HEDONIC PRICES FOR FisH: TUNA PRICES IN HAwWAII
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Over the past two decades, the marketing of fish has recognized the importance of quality. Yet
empirical analysis of market transactions could give us little insight into the valuc of different
qualities of fish because market data are typically aggregated. We exploit a dataset on the auction
price of wna sold in Hawaii to estimate a hedonic model. The modcl provides empirical estimates of
price increments due to species, quality of the fish such as size or fat content, method of handling,
and market conditions. The empirical results are also used to estimate price flexibilities for landings

in Hawaii.
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Recent analyses of fisheries markets have be-
gun to devote more attention to the quality
attributes of fish. This is partly attributed to
better availability of data; however, the in-
crcased concern for managing fisheries
(Blomo et al., Wang and Kellogg) and the
expansion of controlled production through
aquaculture (Anderson and Kusakabe) may
also be factors. Harvesters and fishery man-
agers have an interest in lecarning about the
costs and prices of fish characteristics. Con-
joint analysis is the most prevalent approach
of learning about consumer preferences for
fish. This method relies on answers to hypo-
thetical responses to survey questions from
market participants regarding their prefer-
ences for seafood with differing characteris-
tics (Anderson and Brooks; Anderson and
Kusakabe; Wirth, Halbrandt, and Vaughan;
Silvia and Larkin). The information that mar-
ket transactions reveal about prefcrences for
fish characteristics has not been exploited. In
this paper we estimate hedonic price func-
tions for tuna, hence uncovering behavioral
information about the marginal values of fish
characteristics.

In Hawaii fisheries, most tuna are sold in
two auctions, the United Fishing Auction in
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Honolulu and the Suisan Auction in Hilo.
The Hawaii markets offer a rarc opportunity
to study revealed preferences for quality at-
tributes of fish." The transactions in these
markets induce trade-offs between price and
attributes of fish. Hence they are revealed,
not stated, preferences. Because the Japanese
sashimi market for tuna is so discerning of
quality, most harvested tuna in Hawaii are
auctioned individually, with their prices re-
flecting a willingness to pay for the quality
attributes of the individual fish. Figure 1
shows the systematic variation in the price of
fish of diffcrent grades. Buyers act as middle-
men to purchase tuna for resale in the local
Hawaiian market, Japanese market, and the
mainland U.S. markets. They bid for tuna
based on their knowledge of the willingness
to pay for the fish in subsequent markets,
given its attributes.

The prices that emerge in the auctioning of
fish can be considered hedonic prices. The
price of an individual fish depends on its char-
acteristics, including species, fat content, type
of handling, and fish size. Hedonic fish prices
are similar in concept to hedonic housing
prices, which depend on characteristics such
as location, square feet of floor space, lot size,

' The Pacific Fisheries Research Program recognized the im-
portance of quality and price of tuna by commissioning the study
“Quality and Product Determination as Price Determinants in
the Marketing of Fresh Pacific Tuna and Marlin” (Bartram, Gar-
rod, and Kancko). The Bartram and collcagues study provides
excellent descriptions of tuna product types and major markets.
On the basis of average prices categorized by attributes, quality
differentiated market attributes were judged (0 be present. We
are grateful to them for giving us access to this dataset.
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Figure 1. Average daily Hawaiian yellowfin
tuna prices for highest and next to the lowest
grade; average ( _ ), high and low ( -)

and so on. The earliest study of hedonic prices
for food, and what must also be the earliest
empirical hedonic study of any study, was car-
ricd out by Waugh in 1927, who studied how
quality determined the price of vegetables
(Waugh 1928). Today there is a considerable
literature on the hedonic prices of agricultural
commoditics, including tomatoes (Bierlen
and Grunewald), apples (Tronstad et al.),
wheat (Espinosa and Goodwin), cotton
(Brown et al.), milk (Gillmeister et al.), beef
(Brester et al.), and grapes (Golan and Sha-
lit). However, the hedonic study of fish prices
appears undcrdeveloped, despite the growing
awareness that the quality of fish is an impor-
tant characteristic of seafood markets.

While the estimation of hedenic prices for
fish is inherently interesting, the results will
illustrate the continued evolution of the role
of quality in fisheries markets. This develop-
ment has had a significant effcct in the mar-
keting of salmon, where the consistent quality
of cultured fish has been influential in in-
creasing the share of such fish in salmon mar-
kets. Quality may ultimately play a role in the
management of tuna. Fisheries policy, de-
signed in part to harvest fish in a socially ef-
ficient way, will be called upon to recognize
that some forms of harvest provide more
value added than other forms, because thcy
create better products at the market. We pro-
vide some evidence of this phenomenon in
the analysis of hedonic prices of tuna. Prices
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for fish landed by some types of gear are
higher than for other types of gear, presum-
ably because consumers value fish from some
gear types more than others. The gear prel-
erence reflects some unresolved uncertainty
about fish quality, rather than an innate pref-
erence for production process.

In the present analysis of the hedonic tuna
prices, we address three issues. The first per-
tains to the empirical content of the hedonic
prices. We provide evidence that fish charac-
teristics induce systematic variation in the
price of fish. For cxample, bigeye command
$.93 per pound more than albacore. The sec-
ond issue concerns the grading of fish. Buyers
provide an introspective or “mental” grade
when they examine a fish to determine its
quality. How much information do these
grades contain? Can the price of fish be ex-
plained exclusively by the grade of the fish, or
do the characteristics of the fish provide ad-
ditional information? Hedonic models show
that for a given species, knowing the grade of
the fish is almost as good as knowing all the
technical characteristics of fish in predicting
the price. Finally, we try to understand the
degree to which the auction prices are deter-
mined by quantities landed on the day the fish
is sold. The question relates to Hawaii com-
mercial fishing enterprises and landings. Do
additional landings depress price and if so, by
how much? We find that for yellowfin and
bigeye, species that are likely to be consumed
in Hawaii as well as exported, additional land-
ings are likely to depress price.

The auctions in Hawaii are English auc-
tions. The bidding is oral and the fish goes Lo
the highest bidder. The buyers at the auction
sell their products in three markets: the Japa-
nese market, local consumption in Hawaii
(i.e., grocery stores and restaurants), and the
U.S. mainland market for tuna. The buyers
typically review and grade the fish separately
prior to the auction. The buyers presumably
have good knowledge of the fish and the mar-
kets they sell in but not the values held by
other buyers. They have all operated in the
market in the past, however, and so they can
be assumed to know the probability distribu-
tion of the each other. Hence, it is reasonable
10 think of this auction as onc where the in-
dependent-private-values assumption applics
(see McAfee and McMillan, p. 706). The
cquilibrium price is the value of the second
highest bidder. In the English auction, each
buyer bids independent of the valuation oth-
crs place on the good. While other auctions
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might work for the sale of fish, the English
auction yields the same expected price as the
other most common auctions such as the
Dutch auction or the second price auction.

The auctions begin carly each day. The fish
are laid out on pallets, identified by vesscl.
Larger fish have small plugs of flesh taken so
that buyers can determine flesh characteris-
tics. Buyers typically represent large dealers
and local markets. The auctioneer proceeds
through the fish, with the buyers following
and bidding on each tuna orally. When less
desirable species than tuna are auctioned,
they sometimes are sold as lots, rather than
individual fish. Of the two auctions, United
Fishing Auction in Honolulu is much the
larger. The Suisan Auction in Hilo is quite
informal, taking on the appearances of a tour-
ist attraction because it can be observed from
the sidewalk.

A Hedonic Price Equation and the
Marginal Value of Characteristics of Tuna

In the hedonic model, the increment in price
due to increases in any characteristic will
equal the buyers’ marginal willingness to pay
for the characteristic, as well as the marginal
cost of producing the characteristic for sellers.
When buyers and sellers have time to adjust
their responses, the marginal hedonic price
equals the marginal value to consumers and
the marginal cost to suppliers. In the very
short run, such as prevails in fish auctions,
equality between the marginal hedonic price
and marginal willingness of buyers to pay
holds. However, equality between prices and
the marginal cost of production would require
a longer horizon.

The data for the study come from a survey
by Bartram, Garrod, and Kaneko. They col-
lected data from the Hawaii tuna and marlin
auction, recording individual fish prices and
the quality or characteristics of the fish. These
data were collected on twenty-three days at
the end of June and beginning of July in both
1994 and 1995.2 The days are not consecutive
in either year. Table 1 shows the days on
which fish prices were collected, the mean
price and the number of fish. Bascd on their

2 The results depend on the sampling period. late June and
carly July 1994 and 1995. This scason has espccially heavy land-
ings of longline-caught fish. Furthermore. during this time de-
mand is relatively low. Despite these shortcomings, we believe
that the results help in understanding the marketing of luna in
Hawaii and in demonstrating how important quality factors are.
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Table 1. Mean Prices of Tuna and Number of
Fish, by Day

Mean Price Number
Month/Day ¢)) of Fish
1994
6/30 2.36 320
mn 2.50 392
7/6* 1.77 357
717 1.98 371
7/8 1.80 186
719 2.11 191
1# 243 231
712 2.00 305
713 2.48 108
n4 3.21 56
1995
6123 1.77 151
6/24 1.59 258
6/26% 1.38 459
627 1.69 350
6/28 1.25 661
6/29 1.21 623
6/30 1.17 242
mn 1.25 370
7/3* 1.1t 680
/5% 1.24 772
7/6 1.50 427
717 1.64 474
7/8 1.31 651

* The days with asterisks are not coasccutive.

experience as seafood buyers (Bartram and
Kaneko are buyers in the Honolulu market),
Bartram and colleagues also provided their
assessment of the “grade” of each tuna. The
grading melds the individual attributes of
each tuna into a numeric scale for six catego-
ries. Table 2 gives the relevant characteristics
and their means for the tuna in the dataset.

To express the hedonic price analytically,
let P, represent the price of the ith fish on the
tth day of the survey and let Z; = (Z,), Z,,
--Z;) be the J characteristics that determine
the price of the fish. Then the hedonic price
equation can be written

() Py=FZ,1

where Fis the function that relates price P, to
the individual Z;. This is not a time-series in
the traditional sense, because the days are not
consecutive and observations are only avail-
able for one day. Hence we suppress the ar-
gument . The only significant variable to
change across the days is the landings. The
marginal price of the jth characteristic, say Z,,
is given by the partial derivative:
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Table 2. Characteristics of Tuna Sold in the Hawaii Fish Auctions

Standard
Variable Description Mean Deviation
| Price per pound of fish 1.58 1.21
Dy, 1 if vellowfin 0.35 048
Dy, 1 if bigeye 0.24 043
D,, 1 if albacore 041 0.49
D,, 1 if landed on longliner 0.83 0.39
HND 1 if landed on handliner 0.12 0.32
Doy, 1 if landed on troller 0.05 0.22
Dy 1 if fish is whole 0.76 0.42
HGUT 1 if fish is headed and gutted 0.07 0.26
GULED 1 if fish is gutted and gilled, loincd, or other 0.17 0.38
il Whole weight of fish, in pounds 87.7 484
W Weight of bigeye landings for the day (in 10,000 pounds) 0.927 0.622
W, Weight of albacore landings for the day (in 10,000 pounds) 1.213 0.809
T W, Weight of yellowfin landings for the day (in 10,000 pounds) 1.75 0.652
BURN,, 1 if the fish is labeled not burned (1994 only) 0.27 0.44
BURN, 1 if the fish is labeled slight burn (1994 only) 0.72 0.27
BURN, 1 if the burn label is more severe (1994 only) 0.005 0.073
BURN, 1 if the burn is most severe (1994 only) 0.004 0.065
Dypar 1 if the fish is labeled no fat (1994 only) 0.804 0.396
SFAT 1 if the fish is neither labeled fat nor not fat (1994 only) 0.178 0.382
Dysr 1 if the fish is labeled fat (1994 only) 0.018 0.13

Note: There are 8,635 complete observations for tuna in the dataset.

Q) OP/AZ;=ARZY/Z,,

The characteristics vary across days, and
hence so do the marginal prices of fish. In
cquilibrium the slope equals the marginal
valuc to the consumer.

The estimation of the hedonic price func-
tion is the subject of a vast literature. We con-
centrate on the issues relating to marginal val-
ues by estimating a linear function. A simple
linear form makes the results on marginal
prices transparent. Also, the characteristics of
fish tend to be measured quite well compared
with other hedonic markets, and the very
large number of observations reduces the in-
fluence of errors in measurement compared
with the analysis of Cropper and colleagues.
We choose the linear form

Q) Pi=BZ+¢

where B is the vector of J cocfficients to be
estimated, and g, is a random error.

To illustrate the effect of characteristics on
hedonic prices, we choose from the set of
characteristics in table 2. Of the 8,635 tuna in
the analysis, 35% are yellowfin, 24% are big-
eye, and 41% are albacore. Omitted from the
analysis were 175 skipjack because they are
typically not auctioned as individual fish but
are sold in lots. Furthermore, the number of

skipjack seemed too few to exploit in a
dataset that included over 8,000 fish. The data
gathered were not the same for both years.
The variables describing whether the fish was
burned as well as the degree of fat were only
available for 1994. We explain below the
treatment of variables that are only available
in 1994. (See the discussion of equation (4).)

The estimated model includes all the vari-
ables in table 2 except the default variables
BURN,, DSFAT’ Dygy, and Dgyygp- The
constant term in the regression includes the
joint effects of the categories not included.
Consequently, the variables indicating the
method of landing, specics, method of hand-
ing, or characteristics of the flesh should be
interpreted as the increase or decrease over
the default case.

Table 3 provides the coefficients for the or-
dinary least-squares model of the hedonic
price function. This model of 8,635 observa-
tions on tuna prices explains 44%_of the
variation in prices, as given by the R% The
t-statistics on the estimated coefficients tend
to be quite large. Twelve of the seventeen
variables in the model are significant at the
1% level, implying a high lcvel of confidence
about most of the coefficients. Other func-
tional forms cxplain similar proportions of
the variation in price, and give similar quali-
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Table 3. Linear Hedonic Model of Tuna
Prices

Coefficient t-statistic
CONSTANT -60.88 0.235
YEAR 0.030 0.235
Dyr 0919 28.65
Dyy: 0.931 3347
BURN, 0.248 1.990
BURN, -0.440 -2.462
BURN, -0.941 -4.873
W 0.008 29.343
HGUT 1.007 21.173
WEHIL 1.247 37.8%4
Dy -0.241 -4.943
Dyno -0.093 -1.738
NEAT -0.335 -7.485
FAT 1.001 12.973
Wy -0.075 -3.911
3 Wie -0.177 -9.309
WaL 0.008 0.468
Observations 8,635 —
R? 0.446 -

tative results on the significance of the mar-
ginal prices, but induce variations in the mar-
ginal prices. The potential range of functional
forms is limited because so many of the co-
variates are categorical, precluding most of
the transformations that occur in Box-Cox
models. Because the error structure is rather
peculiar, given the nature of the data, typical
tests on residuals are not meaningful. Instead
of performing thesc tests, we plot the average
residual for each day of our analysis (figure
2). These residuals are the mean residuals for
the day; that is, the residual of each fish price
averaged across all the fish sold for the day.
Notc that the days given on the horizontal
axis are not consecutive. (The specific days
are listed in table 1.) If the days were con-
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Figure 2. Mean price residuals, by day, 1994
and 1995
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secutive, and the residuals showed a clear pat-
tern, then one might wonder about the time
series structure, or omitted variables. How-
ever, there is no pattern to the residuals.

The set of variables indicating the degree of
burn and fat on a fish are available only for
1994, as noted. We have estimated the model
so that the coefficients on these characteris-
tics are conditional on the characteristics be-
ing available. To demonstrate that the speci-
fication below isolates the effects of missing
variables (from the 1995 observations) from
the effects of the characteristics themselves,
consider only the fat variables: Dyga-
Dggat, and Dgap. These variables are avail-
able for 1994 only. Consider the concentrated
model

P =B+ BiDya + Bl = Dya)Dngar
+B5(1 -~ Dyp)Dgar + error

where Dy takes the value of one for obser-
vations when there are no data on the fat
characteristics (in 1995). Hence, the coeffi-
cient B, represents the effect of not observing
the characteristics. Dgpar is the default char-
acteristic. Although there are seven charac-
teristics (four burn and three fat), there can
be only one variable representing missing
characteristics because all seven characteris-
tics are missing for each 1995 observation.
This model is equivalent to the estimated
model; instead of a dummy for data not avail-
able, the actual value of year was included.
This serves only to shift the constant term
because Dy = YEAR - 1994,

In the estimated model, we treat fish as a
generic good. That is, all species are pooled in
the same model, and the effect of the charac-
teristics, such as species or grade, are esti-
mated. Another approach would be to esti-
mate hedonic models for particular kinds of
fish, such as yellowfin, bigeye, and albacore.
Such a model would give somewhat different
results, simply because it rePresents a slight
variation in functional form.’

The coefficients represent the direct effect
of the characteristics on the price of the fish;
that is, the marginal value of characteristics.
Most of the variables are categorical, explain-
ing whether the fish being sold is in a particu-
lar category. The hedonic price coefficient of

* Another potential model would be to estimate hedonic mod-
cls for each grade. In a longer report, we comparc models of
markel demand that are aggregated by grade with models that
are aggregated by species, finding that the aggregation by grade
gives more plausible results. (See McConnell, Strand, and Curtis
for details.)
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a categorical characteristic is the price differ-
ence over the default case of the category not
included. To illustrate, the coefficient on Dy
represents the increase in price per pound
paid for yellowfin over albacore, which in this
case is estimated to be $.919 per pound.

The coefficient on Dy has the analogous
interpretation; that is, bigeye on average sells
for $.931 per pound more than albacore. The
“BURN? variables represent the influence of
burns on the price of a fish. Flesh becomes
burned for a variety of reasons: poor handling
of harvested fish, excessive struggle on
longlines, and warm water. The tuna in this
auction were harvested during the summer,
when water temperature is high. Hence, there is
likely to be a higher prepondcrance of burned
fish. The default burn level is BURN,, which
means that there is some burn of the muscle
of the fish. (The best fish have no burn.) The
higher the BURN variable, the greater the
burn. This is reflected in the prices, which
show that the premium for no burn over some
burn is $.248 per pound (BURN,), while the
discount for burn more serious than some
burn is $.44 to $.94 per pound, depending on
the severity of the burn. The variable W,,,, is
the weight of the whole fish. There is a pre-
mium for larger fish. The coefficient on W,
mcasures this size premium. On average
across all species, the price per pound in-
creases by $.008 (almost a cent a pound) for
each pound increase in the weight of the fish.
Thus, not only do bigger fish give more
pounds, but also the price per pound goes up.

The fat content of the fish shows up in the
cocfficients Dypar and Dgay. The default
case is some fat, and the cocfficients show the
increment in price per pound over the “some
fat” category. When there is no fat, the price
falls by $.335 per pound, and when the fat
content is high, the fish gets a premium of
$1.00. High fat content is one trait of fish
bound for the sashimi market.

The method of handling the fish (i.e., how
the fish is treated after harvest), influences
how the fish can be used and hence to what
market it will be sent. The default handling
method is gilled and gutted, loined, and some
other methods for handling fish. The Dy gyt
coefficient implies that the price per pound
for headed and gutted fish is $1.007 higher
than the default case. The premium per
pound for whole fish comes from the coeffi-
cient on Dyyyy, which is more than a dollar—
$1.247. The powerful influence of having a
fish that is whole reflects greater certainty
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Table 4. Mean Price and Weight of Yellow-
fin, by Gear Type

Gear Type Mean Price Mcan Weight
Longlining $2.11 123.7
(0.031)* (1.29)
Trolling 2.04 106.8
(0.035) (7.78)
Handlining 2.55 133.9
(0.042) (2.35)

* Standard errors in pasenthescs,

about the condition of the fish. Often fish are
headed and gutted or loined when there is
some belief that their flesh is in some way
inferior, perhaps burned or damaged in some
way. Heading and gutting a fish reduce the
handling costs.

The method of harvest, or gear type, re-
flects some expectation about the past han-
dling of the fish, as well as characteristics that
cannot be measured. The default case is troll-
ing. The coeflicients show that, on average,
fish landed by longliners get $.241 less per
pound in the auction, while handliners’ price
is not significantly different from trollers, af-
ter adjusting for characteristics of the fish.*
The results are at odds with the simple means
of published prices. This can be seen for mean
prices in the current data sct. Table 4 shows
the mean prices and weights of yellowfin by
gear type. The explanation must be that the
characteristics of the fish capture the appar-
ent premium, not the method of harvest.

Cocfficients on bigeye landings, labeled
2 Wge, and similarly named variables repre-
sent the influence of landings on prices. These
variables are in units of 10,000 pounds to
make the coefficients tractable. The bigeye
price effect is the largest, showing that an in-
crease of 10,000 pounds in landing per day
reduces the price per pound of fish by $.17.
The coefficient on 3 Wy is significantly dif-
ferent from zero at a better than 99.9% level
of confidence. The coefficient on 3 Wy is also
negative (—(0.075), suggesting that there is some
depression of price, but it is smaller than the
bigeye coeflicient. The albacore coefficient
(0.008) is not significantly different from zero.
This is quite sensible, because most albacore
goes to the canned market and the canned

*If one held a prior that handliners had a lower price than
trollers, then a onc-tailed test would be correct and one would
look for a critical region for a ¢-statistic of —1.645 or less for 95%
confidence. In that case, we might say that handliners do get
lower prices. But a more reasonable prior would be that hand-
liners get a lower price than trollers.
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albacore sector can take very large quantities
without any price effects. The albacore result
is consistent with the presence of a large
world market f{or albacore. While many alba-
core go into outlets for fresh fish, equilibrium
requires that prices are equal in both markets.

Two variables are important for policy con-
siderations: the influence of W,,,, and the dif-
ferential price effects of the method of han-
dling: Dy and Dy . The size of the fish is an
important determinant of the price of the fish.
Consequently, fish that grow bigger are dis-
proportionately more valuable, not in the
sense of more pounds but more value per
pound. Thus, fish that can be saved poten-
tially provide higher value, even though sav-
ing fish means harvesting them at a later date.
The value of fish harvested in the future must
be discounted by the market rate of interest
to determine its current market value. For ex-
ample, a fish harvested one year from today
would be worth W,P,/(1 + r) in present dis-
counted revenues, where W, is the weight of
the fish in pounds in one year, P, is the price
received per pound in one year, and r is the
discount rate. If W, P, grows faster than the
interest rate, saving fish makes sense. The
common property failure is clearly evident
here, for individual fishermen cannot capitalize
on the natural growth of fish by harvesting in
the future what they decline to catch currently.

The categorical variables for method of
capture or gear type suggest that fish caught
by trollers are more valuable to consumers
than fish caught by handliners or longliners.
This does not necessarily mean that they are
more valuable socially, because that depends
in part on the cost of harvesting. However,
other things being equal, it suggests consum-
ers, the ultimate users of the resource, are not
indifferent to the allocation of catch to har-
vesting sectors. This would be a potentially
important influence with the advent of an ef-
ficient management regime.

Grading versus Characteristics

The role of buyers in the auction for fish is to
grade fish on the basis of their characteristics,
and to bid for fish based on the grade of the
fish. In the data set gathered by Bartram and
colleagues, the authors also graded the fish.
The availability of these grades is a spccial
characteristic of the dataset. Only the two
buyers impute the grades in this dataset. In
the course of auctions all buyers grade the
fish, some doing so explicitly and some im-
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plicitly. In the analysis below we take advan-
tage of the grading to explore the degree to
which the grades are “sufficient statistics” for
the price of fish. That is, what proportion of
the variation in the price of fish is explained
by the grades and to what extent do the char-
acteristics provide additional information
about the prices? A plausible hypothesis is
that grading is a proxy for the latent charac-
teristics of fish. Characteristics that are easily
observed, such as species or whether the fish
is whole, need not figure into the grading. We
examine this issue by estimating a series of
increasingly inclusive models, beginning with
a model that uses only the grades.

To test for the effect of grading, we need to
develop a slightly more complete specifica-
tion of the hedonic model. The basic hedonic
model presented in equation (3) does not
model days explicitly, although the fish are
sold on different days. In the basic hedonic
model, landings exhibit more variation across
days than any other exogenous variable that
would be collinear with days. To be more
complete in accounting for all the variation
across days that is not measured by the char-
acteristics of fish, we estimate a dummy vari-
able model. A separate intercept for cach of
the twenty-three days represents the unmea-
sured events for each day of the survey. Un-
measured variables in addition to landing that
vary from one day to the next include week-
end versus week day, exchange rates, interna-
tional market fish prices, and weather. In
some cases these covariates are difficult to
measure. Since we have no direct interest in
the coefficients of the covariates, we simply
include a different categorical variable for
each day to measure their effects. While the
dummy variable model is more complete, the
estimated equation is virtually identical to
one in which the dummy variables for days
are replaced by landings.

The dataset reveals the following six grades
for fish, where the lower thec number the
higher the grade®:

Number Percentage in
Grade of Fish the Grade
0 395 4.6
1 684 7.7
2 4,140 479
3 1,052 12.2
4 1,995 23.1
5 389 45

*1In a longer report (McConnell, Strand, and Curtis), we ex-
plain how the grades are derived from Bartram and colleagues.
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To understand the influence of grading ver-
sus characteristics, we estimate the model se-
quentially, from the simplest model with
grades only, to a model with grades and spe-
cies, then the more complicated model with
grades, species and physical characteristics of
the fish. This sequential estimation shows
how partially specified models work, com-
pared to the complete model. Table 5
presents the three basic models. The first
model, with grades only, explains almost 39%
of the variation in fish prices. The default
grade is GRs, the lowest (worst) grade.
Hence, the coefficients on the grade variables
represent the increment in the price of fish
over the lowest grade. The coefficients on the
grades should decline monotonically from
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GR, to GR,. The grades are all significantly
greater than zero, and they have the correct
order, except for GR,. These coefficients
show that GR, gets a premium in price of
$2.58 over the lowest grade. Although GR, is
higher than GR; by $.884, it receives a lower
increment than GR;, which has a price higher
by $1.332. This is simply bias as a conse-
quence of an incomplete specification,

The obvious set of variables to include next
is the species—the categorical variables for
yellowfin and bigeye. Albacore will be the de-
fault case. The coefficients including both
grades and species are found in column 2 of
table 5. When species are included, the grades
are sorted out in a logical way, so that the
coefficient on each lower grade is significantly

Table 5. Dummy Variable Hedonic Model of Tuna Prices

Grade, Species, and

Grade Only Grade and Species Physical Characteristics
Variable (r-statistic)” (¢-statistic) (¢-statistic)
GR, 2.580 3.078 2.646
(37.66) (53.24) (47.41)
GR, 2.487 2.630 2237
(40.45) (50.93) (44.26)
GR, 0.884 1.742 1.508
(17.39) (38.91) (34.68)
GR; 1.332 1.285 1.115
(23.54) (27.18) (24.60)
GR, 0.496 0.839 0.70
(9.36) (18.30) (16.37)
Dyr 1.362 1.216
(55.93) (42.40)
Dy 1.428 1.353
(53.09) (51.87)
BURN, -0.185
(-1.82)
BURN, -0.172
(-1.19)
BURN;, -0.131
(-0.82)
W 0.005
(22.35)
(16.73)
Dwi 0917
(33.58)
D, -0.114
(2.76)
Dyinn -0.110
(2.44)
Dypar 0.043
(0.64)
Dypr 0.700
(10.60)
Observations 8,635 8,635 8,635
R’ 0.39 0.57 0.64

2 Under the null that the parameter equals zero.
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greater than zero but significantly less than
the next higher grade. Consequently, includ-
ing the species corrects the anomaly in the
coefficients on grades. Furthermore, the co-
efficients on the species conform with expec-
tations, in that bigeye is the highest and yel-
lowfin is the second highest. When the species
are included, the model explains about 57%
of the variation in price.

The third column of table S includes the
physical characteristics—the degree of burn,
the fat content, and the means of handling.
The resulting hedonic cstimates imply that
these variables are attempting to explain the
same phenomena that graders have alrcady
observed and incorporated into the grade.
The burn variables are not ordered in the
right way and individually they are not signifi-
cantly different from zero. Likewise, the co-
efficient on the variable for no fat, NFAT, is
not significantly different from zero. How-
ever, the variables for handling the fish and
method of landing are all significant. Further,
the W,,, variable indicates a premium for
larger fish, at $.005 per pound, independent of
grade. As in the previous model of hedonic
prices, trolling is the default method of land-
ing so that D;; and D, represent the re-
duction in price over troll-caught fish. Al-
though these physical characteristics appecar
significant, they only increase the explanation
of the variation in price by seven perccntage
points, from 57% to 64%.

A formal test of the significance of the ad-
ditional variables is an F-test. This is a test of
the null hypothesis that all the parameters on
the additional variables are zero. Table 6
gives three tests for the inclusion of the addi-
tional sets of variables. In the latter two mod-
cls of table 5, “Grade and Species,” and
“Grade, Species, and Physical Characteris-
tics,” we can reject the hypothesis that the
coefficients on the additional variables are all
equal to zero. This is true even when we con-

Table 6. Tests of the Effect of Physical At-
tributes on Tuna Prices

Variable set F-statistic”
DY'T| DBE 1462-0
BURN,, BURN,, BURN,,
whir “HGUT “WHIL
DL Dunps Pupars Dear 149.6
BURN,,, BURN,, BURN,,
NFAT YFAT 31.8

* Critical values of the F-statistic at the 1 level of significance are, respec-
tively, 39 = 378, 9 = 302, KO - 232
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sider the kinds of characteristics that go into
grading, that is, fat content and the degree of
burn on the fish.

These tests isolate in a quantitative way
what happens in the grading. As is described
in Bartram and colleagues, grading is princi-
pally about the physical qualities of the fish,
which are not easily observed or assessed.
Fish are graded primarily on their overt char-
acteristics such as species, size and physical
defects, potential shelf life (which is based on
temperature), body condition, muscle texture
and bloodline, and fishing and storage meth-
ods; and an evaluation of muscle quality
based on texture, color, clarity, and fat con-
tent. Additional quality is attributed to fish-
based size, form, species, and the method of
harvesting. However, even these variables do
not explain as much variation in the price of
fish as the grades.

The Impact of Landings

In the initial hedonic model, landings were
introduced as simply another variable that in-
fluenced the price of tuna. In the previous
section, we used a dummy variable model,
which captures the influence of daily events
such as landings through a dummy variable
for the day. In this section we are more sys-
tematically interested in the market implica-
tions of landings on tuna prices. If the Hawaii
market were fully integrated into the world
market for tuna, then daily landings would
not influence local prices. Three conditions
are required for landings in Hawaii not to in-
fluence Hawaii prices. First, some landings
naturally go into an international market.
Second, landings in Hawaii must not be big
enough to influence world prices. Third, han-
dling and transportation capacity in Hawaii
must be sufficient to accommodate increases
in landings without raising costs or creating
bottlenecks. Perishability is important to the
extent that the fish are marketed in fresh or
frozen form. Capacity to move the product
quickly matters when the fish can deteriorate.
We compare the dummy variable model with
a model in which landings replace the day-
specific categorical variables.

The influence of landings on price is impor-
tant for fisherics development and policy.
From the development perspective, plans for
increasing supply in Hawaii will not necessar-
ily benefit the commercial harvesters if land-
ings depress prices, unless harvests increase
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proportionately more than prices decline.
From the point of view of fisheries policy, it is
important to consider the price effects of sca-
sonal and area restrictions on fisheries when
these restrictions reduce harvest.

We estimate the effect of landings based on
the specification in the last column of table 5,
only replacing the daily dummy variables with
landings. Our focus is on the landings coeffi-
cients. The coefficients, mean daily landings
and flexibilities, are given in table 7. An intu-
itive indication of the role of landings versus
the dummy variable models can be gained by
comparing the percent variation in price ex-
plained, the adjusted R%. With the dummy
variable models, along with the other vari-
ables, the model explains 63.6% of the varia-
tion in price. When the landings are substi-
tuted for the dummy variables for the days,
the model explains 62.3%. Consequently, it
appears that the day-specific dummy vari-
ables are accounting chicfly for changes in
landings.

The flexibilities. percent changes in the
price of all fish from a 1% change in landings
of species i, are calculated as (L/P)oP/oL,,
where the bars indicate means for landings or
price over the sample period. The last column
contains the flexibilitics. These are flexibili-
ties in the sense that they represent the per-
cent response of price to a percent increase in
landings. In principle, this response in price
can occur because of insufficient capacity to
ship fish out, because local consumers in Ha-
waii can only be induced to consume more
fish with a lower price, or because Hawaii
supply on the world market is large enough to
influence world price. It seems unlikely that
Hawaii supply influences world prices, so the
flexibilities probably stem from local condi-
tions. This is borne out by the size of the flex-
ibilities, which are generally quite low, the
largest being for bigeye. The coefficient on
albacore, which is positive but not signifi-
cantly different from zero, can be understood

Table 7. Effect of Landings on Tuna Prices
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in terms of the world market. Since albacore
typically goes inlo canning, it enters a very
large world market. The coefficient not being
significantly different from zero means that
the market can accommodate large quantities
of albacore without depressing the price. The
world market effect holds even though much
albacore now goes into markets for fresh fish
because the fresh market for albacorec must
equilibrate with the world market for can-
ning.

Conclusions

This article has demonstrated that the char-
acteristics of individual fish influence market
price in a manner consistent with hedonic
prices. The physical characteristics of fish de-
termine the ex-vessel price. Not only do the
characteristics have the right qualitative ef-
fects, the numerical values are also intuitively
sound. These are the virtues of cmpirical
analysis based on a large sample in an orga-
nized and orderly market.

The presence of the hedonic effects is an
empirical finding consistent with the adage
that quality matters. However, the specific
findings have implications for fisherics man-
agement and for harvesting behavior. There
are several findings of interest to fisherics
managers. One concerns the influence of the
size of the fish on the market price. As fish
size gets large, the equilibrium price per
pound rises. This is the market providing in-
formation on the value of saving fish. When
combined with biological information on the
growth and mortality rates of fish, one can
calculate the optimal time to harvest tuna.
The hedonic price effect is simply another
piece of information suggesting that the
search for rights-based fishing institutions
would pay off (scc Homans and Wilen). A
second specific finding is that the price for
troll-caught fish is higher than for other gear,

Estimated Coefficient

Mean Landings Flexibility at Mean

Daily Landings of Species (t-statistic) (10.000 1bs.) Landings and Prices”
3 Wy (yellowfin) -0.086 0.649 -0.035
(-5.38)
¥ Wy, (bigeye) -0.187 0.624 ~-0.074
(-9.84)
¥ W,, (albacore) 0.019 1.21 Cocfficient not significantly
0.71) different from zero

*The mean price per pound of all fish over all days of the auction was $1.58.
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suggesting that other things being equal, this
gear type provides higher value. The flexibli-
ties provide some insight into the potential
for management of fish stocks. They show the
value of additional harvested fish, as well as
the increased revenue that can be gained by
spreading out the harvest of fish over several
days.

The price flexibilities of yellowfin and big-
eye give evidence that additional landings
lower prices. This suggests that a carefully co-
ordinated harvest policy could smooth prices
for producers. The coordination problem
here is rather severe, since trip length for
many vessels is stochastic, depending on
weather and cumulative catch. Furthermore,
there are potentially adverse welfare effects
on the consumer side, because consumers
may have higher aggregate consumer surplus
when prices vary. This relates back to the
long-debated issue in agricultural supply and
policy, originally raised by Waugh in 1944
(Waugh 1944) of whether consumers benefit
from price instability. Just, Hueth, and
Schmitz (chap. 11) summarize the arguments,
showing that consumers gain from price insta-
bility if they can adjust their consumption
when prices change. Since this is the case for
fisheries, it is reasonable to conclude that a
policy of stabilizing prices might benefit har-
vesters, but probably does not benefit con-
sumers.

Of direct interest to harvesters are the find-
ings about fish form. Whole fish provide the
highest value. Harvesters who are able to care
for their fish sufficiently well to preserve the
whole form will get a higher price for their
product. Additional quantitative information
on the partial cffects of fishing practices on
prices received may provide the impetus nec-
essary to improve traditional harvesting prac-
tices and enhance the overall welfare gener-
ated from ocean fisheries.

[Received April 1998;
accepted May 1999.]

References

Anderson, J.L., and Y. Kusakabe. Analysis of the
Japanese Salmon Market. Vancouver BC: Ca-
nadian Department of Fisheries and Oceans,
Economic and Commercial Fisheries Rep. No.
56, 1989.

Hedonic Prices for Fish: T-+a in Hawaii 143

Anderson, J.L., and P. Brooks. Conjoint Analysis
of the New England Salmon Market. Report
prepared for Canadian Department of Fisher-
ies and Oceans, Vancouver BC, 1986.

Bartram, P., P. Garrod, and J. Kaneko. “Quality
and Product Differentiation as Price Determi-
nants in the Marketing of Fresh Pacific Tuna
and Marlin.” Southwest Fisheries Center 96-
06, Joint Institute for Marine and Atmo-
spheric Research 96-304, University of Ha-
waii, 1996.

Bierlen, R., and O. Grunewald. “Price Incentives
for Commercial Fresh Tomatoes.” J. Agr. and
Appl. Econ. 27(July 1995):138-48.

Blomo, V., J. Nichols, W. Griffin, and W. Grant.
“Dynamic Modeling of the Eastern Gulf of
Mexico Shrimp Fishery.” Amer. J. Agr. Econ.
64(May 1982):475-82.

Brester, G.W., P. Lhermite, B.K. Goodwin, and
M.C. Hunt. “Quantifying the Effects of New
Product Development: The Case of Low-Fat
Ground Beef.” J. Agr. and Resour. Econ.
18(December 1993):239-50.

Brown, J.E., D.E. Ethridge, D. Hudson, and C.
Engels. “An Automated Econometric Ap-
proach for Estimating and Reporting Daily
Cotton Prices.” J. Agr. and Appl. Econ.
27(November 1995):409-22.

Cropper, M., L.B. Deck, and K.E. McConnell. “On
the Choice of Functional Form for Hedonic
Price Functions.” Rev. Econ. and Statist.
70(November 1988).

Espinosa, J.A., and B.K. Goodwin. “Hedonic Price
Estimation for Kansas Wheat Characteris-
tics.” W.J. Agr. Econ. 16(July 1991):72-85.

Gillmeister, W.J., R.D. Yonkers, and J.W. Dunn.
“Hedonic Pricing of Milk Components at the
Farm Level.” Rev. Agr. Econ. 18(May 1996):
181-92.

Golan, A., and H. Shalit. “Wine Quality Differen-
tials in Hedonic Grape Pricing.” J. Agr. Econ.
44(May 1993):311-21.

Homans, F.R., and J.E. Wilen. “A Model of Regu-
lated Open Access Resource Use.” J. Envi-
ron. Econ. and Manage. 32(January 1997):1-
21.

Just, R.E., D.L. Hueth, and A. Schmitz. Applied
Welfare Economics and Public Policy. Engle-
wood Cliffs NJ: Prentice-Hall, 1982,

McAfee, R.P., and J. McMillan. “Auctions and
Bidding.” J. Econ. Lit. 25(June 1987):699-738.

McConnell, K.E., L.E. Strand, and R. Curtis. “An
Analysis of Auction Prices of Tuna in Hawaii:
Hedonic Prices, Grading and Aggregation.”
Southwest Fisheries Center 98-03, Joint Insti-



144 February 2000

tute for Marine and Atmospheric Research
Contribution 98-317, University of Hawaii,
1998.

Sylvia, G., and S. Larkin. “Wholesale, Firm-Level
Demand for Whiting Products: A Multi-
Attribute, Multi-Sector Analysis” Amer. J.
Agr. Econ. 76(December 1994):1242.

Tronstad, R., L.S. Huthoefer, and E. Monke.
“Market Windows and Hedonic Price Analy-
ses: An Application to the Apple Industry.” J.
Agr. and Resour. Econ. 17(December 1992):
314-22.

Amer. J. Agr. Econ.

Wang, S.D., and C.B. Kellogg. “An Econometric
Model for American Lobster.” Marine Re-
sour. Econ. 5(Spring 1988):61-70.

Waugh, F. “Quality Factors Influencing Vegetable
Prices.” J. Farm Econ. 10(May 1928):185-96.

Waugh, F. “Does the Consumer Benefit from Price
Instability?” Q. J. Econ. 58(August 1944):602-
614.

wirth, F.F., C.K. Halbrendt, and G.F Vaughn.
“Conjoint Analysis of the Mid-Atlantic Food-
Fish Market for Farm-Raised Hybrid Striped
Bass.” S.J. Agr. Econ. 23(July 1991):155-64.

.-



