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Abstract

In 2010, the Northeast United States groundfish fishery adopted a catch
share system in which Annual Catch Entitlements (quota) are allocated to
groups of firms, known as sectors. The quota market has many features
that differ from an ideal market: trades are facilitated by sector managers,
completed trades are not easily seen by all, and both package and barter
trades are common. This paper examines quota prices using a two stage
econometric model. In the first stage, transactions data are used to estimate
the prices of individual stocks of quota. In the second stage, a hurdle model
is used to understand the determinants of quota prices. Despite the many
quirks inherent in groundfish management, quota prices are affected by
fundamentals in reasonable ways: increases in output prices and decreases
in quota available both increase quota prices. Increases in monitoring rates
also increase quota prices, evidence that at least some of the groundfish fleet

is not always compliant with fishing regulations when not observed.

1. Introduction

2 Catch share programs, in which the rights to catch a certain amount of

3 fish are allocated to individual entities, have been increasingly incorporated
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into fisheries management in the United States (Brinson and Thunberg,
2016). Conditional on quotas set at appropriate levels, construction of a

high-quality property right has been viewed by economists as the path to

efficiency in fisheries (Arnason, 2012). By allocating a fixed share of the

annual catch to an individual entity, catch share systems change incentives,
leading to anticipated and unanticipated changes in behavior and outcomes.
Catch share programs have been found to lead to improvements along in
many metrics, including productivity (Fare et al., 2015, Walden et al.,

2012; Weninger, 1998), revenue (Kroetz et al., 2017; Scheld et al., 2012),

profitability (Fox et al., 2003), output quality (Ardini and Lee, 2018; Casey
et al., 1995; Kroetz et al., 2019), prices (Dupont et al., 2005; Pincinato et al.,

2022), season length (Agar et al., 2014; Birkenbach et al., 2017; Hsueh, 2017),

safety (Pfeiffer et al., 2022; Pfeiffer and Gratz, 2016), and crew compensation
(Abbott et al., 2022, 2010; Steiner et al., 2018).

Catch shares are not a solution to all problems of all fisheries and may
be difficult to implement in some situations (Copes, 1986). They may
have unintended consequences, including detrimental impacts on fishing
communities and related sectors (Matulich et al., 1996; McCay, 2004; Olson,
2011), increased concentration of the fishery (Abayomi and Yandle, 2012;
Eythdrsson, 1996; Palsson and Helgason, 1995), changes in social capital
(McCay, 1995) and way-of-life (Carothers and Chambers, 2012). Gains from
the transition to catch shares are likely to be unequally distributed (Dupont

et al., 2005; Grainger and Costello, 2016) among participants and windfalls
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associated with free allocations (Bromley, 2009; Copes, 1996) can exacerbate
inequality. Furthermore, allocating the right to catch a fraction of the total
quota does not guarantee that the quota itself will be set at the optimal

level (Bromley, 2009).

Catch share programs vary tremendously in their ecological, economic, and
institutional settings (Brinson and Thunberg, 2016; Olson, 2011) and seem-
ingly minute differences in administrative details of any policy can affect
outcomes greatly (Duflo, 2017; Klemperer, 2002). For example, discarding
incentives emerge if output is differentiated (perhaps due to prices that vary
based on size) but quota management is based on aggregate catch (Arnason,
1994). Incentives to high-grade emerge when quota management is based on
landings instead of catch (Arnason, 1994); a landings restriction can reduce
these incentives (Anderson, 1994). Variations in the quality of the property
right along the dimensions of exclusivity, security, permanence, and transfer-
ability affect the value of the property right to firms and consequently affect
market prices of those rights (Arnason, 2012; Grainger and Costello, 2014).
Within-season exclusivity allows firms to land fish during times of lower costs
or higher prices and to shift to non-catch share fisheries when advantageous
to do so (Birkenbach et al., 2020, 2017; Cunningham et al., 2016; Hutniczak,
2014). Catch share system with a high degrees of permanence and security,
in which the right is both unlikely to be expropriated and long-lived, can
encourage firms to make appropriately long-lived capital investments (Ar-

nason, 2005). Transferability in catch share systems allows firms to adjust
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both the scope and scale of their operations. A well-functioning market
facilitates allocative efficiency, in which quota is transferred to firms that
earn the highest profits from that quota. However, fishery managers often
restrict the transferability to limit consolidation in the fishing industry; these
restrictions affect outcomes and opportunity costs (Anderson, 2004; Kroetz

et al., 2015; Lee, 2012).

In multispecies fisheries, like the Northeast US groundfish fishery, many
species are caught simultaneously (Salvanes and Squires, 1995; Scheld and
Walden, 2018; Squires and Kirkley, 1991). Understanding of the price of
quota can provide fishery management insights. Quota share prices can
be used by managers to set quotas that maximize the value of the fishery
(Arnason, 1990; Batstone and Sharp, 2003). Monitoring these prices can
provide insight to managers about the marginal profits in the fishery (Agar
et al., 2014; Arnason, 2012). Prices that emerge from a well-functioning
quota market provide information about relative scarcity. These price signals
may change behavior at the extensive margin by encouraging firms to exit
(Grafton, 1996; Kroetz et al., 2019, 2017; Lian and Weninger, 2010; Reimer
et al., 2014). Quota prices also provide high powered incentives for firms
to avoid certain stocks. This can lead to improvements in selectivity and
profits compared to policy instruments that do not provide these finely
tuned incentives (Abbott et al., 2015; Branch and Hilborn, 2008; Scheld
and Walden, 2018). However, these incentives can also produce undesirable

outcomes; catch share managed firms fishing for groundfish have been shown
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to behave differently when there is a fishery observer on the vessel (Demarest,

2019).

Transferrability and allocative efficiency are a key feature of a tradable catch

share system. Markets can fail to efficiently allocate goods to their best
purposes for many reasons; imperfect information and transactions costs are
common reasons. Imperfect information refers to situations when market
participants do not fully understand the production environment or there is
substantial uncertainty about the environment. Transactions costs might
arise if it is difficult to find a counterparty, time consuming to complete a
trade, or if it is difficult to observe prices. These conditions are often present
in established markets for everyday goods like used automobiles (Akerlof,
1970), real estate (Harding et al., 2003), or groceries (Smith, 2004). If the

newly-created quota market suffers from imperfections, the noisy prices that
emerge are unlikely to provide the signals that will encourage efficient use of

quota (Newell et al., 2005; Stavins, 1995).

In this article, we examine the determinants of quota prices in the Northeast
United States Multispecies (groundfish) fishery. Package and barter trades
are frequent, as are quota prices of zero. In general, we find that quota
prices are determined by factors fundamental to the production process in
the fishery: scarcity and fish prices matter, suggesting that the market is

relatively well-functioning (Jin et al., 2019; Newell et al., 2005).
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2. Background - the Northeast U.S. Groundfish Fishery

The Northeast groundfish fishery is managed the U.S. National Marine
Fisheries Service (NMFS) with advice from the New England Fishery Man-
agement Council (NEFMC) and has operated under a catch share system
since 2010 (Swasey et al., 2021). Prior to 2010, the fishery was managed with
a complicated system of regulations on fishing time, gear, and possession
limits (Brodziak et al., 2008; Hennessey and Healey, 2000). While participa-
tion in the sector program is voluntary, the majority of commercial landings
(roughly 95-98 percent of commercial groundfish allocation) are attributable

to vessels that participate in the catch share program. Participants in the

fishery typically use gillnets or bottom trawls. The fishery is characterized
by joint production (technical interactions) of outputs (Scheld and Walden,
2018; Squires, 1987a, 1987b); firms determine their output of all stocks si-
multaneously and increases in the catch of one stock will necessitate changes
the catch of others. Some pairs of stocks, like Gulf of Maine (GOM) cod
and GOM haddock are likely to be caught together on a bottom-trawl haul
or gillnet set. Others pairs, like GOM cod and redfish are less likely to be

caught together. Still other pairs, like GOM cod and Georges Bank (GB)

cod, by definition, are not caught simultaneously. This jointness implies
that it can be costly or difficult for firms to avoid a stock with low quota.
Selectivity (Scheld and Walden, 2018), quota levels (Swasey et al., 2021),

and stock conditions (Northeast Fisheries Science Center, 2017) have been

changing over time.
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Since 2010, shares of the Annual Catch Limits for fifteen stocks' of nine
species have been allocated to harvesting cooperatives, known as sectors.
Members of a sector are jointly and severably liable for ensuring that the
sector does not exceed its quota. The precise allocations are based on the
fishing history of their member vessels. These sectors frequently were formed
based on common business interests, geographic proximity, or existing social
relationships (Holland et al., 2013). The quota, known as Annual Catch
Entitlements (ACE), represent the maximum quantity of each stock that a

sector is allowed to catch during the year.

While each of the sectors develops its own operations plan for managing
members” activities, there are many commonalities. All sectors allow fish-
ermen to use own quota as they see fit (Holland et al., 2015a), and quota
holders may fish their allocations themselves, trade them within their sector,
or trade across sectors®. The operations plans also typically include a right-

of-first refusal clause that allows sector members to buy quota that would

'In 2010, the allocated catch share fishery included 14 stocks of 9 species: Georges Bank
(GB) and Gulf of Maine (GOM) cod (Gadus morhua); GB haddock and GOM haddock
(Melanogrammus aeglefinus); GB, Southern New England/Mid-Atlantic (SNEMA), and
Cape Cod/Gulf of Maine (CC/GOM) vyellowtail flounder (Limanda ferruginea); GB
and GOM winter flounder (Pseudopleuronectes americanus); American plaice flounder
(Hippoglossoides platessoides); pollock (Pollachius wvirens); redfish (Sebastes fasciatus);
white hake (Urophycis tenuis); and witch flounder (Glyptocephalus cynoglossus). SNE/MA
Winter Flounder was added to the catch share program in 2012. In addition, the
multispecies complex includes several unallocated stocks — Atlantic halibut (Hippoglossus
hippoglossus), ocean pout (Zoarces americanus), windowpane flounder (Scophthalmus
aquosus), and Atlantic wolffish (Anarhichas lupus), which are not managed with catch
shares. Vessels fishing for groundfish will also frequently catch other species.

Banking is allowed up to 10% of initial allocation. If banking this much would cause
the subsequent year’s catch to be higher than the biologically appropriate, then the
banking is 1%. Banking of valuable stocks is infrequent.
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be otherwise sold out of the sector. To mitigate the risk of exceeding their
quota allocation, sectors typically reserve a fraction of quota, often releasing
some of it near the end of the fishing year. In order to fish, a sector must
hold quota for all stocks that they may encounter in the stock area where
they fish. A small number of sectors, comprised exclusively of inactive quota
owners, operate as lease-only sectors and often offer discounted quota to

tfavored firms to achieve social objectives like community participation.

There are three stocks (Georges Bank cod, haddock, and yellowtail flounder)
for which the U.S. shares management responsibility with Canada. Quota for
the Georges Bank cod and haddock stocks are split into two subcomponents,
East and West. U.S. Catch of the GB East component cannot exceed the
bilaterally negotiated maximums and the total Georges Bank catch cannot
exceed the US ACL. Starting in 2014, quota holders have been allowed to
convert GBE haddock quota into GBW haddock quota; the corresponding
conversion for cod was allowed beginning in 2016. GBW quota cannot be
converted to GBE quota. Economic theory suggests that, when convertible,
the GBE quota should be priced greater than or equal to the price of GBW
quota. If this were not the case, quota owners could arbitrage by purchasing
inexpensive GBE cod, converting it to GBW cod, and immediately selling it

at a higher price, eliminating the price differential.

Landings are monitored by reports from fish dealers. Area fished, and
therefore the stock, is self-reported. All legal-sized fish must be landed

and discards of sub-legal catch count against the sector’s quota allocation.
8
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Fishery observers are deployed on trips to monitor the amount of discards
that occur. These monitors are deployed across vessels in the Northeast
US with the aim of achieving a precision standard on discards of all stocks.
For trips with a fishery observer, actual discards are recorded; when an
observer is not present, an estimated discard rate, based on similar observed
trips, is used. Discard rates for non-observed trips are continually changing
during the year as additional trips are observed, which causes changes in
the amount of quota used by a vessel on non-observed trip, even after a
trip occurs. It is therefore difficult for firms to precisely know their own
quota holdings on a day-to-day basis. Coverage of the groundfish fleet is
fairly low; from 2010-2019, 14-32% of groundfish trips were observed in each
year (GARFO, 2021). There is some evidence that firms adjust behavior
when carrying an observer, making resulting data non-representative of
unobserved trips. Trawlers and gillnetters tend take shorter trips, keep less
fish, and earn less revenue when an observer is present (Demarest, 2019).
Landings composition, measured by groundfish prices or diversity of landed
size categories, of the observed trips also differs systematically between
observed and unobserved trips and these differences did not exist prior to

the implementation of catch shares (Demarest, 2019).

Quota prices provide high-powered incentives for firms to avoid being charged
for that quota. When all catch is observed, firms will undertake costly steps
to avoid high-priced stocks, an intended consequence of this policy. When

not all catch is observed, firms may rationally not comply with fisheries

9
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regulations. Without an observer onboard, there are strong incentives to
discard legal-sized fish, misreport species (Cramer, 2017), and misreport
stock areas (Palmer, 2017) for stocks with high quota prices. A simple
theoretical model sketch illustrates the implications for quota prices. Firms
have a range of skill in avoiding discards; some are good at doing so and other
are not. On a trip without an observer, a firm has the freedom to report
either its true amount of discards or a lesser amount (non-compliance). On a
trip with an observer, a firm’s true discards are reported by the observer. If
all vessels are complying with fishery regulations, then the true discards are
reported on all trips and changes in observer coverage rates cannot have an
effect on either aggregate demand for quota or quota prices. However, if at
least one vessel is not complying with fishery regulations, then an increase in
the observer coverage rate will increase aggregate demand for quota: more
observed trips means more quota must be used. When aggregate demand

for quota increases, the price of quota must increase.

Sector managers, hired by the sector members, track the catch by members
and report it to NMFS. The sector managers also serve as information
conduits for firms, and facilitate trades of quota by posting bid and ask prices®
(Holland et al., 2013; McCann, 2012). Trades between sectors are reported
by the sector manager to NMFS during the fishing year; data collected
includes the pounds transferred of each stock and the total compensation.

Trades within a sector are reported to NMFS at the end of the fishing

3For example, the Sustainable Harvest Sector posts bid and ask quantity and prices at
http://www.groundfish.org/shs/?page_id=15. Accessed on June 9, 2022.
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year. Quota can be transferred multiple times in a year. After the end
of the fishing year, quota holders have a short window to make trades to
balance any unanticipated overages. While quota shares can be permanently
transferred at prices that reflect discounted future returns and property
right quality (Arnason, 2012; Grainger and Costello, 2014; Newell et al.,
2007); these transactions occur less frequently in this fishery. We focus on
the quota leasing market, which involves transfers of quota pounds for use

within the fishing year and use the terms “lease”, “sale”, and “transaction”

interchangeably from this point forward.

In many U.S. catch share fisheries, quota markets are often opaque and
characterized by a lack of posted prices (Holland et al., 2015b; Jin et al.,
2019). In the Northeast U.S. groundfish quota market, in which 14 stocks
of nine species are traded, even monitoring the quota prices is difficult for
tisheries managers. Quota is allocated to sectors (groups of fishermen),
trades are often facilitated through sector managers, and participants may
not be able to easily observe the prices of completed trades (McCann, 2012).
Trades involving many stocks packaged into a single transaction and barters
of one package of quota for another are common. Package and barter trades
are common in fisheries that are characterized by joint production and allow
producers to take advantage of complementarities in the production process
and reduce transactions costs (Holland, 2016; Iftekhar and Tisdell, 2012;
Innes et al., 2014). However, these types of transactions make it difficult for

tirms to observe the market prices of quota. Rigorously testing for market
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efficiency is difficult (Fama, 1998); we follow previous efforts and examine
whether quota prices in the Northeast US multispecies fishery are influenced
by underlying fundamentals that are suggested by economic theory (Jin et
al., 2019; Newell et al., 2005).

3. Materials and Methods

Our goal in this research is to understand the determinants of quota prices.
Three empirical considerations guide our choice of methods: package and
barter trades, frequent quota prices of zero, and joint production. Because of
the prevalence of package and barter trades, we cannot directly observe all
quota prices and a two-step hedonic approach is necessary. In the first step,
we estimate a hedonic price function on transactions-level data to recover
the per-pound price of quota for each stock (Holland et al., 2013; Murphy
et al., 2018). We estimate 38 models, one for each quarter of each fishing
year. In the second step, we estimate a reduced form model to explain the
variation in quota prices using output prices, quota availability, and other
explanatory variables. As a real option, quota has many source of value;
however, an expectation of scarcity is necessary for positive prices (Anderson,
1987; Krishna and Tan, 1996). “Corner solutions,” characterized by excess
supply of quota (low quota utilization rates) and a zero price are prevalent;
we account for this empirical regularity using a hurdle model (Cragg, 1971;
Wooldridge, 2010). Hatcher (2022) illustrates that this situation can occur if
there are more stocks of fish than technologies (fleets) used to capture them.

The phenomenon of joint production implies that attributes of one stock
12
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may affect the quota prices of other stocks. We model joint production by
constructing spatial weights matrices based on co-occurrence of stocks in
fishery-independent survey data and using those spatial weights to estimate
Spatial Lag of X (SLX) models (Halleck Vega and Elhorst, 2015). There are
three primary data sources used in this research; a database of inter-sector
trades, a database used for quota monitoring maintained by the Greater
Atlantic Region Fisheries Office (GARFO), and fishery-independent survey
data collected and maintained by the Northeast Fisheries Science Center

(NEFSC).

3.1. First Stage: Recovering the price of a pound of quota

3.1.1. Empirical Model

The hedonic method has frequently been used to understand the implied
price of individual characteristics of heterogeneous goods (Freeman, 2003;
Parmeter and Pope, 2009; Rosen, 1974). With data about the price and char-
acteristics of the heterogeneous good, the implied prices of each characteristic
can be obtained through statistical methods. Holland (2013) uses a hedonic
model to recover prices in the British Columbia groundfish quota market.
Because that empirical setting contained very few cash trades, prices were
normalized by a numeraire stock, leading to a complex statistical estimator.
Murphy et al. (2018) estimate annual models of Northeast Groundfish quota
prices for 2010-2015; those specifications cannot capture changes in the value
of quota within the fishing year as operating and environmental conditions

change. Neither the hedonic models of Holland (2013) nor of Murphy et al.
13
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(2018) further examine determinants of the prices of quota.

The heterogeneous good is a bundle containing one or more stocks of quota
that is either sold for cash or exchanged for another bundle of quota. Be-
cause a bundle of quota could be divided or repackaged at relatively low
transactions cost, a linear functional form is appropriate (Rosen, 1974).
Therefore, the first stage of the hedonic model estimates the following linear

equation:

Compensationy: = IL\TitQikt + dileaseonlyx: * totalpoundskt+ ct+ ekt (1)
=1

where Qi is the pounds of quota of stock i transferred in trade k during
quarter t; rit is the corresponding implied price of a pound of quota, leaseonly
is an indicator variable that is 1 for a lease-only selling sector and 0 otherwise,
totalpounds are the total quota pounds transferred in a transaction, c;is
a constant, and &x¢ is an iid error term. The Leaseonlyx: * totalpoundsk:
interaction controls for the per-pound discount that leasing sectors give

relative to the prevailing market price.

We estimate Equation 1 independently for each of the 38 quarters®. In some
quarters, there are few trades of a particular stock, and thin data can lead
to imprecise parameter estimates. Data cleaning and preparation consists of

excluding the quantity traded of a stock when there are fewer than 5 trades

“Estimating a pooled model with interactions between each of the 38 time periods
and explanatory variable in Equation 1 would be equivalent. However, it would make the
subsequent model refinement steps (outlier detection) difficult.
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of that particular stock. Some of the self-reported transaction values may
be unrealistic as protest responses (Jin et al., 2019); we therefore exclude
transactions that reported a price of less than $0.005 or higher than $6 per
pound of quota. Finally, we estimated preliminary models and removed
outliers (with a Cook’s D greater than 2) from the estimation dataset prior
to estimating a final model. We used Huber-White-Eicker standard errors

robust to arbitrary heteroskedasticity to perform inference in the first stage.

We check for robustness by estimating models that exclude one or both data

cleaning steps. The results are generally similar across the alternative models,
with two exceptions. The first is the fourth quarter of 2012, when the baseline
model selection process led to exceedingly poor model fit (R? =0.25). Closer
inspection revealed that a handful of excluded stocks with few observations
had large positive prices in the previous quarter. For this quarter, we
employed only the outlier screening step. The second exception are a
handful of stock-quarters combinations with one or two transactions. In

the baseline specification, these columns were excluded. When they were
included, they were typically associated with implausible point estimates
and large standard errors. For example, there were only two trades of GBE

Haddock in the fourth quarter of 2010 and the estimate of the quota price
without data cleaning was estimated to be a rather implausible -$15,000 per

pound with a corresponding standard error of over 2,300.
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3.1.2. Data

The inter-sector trade data are the only data used in the first stage; low
quality of the compensation variable unfortunately precludes inclusion of
within-sector trade data in this analysis. These data are self-reported to
NMES in real-time and contain the sector that the buyers and sellers belong
to, the amount of quota transferred between parties, the total compensation
for the quota, and the transaction date. For barter transactions, where
one package of quota pounds are exchanged another, we follow Holland
et al. (2013) and code quota pounds going in one direction as positive
values and the other direction as negative. Exchanges of quota for non-cash
considerations were excluded. The first stage of the model was estimated

using nominal dollars.

With the exception of the first two quarters of 2010°, when the participants
in the fishery were gaining experience with the new quota management
system, trading in the market has been fairly brisk. The importance of
trading, relative to total catch, has increased moderately over time (Figure
1). There are between 55-188 transactions in each quarter, many of which
are barter or package trades (Table 1 and Figure 2). The package trades
tend to occur earlier in the fishing year, both in absolute (total number
of trades) and relative (fraction of the quarterly trades). This may occur
because quota owners that do not intend to fish for groundfish sell their entire

quota holdings early in the year. Alternatively, owners may be using single

>The fifteen trades from the second quarter of 2010 were pooled with the third quarter
of 2010 trades for the first stage econometrics.
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stock trades more frequently at the end of the year to precisely match quota
holdings to realized catch. While package trades have fallen to approximately
20% of all trades in recent years, these trades remain quite important in

terms of the volume of quota pound transferred (Figure 2).
[Figure 1 about here.]
[Table 1 about here.]
[Figure 2 about here.]

Figures 3 and 4 describe the total transactions and traded pounds for each
stock by quarter. GBE and GBW haddock tend to trade infrequently; but
when trades of these stocks occur, the volumes are high. Infrequent trades
causes some difficulty for estimating quota prices for these stocks. Pollock
and redfish trades occur with at a slightly higher rate, but with much higher

trade volumes.
[Figure 3 about here.]
[Figure 4 about here.]

[Table 2 about here.]

Table 2 contains the summary statistics for the estimation dataset in the
first stage. Approximately 5% of trades were by one of the lease-only sectors.

The average transaction sold quota for $0.77 per pound.
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3.2. Second Stage: Three sources of value for quota

While recovering the prices of characteristics provides tremendous informa-
tion to fishery managers (Arnason, 2012, 1990; Batstone and Sharp, 2003),
these prices are the result of a market equilibrium. Characterizing the
demand or supply curves of characteristics is difficult. In many hedonic
applications, including those for real estate and fishing quota, individuals
sort themselves into buyers or sellers. That is, an individual chooses to be a
buyer or seller; in the case of barters, an individual is both at the same time.
Because of this endogenous sorting, the standard econometric techniques
of using supply- shifters to identify demand and vice-versa are not feasible
(Bishop and Timmins, 2019). Following other researchers (Jin et al., 2019;
Newell et al., 2005), we take a reduced form approach to explore the factors

that affect quota prices.

Quotas have attributes of financial options; they give the quota holder the

ability, but not the obligation, to undertake some economic activity over
a fixed period of time (Anderson, 1987). Quota value can be derived from
three sources: a scarcity component, an asset market component, and an

option value component (Krishna and Tan, 1996). The scarcity component
is most familiar to fisheries economists; it arises as a direct application of
a Walrasian equilibrium when aggregate quota limits are constraining or
likely to be constraining (Varian, 1992). When this occurs, the scarcity
value is equal to the marginal profitability of using quota (Arnason, 2012),
which should be related to output (fish) prices, input prices (fuel and labor),
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and environmental conditions that affect the aggregate production process.
When quota limits are unconstraining, there is no scarcity value. In a
multispecies fishery with technical interactions, scarcity value can also arise
through the joint production process. This occurs because quota of jointly
caught stocks are complements: holding quota for one stock enables a firm
to catch and land other stocks of fish. Quota of stocks that are not caught
together are substitutes: if quota is scarce for a GOM stock, some firms
will shift effort outside the GOM to avoid the scarce stock. Less than full
monitoring of catch effectively increases the amount of quota available if
firms do not comply with the requirement to land all legal-sized fish. This

occurs because non-compliant firms on unobserved trips will match less than
one pound of quota against one pound of landings. Decreases in monitoring

rates are therefore expected to reduce the value of quota.

Quota can also be viewed as capital asset that lasts one year. In order for an
asset holder to hold an asset, they must be compensated for doing so, and
the price of quota should rise at the prevailing market rate of interest within
a year (Hotelling, 1931; Krishna and Tan, 1996). If it did not, a quota holder
could do better by divesting at the beginning of the year and investing the
proceeds, earning that market rate of interest. When there is uncertainty
about the payoff to using quota, option value arises because owning quota
on the first day of the fishing year allows the owner to fish or to delay in
hope of more favorable environmental or market conditions (Krishna and

Tan, 1996). Option value only exists if there is a positive probability that
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the quota will constrain the fishery. The option value declines as the fishing
year progresses and the changes in capital and option values may partially

offset each other.

Using fifteen years of quarterly data on 141 stocks of 30 species; Newell et al.
(2005) estimate a reduced-form flexible model to explain prices in the New
Zealand quota market; quota prices are influenced by output prices, costs,
previous year utilization, cumulative utilization, macroeconomic factors,
and environmental conditions. There are at least three notable differences
between our study and that of Newell et al. (2005). First, Newell et
al. (2005) observe stock-level prices directly, while we must recover quota

prices from a first-stage model. Second, Newell et al. (2005) never observe
quota prices equal to zero; approximately half of the observations in our
dataset are associated with a price of zero. Third, Newell et al. (2005)

have a dataset that is approximately ten times larger (6,010 stock-quarters

compared to 640 stock-quarters); our smaller dataset warrants parsimony
in the empirical specification. Jin et al. (2019) examine the single-stock
General Category IFQ scallop fishery and complexities such as package
trades and joint production are not present in their application. Jin et al.

(2019) finds that lease prices are related, among other things, to profitability.

3.2.1. Stage 2 Methods - A corner solution and the Cragg’s Hurdle model
The second stage explains variations in the estimated marginal prices, 7
from Equation 1, using proxies for the sources of value. Based on the frame-

work of a real option, we assume that the value of quota is determined by
20
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two processes. When the amount of quota is “high” (far from constraining),
minimal scarcity, option, and capital asset value will exist and quota prices
are expected to be low or zero. When the amount of quota is “low” (con-
straining with a reasonable probability), we expect quota prices to include

all of these value components.

A two-part model containing an participation and an outcome component
can accommodate the corner solution nature of equilibrium prices® (Cragg,
1971; Wooldridge, 2010) . The participation component of the hurdle model
examines the probability that a quota price is positive; we use a probit
model for this component. The outcome component explains the variation in
positive quota prices; we experimented with truncated linear and exponential
functional forms for this component. A Tobit (Tobin, 1958) is a special case
of two-part model in which the participation and outcome components of
the model are assumed to have the same underlying process, a restriction
that we believe is inappropriate in this context (Wooldridge, 2010). Cragg’s
(1971) hurdle model, which allows for the underlying processes to differ,
requires estimating more parameters and has been used to examine the
adoption of agricultural technologies where the corner solution (“do not
adopt new technology”) is often selected by optimizing agents (Bezu et
al.,, 2014; Ricker-Gilbert et al., 2011; Verkaart et al., 2017).The hurdle
model allows for characterization of the effects of independent variables

on three quantities: the probability a quota price is positive, the expected

®The participation and outcome nomenclature is slightly awkward in this context,
however, we follow the social science convention.
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value of quota price (the unconditional expectation), and the expected value
of positive quota prices (the conditional expectation) (Wooldridge, 2010).

These three effects depend on both the estimated coefficients and the values
of the independent variables. Therefore, we evaluate the partial effects at the

actual values of observations in the data and average over these observations.
Standard errors were computed using the delta method. We estimation and
compute partial effects using Stata with the user written nehurdle command

(Sanchez-Penalver, 2019).

3.2.2. Stage 2 Methods: A spatial approach to jointness
The technical interactions implied by joint production suggests that the
quota price of stock j can be affected by attributes of other stocks; the
strength of that effect will be larger for pairs of stocks that are frequently
caught together. We use methods from the spatial econometrics literature
to impose restrictions on how attributes of other stocks can affect the quota
price of stock j (Halleck Vega and Elhorst, 2015; LeSage, 2008; Pinkse et al.,
2002). We construct Distance- and Inverse-Distance spatial weights matrices
to capture the degree of disjointness and jointness in the production process.
These spatial weights matrices are based on the co-occurrence of stocks of
fish in fishery independent survey data and constructed using the Ruzicka
distance measure (Schubert and Telcs, 2014). For stocks A and B, the yearly
distance metric is computed as (suppressing the time subscript):
: min(q?, qP)
— L i i

PP (g, o)
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where g# is the amount of stock A on tow idivided by the total amount
of stock A on all tows and g~ is defined analogously. The distance metric
is equal to 1 when stocks A and B are never caught together and equal to
0 when stocks A and B are always caught together. Because the distance
measure is time varying, it can capture changes in environmental (stock)
conditions. For each time period ¢, the symmetric (17x17) D: matrix is
constructed. An inverse distance matrix (IDy) is also constructed by taking
the reciprocal of distance from Equation 2. Terms on the diagonal of the
inverse distance matrix are set to zero by convention. D; and ID; are stacked
into a block diagonal matrices D and ID by fishing quarter with zeros on
the off diagonal; there are 38 quarters in the analysis, so the spatial weights
matrices D and W are block diagonal 646x646 matrices. This embodies the
quite reasonable assumption that there is no jointness in the catch of stocks
iand j at two different points in time (for example, a fishing vessel cannot
catch GOM cod in 2010 and GOM Haddock in 2012 on the same trip).
Increases in D reflect disjointness while increases in ID reflect jointness.
Spatial weights matrices are often normalized by dividing by the largest
absolute eigenvalue (LeSage, 2008). Because distance and inverse distance
lags enter the estimating equation, we normalize by the same largest absolute
eigenvalue from D and ID matrices. This ensures the estimated effects of

the spatial lags are comparable.
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3.2.3. Stage 2 Methods - Data and Model Selection
The results of the first stage are used as dependent variables in the second
stage. The GARFO quota monitoring databases were used to construct
quarterly usage of quota and fish prices, both expressed in live pounds. The
same databases were also used to construct the annual proportion of each
stock that was caught on a trip with a fishery observer. Fishery independent
data used to construct the spatial weights matrices were extracted from the
NMEFS bottom-trawl and Massachusetts Department of Marine Fisheries
inshore survey databases; both the spring and fall surveys were used (Reid
et al., 1999). This is a fishery independent datastream that is designed
to provide consistently-collected data for stock assessment. Tow-level data
were aggregated to the stock area using the stock area boundary definitions”.
Distance measures constructed using abundance (numbers of fish) and total
weight (pounds of fish) were similar; we used weight to construct the distances
in 2 for the econometric models. Figure 5 illustrates the distances for two
stocks, GOM cod and Plaice, the full set of distances can be found in the
Appendix. In the fishery independent surveys, GOM cod is commonly caught
with the other stocks in the Gulf of Maine: CCGOM Yellowtail Flounder,
GOM haddock, GOM Winter Flounder. It is also caught with some of the
unit stocks like plaice, pollock, and less commonly redfish, white hake, and

witch flounder. Plaice is commonly caught with some of the flatfish, like

’https://www.fisheries.noaa.gov/resource/map/northeast-groundfish-stock-areas
and https://www.fisheries.noaa.gov/resource/map/united-states-canada-northeast-
groundfish-management-areas. Accessed on Feb 4, 2022.
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CCGOM yellowtail flounder, Witch flounder, GOM winter flounder and
some roundfish, like GOM cod, GOM haddock, redfish, and white hake.

These data were supplemented with information on at-sea monitoring levels
(GARFO, 2021) and sector sub-ACLs (total quota allocated)®. In the second
stage, all prices were normalized to the real 2010 USD using the GDP

Implicit Price deflator’.
[Figure 5 about here.]

Spatial lags of explanatory variables were constructed by matrix multiplying
the distance and inverse distance matrices by explanatory variables. We
used the ID and D spatial lags of quota remaining as explanatory variables
into the second stage estimating equation. increases in ID reflect jointness,
it is reasonable to expect increases in IDquota to increase quota prices.
Conversely, increases in D reflect disjointness — therefore increases in Dguota

are expected to decrease quota prices.

Explanatory variables initially included in the probit participation equa-
tion are quota remaining, fraction of quota remaining, the proportion of
catch observed, and indicator variables for the quarter of the fishing year.
Explanatory variables initially included the outcome equation were quota
remaining, fraction of quota remaining, proportion of catch observed, quar-

terly indicators, fuel prices, wage rates, output (fish) prices, and Inverse

8https://www.greateratlantic.fisheries.noaa.gov/ro/fso/reports/h/nemult'ispecies.h’c
ml. Accessed on Feb 4, 2022. Prior to 2010, the fishery was managed with target TACs;
for the two transboundary stocks GBE/GBW cod and haddock) these was obtained from
TRAC Status Report 2015/01 and TRAC Status Report 2015/02.
https://fred.stlouisfed.org/series/GDPDEF. Accessed on Feb 4, 2022.
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Distance and Distance weighted spatial lags of quota remaining'®. When
quota is abundant for a stock, changes in the profitability of using quota, as
measured by output prices and spatial lags of quota remaining, will not affect
the probability that quota prices are positive. Therefore these explanatory
variables are excluded from the participation equation. The ID and D spatial
lag terms are highly correlated with each other. During the model selection
process, this pair of variables were usually jointly important in the model (as
measured with joint tests of statistical significance, likelihood ratio tests, and
examination of the AIC and BIC) but sometimes individually unimportant,
a symptom of collinearity (Greene, 2003), one of these variables is dropped

from the model to address this when this occurs.

Model selection in the second stage is guided by a combination of classical
hypothesis testing (Wald and likelihood ratio tests that sets of coefficients
are statistically zero) and examination of information criteria (AIC and BIC).
We have relatively few observations (n=640), of which 340 are positive, so
parsimony is warranted to avoid overfitting. Output prices are likely to
be simultaneously determined with quota prices and therefore endogenous.
While we use quota remaining at the start of the quarter to control for
aggregate supply of quota; this variable is also plausibly endogenous to quota

prices. Demarest (2019) illustrates mechanisms by which the proportion of

1%We experimented with specifications that included a year-on-year change in quota
remaining (following Newell et al. (2005)) to proxy for informational shocks, year-on-
year changes in catch limits to allow for partial adjustment to changing conditions, and
categorical variables for a “large” (20% and 50%) increases and decreases in catch limits.
None of these explanatory variables were found to explain quota prices.
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the catch on observed trips could be simultaneously determined with quota
prices. We use the control-function version of the Durbin-Wu-Hausman test
to check for exogeneity (Wooldridge, 2015). Quota remaining dated four
quarters earlier, prices date four quarters earlier, and the targeted observer
coverage rate ware used as excluded instruments. The DWH tests failed to
reject the hypothesis that quota remaining, output prices, and proportion of

catch observed are exogenous.

There were two variants of the initial second-stage model: an exponential
and a linear form for the level equation. When a quota price in the first
stage could not be estimated, these prices were assumed to be zero. We
also estimate a set of second stage models where these types of observations
were omitted; this reduces the sample size to just 388 observations. In the
hurdle model, only observations with positive prices are used to estimate
the outcome equation; therefore, changing the sample in this way only
affects parameters estimated in the participation equation. Our first-stage
econometric model also estimated a small number of negative prices, implying
that a quota holder has to pay a buyer to take away quota. If quota prices
were truly negative, it would be optimal to simply let the quota expire at
the end of the year. Upon inspecting these results further, we found that
most of these negative point estimates are due to statistical imprecision and

those negative prices were set to zero for the second stage.

Table 3 provides some insight into the differences between stocks with

positive and zero prices of quota. Stocks with positive prices tend to have
27
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higher output prices and lower quota remaining, both in absolute and
proportional terms. They also tend to have slightly higher spatial lags
of quota remaining. The fraction of catch observed and fraction of trips

observed did not systematically differ for positive or zero priced quota.

[Table 3 about here.]
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4. Results

4.1. Stage 1 - Recovering the price of quota

The quarterly models of quota prices fit the data quite well, with very high R?

measures (Table 4). The marginal prices (7it) and associated 90% confidence
intervals are presented graphically in Figures 6 through 8. We do not observe
particularly strong patterns in prices within a fishing year; sometimes prices
rise within a fishing year, sometimes they fall, and sometimes they are
roughly constant. Breaks in the time series indicate a quota price was not
estimated in the first stage. GBE and GBW haddock quota were very thinly
traded and prices were difficult to estimate with any degree of precision for

these stocks.

[Table 4 about here.]
[Figure 6 about here.]
[Figure 7 about here.]
[Figure 8 about here.]

The first stage results for GBE and GBW cod deserve further explanation.
The ability of firms to arbitrage from 2016 onward suggests that the price
GBE cod greater than or equal to the price of GBW cod during this time
period (Figure 9). This is usually, but not always true. A 90% confidence
interval is included in the graphs, observations where the upper bound of
the confidence interval falls below zero correspond to rejection of the null

hypothesis that the price of GBE cod quota is greater than the price of
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GBW cod at the 95% significance level. After 2016, there were 5 quarters
where this null is rejected: the first two quarters of 2017, the first and third
quarters of 2018, and the third quarter of 2019.

[Figure 9 about here.]

4.2. Stage 2 - Understanding the Determinants of Quota Prices

Table 5 contains results of linear and exponential hurdle models estimated
in the second stage in addition to least squares coefficient estimates for
comparison purposes. As measured by AIC and BIC, exponential hurdle
model (Column 1) fits slightly better than the linear hurdle model (Column
2). By R?, constructed as the squared correlation between the actual and
predicted prices, the linear hurdle model fits better than the exponential
hurdle. The likelihoods corresponding to the hurdle and OLS models are not
conformable; so we cannot use AIC or BIC to select between these classes of
models. The p-values for the Durbin-Wu-Hausman test confirm exogeneity
of the output prices, quota remaining, and fraction observed variables at

reasonable confidence levels. Preliminary models that included fuel prices
and the opportunity cost of labor were initially estimated but both were

excluded from the final specification; full results are in the Appendix.

The magnitudes of the coefficients are difficult to interpret directly; never-
theless, we briefly summarize them before focusing on the partial effects.
The two hurdle models vary in the outcome equation but have the same

participation specification. In the participation equation, increases in quota

30



615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

remaining decrease the likelihood that quota will trade at a positive price.
This occurs directly, through the quota remaining effect, and indirectly,
through the fraction remaining effect. The fraction of catch that is observed
does not have a statistical significant effect on the probability that quota
will trade at positive prices. The negative coefficients on the quarter of year
variables indicate that quota that is traded later in the year is increasingly
unlikely to trade at a positive price (relative to the first quarter). A Wald
test for the equality of the Quarter 2 and Quarter 3 coefficients (x*59.54,
p=0.002), the Quarter 2 and Quarter 4 coefficients (x*=42 p< 0.0001), and
the Quarter 3 and Quarter 4 coefficients ()=39.12 p< 0.0001) found they

are statistically differ from each other.

In the outcome equation, increases in the live (output) price of fish and
the fraction of catch observed lead to increases in the quota price while
increases in quota remaining caused quota prices to decrease. The positive
coefficient on fraction of catch observed is evidence in support of the simple
model of non-compliance in Section 2. The negative coefficients on the
quarterly indicator variables indicate that quota prices decline after the
first quarter of the year. Wald tests performed on the exponential model
results suggest that the Quarter 2 and Quarter 3 coefficients (x*52.74,

p=0.098) and the Quarter 3 and Quarter 4 coefficients (¥*=0.98 p= 0.33)
are not statistically distinguishable. In somewhat contrast, the Quarter
2 and Quarter 4 coefficients (x?=4.89 p< 0.027) are statistically different.
Wald tests performed on the linear model find that the Q2, Q3, and Q4
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coefficients in the outcome equation are not statistically distinguishable from

each other.

Weak to moderate evidence is found that increases in quota of non-joint
stocks will decrease the market price of quota. Similarly, weak to moderate
evidence is found that increases in quota of joint stocks will increase the
market price of quota. The coefficients estimated by OLS (column 3) are
directly interpretable as a marginal effect on the expected price of quota due
to a small change in the value of a dependent variable. The signs of the OLS

coefficients are identical to the signs of the coefficients in the hurdle models.

[Table 5 about here.]

Three effects of the explanatory variables are of interest. First, how do
explanatory variables affect the expected probability of a positive quota
price? Second, how do explanatory variable affect the expected quota price,
conditional on that quota price being positive? Third, how do explanatory
variables affect expected quota prices? We report Average marginal effects
and and graph the marginal effects across a range of values of independent
variables. The marginal effects describe the effect of a one unit change on
each of the three quantities. For the quarterly categorical variables, these
are changes compared to the baseline level, the first quarter of the fishing

year. We compute these effects for both hurdle models.

The participation component of the hurdle is identical for the two specifica-

tions; therefore the average marginal effects corresponding to the participa-
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tion equation are the same (Table 6). An increase in quota remaining has a
large negative effect on the probability of quota being traded at a positive
price: an increase of 1,000mt of quota decreases the average probability of
a positive price by 2.4%. Because the probit is non-linear, the predicted
probabilities (left panel of Figure 10) and marginal effects (right panel of
Figure 10) vary across the range of quota remaining. When quota remaining
is low (say, 200mt), there is a very high probability (approximately 80%)
that prices will be positive. As the amount of quota remaining increases,
the probability of positive quota prices declines, rapidly at first but at a
decreasing rate. The effects of the quarterly indicators are straightforward:
relative to the first quarter, quota prices are 21%, 33%, and 60% less likely
to be positive in the second, third, and fourth quarters respectively. Wald
tests of equality find that the quarterly effects are statistically different from

each other.

[Table 6 about here.]

[Figure 10 about here.]

[Table 7 about here.]

The marginal effects of changes in independent variables on positive prices
depend non-linearly on the parameters and data used in the outcome equation
(first and second columns of Table 7). While the signs of the marginal effects
are quite consistent across the two specifications, the magnitudes of the

average marginal effects are a bit more sensitive to the choice of specification.
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An increase in the live price of fish of $1 per pound increases the conditional
quota prices by $0.25-$0.46 per pound. The exponential functional form
imposes a response that is quite non-linear, which may be unrealistic for

higher priced fish (left panel of figure 11).
[Figure 11 about here.]

An increase in the quota remaining by 1,000mt decreases positive quota
prices by $0.19 to $0.22 per pound, depending on the specification. Figure
12 illustrates that this effect is large in magnitude when quota is scarce and
that differences between the two specifications occurs when there is little

quota remaining.
[Figure 12 about here.]

The econometric model shows that a 1 basis point increase in the the
fraction of the catch observed (say from 20% to 21%) will increase positive
quota prices by $0.014 to $0.018 per pound. The positive coefficient on
observer coverage rate in the outcome equation is evidence in support of
this theoretical model described in Section 2. Figure 13 illustrates that this
effect is relatively small when a small fraction of the catch is observed and

substantially larger when more of the catch is observed.

One possible explanation for the increasingly large coverage rate effect on
quota prices could be the distribution of firm skill at avoiding discards. If
this skill is not uniformly distributed (say normally distributed, then at

very low levels of observer coverage, only a few (unskilled) firms will find
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non-compliance profitable. As observer coverage levels increase, increasingly
more firms do so. Eventually the rate of growth of non-compliant firms slows.
This implies a quota-price to coverage rate relationship that is S-shaped.
However, the highest coverage rate we observed was 58% and 90% of our
observations had coverage rates between 10% and 37%, so we lack data

corresponding to high observer coverage rates to examine this in greater

detail.
[Figure 13 about here.]

The marginal effects of changes in independent variables on expected prices
are a combination of the effects from the probit participation equation and
the outcome equation (third and fourth columns of Table 7). These effects
also depend non-linearly on the parameters and data used in the outcome
equation and are directly comparable to the coefficients estimated by OLS

(third column of Table 5). An increase in the live price of fish of $1 per
pound increases the unconditional quota price by $0.17-$0.32 per pound; this

is similar to the effect estimated by OLS. The exponential functional form
imposes a response that is quite non-linear, which may be unrealistic (left

panel of figure 14). The marginal effect of quota remaining on unconditional
expected prices is large: an increase in quota remaining of 1,000mt will
decrease quota prices by approximately $2; this is a much larger effect than

that estimated by OLS. The large effect of changes in quota remaining
from the participation equation is amplified by the effect in the outcome

equation. It is largest in magnitude when there is little quota remaining
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(Figure 15). The econometric model shows that a 1 basis point increase in
the the fraction of the catch observed (say from 22% to 23%) will increase
expected quota prices by $0.01 to $0.02 per pound. Figure 16 illustrates that
this effect is relatively small when a small fraction of the catch is observed

and substantially larger when more of the catch is observed.
[Figure 14 about here.]
[Figure 15 about here.]
[Figure 16 about here.]

Changes in quota remaining have an indirect effect on the quota prices of
other stocks. A one-unit increase in distance spatial lag quota remaining
term will decrease positive prices by $0.06 to $0.20. We interpret this as

evidence that increases in quota for nearby stocks increases quota prices
by a roughly similar amount. The quarterly discrete effects in the third
and fourth columns of Table 7 indicate that quota prices decline within
the fishing year. Focusing on the linear hurdle model, unconditional quota
prices are $0.22, $0.32, and $0.51 per pound lower in the second, third,
and fourth quarter of the fishing year. Wald tests of equality find that

effects of the Quarter 2, 3, and 4 variables on the unconditional mean quota
prices are statistically different from each other while their effects on the
conditional mean are not. The differences between the unconditional and
conditional effect presented earlier is due to the changes in the probability

that a particular stock will trade at a positive price.
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5. Discussion and Conclusions

Quota markets allocate quota efficiently when certain conditions are
met. These conditions include having many buyers and sellers, perfect
information, no barriers to trade, no economies of scale, and minimal
transactions costs. All of these conditions are rarely present in established
markets for commonplace goods like used automobiles (Akerlof, 1970), real
estate (Harding et al., 2003), or groceries (Smith, 2004), let alone immature
quota markets (Pinkerton and Edwards, 2009). These market imperfections
cause losses for society because some potential gains from trade are not
realized. When market imperfections are small, these losses are likely to be
small. When market imperfections are large, the market may completely
disappear (Akerlof, 1970). While the market for fishing quota is not an
ideal setting for testing market efficiency (Fama, 1998; Malkiel, 2003), the
analysis finds mixed evidence for the proposition that the groundfish market

is well functioning efficiently.

We find that trade volumes have increased modestly over the first ten years
of the quota system, suggesting that the market is maturing, a finding
broadly in line with other research (Jin et al., 2019; Newell et al., 2005;
Ropicki and Larkin, 2014; Vasta, 2019). Price differentials between GBE

cod and GBW cod after 2016 are sometimes not consistent with economic
theory; the price of GBW cod should not be greater than that of GBE cod.

We have four possible explanations for this finding. First, the econometric
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model may not estimate prices well. We do not believe this is plausible in
the first two quarters of 2017, when there were many trades of both stocks
and GBW was over $1 more valuable than GBE cod. Second, firms that sell
their entire allocation of quota typically do so early in the fishing year and
sellers reportedly take a discount for doing so. These types of trades, if they
disproportionately include GBE cod, may cause the econometric model to

assign lower prices to GBE cod. Unfortunately, we cannot identify trades of
an entire allocation of quota in our data. The data were inspected for the
frequency of multi- and single-stock trades of GBE and GBW cod during
these times, but we did not find any correlations between the frequency or
importance of multi-stock trades and the GBE-GBW price inversion. Third,
the transactions costs of arbitrage (trading and submitting paperwork to

NMFS) may be high enough that quota holders do not do this. Fourth,
quota holders may not have good information about prices. Further research
is clearly warranted to understand the causes of this irregularity and whether

a policy change would encourage allocative efficiency.

In general, we find that quota prices are determined by factors fundamental to
the production process in the fishery, suggesting that the market is relatively
well-functioning (Jin et al., 2019; Newell et al., 2005). In particular, the
second stage econometric model illustrates that scarcity matters. When
there is abundant quota, the probit component of the hurdle model indicates
quota prices are likely to be zero. For stocks trading at positive prices,

the outcome component of hurdle model indicates increases in quota will
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reduce quota prices. We also find that increases in fish prices also produce
increases in quota prices. In a multispecies fishery, quota of stocks caught
together are complements (Iftekhar and Tisdell, 2012) and quota prices
of all stocks are simultaneously determined (Hatcher, 2022). The spatial-
econometric methods find some evidence of complementarity: prices of quota

are influenced by quantity supplied of jointly caught stocks. We find weaker

evidence that quota of non-jointly caught stocks are substitutes.

Demarest (2019) finds that groundfish trips with an observer systematically
vary, although differently for trawl and gillnet vessels, from trips without an

observer. Increases in the fraction of the observed catch will increase quota
prices; this finding can be interpreted as further evidence that firms change
their behavior in response to on-board observers. This suggests that firms
are discarding fish with higher quota prices on unobserved trips. In 2022,
managers concerned with both catch accounting and the generalizability of
observer collected data to non-observed trips, adjusted fishing regulations to

target 100% observer coverage for four years (NEFMC, 2021; Palmer, 2017).

Prices in the quota market are driven, in part, by fundamentals. However,
it may be difficult for buyers and sellers to discover quota prices. Package
and barter trades are a convenient way for parties to take advantage of
scope economies and reduce transactions costs (Iftekhar and Tisdell, 2012;
Innes et al., 2014), but they make it difficult for other buyers and sellers
to observe the price of an individual stock. The right-of-first refusal, in

which sector members can purchase quota that would be otherwise sold
39
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outside of the sector also increases transactions costs. We speculated that
moderate reforms to improve the transparency of the market and lower the
transactions costs of participating could improve the ability of the market
to allocate quota to the most efficient firms. For example, price caps, in
the form of deemed values, can reduce uncertainty about prices and add
liquidity to thin markets (Townsend and Walker, 2022). However, all policy

changes advantage some and disadvantage others.
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Figure 1: Trends in the fraction of quota that are leased and sold. Note: Annual median
across fish stocks of the lease transactions divided by total catch (solid) and catch limit
(dashed)
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95% confidence interval.
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1154 Tables

Fishing Year Quarter 1  Quarter 2 Quarter 3  Quarter 4
2010 2 13 55 121
2011 105 132 169 188
2012 87 127 97 66
2013 166 98 137 90
2014 100 120 95 70
2015 136 123 143 116
2016 117 133 162 134
2017 142 163 106 135
2018 138 146 116 122
2019 135 97 95 68

Table 1: Quota Transactions Per Quarter
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mean sd
Compensation (nominal) $5,838 13,123
Average Price per Pound (nominal) $0.78 0.72
CCGOM Yellowtail Pounds 573 2,433
GBE Cod Pounds 232 1,470
GBW Cod Pounds 2,240 12,843
GBE Haddock Pounds 785 12,794
GBW Haddock Pounds 1,586 26,718
GB Winter Pounds 656 5,995
GB Yellowtail Pounds 169 1,536
GOM Cod Pounds 1,189 4,930
GOM Haddock Pounds 1,518 11,729
GOM Winter Pounds 129 1,144
Plaice Pounds 1,515 7,867
Pollock Pounds 2919 32,227
Redfish Pounds 4309 39,180
SNEMA Yellowtail Pounds 280 1,750
White Hake Pounds 2,450 15,561
Witch Flounder Pounds 863 3,860
SNEMA Winter Pounds 297 2,049
Lease Only*totalpounds 4,031 62,825
Lease Only Seller 0.05 0.22
Total Pounds 21,711 96,917
Observations 4,565

Table 2: Summary Statistics for the first stage.
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Quota Price=0  Quota Price>0 Total

Quota Price (real) 0.00 0.70 0.37
(0.00) 0.63) (0.58)
Output Price, (live pounds real dollars) 1.35 1.76 1.57
(0.62) (0.57)  (0.63)
Quota Remaining ("000mt) 7.73 1.25 429
(9.80) (1.98) (7.58)
Fraction Quota Remaining 0.85 0.76 0.80
(0.16) (0.22)  (0.20)
Fraction of Catch Observed (stock) 0.22 0.23 0.23
(0.09) (0.07)  (0.08)
Fraction of Trips Observed (fishery) 0.21 0.21 021
(0.05) (0.05) (0.05)
Spatial Lag (ID) of Quota Remaining 3.87 4.36 4.13
(1.30) (1.31) (1.33)
Spatial Lag (D) of Quota Remaining 3.57 3.84 3.72
(1.24) (1.13) (1.19)
Quarter 1 0.20 0.27 0.24
(0.40) (0.44) (0.43)
Quarter 2 0.24 0.24 0.24
(0.43) (0.43) (0.43)
Quarter 3 0.25 0.28 0.26
(0.43) (0.45) (0.44)
Quarter 4 0.31 0.22 0.26
(0.46) (0.41)  (0.44)
Observations 300 340 640

Table 3: Summary statistics for the second stage, positive and zeros separately. Means
with standard deviations below in parentheses.

74



Fishing Year Quarter1 Quarter2 Quarter3 Quarter4

2010 097 0.87
(69) (121)

2011 0.62 0.97 0.98 091
(105) (128) (168) (187)

2012 0.98 0.98 0.95 0.96
(85) (125) (96) (64)

2013 0.98 0.87 093 0.79
(161) (94) (133) (90)

2014 0.98 0.96 0.98 0.79
(98) (117) (94) (70)

2015 0.99 0.92 0.94 0.85
(135) (121) (142) (116)

2016 091 0.88 0.98 0.89
(114) (130) (159) (133)

2017 0.98 0.97 095 0.84
(139) (160) (105) (133)

2018 0.98 0.88 0.98 0.87
(135) (142) (114) (119)

2019 0.95 0.96 0.98 0.95
(131) (96) (94) (67)

Table 4: R? and sample size, in parentheses below, for the first-stage models.
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Exponential Linear OLS

participation
Quota Remaining -0.146*  -0.146**
(0.02) (0.02)
Fraction Quota Remaining -3.559***  -3.559***
(0.67) (0.67)
Fraction of Catch 1.535 1.535
Observed (1.16) (1.16)
Quarter 2 -0.756***  -0.756***
(0.16) (0.16)
Quarter 3 -1.161%% -1.161***
(0.20) (0.20)
Quarter 4 -2.115%*  2.115%**
(0.28) (0.28)
Constant 4.026***  4.026***
(0.70) (0.70)
outcome
Live Price 0.774%*  0.823***  (0.353***
(0.14) (0.21) (0.06)
Quota Remaining -0.307***  -0.740** -0.006*
(0.04) (0.30) (0.00)
Fraction of Catch 3.006***  4.739%%*  1.265%**
Observed (0.80) (1.41) (0.43)
Distance Lag of -0.152*  -0.904***  -0.390***
Quota Remaining (0.06) (0.28) (0.13)
Inverse Distance Lag 0.689***  0.366***
of Quota Remaining (0.21) (0.12)
Quarter 2 -0.304*  -0.430**  -0.081**
(0.10) (0.18) (0.04)
Quarter 3 -0.459***  -0.617** -0.093*
(0.11) (0.29) (0.05)
Quarter 4 -0.556***  -0.782**  -0.143**
(0.13) (0.36) (0.06)
Constant -1.600%** -1.009  -0.427**
(0.41) (0.64) (0.21)
R® 0.315 0.367 0.273
AIC 916 932 923
BIC 987 1,008 963
Log-Likelihood -442 -449 -452
N 640 640 640
Durbin-Wu-Hausman p-value 0.23 0.13 0.11
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Table 5: Second stage estimation results fr om two hurdle and one OLS specification



Marginal Effects

Quota Remaining -2.370%**
(0.39)
Fraction of Catch 0.431
Observed (0.32)
Quarter 2 -0.212***
(0.04)
Quarter 3 -0.326***
(0.05)
Quarter 4 -0.594***
(0.07)

Table 6: Marginal effects on the Probability of positive quota prices
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Marginal Effects on Marginal Effects on

Positive Quota Prices Quota Prices

Exponential Linear  Exponential Linear

Live Price 0.463*** 0.247%%* 0.322%** 0.173***
(0.11) (0.05) (0.08) (0.04)

Quota Remaining -0.184***  -0.222%** -2.115%*  -1.958***
(0.02) (0.07) (0.40) (0.37)

Fraction of Catch 1.799%**  1.425%** 1.533*** 1.250***
Observed (0.52) (0.33) (0.45) (0.31)
Distance Lag of -0.091%*  -0.272*** -0.063**  -0.190%**
Quota Remaining (0.04) (0.07) (0.03) (0.05)
Inverse Distance Lag 0.207*** 0.145***
of Quota Remaining (0.06) (0.04)
Quarter 2 -0.182***  -0.129%** -0.265***  -0.215%**
(0.06) (0.04) (0.05) (0.04)

Quarter 3 -0.275%*  -0.186*** -0.403***  -0.321***
(0.07) (0.07) (0.07) (0.06)

Quarter 4 -0.333***  -0.235%** -0.618***  -0.513***
(0.08) (0.08) (0.08) (0.08)

Table 7: Marginal effects on the conditional (left two columns) and unconditional (right
two columns) expected price for the exponential and linear hurdle.
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