marine mammals: A review of temporary 
threshold shift studies from 1996 to 2015. J. Acoust. Soc. Am. 138, 1702; doi: 
10.1121/1.4927418 

Harwood J, King S, Schick R, Donovan C, Booth C. 2013. A Protocol For Implementing 
The Interim Population Consequences Of Disturbance (PCoD) Approach: Quantifying And 
Assessing The Effects Of UK Offshore Renewable Energy Developments On Marine 
Mammal Populations. Report Number SMRUL-TCE-2013-014. Scottish Marine And 
Freshwater Science, 5(2) 

Hastie G, Merchant ND, Götz T, Russell DJ, Thompson PM, Janik VM. 2019. Effects of 
impulsive noise on marine mammals: investigating range-dependent risk. Ecological 
Applications 29:e01906. 



 
 

7 of 7 

JNCC. 2010. JNCC guidelines for minimising the risk of injury to marine mammals from 
using explosives. 

Kastelein RA, Schop J, Gransier R, Steen N, Jennings N. 2014a. Effect of Series of 1 to 2 
kHz and 6 to 7 kHz Up-Sweeps and Down-Sweeps on the Behavior of a Harbor Porpoise 
(Phocoena phocoena). Aquatic Mammals 40, 232-242. 

Martin SB, Lucke K, Barclay DR. 2020. Techniques for distinguishing between impulsive 
and non-impulsive sound in the context of regulating sound exposure for marine 
mammals. The Journal of the Acoustical Society of America 147, 2159-2176. 

NRW. 2022. PS013  NRW’s position on determining Adverse Effect on Site Integrity for 
marine mammal site features in Wales in relation to potential anthropogenic removals 
(mortality) from marine developments 

Southall BL. 2021. Evolutions in Marine Mammal Noise Exposure Criteria. Acoustics 
Today 17(2) https://doi.org/10.1121/AT.2021.17.2.52 

Southall BL, Finneran JJ, Reichmuth C, Nachtigall PE, Ketten DR, Bowles AE, Ellison WT, 
Nowacek DP, Tyack PL. 2019. Marine Mammal Noise Exposure Criteria: Updated 
Scientific Recommendations for Residual Hearing Effects. Aquat. Mamm. 45:125-232. 

Southall, BL, Bowles AE, Ellison WT, Finneran JJ, Gentry RL, Greene CRJ, Kastak D, 
Ketten DR, Miller PJH, Nachtigall PE, Richardson WJ, Thomas JA, Tyack PL. 2007. 
Marine mammal noise exposure criteria: initial scientific recommendations. Aquatic 
Mammals 33, 411-414. 

Von Benda-Beckman AM, Ketten DR, de Jong CAF, Lam FPA, Kastelein RA. 2020. TTS 
growth and recovery in harbor porpoises exposed to intermittent and continuous signals. 
TNO Report R11513. 78 pp. 

Von Benda-Beckman AM, Ketten DR, de Jong CAF, Lam FPA, Kastelein RA. 2022. 
Evaluation of kurtosis-corrected sound exposure level as a metric for predicting onset of 
hearing threshold shifts in harbor porpoises (Phocoena phocoena), J. Acoust. Soc. Am. 
152, 295 

 


	1. Introduction
	2. NRW position on assessing significance and AEOSI from PTS
	2.1 Assessing significance and AEOSI from PTS
	2.2 Metrics and assumptions

	3. Metrics to use and assumptions on TTS/PTS onset and impulsive noise.
	4. Glossary
	5. References



Accessibility Report



		Filename: 

		PS016 NRWs Position on Assessing the effects of Hearing Injury from Underwater Noise on Marine Mammals 3.0.pdf






		Report created by: 

		


		Organization: 

		





[Enter personal and organization information through the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 1


		Passed: 29


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top
