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Description automatically generated] Application 1848/22: Impacts of shipping underwater radiated noise on the behavior of coastal dolphins 

1.a. Scientific background [bookmark: _Ref51091221]Figure 1: The effect of shipping noise on the foraging of Orcinus orca ORCINUS ORCA shows that the mammal’s their prey detection capabilitiesy rapidly deteriorates as it they gets closer to a vessel.

With the large growing increase in human marine exploration and excavation, our seas have become noisier than ever, with driven by an over 50% an increase in commercial vessels (in terms of deadweight) by over 50% (UNCTAD, 2022). In Israel, recent demands have led to an increase of 20% increase in commercial shipping traffic (UNCTAD, 2022) as well as an increase inand the development of new seaport infrastructure to accommodate larger commercial vessels (Israports, 2022). With a broadband noise in the spectra of 50 Hz to - 10 kHz range in and source levels ranging from 150-180 dB (Hatch, et al., 2008; Zhanga, Forlanda, Johnsena, Pedersena, & Dongb, 2020), the there is a clear need to further study the environmental effects of such noise generation.question of the environmental effect of such noises should be addressed.
The impacts of underwater radiated noise (URN) pollution on the different components of the marine ecosystem ranging from mussels to marine mammals have been widely explored across disciplines –starting from mussels and ending with marine mammals [9]. It has been repeatedly implied in the literatureSeveral reports (e.g., [21, 16, 22, 23]) have suggested that blunt tissue trauma resembling a blast injury and , as well as behavioral changes reflected in by social stability and foraging capability have the potential to , could afflict an aquatic animals that come into close proximity to close enough to a vessel projecting high sound intensities from its thrusters or onboard machinery. The responses of a given aquatic animal ’s responses to anthropogenic noise fall into five main categories [11]: (I) audibility, which depends on the animal’s detection threshold [12]; (II) behavioural responses reflected by alterations in the intensity, frequency, and intervals of the animal’s  sound vocalizations [13] and by stress factorsbehaviors; (III) masking of sounds affecting required for communication, localization, and foraging as shown in (see Figure 1 for Orcinus orca) [14]; (IV) physiologically auditory threshold shifts due to fatigue in the hair cells of the inner ear [15]; and (V) physical damage (injury) to the auditory system [16]. In addition, there are direct risks associated with physical disturbances, as in the cases of , such as in the case of sea turtles [17] and large baleen whales [18] colliding into with vessels, partly because they have difficulty with low-frequencylow frequency sounds from boats [19]. Because of these effects, shipping-related URN underwater radiated noise (URN) is considered a source of pollution, and should be monitored regularly, via vessel s' noise measurementst. As Standards have thus been established to a result, standards were set to limit the transmitted acoustic power per exposure time [8], and regularity regulatory organizations such as the CMS, CBD, ASCOBANS, and ACOOBAMS have passed resolutions aimed at reducing underwater noise from produced by ships and other manmade sources. On the regional scale, the EU’s Marine Strategy Framework Directive (MSFD) obligates EU members to act in order to reduce the impact of underwater noise on marine life [120,121]. However, the magnitude of noise from ships remains under-explored, especially along the coasts of Israel, and a quantitative study that examinesexamining the extent of shipping URN has yet to be thoroughly conducted. In The main barrier to such studies is the establishment of a proper approach to evaluating thethis context, the main challenge and the knowledge gap is how to properly evaluate the noise propagation of noise from the a vessel to an appropriate receiver.	Comment by Editor: I’m not sure I understand what you mean by this – do you simply mean the noise is audible to them?	Comment by Editor: This is vague – “have difficulty with” in what sense? Does it interfere with navigation? Attract them?
Shipping URN includes high-power impulsive transient waves generated , produced by the vessel upon ignition [83], and as well as cavitation noises, which are rather relatively stationary continuous-wave signals, caused by the collapse of vapor bubbles near the propeller (, as shown in Figure 2).. The results arese result in: (1) low-frequency cavitation noise (around ~50 Hz); distributed over a huge area, which impacts the communication of large marine mammals like including baleen whales and dolphins; (2) noise from 4-stroke engines (around 200-800 Hz) that are i; independent of speed, with a medium distribution likely to impact toothed whales; and, which likely impacts toothed whales); and (3) high-frequency cavitation noise with higher harmonics due to the Lloyd's mirror effect [73] (1 kHz-10 kHz,, speed- dependent) that can carry significant quantities of acoustic energy likely to impact small mammals and fish., which can bear a significant amount of acoustic energy, and likely effects small mammals and fish).[bookmark: _Ref51091313]Figure 2: Cavitation from a boat’s propelling system

When measuring shipping URN, a simple and efficient method is needed to isolate the anthropogenic component from the overall ambient sound. Methods for discriminating it between URN andfrom the ambient noise typically generally assume that, while the ambient noise is diffuse, its anthropogenic component is directional, and can, thus, can be extracted by array processing [84]. Relying on the expected relationship between the natural ambient sound level and the intensity of the wind-driven sea surface agitation [85], alternative methods for sound level estimation are methods have been developed based on model fitting for the dependence between the sound levels and the wind speed [63], followed by data assimilation for and model calibration [86]. Procedures for measuring the URN of vessels are described in the ANSI/ASA S12.64-2009 and ISO 17208-2:2019 standards, and in 2014, the IMO approved a set of guidelines aimed at reducing underwater noise from commercial vessels by improving the design, construction, and maintenance of ships. Key issues common to these standards are the requirement of a vessel's cooperation in measuring its URN and the need to conduct the measurement in a “noise range” that is free of interference and is a using a large subsea infrastructure comprising comprised of arrays of hydrophones [****]. In these noise ranges, the tested vessel is instructed to sail at along a designated route in a well well-explored area, and to follow fixed maneuvers. As a result, the standards do not need to offer means with which to identify the vessel and evaluate its location. From the perspective of a physical acoustics perspective, the acoustical properties of the range and its frequency response are assumed to be known or non-varying such that their influence can be readily compensated for.  As such, even when not comprehensively modeledmodeled. As such, , their influence can be conveniently compensated for. Therefore, the current standards are do not account for not required to (and, thus, do not) account for the acoustic propagation and scattering effects on the a given vessel's URN, and they also fail to mitigate .  They also avoid mitigation of acoustic interference. The As such, these current protocols (ISO 17208-2:2019) are impractical for as a means of monitoring a vessel’s URN daily, the daily monitoring of vessels' URN, letand they are very poorly suited to  alone for estimating the cumulative effects of vessels'of noise pollution generated by a given vessel.. 	Comment by Editor: Missing reference?	Comment by Editor: Is this what was meant?
For In an uncontrolled environment, estimating the propagation losses between the source and the receiver requires the use of appropriate computational models (e.g., a waveguide modal propagation model) that account for the region's bathymetry (which can be extracted from echo-sounder data), seasonal/hourly sound speed profile(s) (obtained either from direct measurements or archival data), and bottom parameters [87]. Characteristics of the bottom and surface roughness, as well as volume inhomogeneities (e.g., internal waves) should also be incorporated into the model. YetHowever, the bottom parameters remain the subject to relatively high degrees of uncertainty, making it desirable to ones with the highest uncertainty. It is desired to be able to extract these properties from the recorded noise, following the a general approach of reported by [88,89].
Exploiting shipping and other noise sources to measure the properties of an acoustic medium properties, rather than using active sound sources, has been a focus of growing scientific interest. In [90], the authors studied the use usage of the a shipping lane as a continuous acoustic source for the passive detection of the Ushant thermal front was studied. In [87], geoacoustic inversion of tugboat noise via near-field-matched-field processing was carried out. Theconducted, with the noise being  noise was recorded on a horizontal array towed by the same ship. In [91], the broadband source spectrum of a passing ship and the compressional wave speed in the seafloor sediments were estimated, using acoustic data collected by a bottom-moored AUV autonomous underwater vehicle in very shallow water. In [92],  inversion solutions were extracted from noise measurements of surface ship sources on an L-shaped array in the 2006 Shallow Water experiment. In [93], Bayesian geoacoustic inversion was applied to low-frequency narrow-band acoustic data, from a quiet surface ship, recorded on a bottom-moored horizontal line array in shallow water. A great One major challenge will be to adopting these approaches to the regular evaluation of the properties of sediment adopt these approaches also for the case of regular evaluation of sediment properties along channels that depend on the location of vessels of opportunity, from based on their unique noise profiles. In this context, our earlier works show that correlating long-time term measurements of noise from two synchronized hydrophones enables the evaluation of the sum of forward- and back-propagated Green's functions [94,95]. In turn, the inverse problem from receiver to source can be solved by the mode filtering of this noise correlation function [88,89]. 	Comment by Editor: Have I understood this correctly?
In this project, we propose to design methods and protocols to assess the source URN level levels produced byof detected vessels of opportunity and to cconstruct a continuouslyn ever-updating data base of source level values. From Using in situ in-situ recordings, we will construct maps showing the cumulative effects of currently present ships on the overall shipping noise pollution levels. Shipping URN maps are a common tool to used to both evaluate stress factors for marine animals [96] and plan , and splanning of subsea and near-shore maritime construction projects [97]. Noise maps are also used to characterize the URN and its distributions thereof [98], as well as the impacts of different vessels on such noise [99]. HoweverIn addition to the challenges of accurately modeling acoustic propagation discussed above, we have also identified a knowledge gap pertaining to the , especially near ports and shipping lanes, besides the above identified challenge in accurately modeling the acoustic propagation, we identify a knowledge gap in the accurate estimation of the URN of produced by a single vessel (due to the presence of multiple vessels and the contribution of non-shipping noise), particularly near ports and shipping lanes.. To this end, we will develop novel techniques to separate undesired noise from non-shipping URN sources t, to accurately model the sound propagation, including estimating the sediment parameters by which they are governed, and to account for the effects of a receiver's environment (typically in shallow waters near a harbor) in on its directivity modeling. A novel tracking mechanism will match the reports from vessels’ automatic identification systems (AIS) to with their acoustic records to identify source vessels and their positions. AIS information is has often beenwidely explored in marine applications [100]. In the context of shipping URN, AIS is used to attribute peaks in the DEMONdemon response to identify passing vessels [101], or to predict noise levels by modeling the URN levels [102]. To characterize URN recordings, AIS information is can be used to model the spatial distribution of noisesused to model the noise’s spatial distribution [103]. Like As in this project, other reports have described the use of in this project, available approaches use AIS data to position the vessels for in the context of transmission loss calibration [104, 105]. However, the vessels’ passages are assumed to be sporadic, whereas here in this report we will address the challenge of identifying a single vessel when there are multiple nearby AIS tags. we the challenge is how to identify a single vessel within multiple, nearby, AIS tagging. Reverse propagation models will be designed on-the-fly for the estimation of the seabed characteristics in order to, on-the-f ly, to translate the received vessels' URN levels into corresponding source levels. We will implement and deploy three recording units for two 6-month periods, across key locations along the Israeli coastline.	Comment by Editor: They here is ambiguous – does this refer to noise from non-shipping sources?	Comment by Editor: The only reference to this I can find is as an acronym (DEMON) – is that what is meant here?	Comment by Editor: Is this what was meant?
1.b. Research Objectives
Our goal in this project is to explore the degree of noise pollution across along the Israeli shoreline. Long Long-term shipping noise measurements will be carried out in three locations, and methodologies methods will be developed to accurately evaluate the URN levels and construct noise maps. These maps will serve as an efficient visualization tool for the monitoring of shipping noise, its geographical spread, and its endurance. Comparing the measured shipping to fixed thresholds such as temporary hearing threshold shifts (TTS) and permanent threshold shifts (PTS) [106], we will be able to validate our hypothesis that shipping URN is a widespread form of widespread pollution source acrossalong the shores of Israel. The Our results will be disseminatedconclusions will be decimated to the marine regulation authority in Israel along with suggestions how regarding how to reduce shipping URN levels tthrough legislation actions and positive incentives. The objectives of this project are:’s objectives are:
1. Develop techniques for identifying vessels of opportunity: automatic detection of an approaching vessel; localization and identification of a vessel via the AIS.
2. Develop Design techniques approaches to measuring the URN of a given vessel:for a vessel's URN measurement: removal of ambient and transient noise interference and measurement of the received URN level.
3. Develop Establish techniques for source and projected noise level estimation: on-the-fly estimation of seabed characteristics from the measured noise; evaluation of propagation losses using recovered channel properties; accounting for significant scattering effects on the receiver's effective directivity; compensating for directivity and propagation losses to compute URN source levels; projection of vessels' URN via forward wave propagation.
4. System implementation and measurements: deploy acoustic recorders in three key locations for 12 months; analysis utilize of the collected resultant data for: 1) model calibration; 2) URN measurement scheme performance studiesy; 3) applicability demonstration by through noise map construction.producing noise maps. The maps will quantify the extent to which shipping noise disturbs marine animals.
5. Develop Develop methodologies and provide a policy package. : We will establish formulate a policy package to monitor shipping URN and to encourage ship owners to reduce their vessel’s URN by, e.g., decimating disseminating noise pollution data to the public, offering positive incentive smeans, and enforcing legislation steps.
1.c. Working hypothesis [bookmark: _Ref49768980]Figure 3: Density of shipping activity in the Eastern Mediterranean basin. Red color indicates higher stress.

Our main hypothesis is that the levels  of shipping URN across along the Israeli shoreline is are a major source ofa main source of disturbance. We argue that this is true not just only proximal to ports, in the proximity of ports but also along the shipping routes (, as shown in Figure 3). . To explore the magnitude of this these disturbances, we will explore ways approaches to measuring theto measure the shipping URN of vessels  of opportunity and will perform long-term data collection in key locations across along the Israeli coastIsrael’s coast, while identifying and accounting for other anthropogenic sounds such as drilling, pile driving, and ambient sound noise in the area. 	Comment by Editor: Ecological disturbance?
1.d. Significance and innovation 
The primary impact of the project will be environmental, with the goal of influencing  with the goal to influence URN monitoring standards. Our work will developThe contribution of our work will be the development of cost-effective solutions to accurately measure shipping URN. While it is widely accepted that shipping URN impacts marine life, methodological barriers prevent the adoption of noise emission tests in as a component of the annual safety testing for vessel registration, and the currentextant systems are extremely expensive and are mostly primarily used by naval forces to measure their vessels’ acoustic signatures. Linking noise levels to the numbers, types, and speeds  etc. of ships will be a necessary step in when assessing potential noise impacts and would beand is expected to lead to the development of mitigative measures and regulatory limits. The impacts of our work will thus include: Our impacts will thus be:
· Research: To achieve improve the quality of in situ analyses of vessel URN signatures, quality improvement of in-situ ship URN signature measurements, our project will extend the current state-of-the-art in with respect to localizing the acoustical centers of vessels of opportunity based on adaptive beamforming techniques and the fusion of AIS data, rejecting removing non-shipping URN from the estimated URN while , and assessing source levels through accurate modelling of the propagation to the receiver. As it is not unusual for the ship vessel noise to be higher at greater distances from a recorder than at a closer range, a greater understanding of the factors that influence sound transmission losses (as per WP 3) will be a great benefit.
· Regulations: Our project will provide a means for legislative authorities to include incorporate noise emission testing into its periodic safety testing for vessel registration. In particularNotably, the developed methodologies methods will be proposed to the International Organization for Standardization (ISO) and to the American National Standards Institute, and the Acoustical Society of America (ANSI/ASA). The developed techniques developed and the producedthe resultant noise maps could be used to quantify noise mitigation techniques.	Comment by Editor: Quantify? Develop?
· Conservation: Auditory weighting functions will enable the conversion from the measured noise levels to those. Converting the predicted noise maps to auditory weighting functions as perceived by marine animals [107] will be  a necessary component of assessingto assess the impact of URN on  underwater noise impacts on marine mammals.	Comment by Editor: This sentence doesn’t seem to be a complete thought. What does “those” refer to.
· Commercial: As a vessel’s noise is, evidently, indicative of its performance, the developed noise monitoring system could may be of valuebe useful for ship maintenance and damage assessment efforts. We anticipate that, with a smalllimited effort, a prototype could be designed to target the large market of vessel health-monitoring market and the future market of centered around the measurement of levels of vessel noise pollution. measuring the level of vessels' noise pollution.
Our The novelty of our work will be five-fold: 1) A new technology for the detection, localization, and identification of a noise-emitting vessel; . 2) A novel method to allowing for the estimation of estimate the sediment parameters using based on noise measurement, allowing for the  for an accurate characterization of the waveguide and the calculation of waveguide mode filtering; . 3) Development and extension of fast fast algorithms for scattering analyseis,  and Green's function tabulation, and fast rapid reconstruction in complex environments that can be applied to comprehensively model , and their application for comprehensive modeling of receiver directivity in realistic underwater scenarios;.  4) A new methodology method for accurately measuring a vessel of opportunity's URN, incorporating noise mitigation from non-shipping sources and adequately accounting for sound propagation and scattering; and. 5) A first attempt and potentialfor and, potentially, an experimental proof-of-concept of for the estimation of URN generated by URN estimation for passing vessels of opportunity.	Comment by Editor: Fast or FAST?
1.e. Detailed description of the proposed research 
1.e.i Scientific design & methods: 
Our proposed approach for the measurement of to measuring the URN of vessels of opportunity and noise map generation comprises four work packages (WPs). The WP1, corresponding to Objective 1, will focus on the detectionfirst WP (or WP1) is dedicated to the detection, identification, and classification of a vessel of opportunity, and corresponds to objective 1 (Develop techniques for identifying vessels of opportunity). WP2, corresponding to Objective 2, will focus on  focuses on measuring the noise URN produced by the vessels. WP3, corresponding to Objective 3,  will center on the estimation of vessels’ URN source levels that will bevessel and corresponds to objective 2 (Develop techniques for a vessel's URN measurement). WP3 is devoted to estimating the vessels' URN source levels. These will be projected to arbitrary locations of interest and aggregated into regional noise maps. Lastly, WP4, corresponding to Objectives 4 and 5, will be , which corresponds to objective 3 (Develop techniques for source and projected noise level estimation). Finally, WP4 will be dedicated to implementing and testing the developed methods. For this project, we will conduct , which corresponds to objectives 4 (System implementation and measurements) and 5 (Develop methodologies and provide a policy package). We will perform both short-term experiments with rented vessels for the sake of ground-truthing and model calibration, and long-term data collection in three locations across the shores of Israel. The project's main components are illustrated in Figure **** and are described below.
WP 1: Vessel Detection and Identification 
To detect an approaching vessel, we will search for an expected characteristic signature: a cyclostationary response corresponding to the thruster operation [119]. The This process will employ a deep neural network configured to identify peaks within the demon DEMON analysis [108] of over a sliding time window of measurement. The This detection will follow be followed with an entropy detectorr, designed to identify stationary signals by locating time-domain changes in the ambient noise. Then, relying on our previously developed approach for acoustic characterization [109, 110], a clustering solution will verify that the detected signals are related to shipping URN. To that end, rather than setting a detection threshold that, in close , which, in the proximity of to harbours, may suffer from a high false alarm positive rate, we will instead verify detection by clustering the posterior levels of the recorded samples into ‘noise’ and ‘signal’ sets. The clustering will involve entail an expectation-maximization maximization-based parameter estimation that will use the spectral entropy samples as inputs. Based on our recent work on clustering shipping noise [111,112], the this algorithm will be initialized by dictionary learning.	Comment by Editor: Correct?
Once a vessel is has been acoustically detected, we will identify its type and location. This information is provided by the vessel's AIS, and is logged in databases (see our own in [82]). Different Unlike the current use of sporadic AIS information to identify vessels and calculate transmission loss, than current usage of sporadic AIS information for vessel’s identification and calculation of transmission loss, here, the need to apply URN measurements nearby proximal to ports where multiple AIS tagging tags are constantly being reported will necessitate are reported constantly, requires the identification of the projecting vessel within the AIS information. To match the detected vessel to its log, we will use the acoustic receiver array to compute the vessel's speed from its time-series of Doppler shift, as well as and a time-series of its measured bearing. Considering the tracks of all vessels at within a 10 km radius from around the acoustic units as potential matches, we will employ a target motion analysis (TMA) tracker to find the most probable track that fits the measured speed and trajectory. Extending our previous work in [114], the TMA will include a grid search centered at on the acoustic recorder, with a resolution relative to the separation of bearing measurements. Similar to our developed SYMBIOSIS system SYMBIOSIS [65], these these measurements will be obtained by a 4-hydrophone tetrahedral array of awith a 0.1 m edge length. The array will also be used to separate between different sources, thus allowing the for URN estimation also when signals from multiple vessels are received. Here, aAssuming the source is sufficiently distant from the monitoring station, we will avoid the ambiguities expected due to the small number of sensors by making use of the time difference of arrival (TDoA) among the signals received by each hydrophone.	Comment by Editor: Is this a significant or problematic risk that warrants addressing below?
WP 2: Measurement of a Vessel's Noise at the Recorder 
To determine the detected vessel's URN level, we will eliminate all the non-shipping noise components from the recorded signal. Using the vessel's bearing estimations, ambient noise will be mitigated via standard beamforming. However, mitigating transient signals will require their accurate identification. Relying on our recent works for mitigating acoustic interference for underwater acoustic communications [115] and for detection [116], we will develop a fast algorithm for mitigating such interference in the time domain. The rRemoval of the impulse-like snapping shrimp noises will be carried out via an adaptation of by adapting the Schur filter [47] t, to detect stationary signals by extracting intrinsic characteristics from the signals. In particular, instead of thresholding the filter's output, which does not account for time-dependencies between the noise samples and may, thus, lead to false alarms, we will extend our previous work [116] and employ a maximum-likelihood approach , using a factor graph. As illustrated in Figure 4, relating to the filter's output samples as observations, and the decisions of their source as hidden nodes for belief propagationby propagating beliefs, our method will identify interference while relating to connections between consecutive samples. For the mitigation of To mitigate wideband sonar and narrowband pinger signals, we will use our proven approach from [117]. The identified transients will then be subtracted from the received signal.	Comment by Editor: Do you mean a FAST algorithm or an algorithm that functions rapidly?[bookmark: _Ref114046747]Figure 4: Illustration of the factor graph approach to identifying y impulse-like signals.

To eliminate the contribution of anthropogenic sound from to estimates of shipping URN levels,the estimated shipping URN level, we will differentiate the data from two mutually synchronized hydrophones. Denote When defining  as the transmission loss from the vessel to hydrophone , and  as the  the vessel’s URN level, this approach yields the term . The above differentiating yields the term , in which ambient noise has been canceled.  for which the ambient noise level is cancelled. This system of equations can be solved for each measurement in time can be solved; first for the unknown transmission loss using singular value decomposition (SVD), and then for the unknown mean URN level. The developed methodology will be tested at sea using recordings from calibrated acoustic sources. 
After the noise cancellation, the received intensity will be calculated in the common 63 Hz and 125 Hz 1/3-octave bands while averaging the noise levels over time. Higher frequency bands will also be estimated to assess the potential shipping noise impact of shipping noise up to 50 kHz on marine mammals. up to 50kHz. To this end, we will evaluate noise intensities in the frequency domain while employing a moving average filter to smooth power estimatesion over time. The mMeasured URN will depend on the vessel’s speed. Since As this speed is recorded in the vessel’s AIS data, we can use available functions (e.g., [73]) to model the effect of speed on URN for modelling the speed’sand to effect on URN and to generateproduce noise maps corresponding to different nominal vessels’ speeds.
WP 3: Estimation of URN Source Level 
Given a vessel's location and measured noise intensity, we could can evaluate its URN source level. To this end, two components of the sonar equation should need to be computed accurately: (i) the propagation (or transmission) loss and (ii) the receiver's effective array pattern (directivity index). The former requires comprehensive models that account for the region's bathymetry (extracted from existing maps), sound speed profile (regularly measured), and sediment properties. These are particularly challenging to measure and means approaches to extracting them from for their extraction from noise measurements will be a key task focus of this WP. The extracted properties can then be used with various wave propagation models.  As for to the effective array pattern, it should the latter, it should account for significant reflections by large objects in the receiver's vicinity as well as for those from the sediment and surface. Models and fast algorithms for its suited to this purpose will be another major focus of this WP.computation will be another major task of this WP. Calibration of these physical models, following early measurements in WP4, will be carried out for vessels of known source levels , measured in regions of high certainty of with respect to the acoustic channel parameters.[bookmark: _Ref114046893]Figure 5: Statement of  Schematic overview of experiment on sediment characterization experiments.

Novel techniques will be developed to estimate the environmental properties  for estimating the environment properties required for propagation modeling using shipping noise itself will be develope,d, with an emphasis on the sediment parameters., Ousing the shipping noise itself. Our method will enable workfunction with either a vertical line array (VLA) receiver, two synchronized VLAs (see Figure 5), a single hydrophone, or two synchronized hydrophones (SHRUs). For a single VLA, we will record the sound field produced by a moving vessel along over some time interval, typically of several dozen s of minutes. By relyingWe will rely on knowledge of the vessel's exact position, we will be able to . This will allow us to extract the dependence of parameters of the waveguide modes on the distance (ship – VLA). Using algorithms similar to [118], we will solve the inverse problem to estimate the sound speed in sediment. For the case of two synchronized VLAs placed several dozen s of meters apart, we will compare the amplitudes of the modes of the two VLAs. These should be similar , due to the rather short distance between arrays. The modal attenuation coefficients From can be extracted from the difference in the modal amplitudes near the cut-off frequency, the modal attenuation coefficients can be extracted and . These will be used as an inputs for the inversion algorithm. The advantage of this method is that it does not require knowledge of the vessel's exact position.
The For the case of a single hydrophone,  will include mode filtering will be performed by using a measurement of the dispersion curves of the waveguide modes, for a wide frequency band, using the arrival times of modal pulses. Then, using the estimated location of the vessel from its AIS, we can implement an inversion scheme to extract the sediment properties after extracting the modal parameters as a function of distance to the vessel, we can implement an inversion scheme to extract the sediment properties. Combining this idea approach with the case of two VLA strategys, we can use a pair of  using a pair of synchronized hydrophones we can  to obtain the dispersion curves of each of the waveguide modes. Then, via comparisons near the cut-off frequencies of each mode, we can extract the attenuation coefficients for use with the inversion algorithm to , to be used for the inversion to obtain the sediment properties. 
Using the extracted sediment properties, WP3 will include the implementation of pertinent sound propagation computing schemes. Possible methods to be used for the propagation model are the ray approximation, the parabolic equation (PE) method, and modal decomposition. These will be used for both inverse propagation (c: computing a vessel's source level from the URN level measured via WP2), and forward propagation (: projection of the source URN level to arbitrary locations to form noise maps). For the latter, we will consider current regulations for acoustic emissions [8] to determine the regions most affected by the URN of a detected vessels. Noise maps will be produced by aAggregating the contributions from the various detected vessels detected will produce the noise mapsin this study.
WP 4: In -situ Measurements , and Policy- Making 
To demonstrate and study the performance of the developed methods, we will implement an acoustic recorder for long-term data collection. The recorder will be deployed for both short-term sea experiments and long-term data collection. The short-term measurements will be used to calibrate and tune the numerical models of WP3 (estimation of sediment properties). The long-term deployments will include data collection for two 6-month periods, in three key locations offshore off the shores of Israel: near the Haifa and Ashdod ports and across from the Achziv shore. The port locations will serve as an examples of a noisy industrial environments  with heavy marine traffic. The Achziv location will be used to demonstrate a monitoring operation in a marine-protectedmarine protected area. Another consideration reason for choosing these sites are is their differences in the properties of these habitats. Specifically,the differences in habitat:  iIn Ashdod, there is mainly primarily a soft bottom while Haifa and Achziv present rockier more rocky habitatsconditions in the vicinity of the shipping lanes. We will be offsetting the potential effect of depth, by choosing three sites with the same bottom depth. In all locations, the instruments will be placed on a submerged mooring 2 m above the seabed, at a water depth of up to 30 m. Scientific scuba divers from our team will both deploy and service the units periodically and retrieve the collected data. During these deployments, AIS data will be collected by designated receivers already placed in the University of Haifa. 
The recording units will include the four array hydrophones (manufactured by Colmar, Inc.), and will be arranged in a tetrahedral array. The housing will encapsulate batteries sufficient for 6-months of continuous data collection, a low-power (1.5W) NVIDIA Jetson NANO controller with data acquisition for the detection of vessels and recordings the recording of their raw acoustic signature, and a pre-amplifier for each hydrophone. From their acoustic signatures, the URN of the detected vessels will be extracted offline in the frequency range of up to 50 kHz to , to assess the potential shipping noise impact of URN on marine mammals. The implementation will be This will be implemented in a JULIA environment, which we used successfully used during our H2020 SYMBIOSIS project [65]. 
WP4 will also include a policy package to disseminate the our results to legislation legislative authorities. The policy analysis will include an economic assessment of the resulting benefits to ecosystem services (e.g., fisheries, wildlife tourism) and thea quantification of benefits to biodiversity. Cost-benefitA cost-benefit analysis and decision-support tools will be developed in the form of a cost-benefit equation. Through our experience in exploring maritime policy and strategy, we will explore financial incentives to for ship owners by ranking vessel types according to their noise levels and give giving quiet vessels priority entrance to the port.
1.e.ii Research team 
The project's primary investigator will be Prof. Roee Diamant, who leads the Underwater Acoustic and Navigation Laboratory (ANL). Prof. Diamant is an expert on underwater sensing technologiesy and has developed algorithms for underwater acoustic detection, marine navigation, underwater localization, underwater acoustic communication, and machine learning applications for pattern recognition. He has a vast experience in conducting sea experiments and has a strong background in leading projects in both academia and industry. Prof. Diamant also runs the University of Haifa’s marine observatory THEMO (see [68,69]), where long-term acoustic recording takes placeis conducted, and has two decades of , and has 20 years of experience in subsea engineering and conducting sea experiments performance. His team has already developed a novel technique and operation for estimating the URN of Nobel Energy’s gas pipeline, and took part in an exploration led by the Israeli Ministry of Energy to identify the risks of shipping URN to aquatic animals as well asand to develop technological solutions for their protection. 	Comment by Editor: Study?
Collaborating with Prof. Diamant will be Prof. Boris Katsnelson of the , Dept. of Marine Geosciences, University of Haifa), who is an expert of in underwater acoustics and acoustical oceanography, and Prof. Shaul Horev, who is the head of the Haifa Research Center for Maritime Policy and Strategy, and studies strategic, geographic, and legal issues of in the maritime domain. Prof. Katsnelson will assist in solving the acoustic inverse problems and with the characterization of the seabed from the URN recordings. Prof. Horev will manage the dissemination efforts, transmitting the s to transfer the scientific data collected in for the project to legislation legislative offices. H will also s and will analyze the cost-benefit equation for reducing URN levels. An external collaborator will be Dr. Junio Fabrizio Borsani from the Institute for Environmental Protection and Research (ISPRA) of the , Italian Ministry of the Environment. Dr. Borsani is a zoologist with 35 years of experience in underwater acoustics with the Italian Navy and with the Woods Hole Oceanographic Institution. He is the chair of the EU Technical Group on Underwater Noise (TG NOISE), whose focus is on methodologies methods for the measuring and monitoring of shipping URN. He will assist in identifying policy gaps and building an implementation roadmap.
1.e.iii Preliminary Results[bookmark: _Ref86320279]Figure 6: The deployment setup with dolphins inspecting the instruments. Eilat, July 2021.

We have conducted preliminary research on four items, which we regard as key to reduce reducing the risks of associated with the proposed research: 1) acoustic array structures for bearing estimates from ion of wideband signals; 2) estimation of wideband noise levels; 3) remote sensing for sediment analyses, andis; and 4) recorder implementation. of recorders.  The configuration of the recording array (required for WP4) was tested. In comparison to planner arrays and sparse arrays, the tetrahedron structure showed exhibited an advantageadvantages in terms of the white -noise -gain (increased  of signal-to-noise ratio), with reduced ambiguity in directional findings at the manageablea bearable cost of increased beam width. The This configuration's beam patterns for this configuration when scanning at 00° degrees (broadside) and at 45°  degrees are shown in Figure 8.[bookmark: _Ref85114080]Figure 7: Pipeline noise level and Wenz Curves [81] plus 10 dB (black line). Sea-state 1. X-axis: frequency [Hz]. Y-axis: acoustic intensity dB//1uPa/Hz

Preliminary results for estimating URN levels (required for WP2) have been collected when measuringas part of the task of measuring the URN from the TAMAR MARI-B underwater gas pipes, which, like a vessel, is is a large acoustic source. This This steel gas pip is 30” in diameter and is a steel gas pipe of 30’’ diameter, mounted on the seabed at a depth of roughly 70 m, partly covered by sand at the bottom, with exposed joints every 10 m. The noise is mainly due to turbulence in the gas. The setup includes two acoustic JASCO AMAR receivers, positioned by an ROV at distances of 5 m and 10 m from the pipe, respectively, continuously recording raw acoustic data from a single hydrophone at a high sampling rate for 4 days. This activity was performed in collaboration with Nobel Energy (now Chevron). The employed methodology is illustrated in Figure 9. Data processing included: 1) power spectral conversion, 2) windowing and averaging,, 3) a quieting filter for shipping noise and snapping shrimp noise, and 4) cancellation of ambient noise levels  by subtracting site 1 data from site 2 data. The evaluating source power level (SPL) was compared across the frequency domain with the Wenz model [71] for ambient noise level at sea-state 0 (wind speed <  1 knot). Figure 6 shows that the pipeline’s noise is was well below the ambient noise level, which demonstrates the effectiveness of the this methodology for measurements in with a low SNR. 	Comment by Editor: Define this term	Comment by Editor: That is not what Figure 6 shows – do you mean 7?	Comment by Editor: Signal-to-noise ratio?[bookmark: _Ref114047121]Figure 8: Computed beam pattern for a tetrahedral 4-hydrophone s array. Left side: broadside. Rightside: 45 degrees.
[bookmark: _Ref114047231]Figure 9: A block diagram to for calculating calculate the URN of a gas pipeline

In the context ofFor WP3, to verify the practicability of our suggested solution for estimating sediment characteristics, we performed a preliminary data collection , using an R/V set , moving along a known trajectory. By comparing the measured and calculated sound fields, we verified the applicability of the proposed methodology and waveguide model by , for testing the content of gas deposits in the Kinneret (Sea of Galilee) using shipping noise. A moving R/V was used as a low-frequency noise source with a wideband spectrum. As a receiving system, two synchronized 27 m VLAs of 10 hydrophones each were deployed (Figure 9). These spanned the lower part of the water column, with intervals of 3 m. The VLAs were fixed in the center of the lake with 40 m between them. The R/V moved along a straight line connecting the VLAs at up to 1 km from the arrays. A mode-filtering procedure using two synchronized arrays , such as that proposed herein, was successfully employed to extract the complex eigenvalues (i.e., including modal attenuation) of for each mode. The extracted attenuation coefficients demonstrated a considerable increase around the cut-off frequency for all normal modes, revealing that the sound speed at the bottom is much lower than that in the water, and that all the modes are leaky. The advantage of this scheme is that there is no need to know the position of the ship.	Comment by Editor: Define this term.[bookmark: _Ref85113822]              Figure 10: Snapshot from the AIS logger web-front

[bookmark: _Ref114047382]Figure 11: A photo of the preliminary version of the recorder, as deployed in Eilat at depth of 50 m

To test the data provided by AIS for locating vessels, we set up an AIS receiver on the roof of the University of Haifa, Israel, which continuously tracked the AIS recordings of passing vessels. The recorded data is shared at [82]. Figure 10 shows a snapshot from this system; collected data includes the vessel’s track, its type, and its speed and load. Figure 5 shows shipping routes collected over a 12-month period from AIS data across the shores of Israel. In the Ffigure, the shipping lanes are shown by the higher intensity recorders marked in red; yet evidence of intense shipping activity is shown with almost no shipping-free zones. This result motivates emphasizes the need for the monitoring of shipping URN. [bookmark: _Ref49774621]Figure 12: (Uupper) Bathtub curves of a ship’s presence. Bottom of curve indicates closest approach time of the vessel. (Llower) Narrowband noise from a fishing boat.

Finally, to demonstrate our ability to design an acoustic recorder (relevant to WP4), we designed and constructed a device that continuously records acoustic data. This self-designed recorder was then encapsulated within a self-designed housing , alongside a high-power battery, a low-power Raspberry Pi Zero computer integrated with a data acquisition card (sampling at 96k samples per sec), a pre-amplifier, and a hydrophone. The recorder was deployed for one month across the shores of Eilat, Israel, at 50m a depth of 50 m, and was recovered after one month. A picture of the recorder in its deployment site is shown in Figure 11. A preliminary 5-hour5hour test in Northern Israel included a recorder at a depth of 2 0m that continuously recorded acoustic data. The evaluated track traversed through the main shipping lane entering the Haifa port and covered a roughly 5 km distance. Manual analysis identified several vessels and linked them to AIS recordings. Figure 12 shows a time-frequency curve of a large 100 m-long container ship roughly 4.5 km from q recorder with a URN of 110 dB Re. 1uPa^2/Hz extending beyond the 25 kHz. Noise from a fishing boat (1 km away) is shown, including high high-intensity transients. In our project, this design will be extended for to recording record from 4 hydrophones, over  and folr longer deployment periods.	Comment by Editor: Where is Figure 12?	Comment by Editor: What does this indicate? Or is it a typo?	Comment by Editor: This seems fragmentary – please double check[bookmark: _Ref49774910]Figure 13: The display in the Haifa Maritime Museum on the impacts of shipping URN.

Raising Public Awareness
In order to effectively counter the impact of shipping noise on marine life, decision-makers must actively strive toward to increase increasing public awareness and regulation while acting working closely with neighboring countries and regional actors. Thus, an important part of our project is knowledge transfer to the dissemination of our results to legislative disseminate our results to legislation authorities and to the general public. The project's outcomes and results will be presented in key venues. These include  including top scientific journals (i.e.,, such as the IEEE TMC, IEEE TGRS, IEEE JOE, and JASA). Furthermore, we plan to hold demonstrations of our URN estimation capabilities in at conferences such as "Breaking the Surface" and "Oceans". In Year II, we will also hold a workshop with international speakers focused on the project outcomes, with international speakers. Regarding Concerning legislation legislative efforts, the project’s PIs recently joined the steering committee of the International Offshore Petroleum Environment Regulators to build a world-wide network for the sharing of advanced technologies for monitoring sound and detecting aquatic animals at risk from artificial noise pollution.  	Comment by Editor: Are these the full conference titles? Are they national or international?
 A preliminary public awareness effort was made by establishing a year-long display in the Haifa Maritime Museum (see Figure 13). The display exposes visitors to sounds made by marine mammals and vessels and demonstrates the impacts of shipping URN by playing vocalizations of marine mammals recorded during in the presence of high levels of shipping URN.
1.e.iv Infrastructure
The PI’ss’ labs are is equipped with with all instruments required for the project: 11 11 GTI M18 hydrophones for recording, 6 recording units capable of recording for up to two weeks; 2 acoustic arrays and a vector sensor  for multichannel recordings; 2 low-frequency projectors (500-1500Hz, 3-8kHz) to mimic acoustic interferences; a small boat for data collection in near-to-shore locationsdata collection; a 128-core AMD server with 8 RAM units of DDR4 16 Gb RAM for data analysis; diving equipment; 4 floaters with extended WIFI WiFi connections as beacon platforms; an acoustic tank and saltwater pool for to test and calibrate sensors;sensor calibration and testing; and THEMO moorings located on the edge of the continental shelf to obtain meta-data (e.g., temperature and water current meta-data). 
The team was has been given access by the Israeli Sshipping Aauthority and the Israeli Nature and Park Authority to deploy acoustic sensors near and beyond shipping lanes and in marine-protected areas. Three additional self-made acoustic recorders will be built, and ; high-end memory sticks and a battery for long-term operation will be purchased. Rugged computer laptops for are needed to download data on-site. on-site data downloading are needed. We also require the rental of small boats on a monthly basis and the purchase of scuba diving equipment.
1.e.v Expected Results & Pitfalls
We expect to draw categorical conclusions about the magnitude of shipping URN in the Eastern Mediterranean basin that , which will be visualized by the construction of thusing constructed e noise maps. These results will be measured in terms of sound intensities along with areas of high acoustic interferences above the set established thresholds for anthropogenic noise effecting affecting marine fauna. Considerable changes of in sound intensity are expectedities near and beyond shipping lanes are expected. The following table summarizes the project’s p Potential project pitfalls and contingencies are described below: ossible pitfalls and solutions:
	Description of Risk (L=likelihood, I=impact)
	Contingency Plan

	Failure to separate the noise of a single vessel from ambient shipping URN. (L: medium, I: high)
	Add recording elements to perform the localization of noise sources using a long baseline.

	Significant numbers of vessels detected but not present in the AIS database. (L: low, I: medium)
	Approach the Israeli navy to receive RADAR footage of vessels.	Comment by Editor: Is this a realistic outcome? I.e. will they provide such footage?

	Heavy storms; damage to recording systems during long-term deployment. (L: medium, I: medium)
	Dismount units in the case of an anticipated storm. 

	Imprecise environmental information damages hampers predictions of acoustic propagation loss to ground-truth  truth the solution for sediment prediction. (L: low, I: high)	Comment by Editor: I’m not sure I understand the latter part of this sentence – please review carefully for accuracy.
	Conduct controlled experiments for the transmission of acoustic signals in a grid around the fixed recording units.

	Low visibility of the project (L: low; I: medium)
	Rely on the open access of methodology and data. Use of stakeholder groups to disseminate our results.
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