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Fishery Overview

Year-round fishery, divided north and south of 36° N. latitude

Limited Entry North (LEN) = weekly + bimonthly limits

Limited Entry South (LES) = weekly limit

Open Access North (OAN) = daily + weekly + bimonthly limits

Open Access South (OAS) = weekly + bimonthly limits

Sablefish landings (mt) by DTL 
sector, 2011-2022
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Distribution of all DTL landings and participation by port



Model Inputs and Outputs

Sector Status Quo Inputs Outputs

LEN
Weekly trip limits + bimonthly trip limits landings per vessel

Sablefish price/lb. (inflation adjusted) # of vessels

OAN
Weekly trip limits landings per vessel

Sablefish price/lb. + period adjuster # of vessels

Notably weak predictions

(by period)Fleetwide landings = landings per vessel x number of vessels

𝑌𝑖 = 𝑓 𝑋𝑖, 𝛽 + 𝑒𝑖



Limited Entry North (LEN)

Section 2.1 – Current Model
Section 2.1.1 – Distribution Assumptions
Section 2.1.2 – Model Run

Section 2.2 – Potential Model Improvements
Section 2.2.1 – Data Weights
Section 2.2.2 – Log Transformation
Section 2.2.3 – AFI Prices
Section 2.2.4 – Dungeness Crab Prices
Section 2.2.5 – Fuel Prices
Section 2.2.6 – Generalized Linear Model (GLM)



Section 2.1 – Current Model

LEN



LEN



Average landings per vessel

• Historical data for average landings per 
vessel (response variable) are not 
normally distributed

• Log transformation normalizes the data 
more than square-root or cube-root 
transformations

P-value = 0.000 P-value = 0.009

P-value = 0.000 P-value = 0.000

*p-value for Shapiro-Wilk normality test

Value Raw Log
Square 

Root
Cube 
Root

Skewness 1.820 0.666 1.244 1.053

Skewness p-value 0.000 0.012 0.000 0.000

Kurtosis 3.994 0.728 1.866 1.382

Kurtosis p-value 0.000 0.104 0.001 0.009

LEN

Section 2.1.1 – Distribution Assumptions



LEN

Number of Vessels

• Historical data for number of vessels (response 
variable) are not normally distributed

• However, the raw data are near-normal (p-value = 
0.034) and there are no major outliers that could 
skew the data

• A negative binomial distribution is explored using 
GLMs

*p-value for Shapiro-Wilk normality test

Value Raw Log
Square 

Root
Cube 
Root

Skewness 0.636 -0.496 0.095 -0.092

Skewness p-value 0.015 0.956 0.371 0.626

Kurtosis 0.146 -0.029 -0.464 -0.453

Kurtosis p-value 3.000 0.520 0.789 0.784

P-value = 0.034 P-value = 0.214

P-value = 0.877 P-value = 0.904

Section 2.1.1 – Distribution Assumptions



LEN

Response variable = average landings per vessel Response variable = number of vessels

Section 2.1.2 – Model Run



Section 2.1.2 – Model Run

LEN

Response variable = average landings per vessel



Section 2.1.2 – Model Run

Response variable = average landings per vessel
Very likely due to high sablefish ACLs in recent years

LEN



Section 2.1.2 – Model Run

Response variable = number of vessels

LEN



• Over-predicts 2020 & 2021

Section 2.1.2 – Model Run

• Under-predicts 2017, 2018, & 2022

LEN

fleetwide landings

Adj. R2 = 0.7332



Section 2.1.2 – Model Run

Example of inseason projections used in Council decision making for trip limit adjustments

LEN



Section 2.2 – Potential Model 
Improvements

LEN



Section 2.2.1 – Data Weights

Response variable = average landings per vessel Response variable = number of vessels

• Most recent year (2022) up-weighted using a score of 5 whereas all prior years receive a score of 1

• Up-weighting most recent year only improves the prediction of average landings per vessel but not 
number of vessels

LEN



Section 2.2.1 – Data Weights

Adj. R2 = 0.7332 Adj. R2 = 0.7323

Very little difference when most recent year is upweighted, compared to not using data weights

Status Quo Model Data Weights

LEN



Section 2.2.2 – Log Transformation

Relationships between un-transformed and log-transformed predictor variables to the response 
variable average landings per vessel

Closest linear relationships

LEN

Response variable = average landings per vessel



Section 2.2.2 – Log Transformation

Slight improvement to the model diagnostics

Response variable = average landings per vessel



Section 2.2.2 – Log Transformation

Status Quo Model Log Transformation

LEN

Response variable = average landings per vessel



LEN

Section 2.2.2 – Log Transformation

Response variable = number of vessels

Log-transforming introduces heteroskedasticity



Adj. R2 = 0.7332 Adj. R2 = 0.7252

• Final approach: Log-transform the average landings per vessel response variable and the 
weekly limit predictor variable only and up-weight the most recent year of landings per vessel data

• Fit to historical data is slightly lower but log-transforming average landings per vessel improves 
model diagnostics

Section 2.2.2 – Log Transformation

LEN

Status Quo Model Data Weights + Log Transformation



Section 2.2.3 – AFI Prices

LEN

• Inflation-adjusted prices are currently calculated with (by period):

• AFI_PRICE_PER_POUND -> new field in PacFIN that includes pre-adjusted prices

• GMT concluded that maintaining calculation method is most appropriate but using 
AFI_EXVESSEL_REVENUE instead of manually applying a price index

• AFI_PRICE_PER_POUND still used to explore minimum, median, and maximum price covariates

I𝑛𝑓𝑙. 𝐴𝑑𝑗. 𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑃𝑜𝑢𝑛𝑑 =
Τ(𝐸𝑥𝑣𝑒𝑠𝑠𝑒𝑙 𝑉𝑎𝑙𝑢𝑒 𝑅𝑜𝑢𝑛𝑑 𝑊𝑒𝑖𝑔ℎ𝑡 𝐿𝑏𝑠. )

𝑃𝑟𝑖𝑐𝑒 𝐼𝑛𝑑𝑒𝑥

Lbs. 
Landed

Revenue
Price per 

Lb.
Price Re-

Calculated

Fish Ticket A 10,000 $30,000 $3.00 $3.00

Fish Ticket B 1,000 $5,000 $5.00 $5.00

Combined 11,000 $35,000 $4.00 $3.18

hypothetical comparison



Section 2.2.3 – AFI Prices

LEN



LEN

Minimum = no obvious 
correlation

Maximum = non-linear 
correlation with median 
and average

Median = linear 
correlation with average

Section 2.2.3 – AFI Prices



LEN

Median and average price 
correlation does not show a clear 
pattern across years

Section 2.2.3 – AFI Prices



LEN

Likelihood ratio test to determine statistical 
significance of adding maximum AFI price

Response variable = number of vessels

Section 2.2.3 – AFI Prices



Adj. R2 = 0.7332 Adj. R2 = 0.754

• Final approach: 
• Log-transform average landings per vessel and weekly limit
• Up-weight the most recent year of landings per vessel data
• Add maximum sablefish price per pound to predict number of vessels

• Fit to historical data is higher and better predicts 2017-2021

Status Quo Model
Data Weights + Log Transformation + 

Maximum AFI Price

LEN

Section 2.2.3 – AFI Prices



Section 2.2.4 – Dungeness Crab Prices

LEN

THOMSON_FISHERY_CODE == 1

NOMINAL_TO_ACTUAL_PACFIN_SPECIES_CODE == “DCRB”



Section 2.2.4 – Dungeness Crab Prices

LEN

Likelihood ratio test indicates no 
statistically significant difference 
when average D. crab prices are added

Response variable = number of vessels



Section 2.2.5 – Fuel Prices

LEN

Dockside fuel price data are from the EFIN Monthly Marine Fuel Prices database managed by PSMFC

Fuel price “regions”:
• OR+WA combined
• CA north of 36° N. lat.



Section 2.2.5 – Fuel Prices

LEN



Section 2.2.5 – Fuel Prices

LEN

Likelihood ratio test indicates no 
statistically significant difference 
when OR/WA fuel prices are added



Section 2.2.6 – Generalized Linear Model

LEN

• GLMs useful when response variable does not follow 
normal distribution -> number of vessels

• Assumed negative binomial distribution

• Ranked all GLM model variations using the following 
predictor variables based on AIC scores:

• Average inflation-adjusted sablefish price

• Median AFI sablefish price

• Maximum AFI sablefish price

• Bimonthly period (fixed effect)

• Average inflation-adjusted Dungeness crab price

• Maximum Dungeness crab price

• OR/WA dockside fuel price

• CA dockside fuel price in ports north of 36° N. 
lat.



Section 2.2.6 – Generalized Linear Model

LEN

Likelihood ratio test results:
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Final approach



Section 2.2.6 – Generalized Linear Model

LEN

Adj. R2 = 0.7484

Adj. R2 = 0.754

Using a GLM improves normal Q-Q plot

No improvement in fit to historical data 
compared to linear regression using the 
same predictors

S
ta

tu
s
 Q

u
o

 M
o

d
e

l
G

e
n

e
r

a
li

z
e

d
 L

in
e

a
r

 M
o

d
e

l



Questions on LEN?



Open Access North (OAN)

Section 3.1 – Current Model
Section 3.1.1 – Distribution Assumptions
Section 3.1.2 – Model Run

Section 3.2 – Potential Model Improvements
Section 3.2.1 – Log Transformation
Section 3.2.2 – AFI Prices
Section 3.2.3 – Dungeness Crab Prices
Section 3.2.4 – Fuel Prices
Section 3.2.5 – Generalized Linear Model (GLM)



Section 3.1 – Current Model

OAN



OAN



Average landings per vessel

• Historical data for average landings per 
vessel (response variable) are not 
normally distributed

• Log transformation is only 
transformation that normalizes the data

P-value = 0.000 P-value = 0.063

P-value = 0.000 P-value = 0.000

*p-value for Shapiro-Wilk normality test

Value Raw Log
Square 

Root
Cube 
Root

Skewness 2.445 0.568 1.439 1.132

Skewness p-value 0.000 0.027 0.000 0.000

Kurtosis 8.517 1.097 3.664 2.553

Section 3.1.1 – Distribution Assumptions

OAN



Number of Vessels

• Historical data for number of vessels (response 
variable) are not normally distributed

• A negative binomial distribution is explored using 
GLMs

*p-value for Shapiro-Wilk normality test

Value Raw Log
Square 

Root
Cube 
Root

Skewness 0.466 -0.256 0.117 -0.005

Skewness p-value 0.057 -0.879 0.344 0.507

Kurtosis -0.778 -0.865 -0.949 -0.953

P-value = 0.006 P-value = 0.061

P-value = 0.079 P-value = 0.103

Section 3.1.1 – Distribution Assumptions

OAN



Section 3.1.2 – Model Run

OAN

Response variable = average landings per vessel Response variable = number of vessels

Period 4 Peak Adjuster:
Period 1 = -3 Period 4 = 0
Period 2 = -2 Period 5 = -1
Period 3 = -1 Period 6 = -2



Section 3.1.2 – Model Run

OAN

For the OAN sector, using both weekly and 
bimonthly limits is duplicative because 
bimonthly limits are nearly always 2X the 
weekly limit



Response variable = average landings per vessel

• Residuals are clustered together

• Trend line in scale-location plot

• Normal Q-Q plot is heavily tailed on both ends

Section 3.1.2 – Model Run

OAN



Section 3.1.2 – Model Run

OAN

Response variable = number of vessels



OAN model struggles to capture volatility

fleetwide landings

Adj. R2 = 0.4035

Section 3.1.2 – Model Run

OAN



Section 3.2 – Potential Model 
Improvements

OAN



Section 3.2.1 – Log Transformation

OAN

Response variable = average landings per vessel



OAN

Response variable = average landings per vessel

Section 3.2.1 – Log Transformation



OAN

Adj. R2 = 0.4035 Adj. R2 = 0.4002

• Final approach: Log-transform the average landings per vessel response variable and the weekly limit 
predictor variable 

Status Quo Model Log Transformation

• Fit to historical data is slightly lower but log-transforming average landings per vessel improves model 
diagnostics

Section 3.2.1 – Log Transformation



Section 3.2.2 – AFI Prices

OAN

Less variation in maximum price compared to LEN sector



Section 3.2.2 – AFI Prices

Minimum = no obvious 
correlation

Maximum = some 
correlation with median 
and average

Median = linear 
correlation with average

OAN



Median and average price 
correlation does not show a clear 
pattern across years

Section 3.2.2 – AFI Prices

OAN



Section 3.2.2 – AFI Prices

OAN

Response variable = number of vessels

Likelihood ratio test to determine statistical 
significance of adding maximum AFI price



Adj. R2 = 0.4035

• Final approach: Log-transform the average landings per vessel response variable and the weekly limit 
predictor variable; add maximum sablefish price per pound

Status Quo Model Log Transformation + Maximum AFI Price 

• Fit to historical data is slightly lower but adding maximum sablefish price improves model diagnostics

Adj. R2 = 0.4002

Section 3.2.2 – AFI Prices

OAN



Section 3.2.3 – Dungeness Crab Prices

OAN

Response variable = number of vessels

Likelihood ratio test to determine 
statistical significance of adding 
maximum D. crab prices



Section 3.2.3 – Dungeness Crab Prices

OAN

Adj. R2 = 0.4035

Adj. R2 = 0.4553
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Section 3.2.4 – Fuel Prices

OAN



Section 3.2.4 – Fuel Prices

OAN

Likelihood ratio test:
OR/WA + CA fuel 

VS. 
only CA fuel

Likelihood ratio test:
CA fuel 

VS. 
no fuel prices

CA fuel prices are significant predictors but OR/WA fuel prices are not

Response variable = number of vessels



Section 3.2.4 – Fuel Prices

OAN

Response variable = number of vessels
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Adj. R2 = 0.4035

Adj. R2 = 0.4349



• Ranked all GLM model variations using the following 
predictor variables based on AIC scores:

• Average inflation-adjusted sablefish price

• Median AFI sablefish price

• Maximum AFI sablefish price

• Period 4 Peak Adjuster (fixed effect)

• Average inflation-adjusted Dungeness crab price

• Maximum Dungeness crab price

• OR/WA dockside fuel price

• CA dockside fuel price in ports north of 36° N. lat.

Section 3.2.5 – Generalized Linear Model

OAN



OAN

Likelihood ratio test results:
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Section 3.2.5 – Generalized Linear Model



OAN

Response variable = number of vessels

Northern CA

Including northern CA fuel 
prices in the GLM slightly 
improves the model diagnostics 
compared to a GLM with only 
sablefish and crab prices

Section 3.2.5 – Generalized Linear Model



OAN

Linear Regression Generalized Linear Model

Both:

• Log-transformed average landings per vessel & weekly limit

• Maximum Dungeness crab prices

• Northern CA dockside fuel prices

GLM is better able to 
capture the OAN 
fleet’s volatility

Section 3.2.5 – Generalized Linear Model



Limited Entry South (LES)



Open Access South (OAS)



Questions on OAN and 
anything else??


