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A bstract

The effects o f total earnings, total costs and m ining exploration on perm it prices in 

A laska are investigated using an autoregressive distributed lag (A RDL) approach to 

cointegration. I take specific account o f regional and gear specific salmon fisheries -  that is, 

Bristol Bay drift gillnet perm its -  in our m odelling. I find that there is a stable long-run 

relationship among perm it prices, total earnings, and total costs. It is also found that, in both 

the short- and long-run, total earnings have a positive and significant relationship w ith perm it 

prices, w hile total costs have a negative and significant relationship. Although the m ining 

exploration in the region has a negative and significant effect on perm it prices in the short- 

run, the effect does not seem to last in the long-run.
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1 Introduction

Comm ercial salmon fisheries are not only a critical resource to A laska’s economy, but 

to the U.S. m arket as well. D uring the 2013-2014 period, for example, the A laskan salmon 

fisheries provided an annual average o f 59,539 jobs w ith total labor incom e o f $1.584 billion 

and accounted for alm ost 98% o f U.S. salmon harvests w ith annual harvests averaging around 

800 m illion pounds valued at over $500 m illion (M cDowell, 2015). To prevent econom ic rent 

dissipation in the salmon fisheries, the A laska state legislature thus has adopted the so-called 

lim ited entry perm it system for com mercial salmon fisheries through the passage o f the 

L im ited Entry Act since 1975. The system issues tradeable perm its for specific salmon 

fisheries corresponding to different types o f gear and geographical areas, and requires the 

perm it holders to be present on the vessel w hen fish are landed. However, A laskan salmon 

fisheries have been subject to great volatility  in perm it values over the past four decades. For 

exam ple, starting in 1978 the value o f a perm it in 2014 dollars was nearly $152,000. They 

reached an all-tim e high o f $475,000 in 1989, but fell sharply to a low  o f $26,000 in 2002. By 

2014, the values o f the perm its had rebounded back to around $150,000. Therefore, it is crucial 

to exam ine factors that contribute to the dynam ic behavior o f perm it values appropriately in 

order to understand A laska’s com mercial salmon fisheries accurately.

The focus o f this article will be on the Bristol Bay drift gillnet fishery. As o f 2016 the 

estim ated num ber o f participants in this fishery was 1,862 and the prim ary target species is 

Sockeye salmon, though Chinook, Chum, Coho and P ink salmon returns are also targeted 

(NOAA, 2016). The fishery operates from the m iddle o f June through the end o f A ugust and 

approxim ately 80% o f the salmon catch in Bristol Bay is caught w ith drift gillnets (NOAA, 

2016). The Bristol Bay M anagem ent A rea consists o f five m anagem ent districts including all
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coastal and inland waters from Cape New enham  to Cape M enshikof which includes eight 

m ajor river systems in the area that form the largest com mercial sockeye salmon fishery in 

the world (NOAA, 2016).

Previous research has been done on perm it price m odeling at a statewide level for 

A laskan salmon fisheries (Karpoff, 1982), the effects on the m arket price o f an asset in 

relation to subsidized loans (Karpoff, 1984), non-pecuniary benefits derived from 

com mercial fishing (Karpoff, 1985), perm it price relationships to expected returns consistent 

w ith asset pricing theory (Huppert, Ellis, & Noble, 1996), and changes in local ownership o f 

A laskan salmon entry perm its (Knapp, 2010).

K arpoff (1982) used statewide Comm ercial F isheries Entrance Com m ission (CFEC) 

perm it transfer data from 1978-1981 to look into the determ ination o f lim ited entry perm it 

prices dependent on supply and dem and for permits. He failed to confirm  any price variations 

in perm its at any given tim e due to transaction costs or inform ation effects. He was also 

unable to find any significant relationship between price changes and net incomes, but the 

perm its did appear to reflect new inform ation contained in fish run forecasts provided by the 

A laska D epartm ent o f Fish and Game (ADF&G) and the strength o f the effect o f these 

forecasts appeared to be w eakly correlated w ith the accuracy o f the previous year’s forecast.

K arpoff (1984) used the same CFEC perm it transfer data to test w hether loan 

subsidies available for lim ited entry perm its increased demand for the affected asset by an 

am ount equal to the present value o f the subsidy. He also looked into the effect o f a 1976 

ballo t initiative that was defeated to repeal the L im ited Entry A ct and annual ADF& G  fish 

run forecasts on perm it prices. Em pirical tests revealed that supply and dem and shifts due to
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subsidized loans resulted in an increase in perm it prices o f approxim ately 23% and in 

transfer volum e o f approxim ately 2 2 %.

Again using the same data, K arpoff (1985) tested the hypothesis that fisherm en 

receive significant non-pecuniary benefits in salmon fisheries statewide. It was found that 

lim ited entry perm it prices appear to reflect prim arily the m onetary rent streams from the 

right to fish, but there were a num ber o f low -incom e fisherm en w hose continued presence in 

the fisheries would be m ysterious if  there w ere not any non-pecuniary benefits and that the 

extent o f those benefits did not depend on gear type or geographic area.

In an extension o f K arpoff (1984), H uppert et al. (1996) exam ined perm it values 

during the period 1977-1990 and interpreted relationships between perm it prices and 

expected net earnings via a present value asset pricing model. The results generally 

confirm ed that A laska’s lim ited entry perm it price trends w ere consistent w ith simple asset 

pricing theories. Therefore, at the statewide level, these m odels tend to be accurate in the 

application o f perm it values. M uch o f this research is outdated and conclusions were derived 

from very small datasets in the early years o f the lim ited entry program. There is no current 

research or m odeling on regional specific salmon fisheries in the State o f Alaska.

The main contribution o f this article is to assess the effects o f gross earnings, average 

fuel prices, and heavy m ining exploration on the values o f Bristol Bay drift gillnet perm its 

w ith enhanced m ethods and an updated dataset. For the analysis I w ill estim ate an asset 

pricing model utilizing an autoregressive distributed lag (ARDL) approach to cointegration 

developed by Pesaran, Shin and Smith (2001). The ARDL approach can be applicable to the 

level o f variables w ithout testing w hether they are stationary or nonstationary and uses an 

error-correction form at to estim ate both the short- and long-run dynam ics w ith a single step;
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hence, it is well suited to deal w ith this line o f research. M any perm it holders depend on 

these perm its for more than a source o f summer income, but rather as an asset for retirem ent 

stability or as financial investm ent opportunities. Estim ating an updated model w ith modern 

methods may help fisherm en estim ate their perm it values in the short- and long-run and will 

help identify significant factors that im pact perm it values w hich could prove beneficial to 

long-tim e fisherm en looking to sell their perm its as well as new entrants to the industry 

deciding w hen to buy perm its. I expect that earnings in previous years will have a positive 

im pact on perm it values in subsequent years, and that gas prices and heavy m ining activity 

w ill negatively im pact perm it values. The rem aining sections present an overview  o f 

A laska’s lim ited entry perm it system, data description, m ethodology, em pirical findings, and 

concluding remarks.
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2 Lim ited Entry Perm it System in Alaska

A laska created the Comm ercial Fisheries Entry Com m ission (CFEC) in 1973 and 

adopted a lim ited entry m anagem ent system for com mercial salmon fisheries through the 

passage o f the Lim ited Entry A ct in 1975. E ight geographic areas (Southeast, Yakutat, Prince 

W illiam  Sound, Cook Inlet, Kodiak, Chignik, A laska Peninsula, and Bristol Bay) are fished 

using five different types o f gear (purse seine, beach seine, drift gill net, set gill net, and 

pow er troll) (Karpoff, 1984). These lim ited entry perm its w ere originally issued for free to 

individuals based on “( 1) the degree o f econom ic dependence upon the fishery, including... 

the percentage o f incom e derived from the fishery, reliance on alternative occupations, 

availability o f alternative occupations, investm ent in vessels and gear; (and) (2 ) extent o f 

past participation in the fishery, including ... the num ber o f years o f participation in the 

fishery, and the consistency o f participation during each year” (A laska Statutes, Sec. 

16.43.250). Only individuals may own these permits, the owner m ust be present on the vessel 

w hile they are fishing, and perm its may not be leased (Knapp, 2010).

The Lim ited Entry A ct allows for tw o types o f perm it transfers: perm anent and 

emergency. Perm anent transfers occur when there is a change in the holder o f the permit, and 

em ergency transfers allow for the perm it to be fished by someone other than the holder if  the 

perm it holder: “is prevented from fishing due to  illness, death, disability, required m ilitary or 

governm ent service, or other unavoidable hardship o f a tem porary, unexpected and 

unforeseen nature.” In order to perm anently transfer a perm it to someone else the perm it 

holder m ust file a “N otice o f Intent to Perm anently Transfer” form and w ait the 60 day 

w aiting period; the perm it holder and the transferee then m ust com plete the “R equest for 

Perm anent Transfer o f Entry Perm it” form (CFEC, 2012b). This 60 day w aiting period was
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created by the legislature so that perm it holders w ould have tim e to consider their long term 

needs before perm anently transferring their permit. L im ited entry perm its m ust be renewed 

annually once issued, and failure to renew  for a period o f two years results in forfeiture 

(W eiss, 1992). Also, the A laska Legislature has reserved the right to m odify or revoke a 

lim ited entry perm it w ithout providing com pensation or through buyback program s (W eiss, 

1992). Perm its that have been forfeited are rem oved from the fishery and are not reissued to 

other fisherm en (CFEC, 2012a).

Perm its are often advertised in fishing industry journals, newsletters, and local 

newspapers, along with being advertised through perm it brokers w ho can assist with 

financing arrangem ents, escrow  accounts, and paperw ork advisem ent (CFEC, 2012b). There 

w ere a total o f 11,047 transferable perm its initially allocated in 1975, and betw een then and 

2008 a total o f 30,992 perm it transfers occurred w hich includes 9,812 transfers o f perm its 

from initial issues (Knapp, 2010). Though these brokers may help w ith arranging financing, 

the Lim ited Entry A ct has many caveats for financing. Perm its may not be pledged, leased, 

mortgaged, encum bered or transferred w ith any retained right o f repossession, and the perm it 

may not be used as collateral for a loan. The tw o exceptions to the above are loans financed 

by the State o f A laska, D epartm ent o f Commerce, Comm unity and Econom ic Developm ent, 

D ivision o f Econom ic Developm ent, and by the A laska Comm ercial F ishing and Agriculture 

Bank (CFEC, 2012b).
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3 D ata D escription

Annual data covering the period from 1978 to 2014 are used to estim ate the model. 

The fishery related data has been acquired from A DF& G  and the CFEC. H istorical gasoline 

prices were gathered from the U.S. Energy Inform ation A dm inistration (EIA). Perm it values 

w ere not recorded until 1978 so the model is conducted from that period forward. These 

perm it values are estim ated values for perm anent perm its in the fishery based on the average 

price o f actual sales transactions. Total average earnings are based on the gross earnings for 

all perm anent perm it holders in the specific fishery. All monetary values have been adjusted 

to 2014 dollars using CPI as a deflator. Table 1 defines the variables contained in the 

analysis and reports basic summary statistics. The analysis uses the logged form o f the values 

for a m ore intuitive interpretation. Pebble M ine is a m ineral exploration project investigating 

a very large porphyry copper, gold, and m olybdenum  m ineral deposit located about 2 00  air 

m iles southw est o f Anchorage, A laska and roughly 230 river m iles from Bristol Bay near 

Lake Illiamna. However, since the mine is located in some o f the headwaters o f the fishery, 

many local fisherm an have voiced their concern over the mine and the possibility o f the 

negative im pacts it may have on the fishery in the future. The decision for DUMt to take on 

the value o f 1 for the years 2002-2013 w as decided based upon N orthern Dynasty Ltd. 

acquiring rights to Pebble in 2001, starting exploration in 2002, discovering Pebble East 

deposit in 2005, forming the Pebble Partnership w ith Anglo Am erican plc in 2007, 

developers releasing prelim inary assessm ent and environm ental data in 2011, and the Pebble 

Partnership com ing to an end in 2013 leaving N orthern D ynasty Ltd. looking for new 

investors (Pebble W atch, 2015).
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Table 1. D ata D escription

V ariable D efinition N M ean Std. Dev. M edian

P Real average perm it price 37 198,076 114,585 189,992

R Real average earnings total 37 103,184 49,372 93,892

C Real average gas price 37 2.466 0.662 2.389

D UM D um m y variable representing Pebble 

M ine Exploration coded as 1 for years 

2002-2013, 0 otherwise

37 0.300 0.464 0

Included in the Appendix are tim e-series plots o f ex-vessel salmon prices (Figure 3), 

average gasoline prices (Figure 4), average perm it prices corresponded w ith average total 

earnings (Figure 5), num ber o f perm its fished corresponded w ith perm its renew ed (Figure 6 ), 

and total pounds o f salmon harvested (Figure 7).
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4 M odel

To investigate the factors determ ining the values o f Bristol Bay drift gillnet permits, 

following previous studies (i.e., Karpoff, 1984; H uppert et al., 1996), I also rely on an asset 

pricing model developed by H irschleifer (1980). In its sim plest form this model can be stated 

as:

where:

P =  p rice  o f  a perm it

R = expected total earnings (revenue)

C = expected total costs

z=  a ll other fac tors affecting the price  o f  a perm it 

Equation (1) can be specified in a log linear form as follows:

where:

D UM t = a dummy variable capturing the effect o f  the 2002-2013 Pebble M ine exploration on 

perm it prices

Since an increase in expected total earnings generally leads to an increase in permit 

prices, it is expected that P1>0. To the extent that a rise in expected total costs results in a 

decrease in perm it prices through reduction in fishing activities and hence dem and for 

permits, it is expected that P2<0. Finally, i f  the Pebble M ine exploration has a negative effect 

on the fishery and perm it prices, it is expected that P3<0.

P =  f(R , C, z) ( 1)

lnPt— pe+ firfnRt + @2lnCt + P3DUM 2002-2013 + ut (2 )
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Equation (2) is now  reform ulated as follows to illustrate the ARDL m odeling 

approach:

MnPt = p'o + Z t i P ' n *  lnPt- i  +  Z t o P  InR— +  Z U P 'is M n C — +

P' 4DUM2002-2013 +  9 olnPt- i  + QilnRt- i  +  Q2lnCt- i  +  et

All variables here are as previously defined. Equation (3) is the basis o f my empirical 

analysis. U nlike a standard error-correction model that includes the lagged error-correction 

term from Equation (3), the ARDL model includes the linear com bination o f lagged level 

variables (lnPt-1, lnRt-1, and lnCt-1) as the error-correction term. Pesaran et al. (2001) 

recommend using the F-test to evaluate whether or not the three lagged level variables in 

Equation (3) are jointly significant. For this, the upper and lower asymptotic critical values 

provided by Pesaran et al. (2001) can be utilized to test the null hypothesis that there is no 

cointegration (that is, H 0: 60= #1= 02=0 ) against the alternative that there is (that is, H 1: 60^  0^  

02^ 0 ). Once the F-test provides a cointegrating relationship, the long-run coefficient estimates 

are derived by the estimates of 61 and 62 normalized on 60. The short-run dynamic effects are 

represented by the estimates o f coefficients following the sigma symbols.

Stationary processes follow  a simple random w alk around a fixed value w hile unit 

root (I(1)) processes are those that have a stationary first-difference tim e series. I(2 ) 

processes are those that the second-difference o f the process becom es stationary. A lthough 

the variables do not need to all be o f the same order o f integration, none can be I(2) or else 

the ARDL process crashes.

(3)
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W ith unit root tests being sensitive to lag order, I first conducted a series o f tests 

using the VARSOC com mand in STATA that includes final prediction error, A kaike’s 

inform ation criterion, Schw arz’s Bayesian inform ation criterion, and the H annan and Quinn 

inform ation criterion lag-order selection statistics to determ ine each variab les’ optimal lag 

length. Perm it price, gas price, and the dummy variable for Pebble M ine exploration all show 

to have optimal lags o f one and earnings an optimal lag o f two. D etailed results for these 

tests are in the Appendix in Tables 4-7.

A fter determ ining the optimal lag order I ran a series o f A ugm ented D ickey-Fuller 

unit root tests in order to confirm  that none o f the variables are I(2) processes. I find strong 

evidence that all the levels o f the variables o f interest have a unit root and the first 

differences o f each are stationary. Since the test statistics for the levels (first differences) are 

above (below) -2.972 (-2.618) at the 5% (10% ) significance level, I cannot (can) reject the 

null hypothesis o f a unit root for any o f the three variables. This indicates that each series in 

Equation (3) is I(1) variable, ensuring that the ARLD m ethod can be safely applied to the 

current research. The detailed results o f the D ickey-Fuller tests can be found in the Appendix 

in Tables 8-11.

In the ARDL approach, the short- and long-run estim ated coefficients o f the 

individual series are statistically m eaningful only if  they are cointegrated. Therefore the 

model is tested to determ ine the existence o f cointegration relationship among the three 

variables using the F-test. The com puted F -statistic  o f 15.703 far exceeds the 5% upper 

bound critical value o f 6.021 so I can reject the null hypothesis that the three variables are

5 Results
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not cointegrated. Therefore, it is likely that any deviation among the three variables is not 

expected to continue and w ill have a tendency to return to its trend path in the long-run.

The final test I perform ed before conducting the ARDL analysis was the Zivot- 

A ndrews test to see if  any o f the variables are sensitive to structural break and I failed to 

reject the null o f a unit root process that excludes exogenous structural change in perm it 

prices, average earnings, and average gas prices. D etailed results o f this test along w ith time 

series plots can be found in the Appendix in Table 12 and Figures 4 and 5. W ith all o f these 

tests com pleted I concluded that Equation (3) could be estim ated using the ARDL process.

W ith the positive and significant coefficient that I found on the earnings variable in 

both the short- and long-run relationships and the negative and significant coefficient on the 

fuel price variable I confirm  that lim ited entry perm it values in the Bristol Bay region for 

drift gillnetting are consistent w ith typical asset pricing theory. These results suggest that 

im proved earnings result in higher perm it prices, w hile increased costs tend to low er perm it 

prices due to the profit m argin decreasing which in turn reduces both dem and for permits, 

and prices. There is a negative effect o f Pebble M ine exploration dummy on perm it values in 

the short-run, but the statistical significance o f this relationship drops in the long-run 

relationship. It is im portant to m ention that the error-correction term (ect-1) obtained from the 

linear com bination o f lagged variables in Equation (3) is negative and highly significant, 

confirm ing that there is a significant long-run relationship among the variables (Kremers, 

Ericson & Dolado, 1992). The coefficient on the error-correction term being -.601 indicates 

that when perm it values in the previous year deviate from the equilibrium , the perm it m arket 

tends to adjust by approxim ately 60.1% in the following year.
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I perform ed a series o f diagnostics tests on the ARDL model and there is no evidence 

o f serial correlation, functional form specification, heteroscedasticity, or norm ality issues 

w ithin the model. These results along w ith the short-run dynam ics are shown in Table 2. In 

the short-run with a 1% increase in earnings we can expect to see an increase in perm it prices 

by 0.516%. Also in the short-run, w ith a 1% increase in costs we can expect to see a decrease 

in perm it prices by 0.346%.

Table 2. Estim ated short-run coefficients o f the price perm it model o f Bristol Bay

V ariable Coefficients
lnRt 0.516

(5.448)**
lnCt -0.346

(-1.913)*
D UM 2002-2013 -0.32

(-1.995)**
ect-1 -0.601

(-4.783)**
Serial correlation 1.266

[0.261]
RESET 2.195

[0.138]
N orm ality 0.410

[0.815]
H eteroskedasticity 0.016

[901 ]
Note: ** and * denote significance at the 5% and 10% levels, respectively. Parentheses are t- 
statistics. B rackets in diagnostic tests are p-values. RESET indicates regression specification 
error test, w hich uses Ram sey's RESET test based on the square o f the fitted values.

W ith the diagnostics tests com pleted and the error correction model estim ated I 

m oved on to estim ate the long-run relationships among the variables. The coefficient on the 

earnings variable is positive and significant. W ith a 1% increase in earnings we can expect to 

see an increase in perm it prices by 1.352%. This is statistically significant at the 1% 

confidence level w hich gives us em pirical evidence that earnings are directly and positively
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related to perm it prices. The coefficient on the gas price variable is negative and significant 

w hich is expected since it is our proxy for costs and as costs increase the profit m argin 

decreases which in turn negatively im pacts the value o f the perm its following traditional 

asset pricing theory. W ith a 1% increase in gas prices we can expect to see a decrease in 

perm it prices by .576% and this is significant at the 5% level giving us em pirical evidence 

that input costs have a direct negative im pact on perm it prices. The dummy variable 

representing m ining exploration is negative but not statistically significant w hich gives us 

evidence that the years in which heavy m ining exploration occurred in the region did not 

significantly affect perm it prices in the long-run. The long-run relationship results can be 

found below  in Table 3.

Table 3. Estim ated long-run coefficients o f the price perm it model o f Bristol Bay

Variable Coefficient
lnf t 1.352

(7.725)**
lnCt -0.576

(-1.968)**
D UM 2002-2013 -0.101

(-0.455)
Constant -2.966

(-1.520)
Note: ** and * denote significance at the 5% and 10% levels, respectively. Parentheses are t- 
statistics.

Lastly, I perform ed two hypothesis tests to see if  there are any recursive residuals due 

to a structural break because the ARDL process is sensitive to this. In Figures 1 and 2 below, 

the cum ulative sum o f recursive residuals (CUSUM ) and the cum ulative sum o f squares o f 

recursive residuals (CUSUM SQ) are plotted. These tests show that the plots lie between the 

5% critical bounds at all points so therefore there is no issue o f recursive residuals in term s
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o f mean and in term s o f variance so the ARDL model is well specified and it is shown that 

there is stability o f the short- and long-run coefficient estim ates for the period 1978-2014. 

A lthough the Zivot-A ndrew s test perform ed was unable to reject the null hypothesis o f a unit 

root process excluding exogenous structural change in average perm it price, average 

earnings, and average gas prices, given that the post regression diagnostic tests including the 

Ram sey RESET test and cum ulative sum o f recursive residuals show no issues the fact that 

there may be a structural break is not creating a problem  in the regression.

Plot of Cumulative Sum of Recursive Residuals

The straight lines represent critical bounds at 5% significance level 
Figure 1. Plots o f CUSUM
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Plot of Cumulative Sum of Squares of Recursive Residuals

The straight lines represent critical bounds at 5% significance level 
Figure 2. Plots o f CUSUM SQ
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A laska adopted a lim ited entry perm it system for com mercial salmon fishing in 1975. 

These perm its have been subject to great volatility in price over the last four decades. In this 

article, therefore, I aim to em pirically exam ine the factors that contribute to the dynamic 

behavior o f the perm it values. The primary contribution o f the paper is to address the issue in 

the context o f regional and gear specific salmon fisheries in A laska -  that is, Bristol Bay drift 

gillnet perm its - using an enhanced m ethod -  that is, an autoregressive distributed lag (ARDL) 

approach to cointegration. Evidence is found that there is a stable cointegration relationship 

among the variables o f interest which points to a long-run relationship between perm it prices, 

total earnings, and total costs. It is also found that total earnings have a positive and significant 

relationship w ith perm it prices, and total costs have a negative and significant relationship in 

both the short- and long-run. Finally, it is found that the dummy variable accounting for years 

in which m ining exploration in the area has a negative and significant effect in the short-run 

but not in the long-run. This final result m ust be taken w ith extrem e caution as m ining in the 

region is only one factor that is occurring during the dummy period and the m ining activity 

only coincides w ith the years where a structural break was observed, but may not be the actual 

reason for the break.

I m ust acknow ledge that using average gas prices as the sole input price in the model 

vastly oversim plifies the asset pricing model as there are a num ber o f inputs that contribute 

to total costs w ith wages paid to the deckhands, food prices, m aintenance costs, and 

insurance rates all being examples. R ather than simply using average gas prices as a proxy 

for input prices in the m odel, it would be beneficial to collect aggregated cost data from the 

ADF& G  Fish Ticket system in order to more accurately estim ate the asset pricing model. If

6 D iscussion and Conclusion
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that is not possible due to confidentiality reasons the input prices could still be expanded 

upon by including a food price index and other production indices in addition to the gas price 

values to more accurately represent a proxy o f inputs.

M ore research also needs to be conducted in order to pinpoint any causality o f the 

effect o f Pebble M ine exploration on perm it values. Since the dummy variable was assigned 

a value o f 1 over a large date range from 2002-2013 some investigation into w hat else was 

going on in those years that could also influence perm it values needs to be conducted.

It w ould also be interesting to investigate how the buildup o f the farmed fish market 

in the early 1990s affected perm it values and to see if  there has been a long term  im pact on 

the values due to this. O ther factors that may have an effect on perm it values could be 

explored as well such as shifts in governm ent leadership, proposed changes to the lim ited 

entry system, and how the Exxon V aldez oil spill affected perm it values in specific regions. 

D ata is available for fisheries in several other regions o f the state and it may be beneficial to 

exam ine these fisheries as well in order to see if  the findings o f this research are sensitive to 

fishery type and region.
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Appendix

Table 4. Results o f real average perm it price VARSOC lag selection

Selection-order criteria
Sample: 1982 - 2014 Number of obs = 33

lag LL LR df p FPE AIC HQIC SBIC

0 -431.738 1.4e+10 26.2266 26.2418 26.2719
1 -398.042 67.393* 1 0.000 2.0e+09* 24.2449* 24 .2755* 24.3356*
2 -397.699 .68478 1 0.408 2.1e+09 24.2848 24 . 3306 24.4208
3 -397.681 .03547 1 0.851 2.2e+09 24.3443 24 . 4054 24.5257
4 -397.56 .24322 1 0 . 622 2.3e+09 24.3976 24 . 4739 24.6243

Table 5. Results o f real average total earnings VARSOC lag selection

Selection-order criteria
Sample: 1979 - 2014 Number of obs = 36

lag LL LR df p FPE AIC HQIC SBIC

0 -440.017 2.6e+09 24.501 24.5163 24 . 5449
1 -431.371 17.293 1 0 . 000 1.7e+09 24.0761 24.1068 24 . 1641
2 -428.961 4.8184* 1 0.028 1.5e+09* 23.9979* 24.0439* 24 . 1298*
3 -428.515 . 8937 1 0 . 344 1.6e+09 24.0286 24.09 24 .2045
4 -428.294 . 44082 1 0 . 507 1.7e+09 24.0719 24.1487 24.2918

Table 6. Results o f real average gas price VARSOC lag selection

Selection-order criteria
Sample: 1979 - 2014 Number of obs = 36

lag LL LR df p FPE AIC HQIC SBIC

0 -37.625 . 50056 2 . 14583 2.16119 2.18982
1 -10.7075 53.835* 1 0.000 . 118625* .705971* .736676* .793944*
2 -10.2253 .9643 1 0.326 . 12212 . 734741 .780798 .866701
3 -9.78069 .88929 1 0.346 .126014 .765594 .827004 . 94154
4 -9 . 72616 . 10906 1 0.741 . 132928 .81812 .894882 1.03805

21



Table 7. Results o f Pebble M ine dummy VARSOC lag selection

Selection-order 
Sample: 1979 -

criteria
2014 Number of obs = 36

lag LL LR df p FPE AIC HQIC SBIC

0 -24. 0084 .234921 1.38936 1.40471 1.43334
1 2 . 1066 52 .23* 1 0.000 . 058211* - . 005922* . 024783* .082051*
2 2 . 17947 . 14575 1 0.703 .061304 . 045585 . 091642 . 177545
3 2 .26731 . 17568 1 0 . 675 . 064525 .09626 . 15767 .272207
4 2 . 37526 .21589 1 0 . 642 .067864 . 145819 . 222581 .365752

Table 8. Results o f real average perm it price Augm ented D ickey-Fuller unit root tests

d.RAPP ADF
Lag T-Statistic 1% 5% 10%

0 -9.082 -3.682 -2.972 -2.618

1* -3.808 -3.689 -2.975 -2.619

2 -2.959 -3.696 -2.978 -2.62

3 -2.266 -3.702 -2.98 -2.622

* denoting optimal lag

RAPP ADF
Lag T-Statistic 1% 5% 10%

0 -1.554 -3.675 -2.969 -2.617

1* -1.142 -3.682 -2.972 -2.618

2 -1.157 -3.689 -2.975 -2.619

3 -1.209 -3.696 -2.978 -2.62

* denoting optimal lag

Table 9. Results o f real average total earnings Augm ented D ickey-Fuller unit root tests

RAET ADF
Lags T-Statistic 1% 5% 10%

0 -3.09 -3.655 -2.961 -2.613

1 -1.996 -3.662 -2.964 -2.614

2* -2.121 -3.668 -2.966 -2.616

3 -1.632 -3.675 -2.969 -2.617

* denoting optimal lag

d.RAET ADF
Lags T-Statistic 1% 5% 10%

0 -9.853 -3.662 -2.964 -2.614

1 -4.565 -3.668 -2.966 -2.616

2* -4.408 -3.675 -2.969 -2.617

3 -5.708 -3.682 -2.972 -2.618

* denoting optimal lag
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Table 10. Results o f real average gas price Augm ented D ickey-Fuller unit root tests

RAGP ADF
Lags T-Statistic 1% 5% 10%

0 -1.22 -3.655 -2.961 -2.613

1* -1.461 -3.662 -2.964 -2.614

2 -0.966 -3.668 -2.966 -2.616

3 -0.975 -3.675 -2.969 -2.617

* denoting optimal lag

d.RAGP ADF
Lags T-Statistic 1% 5% 10%

0 -5.45 -3.662 -2.964 -2.614

1* -4.928 -3.668 -2.966 -2.616

2 -3.709 -3.675 -2.969 -2.617

3 -3.026 -3.682 -2.972 -2.618

* denoting optimal lag

Table 11. Results o f Pebble M ine dummy A ugm ented D ickey-Fuller unit root tests

d.PEBEXP ADF
Lags T-Statistic 1% 5% 10%

0 -5.45 -3.662 -2.964 -2.614

1* -4.928 -3.668 -2.966 -2.616

2 -3.709 -3.675 -2.969 -2.617

3 -3.026 -3.682 -2.972 -2.618

* denoting optimal lag

PEBEXP ADF
Lags T-Statistic 1% 5% 10%

0 -1.22 -3.655 -2.961 -2.613

1* -1.461 -3.662 -2.964 -2.614

2 -0.966 -3.668 -2.966 -2.616

3 -0.975 -3.675 -2.969 -2.617

* denoting optimal lag
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Table 12. Results o f Zivot-A ndrew s unit root test

Zivot-A ndrews U nit Root

V ariable T-Statistic 1% 5%
RAPP -4.179 -5.34 -4.80

RAET -4.601 -5.34 -4.80

RAGP -3.108 -5.34 -4.80

PEBEXP -6.289 -5.34 -4.80

Real Salmon Ex-Vessel Prices

Year
------------- Pink ------------- Chum
------------- Coho ------------- Chinook
------------- Sockeye

5 T a T a

Figure 3. Average ex-vessel salmon prices
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Permits Renewed and Permits Fished

Year
Total Permits Issued/Renewed ------------- Total Permits Fished
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Figure 6. N um ber o f perm its fished and perm its renewed
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