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A framework for predicting the biological and economic effects of changes in recreational fishing policy



Policy/Research Questions 
• How will changes in management measures alter 

angler fishing effort, angler welfare, recreational 
fishing mortality, and stock levels of Atlantic cod and 
haddock in the Gulf of Maine? 
 

• What combination of management measures can 
achieve conservation objectives? 



Outline 
• Economic sub-model 

• Biological sub-model 

• Coupled model 

• Simulation process 
 



Model Overview 

Estimate a behavioral model 
for recreational anglers 

Expected and actual 
encounters of fish on a 

trip 

Simulate angler behavior under 
alternative stock structures and 

regulations 

Fish kept and released are a 
function of length structure, 

selectivity, regulations 

 
 
 
 

Economic Sub-Model 

Aggregate and project stocks of 
fish 

“Biological” Sub-Model 

Retained 
Discards 

Effort 

Welfare 



Economic Sub Model 
• Stated Preference Choice Experiment Survey 

 
• Add-on to NMFS’ MRFSS Survey in 2009 (ME-NJ) 

 
• Voluntary mail follow-up 

 
• Dillman surveying approach 

Economic Sub-Model 

Presenter
Presentation Notes
We use a CE survey to estimate changes in angler behavior and welfare from alternative possession and size limits.

CE surveys have become especially popular because they mimic real choice environments: the tradeoffs anglers face when making recreational fishing trip decisions.

Intercept brochure, mail instrument, 3 to 6 weeks later post card reminder, and second mailing.   





Groundfish Choice Experiment Survey 
Five Components 
• Description of study 
• A species information page 
• Screener questions – familiarity and avidity 
• CE questions 
• Demographic questions 

Economic Sub-Model 

Presenter
Presentation Notes
Information page shows basic information about the species and current management
Screener questions targeted the respondent’s familiarity and avidity for the species in the survey.   There were some responses from anglers who indicated that they never fished for cod or haddock in the past 5 years.  Those responses were difficult to interpret as they had no actual contact with the cod, haddock, or Pollock. 
 
 



Economic Sub-Model 

8x per survey 

Vary these 
attributes 
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Presentation Notes
Information page shows basic information about the species and current management
Screener questions targeted the respondent’s familiarity and avidity for the species in the survey.   There were some responses from anglers who indicated that they never fished for cod or haddock in the past 5 years.  Those responses were difficult to interpret as they had no actual contact with the cod, haddock, or Pollock. 
 
 



Attributes and Levels in CE 
Attribute Level 

Bag limits 2, 4, 8, 10 
Size limits: 

Cod 

Haddock 

Pollock 

 

18”, 20”, 22”, 23”, 24”, 26” 

12”, 16”, 17”, 19”, 21”, 22” 

17”, 19”, 20”, 21”, 23”, 26” 

Number of legal sized fish 1, 3, 6, 10 

Number of undersized fish 1, 3, 6 

Number of other fish 1, 3, 6, 10 
Trip length (hours) 2, 4, 6, 8, 10, 12 
Shore mode trip cost ($/trip) $15, $35, $60, $90, $120, $150 

All other modes trip cost: 

Hourly trip cost ($/hr.) 

Total trip cost 
($/trip=$/hr. x # hrs.) 

 

$15, $35, $60, $90 

$30-$1080 

Economic Sub-Model 

Many Possible 
Combinations 

Experimental 
design literature 
(Kuhfeld) 

26 Unique Surveys 
 D-efficiency Score ~73 

Presenter
Presentation Notes
Attribute levels were assigned to include historical and potential future values to the best of our ability.  Given that it is usually impossible to test every potential attribute-level combination (due to cost, sample size limitations, etc.)  experimental designs were used in the survey using SAS 9.2 Kuhfeld Macros which had the highest relative D-efficiency scores of all candidate designs (Relative D-Efficiency ~ 73)

In total, 26 different survey versions were mailed to anglers.




Response Rates by State and Residency 

Intercept State Mailed 
Resident 

Completed 

Non-
resident 

Completed 
Total 

Completed 
Completion 

Rate 
Maine 265 67 58 125 47% 

Massachusetts 1238 272 168 440 36% 
New Hampshire 536 124 66 190 35% 

New Jersey 1421 310 124 434 31% 
New York 725 157 7 164 23% 

Connecticut 34 10 3 13 38% 
Rhode Island 358 48 77 125 35% 

Total 4,577 988 503 1,491 33% 

Economic Sub-Model 

Presenter
Presentation Notes
755 completes in ME, NH, MA (38% response rate)



Behavioral Model 

Economic Sub-Model 

Indirectly 
affected by bag 
and size limits 

Presenter
Presentation Notes
So rather than directly including policy changes in the RUM Sonia transformed the typical RUM specification into:

Where expected keep + expected release = expected catch

By incorporating expected keep and release in the angler’s utility function allows….





U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 11 

Parameter Estimate Standard Error t value Pr > |t| 

 
0.3243 0.0342 9.48 <0.0001 

 0.0943 0.0232 4.06 <0.0001 

 
0.3195 0.0317 10.08 <0.0001 

 0.1063 0.0274 3.88 0.0001 
Trip length x For-hire 0.0743 0.0288 2.58 0.0100 
(Trip length)2 x For-hire -0.003240 0.002035 -1.59 0.1114 
Trip cost -0.005392 0.000209 -25.84 <0.0001 
Opt-out -0.2742 0.1336 -2.05 0.0401 
     
Likelihood Ratio 1,750.1    
No. Obs. 4,308    
No. Cases 14,233    
 

Behavioral Model Parameters 



But what changes expectations about kept and 
released fish? 
 Regulations, stock structure, other factors 

Behavioral Model Summary 
• Model estimates how changes in expectations (mainly 

catch expectations) affects the value of a fishing trip 
 

  

Economic Sub-Model 



Behavioral Model Limitations 
• No explicit link between changes in regulations and 

expected catch in behavioral model 
 

• No consideration of stock structures 
 

• Results are not explicitly linked to changes in 
numbers of trips per season (i.e., effort shifts) 
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Model Overview 

Estimate a behavioral model 
for recreational anglers 

 
Expected and actual 

encounters of fish on a 
trip 

 

Simulate Angler behavior under 
alternative stock structures and 

regulations 

Fish kept and released are a 
function of length structure, 

selectivity, regulations 

 
 
 
 

Economic Sub-Model 

Aggregate and Project stocks 
of fish 

“Biological” Sub-Model 

Retained 
Discards 

Effort 

Welfare 



In the “Biological” Sub-Model: 
• Generate expectations about catch: 

• Encounters-per-trip 
• Length of encounters-per-trip 

• Length structure of fish in the ocean 
• Size selectivity of anglers 

Presenter
Presentation Notes
Think back to the behavioral model, we need to generate expectations about kept, released fish and costs.  Costs are easier.  Kept and released is harder.



Encounters-Per-Trip 

• The distribution of encounters-per-trip derived from MRIP (2012) 
• Encounters=Kept+ Discard 
• Trips that targeted or caught GOM cod or haddock 

• Lots of zeros 
• Approx 25% of trips do not encounter a cod 
• Nearly 60% of trips do not encounter a haddock 



Length Distribution of Encounters 
• What is the length-distribution of fish encountered 

by recreational anglers? 
 
 

• Not the same as: 
• Length distribution of stock 

 
• Length distribution of historical catch 

 
 

17 

Pair with bag, size 
limits to determine 
how many fish are 
kept and released. 

Doesn’t account for 
targeting behavior 

Doesn’t account for 
changing stock 

conditions 



Last Year’s  (2012) Numbers 
at  Age (Assessments) 

2012 Age-Length Data 
(Bottom Trawl Survey) 

/ 2012 Numbers  at  Length 

+ 

2014 Projected Numbers at Age 

2014 Projected Recreational CPUE-
at-Length  

2014 Recreational 
Selectivity-at-Length [ql] 

≈
 

Combining Stock Assessment and Recreational 
Catch data 
 

2012 Catch-at-Length (MRIP) 

Calculate 2014 Projected Numbers-at-Length x 

= 2012 Recreational  
Selectivity-at-Length [ql] 

Presenter
Presentation Notes
Multiply next year’s projected numbers-at-length by the catchability coefficients (q) to obtain CPUE at each length category

Time-step is actually a wave not a year

CPUE-at-Length can be interpreted as the number of fish of length l which a recreational fishing trip will catch?




Recreational Selectivity and Catch-at-length 



Model Overview 

Estimate a behavioral model 
for recreational anglers 

 
Expected and actual 

encounters of fish on a 
trip 

 

Simulate Angler behavior under 
alternative stock structures and 

regulations 

Fish kept and released are a 
function of length structure, 

selectivity, regulations 

 
 
 
 

Economic Sub-Model 

Aggregate and Project stocks 
of fish 

“Biological” Sub-Model 

Retained 
Discards 

Effort 

Welfare 



Simulating Expected Catch for a Trip 

Draw Length 
of A Fish 

Greater Than 
Minimum Size? 

Add to Kept 

Yes 

No 

Add to Release 

Reached 
“Encounter” Limit? 

Stop Fishing 

Reached 
Possession Limit? 

Yes 

Yes 

No 

No 

Compute Expected Catch 
(numbers of fish) 

Draw “Encounter” 
limit 

Presenter
Presentation Notes
1) The algorithm randomly assigns the maximum expected number of cod and haddock (separately) caught on the trip based on the probability distribution functions estimated from the MRIP catch data.

2) The lengths are randomly drawn from the probability distribution function for recreational catch-at-length.  



Trip Participation 

Expected Catch 

RUM: Probability a 
Prospective Trip Will 

Occur 

Trip Does 
not Occur 

Trip Occurs 

< 50% 

>50% Rum Model 
 Coefficients 

WTP For a Trip 

Other Trip Characteristics 
(costs, mode, length of trip) 



Trip Participation (Updated) 

Expected Catch on Trip 

RUM: Probability a 
Prospective Trip Will 

Occur 

Rum Model 
 Coefficients 

WTP For Trip 

Other Trip Characteristics 
(costs, mode, length of trip) 

i

N

i
i WTPobTPAggregateW *Pr

1
∑
=

=

Presenter
Presentation Notes
Ken Train (2003) Discrete Choice Modeling

WTP based on expected catch



Expected Catch           Actual Catch 
 
 

 
• Aggregate Expected Catch > Aggregate Actual Catch 
 

U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 24 

i

N

i
i tchExpectedCaobchxpectedCatAggregateE *Pr

1
∑
=

=



Simulating Actual Catch  

Draw Length 
of A Fish 

Greater Than 
Minimum Size? 

Add to Bag 

Yes 

No 

Discard 

Reached 
“Encounter” Limit? 

Stop Fishing 

Reached 
Possession Limit? 

Yes 

Yes 

No 

No 

Compute Actual Catch 
(numbers of fish) 

Draw a “Encounter” 
limit 



Aggregate Catch 
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Weights of Kept and Released Fish 

• Compute weights of kept and released fish on each 
simulated trip from length-weight equations used in 
the assessments  
 
 



Simulating Over Entire Fishing Year 
• The algorithm simulates trips until the maximum 

number of choice occasions (potential trips) is 
reached   

• Potential Trips? 
• Set a number for potential trips that is large 

enough so that it is not binding if the fishery 
becomes more desirable, but is not unrealistic 



Calibration 
• Use possession 

and size limits in 
effect for 2013. 

• Adjust number of 
“potential trips”  

 until  
 MRIP actual 

trips. 

  
MRIP  

FY2013 

Model 
Predictions 

FY2013 Difference 

Potential Trips (N)  N/A 410,000   

Trips 212,578 212,409 4.6% 

Cod Landings (lbs) 1,226,862 1,284,387 4.7% 

Cod Discard Mortality (lbs) 225,251 186,484 -17.2% 

Total Cod Mortality (lbs)  1,452,113 1,470,871 1.3% 

Had Landings (lbs) 529,011 493,214 -6.8% 

Had Discard Mortality (lbs) 455,149 466,313 2.5% 

Total Had Mortality (lbs) 984,160 959,526 -2.5% 

Presenter
Presentation Notes
Probability weighted number of trips



FY2014 Simulation Results 

Trips 
(Median) 

% Under 
Cod ACL 

(100 
trials) 

% Under 
Haddock 
ACL (100 

trials) 

 Cod 
Mortality 

lbs 
(Median) 

 Haddock 
Mortality 

lbs 
 (Median) 

FY2014 Measures 
(cod: min 19” to 21”, wave 5 closed) 
(had: 3 fish bag, wave 2 and 5 closed) 

127,600 78 52 929,162 177,749 

FY2014 Measures 
(updated haddock assessment) 
(haddock discard mortality rate change 
from 0 to 50%) 

151,200 89 0 877,104 554,538 

FY2014 ACL (lbs) 
(Updated Haddock Assessment) 1,071,436   381,396 

SQ FY2013 in FY2014 252,405 0 16 2,042,100 585,100 

GOM Cod GOM Haddock 
FY2014 ACL (lbs) 1,071,436   191,800 



Important Assumptions 
• No heterogeneity in catch rates across fishing 

modes 
• Anglers stop fishing for either species when they hit 

the “assigned encounter limit” or the bag limit 
• Noncompliance (size and bag limits) 

• Size limit noncompliance incorporated 
• Assume compliance with bag limits 
• No recreational high-grading 

 

Presenter
Presentation Notes
There is heterogeneity in catch rates across waves.

A lot of other assumptions that I haven’t mentioned, such as we assume that changes in stock levels do not impact the maximum numbers of fish that are encountered on a trip. This may be reasonable for fish that aggregate, like cod or haddock.  This assumption is due to data limitations; we are unable to specify a stock-catch relationship. 



Extensions 
• Retention of more fish than possession limit 

 
• Medium term projections: 

• Given a discard mortality assumption, we can 
compute projected numbers-at-age of harvested 
cod and haddock 

• Project stocks/biomass a few years into the 
future 



Questions? 
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