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Abstract

We estimate a recreation demand model for warmwater fishing in Delaware and then use it
to measure welfare gains associated with improved fishing quality as measured by catch
rate of fish, diversity of species, and clarity of water. We use a “linked” site choice - trip
frequency model with data gathered by the Delaware Division of Fish and Wildlife. Our
site choice model includes 118 rivers and lakes in the state with detailed characteristics of
each. We develop hypothetical scenarios of fishing quality improvement involving
combinations of fish catch, fish diversity, and water clarity and apply it to individual water
bodies, water basins, selected water body groupings, and statewide. Values are reported in
seasonal per angler and aggregate terms.

Keywords: Economics; freshwater recreational fishing; valuation

JEL Classification: Q51; D61

Introduction

The state of Delaware is located on the eastern seaboard of the United States, bordering the
states of Pennsylvania to the north, New Jersey to the northeast, and Maryland to the west
and south. It is divided into four major water basins shown in the map in Fig. 1: Piedmont,
Delaware Bay, Chesapeake Bay, and Inland Bays. The latter three are named for the water
bodies into which their rivers flow. Recreational anglers from Delaware and the nearby
states fish in the waters in all four of these basins for warmwater fish such as bass, carp,
catfish, sunfish, perch, and pickerel. There is also put-and-take (stocked) trout fishing at
several streams and saltwater fishing in the Atlantic Ocean, Delaware Bay, and several
inland bays. This analysis focuses on the warmwater fishing in the state.

In 2018 (the year of our analysis), about 82,000 people held recreational fishing licenses
to fish legally in the state. There are over one hundred water bodies for warmwater fishing
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Figure 1. Delaware water basins.
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Figure 2. Major rivers in Delaware.

including ponds, rivers, and streams. The better-known ponds include Becks, Lums, and
Trap Ponds. Sheerness Pond in the center of the state is the largest at 250 acres. Figure 2 is
a map of the major rivers.
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The freshwater bodies are managed by the Delaware Division of Fish & Wildlife
(DFW). DFW surveys the angler population every five years Apni) to learn where people
are fishing and what they are catching. This paper is an analysis of that survey data to
provide economic content for their management decisions (Stetzar et al. 2019).
Specifically, our purpose is to estimate a recreation demand model and then use the
model to estimate the benefits associated with improvements in fishing conditions that
might be realized through resource management and restoration decisions. These include
actions that might improve the catch of fish (through habitat management, water quality
improvements, etc.), increase the diversity of species (introduced species, or expansion of
species through habitat management, etc.), improve access (added boat ramps), and/or
improve the appearance of the water (pollution control measures to reduce sediments and
algae growth). The model will accommodate valuation of these types of outcomes for
comparison to costs and can do so on a waterbody-specific or subbasin-specific basis.

Economists have been studying recreational fishing demand using the travel cost model
for decades (for an early example see Vaughan and Russell (1982)). RUM models are
mostly commonly used for valuing quality changes like fishing since they explicitly set up
angler choice as being among sites with varying quality levels and thereby reveal values for
those different levels of quality. Melstrom et al. (2015) provide a nice discussion of RUM
applications for freshwater fishing, which includes a table with a list of other studies. Train
(1998) is a nice application to the basic layout of the approach typically used. In these
contexts, the RUM model is a model of the choice of where to go fishing or site choice. The
attributes of sites that govern choice of site include a measure of travel cost and other
important attributes such as size (acres, river miles, etc.), environmental quality, facilities
present, regulations, land cover, fish quality, etc. Fishing quality can be measured as fish
catch, fish presence/absence, fish abundance, biomass, stocking, etc. For some different
examples of specification and attribute selection see Jones and Lupi (2000), Parsons and
Hauber (1998), Murdock (2006), and Ji et al. (2014). The fish quality variable equips the
model for policy analysis related to fisheries management. In some applications,
researchers will also account for the specific species of fish targeted. This can be done with
separate species models or interactions of target with catch rate (Melstrom et al. 2015).
Sometimes researchers have modeled the choice of species along with site choice or even
separate models by species. Recreational fishing studies have also been conducted in the
context of measuring the benefits of water quality improvements (Tay and McCarthy
1994) and the effects of fish consumption advisories (Jakus et al. 1997).

To account for trip frequency in RUM models of recreational fishing, two approaches
have been used by researchers: linked and repeated choice. In the first, a multinomial logit
model in one of its many forms is used for modeling the site choice, and a count data trip
frequency model is appended to this model to account for the number of trips (Hausman
et al. 1995, Parsons et al. 2009). The second approach is repeated choice model which
incorporates nonparticipation as an alternative in a choice set (Lew and Larson 2011).
Mathematically the two approaches have been shown to be nearly the same (Parsons et al.
1999). We used the linked version here.

Our contribution to this literature is to show that rather sophisticated models of fishing
behavior, which have been developed over the past three decades, can be estimated using
data conventionally gathered by state agencies and then, in turn, be used to assist in the
management of fisheries. We expect many states to have similar data, can estimate like
models, and can begin to redesign their surveys for even more sophisticated economic
models. Still, much can be done with rather typical “where fished” and “what caught” data
and that is our message.
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As just noted, we use a linked site choice - trip frequency recreation demand model.
The site choice portion of the model is a Travel Cost Random Utility Maximization Model,
and the trip-frequency portion is a Count Data Negative Binomial Model. Our response
data includes trip information from 1961 anglers with a choice set of 118 rivers, streams,
and ponds. The focus is on warmwater fishing (bass, perch, etc.) and the model has three
key policy variables around which we consider several welfare scenarios - catch rate of fish,
diversity of species (number of different species at a site), and water clarity. We begin by
laying out our model, then we discuss the data and present results.

The linked model

The site choice portion of our model is a Random Utility Maximization (RUM) Model and
considers where an angler goes fishing as a function of the characteristics of the site and
trip cost to reach the site. The trip-frequency portion of the model is a Count Data
Negative Binomial (NB) Model and considers how often an angler goes fishing as a
function of the characteristics of the respondent and an inclusive value, which is a
composite measure capturing the overall quality of the sites in a respondent’s choice set
including the cost of reaching the sites. The inclusive value is constructed from the site
choice stage of the model. We lay out the RUM and NB Models in turn below.

Site choice model

In our Site Choice Model, we assume an angler has decided to make a fishing trip and is
deciding which fishing site to visit. Each angler i (i = 1,2,...,N) has a set of ] sites

(j =1,2,..., ]) from which to choose on each choice occasion (a day) in a season. A trip
to site j gives angler i a site utility Uj;. Utility takes the form
Uy = Vi(Qy) + ¢ ey

Qi is a vector of site j's characteristics perceived by person i and believed to affect the
quality of a person’s visit to the site. In our models Q;; includes trip cost, type of site, fish
catch, diversity of species, and other attributes. V;; is the “observable” part of an angler’s
utility (to the researcher that is) and e;; is the “unobservable” part of utility. We assume a
person chooses the site that gives maximum utility, so the theory of choice for each
respondent i is Max{V;;(Q;) + e, ... ... , V,](Q,-]) + e;)}. Given the unobservable
component of utility (e,j), this outcome (maximizing utility or choice of site) is stochastic
from the perspective of researchers and can be expressed as a probability of visiting the
chosen site. This probability has the form

Prob(k); = Prob(Vy + e > Vi + ey) Vij (2)

where Prob(k); is the probability angler i chooses site k. Each angler then has a Prob(k); for
each site in his/her choice set. If we assume the error terms are independently and
identically distributed as a type I extreme value variate, then we have the well-known
multinomial logit model (McFadden 1974) for this probability

exp(Vi)
Z]]‘:1 exp(Vy)
If we assume the observable part of the utility function is linear in the site attributes, we have

Vi = atc; + Bx;, where tc; is angler i ’s trip cost for reaching site j and x; is a vector of other

attributes believed to matter in anglers’ choice. Again, x; includes things like fish catch rate,

Prob(k); = 3)


https://doi.org/10.1017/age.2024.3

https://doi.org/10.1017/age.2024.3 Published online by Cambridge University Press

Agricultural and Resource Economics Review 5

species diversity, clarity of the water, ease of access, etc. Using equation (3) and the linear form
for site utility gives the likelihood of observing the pattern of visits realized in our data set is

Vik
L) =115 11 [exp(atcik+ﬂxk))} @

=14 k=1 Jl-zl (oztc,j + Bx;

where y; = 1 if person i visits site k, y; = 0 otherwise. The parameters in the utility function
are estimated by choosing the values of , 8 that maximize this likelihood function or, put
differently, that maximize that likelihood of predicting the patterns of visits observed. Then
using the estimated parameters, we can construct a person i’s expected utility of a fishing trip
on a given choice occasion as (see Train (2009, p. 55))

L=1In Z;Zl(atcij + Bx;) (5)

This is sometimes referred to as an inclusive value or log-sum. It is used to “link” the site
choice model to the trip frequency to which we turn now.

Trip frequency model
The site choice model considers an angler’s choice of site on a given choice occasion given
we know that angler is taking a trip. The Trip Frequency Model considers the total number
of trips a person makes over a season. In this way, when we consider fishing-quality
improvements, we can account for both changes in the site chosen (perhaps shifting to a
fishing-quality-improved site) and the number of trips taken in a season (perhaps
increasing the number of trips if the chance of catching fish is better).

Following Hausman et al. (1995), we consider a Trip Frequency Model with the form

s — £z i
trips; = f (z,», —a) (6)

where trips; is the number of fishing trips taken by person i over the season, z; is a vector of
respondent characteristics (income, age), and I; is the expected utility of a fishing trip
estimated from the site choice model (the log-sum term in equation (5)). We divide the
log-sum by —a, the travel cost coefficient in the choice model. This converts the inclusive
value to monetary terms - so we have the expected value of a trip. This is a simple
monotonic transformation that only changes the interpretation of the coefficient. A
respondent’s value of a fishing trip will increase as the fishing sites quality and count of
fishing nearby increases; therefore, we expect trips; to increase with I;/—« (see Parsons
et al. 2009 for a discussion and graph). Given that trips are inherently measured as counts
or integers, we use a count data model to estimate equation (6). We assume (6) has the
form

E(tripsi) = MU; = exp{yzi + 8(1,/—0)} (7)
and then using a Negative Binomial form we have

. ) _ I(trips; + ) 0\ Wi\
trips;j ~ NB(trips; | u;,0) = @) trips, + . (Mi - 9) . (Mi n 9) (8)

where 6 is the dispersion parameter controlling for overdispersion, j; is the expected
number of trips defined by our trip equation (7) and the variance is Mj(l + a,uj), where
a = . This is a Negbin 2 version of the Negative Binomial (Cameron and Trivedi 1986).
Using a Negative Binomial instead of the simpler Poisson allows us to relax the constraint
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of the mean equaling the variance for the distribution of trips. When we tested for this in
the data, the equality was rejected.

Welfare effects of improved fishing

We consider several scenarios for improving the quality of fishing in our model. We refer
to the improved fishing-quality scenarios as small, medium, and large improvements in site
quality. These involve improving the catch rate of fish, diversity of species of fish, and
clarity of the water. We will describe these in detail in our results section. We report
seasonal per person and aggregate welfare measures (scaled to the population).

A per-trip value for an improvement in site quality is the log-sum difference from our
site choice model

Aw,; = {ln (Zj‘:l exp(oztc,-j + 5xj*) —In (Zj‘:l exp(oztcij + ﬁxj)}/—a 9)

where x is a vector of site attributes where the improvements are realized, which can be
one or more attributes over any subset or full set of sites (Train 2009, p. 56). The log-sum
difference is equal to the difference in the expected utility of a trip with the improvement
(x;‘) and without the improvement (x;). From equation (5), we can also see that equation

9) is {I,* — I,»}/—a, where I = In ( }:1 exp(oztcij + ﬂxj*). We estimate this value for

every respondent for every trip across all scenarios.

The per-trip values are converted to seasonal values by multiplying Aw; by the total
number of trips a person takes plus any additional trips associated with the improvement.
The trip frequency model predicts the increase in trips. Following Parsons et al. (2009) our
seasonal measure has the form

AW, = {Awi . tripsi} + {% - Aw; - (trips;‘ - trips,-)} (10)

The first term in the brackets on the right-hand side of this expression is the increased
value of existing trips due to water quality improvements and the second term is the value
associated with the change in number of trips taken. The first term on the right-hand side
is the value researchers report if they do not incorporate a trip-frequency portion model.
For all the scenarios we also report aggregate estimates in annual terms statewide, which
arete AA = ﬁ{ N AW,-}, where L is the number of licensed anglers and N is the
number of anglers in our sample (participants and nonparticipants).

Survey, sampling, and data

Survey and sampling

Our data are from the 2018 Delaware Freshwater Fishing Survey. The survey is conducted
every five years (since 1978) by the Delaware Division of Fish and Wildlife (DFW). The
survey is sent to a random sample of Delaware recreational fishing license holders. It
includes all recreational anglers with a Fishman’s Information Network number —
residents and nonresidents. This is the universe of legal anglers in state waters. The survey
gives the anglers the option to complete a paper or online version. The DFW provided us
with 1,961 completed usable survey responses. They reported a response rate of 23%. See
Stetzar et al. (2019) for details. For our purposes, the survey provides a count of trips taken
by waterbody during 2018 and the total number of fish caught at each waterbody. This is
the core information needed for our analysis. Respondents also reported their favorite
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Table 1. Type of fishing in Delaware in 2018*

Type of Fishing Percentage of License Holders Taking At least One Trip**
Warmwater Fishing 49.2%
Coldwater Fishing 11.2%
Saltwater Fishing 32.0%
No Fishing 25.0%
Number of Participants Number of Nonparticipants
Warmwater Fishing 964 997

*The sample population is all persons holding Delaware fishing licenses in 2018.
**102 anglers (5%) participated in both warmwater and cold-water fishing.

Table 2. Survey respondent characteristics in 2018

Variable Mean S.D. Min Max

All Respondents
Annual Household Income in 2018%* $72,498 $27,531 $39,244 $296,282
Age (Years) 58 16 16 95

Warmwater Fishing Respondents

Annual Household ZIP-Code Income in 2018$* $71,359 $27,041 $39,244 $296,282

Age (Years) 56 16 18 92

*The household income data is obtained from the IRS Statistics of Income website using the anglers’ residence zip codes
(https://www.irs.gov/statistics/soi-tax-stats-statistics-of-income).

species to target, months of fishing, and if they typically fish by boat or shore. The survey
has no demographic questions.

Survey response data

Table 1 shows the breakdown of fishing by type of fishing. Warmwater fishing is the most
popular with nearly half of license holders taking at least one warmwater fishing trip in 2018.
This is followed by 32% participating in saltwater fishing and 11% participating in cold-
water fishing.! Respondents’ age and income are shown in Table 2. Since income is not
reported in the survey we use the mean income of households in the respondent’s zip code as
a proxy. This is the extent of the demographic data in the survey. We include all anglers from
Delaware and its bordering states in the analysis — Maryland, New Jersey, Pennsylvania, and
Virginia. These states are within driving distance for a day trip and account for over 95% of
the anglers. As shown in Table 3, 75% of the warmwater anglers are from Delaware.
Our analysis includes participants (anglers who went warmwater fishing in 2018) and
nonparticipants (anglers who held a Delaware fishing license but did not go warmwater

'We model cold-water fishing trips in a separate paper where we consider the benefits and costs of
stocking programs (Parsons and Dalvand 2023). The state does not gather data on saltwater fishing trips.
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Table 3. Respondent distribution by state of residence in 2018

State of Residence Warmwater Anglers (n = 964) All Anglers (n =1961)
Delaware 75.5% 69.9%
Maryland 10.9 9.5

New Jersey 3.9 33
Pennsylvania 8.5 15.6

Virginia 1.2 1.7

Note: Warmwater anglers include all respondents who took at least one warmwater fishing trip.
All anglers include all license holders in 2018.

Table 4. Annual trip frequency of fishing in 2018

Number of Trips Conditioned on Warmwater Anglers
Taking at Least One Trip* (n =964)

1-5 48.1%

6-10 18.4

11-20 149

21-50 13.7

> 50 4.9

Total 100%

Mean Number of Trips 11.1

Total Number of Trips 10,753

*As shown in Table 1, about half of all respondents are nonparticipants in warmwater
fishing.

fishing in 2018). As shown at the bottom of Table 1, about half of the sample are warmwater
fishing participants. The other half are anglers who went saltwater or cold-water fishing only
or who did not go fishing in 2018. Table 4 is a frequency distribution of the number of trips
taken to go warmwater fishing conditioned on an angler taking at least one warmwater trip.
As shown 48% took less than five trips. About 33% took between 5 and 20 trips and 18%
took more than 20 trips. Table 5 is a frequency distribution of where anglers went fishing by
water basin. The basins are shown in Fig. 1. The Delaware Bay Water Basin is the most
popular destination with 52% of all trips followed by the Chesapeake Bay Water Basin with
24%. About 60% of the population of Delaware lives in the Piedmont Water Basin in the
north where the City of Wilmington is located.

Trip cost data

Trip cost is the “price” of a trip. We define trip cost as the sum of out-of-pocket travel cost
and time cost for an angler to reach and return home from a fishing site, which is the
convention in travel cost demand studies. More specifically, the trip cost for the individual
i visiting site j is defined as

TripCost; = (c- dist;) + (wage; - time;;) + fee; (13)
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Table 5. Distribution of warmwater fishing trips by water basin in 2018

Water Basin Total Trips
Piedmont 19.4%
Delaware Bay 51.6
Chesapeake Bay 23.5
Inland Bays 5.5
Total 100%
Total Number of Trips 10,753

where ¢ is per mile vehicle cost, dist;; is the round trip distance to site j for individual i;

3 -
3+ Income;

wage; is the individual i’s opportunity cost of an hour defined as wage; = *—g55—; Income;

is individual i’s annual income; time;; is a round trip travel time for individual i taking trip
to site j; and fee; is the park entrance fee for site j.

Vehicle operating cost is from the 2018 American Automobile Association.” It includes
the cost of gas, maintenance, and tire wear expense. We assume a medium-sized car is
used. Also, following Hang et al. (2016), we exclude depreciation in our computation. This
gives us a cost of 19 cents per mile for c. For time cost we use % of an angler’s imputed wage
(but include 1/3 and 1.0 of the wage as a sensitivity analysis). This follows Fezzi et al.
(2014) on the implicit value of time traveling to a recreation site and what we detect as a
trend toward higher values of time in the literature. Since we do not have wage or income
data at the individual level to estimate the imputed wage (wage;), we use the average
income for angler’s zip code from IRS Statistics of Income website and divide by 2000, the
expected hours of work in a year. This is standard in travel cost demand models.

For everyone in the data set, the distance and time to each of the 118 fishing destinations
was computed using PC*Miler. The 5-digit zip codes of the respondent’s address were used as
origins, and the fishing site’s geographical coordinates (latitude and longitude of a central
point) were used for destinations. Multiplying distance by per-mile vehicle operating costs
gives the driving expense for a fishing trip shown in Table 6. Mean total trip cost to the visited
sites is $41 of which $30 is time cost and $10 is out-of-pocket operating cost. Mean trip cost to
all sites in the choice set is more than twice as high as the cost of visiting the chosen sites. This
shows a travel cost model (downward-sloping demand function) is at work.

Site characteristic data

The sites in our Site Choice Model include 118 rivers, streams, lakes, and ponds in the
state. This includes all public sites (except for a few small sites not used for fishing and
private ponds). Table 7 is a list of characteristics of the sites. These are the characteristics
used in our site choice model. Of the 118 sites, 66 percent are ponds or lakes, and 36
percent are located in state parks or in close proximity to local parks. A river that passes
through a park is considered to have park access. The average pond is 49 acres. River size is
harder to measure. There are long-narrow and short-wide rivers, for example. Instead, we
use a binary variable Major River, where we define major as having one of Delaware’s 45
subwater basins named after the river. So, the Brandywine Creek, Christina River, and

2“Your Driving Costs- How Much Are You Really Paying to Drive?” 2018. AAA. https://exchange.aaa.
com/wp-content/uploads/2018/09/18-0090_2018-Your-Driving-Costs-Brochure_FNL-Lo-5-2.pdf.
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Table 6. Trip cost by cost components for fishing trips

. Visited Sites All Sites
Trip Cost
Component Mean Min Max Mean Min Max
Driving Cost $9.99 $0.07 $65.80 $20.83 $0.15 $149.46
Time Cost 30.41 0.63 379.61 63.73 0.62 759.22
Park Fee 0.55 0.00 4.00 0.33 0.00 4.00
Total TC 40.75 0.40 412.67 84.89 0.78 821.34

Table 7. Descriptive statistics for fishing sites in Delaware in 2018

Variable Mean S.D. Min Max

Warmwater fishing (n = 118 Sites)

Major River (yes =1) 0.23 0.42 0 1
Pond/Lake (yes =1) 0.66 0.48 0 1
Park (yes=1) 0.36 0.48 0 1
Boat Ramp (yes =1) 0.41 0.49 0 1
Pond Size (acres) 49.68 51.31 0.27 250
Catch Rate (# per trip) 2.70 2.86 0 19
Count of Fish Species 2.07 2.52 0 6
Visible Depth (feet) 2.03 0.65 0.85 4.18
Piedmont (yes =1) 0.17 0.37 0 1
Delaware Bay (yes =1) 0.53 0.50 0 1
Chesapeake Bay (yes =1) 0.18 0.38 0 1
Inland Bays (yes = 1) 0.12 0.32 0 1

*See Table 8 for definitions.
Sources: Delaware Surf Fishing, Delaware Angler Mail Survey 2018, Maryland Delaware Atlas & Gazetteer, National Water
Quality Monitoring Council, Delaware Department of Natural Resources and Environmental Control, Google Maps.

Nanticoke River, for example, are major rivers. About 41% of the sites have boat ramp
access of some sort. Our three policy variables include catch rate of fish, count of species,
and water clarity. Catch rate of fish is the number of fish caught per trip as measured by the
DFW. Count of species is the number of different species reported as having been caught at
each site or otherwise reported as being present. Water clarity is a Secchi Depth measure. It
is the mean of all measures taken in 2018 by the Department of Natural Resources and
Environmental Control.

Estimation results and welfare simulations
Estimation results

The estimation results for two versions of our site choice model (referred to as short and
long) are shown in Table 8. The Short Model uses a limited number of covariates and a Long
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Variable Name

Short Model: Standard Logit

Long Model: Standard Logit

Coefficient Estimates

Coefficient Estimates

Trip Cost —0.031 (0.00) —0.038 (0.00)
In(Catch Rate) 0.71 (0.02) 0.34 (0.03)
In(Count of Fish Species) 0.70 (0.01) 0.16 (0.02)
In(Visible Depth) —0.05 (0.04) 0.90 (0.05)
Pond/Lake 0.23 (0.10)
Pond Size 0.01 (0.00)
Major River 1.50 (0.10)
Park —0.72 (0.04)
Boat Ramp 1.16 (0.06)
Trip Cost x Boat 0.009 (0.00)
Pond x Boat 0.78 (0.05)
Boat Ramp x Boat 1.03 (0.05)
Water Basins (Inland Bays excluded):

Piedmont —0.71 (0.05) 1.54 (0.16)
Delaware Bay —0.39 (0.04) 1.45 (0.15)
Chesapeake Bay —0.20 (0.04) 1.37 (0.15)
Three Most Popular Sites by Basin:

Becks 0.62 (0.07)
Brandywine 1.77 (0.09)
White Clay 0.64 (0.12)
Lums 1.51 (0.08)
Silverlake 3.03 (0.08)
Killens 1.95 (0.07)
Trap 2.07 (0.07)
Mud Mill 1.54 (0.06)
Hearns 0.51 (0.07)
Burtons 3.77 (0.17)
Ingrams 2.70 (0.16)
Millsboro 1.24 (0.17)
Log-Likelihood —41,983 —37,356
Number of Trips 10,753 10,753

*Standard errors are in the parenthesis. With the exception of In(Visible Depth) in the Short Model, all coefficients are

statistically significant at 5% level or better.
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Table 9. Variable definitions

Variable Name Definition

Trip Cost Travel plus time cost computed using equation 13

Major River = 1 if the river name is the same as the watershed name
Pond/Lake = 1 if the fishing site is pond or lake

Park = 1 if the fishing site is located within a park

Boat Ramp = 1 if a boat ramp exists in the fishing site

Pond Size Size of Pond or Lake in Acres

Catch Rate Number if fish caught per trip in the fishing site

Count of Fish Species  Number of fish species present at the fishing site

Visible Depth Secchi depth in feet

Piedmont = 1 if the fishing site is located in Piedmont water basin

Delaware Bay = 1 if the fishing site is located in Delaware Bay water basin

Chesapeake Bay = 1 if the fishing site is located in Chesapeake Bay water basin

Inland Bays = 1 if the fishing site is located in Inland Bays water basin

Annual Household The Average value of household income for zip code of angler’s
Income residence in 2018$

Age Angler age, years

Boat = 1 if the angler mostly fished from a boat

Model uses the full complement. The Short Model includes trip cost, our three policy
variables, and four fixed effects for the four water basins in the states, which we believe
capture shared unobserved characteristics such as nearby communities and natural cover.
The Long Model includes these variables as well as more detailed site characteristics
(presence of boat ramp, location in a park, size, etc. shown in Table 9) and an interaction
term with boat (a fixed effect for anglers who mostly go boat fishing) for selected variables.
The latter interactions allowed boat-oriented anglers to have different preferences over some
of the attributes — trip cost, boat ramp, and pond. We also included alternative-specific
constants for the three most popular sites in each basin. We experimented with finer levels of
fixed effects down to individual alternative-specific constants on each site before settling on
the three most popular sites within each basin. Using finer levels led to convergence
problems.

The trip cost coefficient is negative and significant in both models. In the Short Model,
the trip cost coefficient implies a per-trip value of $32 (=1/.031). In the Long Model, the
per-trip value is $26 (=1/.038).% The lower value with the Long Model implies that trip cost
has some correlation with added covariates in the model showing the importance of their
inclusion. We also introduced an interactive term (Trip Cost * Boat) for boat anglers
thinking they may have different sensitivity to trip cost. Indeed, they are less sensitive to
trip cost and so have a higher per-trip value of $34 (=1/(0.038-0.009)). Our values are on

*We also estimated the model using 1/3 of the wage and 1/1 of the wage as a sensitivity analysis, those
they give values of $15 and $35 per trip using the Long Model.
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the lower end of the range reported in the literature. For example, in discussing a database
compiled by the US Forest Service, Melstrom et al. (2023) write “as of 2017 the database
reported 120 freshwater fishing valuation studies with 913 different value estimates
(Rosenberger et al. 2017). The mean estimate is US$82 per day (inflated to 2021 dollars),
with a range of $6 to $525.” Boardman et al. (2018, p. 483) report the value of a fishing trip
at $58 in 2016$. That our estimates are on the lower end is not surprising. Delaware’s
warmwater freshwater fishing sites are good but of only local significance and driven down
in value by the presence of good saltwater and cold-water substitutes nearby.

The coefficients are all significant (or nearly so) and tell a sensible story. Anglers prefer
lakes/ponds to rivers/streams and larger versions of each. Sites with parks are less preferred
than sites without. This may capture a congestion effect and parks are usually more
oriented toward other types of recreation like picnics, family outings, walking, etc. Boat
ramp increases the likelihood of being chosen as a site and even more so for people who
use a boat to fish frequently. Boat anglers are also more likely to go to a lake/pond than a
river/stream. The water basin fixed effect variables also work as expected. The Inland Bay
area is the excluded group. Interestingly, the three basin variables are negative in the Short
Model and positive in the Long Model. This is due to the three most popular sites in the
Inland Bays dominating trips to that basin relative to the other basins. So, once accounted
for in the Long Model, the other water basin coefficients become positive versus the Inland
Bays. The 12 alternative-specific constants are all positive as expected given that these are
the most popular sites in each water basin.

Finally, all three policy variables are all positive and significant. All three are also lower
in absolute terms and relative to the trip cost in the Long Model. The conditional value of
catching one more fish decreases as the number of fish caught increases. Going from 1 to 2
fish is worth about $9 in the Long Model, while going from 5 to 6 fishes is worth about $2.
The variable enters the model as In(Catch Rate). We also estimated models with catch rates
of bass separate from and interacted with bass as a targeted species, and they uniformly
perform poorer than using a simple catch. Anglers appeared to consistently care about
catching more fish, but not so much as which kind among the warmwater species
present the Delaware’s freshwaters. This was confirmed by fisheries resource managers in
that state — at least they were not surprised by the result. Anglers did care, however, about
the diversity of species that are present. Going from 1 to 2 species is worth about $4 while
going from 5 to 6 is worth less than $1 (again the variable entered as a logged term). Water
quality (measured as clarity) also figures in an anglers’ preferences when selecting a site.
We chose to use clarity as a measure in the model because other attributes important for
fishery abundance and diversity would implicitly already be captured in our two fish
variables (higher dissolved oxygen levels leading to more fish abundance and so higher
catch), but view/amenity effects are not. The coefficient on water clarity is positive in the
Long Model and negative in the Short Model suggesting that its effect is picking up the
effects of other attributes and wider regional differences in the Short Model. The
conditional value of going from 1 foot to 2 feet of visibility is worth about $23 while going
from 5 to 6 feet is worth about $5.

The results for the trip-frequency portion of the linked model are shown in Table 10.
We only present estimates here corresponding to the Long Model (i.e., we use the inclusive
value from the Long Model). As shown the number of trips decreases with age and income
and increases with the expected value of the trip (I;/—c). The coefficient on the inclusive
value term will be used to predict the change in trips due to site quality improvements. The
coefficient of .01 on the inclusive value implies that for a $10 increase in the expected value
of trip, the number of trips taken increases by about 10%. Now, we turn to the simulations
for several selected improvements in fishing quality.
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Table 10. Trip frequency model

Variable Name

Long Model: Negative Binomial

Coefficient Estimates (Std Dev)

Constant 4.30* (2.170)
Age —0.01 (0.0089)
Ln(Annual Household Income) —0.34 (0.1850)
Log-Sum/-Bic 0.01* (0.0021)
Log Likelihood —3,852
Number of People Taking at Least One Trip 964
Number of People Taking 0 Trips 997

*Significant at 5% level.

Welfare simulations

We consider three welfare scenarios in our simulations - small, medium, and large water
quality improvements. These are configured using our three policy variables as follows

o Small — Catch rate increases by 1 fish per trip and Secchi Depth increases by
1 foot

o Medium — Catch rate increases by 3 fish per trip, Secchi Depth increases by
2 feet, and fish species count increases by 1 fish

o Large — Catch rate increases by 6 fish per trip, Secchi Depth increases by
3 feet, and fish species count increases by 2 fish

We consider these improvements over selected waterbodies, selected river systems
(some major rivers and their tributaries and nearby ponds), basin-wide for the four basins,
and statewide. We present the welfare effects in seasonal per person and aggregate terms.
The aggregate measure scales the sample estimates up to the population, which in our case
is all holders of a 2018 fishing license (82,000 potential warmwater anglers). The small
improvement is certainly within the range of plausible policy scenarios the state might
consider with existing resources. These might include increased enforcement of existing
regulations, some minimal targeted buffering around ponds and streams, and improved
management practices on farms in the center and southern part of the state. The medium
improvement would increase these commitments and include sewer overflow and runoff
management in cities and towns as well as tightening existing regulations on point sources,
restoring fish habitat (wetlands, etc.), cleanup of brownfields, and removal of toxins such
as PCBs. The specific actions necessary will vary by the circumstances at each waterbody
but most should be able to reach our medium improvement, which we assume would also
improve conditions for cold-water fishing. In many cases, the time frame would be beyond
five years. The large improvement is extensive and may in some cases hit physical and
practical constraints that prevent realization, but we wanted to explore the upper bounds.
Some river systems, especially in rural south have potential to reach large improvement
levels. The results are shown in Table 11.

First, consider the statewide effects. These range from $65 per person per year for the
small improvement to $192 per person per year for the large improvement. Keep in mind
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Table 11. Welfare scenarios for water quality improvement scenarios, $2018

Seasonal Per Angler ($)

Small* Medium* Large*
State $65.73 $131.98 $192.42
Basins
Piedmont $10.58 $23.61 $37.25
Delaware Bay 41.87 87.21 131.35
Chesapeake Bay 14.06 31.60 50.29
Inland Bay 3.47 8.45 14.15
Key River Systems**
Christina $3.27 $7.53 $12.38
Broadkill 211 5.09 8.66
Nanticoke 5.54 13.19 21.82
Three Most Popular Sites by Basin
Becks $3.89 $8.96 $14.88
Brandywine 2.86 6.36 10.32
White Clay 0.62 1.50 2.59
Lums 8.96 19.23 30.60
Silver Lake 5.39 13.36 22.25
Killens 3.68 8.30 13.78
Trap 2.45 5.70 9.56
Mud Mill 4.13 9.72 16.42
Hearns 1.84 4.07 6.61
Burtons 0.76 2.19 3.85
Ingrams 2.07 4.85 8.18
Millsboro 0.94 2.14 3.58

Seasonal Aggregate ($1000)
Small* Medium* Large*
State $5,377 $10,798 $15,743
Basins
Piedmont $865 $1,930 $3,048
Delaware Bay 3,426 7,135 10,746
Chesapeake Bay 1,150 2,584 4,114
Inland Bay 283 690 1,157
(Continued)
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Table 11. (Continued)

Seasonal Aggregate ($1000)

Small* Medium* Large*
Key River Systems**
Christina (P)*** $266 $616 $1,013
Broadkill (DB) 171 416 707
Nanticoke (CB) 452 1,079 1,784
Three Most Popular Sites by Basin
Becks Pond (P) $317 $732 $1,216
Brandywine Creek (P) 234 519 844
White Clay Creek (P) 51 124 211
Lums Pond (DB) 732 1,571 2,500
Silver Lake- Dover (DB) 441 1,091 1,818
Killens Pond (DB) 300 678 1,127
Trap Pond (CB) 200 466 781
Mud Mill Pond (CB) 338 794 1,341
Hearns Pond (CB) 150 333 540
Burtons Pond (IB) 63 179 315
Ingrams Pond (IB) 169 397 669
Millsboro Pond (IB) 76 175 293

*Small Improvement: Catch Rate increases by 1 fish and Secchi depth increases by 1 ft.; Medium Improvement: Catch
Rate increases by 3 fish, Secchi depth increases by 2 ft. and fish species count increases by 1 fish.; Large Improvement:
Catch Rate increases by 6 fish, Secchi depth increases by 3 ft. and fish species count increases by 2 fish.

**Christina River System: Christina River, Red Clay River, White Clay River, Mill Creek, Pike Creek; Broadkill River
System: Broadkill River, Diamond Pond, Red Mill Pond, Wagamons Pond; Nanticoke River System: Nanticoke River,
Broad Creek, Chipmans Pond, Concord Pond, Craigs Pond, Fleetwood Pond, Horseys Pond, Portsville Pond, Records
Pond, Williams Pond.

***p = Piedmont, DB = Delaware Bay, CB = Chesapeake Bay, IB = Inland Bay.

that these average seasonal values include all license holders in our data set (participants and
non-participants in warmwater fishing) since everyone has some positive probability of visiting
every site. The seasonal aggregate welfare effects range from $5.4 million for the small
improvement to $15.7 million for the large improvement. These translate to asset values of
$180 million and $523 million for improving all the state’s waters (assuming the improvement
holds indefinitely, a discount rate of 3%, and no change in the number of anglers).

For the basin-wide effects, all the values are, of course, lower. They are everywhere
highest for the Delaware Bay. The water bodies of notable interest in the Delaware Bay
Basin include Lums Pond, Silver Lake, and Killens Pond. These are among the most
heavily visited sites in the state for fishing. As shown in Table 12, the Delaware Bay has
more fishing sites than the other basins, which is in part driving the results. The Delaware
Bay Basin’s aggregate annual values range from $3.4 for the small improvement to $10.7
million for the large improvement. These are more than twice the values for any of the
other basin-wide improvements and translate to asset values of $113 and $357 million. The
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Table 12. Number of Ponds and Rivers by Basin

Basin Name Number of Rivers Number of Ponds
Piedmont 12 9
Delaware Bay 22 40
Chesapeake 4 17
Inland Bay 2 12

Chesapeake Bay Basin is the second most valuable among the basins with aggregate annual
values ranging from $1.1 to $4.1 million.

Table 11 also shows results for three selected major river systems. These each include
the river and all its tributaries and nearby hydrologically related ponds. The footnote in
Table 11 indicates the rivers and ponds included in each. The Nanticoke River System
(south) has the largest values, followed by the Christina (north), and Broadkill (central).
Table 11 also shows the values for three selected single water bodies in each basin.

We have no cost estimates to place alongside our benefit scenarios. These would require
localized cost analyses, which are beyond the reach of this study. We offer the model as a
tool the state can use when specific management scenarios are under consideration. In
some cases, our existing scenarios may provide rough estimates of the range of values to
expect depending on the changes and water bodies considered. One interesting statewide
policy development is legislation that provides $50 million to a trust fund for funding for
clean water projects. How this will be targeted is uncertain, but our results could help to
identify projects with the largest payoff at least in terms of fishing benefits.

Summary and conclusion

We estimated a recreational demand model for warmwater fishing in the state of Delaware.
Delaware has over 100 freshwater sites (rivers, streams, and ponds) managed by the
Delaware Division of Fish & Wildlife. As part of their management efforts, they survey the
angler population every five years. This paper is an effort to analyze their survey data to
provide economic content for their management decisions. We estimated models
separately for warmwater and cold-water fishing. The cold-water model, which is focused
on stocking fish, is the subject of a separate paper (Parsons and Dalvand 2023).

We estimated a linked site choice - trip frequency model in the realm of Random Utility
Theory with the three policy variables: fish catch per trip, diversity of species, and water clarity.
Using this model and combinations of these policy variables we considered a variety of
hypothetical scenarios — two spanning the domain of “realistic” improvements and one case of
somewhat dramatic improvement. These simulations resulted in consumer surplus estimates
ranging from $5 to $16 million per year for a statewide improvement. In more targeted
improvement scenarios for key river systems under consideration for management initiatives,
aggregate consumer surplus ranged from $51 thousand to $2 million depending on the
scenario and river system. The Nanticoke River System in southern Delaware had the highest
values for a river ranging from $0.5 to $2 million. Lum Ponds, located in the north-central part
of the state had the highest values for any pond/lake — $0.7 to $2.5 million.

A sizable new tax policy in the state is poised to provide funds for cleaning up
waterbodies in the state, if/when these are directed at fishing resources, our research may
be useful in identifying cost-effective uses. For example, anglers place a higher-than-
expected amenity value on water clarity. So, merely attacking greater fish catch beyond the
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current baseline, may not be as desirable as shear cleanliness depending on the relative
costs of achieving those outcomes. Diversity of species also matters more than we expected,
so introducing new species as opposed to trying to boost the catch of an existing species is
worth considering. Finally, there are regional differences that may signal directing funds in
certain ways. The Nanticoke River System, which is already a popular fishing site and is not
near population centers tend to show proportionally higher values than other similar
systems in the north closer to population centers. Finally, there are specific discussions on
going about a major revival of Christina River system in the north. Our analysis here has
direct use in this case.

Our estimates also generated a conventional per-trip value for fishing, which is a
commonly used measure to transfer across applications. Our estimates range from $26 per
trip for shore fishing to $34 per trip for boat fishing.

Finally, our findings are the first estimates we are aware of for freshwater recreational
fishing in Delaware. Additional applications of this data set may include a comparison of
mixed logit models with the current models in order to examine the efficacy of these
models and to determine how accounting for different patterns of substitution would alter
the models’ outputs.
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