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Abstract1

Fishery reference points in the U.S. sea scallop fishery are set using yield2

per recruit analysis. Because of uncertainties in the parameters used in this3

analysis, the estimated reference points are uncertain. For this reason, it4

is often argued that target fishing mortality rates should be less than the5

calculated reference points in order to reduce the risk of overfishing. However,6

precautionary management also can reduce yield by fishing at suboptimal7

rates. Here, I use Monte-Carlo simulations to quantify the tradeoff between8

overfishing risk and loss in yield per recruit. At fishing mortalities near FMAX,9

the fishing mortality where maximum yield per recruit is obtained, reducing10

fishing mortality obtains a substantial reduction in the risk of overfishing at11

little cost of lost yield per recruit. At lower fishing mortality rates, however,12

the marginal benefit in terms of reduced fishing mortality risk from further13

reductions in fishing mortality becomes less, and the cost in reduced yield14

per recruit becomes greater. If implementation uncertainty is added to the15

analysis, the risk of overfishing as well the loss of yield per recruit is increased,16

except at FMAX.17



Introduction18

Fishery reference points are uncertain because the models that generate them19

depend on parameters that are themselves uncertain. For this reason, it has20

long been recommended that reference points be set on a precautionary basis,21

so as to minimize the risk of overfishing. This approach has been codified into22

U.S. law in 1996 and 2006 by revisions to the Magnuson-Stevens fishery act.23

However, reducing fishing mortality below FMSY will, by definition, reduce the24

expected yields that can be obtained from the fishery. While precaution gives25

benefits in that it reduces the risk of overfishing and its concomitant impacts26

on the marine ecosystem, it also has a cost in that it reduces expected yield.27

The purpose of this paper is to explore these tradeoffs in setting reference28

points for the U.S. sea scallop, Placopecten magellanicus, fishery.29

Because stock-recruit relationships for sea scallops are not well defined30

(and are presumably saturated at current and future biomass levels), ref-31

erence points for sea scallops have been set using yield per recruit analysis,32

using FMAX as a proxy for FMSY. The most recent sea scallop stock assessment33

(NEFSC 2007) estimated FMAX = 0.24 on Georges Bank, FMAX = 0.36 in the34

Mid-Atlantic, and FMAX = 0.29 for the fishery overall.35

Uncertainties in yield per recruit analysis can be assessed by estimating a36

probability distribution for each of the input parameters and then repeatedly37

drawing parameters at random from these distributions and performing yield38

per recruit analysis using these choices (Restrepo and Fox 1988). By repeat-39

ing this procedure a large number of times, the probability distribution of40

FMAX and the expected yield per recruit at a given fishing mortality can be41

estimated. From this, the probability of overfishing at a fishing mortality F42

as well as the loss in yield per recruit incurred by fishing at F rather than43

FMAX can be calculated.44

Besides the uncertainties in the reference points, there is implementation45

error in that the fishing mortality target intended by managers may not be46
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realized precisely, and the actual fishing mortality may be greater or less47

than that intended by management. The effect of such errors will also be48

discussed here.49

Methods50

Monte-Carlo yield per recruit analysis51

A description of basic length-based yield per recruit model used in this analy-52

sis can be found in Hart (2003). The yield per recruit calculations depend53

on a number of parameters which each carry a level of uncertainty:54

(1) Von Bertalanffy growth parameters K and L∞55

(2) Shell height/meat weight parameters a and b56

(3) Natural mortality rate M57

(4) Fishery selectivity parameters α and β58

(5) The cull size of the catch and the fraction of discards that survive59

(6) The level of incidental fishing mortality, i.e., non-catch mortality caused60

by fishing.61

62

Each of these parameters were assigned a probability distribution reflect-63

ing their level of uncertainty, as discussed below. For each iteration, choices64

for each of these parameters were drawn from their distributions, and then65

a yield per recruit analysis was performed. This was repeated for n = 1000066

iterations for both regions (Georges Bank and Mid-Atlantic) and the results67

collected. Of particular interest were the expected yield per recruit at a given68

fishing mortality F and the probability that overfishing would be occurring69

if fishing mortality was F . The expected yield per recruit was calculated70

simply as the average of the yield per recruit of each run. The probability of71

overfishing was estimated as the number of runs for which FMAX < F divided72

by the total number of runs.73
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The estimates of three sets of these parameters (K and L∞, a and b, and74

α and β) are confounded, as reflected by a strong correlation between the75

estimates. For example, a growth curve with a given K and L∞ resembles76

one with a slightly smaller K and larger L∞, implying a negative correlation77

between the estimates of the two parameters. In these cases, each parameter78

pair was simulated as correlated normals. In other cases, gamma distribu-79

tions were used.80

The analyses were done separately in each area (Georges Bank and Mid-81

Atlantic). Expected yields were combined assuming that each area is equally82

productive. This is approximately correct over the last 25 years, though83

Georges Bank was more productive over a longer time period, and the Mid-84

Atlantic more productive in recent years. Calculating the probability of85

overfishing of the combined resource requires additional assumptions regard-86

ing the correlation of parameters in the two regions. It would seem likely87

that a positive correlation exists, e.g., if the natural mortality estimate of88

0.1 was underestimated in one region, it is likely that it is also in the other.89

For that reason, it is assumed here that the corresponding parameters in90

the two regions are correlated with a correlation of 1. If this correlation is91

smaller, the variability between the regions would partially cancel, and the92

probability of overfishing would be somewhat less than calculated here.93

Probability distributions for the simulated parameters94

The mean, standard error and correlation (when applicable) for each of the95

simulated parameters is given in Table 1. These estimates were taken from96

the latest sea scallop stock assessment (NEFSC 2007) or from the litera-97

ture. When standard errors were not available, they were estimated using98

reasonable judgement. Details on each of these parameters is given below.99

Growth parameters K and L∞. These parameters were estimated using a100

linear mixed-effects model based on the reading of sea scallop rings from shells101
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collected during the 2001-2006 NEFSC sea scallop surveys (NEFSC 2007).102

These estimates were recently revised by using a slightly refined model and103

one additional year of data (Hart and Chute 2009). In order to conform to104

the NEFSC (2007) reference points, the growth parameters estimated there105

were used, rather than the updated ones. The difference between these is in106

any case minimal.107

As discussed above, K and L∞ were simulated as negatively correlated108

normals, with their mean, variance and covariance as estimated in NEFSC109

(2007). The standard errors of K and L∞ are very small due to the large110

amount of data available. The true uncertainty may be greater than this111

“statistical uncertainty” because of model uncertainties. For example, von112

Bertalanffy growth appears to well approximate sea scallop growth, but is113

probably not exactly correct. Such uncertainties are not reflected in the114

standard errors of the parameters. However, simulations indicate that the115

mixed-effects model is robust to a number of uncertainties, and likely esti-116

mates the mean growth parameters to within 1% of its true value (Hart and117

Chute 2009).118

Shell height/meat weight relationships. Meat weight W at shell height119

H is calculated using a formula of the form:120

W = exp(a + b ln(H)) (1)121

The parameters a and b were estimated during the last sea scallop bench-122

mark assessment (NEFSC 2007) using a generalized mixed-effects model123

(GLMM) based on data collected during the 2001-2006 NEFSC annual sea124

scallop surveys. This analysis was used to obtain estimates of means, vari-125

ances, and covariances of the parameters (Table 1). Similar to the growth126

parameters, the estimates of a and b are somewhat confounded, so that they127

have a strong negative correlation. This means that the predicted meat128

weight at a given shell height carries less uncertainty than it would appear129
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from the variances of the individual parameters.130

Meat weights vary seasonally, with the greatest meat weights during the131

late spring and early summer. Meat weights drop considerably after the later132

summer/early fall spawn and stay low until the spring. These patterns were133

documented in NEFSC (2007) using observer data. Observers weigh scallop134

meats in aggregate, so that it is not possible to distinguish which of the135

shell height/meat weight parameters change seasonally. However, general136

allometric principles suggest that most of the variation is in the intercept a137

rather than the slope (or power) parameter b. Haynes (1966) constructed a138

number of monthly shell height/meat weight relationships, and did not find139

any significant trend in the slopes. Thus, it was assumed in NEFSC (2007)140

that all the seasonal variation in meat weights was due to variability in a. If141

this is the case, seasonality would not affect the FMAX reference point. For142

this reason, seasonal variability was not considered a source of uncertainty143

for this analysis.144

Natural mortality M. Like most stocks, natural mortality is one of the145

most uncertain parameters. However, dead “clapper” scallops (dead scallop146

shells still attached at the hinge) are an indicator of recent natural mortality,147

due to such causes as disease, high temperatures and sea star predation. The148

clappers separate some time after death because of hinge degeneration. At149

equilibrium, the rate of clappers being produced, ML, where L is the number150

of live scallops, must equal the rate of loss of clappers C/S, where S is the151

mean clapper separation time and C is the number of clappers. Solving this152

for M gives:153

M =
1

S

C

L
(2)154

so that natural mortality is proportional to the ratio of clappers to live scal-155

lops.156

Merrill and Posgay (1964) used this idea to estimate natural mortality.157

They estimated the clapper ratio C/L = 0.0662, and the mean separation158
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time S = 33 weeks = 33/52 years, to estimate an annual natural mortality159

rate of (52/33) ∗ 0.0662 = 0.104 ≈ 0.1. Probably the greatest uncertainty in160

this calculation is the mean separation time S. For example, Dickie (1955)161

estimated S to be 100 days (14.3 weeks). I assumed S was distributed as162

a gamma random variable, with mean 33 weeks and standard deviation 15163

weeks. The resulting distribution of M has the desirable characteristic of164

being skewed to the right. This makes sense since, for example, a natural165

mortality of M = 0.2 is possible, but an M = 0, or even close to zero, is not.166

Note that because S appears in the denominator of (2), the mean value of167

M is not equal to applying equation (2) with the mean value of S, so that168

the original calculation of Merrill and Posgay (1964) was biased.169

Fishery selectivity. Fishery selectivity s was estimated using an ascending170

logistic curve of the form:171

s =
1

1 + exp(α− βH)
(3)172

where H is shell height. The mean, variances, and correlation of the α and173

β parameters were estimated based on CASA model runs from the last sea174

scallop assessment during the most recent time period. Note that fishery175

selectivity reflects targeting as well as gear selectivity.176

Discard mortality. Sea scallops likely tolerate discarding fairly well, pro-177

vided they are returned to the water relatively promptly and they are not178

damaged by the capture process or their time on deck. Further uncertainty179

occurs in the summertime in the Mid-Atlantic, where summer SST exceeds180

the thermal tolerance of sea scallops. Discard mortality was estimated at181

20% in the last assessment, but there is little confidence in this number.182

Here, discard mortality was simulated as a gamma distribution, with a mean183

of 0.2 and a standard deviation of 0.15.184

Incidental fishing mortality. Incidental fishing mortality occurs when185

scallops are killed but not captured by the gear. Let FL be the landed fishing186
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mortality rate and FI be the rate of incidental fishing mortality. FI should187

be proportional to FL, say FI = iFL. Based on the studies of Caddy (1973)188

and Serchuk and Murawski (1989), i was estimated as 0.15 on Georges Bank189

and 0.04 in the Mid-Atlantic by NEFSC(2007). Because of the considerable190

uncertainty in these numbers, i was simulated here with a gamma distribution191

with these means and coefficients of variation of 0.75.192

Incorporating management uncertainty193

The actual fishing mortality realized may be different than the target fishing194

mortality set by managers. Thus, for a fixed target fishing mortality FTARGET,195

the actual fishing mortality Fa is a random variable with density function196

p(F ). Denote by Y (F ) the expected yield per recruit obtained by fishing at197

F , and Yt(F ) the expected yield per recruit obtained by setting the target198

fishing mortality at F . Note that these will be different, even if the process of199

setting the management targets is unbiased because yield per recruit curves200

are non-linear. The expected yield per recruit obtained from setting the201

target at FTARGET is:202

Yt(FTARGET) =

∫ ∞

0

p(F )Y (F ) dF. (4)203

For these analyses, I assumed that the density function p(F ) is normal (in204

principle, this needs to be truncated at 0, but in practice there is negligible205

probability that F < 0) with mean FTARGET and standard deviation σ. The206

integral was estimated by discretization with a step size of 0.01.207

It remains to estimate the standard deviation σ. The CASA stock assess-208

ment model generally estimates fishing mortalities with errors of between 0.01209

to 0.02. However, these are estimates of past fishing mortalities, obtained210

when all the information is available. Managers set effort and/or quota levels211

based on forecasts that must contain more uncertainty than stock assessment212

estimates of prior years. The SAMS projection model used for forecasts in213
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the scallop fishery typically gives uncertainty in fishing mortalities of about214

σ = 0.04 for short-term forecasts, based on bootstraps of initial conditions215

and stochastic recruitment variability. This estimate does not include “model216

error” such as uncertainties in model parameters or changes in fishing prac-217

tices. If this type of error is of similar magnitude and independent from the218

stochastic error already quantified by the SAMS model, the total implemen-219

tation error is about 0.04
√

2 ≈ 0.06. The analysis was conducted both with220

σ = 0.04 as a lower bound and σ = 0.06.221

Results and Discussion222

The tradeoffs between probability of overfishing and losses in expected yield223

are shown in Table 2 and Figure 1. Maximal expected yield per recruit224

are obtained at somewhat higher (by about 0.07) fishing mortalities than225

calculated in the last sea scallop assessment (NEFSC 2007). There are two226

reasons for this. First, even though the Merrill and Posgay (1964) estimates227

were used as the expected value of the clapper ratio and separation time228

for the clappers, the mean natural mortality was about 0.13, rather than229

the 0.1 estimated by Merrill and Posgay (1964), due to the uncertainty in230

the denominator of equation (2). Secondly, the yield per recruit curve is231

asymmetric, with a greater slope (in absolute magnitude) to the left of FMAX232

than to the right. As a result, expected yield per recruit will be optimized233

by fishing at a level slightly greater than the point estimate of FMAX.234

Reducing fishing mortality near FMAX produces considerable benefits (in235

terms of reduced risk of overfishing) at only a small cost (reduced expected236

yield per recruit). However, as fishing mortality is further reduced, benefits237

are reduced and costs increase. Basic cost/benefit theory states that the238

point of optimal cost/benefit will occur where the marginal benefit equals239

the marginal cost. The difficulty in applying this theory is that costs and240
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benefits are in incommensurate quantities, so that the value of a decreased241

risk of overfishing compared to a loss in expected yield is subjective. Thus,242

some judgement is required to decide the appropriate balance. The scallop243

PDT suggested that the ABC fishing mortality should be set where the risk244

of overfishing is 0.25, or where the loss of yield per recruit is 1% less than245

optimal, whichever is less. According to Table 2, this would result in an ABC246

fishing mortality target of 0.28. While this value is reasonable, arguments247

can be made for just about any target between 0.2 and 0.3.248

Performing similar analyses, but using target fishing mortality instead of249

actual fishing mortality, indicates that at lower fishing mortalities, imple-250

mentation error increases both the risk of overfishing and the loss of yield251

per recruit due to precaution (Tables 3 and 4; Figures 2 and 3).252

It is also of interest when setting the target is to calculate the proba-253

bility of exceeding the ABC fishing mortality, since this triggers “account-254

ability measures.” Because implementation error is assumed to be normally255

distributed, this can be calculated simply from a table of (inverse) normal256

probabilities (Table 5).257
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Table 1. Mean, standard error, and distributions of parameters used in the

yield per recruit analysis.

(a) Georges Bank

Parameter Purpose Mean S.E. Corr. Distribution

K Growth 0.375 0.002 -0.6 Corr. Normal

L∞ Growth 146.5 0.3 -0.6 Corr. Normal

a SH/MW -10.70 0.27 -0.998 Corr. Normal

b SH/MW 2.942 0.055 -0.998 Corr. Normal

S Nat. mort. 33/52 y 15/52 y Gamma

α Selectivity 25.24 8.69 0.998 Corr. Normal

β Selectivity 0.23 0.08 0.998 Corr. Normal

FD Disc. mort. 0.2 0.15 Gamma

i Incid. mort. 0.15 0.11 Gamma

(b) Mid-Atlantic

Parameter Purpose Mean S.E. Corr. Distribution

K Growth 0.495 0.004 -0.6 Corr. Normal

L∞ Growth 131.6 0.4 -0.6 Corr. Normal

a SH/MW -12.01 0.15 -0.997 Corr. Normal

b SH/MW 3.22 0.05 -0.997 Corr. Normal

S Nat. mort. 33/52 y 15/52 y Gamma

α Selectivity 21.67 2.77 0.998 Corr. Normal

β Selectivity 0.214 0.03 0.998 Corr. Normal

FD Disc. mort. 0.2 0.15 Gamma

i Incid. mort. 0.04 0.03 Gamma
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Table 2. Probability of overfishing (POF) and loss of yield per recruit (perc-

etage loss compared to maximal) for sea scallops in Georges Bank, the Mid-

Atlantic, and overall.

Georges Bank Mid-Atlantic Overall

F POF %Loss F POF %Loss F POF %Loss

0.10 0 23 0.20 0.003 7.7 0.15 0 12.33

0.11 0 19.7 0.21 0.007 6.8 0.16 0 10.62

0.12 0 16.7 0.22 0.012 5.9 0.17 0.003 9.13

0.13 0 14.2 0.23 0.021 5.1 0.18 0.005 7.81

0.14 0 12.1 0.24 0.033 4.4 0.19 0.01 6.66

0.15 0.001 10.2 0.25 0.050 3.8 0.20 0.02 5.65

0.16 0.004 8.6 0.26 0.066 3.2 0.21 0.038 4.77

0.17 0.011 7.2 0.27 0.084 2.7 0.22 0.058 4

0.18 0.022 5.9 0.28 0.108 2.3 0.23 0.083 3.32

0.19 0.04 4.9 0.29 0.132 1.9 0.24 0.108 2.74

0.20 0.06 4 0.30 0.159 1.6 0.25 0.13 2.23

0.21 0.087 3.2 0.31 0.186 1.3 0.26 0.158 1.79

0.22 0.119 2.6 0.32 0.215 1.0 0.27 0.189 1.41

0.23 0.154 2 0.33 0.244 0.8 0.28 0.225 1.09

0.24 0.191 1.5 0.34 0.277 0.6 0.29 0.254 0.82

0.25 0.226 1.2 0.35 0.304 0.5 0.30 0.29 0.6

0.26 0.263 0.8 0.36 0.333 0.3 0.31 0.333 0.41

0.27 0.303 0.6 0.37 0.363 0.2 0.32 0.355 0.27

0.28 0.341 0.4 0.38 0.388 0.1 0.33 0.385 0.16

0.29 0.381 0.2 0.39 0.416 0.1 0.34 0.418 0.08

0.30 0.418 0.1 0.40 0.443 0.0 0.35 0.448 0.03

0.31 0.449 0 0.41 0.467 0.0 0.36 0.483 0

0.32 0.484 0 0.42 0.490 0.0 0.37 0.51 0

0.33 0.515 0 0.43 0.512 0.0 0.38 0.535 0.02

0.34 0.54 0 0.44 0.535 0.0 0.39 0.555 0.06

0.35 0.568 0.1 0.45 0.557 0.0 0.40 0.578 0.11
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Table 3. Probability of overfishing (POF) and loss of yield per recruit (perc-

etage loss compared to maximal) for sea scallops in Georges Bank, the Mid-

Atlantic, and overall, with respect to target fishing mortality rates, assuming

σ = 0.04 implementation uncertainty.

Georges Bank Mid-Atlantic Overall

FTARGET POF %Loss FTARGET POF %Loss FTARGET POF %Loss

0.10 0.001 27.7 0.20 0.015 8.7 0.15 0.016 14.06

0.11 0.002 23.6 0.21 0.022 7.6 0.16 0.022 12.12

0.12 0.004 20.0 0.22 0.030 6.6 0.17 0.029 10.43

0.13 0.007 17.0 0.23 0.040 5.8 0.18 0.038 8.96

0.14 0.012 14.4 0.24 0.052 5.0 0.19 0.049 7.66

0.15 0.018 12.2 0.25 0.067 4.3 0.20 0.062 6.51

0.16 0.027 10.3 0.26 0.083 3.7 0.21 0.076 5.50

0.17 0.038 8.7 0.27 0.102 3.2 0.22 0.093 4.63

0.18 0.053 7.3 0.28 0.122 2.7 0.23 0.111 3.86

0.19 0.070 6.1 0.29 0.145 2.3 0.24 0.131 3.20

0.20 0.091 5.0 0.30 0.169 1.9 0.25 0.153 2.62

0.21 0.114 4.1 0.31 0.194 1.6 0.26 0.177 2.12

0.22 0.141 3.4 0.32 0.220 1.3 0.27 0.201 1.69

0.23 0.170 2.7 0.33 0.247 1.1 0.28 0.227 1.33

0.24 0.201 2.2 0.34 0.275 0.9 0.29 0.254 1.02

0.25 0.234 1.7 0.35 0.302 0.7 0.30 0.281 0.76

0.26 0.268 1.3 0.36 0.330 0.5 0.31 0.309 0.55

0.27 0.303 1.0 0.37 0.357 0.4 0.32 0.337 0.37

0.28 0.337 0.8 0.38 0.384 0.3 0.33 0.364 0.24

0.29 0.372 0.6 0.39 0.410 0.2 0.34 0.392 0.14

0.30 0.406 0.4 0.40 0.435 0.2 0.35 0.419 0.06

0.31 0.439 0.3 0.41 0.460 0.1 0.36 0.445 0.02

0.32 0.471 0.3 0.42 0.484 0.1 0.37 0.470 0.00

0.33 0.501 0.2 0.43 0.507 0.1 0.38 0.495 0.00

0.34 0.530 0.2 0.44 0.529 0.0 0.39 0.518 0.03

0.35 0.558 0.3 0.45 0.551 0.0 0.40 0.541 0.07
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Table 4. Probability of overfishing (POF) and loss of yield per recruit (perc-

etage loss compared to maximal) for sea scallops in Georges Bank, the Mid-

Atlantic, and overall, with respect to target fishing mortality rates, assuming

σ = 0.06 implementation uncertainty.

Georges Bank Mid-Atlantic Overall

FTARGET POF %Loss FTARGET POF %Loss FTARGET POF %Loss

0.1 0.006 27.5 0.2 0.033 9.4 0.15 0.016 16.22

0.11 0.009 25.2 0.21 0.042 8.2 0.16 0.022 13.71

0.12 0.014 22.9 0.22 0.053 7.2 0.17 0.029 11.77

0.13 0.019 20.5 0.23 0.064 6.3 0.18 0.038 10.09

0.14 0.026 19.4 0.24 0.078 5.4 0.19 0.049 8.63

0.15 0.034 16.7 0.25 0.093 4.7 0.2 0.062 7.36

0.16 0.044 14.1 0.26 0.110 4.1 0.21 0.076 6.25

0.17 0.057 11.9 0.27 0.129 3.5 0.22 0.093 5.28

0.18 0.071 10.1 0.28 0.149 3.0 0.23 0.111 4.42

0.19 0.088 8.5 0.29 0.170 2.5 0.24 0.131 3.67

0.2 0.107 7.1 0.3 0.192 2.2 0.25 0.153 3.03

0.21 0.128 5.9 0.31 0.216 1.8 0.26 0.177 2.47

0.22 0.151 4.9 0.32 0.240 1.5 0.27 0.201 1.99

0.23 0.176 4.1 0.33 0.265 1.3 0.28 0.227 1.58

0.24 0.202 3.3 0.34 0.290 1.0 0.29 0.254 1.23

0.25 0.231 2.7 0.35 0.316 0.9 0.3 0.281 0.93

0.26 0.260 2.2 0.36 0.341 0.7 0.31 0.309 0.68

0.27 0.291 1.8 0.37 0.367 0.6 0.32 0.337 0.48

0.28 0.321 1.4 0.38 0.392 0.4 0.33 0.365 0.32

0.29 0.353 1.2 0.39 0.417 0.3 0.34 0.392 0.20

0.3 0.384 0.9 0.4 0.441 0.3 0.35 0.419 0.11

0.31 0.415 0.8 0.41 0.465 0.2 0.36 0.445 0.05

0.32 0.445 0.6 0.42 0.489 0.2 0.37 0.470 0.01

0.33 0.475 0.5 0.43 0.511 0.1 0.38 0.495 0.00

0.34 0.504 0.4 0.44 0.533 0.1 0.39 0.519 0.01

0.35 0.532 0.4 0.45 0.554 0.1 0.4 0.541 0.04
14



Table 5. Risk of exceeding the ABC and hence encountering accountability

measures at various reductions in target fishing mortalities below the ABC

fishing mortality.

Reduction P (F > FABC) P (F > FABC)

in F σ = 0.04 σ = 0.06

0.01 0.401 0.434

0.02 0.309 0.369

0.03 0.227 0.309

0.04 0.159 0.252

0.05 0.106 0.202

0.06 0.067 0.159

0.07 0.040 0.122

0.08 0.023 0.091

0.09 0.012 0.067

0.10 0.006 0.048

0.11 0.003 0.033

0.12 0.001 0.023
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Figure legends

Figure 1. The probability of overfishing (solid) and loss in yield per recruit

(dashed) for (a) Georges Bank, (b) Mid-Atlantic and (c) overall, as a function

of true fishing mortality.

Figure 2. Figure 1. The probability of overfishing (solid) and loss in yield

per recruit (dashed) for (a) Georges Bank, (b) Mid-Atlantic and (c) overall,

as a function of target fishing mortality with implementation error σ = 0.04.

Figure 3. The probability of overfishing (solid) and loss in yield per recruit

(dashed) for (a) Georges Bank, (b) Mid-Atlantic and (c) overall, as a function

of target fishing mortality with implementation error σ = 0.06.
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Figure 2 
(a)      (b)            (c) 
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Figure 3 
(a)                (b)           (c) 
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Appendix III 

Amendment 15 to the Sea Scallop FMP 
Economic Model 



1.1 APPENDIX III – ECONOMIC MODEL 

1.1.1 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.  

1.1.2 Estimation of annual ex-vessel prices 
Fish prices constitute one of the important channels through which fishery management 
actions affect fishing revenues, vessel profits, consumer surplus, and net economic 
benefits for the nation. The degree of change in ex-vessel price in response to a change in 
variables affected by management, i.e., scallop landings and meat count, is estimated by a 
price model, which also takes into account other important determinants of price, such as 
disposable income of consumers and price of imports.  
 
Given that there could be many variables that could affect the price of scallops, it is 
important to identify the objectives in price model selection for the purposes of cost-
benefit analyses. These objectives (in addition to developing a price model with sound 
statistical properties) are as follows: 

• To develop a price model that uses inputs of the biological model and available 
data. Since the biological model projects annual (rather than monthly) landings, 
the corresponding price model should be estimated in terms of annual values.  

• 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 import prices from these countries. This 
in turn would complicate the model and increase the uncertainty regarding the 
future estimates of domestic scallop prices. 

 
In the past SAFE reports and Scallop Amendment and Frameworks, the average ex-
vessel price for scallops was estimated from an annual price model as a function of total 
landings, average meat count of scallops landed, disposable income of consumers, and 
average import prices. Collection of price data by market category of scallops since 1998, 
however, made it possible to improve the price model by taking into account the changes 
in the size composition of scallops. The composition of scallops changed significantly in 
the last ten years toward larger sizes as a result of effort-reduction measures, area 
closures, and an increase in ring sizes implemented by the Sea Scallop FMP. The share of 
U10’s increased to 27% in 2007 from 7% in 2000 and the share of count 11-20 scallops 
increased from 18% in 2000 to over 50% in 2007 (Table 52).  



 
The scallop price by market category is affected by the relative abundance or supply of 
that size category relative to total scallop landings. Until the 2005 fishing year, U10 
scallops had a significant price premium, but as their supply in landings increased, the 
difference in the annual average price of U10’s and other size categories declined  and in 
2006, average price of U10s actually was lower than the price for other size categories 
(Table 53). The price model developed originally for Framework 18 captured these 
changes by estimating the prices by major meat count categories and including the 
relative share of each category in total supply of scallops as an explanatory variable.  
 
Table 1. Composition of scallop landings by market category 

Year  U10 11 to 20 21 to 30 Over 30 
1999 19% 13% 29% 39% 
2000 8% 21% 49% 22% 
2001 4% 27% 56% 13% 
2002 5% 16% 73% 5% 
2003 7% 25% 65% 3% 
2004 8% 45% 46% 2% 
2005 14% 62% 22% 2% 
2006 24% 55% 20% 1% 
2007 26% 56% 14% 4% 
2008 24% 55% 19% 1% 

 
 
Table 2. Average annual  price of scallops by market category (2008 prices) 

Year  U10 11 to 20 21 to 30 Over 30 
2000 7.8 7.9 7.3 6.4 
2001 8.7 6.8 5.9 6.1 
2002 7.2 4.7 4.4 4.7 
2003 6.7 4.8 4.5 5.1 
2004 5.7 4.8 4.8 5.3 
2005 6.8 5.8 5.5 5.7 
2006 8.8 8.6 8.5 8.3 
2007 6.6 7.3 7.6 7.6 
2008 7.2 6.9 6.8 6.2 

  
 
In addition to the changes in size composition and landings of scallops, other 
determinants of ex-vessel price include level of imports, import price of scallops, 
disposable income of seafood consumers, and the demand for U.S. scallops by other 
countries. The main substitutes of sea scallops are the imports from Canada, which are 
almost identical to the domestic product, and imports from other countries, which are 
generally smaller in size and less expensive than the domestic scallops. An exception is 
the Japanese imports, which have a price close to the Canadian imports and could be a 
close substitute for the domestic scallops as well.  
 
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. This is 
equivalent to assuming that the U.S. market conditions have little impact on the import 
prices. An alternative model would estimate the price of imports according to world 
supply and demand for scallops, separating the impacts of Canadian and Japanese 
imports from other imports since U.S. and Canadian markets for scallops, being in 
proximity, are highly connected and Japanese scallops tend to be larger and closer in 
quality to the domestic scallops. The usefulness of such a simultaneous equation model is 
limited for our present purposes, however, since it would be almost impossible to predict 
how the landings, market demand, and other factors such as fishing costs or regulations in 
Canada or Japan and in other exporting countries to the U.S. would change in future 
years.  
 
Since the average import price is equivalent to a weighted average of import prices from 
all countries weighted by their respective quantities, the import price variable takes into 
account the change in composition of imports from Canadian scallops to less expensive 
smaller scallops imported from other countries. This specification also prevents the 
problem of multi-colinearity among the explanatory variables, i.e., prices of imports from 
individual countries and domestic landings. In terms of prediction of future ex-vessel 
prices, this model only requires assignment of a value for the average price of imports, 
without assuming anything about the composition of imports, or the prices and the level 
of imports from individual countries. The economic impact analyses of the fishery 
management actions usually evaluate the impact on ex-vessel prices by holding the 
average price of imports constant. The sensitivity of the results affected by declining or 
increasing import prices could also be examined, however, using the price model 
presented in this section.  

 
The price model presented below estimates annual average scallop ex-vessel price by 
market category (PEXMRKT) as a function of 

• Meat count (MCOUNT) 

• Average price of all scallop imports (PIMPORT) 

• Per capita personal disposable income (PCDPI) 

• Total annual landings of scallop minus exports (SCLAND-SCEXP) 

• Percent share of landings by market category in total landings (PCTLAND) 

• A dummy variable as a proxy for price premium for Under 10 count scallops (DU10).  
 

Because the data on scallop landings and revenue by meat count categories were mainly 
collected since 1998 through the dealers’ database, this analysis included the 1999-2008 
period. All the price variables were corrected for inflation and expressed in 2008 prices 
by deflating current levels by the consumer price index (CPI) for food. The ex-vessel 
prices are estimated in semi-log form to restrict the estimated price to positive values 
only as follows: 

 
Log (PEXMRKT) = f(MCOUNT, PIMPORT, PCDPI, SCLAND-SCEXP, PCTLAND, 

DU10)  
 



The coefficients of this model are shown in Table 54. Adjusted R2 indicates that changes 
in meat count, composition of landings by size of scallops, domestic landings net of 
exports, average price of all imports, disposable income, and price premium on under 10 
count scallops and 2005 dummy variable explain 82 percent of the variation in ex-vessel 
prices by market category. In contrast to the price model estimates for the earlier years, 
the coefficient for the landings net of exports was not statistically significant for the 
period 1999-2008 for the range of landings observed in this period probably because 
annual variation in landings in recent years were relatively small and the change in the 
composition of landings toward larger scallops had a larger impact on prices.   
 
In addition, values of the all the explanatory variables are held at the recent levels. For 
example, disposable income per capita and import prices are assumed to stay constant at 
the 2008 level. This is because it is not possible to predict accurately the changes in the 
future values of the explanatory variables and also because our goal is determine the 
response in prices to the change in landings and the composition in terms of market 
category given other things held constant. Therefore, future prices could be higher 
(lower) than predicted depending on the values of the explanatory variables.   
 
Table 3. Regression results for price model 

Regression Statistics     

R Square 0.85    

Adjusted R Square 0.82    

Observations 40    

       

 
Table 4. Coefficients of the Price Model 

Variables  Coefficients Standard Error t Stat 

INTERCEPT -1.18096 0.49743 -2.37 

MCOUNT -0.00414 0.00185 -2.23 

PIMPORT 0.21944 0.05449 4.03 

PCDPI 0.06606 0.01124 5.87 

SCLAND-SCEXP -0.00131 0.00458 -0.29 

DU10 0.05008 0.05106 0.98 

PCTLAND -0.23569 0.08327 -2.83 
 

These numerical results should be interpreted with caution, however, since the analysis 
covers only 10 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.  
 



1.1.3 Estimation of trip costs 

1.1.4 Trip Costs 
Data for variable costs, i.e., trip expenses include food, fuel, oil, ice, water and supplies.  
The trip costs per day-at-sea (ffiwospda) is postulated to be a function of vessel crew size 
(CREW), vessel size in gross tons (GRT), fuel prices (FUELP), and dummy variables for 
trawl (TRW) and small dredge (DFT) vessels. This cost equation was assumed to take a 
double-logarithm form and estimated with data obtained from observer database. The 
empirical equation presented in Table 56 estimated more than 70% of the variation in trip 
costs and has proper statistical properties.  Table 57 shows the estimated model for the 
fuel costs with similar statistical properties.  
 
Table 5. Estimation of total trip costs per DAS used  
 
                             The MODEL Procedure 
 
                   Nonlinear GMM Summary of Residual Errors 
 
                    DF     DF                                    Adj   Durbin 
   Equation      Model  Error       SSE       MSE  R-Square     R-Sq   Watson 
 
   lnffiwospda       6    206   24.9349    0.1210    0.7159   0.7090   1.8100 
 
 
                       Nonlinear GMM Parameter Estimates 
 
                                        Approx                  Approx 
          Parameter       Estimate     Std Err    t Value     Pr > |t| 
 
          intc            3.991271      0.3129      12.76       <.0001 
          grtco           0.286919      0.0499       5.75       <.0001 
          crewco          0.632637      0.1411       4.48       <.0001 
          dftco           -0.27828      0.0794      -3.51       0.0006 
          trwco           -0.39799      0.1559      -2.55       0.0114 
          fuelpco          0.84357      0.0846       9.97       <.0001 
 



Table 6.   Estimation of fuel costs per DAS used  
 
                              The MODEL Procedure 
 
                   Nonlinear GMM Summary of Residual Errors 
 
                    DF     DF                                    Adj   Durbin 
   Equation      Model  Error       SSE       MSE  R-Square     R-Sq   Watson 
 
   lnfuelcpda        6    205   25.7857    0.1258    0.7235   0.7168   1.9435 
 
 
                       Nonlinear GMM Parameter Estimates 
 
                                        Approx                  Approx 
          Parameter       Estimate     Std Err    t Value     Pr > |t| 
 
          intc            3.605563      0.3133      11.51           <.0001 
          grtco            0.32617      0.0504       6.47             <.0001 
          dftco           -0.33534      0.0865      -3.88             0.0001 
          trwco           -0.18154      0.0955      -1.90            0.0588 
          crewco          0.389788      0.1383       2.82           0.0053 
          fuelpco         1.248935      0.0834      14.98         <.0001 
 
 



Table 7. Comparison of actual and estimated values for trip costs 
    „ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ† 
    ‚                   ‚                        Year                         ‚  
    ‚                   ‡ƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚                   ‚     2005    ‚     2006    ‚     2007    ‚     2008    ‚  
    ‡ƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ Est i mat ed t r i p    ‚             ‚             ‚             ‚             ‚  
    ‚ cost s  per  DAS     ‚      1483. 39‚      1445. 47‚      1603. 01‚      1896. 45‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ Act ual  t r i p       ‚             ‚             ‚             ‚             ‚  
    ‚ cost s  per  DAS     ‚      1306. 36‚      1672. 22‚      1684. 29‚      2094. 69‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ % Di f f er ence      ‚        15. 46‚        - 8. 16‚        - 2. 48‚        - 1. 94‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ DAS per  t r i p      ‚        11. 29‚         9. 36‚        11. 00‚        10. 50‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ LPUE    ‚ Mean     ‚      2143. 67‚      1365. 38‚      1229. 04‚      1158. 69‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚  Act ual   f uel      ‚             ‚             ‚             ‚             ‚  
    ‚   cost s per  DAS   ‚       939. 45‚      1265. 24‚      1284. 92‚      1703. 74‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚  Est i mat ed f uel    ‚             ‚             ‚             ‚             ‚  
    ‚  cost s per  DAS    ‚      1034. 55‚      1022. 35‚      1182. 27‚      1545. 78‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
       % Di f f er ence    ‚             ‚             ‚             ‚             ‚  
    ‚                   ‚        14. 42‚       - 12. 15‚        - 5. 31‚        - 0. 61‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ Fuel  pr i ce ( 06)    ‚         2. 08‚         2. 16‚         2. 33‚         3. 15‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ GRT     ‚ Mean     ‚       163. 14‚       146. 91‚       167. 64‚       124. 00‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ HP      ‚ Mean     ‚       857. 00‚       897. 55‚      1025. 07‚       507. 25‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ LEN     ‚ Mean     ‚        82. 41‚        80. 64‚        86. 01‚        76. 13‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ Bui l t    ‚ Mean     ‚      1981. 00‚      1989. 18‚      1982. 50‚      1976. 25‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ % Fuel             ‚         0. 72‚         0. 75‚         0. 77‚         0. 81‚  
    ‡ƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ % Fuel  Pr edi ct ed  ‚             ‚             ‚             ‚             ‚  
    ‚ cpr ed   ‚          ‚         0. 70‚         0. 70‚         0. 74‚         0. 81‚  
    ‡ƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
    ‚ N                 ‚         7. 00‚        11. 00‚        14. 00‚         4. 00‚  
    Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒƒƒŒ 

 

 

1.1.5 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, 
vessel improvement, professional fees, dues, and utility, interest, communication costs, 
association fees and dock expenses. The data on these items are obtained from the 2006-
07 Cost Survey data.  The data included 196 observations and the fixed costs are 
estimated by using the 97 observations for vessels with dredge and trawl gear.   Because 
the data on communications costs and association fees were missing for most 
observations, these costs were not included in the estimation but their average values for 
the scallop vessels were added on to fixed costs.   
 



The following model is based on stepwise regression and estimates fixed costs as a 
function of length, year built, horse power and a dummy variable for boats that have 
multispecies permit.   
 
 
Table 8. Estimation of fixed costs 
 
                                   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 
 
   lnfc              5     92   25.7672    0.2801    0.5292    0.5253   0.5047   2.3358 
 
 
                            Nonlinear GMM Parameter Estimates 
 
                                             Approx                  Approx 
               Parameter       Estimate     Std Err    t Value     Pr > |t| 
 
               intc            -261.633     85.2438      -3.07       0.0028 
               lenco           1.335278      0.2650       5.04       <.0001 
               bltco           35.10611     11.2451       3.12       0.0024 
               d10co           -0.30008      0.1252      -2.40       0.0186 
               hpco            0.236827      0.1588       1.49       0.1392 
 

 
Table 9. Basic fixed costs ( do not include improvement costs, includes other costs including fuel and 
maintenance –double entries) 
                                 GMM with HCCME=1                                   
 
                                   The MODEL Pr o c edur e 
 
                        No n lin ear  GMM Sum m ar y  o f  Res idual Er r o r s  
 
                    DF     DF                                              Adj   Dur bin  
   Equatio n       Mo del  Er r o r        SSE       MSE  Ro o t MSE  R- Squar e     R- Sq   Wats o n  
 
   ln f c bas ic          5     9 2   2 5 . 6 0 4 1    0 . 2 78 3    0 . 5 2 75    0 . 6 2 4 6    0 . 6 0 8 3   2 . 2 8 79  
 
                            No n lin ear  GMM Par am eter  Es tim ates  
 
                                             Appr o x                  Appr o x 
               Par am eter        Es tim ate     Std Er r     t Value     Pr  > |t| 
 
               in tc             - 30 0 . 9 72     8 8 . 0 5 0 8      - 3. 4 2        0 . 0 0 0 9  
               len c o             1. 6 9 4 6 7      0 . 2 572       6 . 5 9        < . 0 0 01 
               bltc o            4 0 . 1319 3     11. 6 0 9 8       3. 4 6        0 . 0 0 0 8  
               d10 c o            - 0 . 4 4 158      0 . 134 6       - 3. 2 8       0 . 0 015 
               hpc o             0 . 14 5 9 5 6       0 . 1503       0 . 9 7       0 . 334 1 
 
                    Num ber  o f Obs er vatio n s      Statis tic s  f o r  Sy s tem  
 
                    U s ed                9 7    Objec tive       2 . 0 9 E-18 
                    Mis s in g               0    Objec tive* N    2 . 0 2 8E-16  
 
 



Table 3. Basic fixed costs (do not include other costs and improvement costs) 
                                     GMM with HCCME=1                                   
 
                                   The MODEL Pr o c edur e 
 
                        No n lin ear  GMM Sum m ar y  o f  Res idual Er r o r s  
 
                    DF     DF                                              Adj   Dur bin  
   Equatio n       Mo del  Er r o r        SSE       MSE  Ro o t MSE  R- Squar e     R- Sq   Wats o n  
 
   ln f c bas ic          5     9 2   15. 8 2 0 6     0 . 172 0    0 . 4 14 7    0 . 72 8 3   0 . 716 5   2 . 2 736  
 
 
                            No n lin ear  GMM Par am eter  Es tim ates  
 
                                             Appr o x                  Appr o x 
               Par am eter        Es tim ate     Std Er r     t Value     Pr  > |t| 
 
               in tc             - 2 4 2 . 9 8 8     6 5 . 70 6 3      - 3. 70       0 . 0 0 0 4  
               len c o            1. 58 8 6 35      0 . 19 8 6        8 . 0 0       < . 0 0 01 
               bltc o            32 . 519 9 3      8 . 6 5 6 2        3. 76        0 . 0 0 0 3 
               d10 c o            - 0 . 515 6 6       0 . 1039       - 4 . 9 6        < . 0 0 01 
               hpc o             0 . 16 8 211      0 . 1174        1. 4 3       0 . 155 4  
 
 
                    Num ber  o f Obs er vatio n s      Statis tic s  f o r  Sy s tem  
 
                    U s ed                9 7    Objec tive        2 . 3E-18 
                    Mis s in g               0    Objec tive* N    2 . 2 31E-16  
 



Table 10. Actual and predicted value of fixed costs for FT dredges: Annual average per vessel; 
Costs are in 2006 inflation adjusted prices. 
                     „ ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ† 
                     ‚                     ‚           year            ‚  
                     ‚                     ‡ƒƒƒƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚         DATA        ‚     2006    ‚     2007    ‚  
                     ‡ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ N                   ‚        25. 00‚        12. 00‚  
                     ‡ƒƒƒƒƒƒƒƒƒ…ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ Fi xed cost s/ vessel   ‚    238480. 88‚    236607. 88‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒ ˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ Pr edi ct ed f i xed cost ‚    244971. 88‚    203595. 90‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ LENGTH   ‚ Mean      ‚        81. 40‚        76. 61‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ HP       ‚ Mean      ‚       867. 24‚       577. 08‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ GRT      ‚ Mean      ‚       154. 00‚       131. 50‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ Hul l +Li abi l i t y      ‚             ‚             ‚  
                     ‚ I nsur ance           ‚     62121. 44‚     54461. 83‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ Repai r s and Mai nt .   ‚     47054. 52‚     72271. 92‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ I mpr ovement  Cost s   ‚     71940. 50‚     66275. 00‚  
                     ‡ƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒˆ ƒƒƒƒƒƒƒƒƒƒƒƒ‰ 
                     ‚ Ot her  Cost s         ‚             ‚             ‚  
                     ‚          ‚           ‚    103194. 16‚     82481. 69‚  
                     Šƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒƒƒ‹ ƒƒƒƒƒƒƒƒƒƒƒƒŒ  
 
 

Table 11. Average association fee and communication costs by vessel size 

  

Average 
annual 
association 
fee 

Average annual 
Communication 
Costs 

All Vessels  1610 3446 
Large (>=80 
feet) 1895 3939 
Medium (<80 
feet) 1459 3185 

 

1.1.6 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. 

 

1.1.7 Changes in Revenues, Costs, profits and crew incomes 
 
Table 12. Costs, revenues, crew income and profits (all the values are in 2006 inflation adjusted 
prices) 

Data 1999 2007 
Scallop landings per vessel(pound) 103,954 167,831 
Scallop revenue per vessel   695,934 1,074,625 
Fixed costs per vessel  228,815 246,567 
Total trip costs per vessel  86,285 155,056 
Shared costs: Communications cost+ 
Association fees+captain’s bonus 40,284 59,148 
DAS used per vessel 105 95 
Trip costs per DAS 822 1,640 
Length 84 82 
GRT 161 155 
Horse Power 857 837 
LPUE 1,149 1,817 
Fuel price 0.96 2.30 
Ex-vessel price/pound 6.69 6.40 
Fuel cost per DA 406 1168 
Fuel cost/Trip cost 0.50 0.71 
Number of vessels 168 234 

Note: For fcgrp<=0.50 23 obs in 1999 and 9 in 2007 are eliminated. 
 
 
 



Table 13.  Percentage share of costs, profits and crew income in gross stock 

Year Data 
Scenario A 

Out of  
boat share 

Scenario B  
Out of 

Gross stock 

1999 
(Crew 

share=55% of 
gross stock) 

Net Crew income 296,478 274,322 
Profits 44,071 66,227 

% of Gross Stock (Scallop revenue) 
Trip costs  13% 13% 
Shared costs  6% 6% 
Fixed costs 34% 34% 
Profits 5% 9% 
Net Crew income 42% 39% 

Total 100% 100% 

2007 
(Crew 

share=52% of 
gross stock) 

Net Crew income 403,748 372,992 
Profits 210,104 240,862 
Trip costs  15% 15% 
Shared costs  6% 6% 
Fixed costs 24% 24% 
Profits 19% 22% 
Net Crew income 37% 34% 

Total 100% 100% 
 

1.1.8 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*SCLAN-EXPR*SCLAN)/2 

 
Where:  r=Discount rate. 
              
CSt= Consumer surplus at year “t” in 1996 dollars.  
              
PVCS= Present value of the consumer surplus in 1996 dollars. 
 
 EXPR= Ex-vessel price corresponding to landings for each policy option. 
PINT=Price intercept i.e., estimated price when domestic landings are zero. 
            SCLAN= Sea scallop landings for each policy option.  
 
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. 

1.1.9 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). 
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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). It was assumed that the number of vessels and the fixed 
inputs would stay constant over the time period of analysis. In other words, 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. 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- ΣOPC  
ΣOPC = Sum of operating costs for the fleet.   

 
Where:  r=Discount rate. 
            PSt= Producer surplus at year “t” in 1996 dollars.  
            PVPS= Present value of the producer surplus in 1996 dollars. 
            SCALN= Sea scallop landings for each policy option. 
            EXPR= Price of scallops at the ex-vessel level corresponding to landings for each  
            policy option in 1996 dollars. 
 
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 
 
Rentves= Quasi rent to vessels 
Crewsh= Crew Shares 

1.1.10 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 

1.1.11 Savings in Trip Costs from leasing DAS: An example 
The fishing power and mortality adjustments are expected to prevent a vessel from 
increasing scallop landings by leasing open area DAS from a larger more efficient vessel. 
Thus, the scallop revenues that could be obtained from fishing with the leased days are 
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estimated to be equal to the revenues that the lessor could derive from fishing these days. 
The same argument is valid for leasing the access area trips since the lessee will not be 
allowed to land any amount larger than the allocated scallop pounds and/or possession 
limit.  Therefore, leasing could increase total profits from the leased days only if the open 
area days or access area trips could be fished at lower costs on some vessels relative to 
others and some fixed costs could be reduced.  In general, if the leasing vessel can fish 
the leased pounds (from DAS or access area trip lease) at a lower cost than the lessor, 
than the difference between revenue and the costs could allow the lessee compensate the 
lessor and still make a profit. Lessor could gain by earning the same net revenue from the 
pounds she transferred than fishing those days on her own boat.  Even earning a smaller 
amount of net revenue from the leased DAS or access area trips could benefit the lessor if 
the value of the leisure time was taken into account.   
 
The relative variable (trip) costs of fishing will depend on the relative LPUE’s, the costs 
of the trading vessels and the adjustment factors. Table 66 shows that even though the 
larger vessels could catch more scallops per day, average trip costs per pound of scallops 
do not vary significantly among the HP-length groups because the smaller vessels have 
lower trip costs per day-at-sea. For example, a vessel in group hp-length group 12 has 
almost the same trip costs per pound of scallops with a larger vessel in group 82. As a 
result, fishing the same amount of scallops (in pounds) on a larger vessel compared to a 
smaller vessel are not expected to lead to large savings in trip costs in most of the cases, 
narrowing down the returns from leasing DAS on account of trip costs. As discussed in 
Section ?, however, the production model results indicated that LPUE could increase by 
5% when having access to more open area DAS increases the flexibility for the vessel to 
adjust the trip length optimally according to the resource and market conditions. This 
could reduce the trip costs per pound of scallops of the lessee as shown in Table 66. For 
example, if a vessel in group “82” leased open area days from a vessel in group “12’, the 
trip costs per pound of scallops will decline from $0.96 per pound (for group ‘12’ vessel) 
to $0.89 per pound of scallops (for the leasing vessel in group “82’ after trading).  Still, 
these savings are small especially considering that a vessel in group “82” could only use 
33 days when it leases 51 days from a vessel in group “12” because of fishing power and 
mortality adjustments.  

 



Table 14.  Full-time Dredge Vessel Characteristics  
HP Length HP-Length 

Group 
Number of 

vessels HP GRT Length 

<500 50-70 11 5 392 59 61 
<500 >70 12 9 431 122 77 

500-599 50-70 21 5 523 79 64 
500-599 >70 22 25 530 132 77 
600-719 50-70 31 4 618 99 66 
600-719 >70 32 37 641 146 81 
720-863 50-70 41 4 763 119 65 
720-863 >70 42 74 814 166 83 

864-1036 50-70 51 1 950 111 64 
864-1036 >70 52 30 959 167 86 

1037-1243  >70 62 38 1,121 183 89 
1244-1492  >70 72 12 1,299 178 90 

>=1493  >70 82 11 1,545 186 99 
 

Table 15.  Scallop landings and trip costs (assuming open area DAS=51) 

Fishing 
power 
group 

 
Average 

HP 

 
Average 
Length 

Estimated 
LPUE 

(4) 

Scallop 
Pounds 
landed 

     (5) 

Average 
Trip 
costs per 
DAS 

(6) 

Trip 
costs per 

pound 
(7) 

Trip 
costs per 

pound 
with 

increase 
in LPUE 

(8) 
11 392 61 1,241 63,278 1,186 0.96      0.87  
12 431 77 1,296 66,091 1,508 1.16      1.06  
21 523 64 1,327 67,688 1,345 1.01      0.92  
22 530 77 1,354 69,077 1,598 1.18      1.07  
31 618 65 1,376 70,153 1,395 1.01      0.92  
32 641 81 1,417 72,290 1,592 1.12      1.02  
41 763 66 1,440 73,444 1,601 1.11      1.01  
42 814 83 1,494 76,200 1,669 1.12      1.02  
52 958 85 1,550 79,045 1,665 1.07      0.98  
62 1121 89 1,610 82,100 1,736 1.08      0.98  
72 1299 90 1,662 84,773 1,702 1.02      0.93  
82 1545 99 1,739 88,694 1,702 0.98      0.89  

 
 

The total savings in trip costs will depend on the relative fishing power of the trading 
vessels and the total pounds the lessee can land with the leased days after fishing 
power and mortality adjustments.  Table 67 shows the scallop pounds that can be 
landed by the leased days and compares the trip costs of the lessor and the lessee, 
which is assumed to be a vessel in the largest fishing power group (82) in this 
example.  Column 2 shows the days that can be used for fishing by the lessee after 
leasing, and column 3 shows the estimated scallop landings. For example, if the days 
are leased from a vessel in group “12”, the lessee can use only 35 days for fishing 
after the fishing power and mortality adjustments. Total scallop pounds from fishing 
35 days are estimated to be 66,091 pounds (Column 3, Table 67), which is equal to 
the pounds that could be landed by an average vessel in group “12” using 51 days 
(Table 66, column 5). Column 4 of the Table shows the trip costs for the lessor and 



column 5 for the lessee of landing 66,091 pounds of scallops. The difference in these 
total trip costs shows the total gains from trading. Table 67 shows that largest savings 
in trip costs ($19,944) could be obtained if the lessee (group 82) leased days from a 
vessel in group 22 in this example. In general, leasing days would lower trip costs in 
the majority of cases if the overall LPUE increases due to the increased flexibility 
with access to a larger allocation of open area days. When a larger vessel leases days 
from a smaller vessel, the trip costs per pound of scallops will also be lower because 
the larger vessels in general have a higher LPUE. On the other hand, smaller vessels 
have lower costs per day-at-sea which limits the gains from trip cost savings.  
 
 
 

Table 16. Das-used, landings and trip cost savings after a vessel in group 82 leases 51 open area days 
from other groups.  

Lessor 

Lessee=Group 82 
DAS-
used 
after 

leasing 
(2) 

Scallop 
landings 

(3) 

Total Trip 
costs of the 

lessor 
(4) 

Total Trip 
costs of the 

lessee 
(5) 

Savings in 
trip costs 

(6) 

Trip cost 
savings per 
DAS (for an 
allocation of 

51) 
11 33 63,278 60,485 56,366 4,119 81 
12 35 66,091 76,909 58,872 18,037 354 
21 35 67,688 68,595 60,294 8,301 163 
22 36 69,077 81,475 61,531 19,944 391 
31 37 70,153 71,150 62,490 8,659 170 
32 38 72,290 81,173 64,394 16,779 329 
41 38 73,444 81,664 65,421 16,243 318 
42 40 76,200 85,129 67,876 17,253 338 
52 41 79,045 84,911 70,410 14,501 284 
62 43 82,100 88,550 73,132 15,419 302 
72 44 84,773 86,825 75,513 11,312 222 
82 46 88,694 86,819 79,005 7,814 153 

 
If smaller vessels lease days-at-sea from larger vessels, however, there will be no fishing 
power adjustment to compensate for the lower LPUE. In addition, a 9% mortality 
adjustment may also be applied. This means that scallop landings and revenues will 
decline if a small vessel leases days from a larger vessel. For example, if a vessel in 
group “11” leases 51 open area days from a vessel in group ‘”82”, its landings will still 
remain at 63,278 pounds, and its revenues from leased days will be $442,946 assuming 
that the price is $7.00 per pound of scallops. An average vessel in group “82” is estimated 
to land 88,894 pounds using 51 days-at-sea and earn $620,855 (Table 68).  Therefore, the 
revenue of the smaller vessel will be $177,909 (in Group 11) less than the revenue that 
the lessor (in Group 82) could obtain from its allocation. As a result, it is unlikely that 
leasing days from a larger vessel will be profitable for the smaller vessel in group “11” 
unless the savings in trip and fixed costs outweigh the difference in revenues.  
  
In order to assess the gains from leasing, the increase in boat share and profits should be 
taken into account, however. The boat shares from leased days are shown in Table 69 and 



the differences in the boat shares of the lessee and the lessor are shown in Table 70. Boat 
shares are estimated as 48% of the gross revenue and in case of leased days, savings in 
trip costs are added to the boat share. This assumption implies that there will be a change 
in the crew lay system and the trip costs savings will be captured by the owner and net 
boat shares estimated in Table 69 will be if part of the savings from the trip costs accrued 
to the crew members. The results show that as long as a vessel leases DAS from a vessel 
that is either in the same or in a lower HP-length group, the boat share of fishing the open 
area DAS allocation (51 days in this case) on the leasing vessel will exceed the boat share 
of the lessor. This surplus will provide opportunity for the lessee to compensate lessor for 
the amount it could earn by fishing the pounds on her/his own boat and still earn a profit.  
This analysis does not include any savings in the fixed costs for the lessor or an increase 
in the fixed costs for the lessee, however. Reduction in fixed costs as a result of the 
decline in fishing activity could make leasing of DAS more profitable for vessels even if 
DAS is leased from a larger vessel. 



Table 17. The scallop revenue from leased days (51 open area days) compared to the revenue the lessor can obtain from its allocation of 51 open area 
days 

Fish 
Pow
er 
grou
p 

 Lesse’s revenue from leasing 51 days 
Lessor ‘s 
revenue at 
51 days 

11 12 21 22 31 32 41 42 52 62 72 82 

11 
        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

        
442,946  

      
442,946  

12 
        
462,640  

        
442,946  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

        
462,640  

      
462,640  

21 
        
473,814  

        
442,946  

        
462,640  

        
473,814  

        
473,814  

        
473,814  

        
473,814  

        
473,814  

        
473,814  

        
473,814  

        
473,814  

        
473,814  

      
473,814  

22 
        
483,536  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
483,536  

        
483,536  

        
483,536  

        
483,536  

        
483,536  

        
483,536  

        
483,536  

      
483,536  

31 
        
491,074  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
491,074  

        
491,074  

        
491,074  

        
491,074  

        
491,074  

        
491,074  

      
491,074  

32 
        
506,031  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
506,031  

        
506,031  

        
506,031  

        
506,031  

        
506,031  

      
506,031  

41 
        
514,107  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
514,107  

        
514,107  

        
514,107  

        
514,107  

        
514,107  

      
514,107  

42 
        
533,398  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
514,107  

        
533,398  

        
533,398  

        
533,398  

        
533,398  

      
533,398  

52 
        
553,314  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
514,107  

        
533,398  

        
553,314  

        
553,314  

        
553,314  

      
553,314  

62 
        
574,698  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
514,107  

        
533,398  

        
553,314  

        
574,698  

        
574,698  

      
574,698  

72 
        
593,410  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
514,107  

        
533,398  

        
553,314  

        
574,698  

        
593,410  

      
593,410  

82 
        
620,855  

        
442,946  

        
462,640  

        
473,814  

        
483,536  

        
491,074  

        
506,031  

        
514,107  

        
533,398  

        
553,314  

        
574,698  

        
593,410  

      
620,855  
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Table 18. Boat shares from leased days (51 open area days) compared to lessor’s boat share by fishing its 
allocation of 51 open area days 

Fish 
Pow
er 
grou
p 

Lessor ‘s 
boat share 
at 51 days 

Lesse’s boat share from leasing 51 days (including savings in trip costs from increase in LPUE) 

11 12 21 22 31 32 41 42 52 62 72 82 

11 212,614 
    
218,058  

          
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

        
218,058  

12 222,067 
    
219,241  

          
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

        
228,989  

21 227,431 
    
218,386  

          
228,095  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

        
233,604  

22 232,097 
    
219,331  

          
229,083  

        
234,616  

        
239,430  

        
239,430  

        
239,430  

        
239,430  

        
239,430  

        
239,430  

        
239,430  

        
239,430  

        
239,430  

31 235,716 
    
218,390  

          
228,100  

        
233,609  

        
238,403  

        
242,119  

        
242,119  

        
242,119  

        
242,119  

        
242,119  

        
242,119  

        
242,119  

        
242,119  

32 242,895 
    
219,009  

          
228,746  

        
234,271  

        
239,078  

        
242,805  

        
250,201  

        
250,201  

        
250,201  

        
250,201  

        
250,201  

        
250,201  

        
250,201  

41 246,771 
    
218,957  

          
228,692  

        
234,216  

        
239,021  

        
242,748  

        
250,141  

        
254,133  

        
254,133  

        
254,133  

        
254,133  

        
254,133  

        
254,133  

42 256,031 
    
218,977  

          
228,712  

        
234,236  

        
239,043  

        
242,769  

        
250,164  

        
254,156  

        
263,692  

        
263,692  

        
263,692  

        
263,692  

        
263,692  

52 265,591 
    
218,732  

          
228,457  

        
233,975  

        
238,776  

        
242,498  

        
249,884  

        
253,872  

        
263,398  

        
273,233  

        
273,233  

        
273,233  

        
273,233  

62 275,855 
    
218,757  

          
228,483  

        
234,001  

        
238,803  

        
242,526  

        
249,912  

        
253,900  

        
263,428  

        
273,264  

        
283,825  

        
283,825  

        
283,825  

72 284,837 
    
218,447  

          
228,159  

        
233,670  

        
238,465  

        
242,182  

        
249,559  

        
253,541  

        
263,055  

        
272,877  

        
283,423  

        
292,651  

        
292,651  

82 298,010 
    
218,189  

          
227,889  

        
233,394  

        
238,183  

        
241,896  

        
249,264  

        
253,241  

        
262,744  

        
272,555  

        
283,088  

        
292,305  

        
305,824  
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Table 19. Difference of the boat shares from leased days (51 open area days) compared to lessor’s boat share 
by fishing its allocation of 51 open area days 

Lessee 
Lessor 

11 12 21 22 31 32 41 42 52 62 72 82 
11 5,444 (4,009) (9,373) (14,039) (17,658) (24,837) (28,713) (37,973) (47,533) (57,797) (66,779) (79,952) 
12 6,627 6,922 1,558 (3,109) (6,727) (13,906) (17,782) (27,042) (36,602) (46,866) (55,848) (69,022) 
21 5,771 6,028 6,174 1,507 (2,112) (9,291) (13,167) (22,427) (31,987) (42,251) (51,233) (64,406) 
22 6,717 7,016 7,185 7,333 3,714 (3,465) (7,341) (16,601) (26,161) (36,425) (45,407) (58,580) 
31 5,776 6,033 6,178 6,305 6,403 (776) (4,652) (13,912) (23,472) (33,736) (42,718) (55,891) 
32 6,395 6,679 6,840 6,981 7,090 7,306 3,429 (5,830) (15,390) (25,654) (34,636) (47,810) 
41 6,343 6,625 6,785 6,924 7,032 7,246 7,362 (1,898) (11,458) (21,722) (30,704) (43,877) 
42 6,362 6,645 6,806 6,945 7,054 7,269 7,385 7,662 (1,898) (12,163) (21,144) (34,318) 
52 6,118 6,390 6,544 6,678 6,782 6,989 7,101 7,367 7,642 (2,622) (11,604) (24,777) 
62 6,142 6,416 6,571 6,705 6,810 7,017 7,129 7,397 7,673 7,970 (1,012) (14,186) 
72 5,833 6,092 6,239 6,367 6,467 6,664 6,770 7,024 7,286 7,568 7,814 (5,359) 
82 5,575 5,822 5,963 6,085 6,180 6,369 6,470 6,713 6,964 7,233 7,468 7,814 
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