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NORTH SLOPE BOROUGH 

 

SCIENCE 
ADVISORY 
COMMITTEE  

 Serving the North Slope Borough since 1981 
 
 
2 May 2005 File: NSB/SAC-OR-134 
 
Honorable George N. Ahmoagak, Sr., Mayor 
North Slope Borough 
P O Box 69 
Barrow, Alaska 99723 
 
Subject: Effects of industrial noise on bowheads and other marine mammals 
 
Dear Mayor Ahmaogak: 
 
 In response to your request of January 25, 2005, the Science Advisory 
Committee (SAC) of the North Slope Borough has completed its task of 
reviewing the annual and comprehensive report submitted by LGL, Greeneridge 
Sciences, Inc., and Western Ecosystems Technology, Inc.: Monitoring of industrial 
sounds, seals and bowhead whales near BP’s Northstar oil development, Alaskan 
Beaufort Sea, 1999-2003.  The task was accomplished by panel participation at the 
BP Energy Center, Anchorage, on March 7-9, 2005.  Based on the results of the 
deliberations, a report was prepared and is transmitted to you herewith. 
 
 I trust that this report will be satisfactory to your needs.  Additional copies 
will be sent in a separate mailing. 
 
Sincerely yours. 
 
 
 
 
John J. Kelley. Ph.D. 
Chairman, North Slope Borough Science Advisory Committee 
 
Encl (1): Review document NSB-SAC-OR-134 
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xc: R. Suydam and C. George, Dept. of Wildlife Management, NSB 
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EXECUTIVE SUMMARY 

 

The Mayor of the North Slope Borough (NSB) requested that the Science 
Advisory Committee (SAC) undertake a review of LGL Report TA4002, 
“Monitoring of Industrial Sounds, Seals, and Bowhead Whales Near BP’s 
Northstar Oil Development, Alaskan Beaufort Sea, 1999-2003.”  Distributed in 
December 2004, this annual and comprehensive report was prepared by LGL, 
Greeneridge Sciences, Inc., and Western EcoSystems Technology, Inc., for BP 
Exploration (Alaska) Inc. 

 The SAC convened a panel of reviewers which met on March 7, 8 and 9, 
2005, at the BP Energy Center, Anchorage, Alaska.  The committee was provided 
with copies of the monitoring report, the Request for Letter of Authorization, and 
the NSB Ordinance relating to the development of Northstar island.  The SAC 
review was guided by four general questions and five specific questions. 

GENERAL QUESTIONS: 

 1. Are the report’s conclusions clearly supported by the data presented? 

 The SAC’s opinion that the conclusions are generally supported by the 
data presented in the report is influenced in large part by the general finding that 
(1) the impacts from Northstar have likely been minimal, and (2) the production 
noise from the island is relatively low.  The sound measurement data suggest 
that noise from the island is relatively low, and it appears that the loudest 
sources are vessel noise, which is apparently most responsible for the observed 
effects.   
 
 2. Are the study design and analytical approach adequate to determine the 

effects of noise from Northstar on bowhead whales and the migration as 
a whole? 

 The acoustic location analysis was generally appropriate for this study, 
although the methodology used to characterize the industrial noise exposure was 
inadequate.  A key supposition of the study was that there was a dose response 
relation underlying the whales’ response to the noise from Northstar.  Because of 
the very low levels of steady production noise from Northstar during the study 
period, this supposition was not demonstrated.  Effects on call behavior, a key 
focus of the study objectives, were not examined in any depth.  The statistical 
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analysis approach was generally well conceived, but some revisions and 
extensions are strongly suggested.  It should be determined if the statistical 
approach used is appropriate if in fact no dose-response relationship can be 
established. 
 
 

 3. What recommendations would you make, if any, to improve the study 
design and analytical approach to improve the monitoring study of 
Northstar? 

 SAC recommendations are detailed in the responses to the specific 
questions. 

 4. Could the monitoring efforts be reduced and still achieve the NSB 
objectives? 

 The monitoring efforts for the 2005 season could be reduced as part of a 
long term plan which includes further data analysis and periodic future in-depth 
surveys. 

SPECIFIC QUESTIONS: 

SQ1: Has the noise produced by Northstar been adequately documented? 

 a. Does the nearshore hydrophone adequately document industrial 
noise from Northstar island?  

 The nearshore hydrophone adequately documents the noise produced by 
Northstar island, but only at one location about 450 meters from the island.  
Additional measurements were made for distances up to 37 km from the island 
but were not used in the primary analysis. 

 b. Is the definition of the Industrial Sound Index (ISI) appropriate? 
 The ISI weighting method is appropriate only for industrial noises that fall 
within the five individual 1/3 octave bands.  It is particularly inappropriate for 
characterizing sounds that are narrow-band in frequency and/or transient in 
nature. 

 c. The ISI is averaged over a 70-minute time period.  Is this averaging 
appropriate, or should peak sound levels also be included in an ISI? 

 Long-term averaging was not adequate for characterizing the noise in 
2001 and 2002 because of boat traffic.  In cases where there is minimal boat traffic 
and production noise was steady, long-term averaging was appropriate.  The 
analysis should be rerun with a different set of predictor variables that could 
characterize noise exposure using behaviorally relevant measures. 
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 d. Has noise from aircraft been adequately addressed? 
 Noise from aircraft was not adequately addressed. There was no 
measurement made of in-air noise from aircraft operations.  Neither the ISI nor 
the 70-minute averaging techniques are appropriate for aircraft noise. 
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SQ2: Is the approach to statistical weighting of calls appropriate? 

 a. The application of statistical weighting is appropriate, but the 
variance may not be calculated properly. 

 b. Is the quantile regression the appropriate statistical approach? 
 Quantile regression is an appropriate approach and appears to be 
properly applied.  The SAC recommends that the analyses be rerun using 
different predictor variables. 

 c. Have proper adjustments been made to minimize autocorrelation? 
 Autocorrelation of call distances was not accounted for in fitting of the 
quantile regression.  Ignoring call autocorrelation may not be a problem in the 
model fitting process.  To confirm this, we recommend that cross-tabulations be 
made of numbers of located calls by dB band and day. 

 d. Is the stratified permutation method used for calculating confidence 
intervals for the parameters of the quantile regression the best 
approach for the analysis? 

 The basic method is appropriate.  The SAC recommends changing the 
analysis to use joint confidence bands and conducting sensitivity tests with 
smaller time block sizes chosen by a different method.  We also recommend 
applying both methods for choosing block size separately within each sub-season 
stratum. 

SQ3: How sensitive are the results to systematic errors? 

 a. Is the orientation of the baseline appropriate? 
 The orientation of the baseline is appropriate to the study. 

 b. Is the analysis area of appropriate size and shape to appropriately 
determine impacts from Northstar noise on the bowheads? 

 The size and shape of the analysis area is capable of detecting some 
impacts from Northstar, but does not give adequate attention to the 15-20 mile 
distance from Northstar as mentioned in the NSB ordinance. 

 c. The analysis assumes that whale call rates are not influenced by 
industrial noise.  Is this a reasonable assumption? 

 The report’s assumption that call rates are not influenced by industrial 
sounds is not substantiated.  

 d. The dependent variable in the regressions is the distance between 
the whale call and the baseline.  Is this measurement appropriate, or 
would it be more appropriate to use the distance between the call 
and the sound source at Northstar? 
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 Given the small size of the analysis area, especially the narrowness from 
east to west, little difference would be expected between the N-S distance 
(between each call and the baseline) and the radial distance (between each call 
and the sound source).  Therefore, the chosen measurement is acceptable in this 
respect. 

SQ4: Are the “best estimate” and the “upper bound estimate” of the number 
of whales displaced by Northstar reasonable? 

 a. Is the approach for calculating the number of whales displaced by 
Northstar adequate and defensible? 

 Calculation of the upper (90%) displacement curve is incorrect, because it 
fails to account for estimation uncertainty.  The SAC recommends that the 90% 
upper confidence curve used in figure 9.2 and the associated analysis on page 9-8 
of the report should be changed to 95%.  

 The simple binomial variance fails to account for the temporal call 
autocorrelation and may be remedied by using a block bootstrap (with time 
blocks) to estimate the standard error of the proportion.  

 As an alternative to using aerial survey data, we suggest using acoustic 
data to estimate the number of whales passing within the analysis area.  

 Computing the point estimate of the number of whales displaced is 
acceptable; however, multiplying the upper bounds is incorrect.  We suggest the 
development of an appropriate approach to obtain an upper bound that better 
estimates the relevant upper limit.  

 b. Does the study design (e.g., placement of the array, etc.) allow for 
measuring the impacts from Northstar to whales outside the 
“analysis area?”  If not, how could the study be modified to 
determine impacts outside the “analysis area?” 

 The SAC notes that the study could be modified by fitting a 
parameterized detection function (depending on ambient sound levels and 
distance).  This would allow analysis of a larger portion (or all) of the data.  

 c. Is there a minimum detectable displacement distance? 
 In principal, displacements smaller than 2 km could be estimated.  An 
important question remains regarding the statistical power required to detect 
small displacements.  Existing data can be used to estimate errors of 
displacement estimates.  The standard errors can then be used to estimate power 
to detect displacements of various distances. 

 d. Is the Northstar study capable of detecting impacts to whales 
outside the “analysis area?” 
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 The objectives of the study were to examine displacement and calling 
behavior.  Calling behavior was not examined, however.  The SAC recommends 
as much analysis as possible be made of calling behavior from the data that have 
been collected. 
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SQ5: Are the recommendations for a long-term monitoring plan adequate? 

 a. Has the effect of the Northstar on the distribution of whales been 
determined to the extent that it can be reasonably applied from the 
1999-2004 studies? 

 The effect of Northstar on the distribution of whales has not yet been 
determined.  There are no results that describe how the displacement in the 
analysis area may affect distribution outside the analysis area.  Additional 
analyses need to be carried out. 

 The SAC feels that the overall monitoring was carried out well and the 
analysis approach was reasonable except as noted above.  

 b. Provided that future years’ sound propagation from Northstar 
remain at or below current levels, can the effects on whale 
distribution be reasonably predicted? 

 If the analysis is improved so as to provide reasonable determination of 
displacement within the analysis area, then reasonable predictions of future 
displacement can be made in the analysis area given measurements of future 
sound propagation remain at or below current levels. 

 c. Is the data collection program proposed for 2005 reasonable?  Is it 
sufficient to ensure with a reasonable degree of confidence that 
effects of Northstar remain within expected ranges? 

 The SAC believes it is essential to continue monitoring of noise 450 m 
north of Northstar each year during the autumn bowhead migration, using one 
or more DASARs (Directional Autonomous Seafloor Acoustic Recorder) or other 
devices, providing data in near real-time, if possible. 

 The next highest priority should be to revise and improve the analyses as 
suggested.  This should provide a more conclusive answer about effects of 
Northstar industrial noise on bowheads in the region. 

 The SAC also recommends placement of one nondirectional hydrophone 
at a location that maximizes the proportion of the bowhead whale migration 
recorded. 

 Over the long term, the SAC believes that careful and comprehensive 
monitoring of noise effects cannot be permanently abandoned regardless of the 
outcome of the reanalyses.  We recommend that a full acoustical array data 
collection and analysis (as in 2001-2004) should be conducted once every four 
years, with limited monitoring in interim years. 
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ADDITIONAL CONCERNS: 

 The SAC recommends that Inupiat traditional knowledge (TK) 
observations from whale hunters at Cross Island be summarized in a section of 
the Northstar annual report. 

 The SAC was also concerned that the presence of the Northstar island may 
be perceived by whales and that this perception along with noise may cause 
deflection of the whales.  Based on the level of radiated noise, it is possible that a 
very large portion of the passing whales did not detect the production noise from 
the island.  This may be particularly true for whales passing farther away and for 
conditions of higher ambient noise.  If such is the case, then it is possible that the 
choice to deflect, if at all, was strictly on the basis of perceiving that the island 
was there from either selected transient sounds, such as shipping, or very low 
but perceptible levels of steady production noise.  Thus, there would be no 
evidence of a dose relationship but rather a “present” or “not present” condition.  
This possibility should be examined in some detail, as it may indicate other more 
appropriate methods of evaluation.  This concern should also be addressed in 
any future studies 
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INTRODUCTION 

In a letter of request for advisory review (25 January 2005, Appendix 1), the 
Mayor of the North Slope Borough (NSB) expressed concern about the effects of 
industrial noise from BP Alaska (BP) operation of the Northstar facility on 
bowhead whales and other marine mammals.  Earlier, at the 2003 meeting of 
government agencies, industry and the Alaska Eskimo Whaling Commission 
(AEWC), BP had requested that the NSB ask the Science Advisory Committee 
(SAC) to review the design, analytical approach, results and interpretation of its 
monitoring study. 

 In response to these ongoing concerns, the SAC was requested by the 
Mayor of the North Slope Borough (Appendix 1) to review a report entitled 
“Monitoring of industrial sounds, seals, and bowhead whales near BP’s 
Northstar Oil Development, Alaskan Beaufort Sea, 1999-2003,” as published by 
LGL, Greeneridge Sciences and Western EcoSystems Technology. 

 The SAC was provided with a second document relating to Section 13 of 
the “Monitoring and Reporting Plan,” which is part of a “Request for Letter of 
Authorization, Pursuant to Section 101 (a) of the Marine Mammal Protection Act 
Covering, Taking of Marine Mammals Incidental to Operation of the Northstar 
Facility in the U.S. Beaufort Sea.  This request had been submitted by BP 
Exploration to the U.S. Department of Commerce.  The SAC review panel was 
provided further with the NSB Ordinance relating to the development of  
Northstar island. 

 In order to fulfill the request of the NSB, the SAC review focused on four 
general questions and a series of specific questions as posed by the Borough 
Mayor’s tasking letter (Appendix 1).   

 Reviewers were selected by the Chairman, SAC, and are listed in 
Appendix 2.  The review panel met at the BP Energy Center, Anchorage, Alaska, 
on March 7, 8 and 9, 2005.  The meeting opened with an introduction of panel 
members and guests, as well as a charge to the committee, which included 
guidelines for preparing the review.  The agenda (Appendix 3) for the SAC 
review participants called for an overview of North Slope Borough expectations, 
followed by a summary of the report by BP’s contractors.  Appendices 4 and 5 
present statements of SAC Review Policy and an overview of the Science 
Advisory Committee.  Reviewer background is noted in Appendix 6. 
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SAC PANEL REVIEW COMMENTS 
 

The overall opinion of the Science Advisory Committee (SAC) was that BP has 
collected a substantial dataset relevant to the North Slope Borough’s (NSB) 
concern about the effects of industrial noise on bowhead whales and other 
marine mammals. The research team should be commended for replacing aerial 
surveys and introducing an acoustic localization approach for this study. The 
data-analysis strategy is well conceived overall, however some changes to some 
key scientific and technical aspects of the analysis are recommended. The 
committee’s opinion was that the final result of BP’s effort, after revision, will 
likely serve as a model for similar studies worldwide in future years. 

 The SAC considered both general and specific questions related to the 
annual comprehensive report and presents its recommendations for revisions, 
corrections, and sensitivity analyses which it considers are important 
improvements and extensions to the current study. 

GENERAL QUESTIONS: 

 1. Are the conclusions in the report clearly supported by the data 
presented? 

 We agree that the report’s conclusions are generally supported by the data 
presented; however, in the remainder of this report the SAC lists a variety of 
concerns.  The SAC’s agreement is in large part influenced by the general finding 
that (1) the impacts are minimal and (2) the noise from the island is relatively 
low, even though vessel noise is loudest and most responsible for effects seen.   

 2. Are the study design and analytical approach adequate to determine the 
effects of noise from Northstar on bowhead whales and the migration as 
a whole? 

 The study design and analytical approach were designed primarily for 
examining displacement of bowheads within the analysis area due to noise from 
Northstar.  The study did not address other potential effects.  The acoustic 
location analysis was generally appropriate for this study although the 
methodology used to characterize the industrial noise exposure was inadequate.  
Effects on call behavior, a key focus of the study objectives, were not examined in 
any depth.  The statistical analysis approach was generally well conceived but 
requires some revisions and extensions.  

 3. What recommendations, if any, would you make to improve the study 
design and analytical approach to improve the monitoring study of 
Northstar?   
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 The Science Advisory Committee has many recommendations, which are 
detailed in responses to the specific questions. 
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 4. Could the monitoring efforts be reduced and still achieve the NSB 
objectives? 

 The monitoring efforts for the 2005 season could be reduced as part of a 
long-term plan, which includes further data analysis and periodic future in-
depth surveys.  We emphasize that the hydrophone near Northstar island must 
be maintained for the length of the life of Northstar island facility.  We 
recommend one additional monitoring site in 2005.  The details of our 
recommended long-term monitoring plan are given below in response to Specific 
Question 4. 
 
SPECIFIC QUESTIONS: 

SQ1. Has the noise produced by Northstar been adequately documented? 
 Noise was adequately characterized at only one location. 

 a. Does the nearshore hydrophone adequately document industrial noise 
from Northstar island? 

 Noise was adequately characterized at only one location about 450m from 
the island.  The NSB ordinance 75-6-38 states that received levels of noise should 
be documented at various distances from Northstar island, such as 1, 2, 4, 6, 8, 10, 
and 12 miles.  Measurements (Table 4-2) and estimations (Annex 8.5) were made 
for distances up to 37 km in satisfaction of the NSB Ordinance.  However, the 
measurements at distances greater than 450m were not used in the primary 
analysis. 
 
 b. Is the definition of the Industrial Sound Index (ISI) appropriate? 
 The ISI weighting method is appropriate only for industrial noises that fall 
within the five individual 1/3 octave bands.  ISI is not adequate for sounds 
outside these bands or sounds that do not penetrate deep into the water, 
including helicopter or hovercraft sounds.   
 
 c. The ISI is averaged over a 70-minute time period.  Is this averaging 

appropriate, or should peak sound levels also be included in an ISI? 
 In addressing the adequacy of the averaging period, it is noted that the 
dominant acoustic stimuli in 2001 and 2002 were likely sounds from boat traffic, 
including transient craft.  For example, the increase in noise associated with a 
rapidly approaching boat would be averaged out.  Based on this observation, 
long-term averaging is not adequate for characterizing the noise.  In cases where 
there is minimal boat traffic and production noise was steady, long-term 
averaging was appropriate. 

 An alternative approach would be to use a set of measures, or predictor 
variables, that could characterize noise exposure using behaviorally relevant 
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measures.  Such measures include signal-to-noise ratio, peak levels (or peak 
signal to noise), ISI with averaging, variation in noise over an averaging period, 
and estimated received level at a whale’s location.  The analysis should be rerun 
with a different set of predictor variables.  This re-analysis is very important. 
 
 d.  Has noise from aircraft been adequately addressed? 
 Noise from aircraft has not been sufficiently addressed.  Measurements 
were made of in-water noise generated by aircraft, but sounds from aircraft do 
not propagate widely in water.  There were no measurements made of in-air 
noise from aircraft operations, which might be heard by surfacing whales.  This 
may not have been a major issue with Northstar monitoring, because there was 
little aircraft traffic; however, if this approach were extrapolated to another area 
with more aircraft traffic, the approach would not be adequate. 
 
SQ2. What statistical applications are appropriate? 

 a. Is statistical weighting of calls an appropriate approach? 
  We agree that the application of statistical weighting is appropriate, but 
the variance may not be calculated properly.  Weights should be changed to 
reflect variability in location in the direction orthogonal to the baseline (Fig. 1), or 
in the radial direction if radial distances are used.   
 
 
 

Error ellipse 

Baseline 

 
 
 
 
 
 
 Fig. 1. Illustration showing range error orthogonal to the baseline. 
 
 The authors must ensure that squared residuals are weighted inversely to 
the variance or that absolute residuals are weighted inversely to the standard 
deviation.   
 
 b. Is quantile regression an appropriate statistical approach?   
 Quantile regression is an appropriate approach and appears to be 
properly applied.  It was also appropriate to fit more than one quantile — which 
is what was done.  It may be useful, but unlikely to change the conclusions, to try 
smoother and or less constrained model forms such as supersmoother, 
polynomial regression, allowing the middle segment to have a slope, or local 
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regression smoothing (by weighting the residuals in each local fit, one could 
obtain a non-parametric smooth of the 5th quantiles).  We agree with the authors 
that loess (a smoothing technique) is not advisable for these data.   

 In view of the comments in SQ1, the authors should re-run the analysis 
using the different predictor variables mentioned there.  The SAC strongly 
recommends these re-analyses as high priorities. 
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 c. Have proper adjustments been made to minimize autocorrelation? 
 We reinterpret this question to ask whether the autocorrelation been 
properly accounted for in model fitting and hypothesis testing.   

 Model Fitting:  Autocorrelation of call distances was not accounted for in 
fitting of the quantile regression.  Conceptually this could be a concern, because 
at a particular dB band, calls could come from a very small number of whales (or 
even a single whale) over a short time span.  In such a case, quantiles of call 
distances will not correspond well to quantiles of whale distances.  However, the 
boat traffic that was largely responsible for high noise levels occurred at regular 
intervals throughout the season, thereby providing a likely diverse sample of 
whales at high dB bands.  At low noise levels, sample sizes are much larger in 
any dB band, also providing better representation of the desired conditional 
distributions. 

 Therefore, ignoring call autocorrelation may not be a compelling problem 
in the model fitting process.  To confirm this, we recommend that cross-
tabulations be made of numbers of located calls by dB band and day (Table 1).   
 
 Table 1. Example of descriptive table mentioned in response to question 2c.  
 dB band 

Day  Band 1 Band  2 Band 3 Band 4… 

1 0 0 169 … 

2 87 0 0 …. 

… … … … … 

n 0 125 0 …. 

Severe imbalance as suggested in the above table would be problematic. 

 Hypothesis testing:  We respond to hypothesis testing in question 2d below.  

 d. Is the stratified permutation method used for calculating confidence 
intervals for the parameters of the quantile regression the best 
approach for the analysis? 

 We interpret this question to ask if the stratified permutation method is 
appropriate for testing for noise related displacement. 

 The basic method is appropriate but some of the technical details should 
be handled differently.  Specifically, the analysis should be changed to use joint 
confidence bands.  One way to do this is to find τ such that: 
 

(M + τ (U-M), M - τ (M-L)) 
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wholly contains 90% of the null curves, where U, M, and L are the pointwise 
95%, 50%, and 5% bands, respectively.  Then the interval given above provides 
90% joint coverage. 
 
 Furthermore, we would also like to see the contractor conduct sensitivity 
testing for smaller time block sizes corresponding to first instances that 
autocorrelation intervals include zero (e.g., ~6, 8, 16, hrs in 2001, 2002 and 2003).  
This is a “first crossing” definition of block size, compared to the `last significant 
autocorrelation’ approach sometimes used in the report.  Additionally, we 
recommend that both methods (“first crossing” and `last significant’) be used for 
block size applied separately within each sub-season stratum (to account for 
different migration behavior or rates during different portions of the season).   
For example, at the beginning of the study period, milling/feeding behavior is 
generally more prevalent than toward the end of the study.   

 
SQ3. How sensitive are the results to systematic errors? 

 a. Is the orientation of the baseline appropriate? 
 The SAC agrees that the orientation of the baseline is appropriate to the 
study.  The sensitivity analysis was commendable. 

 b. Is the analysis area of appropriate size and shape to appropriately 
determine impacts from Northstar noise on bowheads? 

 The size and shape of the analysis area are capable of detecting some 
impacts from Northstar but the method is not completely adequate because it 
does not give enough attention, especially in the east/west dimension, to the 15-
20 mile distance from Northstar as mentioned in the NSB ordinance. 

 c. The analysis assumes that whale call rates are not influenced by 
industrial noise.  Is this a reasonable assumption? 

 There is evidence from former studies, e.g., seismic studies (Richardson et 
al. 1995; Clark and Ellison 1989) and the spring bowhead census at Barrow 
(George et al. 2004) that call rate is influenced by manmade noise.  There is 
limited discussion in the Northstar report about whale call rates.  The 
assumption stated in the report that call rates are not influenced by industrial 
sounds is unsubstantiated and unlikely to be correct. 

 d. The dependent variable in the regressions is the distance between 
the whale call and the baseline.  Is this measurement appropriate, or 
would it be more appropriate to use the distance between the call 
and the sound source at Northstar? 

 Given the small size of the analysis area, especially the narrowness from 
east to west, one would expect little difference between the N-S distance 
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(between each call and the baseline) and the radial distance (between each call 
and the sound source).  However, if the analysis area were expanded, especially 
to the east and west, the radial distance must be used.  Additionally, there are 
other dependent variables, such as whale swim speed, that could be included in 
the analysis impacts that might be measured. 
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SQ4. Are the “best estimate” and the “upper bound estimate” of the number 

of whales displaced by Northstar reasonable? 

 a. Is the approach for calculating the number of whales displaced by 
Northstar adequate and defensible?  

 The general approach is appropriate, but some corrections are needed. 

Displacement:  Calculation of the upper (90%) displacement curve in Fig. 9.2 in 
the report is incorrect, because it fails to account for estimation uncertainty.  One 
way to obtain a better curve is as follows: 

1. Apply moving block bootstrap to the fitted curve to find a joint 
coverage upper confidence band for the fit. 

2. Carry out the permutation as done previously to get the joint coverage 
lower null band. 

3. Use D = [1]- [2] to approximate the worst case displacement (D); the 
point estimate of displacement is x - y (Fig. 2).  We admit that this 
approach slightly overestimates worst-case displacement.  

4. The SAC believes that the 90% upper confidence curve used in Fig. 9.2 
and the associated analysis on page 9-8 of the report should be 
changed to 95%. 
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Fig. 2. Plot illustrating the concept in (3) to estimate the number of displaced whales.  
The point estimate of displacement is x - y.   The worse-case displacement at a 
particular ISI is illustrated by the heavy black arrow. 
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Proportion of whales passing within an ISI band: 

• Uncertainty about the proportion of whales passing within each ISI 
band should be expressed using a 95% 1-sided bound.   

• The simple binomial variance fails to account for the temporal call 
autocorrelation. To remedy this, use a block bootstrap (with time 
blocks) to estimate the standard error of the proportion.   

 
Number of whales in the study area: 

The report ‘estimates’ the number of whales in the study area by multiplying the 
point estimate for population size (10,470) by a number (50% in 2001-2 or 75% in 
2003).  Uncertainty is not yet adequately accounted for in this approach. 

• For the population size, the authors should use both the point 
estimate and an upper bound (George et al. 2004). 

• Instead of using the same multiplier for both the point estimate and 
the upper bound, they should use a more conservative (i.e. larger) 
multiplier for the upper bound.  

• Due to the retreat of sea ice in recent years, 50% is probably too low 
for the point estimate multiplier because it is based on the MMS 
Bowhead Whale Aerial Survey Program (BWASP) data from 1979 
to 2000 and other aerial survey data (e.g., LGL).  Whales tend to 
migrate closer to shore in years when the ice edge is further 
offshore (Moore 2000).   If aerial survey data are to be used at all, 
the aerial survey studies could be clustered on the basis of spatial 
migratory patterns to determine which should be used to 
determine the multipliers (i.e., the percentage of whales within the 
analysis area).   

• As an alternative to using aerial survey data, we suggest using 
acoustic data to estimate the number of whales passing within the 
analysis area  (refer to Fig. 3, next page), with adjustment for 
detection probability as possible.    
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Fig. 3. Illustration showing how the proportion of calls within the analysis area might be 
estimated.  The estimate is the ratio of calls within the stippled box to calls in the 
combined stippled and cross-hatched box.  [Dots are whale locations; the “silo” 
shaped zone with the bold border is the analysis area used in the report.] 
 

 

Combination of estimates: 

 Computing the point estimate of the number of whales displaced by 
taking the product of the estimates discussed above is acceptable.  However, 
multiplying the upper bounds is incorrect.  We suggest that the contractors 
develop an appropriate approach to obtain an upper bound that better estimates 
the relevant upper limit. 
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 b. Does the study design (e.g., placement of the array, etc.) allow for 
measuring the impacts from Northstar to whales outside the 
“analysis area?”  If not, how could the study be modified to 
determine impacts outside the “analysis area?” 

 If there are whales outside the analysis area that could have been affected 
by Northstar, then the analysis area could be expanded as a sensitivity analysis.  
If not, then no expansion of the study area is sensible. 

 The SAC believes that a parameterized detection function (depending on 
ambient sound levels and distance) could be fit. This would allow analysis of a 
larger portion (or all) of the data.  It might be necessary to limit that analysis to 
periods after the subsistence hunt at Cross Island has ended (~ 15 September). 

 c. Is there a minimum detectable displacement distance?  

 In principle we cannot see any reason why displacements smaller than 2 
km could not be estimated. However, an important question remains regarding 
the statistical power to detect small displacements.  For designing future 
monitoring programs the existing data can be used to estimate standard errors of 
displacement estimates.  These standard errors can then be used to estimate 
power to detect displacements of various distances. 

 d. Is the Northstar study capable of detecting impacts to whales 
outside the “analysis area?” 

 This question is similar to question 4b.  The SAC notes that the objectives 
of the study were to examine displacement and calling behavior.  Yet, even within 
the analysis area, calling behavior was not examined.  We recommend that calling 
behavior be analyzed as extensively as possible from the data which have been 
collected.  It is important to note that other impacts might include effects on swim 
speeds (e.g., from an approaching vessel associated with Northstar), feeding 
behavior, respiration rates, etc.  

SQ5: Are the recommendations for a long-term monitoring plan adequate? 

 a. Has the effect of Northstar on the distribution of whales been 
reasonably determined from the 1999-2004 studies? 

 The effect of Northstar on the distribution of whales has not yet been 
determined.  The SAC feels that the overall monitoring was carried out well and 
the analysis approach was reasonable.  However, we are unable to conclude that 
the effect of Northstar on the distribution of whales has been determined, to the 
extent that it could be, until some additional analyses have been carried out.  
Furthermore, the analyses conducted thus far are focused on the primary 
analysis area (which is smaller than the area specified in the NSB Ordinance) and 
are predicated on the unrealistic assumption that calling behavior is independent 
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of noise exposure.  There are no results that describe how the displacement in the 
analysis area may affect distribution outside the analysis area.  Thus a good 
understanding of Northstar effects on bowhead distribution will remain elusive 
until such issues are more fully addressed.  Such an understanding is necessary 
for those interested in assessing cumulative impacts. 
 b. Provided that future years’ sound propagation from Northstar 

remain at or below current levels, can the effects on whale 
distribution be reasonably predicted? 

 If the analysis is improved along the lines suggested above so as to 
provide reasonable determination of displacement within the analysis area, then 
reasonable predictions of future distribution or displacement can be made in the 
analysis area given measurements of future sound propagation that remain at or 
below current levels.  Our conclusion, however, relies on the continued 
assumption that calling behavior is independent of noise exposure.  There is 
evidence that such an assumption is unreasonable (Richardson [ed.] 1999), and if 
it is not true, then current estimates and predictions of displacement are not 
reliable.  Additionally, predictions of distribution cannot reliably be made 
outside the analysis area, in different environmental conditions, and for noise at 
different levels or with different characteristics than previously analyzed.   

 c. Is the data collection program proposed for 2005 reasonable?  Is it 
sufficient to ensure, with a reasonable degree of confidence that 
effects of Northstar remain within expected ranges? 

 The SAC believes it is essential to continue monitoring of noise 450 m 
north of Northstar each year during the autumn bowhead migration, using one 
or more DASARs (Directional Autonomous Seafloor Acoustic Recorders) or 
other devices, providing data in near real-time, if possible.   

 The next highest priority should be to revise and improve the analyses as 
suggested above.  This should provide a more conclusive answer about effects of 
Northstar industrial noise on bowheads in the region. 

 The SAC believes that careful and comprehensive monitoring of noise 
effects cannot be permanently abandoned, regardless of the outcome of the 
reanalyses.  We recommend the following future bowhead call-monitoring 
schedule.  A full acoustical array data collection and analysis (as in 2001-2004) 
should be conducted once every four years.  This array may or may not provide 
the same spatio-temporal coverage as previous years but should be of 
comparable scope, if not greater.  (Alternative arrays might extend further north, 
or cover more east-west range.)  In addition to this regular schedule, a full field 
study and subsequent analysis should be carried out immediately if analysis of 
the most recent available data indicate it to be necessary.  The  reanalysis of the 
2001-2004 data discussed above constitutes the first opportunity for such a 
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trigger, although the SAC expects these final results not to warrant such an 
effort. 

 Finally, we recommend placement of one nondirectional hydrophone 
(plus one or more redundant placements) at a position to be chosen as follows: 
(a) the location should be one used in 2001-4, and (b) the location should be the 
one that maximizes the proportion of the migration recorded, e.g., position CA.  
This is not a high scientific priority but may provide useful information.
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ADDITIONAL CONCERNS 
 
Use of traditional knowledge in future monitoring 
 Several major scientific studies over the last three decades have proven 
traditional Inupiat knowledge (TK) to be reliable (Albert 2001) and recognized 
within the national and international scientific communities .  Owing to the large 
amount of observation effort and integrative nature of TK, the hunters often see 
patterns in wildlife populations long before they are statistically verified by 
scientific observation.  For these reasons, it makes sense to integrate the 
observations of subsistence whale hunters at Cross Island (Nuiqsut hunters) into 
the Northstar study.  Such observations might include general offshore 
distribution of whales, feeding behavior, “skittish” behavior, number of vessels 
and reaction to them.  We recommend that TK observations be summarized in a 
section of the Northstar annual report. 

Noise perceived by whales 
 The SAC was concerned also that the presence of the Northstar island may 
be perceived by whales and that this perception, along with noise, may cause 
deflection of the whales.  This subject should be addressed in future studies. 
Based on the level of radiated noise it is possible that a very large portion of the 
passing whales did not detect the production noise from the island. This may be 
particularly true for whales passing farther away and for conditions of higher 
ambient noise.  This observation is based on the estimated sound received level 
results shown in figures Annex 8.4A, B, C, and D corresponding to years 2001 
through 2003. These results show that the vast majority of all whales during 
these years were exposed to absolute levels of sounds (albeit analyzed as long-
term averaged ISI levels) far below the range of levels now being considered by 
major scientific panels to cause any level of behavioral response in this class of 
whales.  Further, if one considers the effect of background ambient noise, then 
the predicted receive levels may be so far below ambient that it is likely the 
steady production noise was not heard at all by the majority of the passing 
whales. What the data in the report do support is the detection and response of 
the whales to the more intense and detectable transient noises associated with 
transient vessel activity (predominantly in 2001 and 2002).  It is strongly 
recommended that the data be reanalyzed on the basis of signal to noise ratio 
(SNR) values at individual call locations.  Analysis of the exposure at the animal 
location is the prescribed standard for all behavioral response evaluations, and 
should be required here as well.  It is difficult to conceive how such low levels of 
perceived sound could be considered as an acceptable basis for a dose-response 
evaluation. 

If such is the case, then it is possible that the choice to deflect, if at all, was 
strictly on the basis of perceiving that the island was there from either transient 
sounds, such as shipping, or very low but perceptible levels of steady production 
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noise. Thus, there would be no evidence of a dose relationship but rather a 
“present” or “not present” condition. This possibility should be examined in 
some detail as it may indicate other more appropriate methods of evaluation.  
These concerns should also be addressed in any future studies, and taken into 
consideration in planning future “reduced” monitoring efforts.
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Department of Statistics 
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ROBERT SUYDAM 
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SAC PANEL REVIEW AGENDA 
 

BP ENERGY CENTER 
ANCHORAGE, ALASKA 

 
Monday, March 7, 2005 
 
 0800 Meet at the BP Energy Center (in close proximity to the Residence Inn) 
 
 0830 Introductions and Plan of the Day – J. Kelley  
 
 0845 Overview of the review expectations – R. Suydam 
 
 0900 Description of the Northstar noise monitoring program – BP  (TBN) 
 
 1200 Adjourn for lunch 
 

1300 SAC meets for general discussion of the LGL, Greeneridge Sciences 
and Western EcoSystems Technology report.  North Slope Borough 
and British Petroleum staff will be available for consultation.  Robert 
Suydam and Craig George will serve as ex officio members of the 
review panel.  

 
 1700 Summary of deliberations – J.  
 
 1730 Adjourn 

 
Tuesday, March 8 
 
 0800 Continue deliberations on primary document in working  groups 

established the previous day. 
 
 1100 Summary of deliberations and discussion – J. Kelley  
 
 1200 Adjourn for lunch 
 
 1300 SAC will reconvene to address adequacy of the long-term 

 monitoring plan. 
 
 1700 Summary of deliberations – J. Kelley 
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 1730 Adjourn 
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Wednesday, March 9 
 

0800 SAC will reconvene to discuss and provide an opinion on the General 
Questions expressed in the Mayor’s tasking letter. 

 
1200 Adjourn for lunch 

 
1300 Review of all responses to the questions addressed during the review 

preparatory to writing the SAC report. 
 
1700 Adjourn 
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SCIENCE ADVISORY COMMITTEE REVIEW POLICY 
 

Reviews of proposals, reports and scientific and technical documents are 
carried out by the NSB Science Advisory Committee by request of the Mayor, 
North Slope Borough, or the Mayor’s designee.  Reviews are performed by 
either mail, panel discussions, or a combination of both.  Reviewers whose 
professional backgrounds are appropriate to the document under 
consideration are chosen from the membership of the Science Advisory 
Committee.  Additional reviewers who have particular expertise pertinent to 
the document under review are also solicited. 
 
 The chairman or coordinator of the Science Advisory Committee is 
designated to produce a summary of the expressed opinion.  At the conclusion 
of the task, a report of the review is sent to the Mayor, North Slope Borough.  
All communication concerning the results of the review is made through the 
Office of the Mayor, North Slope Borough. 
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NORTH SLOPE BOROUGH  

SCIENCE 
ADVISORY 
COMMITTEE  

 Serving the North Slope Borough since 1981 
 

SCIENCE ADVISORY COMMITTEE OVERVIEW 

 The Science Advisory Committee (SAC) operates under authority of the Mayor of the 
North Slope Borough (NSB).  It provides advisory and review services of a scientific and 
technological nature upon request of the Mayor or his designee. 
 
 The Science Advisory Committee was established in October 1980 to assist the Alaska 
Eskimo Whaling Commission (AEWC) by providing technical advice and proposal review 
services for its bowhead whale research program.  The SAC was composed of a small standing 
committee and a larger corresponding group which varied in size according to need. 
 
 Services requested of the Science Advisory Committee steadily broadened to include 
environmental and technical problems of concern to the North Slope Borough that were not 
necessarily related to the bowhead whale.  The North Slope Borough sought advice on a 
diverse range of problems associated with the rapid pace of oil exploration and developmental 
activities going on within its boundaries.  
 
 In 1982 a formal agreement between the Alaska Eskimo Whaling Commission and the 
North Slope Borough was made through a memorandum of understanding which specified 
that the NSB would be responsible for science matters as they relate to the bowhead whale.  
  
 In view of this agreement between the NSB and the AEWC, as well as the above 
mentioned broadening scope of requests made upon the SAC,it was felt that the relationship 
between the NSB and the SAC should be more properly defined.  On 30 November 1982 the 
Mayor, North Slope Borough, announced that the SAC would be referred to as the North 
Slope Borough Science Advisory Committee. 
 
Mission of the Science Advisory Committee 

When requested by the Mayor of the North Slope Borough, the SAC will: 

1. Advise the North Slope Borough on the scope and structure of research programs needed 
to evaluate and/or mitigate environmental impacts associated with resource development 
within the Borough. 

 
2. Provide peer review for research proposals and research results as pertains to studies 

supported by the North Slope Borough. 
 
3. Provide peer review of studies (research proposals and results) supported by others that 

may affect the North Slope Borough. 
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4. Provide peer review of various technical documents whose findings and/or interpretations 
may affect the North Slope Borough. 

 
  
For further information, contact Dr. John J. Kelley at the address shown below.  

Institute of Marine Science, University of Alaska Fairbanks, Fairbanks, AK 99775  Ph (907) 474-5585, FAX (907) 474-7204
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REVIEWER BACKGROUND  
 
 

Thomas F. Albert, V.M.D., Ph.D., retired to Maryland in 2001 after many years 
as senior scientist in the Department of Wildlife Management, North Slope 
Borough, Barrow, AK.  He has experience regarding the importance of wildlife to 
the Eskimo people of northern Alaska and the impacts of oil and gas industry 
activities on wildlife and their habitat. 
 
Chris Clark is Director of the Bioacoustics Research Program at the Cornell 
Laboratory of Ornithology (Cornell University, New York).  He earned his MS 
degree in electrical engineering and Ph.D. working on cetacean behavior.  Dr. 
Clark has conducted research on bowhead whale acoustics since 1980.  Beginning 
in 1984, he and Dr. William Ellison began work on the North Slope Borough’s 
bowhead population program, adding an acoustic surveillance component to the 
visual survey.  
 
William T. Ellison is President and Chief Scientist, Marine Acoustics, Inc. (MAI), 
in Connecticut, where he has established his firm as a key player in a broad 
range of scientific, engineering and environmental efforts.  Dr. Ellison has served 
as a primary scientific advisor for two of the Navy’s most extensive multi-year 
underwater acoustic research programs and is recognized as a leading expert in 
theoretical modeling of acoustic processes.  He has co-designed two major 
acoustic detection systems.  With Dr. C. Clark of Cornell he designed, built and 
field-tested the first field portable acoustic transient localization system designed 
for real-time tracking of whales in the Arctic ice pack, a system that has been 
established as a benchmark for marine mammal acoustic research worldwide.  In 
1999, teamed with Dr. Peter Stein of Scientific Solutions, Inc., he led a pioneering 
effort to design, build and demonstrate a 30 kHz active sonar system for tracking 
deep diving whales at ranges out to 3 km.  
 
John C. (Craig) George is a Wildlife Biologist with the North Slope Borough 
Department of Wildlife Management (DWM).   He began bowhead whale 
research in 1980 and has worked for the DWM since 1982 primarily on bowhead 
whale population studies and basic biology.  Craig is a member of the 
International Whaling Commission Scientific Committee and is a Ph.D. 
Candidate at the University of Alaska Fairbanks working on bowhead whale 
energetics and age estimation.   
 
Geof H. Givens is author of a new textbook “Computational Statistics” and three 
dozen peer-reviewed publications.  Dr. Givens is an Associate Professor at 
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Colorado State University and past recipient of both the Outstanding Statistical 
Application Award from the American Statistical Association and a CAREER 
grant from the National Science Foundation.  His interests include wildlife 
population dynamics and modeling, Bayesian methods, computerized face 
recognition, and bioinformatics.
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John J. Kelley is Professor of Marine Science at the Institute of Marine Science, 
School of Fisheries and Ocean Sciences, University of Alaska Fairbanks.  Dr. 
Kelley’s research in the Arctic and Antarctic over 40 years includes studies on 
trace gases in the atmosphere and ocean, trace metals and contaminants, 
environmental radioactivity and marine acoustics.  He has served as director of 
the Naval Arctic Research Laboratory, Barrow, and director of the National 
Science Foundation’s Polar Ice Coring Office, Fairbanks.  He has chaired the 
North Slope Borough Science Advisory Committee (SAC) since 1981. 
 
Robert Suydam has worked as a Wildlife Biologist for the North Slope Borough 
since 1990.  He first traveled to the North Slope to work on his M.S. in Biology 
through the University of Alaska Fairbanks in 1988.  Currently he is finishing his 
Ph.D. in Fisheries at the University of Washington on the life history traits and 
population dynamics of beluga whales. 
 
Judy Zeh is Research Professor of Statistics and Adjunct Research Professor of 
Laboratory Medicine with the University of Washington Department of 
Statistics.  In 1998 Dr. Zeh was elected a Fellow of the American Statistical 
Association and in 1999-2002 served as Chair of the International Whaling 
Commission Scientific Committee.  She has worked with the North Slope 
Borough on statistical aspects of bowhead whale population estimation and 
other projects since about 1982.   
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