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IMPLICATIONS FOR RANDOM UTILITY MODELS FROM UNCERTAINTY IN SELF-
REPORTED SPATIAL DATA: DETERMINING THE VALUE OF CORAL REEFS 
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ABSTRACT 

Greater awareness of the importance of ecosystem services and ecosystem management has sparked 
interest in examining on-the-water location choices of fishermen; however, some studies still rely on self-
reporting due to high costs or governmental restrictions to obtaining GPS and satellite information. Self-
reported data may be inaccurate due to spatial comprehension difficulties or an unwillingness to truthfully 
report on-the-water locations. Uncertainty in spatial data can lead to significant differences in the 
outcomes of valuation studies since travel cost estimates are highly dependent upon location 
specifications. This study examines the implications of uncertainty in self-reported data on willingness to 
pay estimates obtained from random utility models using self-reported data from recreational anglers in 
Puerto Rico. Inability to translate on-the-water locations to grid cells on a map and concerns about area 
closures may have adversely impacted the quality of data obtained from these fishermen. This study 
examines the effects of locational uncertainty on the estimated value of coral reefs around Puerto Rico. 
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INTRODUCTION 

The rising number of scientific reports indicating deterioration of coral reefs worldwide and increasing 
awareness and advocacy has prompted many recent investigations into the value of coral reef structures, 
which provide many ecosystem services, mitigate the effect of storm systems, and support recreational 
and tourism industries. Measures for coral reef protection are typically costly and often conflict with 
economic development programs and other local policies. Providing decision makers with an accurate 
economic measure of these ecosystem services are crucial for ensuring their continued presence in future 
generations. Spatially-delineated information is particularly important in assessing usage of specific 
habitats and ecosystem services but such data is often difficult to acquire due to prohibitive costs and 
access restrictions. Surveys with spatially-delineated questions may generate vital information for these 
assessments but self-reported data can be misleading when there are many potential sources of respondent 
error with unknown consequences on willingness to pay (WTP) estimates. This paper examines the 
impact of different degrees of data certainty on WTP estimates for coral reefs in Puerto Rico using 
simulations based on a an actual dataset collected by the National Oceanic and Atmospheric 
Administration (NOAA). 

BACKGROUND 

Puerto Rico possesses over 5,000 km2 of easily accessible (<20 m depth) coral reef ecosystems [1]. These 
coral reefs are currently threatened by overfishing, pollution, and eutrophication [2, 3, 4, 5, 6, 7, 8]. In 
2002, the Coral Reef Task force issued its joint NOAA-Puerto Rico announcement to estimate the 
benefits, costs, and economic impacts of future policies designed to conserve coral reef resources. Due to 
the unique nature of island cultures, tourism, and geography, NOAA Fisheries decided that benefits 
transfer methodologies would be insufficient for addressing the valuation question and direct estimates 
would be of higher quality. The lower limit value of coral reef resources would be represented by the 
value of recreational fishing activities performed on or near coral reefs because existing monitoring 
efforts of this particular population could easily accommodate any new information requests. 
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NOAA Fisheries has administered a marine recreational data collection program in Puerto Rico since 
2000. Anglers are intercepted at select fishing access sites along the coast and asked a series of questions 
relating to their trip including catch and expenditure information. Previous efforts at valuing coral reefs 
have used this data, but it is impossible to distinguish activities targeted at specific habitat types from this 
data because there are no questions that give detailed geographic information. Additionally, this data does 
not contain sufficient species-specific information for estimating the value of coral reefs. NOAA 
Fisheries, in cooperation with the National Ocean Service and Puerto Rico’s Department of Environment 
and Natural Resources, developed a new addendum to the existing recreational fishing survey to collect 
geographically detailed information about marine recreational fishing activities on the water for valuing 
potential new policies regarding the conservation of coral reefs in Puerto Rico, and to determine angler 
preferences for open-water attributes in Puerto Rico. 

Anglers that were intercepted under the marine recreational data collection program in Puerto Rico in 
2003 and 2004 were asked additional questions to produce directed effort estimates with geographic 
stratification. A map exercise was included in the questionnaire where respondents were shown maps of 
the island with a grid overlay (Figure 1). 

 

Figure 1. Sample map exercise—Northeast quadrant of Puerto Rico with grid overlay 

The grid cells in the overlay were approximately 2.5mi2 each. Anglers were asked to point to two grids, 
the grid where they spent the most time fishing, and the grid where they caught the majority of their fish 
that day. 

The instrument design eventually proved to be problematic. First, it was hard to decide which grid cell 
was best for economic modeling. The interpretation for “most time” and “majority of catch” could be 
very different for the anglers that gave two different grid cells in response to those questions, but which 
grid cell provided better estimates for the economic value of recreational fishing on coral reefs was 
unclear. Second, some anglers answered only one of the two questions. The cause of this situation could 
have been the result of a field error where the interviewer only asked one question, or it could have 
indicated that the fisherman chose the same grid for both cells. The uncertainty was problematic for 
determining how to allocate grid cells for modeling purposes. Third, members of the same fishing party 
often gave conflicting answers. Since no contact information was collected at the time of the intercept, it 
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was impossible for researchers to re-interview those individuals to generate a consensus within those 
parties. A simple clustering principle could not be used as the majority of fishing parties with disparate 
information indicated distant grids, which, in some cases, were over 10 miles apart. Though the physical 
distance might not be considered significant on land, traversing that distance via boats is generally costly 
in time and fuel, and the topographical differences are often severe. Ocean depth, substrate, coral reef 
presence, and distance from shore vary considerably between grids and could significantly impact the 
results of random utility models (RUMs) using this information. 

There are several ways to think about these issues. Here the discrepancies in the data are categorized into 
three possible explanations. First, the error could be completely random. The fisherman may have 
inadvertently chosen the wrong grid, or the interviewer may have entered an incorrect grid number on the 
form, or the data entry clerk may have made mistakes in the transcription process. Second, it is possible 
that the order of the questions in the study induced bias in the map exercise. During the period that the 
survey was in the field, government agencies were considering several important policies potentially 
limiting fishing activities on or near mangroves and coral reefs. Among the items available for public 
comment in 2003-2004 were a proposed rule regarding essential fish habitats and the Draft Amendment 
to the Fishery Management Plans (FMPs) of the U.S. Caribbean regarding the coral reefs of Puerto Rico 
and the Virgin Islands, and several reef-dependent species. Some recreational anglers may have been 
aware of these activities and purposely misreported their on-the-water locations in the hopes of avoiding 
stricter restrictions on their fishing activities especially since one of the questions prior to the map 
exercise asked respondents to identify structures they may have fished on or near during that trip, 
including mangroves, buoys, and coral reefs. In hindsight, the possibility of data falsification based on 
these premises might have been avoided if the map exercise occurred before the “structures” question. 

Third, studies have shown that many people are unable to process and use maps [9]. The ability to relate 
one’s position, the map, and the represented space is difficult for a significant number of people. People 
are more able to identify locations based on pictures depicting the environment (3-D horizontal 
representations) as opposed to maps (2-D vertical representations) because they minimize mental 
translations [10], and maps that closely mimic the real world and have a large number of features increase 
usability [11, 12, 13, 14]. Additionally, individuals are more able to relate maps to their environment 
when maps are aligned in manners similar to their current orientation [15, 16] and have appropriate 
resolution. The context created by particular map representations can affect the magnitude of estimated 
distances significantly [17, 18]. The maps used in this study were very basic with few features, especially 
regarding on-the-water features, and users may have had difficulty in accurately identifying their on-the-
water locations resulting in inaccurate distance and trajectory reports. If some members of a fishing party 
were indeed spatially challenged, one would expect that the trip trajectories would lie in similar 
directions, even if distances were inaccurate; however, the large number of discrepancies in location 
distribution among members of the same fishing party makes the second argument more attractive than 
either of the other two. Irrespective of the cause, the data contains an unknown degree of reporting error. 
This paper addresses this issue by examining different scenarios of data accuracy using simulations of the 
original dataset. 

METHODOLOGY 

The travel cost method (TCM) relies on the assumption that the cost incurred by individuals in travelling 
to a particular location can be used as surrogate prices for the value of the recreational experience. 
Previous coral reef valuation studies using the TCM calculated the distance between the respondent’s 
place of origin and the entrance point of the park or nature reserve with access to some coral reef [19, 20, 
21]. This method is most appropriate for measuring the consumption value of coral reef ecosystem 
services when access to the water is restricted and individuals typically travel great distances, as is the 
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case with international visitors, because the travel costs from the point of origin to the entrance of the 
park or nature reserve often dominate all other costs. In the case of most island residents, land-based 
travel comprises a small proportion of the cost of the fishing trip and access to water is not restricted. 
When access to water is not restricted, it becomes difficult to make reasonable assumptions regarding the 
distance between starting and ending points of land-based travel since individuals have numerous entry 
points to the water. Additionally, measuring the value of access to water containing coral reefs is not the 
same as measuring the value of access to coral reefs. Individuals that visit national parks, for example, 
may utilize certain resources in the parks and not others. Including all individuals who visit a national 
park will yield different result than only including individuals that use the resource in question. While 
there have been many other valuation studies of recreational fishing activities, only one other paper has 
used geographic information specific to sites on the water [22]. This study takes advantage of the 
uniqueness of the dataset to offer insight on values based on costs incurred while on the water.a Cost 
estimates are generated by multiplying a cost per unit distance by the distance to different sites as is done 
in many recreation demand studies [23, 24]. The opportunity cost of leisure time included in many other 
studies [25, 26] will not be considered here because salary information was collected for less than 1% of 
the sample. This is a serious omission which will bias the absolute value of the coefficient on travel cost 
upward. 

This study uses a random utility model (RUM) to model a recreational fishing party’s decision-making 
process in terms of choices over alternative sites. The choice decision is characterized by a deterministic 
and a stochastic component. For any fishing party i, the utility for site j can be written as 

, (Eq. 1) 

where Vi,j(·) is the deterministic part of the function, εi,j is the stochastic term, Xi,j is the vector of site 
attributes, yi is the respondent’s income, and pi,j is the travel cost for individual i associated with site j. 
Party i will choose site j when the utility of visiting site j is greater than that of any other site k, 

. (Eq. 2) 

Assuming that the error terms are independently and identically drawn from an extreme value 
distribution, the probability of party i choosing site j is 

. (Eq. 3) 

If the utility from visiting a particular fishing site is linearly related to site characteristics, then Vi,j(·) can 
be rewritten as Vi,j(·) = βXi,j + λ(yi - pi,j) where β is the parameter vector associated with site characteristics 
and λ is the marginal utility of income. 

The actual number of respondents with untruthful or erroneous responses is unknown in the dataset. 
Reporting discrepancies are easily identified for fishing parties with more than one respondent, but 
difficult to determine when the fishing party has only one respondent. Simulations are employed to gauge 
the degree of bias in the original dataset using different assumptions. 

The first three scenarios used in this paper are two-stage simulations. In the first stage, a determination is 
made whether the fisherman is telling the truth or not. If the fisherman is truthful, then he retains his 
reported grid cell in the model. If the decision is made that the fisherman is not truthful, then the 
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computer randomly assigns a distance and trajectory from his reported grid cell to find a representative 
“true” cell. Possible distances ranged from 2.5 to 10 miles (up to 4 grid cells away from reported cell) and 
both distance and trajectory were simulated assuming a uniform distribution. Model 1 assumes that 
truthfulness (or spatial awareness) is completely random and drawn from a uniform distribution. This 
represents situations where the researcher has no method of detecting liars or assessing the degree of 
erroneous reporting. Model 2 assumes that the only untruthful individuals are those that said they fished 
on coral reefs but reported grid cells with no coral reef, which accounts for approximately 13% of the 
sample. Model 3 assumes that 75% of the fishermen in the study tell the truth. This is based on the 
proportion of fishing parties in the study with no reporting discrepancies. The 75% truthful fishermen are 
chosen randomly from the simulated dataset. 

The other two scenarios have only one stage. Models 4 and 5 assume that fishermen report locations 
according to a continuum of truthfulness (or spatial awareness). Fishermen that are entirely truthful (or 
fully able to read maps) report the exact location they fished in. Fishermen that are not truthful (or unable 
to relate spatial information to map drawings) report locations based on the degree of truthfulness. 
Assume that angler truthfulness is proportionally related to distances between the reported cell and the 
angler's “true” cell. Decreases in truthfulness result in larger distance variations. These distances are 
drawn from specified distributions with a range of 0 to 10 miles away from the reported cell. Trajectory is 
drawn from a uniform random distribution. Model 4 assumes that truthfulness is completely random and 
draws distances from a uniform distribution. Model 5 assumes that truthfulness has a Gamma distribution 
of Γ(4, 1) because this distribution reflects a population that is mostly truthful (heavy left tail) and 
approximately 75% of the respondents report distances 5 miles or less from the actual site (neighborhood 
of two grid cells). Table 1 summarizes the assumptions for all simulation scenarios. 

Table 1: Simulation Scenarios and Assumptions 

Model 1, two-stages Stage 1: Truth i.i.d. random uniform distribution 
 
Stage 2: Assign liars new grid cell ~ U[0, 10] mi. from original cell 

Model 2, two-stages Stage 1: Liars = anglers who reported fishing near coral reefs, but reported cell 
has no coral reef 
 
Stage 2: Assign liars new grid cell ~ U[0, 10] mi. from original cell 

Model 3, two-stages Stage 1: Liars = 25% of the total population, randomly assigned 
 
Stage 2: Assign liars new grid cell ~ U[0, 10] mi. from original cell 

Model 4, one-stage Assign cells for all anglers ~ U[0, 10] mi. from original cell 
Model 5, one-stage Assign cells for all anglers ~ Γ(4,1) mi. from original cell 

Each simulation is estimated twice, once with alternative fishing sites from a radius of 30 miles from 
intercept site (shore) and once with alternative fishing sites from a radius of 15 miles from intercept site. 
The smaller radius is appropriate for representing substitute fishing sites mostly populated by reef fish 
and other smaller species. The larger radius includes substitute fishing sites for other target species 
including large pelagic species such as tuna or sharks. 

DATA 

A total of 1,170 anglers participated in the survey. The majority of respondents were residents, owned 
boats, and fished using private or rental boats. There were 471 total parties with an average of 3 people 
per party. Characteristics for the original datasets can be found in Table 2.  
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Table 2: Summary Statistics and Data Characteristics 

Respondents 1,170 total respondents: 1,157 residents, 13 non-residents 
 
661 boat owners 
 
Own boat HP: [5, 990 hp], mean = 314.4hp ± 231.7hp 
 
Own boat length: [9, 54 ft], mean = 24.13ft ± 7.25ft 
 
Mode: 110 Shore, 814 Private/Rental Boat, 143 Party/Charter Boat 
 
Structures: 184 people reported fishing on or near coral reefs, 5 near 
man-made structures such as wrecks and buoys, 47 near mangroves 

Fishing Parties 471 total parties 
 
99 parties did not have at least one member owning a boat 
 
Average number of people per party: 3 
 
Average percent of residents: 92% 
 
81 parties reported fishing on or near coral reefs 

Spatial Depth: [0, -7843m], mean = -2693.5 ± 1990.9m 
 
Percent reef: mean = 1.09 ± 6.26% (0.23km2 ± 1.34km2) 
 
Aggregating buoys: 0 to 1 per grid cell 
 
Wrecked ships: 0 to 16 per grid cell 
 
Total number of grid cells visited: 51 
 
Trips per grid cell: [0, 100], mean = 2.1 trips 
 
110 cells had reef fish spawning activity over the last 10 years 

Though information was collected from anglers in all modes (shore, private/rental boat, party/charter 
boat), this study restricts analysis to anglers from private boats only. Data from previous years shows that 
anglers in private/rental boats comprise the majority of trips and catch for fish species that are highly 
dependent on coral reefs,b and charter mode is relatively insignificant for these species as such services 
are almost nonexistent in Puerto Rico. 

Spatial information for the grid cells was obtained in part from the National Oceanographic Data Center 
(NODC). Data included ocean characteristics such as depth, surface temperature, and the presence of 
natural and man-made structures. Natural structures included coral reefs and mangroves. Man-made 
structures included ship wrecks and several different types of buoys such as fish-aggregating buoys. 
Spawning data came from a study by Edgardo Ojeda [27]. All spatial data used in the study was 
compressed into averages for each grid cell; for example, ocean depth for a grid cell was calculated as the 
average of all depths available in that grid cell. 
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On-the-water travel costs were computed from the price of gas in Puerto Rico during the month of 
intercept, the distance from intercept point to on-the-water location, and fuel usage based on reported boat 
characteristics and fuel efficiency models developed using data from Mercury Marine, a large 
manufacturer of boat engines.c For those parties whose members did not list owning a boat (less than 20% 
of the sample), a representative boat was assigned based on the average boat size noted online by several 
different charter companies and recreational angling clubs in Florida and Caribbean Islands.d All other 
parties were assigned the largest boat owned. All models assume anglers are only interested in fishing and 
plan their destination ahead of time. The models depict travel in a straight line from the point of intercept 
to the center of the on-the-water grid cell. This assumption is supported by comments from the focus 
groups noting that most anglers stated having a preferred fishing spot and travel only to that location for 
fishing. 

RESULTS 

The results of the simulation studies are listed in Tables 3 and 4. Sample estimations using the original 
data are included for comparison purposes. Most of the estimated parameters behave as expected, and 
there are no extreme variations in magnitude noticed. Costs are negative and highly significant. The 
coefficient for percent coral reef is positive and statistically significant in all of the models, supporting the 
hypothesis that anglers care about the presence of coral reefs. The coefficient for ocean depth is negative 
and statistically significant in some of the models, indicating that anglers prefer shallower waters, such as 
those surrounding the coral reefs. This further supports the theory that anglers are more likely to fish in 
areas containing coral reefs, which are located in shallower waters around the island. Spawning locations 
are surprisingly not statistically significant. Anecdotal evidence suggests that anglers are more likely to 
fish in known spawning points, but none of the empirical models support this. Man-made aggregating 
structures such as shipwrecks and buoys are also not statistically significant. The total number of visits to 
a particular location, used in these models to proxy for a “popularity” effect (how well known a particular 
location was to the local fishermen),e is positive and statistically significant. This indicates that fishermen 
tend to go where other fishermen have gone, perhaps trying to capitalize on the successes of others. 

Table 3: Model Results Using a 30-mile Substitute Site Radius 

Variable Original Model 1 Model 2 Model 3 Model 4 Model 5 
Cost -1.24x10-4*** 

(2.31x10-5) 
-9.65x10-5*** 
(1.54x10-5) 

-8.30x10-5*** 
(1.36x10-5) 

-1.23x10-4*** 
(1.94x10-5) 

-8.00x10-5*** 
(1.29x10-5) 

-9.71x10-5*** 
(1.52x10-5) 

Ocean Depth 8.33x10-4 

(2.00x10-3) 
-5.76x10-4 
(5.27x10-4) 

-5.85x10-4 
(4.11x10-4) 

-1.20x10-3* 
(6.41x10-4) 

-6.99x10-4** 
(3.52x10-4) 

-9.24x10-4* 
(4.85x10-4) 

Percent Reef 0.0468*** 
(0.0153) 

0.029**

(0.011) 
0.023** 
(0.011) 

0.046*** 
(0.011) 

0.032*** 
(0.010) 

0.025** 
(0.012) 

Buoys 0.746 
(0.852) 

-0.367 
(0.671) 

0.090 
(0.535) 

-13.22 
(1611.33) 

-12.533 
(1043.411) 

-11.84 
(851.67) 

Ship Wrecks 0.124 
(0.316) 

-7.66x10-5 
(0.088) 

0.056 
(0.081) 

0.030 
(0.087) 

0.012 
(0.084) 

0.092 
(0.083) 

Visits 0.289*** 
(0.068) 

0.173*** 
(0.050) 

0.143***

(0.046) 
0.295***

(0.053) 
0.113* 
(0.058) 

0.219***

(0.044) 
Spawn 1.00* 

(0.62) 
0.561 

(0.487) 
0.619 

(0.470) 
0.771 

(0.498) 
-0.922 
(0.663) 

1.31*** 
(0.46) 

LR (χ2) 126.22 122.25 109.79 179.91 82.96 148.40 
No. of obs. 6496 9648 10368 9646 10365 10005 

* p<.10; ** p<.05; *** p<.01 
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Table 4: Model Results Using a 15-mile Substitute Site Radius 

Variable Original Model 1 Model 2 Model 3 Model 4 Model 5 
Cost -1.39x10-4*** 

(3.13x10-5) 
-8.13x10-5*** 
(1.88x10-5) 

-7.46x10-5*** 
(1.97x10-5) 

-1.12x10-4*** 
(2.18x10-5) 

-6.85x10-5*** 
(1.91x10-5) 

-9.91x10-5*** 
(2.13x10-5) 

Ocean Depth 1.16x10-3 
(2.69x10-3) 

-2.56x10-4 
(7.20x10-4) 

-1.03x10-3** 
(5.15x10-4) 

-1.35x10-3* 
(7.15x10-4) 

-8.61x10-4* 
(4.91x10-4) 

-1.17x10-3* 
(6.61x10-4) 

Percent Reef 0.047*** 
(0.017) 

0.026**

(0.011) 
0.025**

(0.011) 
0.046*** 
(0.012) 

0.031*** 
(0.011) 

0.029** 
(0.013) 

Buoys 0.723 
(0.994) 

-0.280 
(0.683) 

0.137 
(0.542) 

-13.22 
(1751.25) 

-13.382 
(1722.76) 

-12.20 
(1034.09) 

Ship Wrecks 0.051 
(0.103) 

0.018 
(0.078) 

0.055 
(0.081) 

0.037 
(0.087) 

0.009 
(0.086) 

0.082 
(0.085) 

Visits 0.301*** 
(0.078) 

0.175*** 
(0.052) 

0.151***

(0.050) 
0.301***

(0.054) 
0.133** 
(0.060) 

0.240***

(0.051) 
Spawn 1.44** 

(0.67) 
0.641 

(0.489) 
0.503 

(0.494) 
0.797* 
(0.494) 

-0.823 
(0.671) 

1.19** 
(0.48) 

LR (χ2) 84.97 55.26 46.95 107.73 30.75 88.01 
No. of obs. 1528 2333 2425 2429 2333 2335 
* p<.10; ** p<.05; *** p<.01 

The marginal willingness to pay (MWTP) per party per trip for coral reefs, as measured by consumer 
surplus for each unit of coral reef, can be calculated as the parameter of the coefficient for coral reefs 
divided by the marginal utility of income: 

λ
β Reef Coral =MWTP . (Eq. 4) 

Since the variable used in these analyses was percent coral reef, MWTP results will be converted from the 
pure calculated value ($/party/trip/percent reef) into MWTP for units of coral reef area ($/party/trip/mi.2) 
for ease of interpretation. Monte Carlo simulations were run using the model results to generate 95% 
confidence intervals for the MWTP for each scenario, which are listed in Table 5.  

Table 5: Marginal Willingness-to-pay (95% CI) for Coral Reefs ($/party/trip/mi2) 

WTP Original Model 1 Model 2 Model 3 Model 4 Model 5 
30-mile: 
95% CI 

$15,414 
(± 4,771) 

$13,678 
(± 11,889) 

$11,288 
(± 4,922) 

$15,384 
(± 3,684) 

$16,074 
(± 4,858) 

$10,291 
(± 4,507) 

15-mile: 
95% CI 

$14,172 
(± 4,827) 

$12,994 
(± 5,630) 

$14,109 
(± 6,288) 

$16,621 
(± 4,410) 

$18,936 
(± 7,254) 

$12,112 
(± 4,963) 

The 15-mile substitute site scenario produced higher estimates than the 30-mile radius. Given that most 
coral reefs around Puerto Rico were close to shore, higher MWTP estimates are expected for the smaller 
radius as more weight is given to grid cells containing coral reefs in the models than for the larger radius. 
Models 3 and 4 resulted in similar MWTP estimates as compared to the original data for the 30-mile 
radius while Models 1, 2, and 5 had much lower estimates. Conversely, Models 3 and 4 had higher 
MWTP estimates than the original data for the 15-mile radius. 

The range of estimated MWTP for one mile of coral reef per party per fishing trip per percent coral reef 
varies widely across the different models, ranging from $5,784 to $20,932 for the 30-mile radius RUM 
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and $7,149 to $26,190 for the 15-mile radius RUM. Such differences could have significant implications 
for future coral reef protection and use policies since extrapolating these per-party-trip-square-mile reef 
values to aggregate consumer surplus for entire coral reef systems result in multi-million dollar 
differences. To further illustrate this point, consider the coral reef off of the city of Fajardo on the 
northeast corner of the island shown in Figure 2.  

 

Figure 2. Coral reef near Fajardo, Puerto Rico used in WTP comparison calculations 

The reef in the figure is approximately 3.5mi2 (12km2). The WTP calculated for this section of coral reef 
ranges from $6,260 per party-trip to $68,815, depending on the radius and model used (see Table 6). If we 
assume that 500 fishing parties each take 3 trips to visit that particular coral reef over the course of a year, 
the difference between the estimates in consumer surplus for one year is over $93 million. 

Table 6: WTP (95% CI) for Fajardo Reef ($/party/trip) 

WTP Original Model 1 Model 2 Model 3 Model 4 Model 5 
30-mile: 
95% CI 

$53,949 
(± 16,699) 

$47,872 
(± 41,612) 

$39,508 
(± 17,227) 

$53,845 
(± 12,895) 

$56,260 
(± 17,004) 

$36,018 
(± 15,774) 

15-mile: 
95% CI 

$49,602 
(± 16,895) 

$45,479 
(± 19,705) 

$49,381 
(± 22,008) 

$58,174 
(± 15,436) 

$66,277 
(± 25,389) 

$42,392 
(± 17,371) 

Consider the results of this study also in the context of other similar valuation studies. Previous travel cost 
studies of WTP for coral reefs in the Florida Keys, which are in close geographic proximity to the Puerto 
Rican coral reefs, estimate WTP values of $463 [28] and $481.15 [29] per party per trip. Theoretically, 
the WTP for coral reefs in the Florida Keys should be greater than the WTP for coral reefs in Puerto Rico 
because the mean income of local residents is greater in Florida. The marginal utility of income should be 
smaller for Floridians thereby inflating the WTP values for coral reefs. Management for the Florida Keys 
is also much more restrictive, which typically increases value perceptions. Additionally, the level of use 
from tourists is greater, resulting in larger travel distances Florida, which would directly impact RUM 
estimates. The values computed using this data for the relatively small bit of coral reef near Fajardo far 
exceeds the results of previous studies for the entire Florida Keys coral reef system. Clearly, using on-the-
water location information has a significant impact on WTP. Though the distribution of travel costs per 
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trip may differ from studies using land-based methods, considering individuals’ proximity to coral reefs 
as opposed to focusing solely on their access to water appears to eliminate noise generated by individuals 
with no interest in coral reefs. If the true value of Puerto Rican coral reefs is in fact less than or equal to 
the value of the coral reefs in the Florida Keys, then models estimated using land-based models grossly 
underestimate the WTP per party per trip. 

CONCLUSION 

New sources of data are constantly being explored to address difficult valuation problems. The dataset 
collected by NOAA Fisheries in 2003 took a unique approach to estimating the value of coral reefs by 
enabling the incorporation of on-the-water travel costs; however, the survey design degraded response 
quality. This paper attempted to address location uncertainty in RUMs using self-reported spatial data 
with five different simulation scenarios. Significant differences were found between WTP estimates 
generated using the original data and the simulated data, and the wide range of the results confirms the 
importance of location certainty when using spatial data in RUMs. The order of questions, spatial 
reasoning ability of respondents, and potential for misreporting should be carefully considered when 
designing future self-reported on-the-water location studies for travel cost valuation of natural resources. 
Also, on-the-water location methodologies generate higher estimates of the value of coral reefs compared 
to traditional land-based RUMs, which could have significant impact on future coral reef protection 
policies. Additional valuation studies are needed for an accurate assessment of Puerto Rico’s coral reefs. 
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ENDNOTES 

a It was not possible to accurately estimate any land travel costs due to information limitations. 
Respondents were only asked for their zip codes, which made it difficult to estimate travel time to the 
water entry point since some zip codes spanned large portions of Puerto Rico and centroid estimation 
would be highly inaccurate in some cases. No commercial software currently available offers detailed 
route time calculations for Puerto Rico. 
 
b Reef-dependent species include black durgon, black margate, coney, French angelfish, jolthead porgy, 
red hind, spotted trunkfish, trunkfish, yellowtail snapper, and reef shark. The scientific names of these 
species are Melichthys niger, Anisotremus surinamensis, Epinephalus fulva, Pomacanthus paru, Calamus 
bajanado, Epinephelus guttatus, Lactophrys bicaudalis, Lactophrys trigonus, Ocyurus chrysurus, and 
Carcharhinus perezi, respectively. 
 
c Fuel Consumption Model 1 assumes that fishing parties are cruising slowly around the island, close to 
shore, running the engine around 3,000 rpm, or 12-15 mph for an average boat, and have lower rates of 
gas consumption. The equation was specified as: mpg = exp(8.41023-1.58966*ln(length)-.48157*ln(hp)). 
Fuel Consumption Model 2 assumes that fishing parties are operating their boats around 5,000 rpm, or 25 
mph, representing anglers targeting fishing locations far from shore. These anglers presumably wish to 
reach their destinations in a speedy manner. The equation was specified as: mpg = exp(7.17247-
1.15744*ln(length)-0.4834*ln(hp)). 
 
d For near-shore locations, parties were assigned a small boat defined as 19ft. long and 150hp. Long 
distances were assumed to require a big boat, defined as 32ft. and 300hp. 
 
e Though total catch was available in the data, there was an unknown bias in using that data to estimate 
the productivity of a particular location since the extent that the intercept interviews accurately reflected 
total catch attributable to a site is unknown. Thus, the number of visits in the dataset was used to capture 
the possibility of the presence of fish aggregations. Though this variable may appear to be endogenous, 
parameter estimates with and without this variable were only marginally different. 
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