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1.0 APPENDIX I – ECONOMIC MODEL 

1.1 ESTIMATION OF PRICES, COSTS, PROFITS AND NATIONAL BENEFITS  

The economic model includes an ex-vessel price equation, a cost function and a set of equations 

describing the consumer and producer surpluses. The ex-vessel price equation is used in the 

simulation of the ex-vessel prices, revenues, and consumer surplus along with the landings and 

average meat count from biological projections. The cost function is used for projecting harvest 

costs, and thereby for estimating the producer benefits as measured by the producer surplus. The 

set of equations also includes the definition of the consumer surplus, producer surplus, profits to 

vessels, and total economic benefits.  

1.1.1 ESTIMATION OF PRICES 

Annual ex-vessel price model is updated each year to take into account the recent changes in sea 

scallop markets both domestically and internationally. This model estimates the degree of change 

in ex-vessel price in response to a change in variables affected by management, i.e., scallop 

landings and size composition of landed scallops, as well as to a change in other important 

determinants of price, including price of imports, exports and disposable income of consumers. 

Estimated prices are then used in the cost benefit model to evaluate the impacts of the fishery 

management actions on fishing revenues, vessel profits, consumer surplus, and net economic 

benefits for the nation.   

 

Given that there are many variables that could affect the price of scallops, it is important to 

identify the objectives in price model selection. These objectives (in addition to developing a 

price model with sound statistical properties) are as follows: 

• To develop a price model that would explain the main determinants of the scallop ex-

vessel prices on an annual basis: In the real world, prices are affected by an exhaustive 

list of factors; however, the data limitations often curtail the number of variables that can 

be included in a model. In addition, many of these variables have marginal impacts on the 

prices with little use is estimating the impacts of the management actions on prices. Even 

when a sufficiently long time-series data is available, the measurement errors associated 

with many variables would compound the uncertainty of the estimates. 

• To develop a price model that uses inputs of the biological model, including landings by 

market size category: Since the biological model projects annual (rather than monthly) 

landings by fishing year, the corresponding price model should be estimated in terms of 

annual values (by fishing year). As a result, such model could only be used to project 

average annual price of scallops rather than the daily or monthly changes in prices.   

• To select a price model that will predict prices within a reasonable range without 

depending on too many assumptions about the exogenous variables: For example, the 

import price of scallops from Japan could impact domestic prices differently than the 

price of Chinese imports but making this separation in a price model would require 

prediction about the future relative import prices from these countries. This in turn would 

complicate the model and increase the uncertainty regarding the future estimates of 

domestic scallop prices.  

 



FINAL 

 2 

In addition to the changes in size composition and landings of scallops, price model incorporates 

other determinants of ex-vessel price including import price of scallops, disposable income of 

seafood consumers and the demand for U.S. scallops by other countries into the model. Scallop 

landings exceeded 40 million pounds from 2001 to 2012 fishing years however fell below 40 

million lb. in 2013 to 2015 fishing years resulting in an increase of scallop prices (Figure 1). 

Since 2005 fishing year, the percentage share of U10s in total landings fluctuated 12% (2016) to 

25% (2014) of total scallop landings (Figure 2). 

 

 
Figure 1 – Scallop landings, price & import price (Fishyear: March to Feb.) 

 
 

 
Figure 2 - Size composition of scallop landings (% of total) 
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The ex-vessel price model estimated below includes the price, rather than the quantity of imports 

as an explanatory variable, based on the assumption that the prices of imports are, in general, 

determined exogenously to the changes in domestic supply. An alternative model would estimate 

the price of imports according to world supply and demand for scallops taking into account 

factors that affect scallop landings of several countries. However, the usefulness of such a 

simultaneous equation model is limited for our present purposes since it would be almost 

impossible to predict how the landings, market demand, and other factors such as fishing costs or 

regulations in other exporting countries would change in future years.  

 

In addition to changes examined above in the U.S. scallop fishery, several external factors played 

a role in shifting the international demand for large scallops exported from the U.S. In 2005, a 

combination of such factors including problems with Japanese aquaculture, reduction in 

Canadian scallop landings, increase in oil and import prices by 30% as well as the increase in 

landings of U10s and 10-20s led to a surge in U.S exports by 50% compared to the 2004. As a 

result, scallop ex-vessel prices jumped from $6.4 per lb. in 2004 to $9.3 per lb. in 2005. 

Similarly, the problems with the Japanese aquaculture starting in 2010 and release of radiation 

from the Fukushima Nuclear power plant in 2011 reduced the supply of large scallops from this 

country and increased the demand for US sea scallops. Imports of scallops from Japan declined 

by 48% in 2010 and by 34% in 2011 while imports from Canada remained low. Scallop ex-

vessel prices increased from $9 in 2010 to $10.5 in 2011 and exports increased by 32% 

establishing U.S. as one of the major exporters of large scallops.  The plunge of the scallop catch 

in Hokkaido, Japan by more than 30% in the 2015/2016 fishing year and by 15% for the 

2016/2017 year, and the collapse of the Canadian scallop fishery due to the oil spill in the last 3 

years, led to a jump of the U.S scallop prices of U10’s and U12s in 2015 and 2016 fishing years 

(Figure 6) 

 

In 2017, imports from Canada and Japan as a % of all total increased and was probably among 

one the factors that led to a decline in prices of local scallops in the same year.  For these 

reasons, the price model takes into account the fluctuations of imports from Canada and Japan as 

a proportion of total imports in determining the prices for U10 and scallops with a meat count of 

11 and higher separately (Figure 3).  
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Figure 3 – Scallop imports from Canada and Japan 

 

 

Price model also takes into account the demand for US scallops by other countries. One of most 

significant change in the trend for foreign trade for scallops after 1999 was the striking increase 

in scallop exports. The increase in landings of especially larger sized scallops increased U.S. 

exports of scallops from about 5 million pounds in 1999 fishing year to a record amount of over 

32 million pounds in 2011 fishing year. Western European Countries constituted the largest 

markets for sea scallop exports (Figure 4). During the same period, export prices increased as 

scallop landings continued to include a higher proportion of larger sized scallops (Figure 2). 

Increase in exports reduced the supply of domestically produced scallops, as measured by 

landings net of exports, increased ex-vessel prices further.  While scallop exports to the 

European as well as to other countries declined after 2011, export price of scallops continued to 

increase. This could be mostly due to the shortage of sea scallops on the world markets 

especially of the large size U10 scallops.   
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Figure 4 - Scallop Exports to European Countries 

 
 

 

The quantity of exports is not necessarily an indication of foreign demand when the domestic 

landings decline due to supply conditions allowing less to be exported. However, the decline in 

exports even when scallop landings increased in 2017 might indicate a decline in  

international demand for imported scallops (Figure 5). 

 

 

Figure 5. Imports and Exports of scallops (million lb.)  
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Price model estimates annual average price, which will differ from daily or monthly prices any 

one point (Figure 6 with Figure 7). The increase in the share of U10s from 12% to 20% in 2017 

had a dampening impact on the average price of U10s in 2017. Both Framework 28 and 

Framework 29 estimated that U10’s will be less than 10% of the overall landings in 2017 and 

2018.  

 

 

Figure 6 - Ex-vessel price by market size category 
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Figure 7 - Ex-vessel prices by month and market size (current price) 

 
 

 

Figure 8 . Scallop landings by market size (Mill.lb.) 
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The prices of U10 and the prices of U11 and smaller scallops are estimated separately to take 

into account differences markets for these categories and the factors that affect their prices. 

While the price of U10 scallops are affected to a greater extent specifically by percentage share 

of U10 scallops, 11 plus scallops are correlated with total annual landings net of exports and 

changes in the average meat count of the 11plus category. The market categories above 10-count 

are grouped together. Landings of scallops over 40-, 50- or 60-count were almost nonexistent 

since 1998 and prices of 20 plus categories were highly correlated with prices of 10 plus 

category of scallops. Thus, the price of 11plus category were estimated using average price 

weighted by landings for these categories. The data for the regression analysis did not include the 

landings of scallops with unclassified market category.  

 

As stated above in Section 1.1.1,  scallops from Japan and to some extent from Canada are the 

competitors to U.S U10’s and U12 scallops and the decline in the imports from these countries 

usually led to a significant increase in the prices of domestic scallops (Figure 3). In order to 

capture the impacts of changes in scallop fisheries on the US scallop prices, the proportion of 

imports from Canada and Japan in total scallop imports were included as explanatory variables in 

the price model.   

 

 

 

The ex-vessel prices for U10 scallops is estimated in Equation 1 as a semi-log form to restrict the 

estimated price to positive values only as follows: 

 

Equation 1:  

 Log (PEXU10) = f (IMPORTPR, PCDPI, PCTSHAREU10, RATIOCAN&JAP, NETLAN)  

• Ex-vessel price of scallops (PEXU10) 

• Average price of all scallop imports (IMPORTPR)  

• Per capita personal disposable income (PCDPI) 

• Landings net of exports (NETLAN = Total Scallop landings – 75% of exports) 

• % share of U10’s in total scallop landings (PCTSHAREU10) 

• Ratio of imports from Canada & Japan (RATIOCANJAP) 
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Table 1 - Estimation results for price model for U10 scallops 

 
 

 

The estimation of this model produced robust estimates of the coefficient of variation and the 

parameters as shown in Table 1. Adjusted R2 indicates that average price of imports, disposable 

income, ratio of Japanese and Canadian imports to total scallop imports and U10 landings 

explain over 89 percent of the variation in ex-vessel prices of U10 scallops. Except for the 

intercept, all the other coefficients are statistically significant at 5% significance or less. This 

model provided a good fit to U10 prices especially in the last three years with price estimates 

within 2% to 3% difference from the actual prices in 2017 (Figure 9).   
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Figure 9 – Annual average of estimated and actual price of U10s (in 2017 Dollars) 

 
 

 

The ex-vessel prices for count 11 and higher scallops is estimated in Equation 2 as semi-log form 

to restrict the estimated price to positive values only as follows: 

 

Equation 2: 

 Log (PEX11+) = f (IMPORTPR, PCDPI, RATIOCAN&JAP, SCLAN, RATIOEXP) 

• Average price of all scallop imports (IMPORTPR)  

• Per capita personal disposable income (PCDPI) 

• Scallop Landings (SCLAN, Annual by Fishyear, Mill.lb.) 

• Ratio of imports from Canada & Japan (RATIOCANJAP) 

• Ratio of exports in total scallop landings (RATIOEXP) 

• Share of U10 scallops in total landings 

 

The estimation of this model produced robust estimates of the coefficient of variation and the 

parameters as shown in Table 2. Adjusted R2 indicates that average price of imports, landings net 

of exports, disposable income, ratio of Japanese and Canadian imports to total scallop imports, 

and average meat count of the 11plus category explain over 95 percent of the variation in ex-

vessel prices of 11plus scallops. Furthermore, heteroscedasticity consistent coefficients of this 

model, except for coefficient of for share of U10 landings, are statistically significant at 5% 

significance,  This model provided a good fit to prices of 11plus category scallops especially in 

the last three years with price estimates within 1% to 3% difference from the actual prices 

(Figure 10).  
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Table 2 - Estimation results for price model for 11plus scallops 

 

 

 

 

                             Analysis of Variance     

                                    Sum of           Mean     

Source                   DF        Squares         Square    F Value    Pr > F   

Model                     6        1.44075        0.24013      72.68    <.0001   

Error                    12        0.03964        0.00330     

Corrected Total          18        1.48040     

        

        

Root MSE              0.05748    R-Square     0.9732    

Dependent Mean        2.11283    Adj R-Sq     0.9598    

Coeff Var             2.72040      
 
 

                                                                                                      Heteroscedasticity consistent 

Variable       DF       Estimate                Std.Error    t Value    Pr > |t|   Std.Error    t Value      Pr > |t|       

Intercept 1 0.68087 0.29339 2.32 0.0387 0.15501 4.39 0.0009 

imppri17 1 0.15101 0.02707 5.58 0.0001 0.01497 10.09 <.0001 

ansclanmil 1 -0.00302 0.00218 -1.39 0.1911 0.00137 -2.21 0.0477 

dpipc17 1 0.01619 0.00899 1.8 0.0968 0.00436 3.71 0.003 

rexplan 1 0.89271 0.20071 4.45 0.0008 0.14587 6.12 <.0001 

ratiocanjap 1 -0.76573 0.25237 -3.03 0.0104 0.11999 -6.38 <.0001 

pctshu10 1 -0.15174 0.29577 -0.51 0.6172 0.14377 -1.06 0.312 
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Figure 10 – Annual average of estimated and actual price of size 11 + scallops (in 2017 

Dollars) 

 
 

 

The coefficients of the two price models for U10 and 11plus scallops are used first to estimate 

the prices by market category and then a weighted by share in total landings to estimate the 

annual average price. Table 1 shows that this model provides a very good fit to the actual values 

of ex-vessel prices especially given that data is imperfect and there are possibly several other 

factors that affect prices in some small degree that cannot be practically included in the model. In 

terms of data, a percentage of unclassified landings ranged from 3.5% in 2016 to 12% in 1999. 

Average annual prices were estimated assuming that composition of the unclassified landings is 

similar to the composition of the landings by market size 11 and plus categories. Therefore, price 

would be different than estimated to the degree that actual distribution was different from what 

was assumed. Another data issue is that dealer data combines U12 scallops, which usually 

demand a higher premium, with scallops up to 20-count scallops.  Because of that, the price 

model cannot take into account the proportion of U12’s in landings. Again, this introduces 

uncertainties in price estimates to the degree that composition of 11-20 landings in terms of U12s 

changes from one year to another. Despite all these issues, estimated annual price of scallops in 

2017 differed from the actual prices by only 4% using the period 1999-2017 (Table 3). 

 

These numerical results should be interpreted with caution, since the analysis covers about 18 

years of annual data from a period during which the scallop fishery underwent major changes in 

management policy including area closures, controlled access, and rotational area management. 

However, the above price model has the proper statistical properties and, overall, generally 

provides a good fit to average annual prices as shown in Figure 11.   
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Figure 11 – Annual Average of estimated and actual scallop ex-vessel price (in 2017 dollars) 

 
 

 

 

Table 3. Predicted prices for 2017 fishing year estimating model for two periods  

Fishyear 
Market 

category 
 Actual 
Prices 

Estimated 
price  

(99-2016) 

% 
Difference 

Estimated 
price  

(99-2017) 

% 
Difference 

2017 U10 12.99 13.31 2% 13.39 3% 

2017 11+ 8.93 9.98 12% 9.34 5% 

2017 All 9.73 10.64 9% 10.14 4% 
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1.1.2 Estimation of variable costs 

 

Data for variable costs includes trip expenses such as food, fuel, ice, water, oil and supplies 

(FFIWOS) costs for the scallop fishing operation. Trip costs for limited access (LA) and limited 

access general category (LAGC) vessels are obtained from the observer cost data for 1997-2017 

fish years. Trip costs per day-at-sea may differ from the average estimated values depending on 

the vessel size and other variables. Further they differ by fleet types (or permit categories) within 

the scallop fishery.  

 

Trip cost per day-at-sea (FFIWOSpda) was estimated using a regression method as a function of 

vessel length (LEN), vessel horse power (HP), vessel crew size (CREW), fuel price (FUELP), 

and dummy variables (= 1) for limited access general category (LGC—IFQ) and small dredge 

(SMD) vessels. Both the trip cost and fuel price are measured in 2017 dollar.  Since the observer 

data did not have adequate sample representing the NGOM vessels for a separate estimation, trip 

cost parameter estimates for the IFQ was instead used as a proxy for NGOM vessels. The trip 

cost equation in double-logarithmic form was estimated using a regression method is given as: 

 
ln(𝐹𝐹𝐼𝑊𝑂𝑆𝑝𝑑𝑎) = 𝛽0 + 𝛽1 ∙ ln(𝐿𝐸𝑁) + 𝛽2 ∙ ln(𝐻𝑃) + 𝛽3 ∙ ln(𝐶𝑅𝐸𝑊) + 𝛽4 ∙ ln(𝐹𝑈𝐸𝐿𝑃𝑅) + 𝛿1 ∙ 𝐼𝐹𝑄 + 𝛿2 ∙ 𝑆𝑀𝐷 

 

The empirical equation presented in Table 4 explain about 79% of the variation in trip costs and 

has proper statistical properties. The model used 2,195 observations that included both the LA 

and LAGC vessels during 1997-2017. Only observations with complete information were 

included for the analysis. The data used in the analysis represented about one third of observed 

trips (N=6673 and n=2195) that involved 523 unique vessels that held LA and LAGC (IFQ) 

permits (Table 5 and Table 6). Trip cost was estimated by permit categories for the years 2010-

2017, as the IFQ program was fully implemented since 2010.  

 

Table 7, Table 8,  and Table 9 provide annual estimation of the trip costs for the LA and LAGC 

(IFQ) and LAGC (NGOM) vessels. The estimated average trip costs for LA, LAGC(IFQ) and 

LAGC(NGOM) vessels were $1757, $616 and $421, respectively. The estimated trip costs in 

2017 are near around the cost in 2010. The costs increased during mid-2010s but have fallen in 

recent years. Fuel price has been an important factor on the level of the trip costs, as the variable 

bears a major weight on the trip cost allocations (i.e., average 75 of trip cost is fuel cost). The 

trends on trip costs and their factors are also presented in Table 7, Table 8, and Table 9.  Table 

10 presents the ratio of trip costs in 2017 for a category relative to another category permit type 

or fleet. 
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Table 4 - Estimation of total trip costs per DAS for the limited access & limited access general 

category vessels 

 Nonlinear GMM Summary of Residual Errors  

Equation  DF Model DF 

Error 

SSE MSE Root 

MSE 

R-Square Adj R-Sq. Durbin 

Watson 

ln(FFIWOSpda)  7 2195 152.3 0.0694 0.2634 0.7857 0.7851 1.5093 

Nonlinear GMM Parameter Estimates  

Variables  

(in natural log) 

Estimate Approx. Std. Err. t-Value Approx. Pr. > |t| 

INTC (intercept) 𝛽0 2.048788 0.1938 10.57 <.0001 

LEN (length) 𝛽1 0.793195 0.0550 14.41 <.0001 

HP (horse power) 𝛽2 0.107115 0.0247 4.35 <.0001 

CREW (crew #) 𝛽3 0.303055 0.0350 8.65 <.0001 

FUELP  

(fuel price in 2017$) 

𝛽4 0.743611 0.0197 37.82 <.0001 

LGC--IFQ 𝛿1 -0.35419 0.0348 -10.17 <.0001 

SMD 𝛿2 -0.17269 0.0233 -7.40 <.0001 

 

 
Table 5 - Distinct count of VP_NUM (vessels) used in trip cost regression analysis (2001-2017) 

Permit Type Total     

IFQ 133     

LA 374     

LA with IFQ 45     

Grand Total 523     
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Table 6 - Distinct count of VP_NUM (vessels) used in trip cost regression analysis by fish year 

 
 

Table 7 - Trip cost estimates for LA only vessels 

 
 

 

Year LEN HP Crew Fuelp (2017$)

Trip Cost per DA 

(in 2017$)

2010 83.37 863.92 7.66 2.91 $2,195

2011 83.23 865.25 7.64 3.89 $2,713

2012 83.04 869.90 7.63 3.92 $2,726

2013 82.68 867.42 7.63 3.79 $2,647

2014 82.75 867.25 7.64 3.60 $2,550

2015 82.82 868.56 7.29 2.55 $1,951

2016 82.77 872.89 7.21 2.14 $1,704

2017 82.87 868.76 7.19 2.23 $1,757

Micro Charts



FINAL 

 17 

Table 8 - Trip cost estimates for LAGC-- IFQ only vessels 

 
 

 
Table 9 - Trip cost estimates for LAGC-- NGOM only vessels

 

 

 
Table 10 - Trip costs per DAS Ratios in 2017 

Permit categories Ratio Percent 

IFQ/LA 0.35 35% 

NGOM/IFQ 0.68 68% 

NGOM/LA 0.24 24% 
 

  

Year Len HP Crew Fuelp (2017$)

Trip Cost per DA 

(in 2017$)

2010 53.96 420.65 3.78 2.88 $680

2011 54.25 426.79 3.89 4.00 $880

2012 54.92 433.99 4.19 4.09 $927

2013 55.09 431.68 4.20 3.79 $877

2014 55.65 440.43 4.30 3.56 $853

2015 55.61 441.75 4.37 2.60 $677

2016 55.36 443.74 4.49 2.24 $609

2017 55.10 438.24 4.48 2.29 $616

Micro Charts

Year LEN HP Crew

Fuelp 

(2017$)

Trip Cost per DA 

(in 2017$)

2010 43.06207 299.4643 1.448276 2.88 $410

2011 46.73333 385.4667 1.933333 4.00 $626

2012 52.03846 442.7692 1.576923 4.09 $662

2013 46.03032 345.0736 1.741176 3.79 $569

2014 44.34832 361.3435 1.981538 3.56 $551

2015 46.78683 361.5677 2.205882 2.60 $470

2016 42.40028 411.452 2.565826 2.24 $413

2017 43.47158 412.1573 2.431579 2.29 $421

Micro Charts
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1.1.3 Estimation of fixed costs 

The fixed costs include those expenses that are not usually related to the level of fishing activity 

or output. These are insurance, maintenance, license, repairs, office expenses, professional fees, 

dues, taxes, utility, interest, communication costs, upgrade costs, association fees and dock 

expenses.  Because of the composition of the sample data in terms the vessel characteristics is 

not the same as the composition of the fleet, average sample values do not necessarily equal to 

the average costs for the scallop fleet as whole.  

 

Fixed cost estimates are updated using the 2011-2012 cost survey data collected by the SSB of 

NEFSC. This data set contained 932 vessels operating in different fisheries. Only 134 of these 

vessels had a scallop permit however (Table 11). 

 
Table 11 - Number of vessels included in the 2011 and 2012 cost surveys 

Permit category 2011 2012 Total 

LA 28 15 43 

FT  21 14 35 

PT 7 1 8 

LAGC 55 36 91 

IFQ 24 15 39 

B or C 31 21 52 

Total 83 51 134 
 

The model shown in Table 12 is based on the fixed cost survey data for vessels that have a 

scallop limited access and limit access IFQ permit and estimates basic fixed costs as a function 

of horse power*length (HPLEN), total revenue from fishing (TOTREV) and a dummy variable 

for IFQ (IFQ) vessels. Fixed costs were estimated by using the 54 observations for vessels with a 

positive entry for each of the component of basic fixed costs including insurance, maintenance 

and repairs as well as a positive value for horse power and length. The results show these three 

variables (HPLEN, total revenue and IFQ dummy variable) explain about 71% of the variation in 

fixed costs with statistically significant coefficients. These estimates will be updated using the 

2015 cost survey data when it becomes available.  

 
Table 12 - Estimation of basic fixed costs 

Nonlinear GMM Summary of Residual Errors  

Equation DF 

Model 

DF 

Error 

SSE MSE Root 

MSE 

R-

Square 

Adj R-

Sq 

Durbin 

Watson 

lnFC 4 50 8.8455 0.1769 0.4206 0.7245 0.7080 2.5636 

 

Nonlinear GMM Parameter Estimates  

Parameter Estimate Approx Std Err t Value Approx 

Pr > |t| 

INTERCEPT 4.399791 1.4354 3.07 0.0035 
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Nonlinear GMM Parameter Estimates  

Parameter Estimate Approx Std Err t Value Approx 

Pr > |t| 

HPLEN 0.279186 0.1254 2.23 0.0305 

LAGC -0.3737 0.1744 -2.14 0.0371 

TOTREV 0.36226 0.0929 3.90 0.0003 

 
 
 

Table 13 - Actual and estimated fixed costs, vessel size and average total revenue (Cost survey data 

sample) 

Data LA LA+LAGC LAGC 

FC – Estimated/per 

vessel 

    $348,563.92 $303,881.58 $112,358.60 

FC – Actual 

values/per vessel 

$440,125.18 $274,801.38 $120,056.34 

Horse Power 991.79 725.17 467.21 

Length 85.94 80.83 63.35 

Total Revenue $1,821,149 $1,607,972.50 $530,954.07 

Number of vessels 14 12 28 

 

1.1.4 Profits and crew incomes 

As it is well known, the net income and profits could be calculated in various ways depending on 

the accounting conventions applied to gross receipts and costs. The gross profit estimates used in 

the economic analyses in the FSEIS simply show the difference of gross revenue over variable 

(including the crew shares) and fixed expenses rather than corresponding to a specific accounting 

procedure. It is in some ways similar to the net income estimated from cash-flow statements 

since depreciation charges are not subtracted from income because they are not out-of-pocket 

expenses.  

 

Gross profits per vessel are estimated as the boat share (after paying crew shares) minus the fixed 

expenses such as maintenance, repairs and insurance (hull and liability). Based on the input from 

the scallop industry members and Dan Georgianna on the lay system, the profits and crew 

incomes are estimated as follows:  

• The association fees, communication costs and a captain bonus of 5% are deducted from 

the gross stock to obtain the net stock. 

• Boat share is assumed to be 48% and the crew share is assumed to be 52% of the net 

stocks. 

• Profits are estimated by deducting fixed costs from the boat share. 

• Net crew income is estimated by deducting the trip costs from the crew shares. 
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1.1.5 Consumer surplus  

Consumer surplus measures the area below the demand curve and above the equilibrium price. 

For simplicity, consumer surplus is estimated here by approximating the demand curve between 

the intercept and the estimated price with a linear line as follows: 

 

CS= (PINT*NETLAN-EXPR*NETLAN)/2 

 

EXPR= Ex-vessel price corresponding to landings for each policy option= 

PCTSHU10*PU10+PCTSH11P*P11P 

 

PINT=Price intercept i.e., estimated price when domestic landings are zero. 

          

NETLAN= Sea scallop landings for each policy option net of exports, or pounds of scallops 

consumed domestically:  SCLAN –EXPORTS  

 

SCLAN= Scallop landings 

 

In estimating the consumer surplus, the change in size composition of scallops was taken into 

account since the price the consumers is willing to pay for a U10 scallop is different than the 

price they would be willing to pay for smaller size scallops. Furthermore, consumer surplus is 

estimated for US consumers only by excluding amount of scallop exports. Because data on the 

size composition of exports is not available, it’s assumed that the size composition of the sea 

scallop harvest available in the domestic market net of exports is equivalent to composition of 

domestic landings. The following equation estimates the consumer surplus based on these 

assumptions. 

 
1CS= ((PCTSHU10*PINTU10+PCTSH11P*PINT11P) * NETLAN - 

(PCTSHU10*PU10+PCTSH11P*P11P) * NETLAN))/2 

 

𝑃𝑉𝐶𝑆 = ∑ (𝐶𝑆𝑡
𝑡=2018
𝑡=2033 /(1 + 𝑟)𝑡)  

 

Where:  r=Discount rate. 

              

CSt = Consumer surplus at year “t”  

PU10= Price of U10 scallops 

P11P= Price of 11P scallops 

PCTSHU10= % share U10 landings in total scallop landings 

PCTSH11P= % share 11P landings in total scallop landings 

PINTU10= Price intercept for U10 scallops  

PINT11P= Price intercept for 11 plus scallops 

PVCS= Present value of the consumer surplus  

                                                 
1 Alternate notation for the CS: 

   CS = [(%shU10*PINT
10 + %shU11+*PINT

11+) *Qnet - (%shU10*P10+%shU11+*P11+) *Qnet)] ÷ 2 

         = (wtAvgP
INT – WtAvg.P)*Qnet ÷ 2 
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Although this method may overestimate consumer surplus slightly, it does not affect the ranking 

of alternatives in terms of highest consumer benefits or net economic benefits. 

1.1.6 Opportunity costs of capital and labor  

As a first step in estimating opportunity costs of capital, scallop vessel values are estimated using 

2011-2012 cost survey data.  Because the data is available and only for a limited number of 

vessels, the estimations including some macro values such as interest rates or vessel 

characteristics other than length turned out to be statistically insignificant.  For those reasons, 

values of vessels active in the scallop fishery are estimated as function of vessel length (LEN), 

crew size (CREW), and scallop revenue (SCREV) using a double logarithmic function including 

vessels with IFQ permits. The results show that those three variables (LEN, CREW and SCREV) 

explain about 80% of the variation in vessel values with statistically significant coefficients. The 

variations in the level of scallop revenue per vessel seems to have the largest influence, followed 

by length of vessels and crew size (Table 14).  

 

The equation provided in Table 14 is used to estimate the values for each vessel operating in the 

fishery. In the next step, opportunity costs for the fleet were estimated using Moody’s seasoned 

corporate bond (BAA) yield of 4.26% in Jan. 2018. The choice of an alternative investment to be 

used in the estimation of opportunity costs are complicated because there would be transactions 

costs involved in selling a vessel and the limited access permit associated with it.  Also, there 

will be further risks and costs involved, for example, investing the proceeds in an alternative 

business which is open to more competition compared to scallop fishery protected from such 

competition due to its limited access nature.  There is the issue that not only the physical 

characteristics of a vessel, but the value of permit associated with it would have an important 

impact on the vessel value. As a result, proper estimation would require depreciation costs of the 

vessel as well as an estimation of the future expected revenue and costs streams from the scallop 

fishery. Other assets, such as warehouses, trucks and other equipment used for fishing purposes 

would further complicate estimation of total capital and the opportunity costs. However, for 

Framework 30 cost benefit analyses, estimation methods and use of different rate of return for 

capital are not expected to change producer surplus relative to status quo and no action since 

opportunity costs of capital would be equivalent under each alternative.  

 

For Framework 30 analyses, the preliminary estimates of opportunity costs of labor were based 

on average hourly earnings of production and nonsupervisory workers in 2018.  Actual wages 

crew can obtain in the next best employment will probably be different than this amount 

especially for the captains and mechanics employed in the scallop industry. Again, because those 

costs constitute a very small proportion of the total producer surplus in the scallop industry, it 

has only marginal impacts in the value of producer surplus relative to status quo and no action 

for each alternative included in this framework action.  
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Table 14. Estimation of vessel values 

    The MODEL Procedure 
 
                        Nonlinear GMM Summary of Residual Errors 
 
                    DF     DF                                              Adj   Durbin 
   Equation      Model  Error       SSE       MSE  Root MSE  R-Square     R-Sq   Watson 
 
   lnvesval          4     46   11.1107    0.2415    0.4915    0.8138   0.8017   2.0734 
 
 
                            Nonlinear GMM Parameter Estimates 
 
                                             Approx                  Approx 
               Parameter       Estimate     Std Err    t Value     Pr > |t| 
 
               INTERCEPT       2.035421      1.2991       1.57       0.1240 
               CREW            0.688399      0.2547       2.70       0.0096 
               LEN             2.043248      0.3625       5.64       <.0001 
               SCREV           0.189819      0.0250       7.58       <.0001 
 
 
                    Number of Observations     Statistics for System 
 
                    Used                50    Objective       4.12E-26 
                    Missing              3    Objective*N     2.06E-24 

 

1.1.7 Producer surplus  

The producer surplus (PS) is defined as the area above the supply curve and the below the price 

line of the corresponding firm and industry (Just, Hueth & Schmitz (JHS)-1982). The supply 

curve in the short-run coincides with the short-run MC above the minimum average variable cost 

(for a competitive industry). This area between price and the supply curve can then be 

approximated by various methods depending on the shapes of the MC and AVC cost curves. The 

economic analysis presented in this section used the most straightforward approximation and 

estimated PS as the excess of total revenue (TR) over the total variable costs (TVC) minus the 

opportunity costs of labor (OPPCOSTLABOR) and of capital (OPPCOSTCAPITAL).  

 

The fixed costs were not deducted from the producer surplus since the producer surplus is equal 

to profits plus the rent to the fixed inputs. It was assumed that the number of vessels and the 

fixed inputs would stay constant over the time period of analysis. Here fixed costs include 

various costs associated with a vessel such as depreciation, interest, insurance, half of the repairs 

(other half was included in the variable costs), office expenses and so on. It is assumed that these 

costs will not change from one scenario to another.  

 

PS=EXPR*SCLAN- OPC – OPPCOSTLABOR – OPPCOSTCAPITAL 

𝑃𝑉𝑃𝑆 = ∑ (𝑃𝑆𝑡

𝑡=2018

𝑡=2033

/(1 + 𝑟)𝑡) 

Where: 

   r=Discount rate. 

            PSt= Producer surplus at year “t”    

            PVPS= Present value of the producer surplus. 

            SCALN= Sea scallop landings for each policy option. 
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            EXPR= Price of scallops at the ex-vessel level corresponding to landings for each  

            policy option    

OPC = Sum of operating costs for the fleet.   

 

 

Producer Surplus also equals to sum of rent to vessels and rent to labor. Therefore, rent to vessels 

can be estimated as: 

 

RENTVES = PS – CREWSH- OPPCOSTLABOR 

Where:  

Rentves= Quasi rent to vessels 

Crewsh= Crew Shares 

 

1.1.8 Total economic benefits  

Total economic benefits (TOTBEN) is estimated as a sum of producer and consumer surpluses 

and its value net of status quo is employed to measure the impact of the management alternatives 

on the national economy. 

 

TOTBEN=PS+CS  

 

Present value of the total benefits= PVTOTBEN= PVPS+PVCS 
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