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Abstract 

The aim of this dissertation is to apply frontier microeconomic theories to provide 

additional insights into the economic behaviors of fishermen. In particular, we investigate 

how a fishing vessel's captain or owner makes two of the most important decisions in the 

fishing business using Hawaii-based longline fishery as a case study. One decision relates 

to the choice of remuneration practice; the other is concerned with the fishing trip length. 

The underlying factor of these decision-making processes is the risk behavior of the 

vessel's captain or owner. The role of risk preferences in the decision-making process is 

especially emphasized in the context of such a risky profession as fishery. Given that, we 

also explore the question whether fishermen have diffurent risk patterns from workers in 

other occupations. Most previous studies addressed this question from the expected utility 

theory perspective and assumed that fishermen like other workers are risk-averse. In this 

research, we address this question by applying prospect theory and experimental 

economics methodology to directly estimate the parameters used as proxy for risk 

behavior as well as to explore how these parameters are determined. 

The dissertation essays make contribution to the field of fishery economics in the 

foHowing ways: 

I. Developed a framework of decision-making behavior on the choices of 

remuneration practices in fishery based on the principal-agent theory. 

Empirically, we apply the switching regression model to check if the theoretical 

prediction reflects experience of Hawaii's longline fishery. 
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2. Developed a procedure to estimate the risk parameters of prospect theory's utility 

function which provides a more complete description of preferences, but is also 

more complex to estimate than the utility function portrayed by expected utility 

theory. In terms of research methodology, we match experimental data with 

survey data. The combination of data from experimental economics surveys and 

household data allows us to estimate the prospect theory parameters and to 

explore how these parameters are determined. 

3. Applied the target revenue model, a version of prospect theory, to see how having 

target revenue may have an impact on the captain's decision on the length of a 

fishing trip. This alternative approach may result in different prediction from the 

standard model regarding the relationship between daily fishing revenue and the 

number of fishing days. To investigate which model provides a more reasonable 

description of the reality, we look at the empirical evidence from the Hawaii

based longline fishery. 

The dissertation includes three essays. In the first essay, we investigate a recent 

phenomenon in the remuneration system in the context of Hawaii-based longline fishery. 

Specifically, I aim at answering the question why fixed wage has become more popular 

than share contract in the Hawaii's longline fishery. In the second essay, I address risk 

behavior of Vietnamese fishermen by applying prospect theory and data from an 

economic experiment in Vietnam. In the third essay, the target revenue model, a version 

of prospect theory, is used to explain how decision on the number of days for a fishing 

trip is made in the context ofthe Hawaii-based longline fishery. 
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ESSAY 1 

Choice of Remuneration Regime in Fisheries: 

The Case of the Hawaii Longline Fisheries 

ABSTRACT 

One of the most prominent features of remuneration in the Hawaii's longline 

fisheries industry has been the norm of share contract regimes. This paper investigates 

whether the use of share contract regime is positively correlated to increased economic 

returns. The principal-agent framework is applied to develop a theoretical model for the 

remuneration choice. Empirical estimation is conducted using a switching regression 

model that accounts for certain vessel characteristics effects on revenue, depending on 

remuneration regime used (i.e., share contract or flat wage), as well as the potential 

selection bias in the vessels' contractual choice. Key findings from counterfactual 

simulations indicate: (I) a negative selection into choosing share contracts, and (2) that 

flat wage vessels would experience significantly higher revenues if they switch to share 

contracts. Thus, even though the labor market in Hawaii's longline fisheries relies upon 

foreign crew members, the results suggest that it would benefit owners of flat wage 

vessels to apply share contracts to increase their revenues. 
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1.1. Introduction 

The choice of remuneration regime is a matter of great interest in fisheries. There are 

two main types of remuneration regime in fisheries: flat wage and share contract. In the 

flat wage regime, each crew is paid a fixed salary as compensation per pay period (e.g., a 

monthly salary). In the share contract regime!, the crew receives a percentage of either 

the gross revenue or profit per fishing trip. One of the most distinguishing features of 

remuneration in fisheries has been the norm of share contract regime. Alternative 

remuneration regimes, such as fixed wage2
, can only be found in a few fleets around the 

world. Studies have theoretically shown that share contract regime is the optimal form of 

remuneration in fisheries (Sutinen!, 1979; Plourde & Smith, 1989). However, there has 

been no empirical study to support this theory. The fact that fixed wage is surfacing in 

some types of fisheries in recent years opens up a whole new area of doing research. One 

is prompted to ask questions like: Is the dominance of share remuneration coming to an 

end? Is it because of changes in some environmental parameters or is the use of shares 

based on false beliefs all along? Using the Hawaii longline fisheries as a case study will 

shed some light on the empirical relationship between remuneration regime and 

economic returns in fisheries as well as will provide some explanations on the recent shift 

from share contract regime to flat rate regime in fisheries. 

According to the cost-earnings study of the Hawaii-based domestic longline fleet 

conducted in 1993, 95% of the fleet was considered share contract vessels.3 This figure 

I In this paper, we do not distinguish the various levels of the share contracts. In other words, as long as the 
crew receives a certaln percentage of the revenue or profit, we consider that as "share contract" sloce 
details of the share contracts are unavailable in the case of the Hawaii longllne fisheries. 
, The terms flat wage and fixed wage are used interchangeably in this peper. 
, Share contract vessel is defined as there being at least one crew (In addItion to the captain) on a share 
contract. 
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has declined significantly to 55% in 2004 (Table 1.1). The Hawaii-based longline 

technological survey conducted in 2004, found three relationships between vessel 

characteristics and remuneration regime. First, if the vessel crew size is larger than 5, 

there is a high probability of vessels to use a fixed wage regime. However, vessels using 

hired captains rather than having owner operators, have a higher probability of using a 

share contract regime. Third, if it is easy to find the crew, there is high probability that 

vessels will employ share contract. 

Table 1.1: Remuneration Regime vs. Main Vessel Characteristics for Hawaii's 

Longline Fleet in 2004 

Vessel Characteristics Share Contract Flat Wage 

(%) (%) 

Number of crew 

Equal to 5 47.9 52.1 

Less than 5 87.5 12.5 

Greater than 5 45.4 54.6 

Owner operator 

Yes 48.7 51.3 

No 59.2 40.8 

Difficulty in finding a crew 

Very difficult 45.4 54.6 

Not much 74.0 26.0 

Number of Vessels 55.0 45.0 

Note: Total number of surveyed vessels is 86. 
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1.2. A Literature Review on the Determinants of Rem nne ration Regime in Fisheries 

Matthiasson (1997) has done an excellent survey on the practice of remuneration practice 

in fisheries; his main conclusion is that share contract regime has been the dominant 

remuneration system. Other forms of remuneration, such as fixed wage, have also been 

applied in some fisheries though they have been short-lived (Matthiason, 1997; Sutinen, 

1979). Share contracts have also been the prevailing regime in the Hawaii longline 

fisheries until recent years. Azabou, Bouzaiane and Nugent (1989) attribute to this 

predominance for the following reasons: 

i. Share contracts generate incentives for the crew to exert the optimal fishing 

effort; 

ii. Share contracts share risk between the owner and the crew; 

iii. Share contracts use resources relatively better than fixed wage contracts, 

especially when taking into account the highly seasonal nature of fishery; 

iv. Share contracts encourage team work and cooperation, which improve fishing 

productivity; 

v. Share contracts combine the comparative advantages of owner and crew for a 

sharing of benefits. For instance, the owner may have better access to credit 

and to market opportunities, while the crew may be better fishermen. 

Platteau and Nugent (1992) summarize and compare the comparative vulnerabilities 

between fixed wage and share contract systems (Table 1.2). Clearly, the popularity of 

share contracts in fisheries can be attributed to the potential benefits from risk sharing 

and incentives. 
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Table 1.2: Comparative Vulnerability of Different Remuneration Systems in the 

Absence of Supervision by the Owner 

Type of Vulnerability 

Labor Shirking 

Asset management 

Output Underreporting 

Input Over-reporting 

Quality Shirking 

Production Risk 

Fixed Wage 

Serious 

Serious 

Serious 

Serious 

Slight 

Borne by Owner 

Price Risk Borne by owner 

Source: Adapted from Platteau and Nugent (1992) 

1.2.1. The roles o/incentives 

Share Contract 

Moderate 

Moderate 

Moderate 

Moderate 

Slight 

Shared 

Shared 

Mathiasson (1997) has developed a theoretical model showing that pure share contract 

regime motivates crew to exert more effort than fixed wage or combination of fixed wage 

and shared contract regime at every given wage level. This phenomenon can be attributed 

to incentives. First, it is very difficult for the owner to supervise the fishing operation 

while the vessel is out at sea unless the vessel is owner-operated. Moreover. the cost of 

supervision would be very high, if it is at all possible. The hired captain motivated by his 

share of the profit would ensure that his crew fish hard. Second. a typical feature of 

fisheries is teamwork of which the amount of fish caught is determined by the effort of 

the entire crew; therefore. the marginal productivity of an individual fisherman can 

hardly be specified. Share contract gives the crew incentives to work for the common 

goal. 
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1.2.2 Risk sharing 

In addition to incentive, risk behavior also plays a role in decision on remuneration in 

fishery. Platteau and Nugent (\ 992) point out that fishing is subject to three types of 

simultaneous risk: production risk, price risk, and asset risk. Production risk results from 

uncertainties in both weather and marine ecology. Price risk is due to volatile supply 

conditions. Asset risk arises from concern for loss of assets and human lives. Using share 

contracts can reduce the risk burden for both the vessel owner and crew. Thus, share 

contracts reveal the risk-averse behavior of the owner or crew. Due to technological 

changes, the role of labor relative to fishing productivity has become less important. 

Expectedly, the simplicity advantage of the fixed wage will overcome the risk sharing 

effect of share contracts. Thus, fixed wage has become increasingly popular over time. 

While risk sharing is the most cited explanation for the popularity of share contracts in 

fisheries, McConnell and Price (2006) have pointed out that there remains a number of 

questions to explore. First, for the share system to have emerged purely as a means of 

spreading risk, it must be the case that vessel owners are more risk-averse than fishermen. 

However, this method of risk diffusion might not be the only solution as owners may 

choose to diversifY their investments through different species, in different locations and 

at different times. Second, despite the uncertainties and risks associated with fishing, not 

all of the owners choose to use share contract regimes. 

1.2.2. Implicationsfor modelingfishery remuneration choice 

Share contracts serve two functions: (I) to diffuse risk and (2) to motivate crews to exert 

high levels of effort without direct owner supervision. Nevertheless, most theoretical 
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models consider these two functions in isolation. Also, predictions from these two 

approaches are different. Sutinen (1979) assumes in his model that both the vessel owner 

and crew are risk-averse, that all other means of risk transferring are too costly, and that 

the transaction costs are negligible. Under these assumptions, a rational owner will 

choose some degree of share contract as risk is diffused among the crew, which reduces 

the cost of risk bearing and provides a work incentive that makes it less costly to generate 

a high desired level of performance from the crew. On the other hand, if transaction costs 

are significant, and if there exists other risk shifting means; then the fixed wage may be 

optimal. 

Sutinen also shows that share contracts result in a higher level of employment and 

production. The economic reasoning for this is that the risk-averse owner must earn an 

income sufficiently above what he would earn in alternative settings as compensation for 

bearing the risk. As expected, the owner chooses a risk sharing alternative that minimizes 

the risk premium. In sharing risk, the owner would pay the crew members less than what 

it would cost him if he were able to bear that same risk himself. Accordingly, under a 

share contract regime, the unit cost of production is lower and output is higher compared 

to a fixed wage system. Plourde and Smith (\993) extend Sutinen's model by integrating 

an output market, biological equilibrium, and regulatory policy into their framework. 

They have shown that in regulated markets, a fixed wage scheme may be optimal and 

leads to higher returns to fisheries firms. Interestingly, decentralized contracting may 

become implemented as a stable Nash equilibrium. 
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McConnell and Price (MP) (2006) point out that incentive mechanisms are just as widely 

accepted as the risk sharing-based model. Matthiasson (1999) develops a model for 

Icelandic fisheries where skippers are paid by share subject to an agreed minimum 

without sharing operating costs. His key finding is that fixed wage and share contracts 

may coexist as an incentive contract when strategy-dependent skipper-specific costs are 

important. With regard to incentive mechanisms, the most relevant modeling technique is 

the principal-agent approach by McConnell and Price (2006). In their model, there are 

two contracting agents: the vessel owner and crew. The contract consists of two 

parameters specifying the share of ex-post revenues and costs for the crew. The 

possibility that each crew member allocates his labor effort independently towards 

production is also considered. In other words. given the assumption of a stochastic 

resource stock, there is a potential team agency situation. Accordingly. remuneration 

systems based on incentive contracts offer an alternative rationale to the risk sharing 

contract. An interesting finding is that, for a given set of parameter values. remuneration 

system could include fixed wages independent of effort levels and revenue as well as no 

cost sharing. Along the same line. Platteau & Nugent (1992) reviewed empirical studies 

and found that fixed wages are observed among vessels that have difficulty attracting 

qualified captains. Also. flat wages are applied to the crew whose efforts can easily be 

observed and less directly affect the catch level. 

1.3. A Model of Remuueration Cboice in Fisbery 

Our model differs from the above mentioned models in the sense that it integrates both 

risk sharing and incentive into the analysis. The starting point of our theoretical model is 
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the realization that effort level exerted by the crew is unverifiable due to uncontrollable 

factors (e.g., the fishing stock) in the production process. Accordingly, the principal

agent model (P A) is most appropriate in addressing the fisheries remuneration strategies. 

To our knowledge the only other paper that uses the PA approach is developed by 

McConnell and Price (2006, henceforth MP). According to principal-agent theory, as 

Acemoglu (1999) points out, contract is the mechanism designed to solve the trade-off 

between incentive and insurance. The latter is closely related to risk behavior of 

economic agents. Incentive and risk behavior are also crucial in fisheries. Accordingly, 

we focus on developing a model that puts a great emphasis on analyzing the integral 

relationship among incentive, effort, risk behavior as well as how this relationship leads 

to remuneration decision. Our model is more general than MP's in two aspects. First, MP 

only considers the case of risk neutral crew. Here, we consider all cases of risk behavior 

for both crew and owner. Second. we extend MP's model by treating effort level as a 

continuous rather than a binary variable. 

1.3.1. Model Setup 

Our model consists of two parties: a representative crew member and the vessel owner. 

The vessel owner is the principal who designs a contract with the crew. It is noted that 

we consider a representative crew rather than the whole crew to make the model 

tractable. This is different from the assumption that the crew acts as if it was taking 

decisions collectively. FitzRoy and Kraft (1987) gives an example of a model where 

difference between collective and individual decision making is illuminated in a similar 

setting. If the effort level is observable. the contract consists of two components: (\) the 
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effort level and (2) the corresponding wage of the crew. More realistically, effort level is 

not observed and only the latter is the contract element. 

The crew's effort level is denoted by a continuous variable e and e E [eL, eH]. Let It(e,e) be 

the profit which is a function of effort level and other unobserved factors. More 

specifically, following Mas-Colell, Whinton, and Green (MWG) (1995) we assume that 

the owner's profit relates to the crew's effort via the conditional probability density 

function ttltle). In other words, the owner's expected profit can be written 

as: B(lt I e) = f1tf(lt I e)dlt. To make the model tractable, we consider the simple 

functional form: It(e) = e + &, where e represents all unobserved factors and is assumed to 

follow a normal distribution with mean of zero and variance of c?: N(O, c?). It follows 

that B(lt I e) = fltf(1t I e)dlt = e and Var(lt I e) = 0.2. Note that the owner is not able to 

perfectly derive effort level based on the realized profit due to random factor e. 

As far as the crew's wage is concerned, we assume that the owner offers a linear payment 

scheme in the form of Welt) = 11 + f31t, where ~ is the share ratio of profit for the crew. 

Notice that w = 11 as ~; thus 11 can be considered a fixed wage level offered by the 

owner to the crew. In what should be followed, we first consider conventional 

assumption of risk behavior among owner and crew. 

Conventional risk assumptions: risk neutral owner and risk-averse crew 

First, like MP we assume the owner is risk neutral given the fact that he has more 

resource than the crew, and therefore can diversify investment easier. His expected utility 
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takes the form: E(Uowner ) = E[(1t I e)-w(1t)]. As for the crew, on the other hand, we 

follow conventional assumption that they are risk-averse. This assumption is considered 

standard in the literature, for instance, see Sutinen (1979); Plourde & Smith (1989); 

Matthiasson (1999); McConnell & Price, 2006. More specifically, we assume that the 

crew's expected utility takes the following form:E(Ucrew)=E(w)-q>var(w)-v(e). 

where E(w) is the expected wage; q> is a parameter representing how much risk-averse the 

crew is; var(w) is variance in the wage level denoted by cr; vee) is the disutility function 

associated with the crew's effort, such as fatigue experienced by the crew from strenuous 

fishing activities. Following standard convention, vee) is assumed to be strictly convex 

such that v'(e»O and v"(e»O. The first assumption implies that the value of discomfort 

increases as effort increases. The second assumption implies that the value of discomfort 

increases at an increasing rate as effort increases. 

Substituting the wage equation, w(1t) = 11 + Px. into the crew's expected utility 

expression, we have: 

E(O=) = E[(Hrx1tI e)-q>var(a+f37t I e)-vee)] 

= a+~E(1t I e)-~2var(1t I e)-vee) 

=a+~E(e + &)-~2var(e+E)-v(e) 

=a+~-q>~2t1-v(e) (I) 

Given the above setup, the owner is assumed to face the following programming model: 

II 



MaxE(Uowner) a j[(71 l-w(7I)]f(7I1 e)d71 = E(7I1 e)- E(w(7I» 
w(7I) 

This is equivalent to: 

MaxE[Uowner] a Max[E(7I1 e)- E(a + 13711 e)] 
a,J},e 

s.t. 
Individual rationality condition: 

- -
EUcrew ~ U where U is the reserved utility level of the crew 

Substitoting EUcrewfrom (1), we have: 

a+l3e-<p132cr2 -v(e)~ ij 

Incentive compatibility condition: 

e=argmax[E(U"""")] a argmax[ ex + f3e-cp(32cr2- vee)] 

(2) 

(3) 

(4) 

The incentive compatibility condition means that given the contract (~*, 11*) offered by 

the owner, the crew would best respond by exerting the effort level of e*. The individual 

rationality (lR) expressed in equation (3) implies that the crew will accept the contract if 

and only if his utility gained from being employed by the owner is greater than his 

reserve utility. Ifit is not, he will choose an alternative job or choose to work at his home 

country as in the case of a foreign crew member. 

Model solution 

The first order condition from (4) above gives ~*=v'(e·). This result has a very nice 

economic interpretation, namely the marginal benefit of effort (~) is equal to its marginal 

cost (v'(e». Also, given v"(e»O, there is a one to one positive relation between ~ and e. 

The higher the effort level is, the higher the profit and vice versa. Note also that the 

owner can always make the individual rationality condition (3) binding. Thus, we have: 
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a+(3e-cp(32cr2-v(e) = U. Substituting, (3*=v'(e*) and solve for a * we have: 

a*=v(e*) + cpv'(e*)2 cr2 -v '(e*)e * + U 

From the equation for a*, we see that the higher the reserved utility level is the higher the 

fixed portion of the crew's wage. In the context of vessels with foreign crew in Hawaii 

longline fishery, it is expected that a* is relatively small given that the foreign crew has a 

lower living standard at home country. 

Next, substituting a*, (3* into (I) and solve the owner's expected utility maximization 

program. 

MaxE[Uowner] '" MaxE[1t I e- E(a + (31t)] 

'" Max[E(1t I e) - E{v(e) + cpcr2v '(e)2 - v'(e)e + U} - (3E(1t I e)] 

== Max[e - vee) - cpcr 2v '(e)2 + v '(e)e - U- v'(e)e] 

'" Max[e - vee) - cpcr2v '(e)2 + v '(e)e - U] 
e 

By the FOe with respect to e, we then have: 

1- v'(e*) -2cpcr2v'(e*)v"(e*) = O. Substituting and solving for (3* = v'(e*), we have: 

P* = 1 ~) 
1 + 2cpcr2v"(e*) 

Equation (5) is the key finding of our theoretical model. From (5), we can see that 

P* E (0,1] which is expected since P is the proportion of profit given to the crew. 

Also, the larger the variance in the profit level, the smaller the share of profit will be 
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given to the crew. This result is very relevant to fishery where the profit level by trip 

fluctuates a great deal due to a host of uncontrollable fuctors. In extreme cases, variation 

in the profit can be so big that the profit level It = e + s is largely determined by the 

unobserved factor s. Accordingly, the owner finds it hard to tell which portion of the 

profit is determined by effort level. As a result, he would prefer the fixed wage system 

(choosing ~ =0). The risk parameter also plays an important role. The more risk-averse 

the crew, the lower will be his share of the profit. This finding is consistent with MP's 

(2006). In the context of Hawaii, an increasing number of crew is hired from foreign 

countries. These fishermen consider fishing as the only source of income used to support 

them and remit to their home country. Therefore, they are very much averse to risk. This 

factor, in addition to large variation in profit, makes ~ even smaller. At some point, we 

can observe ~ =0 as the case of a fixed wage system. 

It is also of great interest to look at the relationship between effort level and risk aversion. 

Eriksson. Teyssier. Villeval (2006) in their economic experiment on principal-agent 

model find out that more risk-averse participants exert less effort. From the FOe: 

1- v'(eO) -2qlO·2v '(e*)v"(e*) = 0 and applying the implicit function theorem we have: 

de· 2cr2v '( e·)v"( eO) - = - ---':::":;'--'-...!...;;,-'-'-"----
dql v"(e") + 2qlcr2[v"(e*)2 + v '(e*)v"'(e*)] 

Thus, the sign of the relationship between effort and risk aversion depends on the sign of 

the third derivative of the effort disutility function v"'(e). As for v"'(e) > 0 e.g., the 

marginal disutility function of effort is convex, we observe a negative relationship 
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between effort level and risk aversion. It could be that being risk-averse the agent is 

afraid that the cost of exerting more effort is greater than his increased share of the profit 

which depends on other uncontrollable factors. 

General case of risk behavior for the owner and crew 

We now consider the most general case of risk behavior for the owner and the crew. In 

this case, not only the crew but the owner also considers both his net income (x-w (x» 

and variation in that income. Accordingly, his expected utility can be written as: 

uowner = x(e) - w(x) - yvar[x(e) - w(x)] 

where'Y is the owner's level of risk aversion. 

Note that, var[x(e) - w(x)]= var[(1 -(3)(x(e» - a] = 

= var[(l-[3)(e - E) - a] = (1_13)20
2 . Thus, we have: 

(6) 

The individual rationality and incentive compatibility conditions are the same as those for 

the case of risk neutral owner. Following similar analysis, we can show that the owner 

faces the following programming model: 
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By the Foe with respect to e, we have: 

I - v'(e·) - 2<r2[!pv '(e·)v n(e*) - 'Y(I- v '(e*)v n(e*)] = 0 

Substituting v'(e*)=[3· and rearrange we have: 

I + 2'Y<r2v n(e*) = [3 * [I + 2!p<r 2v n(e.) + 2'Y<r2v n(e O)] 

From (7), we have 
8A 2'Y<r2v"(e*) 
I' - > 0 • In other words, the more 

Or [I + 2!p<r2v "(e) + 2'Y<r2v n( eO)]2 

risk-averse the owner is, the more willing he would be to increase the share of profit to 

the crew. The case in which the crew is risk neutral i.e., !p = 0 is also interesting. Here, we 

have [3 = 1. Thus, the owner's income is n-ll-[3n = -ll; accordingly a <0. This will be 

equivalent to the situation where the owner leases the boat to the crew who pays the 

owner a fixed rent of a to use the boat. Table 2 summarizes the optimal crew shares for 

all possible combinations of risk behaviors of the crew and owner. 

Table 1.3: Optimal Values of Jl under Different Risk Behavior Scenarios 

Risk-averse crew 

Risk neutral crew 

Risk-averse owner 

O<~'oc<1 

p'= I 

Risk neutral owner 

0<[3' oc <[3' c<1 

p' =1 

Note: /3' oc corresponds to the case in which both crew and owner are risk-averse. 
, B' c corresponds to the case in which only crew is risk-averse. 
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For the case of risk neutral crew, their main concern is the profit level. The owner 

optimal strategy is to lease the vessel to the crew and receive a fixed rent. As for risk-

averse owner, he is willing to pay a higher portion of the realized profit to the crew in 

exchange for risk sharing. Accordingly, the share of the profit for the crew is higher 

under the case of risk-averse owner than that of risk neutral owner. Also, given v'(e·) = 

p*, the more risk-averse the owner is, the higher P* and the higher the optimal effort 

level e*. As far as the fixed portion of the crew's wage level (1 is concerned, from 

- d * 
a*=v(e*)+qJv'(e*)2a 2-v '(e*)e* + U, we have, d:* =v"(e*)[2qJv'(e*)-e*]. The 

interrelationship of (1* with P* and e* are thus less tractable unless we further assume 

some specific functional from ofv(e). 

1.4. Empirical Model, Findings and Discnssions 

1.4.1. An Empirical Model 

Before proceeding to the empirical exercise, we can infer ceteris paribus from the profit 

function: x(e) = e + 8 that the higher the effort level, the higher the profit level. However, 

the crew's effort is unobservable. Instead, we look at the relationship between the crew's 

share and profit level. One finding from the theoretical model is that we have a one-to-

one positive relation between P* and e*: P* = v'(e). Accordingly, e* = g(p*) where gO is 

an inverse function of v'O. Substitute e*=g(p*) into the profit function 1t(e) = e + 8, we 

have x(p*) = g(p*) + 8. This implies at the equilibrium dx(P)/d p = g'(P*) = I/v"(P*) 

which is greater than zero by assumption. 
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This section aims at empirically checking the theoretical prediction of the positive 

correlation between crew's share and the vessel's profit. We also investigate the related 

question if a share contract system generates higher economic returns than flat wage 

regime. In theory, the share parameter P is a continuous variable ranging from 0 to 1. 

According to the theoretical model, a higher p corresponds to higher economic returns. 

Due to unavailable detailed information regarding the crew's share in ex-post revenue, 

we consider two cases: the pure fixed wage (i.e. 13=0) and the share contract (i.e. O<P<I) 

systems. 

As for the profit variable is concerned, since there is no information on profit in our data, 

we use revenue as a proxy. Also, taking into account the multiple output feature of the 

longline fishery, average trip revenue is used as the performance measure (the dependent 

variable) in this study. Average trip revenue is calculated by dividing the vessel's annual 

revenue into the number of fishing trips the vessel operated in 2004. Fishing revenue is 

postulated to be affected by several factors (explanatory variables) that are known to have 

potential impacts on fishing revenue. One such variable is the remuneration method 

implemented. To estimate the impact of share contracts on fishing revenue, one may 

consider using the following model: 

Y = X(3+8I+& 

where Y is the fishing revenue; X is a vector of explanatory variables; and I is a binary 

variable indicating whether the vessel employs share contracts or flat wages (1= I if the 

vessel uses share contracts, and I =0 if the vessel uses flat wages). However, this model 

may result in inconsistent estimates from the effect of share contracts on fishing revenue 
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because employing share contracts may generate interaction effects with observed or 

unobserved vessel characteristics (Maddala, 1983; Kim et aI., 1998). For instance, the 

level of technology ofa vessel influences the vessel remuneration methods; yet similarly, 

the level of technology is correlated to revenue. If the decision to use share contracts is 

based on individual selection, there may exist selection biases in that share contract 

vessels may have systematically different characteristics from flat wage vessels (Kim et 

aI., 1998). Vessel characteristics may also have different impacts on revenue depending 

on the type of remuneration. The impact, for example, from hooks per set on revenue for 

vessels using share contracts may differ from vessels using flat wages. 

To correct these problems, we invoke the switching regression model (Maddala, 1983), 

which simultaneously estimates the selection equation and two revenue regression 

equations for share contract and fixed wage vessels. The empirical model follows closely 

the formulation of Lokshin and Sajaia (2005). To consider a model that describes 

choosing remuneration systems with two regression equations, we define a criterion 

function I determining whether the vessel employs share contracts or not: 

11=1 if rZI+u1>0 

11=0 if rZl+Ui<O 
(I) 

where Ii = I if vessel i uses share contracts, and Ii = 0 if vessel i uses fixed wages. Zi is a 

vector of variables that influences vessels' contractual choice; Zi includes vessel's current 

appraised value, the number of hooks used per fishing set, and a binary variable 

indicating the ease with which the vessel can find local crew. It is expected that the 

higher the vessel's current appraised value and the higher the number of hooks per set, 

the less the vessel's profit depends on the crew, the more likely the vessel's owner 
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applies fixed wage. Also, given that local crew may be less risk-averse than foreign crew, 

the easier it is for the owner to find local crew, the more likely he applies share contract. 

The revenue regression equations for share contract and flat wage vessels then can be 

defined as: 

yli = (3,X + &Ii 

y2i = (32X + &2i 

if I; = I 

if 1,= 0 

(II) 

(lll) 

where Yli and Y2i are the average trip revenue for share contract and flat wage vessels 

respectively. X is a vector of explanatory variables thought to affect vessel revenue, 

including the current appraised vessel value and the number of hooks used per fishing set. 

These two variables represent the technological status of the vessel. thus, are expected to 

have positive impact on the vessel revenue. 

Assume also that Ui, &Ii, and &2i follow a trivariate normal distribution with zero means 

and the covariance matrix: 

[
a

2 

1 
u 

Q
_ 2 
- (12' CT, 

031 0'32 O'~ 

where CT;, CTt, CT~ are variance of the error terms in the selection equation (I), the 

share contract equation (II), and flat wage equation (III) respectively; a21 and a31 are the 

covariance between the error term in the selection equation (I) with the error terms in 

equation (II) and equation (III) respectively. 

20 



Given these assumptions of the error terms, the logarithmic likelihood function for 

equations (II) and (III) can be expressed as: 

In L = L {1;[In(F(1'\H) + In(f(&H I 01)1 01)+(1 -1;)[In(I- F(1'\'I» + In(f(&,11 (n)1 (n)]) (IV) 
j=1 

FO and m are the cumulative distribution and the distribution function respectively.1'\ii is 

defined as fo 1I0ws: 

(yZi + PjEj; I aj) 
1'\ji= ~I_p~ j=I,2 

where Ph pzare the correlation coefficient ofu with EI and &2 respectively. 

We are particularly interested in the potential revenue gain/loss in the event a vessel uses 

an alternative method of remuneration. We expect that the empirical results should yield 

the differences in vessel revenue when share contract vessels switch to a flat wage system 

instead, and vice versa. To verifY our expectation, the following conditional expectations 

are constructed: 

The conditional expectation of revenue of a vessel using share contract is: 

E(YH I Ii = I, XH) = xul3l + OIplf(yZi) I F(yZi) (V) 

The conditional expectation of revenue of a share contract vessel if it applied flat wage is: 

a,p,f(yZi) 
E(yOi IIi = I, xu) = xul3' +----'-'-'--<

F(yZi) 
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The expected potential gain/loss of a share contract vessel if it applied flat wage will then 

be: 

E (y 01 Iii = I , Xli) - E (y ii Iii = I , Xli) (VII) 

Similarly, the conditionally expected revenue of a flat wage vessel if it applied share 

contract is: 

The conditional expectation of revenue of a vessel using flat wage is: 

Cl"2p2f(yZI) 
E(yol I II = 0, X21) = X21!32 - -'---'-'--'-

1- F(yZI) 

(VIII) 

(IX) 

The expected potential gainlloss ofa flat wage vessel by applying share contract instead 

will be: 

E(YIi III = 0, X21) - E(yol III = 0, X21) (X) 

1.4.2. Empirical Findings and Discussions 

Data collected and used for this study from the 2004 Hawaii-based Longline Technology 

Survey (HL TS) provides baseline fishing technology and some economic information on 

the Hawaii-based domestic longline fleet. The unit of survey is an individual longline 

vessel. There are 86 surveyed vessels. Traditionally, the Hawaii longline fisheries include 

both tuna and swordfish. However, the HLTS focused only on the tuna fishery, due to 

the swordfish fishery closure in March 2004. The survey questionnaire included two 

main sections. The first section provided key information on the number of crew, 

remuneration method, and fishing experience of the captain. The second section focused 
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on the technology onboard the vessel: a list of alI electronic equipment (e.g., satelIite 

communication, computers, etc.), dates of when each piece of technological equipment 

was adopted, and the purchase price of each piece of equipment. The appraised current 

vessel value was used as proxy for the overalI technological status of the vessel. 

Because the HL TS did not survey vessel revenue information, two other sources of data 

were employed in this study. The first data set, from the Hawaii Division of Aquatic 

Resources (HDAR), provided detailed information in 2004 on vessel's catch, by species, 

with its corresponding auction price. Based on this information the vessel's annual 

revenue was estimated as weII as the total number of fishing trips taken during that year. 

The second data set from logbook data, provided by the National Marine Fisheries 

Services, contained detailed information on the quantity of fish (by species) landed and 

kept per vessel. These three datasets were linked using vessel names and permit 

numbers. 

There are two important variables used in the analysis: remuneration choice and average 

revenue per trip. The remuneration choice (binary) variable is I if there is at least one 

crew hired by share contract in addition to the captain, and 0 if otherwise.4 These two 

variables form the foundation for the estimation procedures. Appendix I briefly defines 

alI the variables used in the empirical model. 

4 In reality, remuneration system used among Hawaii longline fishing boats is a bit more complex than 
what we are assuming here. Some vessels bed split crews such as a Vietnamese captain, first mate and 
cook (who all fished too) and a crew offoreign workers (e.g. Filipinos, MicronesIans, etc). The captain, 
first mate, and cook were paid on share contract and the foreign crew by fixed wage. 
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As part of the switching regression procedure, a probit model is used to investigate the 

determinants of employing share contracts in the Hawaii long line fisheries. There are 

two sets of independent variables. The first set includes all explanatory variables in the 

revenue regression equations. Such inclusion takes into account the fact that fishing 

revenue also has an impact on the owner's decision to use share contracts. Owners will 

be more likely to employ share contracts if it results in higher revenue than flat wage. 

Hence, factors that have an impact on revenue may also have correspondingly similar 

impacts on the remuneration choice. Also, as pointed out by Wooldridge (2004:562), 

"inclusion of the second stage's variables in the first stage is not very costly while 

incorrect exclusion may lead to inconsistent estimations." The second set of the 

independent variables in the share contract equation aims at satisfying the identification 

condition. Non-linearity is not sufficient to meet the identification condition; rather, 

additional identifying variables are added in the first equation. These variables are not 

included in the revenue equations. Bound, Jaeger, and Baker (1995) suggests that using 

weak instruments are problematic since the potential bias does not disappear even in a 

large sample. Given the small sample size of our data, it is even more crucial to choose 

good instruments. We also follow Wooldridge (2004:104) by not using any interaction 

term to limit the number of over-identifying restrictions. In particular, we include three 

instrumental variables. The first one is a binary variable representing the ease with which 

owners find crew. The second instrument is the ethnicity of the vessel owner. The third 

instrument is a binary variable indicating whether the captain is also the vessel owner. 

These variables do not significantly impact vessel revenue but rather have a significant 

impact on the owner's decision to use share contracts. 
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In addition to share contracts, other potential determinants of fishing revenue were 

integrated into the model. We make use of the vessel's appraised current value as a 

proxy for the overall technological status of the vessel. Number of fishing hooks used per 

set was used as a proxy to measure the utilization ofa vessel's potential fishing capacity. 

The more hooks used per set, the more a vessel could utilize its fishing capacity potential. 

Number of crew served as a proxy for vessel's human resources. The size of the crew is 

expected to have a positive correlation with the vessel revenue. 

Table 1.4: Summarized Means Characteristics of Sampled VesseIs 

Total sample Share Flat wage p-values( +) 

contract (2)-(3) 

(\ ) (2) (3) 

Vessel's trip revenue ($) 31,295 30,714 31,920 0.73 

Vessel's appraised curr value ($) 428,116 456,316 393,548 0.13 

Ethnicity 1.8 1.7 1.9 

Time working together (years) 0.5 0.5 0.5 0.46 

Hooks per set 1945 1924 1968 0.72 

Easy to find local crew (Easy= I) 0.36 0.47 0.23 0.01*" 

Number of crew 5.12 4.9 5.3 0.005*** 

(+) Based on a one-tailed t-test 

•• indicates significance at 5% level, n* indicates significance at I % level 
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Table 1.4 shows comparison of descriptive statistics between share contract and fixed 

wage vessels. Fixed wage vessels outperform share contract vessels, in terms of revenue. 

It is noted that share contract vessels have higher appraised current value whereas flat 

wage vessels utilize more hooks per set. This contrast highlights different strategies to 

improve total revenue. Share contracts vessels focus on technological investments, 

whereas flat wage vessels emphasize increasing the number of hooks used per set. These 

differences are, however, insignificant. The two significant differences are (1) the ease in 

finding local crew and (2) the number of crew. As expected, it is much easier for share 

contract vessels to find local crew than it is for fixed wage vessels. Flat wage vessels 

employ more crew than share contract vessels. 

Main Empirical Results 

Table 1.5 presents the determinants of share contract. The key factor in determining 

remuneration regimes is the ease of finding a local crew. The easier it is for the owner to 

find a local crew, the more likely he prefers using share contracts. 

Table 1.5: Determinants of Share Contract Based on Maximum Likelihood Estimates from 
the Share Contract Probit Equations 

Variable Coefficient t value p>ltl 

Vessel's Current Value ($) 0.0007 0.71 0.47 
Hooks per fishing set (number) -0.0004 -0.56 0.58 
Easy to Find Crew (I=yes; O=no) 0.64 2.68'" 0.00 
Owner's ethnicity O. I 7 0.54 0.59 
(I =Caucasian. 2=Korean. 
3=Vietnamese) -0.72 -1.97" 0.05 
Owner operated (I=yes; O=no) -0.81 -2.40'" 0.01 
Number of crew 64 
Number of estimated observation 

Note: •• indicates significance at 5% level; n. indicates significance at I % level. 

This finding reflects present circumstances within the Hawaii longline fisheries. As 

owners experience a shortage in the supply of local fishermen, owners must depend on a 
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third party to find foreign crew. As implied by the theoretical model, it might be in the 

owner's interest to use fixed wages given high level of risk aversion among foreign crew. 

In addition, there are two other variables that show significant impacts on using share 

contracts. Owner operated vessels are more likely to use flat wages because the owners 

can supervise their crew during the fishing trip. Vessels with larger crews also prefer flat 

wages to share contracts possibly because of the trade-off between the quality and 

quantity of the crew. It is likely that vessel owners of large crew do not place much 

emphasis on the marginal productivity of each crew member which is hard to identify. 

Owners with small number of crew, on the other hand, may believe in the quality of crew 

and thus use share contract as a mechanism to increase marginal productivity of each 

crew. 

Table 1.6: Parameter Estimates of the Revenue Equations 

Variable Share Contract Flat Wage 

Coefficient p>ltl Coefficient p>ltl 

Vessel's Current Value 2.49 0.42 19.08'" 0.00 

Hooks per fishing set 14.07 0.00 8.33'" 0.01 

Number of Crew 4729 0.03 578 0.69 

Number of observation = 64 

PI -0.64" 0.03 

P2 -0.17 0.77 

Note: ** indicates significance at 5% level; ** indicates significance at I % level. 

The effect of vessel's characteristics on its fishing revenue is different among share 

contract and flat wage vessels (Table 1.6). The technology status of the vessel has a 

significant impact on fishing revenue among flat wage vessels, though this is 
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insignificant for share contract vessels. Thus. technological investment may help 

improve productivity of flat wage vessels while this may have little impact on vessels 

using share contracts. Notice in Table 1.4 that fixed wage vessels have smaller current 

vessel values; therefore, a lower return on technology of share contract vessels can be 

attributed to diminishing return on investment. The effect of the number of hooks used 

per set on fishing revenue is consistently significant in these two groups of vessels: both 

remuneration strategies produce higher economic returns when there are more hooks per 

set. Interestingly, the estimated coefficient for the share contract equation is greater than 

that for the flat wage equation. which implies that share contract vessels may make more 

efficient use of hooks than flat wage vessels. As far as the effect of the crew size on 

revenue is concerned, the more crew members there are, the higher revenue is realized. 

However, this effect is significant only among the share contract vessels. This result is 

consistent with what we discussed above regarding the trade-off between quality and 

quantity of crew. It is likely that share contract vessels place more emphasis on the 

quality of crew; therefore, an increase in the number of crew among share contract 

vessels leads to more significant improvement in revenue than among flat wage vessels. 

The PI and P2. which are the estimated correlation coefficients between the error term in 

the selection equation and the error terms in the share contract and flat wage regression 

equations, reveal any selection bias in the share contract decision. PI is statistically 

significant; but P2, though it is negative. is insignificant (Table 1.6). With both p's 

negative, one can infer that the flat wage vessels may have an "absolute advantage." 

That is, they would have above average performance whether they chose to use share 
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contract or not. In this case, share contract vessels have below average perfonnance 

whether they chose to use share contract or not. In other words, the flat wage vessels are 

generally better fishers. 

Having estimated the parameters of the switching regression models, we can calculate the 

expected gains and losses from counterfactual revenue differences [(VII) and (X)]. These 

results will show whether it is economically beneficial for the share contract vessels to 

employ flat wages or whether it is better for the flat wage vessels to employ share 

contracts. 

Table 1.7: Counterfactual versus Expected Revenue 

Revenue 

Share contract vessels 

Flat wage vessels 

Difference between 
counterfactual and expected 
actual revenue 
734 

7314'" 

Note: *** indicates significance at I % level. 

p-value 

0.28 

0.00 

Table 1.7 presents the differences between the expected revenue of the counterfactual and 

expected revenue of the actual. The counterfactual is defined as the expected revenue a 

share contract (flat wage) vessel would have generated if it had used flat wages (share 

contracts). A key finding is that flat wage vessels would markedly increase their revenue 

margins if they had applied share contracts. This finding has significant implications for 

the Hawaii longline fisheries as recently more share contract vessels have changed to 

using flat wages. One of the reasons for this change is that foreign crew have recently 
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been the main source of fishermen in Hawaii. Foreign crew may be more risk-averse than 

local crew because of their dependence on fishing as the only source of income. As 

implied by the theoretical model, it is optimal for the owner to use contract in the case of 

very risk-averse crew. However, not all foreign crew are very risk-averse, some of them 

may even be risk neutral or risk loving. It might be more beneficial for the owner to use 

share contract under such circumstances. Put it differently, a more flexible remuneration 

system may be better than a pure fixed wage regime. This finding is consistent with that 

by Eriksson, Teyssier, Villeval (2006) who show that workers would exert more effort if 

they have the flexibility of choosing the remuneration practice in accordance with their 

risk preference. 

Naturally, we may ask whether higher revenue leads to higher utility for the vessel 

owner, who is the key decision maker on remuneration practice. Depending on the 

sharing of the revenues, owners can be better-off or worse-off. Decisions on 

remuneration practice not only depend on total revenue generated; but it also relates to 

the revenue sharing mechanisms, of which we unfortunately have no detailed 

information. 
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1.5. Conclnsions 

This paper attempted to give a complete treatment to investigate why the share contract 

regime is the optimal form of remuneration in the fisheries sector. By focusing on the 

Hawaii longline fisheries, where flat wage has recently become the preferred mode of 

remuneration, we have a strong case to test this theoretical prediction. Using the 

principal-agent approach, we develop a simple and comprehensive model that take into 

account the role of both incentive and risk behavior in explaining the underlying 

mechanism of remuneration choice in fisheries. Our model suggests that there is a trade

off between incentive and risk aversion. The more risk-averse the crew is, less incentive 

will be brought about by the contract. Accordingly, it might be optimal for the owner to 

use fixed wage under certain circumstance. As in the case of Hawaii longline fishery, one 

of the primary reasons for the substitution of share contract for fixed wage has been the 

lack of local crew members keeping longlining as their primary occupation. As a result, 

the vessel owner is relegated to hire foreign crew who are more risk-averse than local 

crew. The high level of risk aversion among foreign crews is probably one of the reasons 

for the recent observed move to fixed wage in remuneration practice. 

Empirically, this is one of the first studies investigating the impact of share contracts on 

fishing productivity. The counterfactual simulations indicated that vessels employing flat 

wages would produce higher fishing revenues if they adapt a more flexible remuneration 

system that best fit the crew's risk behavior rather than a pure fixed wage regime. More 

specifically, it may be better for the Hawaii longline fleet if foreign crew has the 
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possibility of choosing remuneration scheme that fits their risk behavior rather than 

letting remuneration to be solely determined by the owner. 

Our model shows that risk behavior of the crew and owner plays an important role in 

deciding how large the optimal profit sharing parameter ~ should be. The paper could 

have more profound findings if we had data on the risk preference. A promising 

extension of the study is to conduct an experiment on risk preferences among crew and 

owners in Hawaii longline fishery similar to what we did in another study (see Essay 2 in 

this dissertation). We then can combine experimental data with data used here. 

A limitation of the study is that we do not have the data for specific values of the share 

parameter 13; thus, instead of treating 13 as a continuous variable, we simply treat it as a 

binary variable. The theoretical model predicts that the greater percentage of the crew 

share, the higher the vessel profit will be. It will be interesting to see how a change in the 

shared profit portions impact profit margins. 

There are also a number of interesting facets of remuneration in Hawaii longline fisheries 

that can be grounds for future investigation. First, foreign crew and local crew may 

consist of different labor qualities. These differences in quality may have an impact on 

an owner's decision regarding remuneration strategies. An owner, for example, may be 

more inclined to use share contracts with high quality labor. Further studies of the 

determinants that influence labor quality can be a fruitful area for future research. 

Second, the Hawaii longline fisheries consist of three ethnicities of vessel owners, which 

32 



imply different decision making behaviors. Asian owners, for example, might prefer 

share contracts that promote cooperation. Investigating the effect of ethnicity on 

remuneration choice is a matter of great relevance. Lastly, owners with a fleet of vessels 

may prefer to apply the same kind of remuneration on all of his boats. Given that it is not 

uncommon for an owner to possess multiple boats in the Hawaii longline fisheries, 

another potential extension of the paper would explore how this feature influences the use 

of a particular remuneration strategy. 
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ESSAY 2 

Do Fishermen Have Different Attitude Toward Risk? 

An Application of Prospect Theory to the Study of 

Vietuamese Fishers 

ABSTRACT 

We combined field experiment and household survey data to investigate whether working 

in a risky occupation such as fishery makes the fishermen less risk-averse than people in 

other occupations. The unique characteristic of Vietnam's fishery enables us to solve the 

endogeneity problem of occupational choice usually found in this kind of study. We use 

prospect theory as the main framework of analysis and develop a practical procedure to 

simultaneously estimate the parameters of the utility function under prospect theory. The 

key finding is that working in a fishery makes economic agents less risk-averse than 

others. 
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2.1. Introduction 

Fishery exhibits a distinguishable risk pattern from other professions. It is widely agreed 

upon that fishers' risk preference is a major determinant of their response to various 

changes in fishing stock, market, and weather condition (Mistiaen and Strand, 2000). 

Therefore, understanding fishers' risk preference is a key aspect of modeling and 

analyzing fishers' decision making behavior. The standard method of studying risk 

behavior is to estimate the parameter representing the concavity of the utility function 

under the expected utility framework. The more concave the utility function is, the more 

risk-averse the agent is. This traditional approach, however, lacks an important aspect: 

loss aversion. Such aspect of risk behavior is of great relevance to the fishery occupation 

in which receiving a negative profit for a fishing trip is not uncommon. 

In this paper we apply prospect theory, as an alternative framework to expected utility 

theory, to study the risk behavior of fishers. Prospect theory enables us to integrate the 

loss aversion aspect into risk behavior analysis. Since prospect theory gives a more 

comprehensive description of risk preferences, we are able to capture some insights that 

may otherwise be missed by using only the expected utility framework. To our 

knowledge, no studies to-date in fishery economics has used prospect theory as the main 

framework of analysis. 

To be more specific, we are going to answer the question: Do fishers exhibit different risk 

behavior from workers in other professions? This paper makes contribution to the field of 

economics in several aspects. First, it introduces the idea of combining experimental data 
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and household survey data. The combination is made by matching information collected 

under a controlled environment (Le., the field experiment) with information collected in a 

natural environment (i.e., the household survey). This combination allows us to make 

optimal use of both datasets. Data quality from the field experiment is enhanced since it 

is collected in a highly controlled environment. Moreover, data from the experiments 

provides us with behavioral information that is not available in traditional household 

survey data. Meanwhile, data from the household survey provides us with a number of 

socioeconomic variables that can be used to explain risk behavior. The second 

contribution is that we are able to investigate the causal relationship between working in 

fishery and risk behavior. As discussed below, the unique chamcteristic of Vietnam's 

fishery makes this contribution possible by overcoming potential endogeneity of 

occupational choice in the risk behavior equation emerging in other studies. Finally, we 

integmte the loss-aversion aspect of risk behavior into the analysis and develop a 

practical method to simultaneously estimate all three parameters of the utility function 

under prospect theory. 

We organize the paper as follows. We first discuss relevant literatures on fisher's 

behavior. Special attention is given to studies using experimental methods. Next, we 

elaborate on the data and methodology used in this study. In this section, we also discuss 

the method of simultaneously estimating parameters of the utility function under prospect 

theory. In the third section, we present the major findings and their interpretations. 

Finally, we conclude the paper and offer potential extensions of the paper. 
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2.2. A Literature Review 

Sutinen's (1979) paper is one of the early studies that specifically integrate the role of 

risk preferences in fishing decision making behavior. In his study of remuneration 

practice in fishery, Sutinen assumes that fishers exhibit risk-averse behavior, just like 

people in other occupations. Following Sutinen, it has almost been taken for granted that 

fishers are risk-averse. Most empirical evidences on fishers' risk behavior seem to 

support the hypothesis that fishers are risk-averse. For instance, using the Random 

Parameter Logit (RPL) framework to study location choice in North Atlantic fishery, 

Mistiaen and Strand (2000) find that 95% of fishers are risk-averse. Only few studies 

such as McConnell's and Price's (2004) argue that risk neutrality is common among 

fishers. To find out how much aversion to risk fishers are, DuPont's (I993) study focuses 

on investigating if fishers prefer a fishing location with less variability around expected 

return. He finds that most fishers in British Columbia's salmon fishery are risk-neutral or 

risk-loving. 

Most of the studies mentioned above are based on the expected utility theory framework 

and using data from either surveys or logbooks. Instead of making initial assumptions or 

deriving general conclusions about risk behavior as the above studies did, we go a step 

further to directly measure level of risk aversion. In another word, we are interested in, to 

what extent the participant is averse to risk. In this regard, more attention has recently 

been paid to the field experiment method. The benefit of field experiment as Falk and 

Fern (2003) point out that it enables the researchers to generate truly exogenous variation 

in the data that would otherwise be unavailable in natural or empirical data. Also, random 
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assignment of participants by hand-picking may help reduce selection bias and omitted 

variables. 

One of the first experimental studies on fisher's risk behavior is probably by Egger and 

Martinsson (2004). In Egger's and Martinsson's study, risk preferences of Swedish 

commercial fishers are estimated by using data from a choice experiment, or more 

specifically, from a stated preference experiment. The participants were asked to choose 

between pairs of fishing trips characterized by the mean and spread of the net revenue. 

Risk is measured by the spread of the net revenue and is assumed to follow a uniform 

distribution to make it easy for the experiment participants to make a choice (Johansson

Stenman et aI., 2002). To investigate pattern of risk behavior, the authors apply a constant 

absolute risk aversion (CARA) utility function: U = -e-IJ' which is independent of the 

initial wealth level (y). The Arrow-Pratt absolute risk aversion parameter r is then 

estimated. The basic equation to estimate the risk parameter r takes the following form: 

y ..... A-ymln,A y_B-ymln,B 

where Ymax. A and Ymin,A are the maximum and minimum revenue for trip A respectively 

Ymax. Band Ymin.B are the maximum and minimum revenue for trip B respectively. 

Based on the sign of the estimated T, one can infer that the experiment subject is risk

averse, risk-neutral, or risk-loving depending on whether r is positive, zero, or negative 

respectively. Eggert and Martinsson find that 87% of the respondents in their study are 

not risk-neutral. Rabin's (2000), on the other hand, points out that expected-utility theory 

predicts risk neutrality as the optimal strategy not only over modest stakes but also for 
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quite sizable and economically important stakes. As such, we can infer that almost 90% 

of the experiment participants do not behave according to expected utility theory. Eggert 

and Martinsson also find that 48% of the fishers can be broadly characterized as risk

neutral and risk-loving, 26% as modestly risk-averse, while 26% are strongly risk-averse. 

To check the robustness of the results, Lokina (2004) following a similar approach, 

investigates the risk preferences of artisanal fishers in Tanzania, a developing country. He 

finds that about 53% of Tanzanian fishermen can broadly be considered as risk-loving or 

risk-neutral, 25% as modestly risk-averse and about 22% as strongly risk-averse. About 

19% of fishers in their sample behave as expected return maximizers. According to 

Lokina, this finding is of marked difference from those in other developing countries in 

which risk-averse is found to be the dominant risk behavior among fishers. 

The studies by Eggert and Martinsson (2004) and Lokina (2005) point out that expected 

utility theory may be appropriate in describing risk behavior regarding long-term 

decisions or decisions involving a large amount of money, such as purchasing a new boat 

in which lifetime wealth is properly taken into account. However, most decisions made in 

the fishery are of short horizon. More importantly, as pointed out by Eggert and 

Martinsson (2004), the finding that many fishers in their experiment are risk-neutral or 

risk-loving may be attributed to the fact that fishers are afraid ofloss rather than variation 

in revenue. However, this aspect of loss aversion is missing under the expected utility 

theory. Accordingly, it is worth exploring fisher's risk behavior from an alternative 

model that incorporates broader aspects of risk behavior. As discussed below, prospect 
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theory has increasingly proven to be a better description of risk preferences under a wide 

range of applications. A particular advantage of using prospect theory is that it allows us 

to integrate the loss aspect (negative profit) into the model. This aspect is of great 

relevance to fishery where having a net loss for fishing trips due to uncontrollable factors, 

such as change in weather condition, are not so uncommon. 

2.3. A Discussion on Prospect Theory 

Expected utility theory has long been the standard approach in economic modeling. Due 

to its limitations, several alternatives to expected utility theory have been developed. 

Most notable is prospect theory by Daniel Kahneman and Amos Tversky in 1979. The 

key difference between prospect theory and expected utility is that the former integrates 

the loss aversion aspect of risk behavior into the utility function. Utility is measured 

based on a comparison of the realized income and the reference income. If the difference 

is positive, the economic agent receives a gain in utility and vice versa. The basic premise 

is that people may be risk-averse to gain and risk-loving to loss at the same time. The 

new aspect of loss aversion has enabled prospect theory to explain a wide variety of 

economics phenomena that were considered puzzles from the expected utility 

perspective. Examples include the equity premium puzzle, the status quo bias. various 

gambling and betting puzzles, inter-temporal consumption and the endowment effect. 

In its simple form. the utility function under prospect theory can be expressed as 

follows5
: 

, The discussion is largely based on information from the following website: http://prospect
theory.behaviouralfinance.neti Dawes:. 
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u(x) = xG ifx > 0 

u(x) = -I..( _xG
) ifx < 0 

(with a typical 11= 0.88 and A. = 2.25) 

where u(x) is the utility function derived from x under prospect theory. 

There are three major characteristics of the prospect theory model: 

1. Reference level dependence: An individual views x (monetary or other) in terms 

of changes from the reference level, which is usually the target or goal that the 

individual would like to achieve. 

2. Gain and loss satiation: The utility function has the diminishing returns 

characteristic. The (J term in the value function equation captures the marginally 

decreasing aspect of the function. When the exponent (J < 1.00, the curve will 

accelerate negatively (if (J = 1.00, the function would be linear; and if (J > 1.00, it 

would accelerate positively). 

3. Loss aversion: The resulting value function is steeper for losses than for gains. As 

such, losing $ 1 produces more pain than gaining $ 1 produces pleasure. The 

coefficient A. represents the difference in slopes of the positive and negative arms 

of the value function. A typical estimate of A. is 2.25, indicating that losses are 

approximately twice as painful as gains are pleasurable. (1ft.. = 1.00, the gains and 

losses would have equal slopes; in < 1.00, gains would weigh more heavily than 

losses.) 

As far as fishery is concerned, prospect theory is appealing for a number of reasons. First, 

it is the target setting behavior of fishermen that we are going to discuss in the next essay. 

Second, receiving a net loss in profit for a fishing trip is not something unusual in fishery. 

Therefore, the loss aversion aspect is particularly relevant. 
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2.4. A Brief Introduction to Vietnam's Fishery and Fishers 

Endowed with long coastlines and many rivers, Vietnam has a great potential for fishery 

development. "Com and Ca", which can be translated into English as "Rice and Fish", 

has been an important element of food consumption among Vietnamese for many 

centuries. According to recent statistics, the per capita annual consumption of fishery 

product was 13 kg in 2001 (VASEP, 2001). Fishery can be classified into two main 

branches: freshwater and ocean fishing. The former includes fishing in the rivers, lakes, 

and ponds. According to Nguyen (2002), there were about 550,000 fishers in Vietnam, of 

which, 450,000 were ocean fishers and 100,000 were freshwater fishers. Freshwater 

fishing, characterized by simple boats and elementary equipments, requires much less 

finance to operate than ocean fishing, generally with more advanced and expensive boats. 

In addition to fishery, most fishers are involved in farming or aquaculture activities to 

earn additional income for the family (Nguyen, 2002). 

A typical feature of Vietnamese fishers is a strong sense of community. Fishing village is 

an integral element of fisher's lifestyle. Most men in fishing village are fishers and 

fishery is expected to be the main occupation of men in the village. Consequently, men in 

a fishing village have little occupational freedom, regardless of his risk behavior. This 

feature plays a key role in the subsequent regression analyses in which we can safely 

infer a causal relationship between fishery occupation and risk behavior. 
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2.5. Data and Methodology 

A noteworthy aspect of this study is the combination of experimental and household 

survey data. The baseline information is compiled from the 2002 living standard survey 

(VNLSS 2002), which covers a total of 75,000 households in Vietnam. The survey 

provides key information on socioeconomic characteristics of Vietnamese households 

and individuals. The sample was designed in such as way that each household had the 

same probability of being selected. In the 2002 survey, 25 households were interviewed 

in each of 142 and 137 ruml villages in the Mekong Delta (in the South) and the Red 

River Delta (in the North, excluding villages in Hanoi City) respectively. Experiments 

were conducted in July through August 2005 with the same members of households 

previously interviewed during the VNLSS 2002 survey. In particular, we chose nine 

villages, five villages in the south and four villages in the north, with substantial 

differences in mean income, inequality, and market access to permit statistically 

significant cross-village comparisons. Figure I depicts locations of these research sites. 

We then combine the data using ID numbers of individuals who participated in both 

experimental and VNLHSS 2002 survey data as the linking variable. 

As far as the methodology is concerned, the risk preference parameters are estimated 

from the experimental data and used as the dependent variables in subsequent regression 

analyses. Most of the independent variables are compiled from the household survey 

data. Other independent variables are compiled from a small survey conducted with the 

experimental participants at the end of the experiments. 
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In addition to its advantage, the use of household survey in combination with 

experimental data also calls for some attention. The experimental data from the 

participant's decision-making behavior is collected in two different hypothesized 

contexts. The household data observes how people make decisions in a real world 

context; and more precisely, the outcome of their decisions. We can ask if there is 

consistency in the participant's behavior under these two different contexts. One may 

argue that the subjects are less serious under experimental conditions compared to reality, 

especially when the subject's reward is relatively small. Fortunately, participants in our 

experiment can receive rewards of up to several days of salary for reasonably-made 

decisions; and hence, have strong incentive to be serious in making hypothetical 

decisions (fanaka, Camerer and Nguyen, 2007). 

Another argument against the use of experimental data is based on the idea that the same 

person may behave differently under different circumstances. For instance, a fisher may 

be a risk-lover when he is fishing; however, he may be risk-averse when making a 

housing investment. In a large study on risk behavior in Europe, Dohmen et al. (2005) 

find that people show consistent risk behavior under different decision making scenarios: 

car driving, financial matters, health, and career. This finding supports the use of 

experimental data in our study. 

As far as the theoretical framework of this study is concerned, we assume that economic 

agents' behavior is elicited by prospect theory. As noted below, expected utility theory is 

a special case of prospect theory. Accordingly, we can identifY additional findings that 

may otherwise be hidden from applying expected utility theory. We use a sophisticated 
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version of prospect theory, in which we consider a utility function (Tversky and 

Kahneman, 1992) and the one-parameter form of Prelec's axiomatically-derived 

weighting function (1998). Specifically, the utility function can be expressed as follows: 

U( 
. ) _{V(Y)+W(P)(V(X)-V(y», 

x,P,y,q -
w(p)v(x)+w(l-p)(v(y» 

where vex) = {
XU 

-A.{-XU
) 

and w(p)=exp[-(-Inp)a] 

for x>O 
for x<O 

x>y>O or x<y<O 

x<O<y 
(I) 

U(x,y;p) is the expected prospect value over binary prospects consisting ofthe outcome 

(x, y) with the corresponding probability (p, lop). U(x,y; p) includes two functions: the 

power value function vex) and the weighting probability function w(p). cr represents 

concavity of the value function, and A. represents the degree of loss aversion. The 

weighting function is linear ifa=l, as it is in EU. Ifa<l, the weighting function is 

inverted S-shaped (i.e., individuals over-weigh small probabilities and under-weigh large 

probabilities). If a> 1, then the weighting function is S-shaped, i.e., individuals under-

weigh small probabilities and over-weigh large probabilities. 

As far as the estimation procedure is concerned, the three parameters cr, a and A. are 

estimated using data from the field experiment conducted in Vietnam during summer 

2005. The experiment aims at measuring social preference, time discounting, risk 
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preference. and most importantly. risk behavior. among Vietnamese villagers. Figure I 

displays locations of the experimental sites. 

Figure 1: Locations of Experimental Sites 

• V:.IlaJu S411Cd S5 

• VUlapSl 
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The experimental design is presented in the appendix. Each experimental subject 

(participant) was asked to make decisions on choosing between plan A and plan B under 

different scenarios. Each scenario is characterized by monetary rewards and 

corresponding probabilities to receive those rewards. To estimate the parameters cr, a: and 

A. ofthe utility function for each individual, we generate 35 scenarios. These scenarios are 

divided into three SUb-components. The first two sub-components aim at measuring the 

risk aversion and the weighting probability function's parameters cr and a: 

simultaneously. The third SUb-component focuses on estimating the loss aversion 

parameter A.. 

It is worth noting that the highly non-linear nature of the utility function under prospect 

theory makes the estimation procedure relatively difficult to handle. A number of 

procedures have been developed to estimate parameters of the utility function under 

prospect theory. However, these procedures only focus on estimating elements of the 

utility function separately. For instance, to estimate parameters of the weighting function, 

Wu (1994) develops the least-squares method aiming at minimizing the actual and 

estimated probability of choosing a prospect over the other. Abdellaoui (2000) and 

Abdellaoui et aI., (2007) develop a two stage procedure to estimate the weighting 

function and loss aversion coefficients. The estimation method is non-parametric without 

assuming any specific form of the value and weighting probability functions. In the first 

stage, a sequence of ordered outcomes is generated. The corresponding (ordered) 

probabilities are derived in the second stage. In this paper, we apply a procedure that can 

simultaneously estimate all three parameters of the utility function under prospect theory. 

49 



Table 2.1: Expected Payoff Difference of Pairwise Lottery Choices 
Expected payoff 

Option A Option B difference (A-B) 

Series I 

311 0 of 40,000 and 7/10 of 1 0,000 1/10 of68,OOO and 9/10 of5,OOO 7,700 
3/10 of 40,000 and 7/10 of 1 0,000 1/10 of75,OOO and 9/10 of5,OOO 7,000 
3/10 of40,OOO and 7/10 of 10,000 1/10 of 83,000 and 9/10 of5,OOO 6,200 
3/10 of 40,000 and 7/10 of 10,000 1110 of 93,000 and 9/10 of 5,000 5,200 
3110 of 40,000 and 7/10 of 10,000 1/10 of 1 06,000 and 9/10 of 5,000 3,900 
3/10 of40,OOO and 7110 of 10,000 1110 of 125,000 and 9/10 of 5,000 2,000 
3/10 of 40,000 and 7/10 of 10,000 1110 of 150,000 and 911 0 of 5,000 -500 
3/10 of40,OOO and 7/10 of 10,000 1110 of 185,000 and 9110 of 5,000 -4,000 
3/10 of 40,000 and 7/10 oftO,OOO 1110 of220,OOO and 9/10 of 5,000 -7,500 
3110 of40,OOO and 7/10 of 10,000 1110 of3oo,OOO and 9/10 of5,OOO -15,500 
3110 of40,OOO and 7/10 of 10,000 1110 of 400,000 and 9/10 of 5,000 -25,500 
3/10 of 40,000 and 7/10 of 10,000 1110 of 600,000 and 9/10 of 5,000 -45,500 
3/10 of 40,000 and 7/10 of 10,000 1/10 of 1,000,000 and 9/10 of5,OOO -85,500 
3/10 of 40,000 and 7/10 of 10,000 1110 of 1,700,000 and 9/10 of5,OOO -155,500 

Series 2 

9/10 of40,OOO and 1110 of30,OOO 7/10 of54,OOO and 3/10 of5,OOO -300 
9110 of40,OOO and 1110 of30,OOO 7/10 of56,Ooo and 3/10 of5,OOO -1,700 
9/10 of40,OOO and 1110 000,000 7/10 of58,Ooo and 3110 of5,OOO -3,100 
9/10 of40,OOO and 1110 of30,OOO 7/10 of60,Ooo and 3110 of5,OOO -4,500 
9/10 of 40,000 and 1110 ono,ooo 7/10 of62,OOO and 3/10 of5,ooO -5,900 
9/10 of 40,000 and 1110 of30,OOO 7/10 of 65,000 and 3/10 of5,OOO -8,000 
9/10 of40,OOO and 1110 of30,OOO 7/10 of68,OOO and 3/10 of5,OOO -10,100 
9/10 of 40,000 and 1/10 of30,OOO 7/10 of72,OOO and 3/10 of5,OOO -12,900 
9/10 of 40,000 and 1/10000,000 7/10 of77,OOO and 3/10 of5,OOO -16,400 
9/10 of 40,000 and 1/10 of30,OOO 7/10 of83,OOO and 3/10 of5,OOO -20,600 
9/10 of40,OOO and 1/10 of30,OOO 7/10 of 90,000 and 3/10 of 5,000 -25,500 
9/10 of 40,000 and 1110 of30,OOO 7/10 of 100,000 and 3/10 of5,OOO -32,500 
9/10 of40,OOO and 1110 of30,OOO 7/10 of110,OOO and 3/10 of5,OOO -39,500 
9/10 of 40,000 and 1110 000,000 7/10 of 130,000 and 3/10 of 5,000 -53,500 

Series 3 

5/10 of25,OOO and 5110 of -4,000 5110 of30,OOO and 5/10 of -21,000 6,000 
5/10 of 4,000 and 5/10 of -4,000 5/10 of30,OOO and 5/10 of -21,000 -4,500 
5110 of 1,000 and 5110 of -4,000 5110 ono,ooo and 5110 of -21,000 -6,000 
5/10 of 1,000 and 5110 of -4,000 5110 of30,OOO and 5110 of -16,000 -8,500 
5110 of 1,000 and 5/10 of -8,000 5110 of30,OOO and 5/10 of -16,000 -10,500 
5/10 of 1,000 and 5/10 of -8,000 5110 of30,OOO and 5110 of -14,000 -11,500 

5/10 of 1,000 and 511 0 of -8,000 5110 of30,Ooo and 5/10 of -11,000 -13,000 
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Table 2.1 presents the difference in expected payoffs for each scenario. In each series, 

the scenarios are ordered in such a way that plan B is getting better compared to plan A. 

As such, to be consistent the individual will either choose plan A for all scenarios or 

switch to plan B at some scenario and choose B for all remaining scenarios in the series. 

Based on the choices made by each individual, we then can estimate the range of possible 

values of the parameters of his or her utility function 0", a and A.. This is done by solving 

a system ofinequalities satisfYing the choices made by the individual. 

The choices are carefully designed so any combination of choices in the three series 

determines a particular combination of prospect theory parameters: 0", a and A.. Series 1 

and Series 2 are designed to estimate the level of risk aversion and the weighting 

probability parameter; whereas Series 3 addresses the loss aversion aspect. Also, we 

enforced monotonic switching by asking subjects at which question they would "switch" 

from Option B to Option A in each Series. For each of the three Series, the subject will 

make a switch from Option B to Option A in some Scenario. Based on this switching 

behavior, we can estimate the parameters ofthe utility function under prospect theory. 

To develop an estimation strategy, we first notice that the value function depends on the 

parameter A. only in Series 3 which includes the loss outcomes. As such, we can use 

Series I and Series 2 to estimate a and 0" and then use the estimated (a, 0") to estimate A.. 

In what follows, we present an example to illustrate our estimation strategy. 
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Let's suppose a subject makes a switch from Option B to Option A in Scenario 7, then it 

must be the case she prefers Option B to Option A in Scenario 6 at the same time she 

prefers Option A to Option B in Scenario 7. Put it differentI)" her expected utility under 

prospect theory from Option A is greater than that from Option B in Scenario 6; whereas 

it is the other way around in Scenario 7. Mathematically, we can write the following 

inequalities: 

E[UB.6(X,y;p)] > E[UA
•
6(X,y;p)] 

E[UB.7 (x, y;p)] < E[UA.7 (x, y;p)] 

where E[UB.6(x,y;p)] is the expected utility under prospect theory given the subject 

choose Option B in Scenario 6; E[UA.6(x,y;p)], E[UA•
7(x,y;p)], E[UB.7(x,y;p)] are defined 

in the same manner. 

As far as Series 2 is concerned, let's suppose this same subject makes a switch from 

Option B to Option A in Scenario 21. By the same reasoning, we can write the following 

inequalities: 

E[UB
•
20 (X, y; p)] > E[U A

•
20 (x, y; p)] 

E[UB
•
21 (x, y;p)] < E[UA

•
21 (X,y;p)] 

As such, by observing the switching behavior of this subject in Series 1 and Series 2, we 

can develop a system of 4 inequalities as follows: 

E[UB
•
6(X,y;p)] > E[UA

•
6(X,y;p)] 

E[UB.7 (x, y; p)] < E[UA
•
7 (x,y;p)] 

E[UB.20(x, y; p)] > E[UA
•
20

(X, y; p)] 

E[UB
•
21 (x, y; p)] < E[UA

•
21

(X, y; p)] 
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Substituting the values of (x, y; p) for each option in each Scenario, we have the 

following equivalent system ofinequalities: 

JOoooa +exp[ -(-In.3t](40000a -IOOOoa» soooa +exp[ -(-In.I)"](12S000a - soooa) , 
10000a +exp[ -(-In .3t](40000a -IOOOOa)< soooa +exp[ -(-In.I)"](ISOOOOa - SOOOa) , 
30000· +exp[ -(-In.9)"](40000a - 30000a) > SOOOa +exp[ -(-1n.7)"](6S000· - SOOOa) and , 
30000 a +exp[ -(-In .9)"](40000· -30000 a) < 5000· + exp[ -(-In .7)"](68000" - 5000·). 

As can be seen this is a highly nonlinear system of inequalities for (cr,a). Using 

Mathematica, we find that the ranges of cr and a that satisfY the above inequalities are 

0.65<0-<0.74 and 0.66<a<0.74. Upon rounding, we then select the point (cr,a)=(0.7, 0.7) 

satisfYing the condition for the follow-up analysis. 

Having estimated the parameters (cr,a), we continue to estimate the loss aversion 

parameter A.. The estimation is conducted by the experimental subject's switching 

behavior (from Option B to Option A) in Series 3. It is worth noting that the range of A. 

values implied by each switching point depends on the utility curvature cr; thus, A. cannot 

be uniquely estimated from switching behavior in Series 3. Given that, we construct 

questions (Options) in Series 3 in such a way to make sure that A. takes similar values 

across different levels of cr. Also, to ease the calculation we design the questions in such 

a way that the probability sensitivity parameter, a, plays no role in Series 3. In particular, 

all prospects involve equal (50 percent) chances of gain and loss, so the probability 

weighting terms drop out in calculating prospect values. 
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To continue with the above example, let's suppose that the above individual makes a 

switch from Option B to Option A in Scenario 30. By the same reasoning, we have the 

following system ofinequalities: 

25000" -]"'4000" > 30000" -],,*21000" 

1000" -],,"4000" < 30000"-],,"21000" 

Substituting the estimated a = 0.7 and solving for A., we have 0.224<1..<1.413. We then 

use this range 00. 's value for the subsequent analyses. 

Having estimated parameters of the utility function under prospect theory framework for 

each individual, we then explore how these parameters are correlated to socioeconomic 

variables in the next step. More specifically, we explore the relationship between these 

estimated parameters and socioeconomics variables such as occupation, education, and 

income level. Information on the latter variables is obtained from the Vietoam Household 

Living Standard Survey in 2002 (VNLSS 2002). 

To summarize, there are two main steps in the estimation process: 

Step I: The parameters n, a and A of the utility function are estimated for each individual 

based on the choices made by individual in the experiments. Mathematica is employed to 

solve the system of nonlinear inequalities. 

Step 2: The experiment data is linked to the VNLSS 2002 from which information on 

selected socioeconomic variables is collected. Also, we develop a questionnaire to collect 

other relevant information, which was not available in the VNLHS 2002, at the end of the 

experiment. Selected variables from the VNLSS 2002 and the questionnaire are used as 
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explanatory variables in the econometric models to explain the determinants of risk 

preferences. 

2.6. Main Findings 

Prior to conducting the econometric analysis, we conduct a hypothesis testing to check 

whether the data supports prospect theory. Under expected utility theory, the estimated 

value of (a, /.) from the experimental data would be (I, I). Accordingly, we are interested 

in checking whether (a, /.) is significantly different from (I, I). The mean estimated value 

for (a, /.) is (0.74. 2.17) and the corresponding t-statistics are (-13.24, 8.91). Therefore, 

our data shows a strong favor for prospect theory. 

Taking into account the possibility that workers in different occupations may have 

different preferences, we also conduct the t-test for each occupation. The participants are 

more likely to behave in accordance with prospect theory than expected utility regardless 

of their occupation (Table 2.2 and Table 2.3). 

Table 2.2: Mean Valne of Risk Parameters by Occupation 

a IS t.. 

Fishery 0.72 0.76 2.06 

Fannllivestock 0.75 0.62 2.05 

Trade 0.77 0.63 2.00 

Business 0.73 0.64 2.13 

Government 0.77 0.62 1.77 
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Table 2.3: One Sample t-test under Ho: a =1 and Ho: i..=1 

Ho: a-I Ho: 1.=1 

Fishery -5.33("·) 2.35 (U*) 

Farm/livestock -8.87 (U.) 6.04 (n.) 

Trade -6.80 (*U) 4.49 (U.) 

Business -3.73 (***) 2.15 (**) 

Government officer -6.11 (U*) 2.61 (*U) 

(U.) indicates significance at I % level; (**) indicates significance at 5% level. 

Next, we investigate the descriptive statistics of key variables used in the analysis. The 

majority of participants work in the farming sector (Table 2.4). The mean year of 

schooling is around 7 years. This relatively high educational level is a crucial factor to 

ensure the participant's comprehension of the experiments (Tanaka, Camerer, Nguyen 

2007). It is worth noting that there exits difference between the North's and the South's 

participants in a number of aspects. The loss aversion parameter (1.) for Southerners is 

greater than the Northerners. 

The greater 1. implies that the formers are more averse to loss than the latter. Southern 

participants are wealthier. The proportion of participants who work in the fishery is also 

greater in the South. On the other hand, there are a greater proportion of participants in 

the North working for the government. Given these differences between the North and 

South, we use a binary variable in subsequent regression analyses to indicate whether the 

participant is from the South or the North. 
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Table 2.4: Basic Descriptive Statistics of Main Variables 

Total North South 

Number of experiment participants 184 84 100 

Weighting Probability Parameter (a) (mean) 0.74 0.74 0.74 

Risk Aversion Parameter (0") (mean) 0.61 0.62 0.59 

Loss Aversion Parameter (A.) (mean) 2.91 2.59 3.18 

Mean Household Income (10"6 VNO) 

Mean 20.23 14.65 24.95 

Standard Deviation 10.04 7.95 9.20 

Age 

Mean 47.45 48.54 46.53 

Standard Deviation 12.04 13.42 12.39 

Gender (I=Male) 0.61 0.45 0.75 

Education 

Mean 6.74 6.91 6.60 

Standard Deviation 3.84 3.79 3.88 

Main Occupation (as percentage): 

Farming & Live Stock 56.52 59.52 54.00 

Fishery 12.50 4.76 19.00 

Trade 13.04 13.10 13.00 

Business 9.78 9.52 10.00 

Government Office 15.76 19.05 13.00 

Distance to the nearest market (km) 1.48 1.19 1.72 

One of the main objectives of this paper is to investigate whether fishers exhibit different 

risk behaviors from workers in other occupations. As a first check, we conduct a one-way 

ANOV A to compare the risk parameters of fishers and other workers. Table 2.5 presents 

the corresponding F-statistics. As for the weighting probability and loss aversion 
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parameters, there is insignificant difference between fishers and other workers. However, 

fishers have a significantly higher value of the value function parameters than most other 

occupations. In other words, fishers appear less averse to risk than other workers. 

Table 2.5: F Statistics to Reveal Whether the Risk Parameters for Fishers are the 
Same as Other Workers Using One-Way ANOVA 

Weighting function Value function Loss aversion 

Fishery & FarmlLivestock 0.20 3.30" 0.01 

Fishery and Trade 0.77 2.35* 0.09 

Fishery and Business 0.01 1.34 0.00 

Fishery and Government 0.38 2.41* 0.43 

Note: ** Indicates significance at 5% level; * indicates significance at 10% level. 

The baseline empirical model takes the following simple OLS form: Y = XI3 + Fy +E , 

where Y is the value of the utility function parameter Il, cr, and A under prospect theory 

estimated from the experimental data. Note also that we have three separate equations for 

Il, cr, and A.. X are socioeconomic variables including age, education, distance to market, 

and occupation of the participants. F is a binary variable indicating whether the 

participant is a fisher (F= I if the participant is a fisher, F=O if the participant is not a 

fisher. Information about X and F are collected from the VNLSS 2002 as well as from the 

interviews conducted at the experimental sites. 

Prior to conducting the regression analysis, we address an important consideration in this 

kind of study: direction of causality. The key research question is whether being involved 
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in fishery makes fishers less risk-averse. In another word. we are interested in whether 

the estimated coefficient 'Y is significantly negative. However, the causality may go both 

directions. It could be that working in fishery makes people more accustomed to taking 

risks. But, it could also be the case that less risk-averse people would choose a risky 

occupation, such as fishery, to suit their preferences. Fortunately, this ambiguous 

direction of causality is solved in the context of our study. As mentioned above, 

Vietnam's fishers have a unique characteristic in the sense that fishery is mostly a 

traditional occupation concentmted in certain areas. People, especially men from those 

areas almost automatically become fishers when they become adults, as being a fisher is 

considered the only available occupation options for most men in these fishing villages. 

This unique characteristic of Vietnam's fishery provides us with great advantage of 

studying the causal relationship between working in fishery and risk behavior. 

We estimate the weighting parameter a: and curvature of the utility function 0" by OLS 

regressions of individual-specific parameter estimates against demogmphic variables. 

Given the loss-aversion parameter A. is an interval variable, it is estimated by interval 

regressions using maximum likelihood techniques. The regression results are shown in 

Table 2.6. We first look at the determinants of 0", which is used as a proxy for risk 

aversion. A positive value of the coefficient implies that the corresponding variable 

has negative impact on risk aversion level, or the greater this variable is, the less risk

averse the participant is. The most interesting finding is that working in fishery makes the 

participants less risk-averse than workers in other occupations (the base category). This 
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suggests that participants in occupations involving high risk might over time, become 

more willing to take risks. 

Table 2.6: Determinants of Dimensions of Risk Aversion 

(l {Weighting function 2 cr (Value function2 A. (Loss aversion) 
Age -0.001 -0.004** 0.04 

(-0.83) (-2.26) (1.35) 
Gender (I =male) -0.085 ** -0.038 -0.541 

(-1.95) (-0.71) (-0.73) 
Education -0.001 -0.018** 0.166 

(-0. I 7) (-2.63) (1.55) 
Farmllivestock -0.05 0.039 -1.08 

(-0.93) (0.071) (-1.08) 
Fishery -0.017 0.314*** -0.3 I 7 

(-0.25) (3.42) (-0.22) 
Trade -0.004 -0.006 1.375 

(-0.08) (0.08) (1.058) 
Business -0.041 0.03 -0.224 

(-0.51) (0.39) (-0.16) 
Government officer 0.043 0.054 -1.766* 

(0.87) (0.72) (-1.72) 
Relative income 0.022 -0.03 -0.484 

(0.99) (-1.33) (-1.23) 
Mean village income -0.005** -0.002 -0.149*** 

(-2.01) (-0.47) (-2.92) 
Distance to market 0.008 -0.038** 0.22 

(0.55) (-2.30) (0.255) 
South 0.082 -0.04 2.221 ** 

(1.56) (-0.6) (2.59) 
Constant 0.934*" 1.07*** 2.962 

(6.75) (6.63) (1.32) 
Observations 181 181 181 
R2 0.056 0.125 
Log pseudo likelihood -432 

Note: • Significant at the 10% level. .. Significant at the 5% level. ... Significant at the 
1% level. 

t statistics are in parentheses. 
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Other factors that have significant impact on the risk aversion level include age, 

education, and market distance. More specifically, the older the participant is, the more 

risk-averse they become. This finding is consistent with most other studies. As far as the 

correlation between education and risk aversion is concerned, participants with higher 

level of education are found to be more averse to taking risk. This effect of education on 

risk aversion is consistent with those found in the study by Dohmen et al. (2005) but not 

in agreement with Yesuf and Bluffstone (2007) who find that literate Ethiopian farmers 

are less risk-averse than illiterate ones. The effect of market distance on risk aversion is 

interesting. The closer the participant lives near the market, the less averse she is. It could 

be that living close to the market exposes the participant to the daily uncertainties of 

business activities, therefore acclimating the participant to income fluctuation. 

Extending our discussion to loss aversion, we find that being a fisher makes the 

participant less loss-averse than others, the effect is not statistically significant though. As 

mentioned above having a negative profit for a fishing trip due to uncontrolled factors, 

such as weather, is not uncommon in fishery. This feature assumes that fishers are more 

accustomed to loss than other professions. As for other variables, people working for the 

government are significantly less loss-averse. This is expected given the income security 

and job stability that government officials have. Typically, people in the North are 

significantly less loss-averse than those in the South, which may be due to socio

historical reasons. Northerners have been under the Socialist regime for a much longer 

period and have developed a stronger belief in the social safety network, which acts as a 

support net during times of loss. The key factor influencing loss aversion is the mean 
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village income. The richer the villagers are, the better they can jointly support their 

village rellows who are facing loss. According[y, the richer the village is, the less [oss

averse the villagers are. This finding is of great relevance to community/village oriented 

cultures in Vietnam where risk sharing among villagers is typical. 

To check the robustness of the model, we also calculate the CRRA (Constant Re[ative 

Risk Aversion) parameter by assuming that the utility function takes the form 

U(x) = xt-r /(l-r), where x is the monetary value of the lottery. This utility function has 

been widely used in the literature in which expected utility is the main framework ( Ho[t 

and Laury, 2002; Lokina 2004; Eggert and Martinsson 2004). Utilizing the same 

estimation procedure under the prospect theory framework, we can estimate the range of 

the parameter r for each switching point in Series [ (questions [ to [4) and Series 2 

(question [5 to 29). The estimated value ofr>O, r=0, and r<0 implies risk-aversion, risk

neutral, and risk-loving, respectively. Tab[e 2.7 shows the interval regression estimation 

results of the main determinants of the CRRA parameters (r) for Series [ (rl) and Series 2 

(r2) respectively. The key results are consistent with those under prospect theory. Most 

interestingly, working in fishery is still found to have significant impact on making the 

subjects more willing to take risk. 

It is worth noting that although rl and r2 are correlated (corre[ation coefficient is .495 and 

ryrh for all but one subject), the mean estimated values of rl and r2 differ quite 

significantly, i.e., rl=.IO and r2=.6I. The close-to-zero estimated value ofrl implies that 
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most subjects are considered risk-neutral in Series 1, while the large estimated value ofr2 

suggests that subjects are risk-averse in Series 2 under expected utility. 

Table 2.7: Determinant of Risk Aversion under Expected Utility Theory 

r, (Series I) r2 (Series 2) 
Age .005 .007 ** 
Gender (I =male) -.052 .138 
Education .020 .019 
Farmllivestock -.128 .022 
Fisbery -.48 ... -.320 •• 

(-3.04) (-1.95) 
Trade .03 .017 
Business -.176 -.004 
Government officer .007 -.077 
Relative income .08 ** .004 
Mean village income -.006 .007 
Distance to market .067 ** .027 
South .181 -.039 
Constant -.253 -.076 
Observations 181 181 
Log pseudo likelihood -448 -455 

Note: • Significant at the 10% level. •• Significant at the 5% level. ••• Significant at the 
1% level. 

t statistics are in parentheses. 

The signs and significance level of most estimated coefficients are consistent between G 

(the curvature parameter of the utility function) under prospect theory and r, (the CRRA 

parameter) under EU (Table 2.7). However, r, is positively correlated with relative 

income, suggesting that subjects who are relatively wealthier than their fellow villagers 

tend not to gamble on small probabilities. Also, it is noted that the r2 measure does not 

pick up most of the significant coefficients detected by r, and G. 
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As mentioned, the potential simultaneity of risk behavior and fishery occupation choice 

can be greatly solved given the unique characteristic of fisheries in Vietnam. However, 

other variables may also cause simultaneity. In particular, it is well known in the 

literature that risk preferences do impact income as a number of studies show that 

wealthier individuals appear less risk-averse than others (Tanaka, Camerer and Nguyen, 

2007). Given its potential endogeneity, it is helpful to find relevant instrumental variables 

for income variable. We use a binary variable indicating whether pest had impact on crop 

production in the commune in 2001 as the instrument for the mean income. This variable 

has a strong correlation with the mean income variable as crop is the main source of 

income. It can also be assumed to have no correlation with the error term in the risk 

behavior equations. As for relative income, we use the relative expenditure on funeral as 

the instrument. Results from the two-stage least-squares (2SLS) estimators still show 

that working in the fishery has a significant effect on risk aversion (Table 2.8). Moreover, 

fishermen do not show any significant difference in loss aversion from other occupations. 

Finally, an important finding of this paper integrates loss aversion into the analysis of risk 

behavior. A few other studies have shown the poor to be more risk-averse but have not 

been able to separate concavity from loss aversion. In our study, in spite of not having 

significant impact on risk-averse behavior, the mean village income is found to be the 

most important determinant of loss aversion. It is plausible then, that the poor do not fear 

income variation, which is a measurement of risk aversion - they fear loss. 
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Table 2.8: Determinants of Dimensions of Risk Aversion under 2SLS Model 

a (Weighting function) cr (Value function) '" (Loss aversion) 
Age -0.001 -0.004** 0.044 

(0.77) (-2.12) (1.51 ) 
Gender (I =male) -0.084* -0.04 -0.815 

(1.91) (-0.81) (1.08) 
Education 0.001 -0.0\3* 0.290 

(0.07) (-1.62) (2.52)* 
Fann/1ivestock 0.016 0.052 -1.154 

(0.23) (0.53) (0.81) 
Fishery -0.021 0.35*** 1.183 

(0.21) (3.2) (0.74) 
Trade -0.048 -0,04 0.785 

(0.77) (-0.5) (0.67) 
Business -0.025 0.07 1.032 

(0.27) (0.77) (0.70) 
Government officer 0.045 0.05 -2.002 

(0.84) (0.63) (1.98)* 
Relative income -0.058 -0.16* -3.809 

(0.57) (-1.71) (2.64)** 
Mean village -0.000 -0.0008 -0.225 
income (0.06) (-0.1 I) (2.05)* 
Distance to market 0.005 -0.04*** -0.037 

(0.30) (-2.40) (0.14) 
South 0.038 -0.05 2.938 

(0.58) (-0.56) (2.84)** 
Constant 0.893*** 1.13 6.512 

(4.90) (5.34) (2.29)* 
Observations 181 181 181 

R2 0.05 0.14 
Log -432 
pseudo likelihood 

Note: • Significant at the 10% level. .. Significant at the 5% level. ••• Significant at the 
1% level. 

t statistics are in parentheses. 
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2.7. Conclnsions 

We have made an attempt to apply prospect theory to investigate whether working in 

fishery make fishermen less averse to risk than others. The combination of experimental 

field data and household survey data plays an important role in the investigation process. 

Also, the unique feature of Vietnamese fishers, who consider fishery as the only choice of 

occupation, makes it possible to infer the causal relationship between fishery occupation 

and the resulting risk behavior. 

We develop a methodology to estimate the utility function parameters under prospect 

theory by using experimental data to estimate the probability weighting, concavity, and 

loss aversion parameters of the utility function. We then use these estimated parameters 

as the dependent variables in subsequent regression analyses. 

We find that working in fishery does make the participants less averse to risk. The result 

is highly significant in all estimations both under prospect theory and expected utility 

framework. Equally important is the additional insights provided by the loss aversion 

aspect of risk behavior. The mean village income significantly impacts loss averse 

behavior, but it does not have a significant impact on risk aversion. The insignificant 

effect of working in fishery on loss aversion implies that fishers are afraid of loss in 

income as much as other workers. Whereas, significant effect of fishery on risk aversion 

implies that fishers are less afraid of revenue variation than other workers. Let's put it 

differently, fishers are less afraid of income variation than income loss. 
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Several policy implications benefit from the finding that fishers are less averse than 

others. First, fisheries closure is a matter of debate among policy makers as they attempt 

to balance the fishers economic well-being with the need for biological preservation. 

Fisheries managers are concerned that fishers would rather prefer less variation in 

revenue that may come as a result of fisheries closures. and the need for fishers to 

relocate to other fishing grounds. The finding in this paper shows that fishers are not so 

much afraid of income variation but rather income loss. Thus. a more relevant question is 

how closures may lead to a reduction in fishing revenue. as fishers are just as loss averse; 

in tenns of revenue loss. as people of other occupations. Second, a number of programs 

that aim to help the poor in developing countries. such as the World Bank-initiated 

microfinance programs. assume fishers are risk-averse. and develop programs 

implementing risk sharing mechanisms to encourage more risky investment behavior. 

According to our findings. a more effective program would aim at developing a safety net 

to protect fishers in the event of an economic loss. 

There remaining areas for improvement relating to the potential endogeneity in the 

models. For instance. working in the business sector may affect risk behavior. On the 

other hand, people with certain risk behaviors may choose business as occupation. In the 

context of a cross-sectional data like ours, it is not possible to solve all endogeneity 

problems. Future research can more clearly establish the causal relationships between risk 

behavior and other variables by using panel data or randomized field experiments 

(Tanaka, Camerer and Nguyen. 2007). 
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Our study shows that new research methodologies can be integrated into the study of 

labor economics. Field experiment and household data can be combined and can 

complement each other. In addition to expected utility theory, prospect theory can also 

provide insights into risk behavior. The methodology developed in this study is 

applicable to a broad spectrum of research, both within fishery and in other fields as well. 
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APPENDIX 

A.l. EXPERIMENTAL DESIGN 

Instruction 

In this game, your earnings will depend partly on your decisions and partly on chance. 

There are 35 questions (in the following page). In each question, we will offer you two 

plans: Plan A and Plan B. We would like you to choose either Plan A or Plan B for each 

question. After you complete the record sheet, we put 34 balls in a bingo cage and draw 

one numbered ball to select I question out of 35 questions. We will play the selected 

question for real money. For example, if the number 21 ball is drawn, we will play 

Question 21 for real money. Once the question is determined, we will put 10 balls in the 

cage and play the selected question 6. 

6 Suppose the ball number 4 is drawn among 10 balls in the cage, if a subject chooses A 

for Question 21, the subject will receive 68,000 dong. 
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Record Sheet - Game 2 -

Please indicate your choice by ticking (v) either column A or Column B. 

PlanA PlanB A B 
I You will receive 68,OOOVND if You will receive 40,OOOVND if 

Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®(l)®®® ®®®(l)®®@ 

2 You will receive 75,OOOVND if You will receive 40,OOOVND if 
Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND 
@@®®®(l)®®@ ®®®(l)®®@ 

3 You will receive 83,OOOVND if You will receive 40,OOOVND if 
Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®(l)®®® ®®®(l)®®@ 

4 You will receive 93,OOOVND if You will receive 40,OOOVND if 
Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10.000 VND if 
@@®®®(l)®®@ ®®®(l)®®® 

5 You will receive 106,500VND if You will receive 40,OOOVND if 
Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®(l)®®@ ®®®(l)®®@ 

6 You will receive 125,OOOVND if You will receive 40,OOOVND if 
Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®(l)®®® ®®®(l)®®® 

7 You will receive 150,OOOVND if You will receive 40,OOOVND if 
Ci) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®(7)®®@ ®®®(7)®®@ 

8 You will receive 185,OOOVND if You will receive 40,OOOVND if 
(j) Ci)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®(7)®®@ ®®®(7)®®@ 
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9 You will receive 220,OOOVND if You will receive 40,OOOVND if 
(j) (j)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®@®®®®® ®®®®®®® 

10 You will receive 300,OOOVND if You will receive 40,000VND if 
(j) (i)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®®®®@ ®®®®®®® 

II You will receive 400,OOOVND if You will receive 40,OOOVND if 
(j) (i)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@®®®®®®@ ®®®®®®@ 

12 You will receive 600,000VND if You will receive 40,000VND if 
(i) (i)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@@®®®®®@ @®®®®®@ 

13 You will receive I,OOO,OOOVND if You will receive 40,OOOVND if 
(j) (i)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@@®®®®®@ @®®®®®@ 

14 You will receive I, 700,000VND if You will receive 40,000VND if 
(i) (i)@@ 
You will receive 5,000 VND if You will receive 10,000 VND if 
@@@®®®®®@ @®®®®®® 
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Please indicate your choice by ticking (v) either column A or Column B. 

PlanA PlanB A B 
15 You will receive 54,OOOVND if You will receive 40,OOOVND if 

<D@@®®®® ®@@®®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@ @ 

16 You will receive 56,OOOVND if You will receive 40,OOOVND if 
®@@@®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@ @ 

17 You will receive 58,OOOVND if You will receive 40,OOOVND if 
<D@@®®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@ @ 

18 You will receive 60,OOOVND if You will receive 40,OOOVND if 
<D@@@®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®® @ 

19 You will receive 62,000VND if You will receive 40,OOOVND if 
®@@@®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@ @ 

20 You will receive 65,OOOVND if You will receive 40,OOOVND if 
<D@@@®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®® @ 

21 You will receive 68,000VND if You will receive 40,000VND if 
®@@@®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@ ® 

22 You will receive 72,OOOVND if You will receive 40,OOOVND if 
®@@@®®® ®@@@®®®®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@ @ 
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23 You will receive 77,000VND if You will receive 40,000VND if 
(i)@@@@@<Zl (i)@@@@@<Zl®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
@®@) @) 

PlanA PlanB A B 
24 You will receive 83,000VND if You will receive 40,000VND if 

(i)@@@@@<Zl (i)@@@@@<Zl®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@) @ 

25 You will receive 90,000VND if You will receive 40,000VND if 
(i)@@@@@<Zl (i)@@@@@<Zl®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@) @) 

26 You will receive 100,000VND if You will receive 40,000VND if 
(i)@@@@@<Zl (i)@@@@@<Zl®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@) @) 

27 You will receive II O,OOOVND if You will receive 40,000VND if 
(i)@@@@®<Zl (i)@@@@@<Zl®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@) @) 

28 You will receive 130,000VND if You will receive 40,000VND if 
(i)@@@@@<Zl (i)@@@@@<Zl®® 
You will receive 5,000 VND if You will receive 30,000 VND if 
®®@) @) 
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Please indicate your choice by ticking (v) either column A or Column B. 

PlanA Plan B A B 
29 You will receive 30,OOOVNO if You will receive 25,OOOVND if 

Q)®@@@ Q)®@@@ 
You will lose 21,000 VNO if You will lose 4,000 VNO if 
@(l)@@@ @(l)@®@ 

30 You will receive 30,OOOVNO if You will receive 4,OOOVNO if 
Q)®@@@ Q)®@@@ 
You will lose 21,000 VND if You will lose 4,000 VND if 
@(l)@@@ @®@@@ 

31 You will receive 30,OOOVNO if You will receive I,OOOVNO if 
Q)®@@@ Q)®@@@ 
You will lose 21,000 VND if You will lose 4,000 VND if 
@(l)@@@ @®@®@ 

32 You will receive 30,OOOVND if You will receive I,OOOVND if 
Q)@@@@ Q)®@@@ 
You will lose 16,000 VND if You will lose 4,000 VND if 
@(l)@@@ @®@®@ 

33 You will receive 30,OOOVNO if You will receive I,OOOVNO if 
Q)®@@@ Q)®@@@ 
You will lose 16,000 VNO if You wiIllose 8,000 VNO if 
@(l)@@@ @®@®@ 

34 You will receive 30,OOOVNO if You will receive I,OOOVNO if 
Q)®@@@ Q)®@@@ 
You will lose 14,000 VNO if You wiIllose 8,000 VND if 
®(l)@@@ @®@@@ 

35 You will receive 30,OOOVND if You will receive I,OOOVND if 
Q)®@@@ Q)®@@@ 
You will lose 11,000 VND if You will lose 8,000 VND if 
@(l)@@@ @®@®@ 
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A.2. VARIABLE DEFINITIONS 

Variable nwne 

Age 

Gender 

Education 

Acquaintance mtio 

Farm!livestock 

Fishery 

Tmde 

Business 

Government officer 

Relative income 

Mean village income 

Distance to market 

Exp/income ratio 

Description 

Age of the subject 

Gender of the subject, l=male, O=female. 

Number of years the subject attended school 

Number of other subjects the subject knows by name divided 
by the total number of subjects in the session 
Binary variable indicating whether subject's main occupation 
is farming or mising livestock 
Binary variable indicating whether subject's main occupation is fishing 

Binary variable indicating whether subject's main occupation is tmding 

Binary variable indicating whether the subject is engaged in household 
business 
Binary variable indicating whether the subject works for a local govt 

Subject's household income divided by the mean household income 
of the village 
Mean household income of the village (million dong) 

Distance to the nearest local market (km) 

Household expenditure divided by household income per year 
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ESSAY 3 

An Alternative Model of Labor Supply: 

The Case of Hawaii Lougliue Fishery 

ABSTRACT 

In this study, we apply the target revenue model, a version of prospect theory, to study 

the decision making behavior of Hawaii longline fishermen. Specifically, we investigate 

how fishermen adjust their trip length to changes in daily revenue. The key finding is that 

certain groups of fishermen seem more likely to behave according to the target revenue 

model rather than the standard model of labor supply. Caucasian captains seem less likely 

to behave according to the target revenue model compared to their Korean and 

Vietnamese counterparts. This finding has important policy implication since policies can 

achieve biological objectives in fishery where income-targeting behavior is dominated 

(Lynham et aI., 2007). We also find that vessel capacity has little effect on the captain's 

fishing behavior. The study strongly supports the integration of prospect theory into the 

framework of labor supply analysis. 
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3.1. Introduction 

Fishing effort level, as measured by the number of fishing days for a given trip is 

probably one of the most important inputs in fisheries. Studies on fishing effort have 

been widely published. To the best of our knowledge, all of these studies are under the 

standard assumptions of economic theory, namely that economic agents are rational and 

self-interested. In this paper, we explore the fishermen's decision-making behavior on the 

number of fishing day per trip by applying a different framework using the target revenue 

model. We will see how having a target revenue may influence the captain's decision 

regarding trip length and how this may result in a different prediction from the standard 

economic model regarding the relationship between daily fishing revenue and the number 

of fishing days. To investigate which model provides a more reasonable description of 

reality, we observe the empirical evidence from the Hawaii-based longline fisheries. 

We credit a paper by Camerer et al. (\997) on the taxi drivers in New York City as our 

primary inspiration for this research. Camerer et al. find strong evidence to show that the 

cab drivers may behave according to the target revenue model as far as how many hours 

they work per day is concerned. As discussed later. fishermen and taxi drivers share a 

number of similar characteristics. These common characteristics make it worthwhile to 

study fishing behavior under the same framework as Camerer et al. 

There are, however, factors that make the Hawaii longline fisheries an interesting case 

study in and of itself. First, fishermen face capacity constraints for fuel and food supplies. 

These constraints may result in shortening the trip despite having not achieved the target 
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revenue goal for a given trip as predicted by the target revenue model. Second, Hawaii 

long line fisheries consists of owners from different ethnic groups, each may behave 

differently in the decision-making process. Accordingly, certain groups of owners may be 

more likely to behave in accordance with the standard economic model; whereas the 

others are more likely to behave according to the target revenue model. Third, longline 

fishing experience is highly correlated with rational behavior defined in the standard 

model: the longer the captain has been longline fishing, the more likely he will behave 

according to the standard model (Camerer et aI., 1997). 

In this paper, we are going to investigate the following questions: (I) How well does the 

target revenue model describe the fishing behavior of Hawaii longline fishermen? (2) 

How do capacity constraints impact fishermen behavior under the target revenue model 

framework? (3) How does ethnicity impact fishermen behavior under the target revenue 

model framework? and (4) How significant does longline fishing experience have on 

fishermen behaving according to the target revenue model framework? 

3.2. A Literature Review 

3.2.1. An Inter-temporal Model of Labor Supply in Fishery 

A great number of recent studies on labor supply have followed the inter-tempoml 

formulation of the standard neoclassical model (Camerer et al.. 1997; Chou, 2003; 

Farber, 2006). Applying this standard formulation to fishery, the number of fishing days 

for a trip is determined by solving the lifetime utility function defined over lifetime 
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consumption and fishing days. In particular, consider maximizing the lifetime utility of a 

fisherman with time separable utility function: 

T 

MaxU(Lifetime) = LW[U(c.)-v(cL)] 
((l.ch)) teO 

Subject to a lifetime budget constraint 

T r 
LJltCt(l+pr' = Lwtd,(l+pr' 
1=0 t ... O 

where u( Ct) is the utility gained from consumption Ct in period t and v( d0 is the disutility 

from fishing effort, d~ in the same period. By standard assumptions, u(Ct) is concave 

whereas v( d0 is convex. Wt and Pt are the daily revenue and the price of consumption 

good in period t, respectively. ~ is the discount factor and p is the interest rate. 

Setting up the Lagrangian, we have 

T T T 

L = ~)'[u(c,)-v(dt)]-I..[LJltC,(1 +pf' - Lw,dt(1 +pr'] 
,,,,0 1=0 terD 

Solving the first order condition with respect to Ct and ~ results in 

(I) 

8L o (::) [3 'v '( d ,) = 'J. w ,( I + p) - I (2 ) --= 
8 d I 

From (I) and (2), we can derive the following 

v '( d I) W I = --= rl 
U '( C I) P , 

(3 ) 

where rt is the real daily revenue. 
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Taking the expectation for t+ I at t, we have 

v '( E (d t + l) 

U '(E(Ct+l)) 
E(Wt+l) 
-~-------''- = E (r t + 1 ) 
E(pt+l) 

Dividing (4) by (3), we have 

v '( E (d t + l) / u 
v '( d t) 

'(E(ct+!)) E(rt+l) 
= 

U '( C I) r t 

Now suppose the vessel operator expects an increase in the real daily fishing revenue in 

the next period, Le., E(rt+l) > rt. From (5), by keeping the consumption level constant, it 

must be the case that v'«E(dt+I))> v'(dt). By recalling the assumption of convexity of 

v(dt}, we can then derive that E (dt+l) > dt. In other words, we have theoretically proven 

under the standard framework that there is a positive correlation between the number of 

fishing days and the daily revenue. 

Studies on the supply of labor have empirically shown little support for the standard 

model's prediction (Falk, 2004, 2006). Most studies, rather, have found a positive 

correlation between labor wages and labor supply, though these results are not 

significant. This insignificant relationship found in the empirical studies is attributed to a 

number of factors. For instance, data limitations do not allow researchers to investigate 

how flexible the workers are allowed to freely choose their labor supply (Falk, 2004). In 

many settings, workers are required to work a fIXed number of hours per day. Another 

question is whether changes in wages are temporary or permanent with respect to the 

time horizon of the decision-making framework. Under the standard model of labor 

supply, decisions are made under a long-run or lifelong horizon. Decision making in a 
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fisheries context are short-tenn (i.e., a fishing trip). This short-run time horizon, for 

example, certainly impacts on the standard model's predictions of fishennen behavior 

(Lokina, 2006). 

In the search of a model to bridge the gap between theoretical prediction and empirical 

evidence, increasing attention has been paid to the target revenue model which offers an 

alternative description of labor supply. In what follows, we will briefly review the labor 

supply studies based on the target revenue model. 

3.2.2. Revenue Target Model: A Prospect Theory Based Model 

The seminal paper by Camerer et al. (1997) on the labor supply of taxi drivers in New 

York City is the first study on labor supply under the prospect theory framework. 

Camerer's basic estimation equation takes the following fonn: 

log(h,..) = (l + i3logcy', Ih,,) + X,}p+ &" 

where h" is the number of driving hours by driver i on day t; Y" is driver i's income on 

day t; Xu is a vector of other variables that may have an effect on the number of driving 

hours. Camerer et al. find a negative elasticity for the taxi driver's working hours with 

respect to hourly wage in the range of [-0.61, -0.18]. According to the authors, the 

negative relationship between number of working hours and average wage rate results 

from the fact that each taxi driver has a daily target income level in mind. On a given 

day, he/she continues to drive until the target income level is achieved. On a productive 

day with many customers, it takes only a few hours to meet that target goal. Conversely, 

on days with fewer customers, it takes more hours to reach that same target level. 
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Following the Camerer et al. paper, a number of labor supply studies based on target 

revenue model was conducted. Using a similar approach, Chou (2002) finds that 

Singaporean cab drivers exhibit exactly the same driving behavior as those in New York 

City. Fehr and Gotte (2007) provide an innovative method of labor supply study. They 

use a randomized field experiment to explore how bike messengers in San Francisco 

respond to changes in hourly wages. The experiment estimated the loss aversion 

parameters of the participants and found that messengers with strong loss aversion 

behaved in accordance with the target revenue model. Conversely, messengers with less 

loss aversion appeared to follow the standard model of labor supply: they increase the 

effort levels in response to an increase in the piece rate. 

In support of the standard inter-temporal model, Farber (2004, 2005) conducts a study 

also on New York taxi drivers. Farber's approach focuses on the probability of 

continuing to drive at any given time: the greater the number of accumulated driving 

hours, the lower the probability a driver continues to drive. He argues that the key factor 

in determining the cab driver's daily driving hours is the number of hours driven. 

Farber's empirical model takes the following hazard model form: 

Stop" = a + 13Y;, + Sh". + x"r + 8". 

The dependent variable is a binary variable Stop". = I, if driver i stops at time 1. Y 1.1 is the 

cumulative income level for driver i given he stops at time t; hi.1 is his cumulative driving 

hours, and XiI is other independent variables. To investigate how well the target revenue 

model explains the data, Farber aims at answering the question: Does a higher cumulative 

earning Y" lead to an increase in the probability of stopping (p > 0)7 The estimated 
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coefficient ~ would be positive and significant if cab drivers behaved according to the 

target revenue model. Farber finds a positive but not significant effect of cumulative 

earning Yo"~ on the probability of stopping. This finding is qualitatively consistent with the 

target income model. Farber also finds a significant and positive impact of cumulative 

working hours on the probability of stopping which gives support for the standard model 

oflabor supply. 

Fisheries serve as an ideal application for the target revenue model because of the short 

time horizon of the decision making process and the uncertainties surrounding each trip. 

Decision on the length of a fishing trip is made one trip at a time. This short time horizon 

differs from the standard model's assumption of using a lifelong horizon. There is also a 

great deal of uncertainty surrounding each trip as it is possible that a vessel can have one 

very profitable trip followed by a very unprofitable trip, and the reasons may be due to 

uncontrollable factors such as bad weather or poor fishing grounds. Due to these reasons, 

it is not easy for a vessel operator to expect a certain return for each fishing trip and, thus, 

will also not know how long each trip will last. A possible strategy for the vessel operator 

is establishing a target revenue goal. This goal acts as a reference point to help decide 

whether to continue the fishing trip or not. From interviews with vessel operators in the 

Hawaii longline fisheries, we found that a majority of vessel operators do mentally have a 

target revenue goal for each fishing trip. The target revenue is typically the vessel's 

previous years' average trip revenue. For example, operators of average size longline 

vessels, mentioned aiming for a revenue of $20,000 for each trip. Once the operator has 

reached this goal he would very likely conclude the trip and return home. The probability 
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of continuing the fishing trip after achieving $19,000 is much greater than continuing 

after receiving $21,000 of revenue. Psychologically, it is true that people will more likely 

work harder prior to reaching a goal than after exceeding that goal (Fehr and Falk, 2002). 

According to Goette et al. (2004), it is this type of decision-making behavior that makes 

the Kahneman-Tversky prospect theory a relevant framework in our study. 

Given its unique feature of the decision-making process, fisheries also serve as an ideal 

application for the study of labor supply under the target revenue model. First, fishermen 

enjoy the flexibility to choose how long they work. This freedom to choose the fishing 

trip length allows for enough variation in the number of fishing days from trips to trips as 

well as vessels to vessels. Variation in the number of fishing days in tum makes it 

possible to use fishing length as the dependent variahle. Second, because there is little 

correlation between the trip revenue from different trips, it is reasonable to consider each 

fishing trip in isolation. If the vessel operator made decisions based on two trips as 

opposed to one, for instance, the additional revenue from one productive trip could offset 

the loss in the other unproductive trip. In order to reach the revenue target for the two 

trips, the vessel operator may fish longer during the productive trip and shorter during the 

unproductive trip. Despite having a revenue target (for the two trips together), the vessel 

operator's behavior follows in suit with the inter-temporal model of labor supply. 

In general, fishing decisions regarding trip length is a very complex process due to a 

number of factors, like vessel capacity and auction fish prices. Vessel physical capacity 

determines the length oftime that a vessel can fish for. The ability to produce ice during 
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a trip is crucial in lengthening the amount oftime a vessel is out at sea. Fish price, which 

is controlled by market supply and demand forces, can directly impact trip revenue and 

induce uncertainty regarding trip length. Fish prices are determined by high level of 

competition at the local United Fishing Agency fish auction and are also influenced by 

the number of fishing boats choosing to offioad on particular day. Depending on the 

number of boats offioading to the fish auction, vessel opemtors may gamble by 

shortening a trip and catching fewer pieces of fish, and offioading on a day with fewer 

boats at the auction with the hope of securing higher prices to compensate for the lower 

quantity in fish pieces. 

This paper greatly simplifies this complex process by assuming that the vessel opemtor 

has a revenue target, as opposed to a target quantity of fish pieces caught. This 

assumption may cause one to ask how the vessel opemtor can estimate the accumulated 

revenue of the trip especially when the auction fish price fluctuates on a daily basis. This 

is possible thanks to the constant communication between the captain who is monitoring 

the boat in the ocean and the owner who follows closely what happens at the auction. 

Focusing solely on revenue mther than on fish prices will significantly simplify this 

complex price mechanism. Regarding the vessel's physical constmint to stay longer in 

the ocean, we use ice maker as a proxy for vessel capacity. Having ice maker enables 

larger and typically shallow-set vessels to fish longer. When fish are placed in an ice 

hole and are regularly repacked to maintain a desired level of freshness over the course of 

many weeks out at sea, ice will melt and will have to be replaced by fresh ice from an ice 

maker. Otherwise, there exists a trade-off between the fish quality and the trip length. 
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3.3. A Revenne Target Model in Fishery 

Before continuing, we will explore how operators decide on the trip length. Captains may 

often have different objectives than owners. Is deciding on trip length typically a joint 

decision made by the owner and the captain or is it solely made by the owner? Our 

primary interest is seeing how having a target revenue goal impacts trip length. We first 

assume that this revenue goal is consistent for both the owner and the captain. 

Furthermore, we assume that the owner and the captain have the same objectives and 

jointly decide on the trip length. This second assumption is reasonable as net trip revenue 

is often shared between the owner and the captain. Moreover, joint decision making 

reflects how the information is transferred during the fishing trip. The captain is 

informed of their fishing productivity while the owner is cognizant of the market 

conditions at the auction. This cooperative effort is a common practice in fisheries and 

shows how each plays an equal role in deciding on the trip length. 

Decisions on trip length are made one trip at a time rather than over an entire lifecycle. 

Hence, our model is based on a single trip. To incorporate revenue goal-setting, we 

assume that the captain's preference takes the following form: 

U(Y.d)=a(Y-T)- 8 dI+V 
1 + v 

(Y <T) (I) 

U(Y.d)=(Y _T) __ 8_ dJ + v 

1 + v 
(Y>T) (2) 

where U(y,d) is the utility function under prospect theory. There are two components in 

the utility function. The first component represents utility (equation 2), which varies 

depending on how much the actual fishing revenue exceeds the target. The second 
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component (equation I) is the standard disutility function. d is the number of fishing 

days. Y is the fishing revenue for the trip; and Y=wd, where w is the average daily fish 

revenue. T is the reference (target) revenue level. IX is a parameter representing how 

sensitive the captain is to deviation from the reference revenue. We assume that IX> 1 

reflects loss aversion. a is a parameter for the disutility of fishing effort. v is the inverse 

elasticity parameter of revenue with respect to fishing days. 

The utility function is kinked at Y=T since there is a change in the marginal utility at 

Y=T. When the captain exceeds the target revenue level (Y>T), the marginal utility is I, 

which implies that a revenue increase of$1 results in a 1 unit increase in utility. When 

the captain has not exceeded the target revenue level (Y <T), the marginal utility is 0., 

which is greater than I, which implies that a revenue increase of $ 1 leads to more than a 

1 unit increase in utility. In this case, the captain places more values on a $1 revenue 

increase because the captain has yet to reach the point where Y>T and, thus, is more 

willing to continue fishing. A productive fishing trip shortens the time before the captain 

can achieve the target goal (i.e. Y>T), whereas an unproductive trip lengthens the time 

the captain to achieve the target goal, as there is incentive to fish longer so long as Y <r 

Intuitively, this depicts the negative relationship between daily fishing revenue and trip 

length. We will formally show under what circumstance this relationship will occur. 

We first solve the first order condition (FOC) to optimize the captain's utility. 

Case l:Y<T 

( )
"V 

Substitute Y = wd into (1), the FOe then results ind'" = cr.; . To find the threshold 
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values for w and d, we consider the case wd* =Y*=T*. Solving for d* and w* we have 

( )", 
d* = usw (3 ) 

( 
S ) ( t+;-) ( d-) 

w"= - T' 
u 

(4 ) 

ease 2: Y>T 

In this case, a=\. Follow the same procedure as Case \. By sUbstituting a=1 into (3) and 

(4), we have 

( )

1" 

d*"= !:!..
S 

I • 
- -

w *. = 9 1+ v Tt+v 

(5 ) 

(6 ) 

Using equations (3) to (6), we can show that the optimal number of fishing days pmal 

can be one of the following: 

( )

JlV 

w<w" then dopllmaJ = a; 

( )

JlV 

w>w"* then do
pllmaJ = ; 

T 
w"<w<w"* then do

plimal =
w 

( I) S 1+. - - -
( )

- (.) I , 

where w"= -;; T 1+. and w*"=SI+vTI+v, respectively. 

As such, there is a positive correlation between the optimal number of fishing days 

(d'Ptl~ and the average daily fishing revenue (w) when w<w· or w>w". This positive 
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correlation is in accordance with predictions from the standard inter-tempoml model of 

labor supply. In addition, there is a negative correlation between the number of fishing 

days and the daily fish revenue (Case 3). ThUs, the revenue target model can address a 

broader range of impacts that daily revenue may have on the fishing trip length. Under 

the revenue target model, it is plausible that an increase in daily fishing revenue results in 

shorter trips. The following section empirically explores revenue target model's ability 

to describe the behavior of Hawaii longline fishermen. 

3.4. Empirical Evidence 

3.4.1. Data Source and Model Specifications: 

Information on the number of fishing days by trip and trip revenue is obtained from 2004 

logbook data and 2004 auction data, respectively. The logbook is compiled by the 

National Oceanic and Atmospheric Administration (NOAA). The auction data is 

collected by the Hawaii Division of Aquatic Resources (HOAR). The logbook data 

contains information on the number of fishing days for every longline trip in 2004, and 

the auction data records the trip revenue for each longline vessel in that year. These two 

datasets were combined for the estimation of the empirical model. 

Table 3.1 presents the summary statistics of the main variables. The average length of a 

fishing trip in the Hawaii longline fisheries is about 19 days. About half of the vessels 

have fishing lengths of 19 days. Variation of the number of fishing days is relatively 

large. An avemge vessel earns about $32,000 per trip or $1,800 per fishing day. 
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Table 3.1: Summary Statistics 

Mean Median SD 
Total (1309 obs) 
# Fishing days 18.77 19.00 5.03 
Daily revenue 1794 1648 871 
Trip revenue 32225 31033 14239 
Having Ice Maker(l: Yes, 2:No) 0.35 0 0.47 
Ethnicity (I: Caucasian, 2: 1.86 2 0.82 
Korean, 3: Vietnamese) 

Longline Fishing Experience 17.13 16 10.22 

The standard deviations in fish revenues are relatively large reflecting the diversity of 

vessel characteristics within the fisheries. The vessels are distributed almost equally 

across three ethnic groups of owners: Caucasian, Korean, and Vietnamese. About 50% 

of captains have 16 years of longline fishing. In terms of the vessel's capacity, about 

35% of vessels have an ice maker. 

Model Specifications 

We first start with the basic empirical model, which takes the following form: 

InD, =1]*ln~ + XJ3+ 6" (I) 

where D. represents the number of fishing days by vessel i on trip t, and ~ is the 

average daily revenue of vessel i on trip t. Camerer et al. (1997) points out that this 

method of estimating W. is a very similar method used in the labor supply literature, 

where wage rate is estimated by dividing yearly (monthly) income by yearly (monthly) 

working hours. Thus, 1] is interpreted as the daily revenue elasticity. 
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We include a binary variable indicating the presence of an ice maker. To account for the 

high demand of fish during the holiday season, especially during Thanksgiving and 

Christmas, we use a dummy variable to represent the holiday season. 

In terms of model specification, ideally one can look at the daily revenue for each day in 

a given trip. This makes it possible to estimate the accumulated revenue at any given 

fishing day. The cumulative revenue is the deciding factor influencing whether the 

captain continues to fish or not. However, we don't have information on daily revenue 

for each individual fishing trip, thus we use the average daily revenue as the dependent 

variable. 

The use the average daily revenue may cause potential measurement error. Camerer et al. 

(1997) and Chou (2002) in their studies on taxi drivers mention that there may have been 

measurement errors in the recorded number of driving hours. This problem is known as 

division bias in labor economics studies (Borjas, 1980). Likewise, one may suspect 

potential measurement errors in the number of fishing days compiled in the logbook. 

Since such is the case, inflated records may increase the number of fishing days and 

deflate average trip revenue, while deflated records may decrease the number of fishing 

days and inflate average trip revenue. Both cases of misreporting fishing days lead to 

spurious negative elasticity. On the other hand, the daily revenue elasticity may be 

biased towards zero due to an over reporting of total trip revenue. These two sources of 

bias will either reinforce or counteract each other, depending on whether the true daily 
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revenue elasticity is positive or negative. Therefore, the net effect is uncertain; we show , 

this result in the appendix. 

In the fisheries context, the logbook contains the record of the number of fishing days 

made by each vessel, as it is required by law for fishermen to complete their logs. After 

every trip, NOAA collects the logbook directly from the captain and ensures that key 

information, such as fishing days, is recorded correctly. Thus, the data quality, 

particularly regarding fishing trip days, is quite accurate. Potential measurement errors 

are more likely to come from the trip revenue data. 

Greene (2004) points out that measurement error in the dependent variable is less serious 

than in the independent variable. Accordingly, we will mainly focus on correcting 

potential measurement errors in the independent variable (i.e. the daily revenue). The 

corrections are made by finding an appropriate instrumental variable. Given the data 

available, we use the average daily fish revenue of other vessels landing on the same day 

as the instrument for daily revenue. In theory, a good instrument has the covariance of 

zero, or is unrelated to total fishing days, and has a strong correlation with the daily 

revenue of the concerned vessel. We believe that the chosen variable has minimal or no 

impact on the captain's decision to adjust the trip length (dependent variable) and is not 

highly correlated with the error terms in the trip length equation. We have also found 

that the greater (lower) the daily revenue of other vessels. the higher (lower) the daily 

revenue of the concerned vessel since they face the same market conditions at the 
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auction. Understandably, this interpretation is made under the assumption that there is 

not much variation in the fishing conditions. 

As a final note of this section, we realize that the above chosen instrumental variable is 

not perfect in any way. That being said, we believe that it is the best instrumental variable 

(IV) we can have given the data at hand. Another practical considemtion is whether the 

chosen instrument is strong. Cameron and Trivedi (2006) point out that the weak IV 

estimator may be markedly biased in finite samples even though it is asymptotically 

consistent. To check whether or not the instrument variable is weak we use the Cmgg

Donald Wald statistics, which is a F statistic in the first stage, and compare it with the 

Stock-Yoko (2005) critical values to check whether the instrumental variable is weak or 

not. The Cragg-Donald Wald statistics of 21.75 from our 2SLS model indicate a 

reasonably strong instrumental variable. 

3.4.2. Main Empirical Findings 

Table 3.2 presents the results of the estimation from OLS, 2SLS models. In addition to 

the OLS and 2SLS models, we also consider the fixed effects model given the 

heterogeneity of the vessels, such as the vessel's physical characteristics, the 

demographics of the vessel's owner and captain as well to check the robustness of the 

model. The key finding is that daily fishing revenue has a negative and significant impact 

on the number of fishing days in the OLS, 2SLS, and fixed effect models. That is, the 

higher the daily revenue is, the shorter the fishing trip. This finding is consistent with the 

taxi drivers studies by Camerer et al. (1997) and Chou (2002). From Heath, Larrick, and 
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Wu's insights (1999), we can infer that fishermen seem more motivated to reach the 

revenue target rather than to surpass it. 

Table 3.2: Estimated Daily Fisblng Revenue Elasticity from OLS, 2SLS and FE Models 

OLS 2SLS Fixed Effect 

Coef t value Coef t value Coef t value 

Log of daily revenue -0.13 -7.2"1*") -0.19 -2.45(''') -0.17 -9.88(''') 

Ice maker 0.04 2.38("') 0.05 2.48("') 0.07 1.41 

Holiday seasons -0.15 -7.01(''') -0.14 -6.08("') -0.15 -8.09("') 

Adjusted R2 0.12 0.10 0.12 
Number of observations 864 864 864 
Note: (U*) indicates significance at I % level 

The absolute value of the estimated revenue elasticity for the 2SLS model is marginally 

greater than the OLS implying that there may be marginal measurement error in the 

instrumental variable (Cameron and Trivedi, 2006). In comparison with Camerer et a!. 

(I997) and Chou (2002) studies, the elasticity of labor supply with respect to daily 

revenue in the fisheries is smaller in magnitude. The smaller elasticity may reflect that 

fishermen have less flexibility in choosing the length of a fishing trip due to the vessel 

capacity constraints. 

In addition to daily revenue, other variables also have significant and expected effects on 

the number of fishing days. The presence of an ice maker significantly increases the 

number of fishing days because it enables the vessel to preserve the fish quality longer. 

From the estimations, we can also infer that trip length is significantly shorter during the 
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holiday seasons. One possible reason is that fishermen receive higher profits due to 

higher prices from the increased demand of fish during the holidays. Accordingly, there 

is an incentive to shorten the fishing trip, in exchange for increasing the number of 

fishing trips. 

Table 3.3: Estimated Daily Fishing Revenue Elasticity from OLS, 28L8 and Fixed 

Effect Models including non-budget constraint variables 

PooiedOLS 

Coef T value 

Log of daily revenue -0.12 -7.10 

Ice maker 0.04 1.93 

Holiday seasons -0.15 -7.10 

Fishing experience om 5.03 

Fishing experience -0.0003 -4.90 
squared 

0.04 3.16 
Education level 

0.15 
Adjusted R2 840 
Number of 
observations 

2SLS 

Coef tvalue 

-0.15 -2.07"') 

0.04 1.95(*'") 

-0.15 -6.33(''') 

0.01 5.00(''') 

-0.0003 -4.89(''') 

0.04 3.11 (") 

0.14 
840 

Fixed Effect 

Coef t value 

-0.17 -9.88(''') 

-0.16 -8.09("') 

0.12 
840 

Note: (**) indicates I % significance level, (***) indicates 5% significance level 

Following Chou (2002) and other traditional studies of labor supply, we also integrate 

non-budgetary variables into the fishing day's equation, such as captain's education and 

his longline fishing experience (Table 3.3). The effect of education on the number of 

fishing days is positive and is consistent with most other studies (e.g. Chou's). Regarding 

fishing experience. the more experienced the captain, the longer the fishing trip. Such 
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finding, however, is not consistent with studies in other industries (e.g. Chou's) 

3.5. Ethnicity and Revenne Target Model 

A distinguishing feature of the Hawaii longline fisheries is the ethnic diversity of its 

vessel owners. Chou (2002) argues that Chinese cab drivers are more business savvy and 

thus, are less likely to behave according to the revenue target model in comparison with 

other drivers. We find in the context of the Hawaii longline fisheries that ethnicity plays 

a key role in the decision-making process for labor supply. Vessels owners in the Hawaii 

fleet are one of three ethnicities: Caucasian, Korean, and Vietnamese. Due to some 

cultuml similarities, we have combined Korean and Vietnamese under "Asian". Ethnic 

backgrounds tell how vessel opemtors act in relation to the target revenue model. Asian 

owners, who are known for working hard, may continue fishing when the fishing 

conditions are good regardless of how long the trip has been going on. Hence, Asian 

owners may be less likely to follow the target revenue model. We expect that the 

integmtion of ethnicity into the empirical analysis of the target revenue model provides 

another perspective of decision-making behavior on labor supply. 

Table 3.4 presents related statistics of the vessel by ethnicity. We can see that Asian 

vessels fish longer (day per trip) than Caucasian boats, though the difference is 

negligible. Caucasian boats, however, appear more profitable than their Asian 

counterparts. 
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Table 3.4: Summary Statistics ofVcssels by Owuer Ethuicity 

Mean Median SD 
Caucasiau Owuer (533 obs) 

# Fishing days 18.40 18 4.43 

Daily revenue 1910 1798 909 

Trip revenue 33828 32502 15292 

Caucasiau Owner (776 obs) 

# Fishing days 19 19 5.39 

Daily revenue 1715 1590 835 

Trip revenue 31124 30136 13108 

As far as the regression analysis is concerned (Table 3.5), the only significant result is a 

negative impact of daily revenue on fishing length among Asian-owned vessels. One 

possible reason for the insignificant result among Caucasian boats is due to reduced 

efficiency in the 2SLS model (increase in the standard errors). In the pooled OLS model 

which we do not report here, the revenue elasticity is negative and significant among both 

groups of vessels. In both econometric models, the absolute value of elasticity is greater 

for Asian-owned vessels, and thus, we can infer that Asian-owned boats are more likely 

to behave according to the target revenue model. 
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Table 3.5: Estimated Daily Fishing Revenue Elasticity by Vessel Owner's Ethnicity 

Estimated by 2SLS 

Caucasian Asian 

Coef t value Coef t value 

Log of daily revenue -0.10 -1.02 -0.17 -1.64(') 

Ice maker O.oI 0.43 0.04 1.09 

Holiday season -0.10 -2.38(''') -0.19 -6.24(''') 

Fishing experience 0.01 2.81"') O.oI 2.70(''') 

Fishing experience square -0.0001 -1.67 (.) -0.0004 -3.41"') 

Education 0.10 4.05 ("') 0.04 2.36 (") 

Number of observations 351 489 

Adjusted R2 0.15 0.15 

Note: (*) indicates 10% significance level; (**) indicates 5% significance level 

(***) indicates I % significance level. 

This finding describes how ethnicity impacts the modeling of preferences. Caucasian 

owners seems quicker to make optimal decisions regarding trip length as suggested by 

the standard model. They will find it advantageous to fish longer on a productive trip or 

to fish shorter on an unproductive trip. 

3.6. Longline Fishing Experience and the Target Revenue Model 

The relevance of working experience in the target revenue model has been investigated in 

Camerer et al. (1997) and Chou (2002). Camerer et al. find that more experienced cab 

drivers have smaller revenue elasticities than less experienced divers. Chou, on the other 
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hand, finds that this difference is not statistically significant. We expect that, over time, 

more experienced vessel opemtors will learn that it is more optimal to behave according 

to the standard economic model. We also expect to see that more experienced vessel 

opemtors exhibit lower daily revenue elasticities in magnitude than vessels with less 

experienced captains. 

Table 3.6: Summary Statistics oryesseIs by Captain's Fishing Experience 

Mean Median SD 
Less Experienced (405 obs) 

# Fishing days 18.38 18 5.34 

Daily revenue 1836 1695 908 

Trip revenue 31971 31160 14142 

More Experienced (461 obs) 

# Fishing days 19.1 19 4.71 

Daily revenue 1763 1603 849 

Tri~ revenue 32568 31222 14693 

Summary statistics of the Hawaii longline fisheries from Table 3.6 reveal that vessels 

with more experienced captains have longer trip length as well as higher total trip 

revenues. On the other hand, vessels with less experienced captains have higher daily 

revenues. 

Table 3.7 presents the major regression estimation results. As expected, less experienced 

captains is more likely to behave according to the target revenue model. More 
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experienced captains also shorten their trips as their daily revenue increases; however, the 

effect is not significant The Wu-Hausman test indicates that the difference in revenue 

elasticity is insignificant. 

Table 3.7: Estimated Daily Fishing Revenne Elasticity by Captain's Longline 

Fishing Experience 

Less Experienced More Experienced 

Coef Tvalue Coef t value 

Log of daily revenue -0.31 -2.43("0) -0.05 -0.5 

Ice maker 0.07 2.48(000) 0.03 0.88 

Holiday season -0.07 -\.60 -0.21 -7.14('00) 

Education 0.03 1.45 0.04 2.15(00) 

Number of observations 397 443 
Note: (**) indicates 5% significance level, (***) indicates I % significance level 

3.7. Capacity constraints and the Revenue Target Model 

Unlike taxi drivers who in principle, can drive for an indefinite period of time, vessel 

captains face capacity constraints that prevent them from fishing past a certain amount of 

time, such as fuel and the preservation of fish quality. Therefore, the prediction of a 

positive revenue elasticity by the standard model oflabor supply may not apply to fishing 

vessels due to the existing constraints. For instance, the captain might decide to go home 

even in a good trip to preserve the fish freshness. To proxy for the dependence of vessels 

on capacity constraint, we use a binary variable representing whether or not the vessel 

has an ice-maker. Because of their less dependence on capacity constraints. vessels with 
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ice makers are expected to behave more according to the standard model oflabor supply 

provided the standard model correctly describes the captain's fishing behavior. 

Table 3.8: Summary Statistics or Vessels by whether Having Ice Maker 

Mean Median SD 
Vessels without ice maker (577 
obs) 
# Fishing days 18.61 19 4.91 

Dai[y revenue 1732 1612 859 

Trip revenue 30886 30289 13918 

Vessels with ice maker (304 obs) 

# Fishing days 19.10 19 5.27 

Daily revenue 1927 1760 900 

Tri!"! revenue 35124 33595 15262 

Tab[e 3.8 summarizes statistics of vessels with and without an ice maker. As expected, 

vessels with ice makers fish longer than vessels without ice makers though the difference 

is insignificant. Vessels with ice makers are also more profitable on a per trip and per 

day basis. To investigate the effect of capacity constraints on fishing behavior under the 

target revenue framework, we run the 2SLS model for vessels with and without ice 

makers separately. The key result is presented in Tab[e 3.9. 

Our results suggest that only vessels with ice makers seem Iike[y to behave in accordance 

with the target revenue model; an increase in revenue would decrease the trip length. 

This result enhances support for the target revenue model since vessels with ice makers 

are more able to follow the standard model if the captains behaved according to the 
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standard model. The difference in daily revenue elasticity among these two groups of 

vessels; however, is not statistically significant. The Wu-Hausman's t-value is well 

below the 5% significant level. 

Table 3.9: Estimated Daily Fishing Revenue Elasticity by Vessel's Capacity by 2SLS 

Without Ice Makers With Ice Makers 

Coef t value Coef t value 

Log of daily revenue -0.15 -1.31 -0.16 -1.71 (.) 

Holiday season -0.13 -4.29("') -0.\8 -4.85 ("') 

Fishing experience om 3.66("') 0.02 2.33 (") 

Fishing experience square -0.0003 -3.91("') -0.0005 -2.15(") 

Education -0.05 -3.26("') -0.02 -1.05 

Number of observations 546 294 

Adjusted R2 0.12 0.18 

Note: (*) indicates 10% significance level, (**) indicates 5% significance level 

(***) indicates 1 % significance level. 
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3.8. Conclusions 

This study attempts to provide another perspective within the existing labor supply 

literature. We developed a simple target revenue model to show, under certain conditions, 

that increases in daily fishing revenue lead to decreases in trip length. Using OLS, 2SLS, 

and fixed effects models, we found a significantly negative correlation between daily 

revenue and the trip length. The more productive their fishing trip is, the shorter the 

captain will choose to make their fishing trip. This finding implies that Hawaii fishermen 

tend to have a revenue target for their fishing trips. In terms of policy implication, the 

finding that Hawaii fishermen seem to behave in accordance with the target revenue 

model prove very relevant as Lynham et al.. (2007) using simulation point out that 

standard policies can achieve biological goals under such circumstance. 

We also investigated how unique features of the fisheries impact fishermen behavior 

under the target revenue framework. We separated the vessels into groups with and 

without ice makers to see if capacity constraint impact trip length. We found that vessels 

with ice makers are more likely to follow the target revenue model. We also found that 

Asian vessel owners exhibit negative daily revenue elasticities. but Caucasian vessels 

owners appear more optimal in that there is a less significant negative response to 

increases in daily revenue. Regarding the longline fishing experience of the vessel 

operator, we found that only vessels with less experienced captains behave in accordance 

with the target revenue model. 
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This study, like Camerer at al (1997), Chou (2002), and Fehr and Goette (2004, 2006), 

highlights the relevance of integrating prospect theory into the framework of labor 

economics. The fact that certain clusters of fishermen are more likely to behave 

according to the target revenue model suggests the necessity of classifYing agents into 

certain groups before modeling their decision-making behavior. 

This paper can be improved in a number of aspects. The use of an imperfect instrumental 

variable may lead to less biased estimations at the expense of an efficiency loss. In some 

estimations, the results from the 2SLS model became less significant than the OLS by 

increasing the standard errors. An approach based on a system of structural equations and 

natural experiments may help solve this problem (Cameron and Trivedi, 2006). 

As a potential extension of the paper, we can conduct further field experiments with 

Hawaii longline fishermen to measure the loss aversion parameter for each participant 

and identifY a model that best describes the agent's risk behavior. Fehr and Goette 

(2006) suggest either a reference dependence model or neoclassical model with non

separable preferences. They also find that loss-averse participants are more likely to 

behave in accordance with the target model. Integrating the risk behavior of fishermen 

under prospect theory of which loss aversion is an important aspect, into the framework 

of fisheries decision making is a promising area in fisheries research. 

Another potential extension of this study is to investigate how well the target model 

performs relative to the hazard model by Farber. In his study of taxi cab drivers. Farber 
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(2004, 2006) finds the standard model more favorable than the target revenue model. 

Our study of the Hawaii longline fisheries reveals that the target revenue model gives 

robust findings under different model specifications. As a result, we believe that our 

results will probably hold under Farber's approach. That being said, the current study 

would be more complete if we could also use Farber's approach to check the robustness 

of the results; even though, we presently do not have information on the daily vessel 

revenue for a given fishing trip. Improvement on logbook data collection will allow us to 

investigate the relative performance of the target revenue model against the standard 

model oflabor supply. 
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APPENDIX 

A.I. PROOF OF AMBIGUOUS DMSION BIAS IN OLS 

Consider an econometric model for fishing trip length: 

InD: =a+p*ln~ +8, (I) 

where D, is the true number of fishing days for vessel i; W; is the corresponding true 

daily revenue. By definition, W; = Y, / D, where W; is the trip revenue. 

Suppose, there is some measurement error in the number of fishing days and trip revenue, 

such that, In I); = In D~ + 111 and In W; = In wt + "fi. We are assuming that: 

COV(lli, 8;)= COV(Yi, 8;)=0 

Due to measurement errors, model (I) becomes: 
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In D, -T/, = a+ ,8*(lny, -lnD, + y, -T/')+s, 

or equivalently, 

In D, = a+,8* (1n.l'l-InDI+ YI-T/I)+T/I+SI 

Therefore, we end up estimating the following equation: 

InDI = a+ ,8* (In Wi+ YI-T/I)+T/I+SI 

Using OLS to estimate, we have: 

1',8' cov(ln Wi + YI-T/I, 1n DI) 
P 1m 013= 

var(1n Wi + YI-T/I) 

cov{ln Wi + Y'-T/'.a+ ,8* (In Wi) + T/I + SI} 
var(ln Wi) + var(YI) + var( T/I) 

plim Pol, ,8var(1n Wi) - var(T/I)+ COV(T/I. YI) 
var(ln Wi+ YI-17I) 

I· f.I,8 var(ln Wi) COV(T/I. YI) - Var(17') 
P 1m pol' = + 

var(ln Wi) + Var(YI) + Var(T/I) var(ln Wi) + var(YI) + var( 171) 

From (5), we can infer that: 

(2) 

(3) 

(4) 

(5) 

i. if COV(17I.YI) < Var(T/I) then plim,8o/, <,8, thus OLS gives negative bias. 

ii, If COV(T/I.YI) > Var(T/I), the effect of measurement errors on POLS is ambiguous. 

As discussed, in the case of Hawaii thanks to good quality on the number of fishing days 

we can assume 1); '" 0, therefore: 

I, f.I ,8 var(ln Wi) ,8 P 1m pol' = < 
var(ln Wi) + Var(YI) 

(6) 

This is a classical case of measurement error where OLS's estimate is attenuationly 

(decreasingly) bias toward zero. Accordingly, 2SLS with valid instrumental variable will 
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CONCLUSIONS 

Given the complex nature of decision-making process in fishery, interdisciplinary 

approach to the study of fishery economics has recently been receiving greater attention. 

In this dissertation, we have made an attempt to integrate insights from psychology to 

investigate the decision-making behavior of fishermen. More specifically, we focus on 

two main decisions that fishermen make: remuneration practice and fishing trip length. 

Underlying determinant of these two decisions is fishermen's risk behavior. Accordingly, 

we also investigate whether or not fishers exhibit different risk preferences from other 

workers. Key findings are summarized as follows: 

In the first essay, we focus on exploring remuneration practice in fishery. Theory predicts 

that share contract is the optimal regime of remuneration in fishery. The recent shift of 

share contract to fixed wage in the Hawaii-based longline fishery raised an interesting 

challenge to the above theoretical prediction. This first essay aims at investigating this 

phenomenon. Our theoretical framework is developed on the basis of the principal-agent 

model to account for the fact that generating incentive for the crew to exert optimal effort 

level is the main consideration in choosing remuneration regime in fishery. Empirically, 

we use the switching regression model to estimate the effect of share contract on fishing 

revenue. The key finding is that fixed wage vessels would be better- off if they remained 

using share contract rather than shifting to fixed wage. 

In the second essay, we investigate risk behavior of Vietnamese fishers. There are two 

unique features of this essay. First, we use prospect theory as the main theoretical 

112 



framework instead of the expected utility theory. Second, we use a combined set of data 

from experiment and household survey. As a matter of the fact that most Vietnamese 

fishers take fishery occupation as a given, we are able to infer a causal relationship 

between working in fishery and risk behavior. The most interesting finding is that getting 

involved in fishery makes people become less averse to risk despite that it has little 

impact on loss aversion. 

In the third essay we are interested in how the target revenue model, a version of prospect 

theory, can shed additional light in the mechanism of making decision on the number of 

fishing days in a fishing trip. We develop a revenue target model in fishery to give a 

theoretical support for the negative correlation between fishing length and daily fish 

revenue which is in contrast to prediction from standard model oflabor supply. To verifY 

the theoretical model we conduct an empirical analysis for the case of Hawaii's longline 

fishery. The main result is that Hawaii's longline fishermen seem to behave more in 

accordance with the target revenue model than expected utility theory. Compared to 

Caucasian captains, Asian-American captains are more likely to make decisions based on 

the target revenue model. Likewise. more experienced captains seem to behave in 

accordance with the expected util ity theory. 

This dissertation points to a number of directions that are worth pursuing. Prospect theory 

seems to provide a more comprehensive description of preferences than expected utility 

theory. Especially, the integration of loss aversion into the utility framework has proven 

helpful in explaining decision-making behavior in highly uncertain environment such as 
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fishery. Previous studies have been mostly interested in how economic agents responded 

to income fluctuation so that the researchers could come up with some measure of risk 

aversion. Our study shows that fishers do not exhibit risk aversion to income fluctuation 

but rather to loss. Prospect theory can also help explaining phenomenon that seems 

unsupported by expected utility theory. The classic study of New York cab drivers by 

Camerer et aI., (1997) and our study of fishermen show that prospect theory by taking 

into account psychological aspect of human beings in the decision-making process can 

explain why economic agents don't behave in accordance with expected utility theory. As 

far as research methodology is concerned, the combination of experimental and 

household survey data is a promising direction to follow. The combined data enables 

researchers to take advantage of the strength that each type of data can offer. Household 

survey provides rich source of socioeconomic background information on the one hand. 

Experiment, especially field experiment allows researchers to conduct random 

assignment as well as to obtain information on behavior and preferences, which in turn 

are necessary for the economics analysis of agents' behaviors . 

.................................................................... END ................................................. . 
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