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Port of LA/Long 
Beach 

2nd busiest port in the 
US (6th in the world) 
 
90% trade with Asia 
 
~18 ships per day 

Opportunistic approach- measured radiated ship noise 
under normal operating conditions. 



floats 

weights 

hydrophone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 data logger 

• 
 

• 
 

• 
 
 
 
 

• 
 

• 

Seafloor packages 
 

Records sounds from 10 Hz to 100 kHz 
 

Stores 10 TB of data (300 days of continuous 
recording at 200 kHz) 
 

Low drift clock 
 

Calibrated data 
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• Every ~6 minutes 
 IMO, call sign, name, type, dimensions- 
 length, draught, destination/ ETA 

    AIS Station 
 
 
 
 
 
 
 

•   Designed for vessel collision avoidance 

 and traffic at ports 
 

•   VHF signal broadcast from ships 300+ 

 GT 
 

•   Information transmitted 
 

  • Every 2-10 seconds 

   Ship id, speed, position, course, heading, time 
   stamp 

ship tracks- 
 4 months 



OPEN HATCH CARGO 

 
 
 
 
 

VEHICLE CARRIERS 

 
 
 
 
 

 TANKERS 

 (Crude Oil, Product, Chemical) 

  

CONTAINER SHIPS 

  
 
 
 

BULK CARRIERS 

 

75% 

13% Other ship 
 
Passenger 
 
Tug 
 
Unspecified 
 
Dreg Vessel 
 
Fishing Vessel 
 
Military Vessel 
 
Pleasure Vessel 
 
Research Vessel 

  Ship Traffic in the Santa 
 Barbara Channel (2008-2009) 
 
Cargo ship 
 
Tanker 



3)   Match CPA time to acoustic data 
 
4)   Measure received sound levels 
 
5)   Estimate source level 
 
6)   Combine with info from Lloyd's 
 Registry of Ships and NOAA buoy 

1)   AIS transmission converted to track 
 
2)   Identify CPA time and distance of 
 ship to HARP 
 
  CPA = Closest Point of Approach 

AIS data Acoustic data 

 Container Ship 
 294 m 
 53 kGT 
 11 ms-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CPA 
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Container Ship Product Tanker 

1- Hour Ship Passages at 3 km CPA 

April 2009 

  Bulk Carrier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Time from CPA (minutes) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Distance from ship to HARP (km) 
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 Frequency (Hz) 
 
1/3 Octave Bands 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Frequency (Hz) 
 
  **time average at CPA = ship length/ speed 

  Bulk Carrier 
   (5 ships) 
 
 
 
 
 
 
Open Hatch Cargo 

 (4 ships) 

Product Tanker (4 ships) 

Crude Oil Tanker (3 ships) 

Chemical Tanker (3 ships) Octave Bands 
 
 Container (5 ships) 
 
 
 
 
 
 
  Vehicle Carrier 

   (4 ships) 
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Container Ships 

Vehicles Carriers 

Bulk Carriers 

Open Hatch Cargo Ships 

Chemical Products Tankers 

Crude Oil Tankers 

 Products Tankers 

172 

Speed (knots) 
 
 Bubble size = relative GT 



  Model Input 
 
 
Response variable 

•    593 container ships 

 octave band source level 
 measurements 

Predictor variables 

•    8 Design 
(e.g. GT, length, service speed) 

•    4 Operational 
(e.g. speed, CPA) 

•    6 Oceanographic 

(e.g. wave height, current direction) 

Step-wise Generalized 

 Additive Model 

   Model Output 
 
 
 Identified variables that 

  predict higher source 
    levels 

1.   Multiple transits 

2.   Broad-band 

3.   16 Hz 

4.   31.5 Hz 

5.   63 Hz 

6.   124 Hz 

7.   250 Hz 

8.   500 Hz 

What variables predict the highest source levels? 



 8 predictor variables explaining 56% of the variance 
f(Ship Source Level) ~ speed + length + month + s(service speed,3) + TONE + 

  direction of waves + wave height + current direction 

Speed had the greatest predictive power in all frequency bands 

Operational Design Oceanographic Propagation 



Statistics on Cargo Ships 



Statistics on Tankers 
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