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A B S T R A C T

Short term Arctic ambient noise spectra over the fre
quency band 2 - 200 Hz are presented along with a two 
component noise model capable of reproducing these spec
tra. The model is based on the measured source spectrum 
and the spatial, tem poral and source level distributions of 
both active pressure ridging and ice cracking. Modelled 
ambient noise levels are determined by summing the in
pu t energy of the distributions of ice cracking and pressure 
ridging events and removing the propagation loss. Both 
modelled and measured spectra show tha t ice cracking may 
dominate the spring-time ambient noise to frequencies as 
low 40 Hz with active pressure ridging dominating below 
this. Modelled results also show tha t over 80% of the total 
noise energy above 40 Hz produced by ice cracking is gen
erated within 30 km of the receiving hydrophone while over 
50% is generated within 6 km.

1. IN T R O D U C T IO N

The long term  averaged ambient noise spectrum of the 
Arctic Ocean over the frequency band of 1 - 1000 Hz ex
hibits two broad peaks centered near 15 Hz and 300 Hz [l]. 
Two im portant factors for many sonar applications are the 
short term variability of the ambient noise spectrum and the 
spatial distribution of sources which comprise the ambient 
noise. This paper examines the short term fluctuations (2 
min) of Arctic pack ice ambient noise spectra over the fre
quency band 2 - 200 Hz and relates these fluctuations to 
environmental conditions. A two component noise model 
incorporating both ice cracking and active pressure ridging 
is presented which is capable of reproducing the measured 
ambient noise spectra. This model shows the relative im
portance of each source term  over the frequency band exam
ined. Also shown is the maximum range required to model 
80% (within 1 dB) and 50% (within 3dB) of the ambient 
noise created by ice cracking, thus indicating whether am
bient noise generated by ice cracking is produced at close 
or far range.

2. A M B IE N T  N O ISE  M E A S U R E M E N T S

The data  analyzed in this paper were collected on the 
pack ice off the northern coast of Ellesmere Island over sev
eral days during April 1988. Details on the experimental 
setup and environmental conditions are available in other 
papers by the authors [2, 3].

A set of 69 two-minute samples of ambient noise were 
recorded approximately every 1.5 hours over 100 hours. At 
the end of this data  collection period, a pressure ridge built 
itself approximately 2 km from the experimental site. Con
tinuous ambient noise measurements were recorded for sev
eral hours during the time of this ridge building event.

The 69 two-minute samples of ambient noise recordings 
were separated into four distinct classes by examining their 
power spectra. Class one indicated a peak with a level of 
approximately 86 dB ///xP a at 8 Hz and a fall-off to 48 
d B / / / iP a  at 200 Hz. Class two contained the same peak 
near 8 Hz but the fall-off at higher frequency had two stages 
with a rapid decrease in level out to 35 Hz and a slower de
crease beyond 35 Hz to a level of 57 d B ///^P a  at 200 Hz. 
Class three contained a weaker and broader peak at 4 Hz 
with a fall-off at higher frequency to 58 d B / / / iP a  at 200 Hz. 
Class four showed a continual bu t slow decrease in noise 
level with increasing frequency from a level of 85 dB///xPa 
at 2 Hz to 66 d B / / ^ P a  at 200 Hz. The minimum number 
of data  sets used in any class was 14.

The four classes of ambient noise spectra are compared 
to environmental conditions and the number of detected ice 
cracking events occurring per minute. The noise level above 
35 Hz was found to be highly correlated with both a falling 
temperature and the rate of detected ice cracking events. 
This is consistent with previous observations of thermal ice 
cracking. The strong peak at 8 Hz was found to be highly 
correlated with wind speed and barometric pressure.

3. M ODEL

The goal of the two component ambient noise model 
described below is to accurately model the ambient noise 
spectra observed in the Arctic pack ice over the frequency 
band 2 - 200 Hz. For these frequencies, the ambient noise 
is assumed to be produced mainly by ice cracking and ac
tive pressure ridging. Thus, by summing the acoustic field 
generated by the distribution of these events, the ambient 
noise can be reproduced and the relative contributions of 
each noise source at the receiver can be determined.

3.1. Pressure Ridging
Measurements by SEASAT SAR give pan sizes for ice 

floes of 10 - 100 km. Pans are defined as groups of ice floes 
which move together. Because of the large spatial separa
tion of active pressure ridges, the component of ambient 
noise caused by pressure ridging may be dominated by sin
gle or few events occurring at some large distance from the
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array. Thus, exam ining a single pressure  ridging event as 
a function of range may provide insight into the  role of 
pressure ridging on the am bient noise. This requires only 
knowledge of the source spec tra l  level and the propagation  
loss.

T he  source spec tra l  level of active pressure ridging 
was repor ted  in a previous pape r  [2] and shown to be 
monotonously decreasing. W hen this spec tra l  level is cor
rected for p ropagat ion  loss, th e  resulting sp ec tru m  of a very 

d is tan t ridging event exhibits  a broad  infrasonic peak as 
found in the am bient noise [2].

3.2. Thermal Ice Cracking
In order to  develop th e  th e rm a l  ice cracking com ponent 

of the  ambient noise model, th e  spatia l ,  tem p o ra l  and source 
level d is tr ibu tions along with the source sp ec trum  and  di
rectivity  of the rm al ice cracking m ust be  known. The spa 
tial d is tr ibu tion  of events over the  entire 69 two m inute  
samples was found to be uniform. This gives some ju s t i 
fication to  the  proposed model of de term in ing  an average 
inpu t energy per un it  area. N ote however th a t  two forms 
of short te rm  fluctuations of the  average input energy can 
occur. T he  first is a s t ren g th  fluctuation  in the  overall in
p u t  level applied to  all locations as the  ra te  of ice cracking 
changes. T he  second is a  ran d o m  s ta tis t ica l  fluctuation  in 
the  spa t ia l  d is tr ibu tion  which may cause local areas of weak 
or intense ice cracking. These random  sta tis t ica l  fluctua
tions have more effect on the  am bient noise when occuring 
at close range and thu s  are applied only within 1 km of th e  
hydrophone.

For the  2 - 200 Hz frequency band  observed, the  source 
directivity  of th e rm al  ice cracking was found to  be well de 
scribed by a m onopole in the  ice while the source spec tru m  
was found to be  relatively flat [3]. Thus, th e  source s treng th  
d is tr ibu tion  of these events does no t depend  on frequency 
for this frequency band . Source levels of de tec ted  events 
were m easured  in the range of 110 - 180 d B / / ^ P a  at lm  
and approxim ated  a linearly decreasing function on a log- 
dB scale of the num ber of events versus source level [3]. T he  
decrease in occurring events w ith  increasing source level is 
propor tiona l to  10“ “ SL w ith  a  m  0.08 for source levels be
low 160 d B / / / / P a  and a  «  0.12 for source levels above.

Using the  source level d is tr ibu tion  along with th e  fact 
th a t  the  events are spatia lly  uniform , the m ean  energy in pu t 
into the  ice p e r  square kilom eter as a function  of source 
power can be dete rm ined  as:

E ( P )  =  St N ( P )  P

where N ( P )  is the  mean num ber of events occurring a t  
source power P  pe r  square k ilometer p er  m inute ,  and  St is 
the mean time du ra t io n  in m inutes  of an event. From  our 
d a ta ,  St was found to  be approxim ate ly  0.1 seconds. T he  
to ta l  average energy en tering  the  ice per square kilometer 
is then ob ta ined  by sum m ing  over all source powers as:

P m a x

E  =  st  J2 N (p ) p -
P  — P  m i n

This gives an average energy in pu t into the ice of 116.6 
d B /k m 2/ / / i P a  at 1 m. Using the  average energy inpu t per

square  k ilometer calculated above, the  average energy re
ceived a t  a hydrophone from a given source location is sim
ply the  average input minus the  propagation  loss associated 
with th a t  location.

Finally, the  th e rm al ice cracking model outlined above is 
capable  of determ in ing  the  relative contribution  of close ver
sus far range events in p roducing the  ambient noise. Over 
80% (within 1 dB) of the  to ta l  noise energy produced from 
all th e rm a l  ice cracking events was generated within 30 km 
of th e  hydrophone while over 50% (within 3 dB) was gen
era ted  within 6 km range.

4. RESULTS

T he tw o-com ponent noise model reproduced all four 
classes of m easured real spec tra  within 1.5 dB for all fre
quencies above 3 Hz. The m odel showed th a t  the  measured 
am bient noise spec tra  can be reproduced by a single active 
pressure ridging event, along with a d is tr ibution  of the rm al 
ice cracking events. For frequencies below 40 Hz, the am 
bient noise sp ec tru m  may be determ ined  by the  range and 
level of the s trongest received active pressure ridge. For 
frequencies above 40 Hz, th e  am bient noise spec trum  is de
te rm ined  by the rm al ice cracking, with overall levels and 
spec tra l  shape  dependen t on the  intensity of ice cracking 
and  th e  relative s treng th  of local to average events. For 
purposes of o u r  model, local events are considered to be 
within 1 km of the  hydrophone.

It was also no ted  th a t  all of th e  d a ta  files used in classes 
1 and  2 for real d a ta  occurred  during a 66 hour span  within 
the middle of the  experim ent while aü  except one of the 
d a ta  files used in classes 3 and 4 occurred before or  after 
th is  time. T his  suggests th a t  active pressure ridging was 
occurring a t  approxim ately  40 km range during the  entire 
100 hours of am bient noise m easurem ents  and th a t  for a 
66 hour span of tim e in the  middle of the  experiment, a 
much stronger  active pressure ridge built itself at a range 
of approxim ate ly  70 km.
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