
An	  introduc+on	  to	  the	  Interim	  PCoD	  
Framework:	  background	  and	  model	  

structure	  	  	  

What	  you	  need	  and	  what	  you	  need	  
to	  know	  to	  run	  the	  framework	  



A variety of tools are available to determine the number of animals that 
may experience particular RLs or SELS during one day of operation. 
E.g. SAFESIMM, SAKAMATA, ESME, NAEMO, INSPIRE 
Collision risk is more difficult to evaluate 

Noise/Collision 



Behavioural dose-response relationships have now been developed for a number 
of marine mammal species (e.g. ONR-funded MOCHA programme).  
Dose-response relationships for injury (PTS) are based on captive studies of onset 
of TTS and extrapolation to PTS. 



The Interim PCoD framework is mainly concerned 
with these aspects of the risk assessment 



ONR Working Group on Population Consequences of 
Disturbance 

•  Identify & use most robust datasets 
available 

•  Span a range of taxonomic groups and 
reproductive strategies (income vs capital 
breeders) 

•  Elephant Seals 
•  Coastal Bottlenose Dolphins 
•  North Atlantic Right Whale 
•  Beaked Whales 
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However, these links will be difficult to quantify for 
most populations  
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•  There are not enough data to build full PCoD models for 
most populations of the case study species, 

•   and for all populations of most other marine mammal 
species. 

•  How can we provide advice on the consequences of 
sound exposure for these populations? 

•  One possibility is to use expert judgment to fill this gap 
until empirical data are available 

When a volcano became restless 
on the small, populated island of 
Montserrat, West Indies, in 1995, 

there was debate among scientists: did the 
bursts of steam and ash presage an explosive 
and deadly eruption, or would the outcome 
be more benign? Authorities on the island, a 
British overseas territory, needed advice to 
determine warning levels, and whether travel 
restrictions and evacuations were needed. The 
British government asked me, as an independ-
ent volcanologist, to help reconcile differing 
views within the group. 

As it happened, I had experience not only 
with the region’s volcanoes, but also with a 
unique way of compiling scientific advice in 
the face of uncertainty: the Cooke method of 
‘expert elicitation’. This method weighs the 
opinion of each expert on the basis of his or 
her knowledge and ability to judge relevant 
uncertainties1. The approach isn’t perfect. 
But it can produce a ‘rational consensus’ for 
many hard-to-assess risks, from earthquake 
hazards to the probable lethal dose of a poison 
or the acceptable limits of an air pollutant. For 
broader questions with many unknowns — 
such as what the climate will be like in 50 years 
— the method can tackle small specifics of the 
larger question, and identify gaps in knowledge 
or expose significant disparities of opinion. 

As a group, myself and ten other volcan-
ologists decided to trial this methodology, 
making it the first time a formal elicitation 
procedure was used in a live volcanic crisis. 
We were able to provide useful guidance to the 
authorities, such as the percentage chance of a 
violent explosion, as quickly as within an hour 
or two. Without these prompt forecasts, more 
lives may have been put at risk2. More than 
14 years on, volcano management in Montser-
rat stands as the longest-running application of 
the Cooke method. 

Faced with uncertainty, decision-makers 
invariably seek agreement or unambiguous con-
sensus from experts. But it is not reasonable to 
expect total consensus when tackling difficult-
to-predict problems such as volcanic eruptions. 
The method’s originator Roger Cooke, now at 
Resources for the Future, a think tank in Wash-
ington DC, says that when scientists disagree, 
any attempt to impose agreement will “promote 
confusion between consensus and certainty”. 
The goal should be to quantify uncertainty, not 

to remove it from the decision process. 
Of the many ways of gathering advice from 

experts, the Cooke method is, in my view, the 
most effective when data are sparse, unreliable 
or unobtainable. 

Rational consensus
Advice during an emergency is usually the 
responsibility of a chief scientist, with all the 
stresses that involves — including the pressure 
to be extremely cautious. There is a better way: 
pooling the opinions of a group of specialists.  

There are several methods of such expert 
elicitation, each with flaws. The traditional 
committee still rules in many areas — a slow, 
deliberative process that gathers a wide range 
of opinions. This has parallels with the scien-
tific process itself. But committees traditionally 
give all experts equal weight (one person, one 
vote). This assumes that experts are equally 
informed, equally proficient and free of bias. 
These assumptions are generally not justified. 

Another kind of elicitation — the Delphi 
method — was developed in the 1950s and 
1960s. It was used in the early 1970s to try to 
predict the impact of rising oil prices on the US 
economy, and more recently to identify the top 
20 research priorities in chronic health prob-
lems for the Grand Challenges in Global Health 
programme. This involves getting ‘position 
statements’ from individual experts, circulating 
these, and allowing the experts to adjust their 
own opinions over multiple 
rounds. What often happens 
is that participants revise 
their views in the direction 
of the supposed ‘leading’ 
experts, rather than in the 
direction of the strongest 
arguments. Another, more recent elicita-
tion method recommended by the US Senior 
Seismic Hazard Analysis Committee involves 
asking each participating expert to predict 
the range of uncertainty estimates of any and 
every person in the field. This creates a huge 
spread of overall uncertainty, and sometimes 
physically implausible results: it once implied 
higher earthquake risk in Switzerland than in 
California. Taking a precautionary approach 
to guard against such implausible worst-case 
scenarios does not provide a rational basis for 
workable, effective policies. 

Cooke’s method, developed in 1991 at 

the Delft University of Technology in the 
Netherlands with his colleagues, instead pro-
duces a ‘rational consensus’. To see how this 
works, take as an example an elicitation I con-
ducted in 2003, to estimate the strength of 
the thousands of small, old earth dams in the 
United Kingdom. Acting as facilitator, I first 
organized a discussion between a group of 
selected experts about how water can leak into 
the cores of such ageing dams, leading to fail-
ure. The experts were then asked individually to 
give their own opinion of the time-to-failure in 
a specific type of dam, once such leakage starts. 
They answered with both a best estimate and a 
‘credible interval’, for which they thought there 
was only a 10% chance that the true answer was 
higher or lower. 

I also asked each expert a set of eleven ‘seed 
questions’, for which answers are known, so 
that their proficiency could be calibrated. One 
seed question, for example, asked about the 
observed time-to-failure of the Teton Dam 
in Idaho in June 1976. Again the specialists 
answered with a best estimate and a credible 
interval. Their performance on these seed 
questions was used to ‘weight’ their opinion, 
and these weighted opinions were pooled to 
provide a ‘rational consensus’ (see Fig. 1). 

For the UK dams, the performance-
weighted solution indicated a best estimate 
of time-to-failure of 1,665 hours (70 days) — 
much higher than if all of the answers were 

pooled with equal weights 
(6.5 days). As is often the 
case, several experts were 
very sure of their judgement 
and provided very narrow 
uncertainty ranges. But the 
more cautious experts with 

longer time estimates and wider uncertainty 
ranges did better on the seed questions, so 
their answers were weighted more heavily. 
Their views would probably have been poorly 
represented if the decision had rested on a 
group discussion in which charismatic, con-
fident personalities might carry the day. Self-
confidence is not a good predictor of expert 
performance, and, interestingly, neither is 
scientific prestige and reputation3. 

The Cooke method generally produces 
uncertainty spreads that are narrower than 
the ‘democratic’ pooling approaches, but wider 
than those provided by single experts.

A route to more tractable expert advice
There are mathematically advanced ways to weigh and pool scientific advice. They should be used 
more to quantify uncertainty and improve decision-making, says Willy Aspinall. 

“The goal should be to 
quantify uncertainty, 
not to remove it from 
the decision process.”
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Expert Judgement 

•  Rigorous set of methods for synthesizing expert 
knowledge to inform decision-making 

•  Reliable and practicable when empirical data are limited  
•  Quantifies scientific uncertainty and minimizes 

inadvertent bias in the elicited information  
•  Useful for identifying plausible alternative hypotheses, 

estimating model parameters, and prioritizing collection 
of data that have the greatest bearing on policy or 
management decisions  



Some take home messages from the 
 ONR working group 

•  The	  main	  effects	  of	  disturbance	  are	  likely	  
to	  be	  on	  net	  energy	  intake,	  not	  preda+on	  
risk	  

•  Probability	  of	  giving	  birth	  and	  juvenile	  
survival	  are	  the	  vital	  rates	  most	  likely	  to	  
be	  affected	  by	  disturbance	  

•  Most	  marine	  mammal	  popula+ons	  can	  
probably	  tolerate	  some	  disturbance	  (e.g.	  
rela+onship	  between	  fer+lity	  and	  energy	  
intake	  in	  elephant	  seals)	  

•  However,	  the	  threshold	  level	  will	  depend	  on	  
the	  availability	  of	  resources	  (boPlenose	  
dolphins	  in	  Sarasota	  Bay	  vs	  Shark	  Bay)	  
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An interim version of the PCoD conceptual model 
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Use	  expert	  judgement	  to	  quan+fy	  the	  poten+al	  effects	  of	  
physiological	  and	  behavioural	  change	  on	  vital	  rates	  



We asked experts for their best estimates of these three 
quantities, and the accompanying uncertainty for each of the five 

species in the NE Atlantic 



4-step question format… 

2. 	  Realis+cally,	  what	  do	  
you	  think	  the	  highest	  
plausible	  value	  is?	  

1. 	  Realis+cally,	  what	  do	  
you	  think	  the	  lowest	  
plausible	  value	  is?	  

3.	  	  Realis+cally,	  what	  is	  your	  best	  
es+mate?	  

4. 	  How	  confident	  are	  you	  that	  the	  interval	  
you	  created,	  from	  lowest	  to	  highest,	  
could	  capture	  the	  true	  value?	  Enter	  a	  
number	  between	  50	  and	  100%.	  

(Speirs-‐Bridge	  et	  al.,	  2010)	  



Estimating the effects of disturbance on each individual’s 
vital rates: the combined judgement of all experts,  

and one “virtual” expert  

Donovan	  et	  al.	  (in	  press)	  



Information required to implement the  
interim PCoD approach	  

	  •  The	  sound	  field	  produced	  during	  construc+on	  and	  opera+on	  of	  a	  par+cular	  development	  (with	  associated	  
uncertainty).	  

•  The	  sound	  levels	  that	  are	  likely	  to	  cause	  PTS	  for	  each	  species.	  
•  The	  sound	  levels	  that	  are	  likely	  to	  result	  in	  a	  significant	  behavioural	  response	  for	  each	  species.	  	  
•  Es+mates	  of	  the	  number	  of	  animals	  of	  each	  species	  that	  may	  be	  exposed	  to	  sound	  levels	  that	  could	  result	  

in	  PTS,	  and	  of	  the	  number	  that	  may	  show	  a	  ‘significant’	  behavioural	  response	  during	  one	  day	  of	  
construc+on.	  	  

•  The	  number	  of	  animals	  that	  are	  likely	  to	  be	  exposed	  to	  sound	  levels	  likely	  to	  result	  in	  PTS	  or	  a	  ‘significant’	  
behavioural	  response	  over	  the	  en+re	  course	  of	  construc+on.	  	  

•  An	  es+mate	  of	  the	  number	  of	  animals	  that	  might	  be	  killed	  or	  injured	  during	  one	  year	  of	  opera+on	  for	  an	  
opera+onal	  wave	  or	  +dal	  project,	  or	  a	  range	  of	  plausible	  values.	  

•  The	  poten+al	  effect	  of	  experiencing	  PTS	  at	  a	  specified	  frequency	  on	  the	  vital	  rates	  for	  an	  individual	  of	  each	  
species,	  by	  age/stage	  class	  (e.g.	  adult	  males,	  adult	  females,	  calves,	  juveniles),	  with	  associated	  uncertainty.	  	  

•  A	  mathema+cal	  func+on	  linking	  the	  number	  of	  days	  on	  which	  an	  individual	  experiences	  a	  ‘significant’	  
behavioural	  response	  and	  its	  vital	  rates,	  with	  associated	  uncertainty,	  for	  the	  different	  age	  classes	  of	  each	  
priority	  species.	  	  

•  The	  current	  popula+on	  size	  and	  popula+on	  history	  for	  each	  MU.	  	  
•  Es+mates	  of	  the	  key	  demographic	  parameters	  (adult	  survival,	  calf	  survival,	  juvenile	  survival,	  annual	  

probability	  of	  pupping/calving,	  age	  at	  first	  pupping/calving,	  longevity)	  for	  each	  species,	  in	  each	  MU,	  with	  
an	  indica+on	  of	  likely	  levels	  of	  varia+on	  between	  years.	  



•  The	  sound	  field	  produced	  during	  construc+on	  and	  opera+on	  of	  a	  par+cular	  development	  (with	  associated	  
uncertainty).	  

•  The	  sound	  levels	  that	  are	  likely	  to	  cause	  PTS	  for	  each	  species.	  
•  The	  sound	  levels	  that	  are	  likely	  to	  result	  in	  a	  significant	  behavioural	  response	  for	  each	  species.	  	  
•  Es+mates	  of	  the	  number	  of	  animals	  of	  each	  species	  that	  may	  be	  exposed	  to	  sound	  levels	  that	  could	  result	  

in	  PTS,	  and	  of	  the	  number	  that	  may	  show	  a	  ‘significant’	  behavioural	  response	  during	  one	  day	  of	  
construc+on.	  	  

•  The	  number	  of	  animals	  that	  are	  likely	  to	  be	  exposed	  to	  sound	  levels	  likely	  to	  result	  in	  PTS	  or	  a	  ‘significant’	  
behavioural	  response	  over	  the	  en+re	  course	  of	  construc+on.	  	  

•  An	  es+mate	  of	  the	  number	  of	  animals	  that	  might	  be	  killed	  or	  injured	  during	  one	  year	  of	  opera+on	  for	  an	  
opera+onal	  wave	  or	  +dal	  project,	  or	  a	  range	  of	  plausible	  values.	  

•  The	  poten+al	  effect	  of	  experiencing	  PTS	  at	  a	  specified	  frequency	  on	  the	  vital	  rates	  for	  an	  individual	  of	  each	  
species,	  by	  age/stage	  class	  (e.g.	  adult	  males,	  adult	  females,	  calves,	  juveniles),	  with	  associated	  uncertainty.	  

•  A	  mathema+cal	  func+on	  linking	  the	  number	  of	  days	  on	  which	  an	  individual	  experiences	  a	  ‘significant’	  
behavioural	  response	  and	  its	  vital	  rates,	  with	  associated	  uncertainty,	  for	  the	  different	  age	  classes	  of	  each	  
priority	  species.	  	  

•  The	  current	  popula+on	  size	  and	  popula+on	  history	  for	  each	  MU.	  	  
•  Es+mates	  of	  the	  key	  demographic	  parameters	  (adult	  survival,	  calf	  survival,	  juvenile	  survival,	  annual	  

probability	  of	  pupping/calving,	  age	  at	  first	  pupping/calving,	  longevity)	  for	  each	  species,	  in	  each	  MU,	  with	  
an	  indica+on	  of	  likely	  levels	  of	  varia+on	  between	  years.	  

 
 

Information required to implement the  
interim PCoD approach	  

	  
	  



Estimates of the number of marine mammals that may be 
injured or disturbed during one day of operation are often 

included in developers’ Environmental Statements 

Packages such as SAFESIMM, SAKAMATA, ESME, NAEMO and 
INSPIRE use agent-based models to estimate these quantities. 

Interim PCoD does not have a facility to estimate them 
	  	  

Sound	  propaga=on	  model	  gives	  
Sound	  Field	  

Sound	  Field	  combined	  with	  hearing	  
ability	  gives	  Effect	  Field	  

Species	  or	  guild-‐specific	  
audiograms	  



Estimates of the number of marine mammals  
that may be injured or disturbed during the entire operation 

•  The interim PCoD approach uses simplified version of the agent-based 
models used to estimate daily exposure to predict the range of exposures 
experienced by individual animals over the entire period of operation 

•  It can model situations where all individuals, or only a fraction of the 
population, are susceptible to noise or collision 

•  It then uses expert judgement to infer the potential effects of these 
different exposures on individual vital rates  



•  The	  sound	  field	  produced	  during	  construc+on	  and	  opera+on	  of	  a	  par+cular	  development	  (with	  associated	  
uncertainty).	  

•  The	  sound	  levels	  that	  are	  likely	  to	  cause	  PTS	  for	  each	  species.	  
•  The	  sound	  levels	  that	  are	  likely	  to	  result	  in	  a	  significant	  behavioural	  response	  for	  each	  species.	  	  
•  Es+mates	  of	  the	  number	  of	  animals	  of	  each	  species	  that	  may	  be	  exposed	  to	  sound	  levels	  that	  could	  result	  

in	  PTS,	  and	  of	  the	  number	  that	  may	  show	  a	  ‘significant’	  behavioural	  response	  during	  one	  day	  of	  
construc+on.	  	  

•  The	  number	  of	  animals	  that	  are	  likely	  to	  be	  exposed	  to	  sound	  levels	  likely	  to	  result	  in	  PTS	  or	  a	  ‘significant’	  
behavioural	  response	  over	  the	  en+re	  course	  of	  construc+on.	  	  

•  The	  number	  of	  animals	  that	  might	  be	  killed	  or	  injured	  during	  one	  year	  of	  opera+on	  for	  an	  opera+onal	  
wave	  or	  +dal	  project	  (given	  that	  the	  probability	  of	  collision	  or	  entanglement	  per	  day	  is	  likely	  to	  be	  low),	  or	  
a	  range	  of	  possible	  values,	  if	  it	  is	  impossible	  to	  provide	  an	  actual	  es+mate.	  

•  The	  poten+al	  effect	  of	  experiencing	  PTS	  at	  a	  specified	  frequency	  on	  the	  vital	  rates	  for	  an	  individual	  of	  each	  
species,	  by	  age/stage	  class	  (e.g.	  adult	  males,	  adult	  females,	  calves,	  juveniles),	  with	  associated	  uncertainty;	  	  

•  A	  mathema+cal	  func+on	  linking	  the	  number	  of	  days	  on	  which	  an	  individual	  experiences	  a	  ‘significant’	  
behavioural	  response	  and	  its	  vital	  rates,	  with	  associated	  uncertainty,	  for	  the	  different	  age	  classes	  of	  each	  
priority	  species.	  	  

•  The	  current	  popula+on	  size	  and	  popula+on	  history	  for	  each	  MU.	  	  
•  Es+mates	  of	  the	  key	  demographic	  parameters	  (adult	  survival,	  calf	  survival,	  juvenile	  survival,	  annual	  

probability	  of	  pupping/calving,	  age	  at	  first	  pupping/calving,	  longevity)	  for	  each	  species,	  in	  each	  MU,	  with	  
an	  indica+on	  of	  likely	  levels	  of	  varia+on	  between	  years.	  

 
 

Information required to implement the  
interim PCoD approach	  

	  
	  



•  The	  sound	  field	  produced	  during	  construc+on	  and	  opera+on	  of	  a	  par+cular	  development	  (with	  associated	  
uncertainty).	  

•  The	  sound	  levels	  that	  are	  likely	  to	  cause	  PTS	  for	  each	  species.	  
•  The	  sound	  levels	  that	  are	  likely	  to	  result	  in	  a	  significant	  behavioural	  response	  for	  each	  species.	  	  
•  Es+mates	  of	  the	  number	  of	  animals	  of	  each	  species	  that	  may	  be	  exposed	  to	  sound	  levels	  that	  could	  result	  

in	  PTS,	  and	  of	  the	  number	  that	  may	  show	  a	  ‘significant’	  behavioural	  response	  during	  one	  day	  of	  
construc+on.	  	  

•  The	  number	  of	  animals	  that	  are	  likely	  to	  be	  exposed	  to	  sound	  levels	  likely	  to	  result	  in	  PTS	  or	  a	  ‘significant’	  
behavioural	  response	  over	  the	  en+re	  course	  of	  construc+on.	  	  

•  The	  number	  of	  animals	  that	  might	  be	  killed	  or	  injured	  during	  one	  year	  of	  opera+on	  for	  an	  opera+onal	  
wave	  or	  +dal	  project	  (given	  that	  the	  probability	  of	  collision	  or	  entanglement	  per	  day	  is	  likely	  to	  be	  low),	  or	  
a	  range	  of	  possible	  values,	  if	  it	  is	  impossible	  to	  provide	  an	  actual	  es+mate.	  

•  The	  poten+al	  effect	  of	  experiencing	  PTS	  at	  a	  specified	  frequency	  on	  the	  vital	  rates	  for	  an	  individual	  of	  each	  
species,	  by	  age/stage	  class	  (e.g.	  adult	  males,	  adult	  females,	  calves,	  juveniles),	  with	  associated	  uncertainty;	  	  

•  A	  mathema+cal	  func+on	  linking	  the	  number	  of	  days	  on	  which	  an	  individual	  experiences	  a	  ‘significant’	  
behavioural	  response	  and	  its	  vital	  rates,	  with	  associated	  uncertainty,	  for	  the	  different	  age	  classes	  of	  each	  
priority	  species.	  	  

•  The	  current	  popula+on	  size	  and	  popula+on	  history	  for	  each	  MU.	  	  
•  Es+mates	  of	  the	  key	  demographic	  parameters	  (adult	  survival,	  calf	  survival,	  juvenile	  survival,	  annual	  

probability	  of	  pupping/calving,	  age	  at	  first	  pupping/calving,	  longevity)	  for	  each	  species,	  in	  each	  MU,	  with	  
an	  indica+on	  of	  likely	  levels	  of	  varia+on	  between	  years.	  
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•  The	  sound	  field	  produced	  during	  construc+on	  and	  opera+on	  of	  a	  par+cular	  development	  (with	  associated	  
uncertainty).	  

•  The	  sound	  levels	  that	  are	  likely	  to	  cause	  PTS	  for	  each	  species.	  
•  The	  sound	  levels	  that	  are	  likely	  to	  result	  in	  a	  significant	  behavioural	  response	  for	  each	  species.	  	  
•  Es+mates	  of	  the	  number	  of	  animals	  of	  each	  species	  that	  may	  be	  exposed	  to	  sound	  levels	  that	  could	  result	  

in	  PTS,	  and	  of	  the	  number	  that	  may	  show	  a	  ‘significant’	  behavioural	  response	  during	  one	  day	  of	  
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•  The	  number	  of	  animals	  that	  are	  likely	  to	  be	  exposed	  to	  sound	  levels	  likely	  to	  result	  in	  PTS	  or	  a	  ‘significant’	  
behavioural	  response	  over	  the	  en+re	  course	  of	  construc+on.	  	  

•  The	  number	  of	  animals	  that	  might	  be	  killed	  or	  injured	  during	  one	  year	  of	  opera+on	  for	  an	  opera+onal	  
wave	  or	  +dal	  project	  (given	  that	  the	  probability	  of	  collision	  or	  entanglement	  per	  day	  is	  likely	  to	  be	  low),	  or	  
a	  range	  of	  possible	  values,	  if	  it	  is	  impossible	  to	  provide	  an	  actual	  es+mate.	  

•  The	  poten+al	  effect	  of	  experiencing	  PTS	  at	  a	  specified	  frequency	  on	  the	  vital	  rates	  for	  an	  individual	  of	  each	  
species,	  by	  age/stage	  class	  (e.g.	  adult	  males,	  adult	  females,	  calves,	  juveniles),	  with	  associated	  uncertainty;	  	  

•  A	  mathema+cal	  func+on	  linking	  the	  number	  of	  days	  on	  which	  an	  individual	  experiences	  a	  ‘significant’	  
behavioural	  response	  and	  its	  vital	  rates,	  with	  associated	  uncertainty,	  for	  the	  different	  age	  classes	  of	  each	  
priority	  species.	  	  

•  The	  current	  popula+on	  size	  and	  popula+on	  history	  for	  each	  MU.	  	  
•  Es+mates	  of	  the	  key	  demographic	  parameters	  (adult	  survival,	  calf	  survival,	  juvenile	  survival,	  annual	  

probability	  of	  pupping/calving,	  age	  at	  first	  pupping/calving,	  longevity)	  for	  each	  species,	  in	  each	  MU,	  with	  
an	  indica+on	  of	  likely	  levels	  of	  varia+on	  between	  years.	  
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Information required to implement the  
interim PCoD approach	  

	  
	  



This information is then incorporated into stochastic dynamic 
models for populations of each species 

•  Essentially a form of Population Viability Analysis, but 
accounts for more sources of uncertainty than a standard PVA 

•  Compares changes in size of many 100s of pairs of simulated 
populations that differ only in whether or not they experience 
disturbance 

•  Indicates the likely range of population consequences given 
current levels of scientific uncertainty about underlying 
processes. 

•  Not intended to provide a “best” estimate of these 
consequences 

•  Only an interim solution until more empirical data become 
available 

•  Can be used to identify what research is most likely to reduce 
uncertainty. 



A protocol for implementing the interim PCoD approach 
 

•  Iden+fy	  the	  marine	  mammal	  MUs	  that	  may	  be	  affected	  by	  each	  development.	  	  
•  Look	  up	  the	  es+mate	  for	  the	  current	  size	  of	  the	  popula+on	  in	  each	  MU.	  
•  Look	  up	  the	  appropriate	  values	  for	  the	  key	  demographic	  rates	  in	  Harwood	  &	  King	  	  
•  Decide	  on	  a	  range	  of	  values	  for	  the	  propor+on	  (or	  propor+ons)	  of	  this	  popula+on	  

that	  is	  likely	  to	  be	  vulnerable	  to	  the	  effects	  of	  each	  development.	  	  	  
•  Prepare	  a	  schedule	  of	  informa+on	  on	  the	  es+mated	  days	  on	  which	  ac+vity	  (e.g.	  

piling	  or	  turbine	  opera+on)	  are	  expected	  to	  take	  place	  for	  each	  development.	  	  
•  Compile	  es+mates	  of	  the	  number	  of	  animals	  of	  the	  species	  under	  considera+on	  

that	  may	  be	  disturbed	  or	  experience	  PTS	  on	  each	  day	  of	  construc+on	  work.	  The	  
default	  is	  to	  assume	  that	  these	  values	  are	  constant	  throughout	  the	  year.	  However,	  
it	  is	  possible	  to	  specify	  different	  values	  for	  different	  seasons.	  

•  Decide	  on	  an	  appropriate	  range	  of	  values	  for	  the	  number	  of	  days	  of	  ‘residual’	  
disturbance	  associated	  with	  one	  day	  of	  actual	  disturbance	  

•  Decide	  which	  model	  for	  vulnerability	  to	  PTS	  will	  be	  used.	  	  
•  Compile	  es+mates	  of	  the	  number	  of	  animals	  in	  the	  same	  MU	  that	  may	  be	  involved	  

in	  collisions	  or	  entanglement	  with	  +dal	  turbines	  or	  wave	  energy	  devices	  during	  
each	  year	  of	  opera+on.	  	  

•  Prepare	  appropriate	  data	  files,	  run	  the	  R	  program	  files	  and	  compare	  the	  results	  of	  
the	  different	  scenarios.	  



•  Iden+fy	  the	  marine	  mammal	  MUs	  that	  may	  be	  affected	  by	  each	  development.	  	  
•  Look	  up	  the	  es+mate	  for	  the	  current	  size	  of	  the	  popula+on	  in	  each	  MU.	  
•  Look	  up	  the	  appropriate	  values	  for	  the	  key	  demographic	  rates	  in	  Harwood	  &	  King.	  	  
•  Decide	  on	  a	  range	  of	  values	  for	  the	  propor+on	  (or	  propor+ons)	  of	  this	  popula+on	  

that	  is	  likely	  to	  be	  vulnerable	  to	  the	  effects	  of	  each	  development.	  	  	  
•  Prepare	  a	  schedule	  of	  informa+on	  on	  the	  es+mated	  days	  on	  which	  ac+vity	  (e.g.	  

piling	  or	  turbine	  opera+on)	  are	  expected	  to	  take	  place	  for	  each	  development.	  	  
•  Compile	  es+mates	  of	  the	  number	  of	  animals	  of	  the	  species	  under	  considera+on	  

that	  may	  be	  disturbed	  or	  experience	  PTS	  on	  each	  day	  of	  construc+on	  work.	  The	  
default	  is	  to	  assume	  that	  these	  values	  are	  constant	  throughout	  the	  year.	  However,	  
it	  is	  possible	  to	  specify	  different	  values	  for	  different	  seasons.	  

•  Decide	  on	  an	  appropriate	  range	  of	  values	  for	  the	  number	  of	  days	  of	  ‘residual’	  
disturbance	  associated	  with	  one	  day	  of	  actual	  disturbance	  

•  Decide	  which	  model	  for	  vulnerability	  to	  PTS	  will	  be	  used.	  	  
•  Compile	  es+mates	  of	  the	  number	  of	  animals	  in	  the	  same	  MU	  that	  may	  be	  involved	  

in	  collisions	  or	  entanglement	  during	  each	  year	  of	  opera+on.	  	  
•  Prepare	  appropriate	  data	  files,	  run	  the	  R	  program	  files	  and	  compare	  the	  results	  of	  

the	  different	  scenarios.	  

A protocol for implementing the interim PCoD approach 
 



complete assessment of harbour porpoise abundance in EU waters
and is a marked improvement on the survey in 1994. This is also
the case for white-beaked dolphin. Minke whales also occur off-
shore in deeper waters but shelf waters form an important part
of their habitat in the EU Atlantic. For these species, in an area
comparable to that surveyed in 1994 and 2005, we found no evi-
dence of a change in abundance over the intervening 11 years.
However, the statistical power of these data to show anything
other than major changes is low, and testing this as a hypothesis
was not an objective.

The estimates also help partly fulfil another recommendation
(Hammond et al., 2002), which was to continue monitoring of
abundance and levels of bycatch ‘‘to enable further assessments
of the impact of bycatch on harbour porpoise populations in partic-
ular’’. Bycatch monitoring in the area has been patchy (ICES, 2009a)
but there have been developments in a framework for setting safe

bycatch limits using management strategy evaluation modelling
(SCANS-II, 2008; Winship, 2009). This framework uses the new
abundance results but, before it can be implemented, formal quan-
titative conservation objectives need to be defined for use through-
out the EU. An example is the interim conservation objective used
by ASCOBANS: ‘To allow populations to recover to and/or maintain
80% of carrying capacity in the long term’.

To reduce potential for bias and to maximise value for the re-
sources committed to the survey, we updated and developed data
collection and analysis methods to ensure our estimates were as
robust as possible. This included the new data collection methods
described in Gillespie et al. (2010) and the first large-scale imple-
mentation of the ‘‘racetrack’’ aerial survey method (Hiby, 1999).
These shipboard methods have since been used in other large scale
surveys for cetaceans in the Southern Ocean (Leaper et al., 2010)
and the North Atlantic (CODA, 2009; Pike et al., 2010).

Fig. 8. Predicted density surface for harbour porpoise in 2005
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Vulnerable	  Sub-‐Popula+on	  
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•  Iden+fy	  the	  marine	  mammal	  MUs	  that	  may	  be	  affected	  by	  each	  development.	  	  
•  Look	  up	  the	  es+mate	  for	  the	  current	  size	  of	  the	  popula+on	  in	  each	  MU.	  
•  Look	  up	  the	  appropriate	  values	  for	  the	  key	  demographic	  rates	  in	  Harwood	  &	  King	  	  
•  Decide	  on	  a	  range	  of	  values	  for	  the	  propor+on	  (or	  propor+ons)	  of	  this	  popula+on	  

that	  is	  likely	  to	  be	  vulnerable	  to	  the	  effects	  of	  each	  development	  =	  Vulnerable	  
Sub-‐Popula=on.	  	  	  

•  Prepare	  a	  schedule	  of	  informa+on	  on	  the	  es+mated	  days	  on	  which	  ac+vity	  (e.g.	  
piling	  or	  turbine	  opera+on)	  are	  expected	  to	  take	  place	  for	  each	  development.	  	  

•  Compile	  es+mates	  of	  the	  number	  of	  animals	  of	  the	  species	  under	  considera+on	  
that	  may	  be	  disturbed	  or	  experience	  PTS	  on	  each	  day	  of	  construc+on	  work.	  The	  
default	  is	  to	  assume	  that	  these	  values	  are	  constant	  throughout	  the	  year.	  However,	  
it	  is	  possible	  to	  specify	  different	  values	  for	  different	  seasons.	  

•  Decide	  on	  an	  appropriate	  range	  of	  values	  for	  the	  number	  of	  days	  of	  ‘residual’	  
disturbance	  associated	  with	  one	  day	  of	  actual	  disturbance	  

•  Decide	  which	  model	  for	  vulnerability	  to	  PTS	  will	  be	  used.	  	  
•  Compile	  es+mates	  of	  the	  number	  of	  animals	  in	  the	  same	  MU	  that	  may	  be	  involved	  

in	  collisions	  or	  entanglement	  during	  each	  year	  of	  opera+on.	  	  
•  Prepare	  appropriate	  data	  files,	  run	  the	  R	  program	  files	  and	  compare	  the	  results	  of	  

the	  different	  scenarios.	  

A protocol for implementing the interim PCoD approach 
 



•  There is considerable evidence (at least for harbour porpoises and 
beaked whales) that animals disturbed by anthropogenic noise may 
be displaced from the area where disturbance occurs for more than 
one day 

•  The interim PCoD framework provides an option to model this by 
adding “residual” days of disturbance to each day of actual 
disturbance 

•  In the absence of empirical data on the actual number of residual 
days of disturbance caused by, for example, piling activity, this 
option makes it possible to explore the sensitivity of the models 
predictions to this effect. 

‘Residual’ disturbance 
 



•  Iden+fy	  the	  marine	  mammal	  MUs	  that	  may	  be	  affected	  by	  each	  development.	  	  
•  Look	  up	  the	  es+mate	  for	  the	  current	  size	  of	  the	  popula+on	  in	  each	  MU.	  
•  Look	  up	  the	  appropriate	  values	  for	  the	  key	  demographic	  rates	  in	  Harwood	  &	  King	  	  
•  Decide	  on	  a	  range	  of	  values	  for	  the	  propor+on	  (or	  propor+ons)	  of	  this	  popula+on	  

that	  is	  likely	  to	  be	  vulnerable	  to	  the	  effects	  of	  each	  development	  =	  Vulnerable	  
Sub-‐Popula=on.	  	  	  

•  Prepare	  a	  schedule	  of	  informa+on	  on	  the	  es+mated	  days	  on	  which	  ac+vity	  (e.g.	  
piling	  or	  turbine	  opera+on)	  are	  expected	  to	  take	  place	  for	  each	  development.	  	  

•  Compile	  es+mates	  of	  the	  number	  of	  animals	  of	  the	  species	  under	  considera+on	  
that	  may	  be	  disturbed	  or	  experience	  PTS	  on	  each	  day	  of	  construc+on	  work.	  The	  
default	  is	  to	  assume	  that	  these	  values	  are	  constant	  throughout	  the	  year.	  However,	  
it	  is	  possible	  to	  specify	  different	  values	  for	  different	  seasons.	  

•  Decide	  on	  an	  appropriate	  range	  of	  values	  for	  the	  number	  of	  days	  of	  ‘residual’	  
disturbance	  associated	  with	  one	  day	  of	  actual	  disturbance	  

•  Decide	  which	  model	  for	  vulnerability	  to	  PTS	  will	  be	  used.	  	  
•  Compile	  es+mates	  of	  the	  number	  of	  animals	  in	  the	  same	  MU	  that	  may	  be	  involved	  

in	  collisions	  or	  entanglement	  during	  each	  year	  of	  opera+on.	  	  
•  Prepare	  appropriate	  data	  files,	  run	  the	  R	  program	  files	  and	  compare	  the	  results	  of	  

the	  different	  scenarios.	  

A protocol for implementing the interim PCoD approach 
 



•  The basic interim PCoD model assumes that individuals are always 
at the same risk of experiencing PTS, no matter what their exposure 
history 

•  We’ve included an option to assume that animals will avoid the area 
closest to a source of disturbance after their first exposure to noise 
from this source. 

•  The result of this is that the risk of experiencing PTS is substantially 
(excessively?) reduced once animals have experienced disturbance  

Vulnerability to PTS 
 



Sources of uncertainty that are automatically incorporated 
into the model predictions 

	  
•  Estimates of population size 
•  Number of animals predicted to experience disturbance & PTS on 1 

day of operation 
•  Effect of PTS on survival and/or fertility (by resampling from expert 

opinion posteriors) 
•  Effects of number of days of disturbance on survival and/or fertility 

(by resampling from expert opinion posteriors) 
•  Environmental stochasticity in survival and fertility (resampled from 

experts’ opinions) 
•  Demographic stochasticity (only an issue for “small” populations: 

users can set the maximum population size for this)  



Estimating the effects of collisions and entanglements with 
tidal turbines and wave energy devices 

	  
•  There is no standardised method for estimating the risk of collision/

entanglement during a defined period of operation of these devices. 
•  However, any available estimates can be included in the Interim 

Framework. 
•  However, the population model does not include any density 

dependence (unlike the one which underpins PBR type 
calculations). 

•  As a result, any population that is exposed to a collision/
entanglement risk will be predicted to decline (although probably 
slowly) over time, unless the undisturbed population is currently 
increasing. 

•  The output of the Interim Framework can therefore be considered as 
a “worst case” scenario. 



Hypothetical effect on SE England harbour seal MU of 
concurrent piling at all wind farm sites in Wash that have been 

granted consent	  
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Harbour	  Seal:	  Concurrent	  piling	  


