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Right whale model history since v9

ÅModel v9 was a complete overhaul of v8 that incorporated many new 
survey datasets, spatial covariates, and methodological improvements, and 
extended predictions through 2018

Åv10 and v11 were minor updates containing surgical changes to areas in 
New England made in response to feedback from NOAA and Mass DMF and 
extended predictions to May 2019

Åv11.1 implemented a new uncertainty method but did not change density

Åv12 added substantial new data, refitted all sub-models, and extended 
predictions through September 2020 but is not a complete overhaul of 
methods, covariates, and structure like v9



Goals for v12

1. Incorporate new surveys and extend the model into 2020
ÅExpected that Nantucket Shoals would now show some density year-round

2. Improve predictions between Cape Hatteras and Nantucket Shoals
ÅFurther investigate whether densities should be so high across the mid-Atlantic shelf

ÅAdd covariates or adjust model to better differentiate mid-A from Nantucket hotspot

3. Investigate and reduce extreme predictions in Canada in Aug-Sept 

4. Fix model formulations to allow uncertainty to be characterized by 
simulating alternative density surfaces
ÅOur 2021 report to the Navy documenting version 11.1 discussed this problem

ÅNOAA wants to eventually use this to propagate uncertainty into their models of risk 
of entanglement (in their Decision Support Tool) and ship strikes



Extending the model

ÅExtended the model forward with new data
Åv11: June 2003 - May 2019

Åv12: October 2003 - September 2020

ÅIncreased aerial effort by 6.0% and shipboard by 4.3%

ÅNew sightings occurred mainly in two places:
ÅSouthern New England hotspot

ÅCalving grounds



Collaborating survey programs
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New spatial models



South of Hatteras Island



South of Hatteras Island
ÅAs in v9, split into two seasons:
ÅWinter: Oct-May

ÅSummer: Jun-Sep
ÅNo sightings; assumed species absent

ÅExtended model through 2019/20 
calving season
ÅWinter model runs Oct 2003 - May 2020

ÅAdded 105 groups; 255 individuals

ÅFitted Winter model using similar 
procedure to v9-v11

ÅWinsorizedextreme values of 
covariates to prevent aberrant results 
during uncertainty simulation
ÅAlso removed x,ysmoother



Model selection was straightforward; we selected the top-scoring model.



Family: Tweedie(p=1.045) 
Link function: log 

Formula:
IndividualsCorrected ~ offset(log( SegmentArea)) + Year + s( pmax(2.5, pmin(I( DistToShore /1000), 125)), bs = " ts ") + 

s( pmax(4, pmin( WindSpeed, 9.5)), bs = " ts ") + s( pmin(SST_CMC, 27), bs = " ts ") + s( pmax(32, SSS_HYCOM), bs = " ts ") + 
s( pmin(I(DistToFront207/1000), 75), bs = " ts ") + s(log10( pmax(0.1, pmin( Chl , 10))), bs = " ts ")

Parametric coefficients:
Estimate Std. Error  t value Pr(>|t|)    

(Intercept) - 22.13125    0.20168 - 109.737  < 2e - 16 ***
Year2004/05   0.82431    0.11866    6.947 3.74e - 12 ***
Year2005/06   0.42914    0.13000    3.301 0.000964 ***
Year2006/07   0.75493    0.11772    6.413 1.43e - 10 ***
Year2007/08   1.46929    0.11245   13.066  < 2e - 16 ***
Year2008/09   0.73176    0.11165    6.554 5.60e - 11 ***
Year2009/10   0.63794    0.12187    5.235 1.65e - 07 ***
Year2010/11   0.59898    0.13922    4.302 1.69e - 05 ***
Year2011/12   0.43958    0.14948    2.941 0.003275 ** 
Year2012/13   0.11511    0.13439    0.857 0.391709    
Year2013/14  - 0.25556    0.14980   - 1.706 0.087998 .  
Year2014/15  - 0.82738    0.18228   - 4.539 5.65e - 06 ***
Year2015/16   0.03598    0.16485    0.218 0.827203    
Year2016/17  - 1.70236    0.35471   - 4.799 1.59e - 06 ***
Year2017/18  - 2.86959    0.43545   - 6.590 4.41e - 11 ***
Year2018/19  - 2.19283    0.23871   - 9.186  < 2e - 16 ***
Year2019/20  - 0.22360    0.17315   - 1.291 0.196571    
---
Signif . codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Approximate significance of smooth terms:
edf Ref.df F p - value    

s( pmax(2.5, pmin(I( DistToShore /1000), 125))) 5.725      9 24.556  <2e - 16 ***
s( pmax(4, pmin( WindSpeed, 9.5)))             3.824      9 29.323  <2e - 16 ***
s( pmin(SST_CMC, 27))                         6.137      9 93.960  <2e - 16 ***
s( pmax(32, SSS_HYCOM))                       1.491      9 10.100  <2e - 16 ***
s( pmin(I(DistToFront207/1000), 75))          3.341      9  8.246  <2e - 16 ***
s(log10( pmax(0.1, pmin( Chl , 10))))           1.656      9 18.551  <2e - 16 ***
---
Signif . codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

R- sq.( adj ) =  0.0167   Deviance explained =   16%
- REML =  17032  Scale est. = 3.584     n = 370942

Rebound in density 
in 2019/20 season

Low in 2017/18



Mean abundance across October-May Mean abundance for February

Not showing CIs here because month-to-month 
variability across each season is very large, as 
whales migrate in, stay, and migrate out



Hatteras Island to Great South Channel



SPUE analysis of v11

ÅGoal: compare predicted density for 
spatial regions to the observed 
sightings per unit effort occurring there

ÅCorrected SPUE by detectability to 
make it directly comparable to density
ÅThis is not traditional SPUE: it utilizes 

detection functions from the model

ÅUnit is individuals / 100 km2, like density

ÅUsed isobaths and bathymetric features 
to define habitat-based summary zones
ÅScaled size of zones according to 

heterogeneous distribution of effort

ÅSummarized results quarterly


