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2006 National Academies Review

• The complex sampling design of the APAIS is not accounted for 

in estimation.

• APAIS point estimates and estimates of their variance are 

“design-biased”.

• Weighted estimation needed:

• Determine sample inclusion probabilities of intercepted angler 

fishing trips.

• Use inclusion probabilities to calculate “sampling weights”.

• Apply “sampling weights” in the estimation process.



Multi-Stage Cluster Sampling 
Private Boat Angler Fishing Trips
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MRFSS Alternate Site Sampling
Unknown Inclusion Probabilities?
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Sample Inclusion Probabilities
1st Stage:  Site-Day Sampling

• Sites selected as “assigned” sites
• Unequal probability sampling 

• Angler trips intercepted at sites with higher probability of selection 
need to be “weighted down” 

• 1st Stage inclusion probabilities for “assigned” sites known

• Sites selected as “alternate” sites
• Selection probabilities unknown

• Need to know total probability for each site 

• Important for determining total 1st stage sampling weights



Alternate Site Sampling Weights?

• Probability of site sampled as alternate site?

• Not known directly from a formal sample draw process

• Contingent on:

• Proximity to assigned site

• Activity at assigned site

• Modeling approach used to develop pseudo-weights:

• Historical frequencies of alternate & assigned site visits 

• Logistic modeling used to estimate alternate site inclusion 

probabilities



Final Site-Day Sampling Weights



Sample Inclusion Probabilities
Later Stages:  Cluster Sampling

• Intercepted trips are only a subset of the entire site-day 

cluster of trips

• Must be “weighted up” to represent entire site-day cluster

• Sampling weight is inverse of sampling fraction at site-day level

• Time spent on site is only part of the whole day 

• Time-slice sample must represent fishing trips at site over full day 

• Need count of trips for full 24 hours to calculate the right sampling 

fraction.



Boat and Angler Trip Cluster Sizes

• Counts of missed angler trips were made and recorded 

• Total count = intercepted trips + missed trips

• No counts were made of boat trips missed while on site

• Counts of anglers who fished together on same boat were 

recorded for intercepted angler trips

• We could estimate mean number of angler trips per boat trip

• Total counts of boat trips could be estimated:

• Boat trips missed = missed anglers/mean anglers per boat

• Total boat trips = intercepted trips + estimate of trips missed



Expanding Time Slice Counts 

• We obtained empirical time slice distributions of trip end 

times for completed angler fishing days from the Coastal 

Household Telephone Survey (CHTS). 

• We developed a circular normal model to estimate the 

proportion of daily trip end times by hourly intervals.

• Reference: Hernandez-Stumpfhouser, Breidt, and Opsomer

(2016)

• We used the modeled proportions to expand counts 

obtained during sampling to counts for the full 24-hr day.



Alternate Mode Sampling

• Alternate mode angler trip intercepts

• Example: shore mode angler intercepts obtained on an 

assignment for private boat mode sampling 

• Opportunistic sampling not based on known site selection 

probabilities for the assigned mode

• Difficult to know how to weight such intercepts

• Modeling approaches considered, but too complex

• We decided not to use alternate mode intercepts in the 

weighted estimation.



MRFSS Estimation 

“The Old Way”
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MRIP Weighted Estimation

“The New Way”
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Weighted Estimation in Summary

• Site-day inclusion probabilities used to weight data
• Assigned site probabilities known (design-based weights)

• Alternate site probabilities approximated (pseudo-weights)

• Multi-stage cluster sampling design taken into account
• Used available data on cluster sizes at each stage

• Expanded peak activity period counts to estimate total 24-hour 
counts for each sampled site-day

• Eliminated opportunistic sampling of fishing trips in 
alternate modes



Independent Peer Review

• Three external reviews:

• US Census Bureau

• 2 Reviewers selected by American Statistical Association -
Survey Research Methods Section

• Response to external reviews included with final report

• Final report reviewed by MRIP Operations Team and 
Executive Steering Committee

• Endorsed by NOAA Fisheries AA and certified by MRIP



Implementation of New Method
Revision of 2004-2011 Catch Estimates

• Rigorous QC of APAIS data

• Preparation of new data structures

• Preparation and testing of new estimation programs

• Development of comparison tools:

“New” MRIP estimates vs. “Old” MRFSS estimates

• Also used to produce 2012 weighted estimates 



MRIP/MRFSS Comparison Tool

• Available to public through 
MRIP website

• Query tools for both catch 
and effort estimates

• Limited to annual state-
level estimates

• Tabular and graphic output 
formats
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Statistical Precision

• Estimates of the variance of point estimators of total catch 

were higher with weighted estimation.

• MRFSS unweighted variance estimates were statistically 

invalid.

• Explanation:

• The variance depends mostly on number of site-days included in 

sample – not number of trips intercepted

• The sample size of importance is number of site-days



APAIS Calibration #1
2012 MRIP/SEDAR Workshop

Revised estimation resulted in a split time series:
• 1981-2003  MRFSS unweighted estimation

• 2004-2011  MRFSS weighted estimation

Terms of Reference:
• Review studies comparing MRFSS methods to new MRIP methods and propose 

work to further facilitate calibration.

• Based on years with paired estimates, propose method for calibrating weighted to 
unweighted estimates, and demonstrate how calibration would be used to hind-cast 
earlier estimates.

• Recommend plan for implementing the resulting calibration into updated and 
benchmark stock assessments.



Key Recommendations

• Weighted estimates for 2004-2011 are “best available” and 
should be used in stock assessments

• Re-estimate catch for 1981-2003
• Constant “ratio of means” estimators (weighted/unweighted) based on 

comparisons (2004-2011) should be used to hind-cast revised 1981-2003 
estimates and associated variances.

• Trended ratio estimators based on 8 years of data not advised.

• Variances of hind-casted estimates should incorporate both:   
a) calibrated variance of the catch estimates and 

b) variance associated with ratio estimator used for calibration. 



Key Recommendations

• Until revised estimates are incorporated into a new stock 
assessment, unweighted APAIS data should be used to estimate 
catches to be compared with an ACL.

• A full benchmark assessment should not be required if changes are 
small, recreational catches don’t dominate overall catch, and 
changes in age composition are minor.

• Implementation of the revisions should not be delayed to wait for 
possible future revisions to effort estimates.

• Stock assessment scientists should conduct sensitivity analyses of 
the hind-casted catch estimates and length frequencies. 



Questions?
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