MEMORANDUM | September 1, 2015

To Craig O’Connor, NCAA

FROM JosephHcrriges

SUBJECT D1 - Model Structure

The purpose ofthis memo is to describe the modeling structure used to characterize
recreation demand. Tliis model is then used in estimating the value per lost user day and
constructing the damage estimate (See Technical Memorandum A - Overview of
Recreation Assessment). The overall framework employed is the Repeated Logit (RL)
model, developed by Morey, Rowe, and Watson [6] and based on the Random Utility
Maximization (RUM) construct (Marschak [1J, McFadden, [2, 3, 4J, Thurstone [8]). We
begin with a review ofthe generic RUM framework.

THE GENERIC RUM FRAMEWORK
RUM models assume that individuals, facing a well-defined choice set, select the
alternative yielding the highest level o futility. Thus, if denotes the eonditional utility

received by individual zin choosing altemative k {k = |,... ,J), then the individual
chooses altemativej (denoted hyyy =1)if Uy > Vk A/

ii

10 otherwise. (D

The conditional utilities themselves can depend upon charaeteristics ofboth the
individual and the available altematives.

The analyst modeling observed choices in a given setting will not observe all ofthe
factors influencing the individual’s decisions. Instead, tliey characterize the conditional
utilities as a function U>= V' (A)y yS) of observable individual/altemative specific attributes
(Xij), where ji denotes a vector ofparameters to be estimated, and a residual term ey,
implicitly defined as Zy = Uy -Vy , which captures unobserved factors influencing the
utility individual zderives from choosing altemativej. Thus Uy = Vy + ey. Given

assumptions regarding the distribution ofthe vector e,. = (cn, .. .,eu), the analyst can
then identify the probability that a specific choice will be made. In general,

Pj = Pr{yij = fIXi.)

=Pr(Uj>Uy Vk"j) 2)
- Pt (yfe n AAAj) o
where A). = (Xu, ..., Xu). These probabilities can, in tum, be used to specify the

appropriate log-likelihood function used in maximum likelihood estimation ofthe model

parameters.
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THE REPEATED LOGITMODEL

The Repeated Logit Model was developed by Morey, Rowe and Watson [6] in the
contextofrecreation demand. There are two key modifications to the basic RUM model.
First, a “stay-at-home” option is added to the choice set, so thatj now runs from Oto J,
with7 = 0 denoting the “stay-at-home” option and; = 1,...,J denoting the available
sites in the choice set. Second, instead ofmaking a single choice, individuals are modeled
as choosing from among the J-1-1altematives over a series of 7j choice occasions. The
number of choice occasions varies over individuals in our analysis to the extentthat they
have different reporting periods for trips.

The utility thatindividual / receives from choosing altemativey on choice occasion /
typically takes the form:

vijt = Kj + Uit i = 0,..., = 1, ,Tiji = 1,..., A%

Assuming thatthe vector = {ent,.... eut) is identically distributed across choice
occasions, the probability of observing altemativeJ being chosen by individual i on
choice occasion ¢ (denoted by y , = 1 if the altemative is chosen; = 0 otherwise)

becomes:

4)

= U@y - &jit < Vfj- Vik V™ j)
cperh T p
where the last equality follows from the fact that ept is identically distributed across
choice occasions and the Vjj are not a function ofthe choice occasion. Assuming that the
error vector is also independently distributed across choice occasions, individual /’s
contribution to the log-likelihood funetion becomes:
I T

A -E E

- , (5)

=0

where

denotes the number of times individual i chooses altemative j over their 7j choice
occasions. Completing the model requires specifications forthe Vjj’s and distributional

assumptions for the error vectors (i.e., the e”ts).
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SPECIFYING THE Vij’s

The Vjj’s are assumed to have the following structure:

Q)

where the Zj denote individual-specific characteristics impacting the individual’s propensity
to choose the “stay-at-home” option (/ = 0) and Cj; denotes the roundtrip travel cost for
individual i in choosing to visit alternative; on a given choice occasion. The aj
parameters, commonly referred to as alternative-specific constants (ASC5) in the
literature (e.g., Murdock [7]), capture the site-specific attributes ofaltemativej, while p
captures the impact that the cost ofvisiting a site has on the propensity to visit a site. Itis
commonly referred to as the negative ofthe marginal utility ofincome.

THE ERRORDISTRIBUTION
The final step in completing the model specification is to choose the error distribution for

the vector Gj.

THE TWO-LEVEL NESTED LOGIT (NL2)
The most commonly used stmcture in the recreation demand literature is to assume that the
Eft are drawn from a GEV distribution implying a two-level nesting stmcture that groups

the trip altematives (i.e.,j = 1,. .., J ) into a nest and the stay-at-home option into a
singleton nest. The implied choice probabilities then take the form:

xp(Vio)-t [e L i

eap(Vio)H'2 fe=1®"p(")]
(1 PiTrip j 0
| Pij\Trip "PiTrip j 1,...,1l

where 9 is often referred to in the literature as the dissimilarity coefficient,

Pi,Trip — (9)
exp{Vio) + [YILI ™)

denotes the probability that individual i chooses to take atrip on a given choice occasion

and

exp["

Pij\Trip — ]%__[ CF)
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denotes the probability that they choose to visit sitej (j = \,...,J) conditional on having

chosen to take a trip.

THREE-LEVELNEST (NL3)

The Three-Level Nested Logit (NL3) generalizes the NL2 by further dividing the Trip
nesting structure into sub-groups. Specifically, suppose thatthe Jtrip sites are assigned to
one of G sub-groups. The set of sites contained in sub-group g(g= 1,¢**, G) is denoted
by Ng, with g(J) denoting the sub-group that sitej belongs to. Thus, if site 2 belongs to
sub-group 3, then g(2) = 3 and 2 e Ns3. The corresponding choice probabilities
become:

exp (/\ ) [AkeN~U)
P, T
E L 1 E/aar
exp(W.c) + Vu }
n « "i~3U)Trip - P.,Trip
forj =1, e-.¢/and
ea:p(Vio s
Pin ~ PirTrip',

exp{Vio) + {T.h=i

where

exp er. (1)

20)

denotes the probability that site7 is chosen, given thatthe sub-nest that site7 is in (i.e., g(/))

has been chosen.

G()
(12)
Phrotj)itrip Th
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denotes the probability that sub-nest g(j) has heen chosen, given that the individual has
decided to take atrip, and

(13)
exp(V-0) + |[E~=i [ZieN, {"]

denotes the probability that the individual decides to take a trip on a given choice
occasion. A\ariation on the above model commonly used in the literature is to assume
that Tg =T = 1,..., G; i.e., that the sub-nest dissimilarity coefficients are the same

across the sub-nests.
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