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Abstract

Commercial fishing involves both physical and financial risks. This combination questions whether fishermen are
inherently risk-loving, whether physical and financial risk preferences are correlated, and how much preferences
vary across fishermen. This paper addresses these questions with a panel data set of daily participation decisions
in the California sea urchin dive fishery. Weather buoy data and the prevalence of great white sharks at a particular
fishing site proxy for physical risk. Overall, urchin fishermen are not risk-loving on average, risk preferences
are heterogeneous, and there is some evidence that risk preferences are positively correlated across physical and
financial domains.
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The port would fain give succor; the port is pitiful; in the port is safety, comfort, hearth-
stone, supper, warm blankets, friends, all thatOs kind to our mortalities. But in that gale,
the port, the land, is that shipOs direst jeopardy; she must Ry all hospitality; one touch
of the land, though it but graze the keel, would make her shudder through and through.
With all her might she crowds all sail off shore; in so doing, Pghts Ogainst the very winds
that fain would blow her homeward; seeks all the lashed seaOs landlessness again; for
refugeOs sake forlornly rushing into peril; her only friend her bitterest foe.

Herman Melville, Moby Dick(p. 115-116)

Commercial fishing appears to be a risky profession. Fishing outcomes certainly support
this claim with both a high occupational hazard rate and substantial variability in finan-
cial returns. On the one hand, commercial fishing vessels are often at the mercy of bad
weather, and accidents at sea are common. In the mid-1990s fishing deaths per 100,000
workers ranged from 134 to 191 per year (Spitzer, 1999). Between 1991 and 1996, there
were 146 commercial fishing fatalities in Alaska alone, more than 20 times the aggregate
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two individuals on board: one diver and one tender. This arrangement usually takes one
of two forms: multiple licensed urchin divers going together on the same boat (one tends
while the other dives) or a hired tender who is not a licensed diver. Of the trips in our
database, 28% have one diver on board, 56% have two divers on board, and 15% have three
or more divers on board. Some of the multi-diver trips are a reflection of there being no
entry restriction prior to the mid-1990s. So, it was a trivial matter for non-owners to get a
license and a number of individuals tried out urchin diving presumably with a friend who
had a boat. Unfortunately, our database does not include boat ownership, and we have no
way of tracking the hired tenders who do not have licenses. We have looked at combinations
of licenses and boats, but there appears to be a lot of mixing among divers. Given that, our
models of individual behavior make three assumptions. First, no individual violates his own
risk tolerance thresholds. This essentially means that we take preferences as given and that
individuals pursue their own interests. This assumption is a natural starting place for any
model of individual behavior. Second, on any given day that a diver wishes to take a trip, he
can always find a tender. Third, on any given day on which a diver wants to take a trip, a reg-
ular participant without his own boat can always find a boat. These latter two assumptions
mean that decisions not to take a trip are not resulting from some capacity constraint. If
anything, these assumptions are conservative in that they would dampen variability in risk
preferences. If someone is highly risk averse, they simply will not go fishing on a risky day,
and the capacity constraint would not bind. On the other-hand, someone less risk averse
may not be able to find someone to go along on a risky day, and this person would appear
more risk averse than they really are. Since there is only potential bias in one direction, the
distribution becomes more concentrated.

The incidence of physical risk in the sea urchin fishery is clearly one that unfolds on a
daily basis, whereas the appropriate time scale for assessing financial risk is less clear. Since
trips in the urchin fishery are single-day, a marginal participation choice reflects a marginal
risk exposure. Repeated decisions about whether to fish ultimately affect the variability of
fisherman incomes. However, managing financial risk likely involves decision-making over
a longer time horizon. For this reason, we approach the problem with two different levels of
time aggregation. A model of repeated discrete participation choices matches the time scale
for physical risk avoidance but presumes that fisherman may respond to daily changes in
the financial risk of fishing. A model with more time aggregation might reveal more about
how divers manage financial risk but is forced to capture physical risk avoidance through
some measure of total occurrences of physical risk exposure.

2. A repeated discrete choice model of risk avoidance

In this section, we develop a model of repeated daily fishing participation choices in response
to two forms of risk—financial and physical risk. The basic idea is that in spite of the fact
that fishing is a risky profession in general, physical and financial risk factors vary over
time, and fishermen can respond to these factors to manage risk. By modeling repeated
decisions, we can estimate physical and financial risk tolerance, examine whether risk
preferences are homogeneous across the fishing fleet, and test whether physical and financial
risk preferences are correlated.
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Several authors have addressed financial risk in discrete fishing choices by modeling
variance of returns to fishing. Bockstael and Opaluch (1983) use a Taylor expansion of
logarithmic utility to approximate expected utility with a function of initial wealth and the
first two moments of fishing net revenues. Their ability to use a particular utility function
hinges on having a reasonable proxy for initial wealth. Subsequent authors take a similar
approach and also impose a specific utility function when wealth is available (Dupont, 1993;
Curtis and Hicks, 2000; Mistiaen and Strand, 2000). Others, lacking an adequate proxy for
initial wealth, simplify the problem by including central moments of revenues in a linear
index function of utility (Eales and Wilen, 1986; Holland and Sutinen, 2000; Larson, Sutton,
and Terry, 1999; Smith, 2002).

Attention to physical risk in fisheries has been more limited. Poggie, Polnac, and Van
Dusen (1996) analyze fishermen’s perceptions of weather-related physical risk, question
why fishermen oppose some safety regulations, and conclude that rejection of regulations
stems from lack of communication between fishermen and regulators. In a theoretical model,
Bergland and Pedersen (1997) explore how fishery regulation aimed at effort reduction may
increase the incidence of fishing accidents. The idea that regulation may force fishermen to
substitute into a riskier environment has received very little attention in fisheries policy. This
issue may become more important in the near future as policy-makers consider proposals for
large-scale closed areas (marine reserves) that could force fishing vessels to travel greater
distances to fish (Smith and Wilen, 2003).

We follow the discrete choice fisheries literature and cast the urchin diver’s participation
choice as a Random Utility Model (RUM).? For each alternative, there is an observable and
an unobservable component of utility that varies across individuals and time. For partici-
pation, the choice is a binary one (“Go” or “No”), and the model the associated utilities as
follows:

Ugoit = Goit + Goict

UNgit = Nodet + Nosiet (D

where is an unobserved error, and i and t index individuals and time respectively. By
assuming independence of the errors and making a further parametric assumption on the
errors, we can derive various discrete choice models, e.g. assuming Type I Extreme Value
errors gives rise to the Conditional Logit (McFadden, 1974) or assuming IID Normal errors
gives rise to the probit. The likelihood function takes the following general form:
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3 Although the choice of “utility” rather than profits in this setting is largely semantic, there are three main moti-
vations. First, as owner-operators, urchin divers necessarily make labor and leisure tradeoffs in their participation
decisions. Second, a utility-theoretic framework permits us to assess mean-variance tradeoffs without imposing
that each urchin diver, i.e. each producer, is risk neutral. Finally, a RUM follows the rest of the discrete choice
literature on fisheries and, as such, avoids confusion.
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where

_ LG )
Vi = o And isascaling factor. (2)

One of the drawbacks of our rich data set of individual urchin diver behavior is that we
lack non-fishery information on the participants. For example, we have no information, other
than anecdotal, on employment outside of urchin diving and overall wealth levels of divers.
Constructing a wealth proxy from fishing revenues would be misleading because there is
substantial participation and catch per trip heterogeneity across the fleet. We compute a Gini
coefficient for annual diver revenue and find that it that it ranges from 0.502 to 0.704 over
the sample period. Similarly, because urchin boats are small relative to most commercial
fishing vessels and our data set does not contain vessel characteristics, a wealth proxy based
simply on boat ownership would also be misleading.

In order to focus on responses to acute weather risk, we take a spatial slice of the northern
California data. Specifically, we select only divers who are fishing from the port Point Arena,
which has a corresponding weather buoy.* To construct a balanced panel, we select all divers
who are active from this port over the entire period of 1990 and 1991. Thus, we require that
each individual fishes at least once from this port prior to 1990 and after the end of 1991.
A one-month closure during July reduces the number of choice occasions to 334 each year
for a total of 668 choices per individual.

Given that we do not observe non-fishery outcomes, we assume that the observable
utility of not fishing for each individual is constant across time. That is, Neit = -
Although this is a strong assumption, it is not entirely implausible in that it requires our
divers to have constant outside opportunities and leisure values only within the years of
1990-1991, and it still permits heterogeneity across individuals. We assume further that
observable utility of fishing is a linear function of observable attributes that vary across
time. That is, goit = Xt i, where jisa(k 1) parameter vector. This too is a strong
assumption. Beyond assuming linearity, it assumes that individual perceptions of attributes
of fishing from Point Arena are identical.’ Nevertheless, the specification does allow for
heterogeneous responses to observables.

We define financial risk for a fishing trip as the coefficient of variation in revenues
computed over the previous month for all landings at Point Arena. Expected revenues are
also computed as rolling one-month averages. In contrast to using variance for financial
risk, the coefficient of variation is less correlated with expected revenues. With such a large
data set, this distinction might not matter for pooling individuals. However, for estimating a
separate model for each individual, potential multicollinearity becomes a more significant
concern. Physical risk is captured by twelve-hour averages of wave heights (during the
morning of the trip) measured by a weather buoy off the coast of Point Arena. Finally,
we add a dummy variable for weekend and Friday (weekend effect) because California
urchin processing and the Tokyo wholesale fish market characteristics create very limited

4 Agrist, Graddy, and Imbens (2000) demonstrate that weather variables are supply shifters and thus serve as
useful instruments to identify fish demand. Using the urchin data set in nested logit models of participation and
location choice, Smith (2002) and Smith and Wilen (2003) show that bad weather reduces participation rates.

5See Smith (2000) for a discussion of this problem.



