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Introduction

For land and water management and policy purposes, federal and state
government agencies in the U.S. have a need for estimates of the economic
value of outdoor recreation. For example, as part of national forest manage-
ment and planning under the Forest and Rangeland Renewable Resources
Planning Act, the USDA Forest Service periodically assesses net economic
benefits (consumers surplus) of forest-based outdoor recreation (e.g., see
Rosenthal and Loomis, 2001). Outdoor recreation values estimated by spe-
cific recreation activity and geographic regions are most useful to agencies
such as the USDA Forest Service for informing natural resource management
and planning.

In economic analysis, there are several alternative approaches for estimating
outdoor recreation values by activity (e.g., hiking, boating, bicycling, camp-
ing, snow skiing) and geographic region (e.g., Northeast, Southeast, Midwest,
Southwest, Mountain West, West Coast). A common approach is the full
pooled data-dummy variable approach. In this approach, data are pooled
across activities and regions and dummy variables and or dummy interac-
tion variables are used to account for activity and geographic heterogeneity.
Another approach is the partial pooled-dummy variable approach. In this
approach, activity and geographic heterogeneity is accounted for through
a combination of data pooling and dummy variables. For example, activ-
ity data may be pooled and separate models with activity dummy and/or
activity dummy interaction variables are estimated by region. Activity het-
erogeneity is accounted for by the regressors while geographic heterogeneity
is accounted for by estimating unique models for each regional data set. A
third approach is the full separate data and model approach. In this ap-
proach, unique demand models are estimated for each activity by region
using separate data sets.

A fourth and unique approach reported in this paper is the mixed effects
modeling approach. In this approach, activity and geographic heterogeneity
are accounted for through econometric techniques which capture model error
term correlations. Using data from the National Visitor Use Monitoring Sys-
tem (NVUM), the overall purpose of this paper is to examine the feasibility
of using the mixed effects approach to estimate recreation demand models
using the travel cost method. The rest of this paper is organized as follows.
In the next section, we provide background on data collection, NVUM and
issues related to recreation value estimation including spatial heterogeneity.
Next, we discuss the methodology we use to account for spatial heterogeneity
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in the estimation of outdoor recreation activity values across U.S. geographic
regions and report results. Some conclusions are provided in the final section.

Data Collection, NVUM and Estimation Issues

In 1998, the USDA Forest Service began developing NVUM. NVUM rep-
resents a comprehensive effort to scientifically estimate recreation visitation
levels on National Forest lands on a continuous basis. After initial develop-
ment and pre-testing, data collection began in 2000. In its first 4-year cycle,
NVUM collected data from 120 National Forests. The preliminary or master
dataset for the first cycle of on-site surveying (2000-2003 inclusive) contains
90,542 individual recreation visitor observations from 7,532 different sites ag-
gregated from 120 National Forests and includes more than 200 variables per
observation. The NVUM data provide a unique data set and opportunity for
estimating National Forest recreational values by activity at the national and
regional levels. Prior assessments of National Forest recreational values at
the national and regional levels basically represent meta-analysis summaries
of previously published value estimates (Rosenberger and Loomis, 2001).

For management purposes, the U.S. Forest Service divides the U.S. into nine
regions (Figure 1). As management plans are developed for National Forests
across these different regions, planners and managers often need region-
or even forest-specific estimates of recreation activity values. Eventually,
NVUM may provide enough data at the forest level to estimate forest-specific
recreation demand models and values. However, at this point in time, data
are only sufficient for estimating models and values at the regional level.

A natural question is, What causes heterogeneity in outdoor recreation values
across U.S. regions? We identify two major sources of this heterogeneity: 1)
differences in site characteristics across regions which influence recreation ac-
tivity quality (e.g., terrain and snowfall across regions which influence down-
hill skiing quality); and 2) differences in user populations across regions which
influence recreation visitor preferences (e.g., age and income which influence
preferences for backpacking). From both planning and management and sta-
tistical estimation perspectives, it is important to properly account for these
and other potential sources of spatial heterogeneity when estimating recre-
ation activity values across regions.

Estimation Methodolgy And Results
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With respect to recreation activities and geographic regions, the NVUM
data set represents a two level grouped data set (e.g., number of visits by
primary activity in each of the nine regions). Thus, in the NVUM data set,
there are two nested blocking factors. Primary activity random effects are
nested within region specific random effects. There may be heterogeneity
from region to region and primary activities and consequently correlation
for observations obtained from the same region and for the same primary
activity. A statistical method which can be used to account for the expected
correlation structure is a linear mixed effect model where we have random
effects for the region, primary activity and primary activity within region.
Linear mixed models or multilevel or hierarchical models are mixed in the
sense that they allow fixed and random effects and are generalized in the
sense that they are appropriate not only for continuous Gaussian response
but also for binary, count and other limited dependent variable models which
are frequently used to estimate travel cost recreation demand functions.

Using the above approaches and the NVUM data set, we estimate recre-
ation demand functions and values for 14 recreation activities for the nine
U.S. Forest regions. The trip quantity measure of interest is annual recre-
ation activity visits to a National Forest. Since the visitor at site has made
at least one visit to the National Forest, the distribution of annual visits is
truncated at zero. We begin the analysis by modeling number of visits by
using truncated Poisson distribution. Cameron and Trivedi (2005) discuss
the limitation of using Poisson distribution in analyzing count data because
of its assumption of equi-dispersion. In count data, variance usually exceeds
the mean; thus the ability of a Poisson distribution to appropriately describe
the data is limited. For this reason, in our analysis we tried modeling annual
visits using a Truncated Negative Binomial distribution. Statistically, a Neg-
ative Binomial Distribution can be derived from the Poisson distribution by
incorporating latent heterogeneity in the conditional mean - assuming that
the random component accounting for latent heterogeneity is independent of
the error term and follows a gamma distribution.

Estimating recreation demand equations and values across regions using a
pooled zero truncated negative binomial count regression model would have
two major drawbacks. First, according to Galwey (2006), it would ignore
variation among different geographic regions. Second, it would ignore vari-
ations among observations with in each geographical region. Thus pooled
regression in our case would not give consistent estimates.
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Therefore, we model annual visits to a National Forest by grouping the entire
data set according to geographical region. We then estimate a zero truncated
Poisson model which accounts for specific heterogeneity in the mean. The
reason we do not use a negative binomial distribution is that doing so would
result in accounting for region specific heterogeneity twice. As mentioned
above, a negative binomial distribution can be derived statistically from the
Poisson by adding latent heterogeneity in the mean. Adding region spe-
cific random effects for the second time would result in double accounting of
latent heterogeneity (Greene, 2007). Thus, we model annual visits to a Na-
tional Forest with a truncated Poisson distribution along with region specific
random effects. Region specific random effects follow a standard normal dis-
tribution. Greene calls this the Poisson mixed with log normal. The general
non linear mixed effect model is given by

yij = f(θij, xij) + εij (1)

i = 1, 2, 3, 4...9 (2)

j = 1, 2, ...ni (3)

i is the number of groups, j denotes number of individuals in group i.

θij = Aijβ + Bijbi (4)

where bi ∼ N(0,1) In his working paper, Greene (2007) discusses the deriva-
tion of Poisson lognormal mixture. We have derived the Poisson log normal
mixture model for truncated Poisson distribution, relevant for our modeling.
The conditional truncated Poisson distribution with region specific hetero-
geneity can be derived by reparameterizing the Poisson distribution param-
eters. In our analysis, we call it
hλij

prob(Y = yij > 0|Xij, bi) =
EXP (−hλij)(hλij)

yij/Γ(1 + yij)

1− EXP (−hλij)
(5)

where,

hλij = EXP (α + x
′

ijβ + bi) (6)

where,

λij = EXP (α + x
′

ijβ) (7)
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The unconditional truncated Poisson distribution with region specific het-
erogeneity is given by integrating out bi,

P (yi|xi) =

∫ ∝

−∝

EXP [−EXP (bi)λij)][EXP (bi)λij]
yij

Γ(1 + yij)(1− EXP [−EXP (bi)λij)])
φ(bi)dbi (8)

where φ(bi) ∼ gives the standard normal density function.
The conditional log likelihood for the truncated poisson distribution with
normal random effects is given by,

lnL(yij|λij, bi) = [yij(α + x
′

ijβ + bi)]− 2hλ− lnΓ(1 + yij) (9)

The unconditional log likelihood can be estimated by integrating out bi

lnL =

∫ ∝

−∝
[yij(α + x

′

ijβ + bi)]− 2hλ− Ln(Γ(1 + yij))φbidbi (10)

where,φbi is the standard normal distribution for region specific random ef-
fects.

Empirical Estimation

By maximising the unconditional log likelihood function with respect to
the parameters of the model we can get the maximum likelihood estimates.
According to Greene, integrals in the log likelihood function do not exist in
closed form. And therefore, the quadrature based approach suggested by
Butler and Moffit(1982) can be used for approximation,

E(Yij|Xij, bi) = hλij = EXP (α + x
′

ijβ + bi) (11)

The mean visits
E(Yij|Xij, bi) = f(PEOPVEHij , GENDER1ij, ONITEij , PRIMARY ACTIVITYij,
TCij)

The independent covariates in our analysis xij, include: people traveling in
a vehicle(PEOPVEH); gender of jth visitor in ith region (GENDER1: 1=fe-
male; 0=male); an indicator of staying overnight at the National Forest for
jth individual from the ith region (ONITE: 1=stayed overnight on National
Forest=1; 0=day user); an indictor for high frequency visitors (HF: 1 if an-
nual visits ¿ 15; 0 otherwise); travel cost for jth individual from ith region;
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and an indicator variable for the primary activity for jth individual from ith
region. For our initial analysis reported in this paper, we have restricted pri-
mary activities to just 5 of the 14 primary activities in the NVUM data set.
These primary activities include, HIKING, CAMPING, FISHING, HUNT-
ING , TRAIL USE and SKIING. The travel cost variable TC is calculated as,

TC = 0.12∗2∗PRACD1S+(0.333∗(INCOME/2000))∗2∗TIME2) (12)

where PRACD1S is the one way distance to the national forest and a per
mile cost of dollar 0.12 is used to convert travel miles to travel costs. We
also include the opportunity cost of time in travel costs valued at one-third
the wage rate. Individual wage rate is calculated as the annual INCOME
proxy divided by 2000 hours and TIME2 is the one-way distance from an
individual s home to the National Forest.

Results

The results of the non-linear mixed effects regression data analysis are
shown in Table 1. All parameters in the model are highly significant. The
travel cost variable (TC) coefficient is negative as expected theoretically.
From an economic theory perspective, we do not have unambiguous expecta-
tions on the signs of the other parameters. The negative sign for the gender
variable (GENDER1) coefficient indicates that females have a lower demand
for outdoor recreation as compared to males , a result often observed in pre-
vious recreation demand studies (Rosenberger and Loomis, 2001).

The negative sign for the number of people in a vehicle variable (PEOPVEH)
coefficient indicates that annual trips are positively correlated with group
size. The negative sign on the overnight visitation variable (ONITE) suggest
overnight visitors take less annual trips as compared to day users. Because
overnight are typically more expensive than day trips, the negative sign on
ONITE may indicate a theoretically consistent negative price effect. The
negative sign on PEOPVEH may also reflect a negative price effect if having
more people in a vehicle makes trips more expensive (e.g., necessitates the
use of a larger vehicle and more gasoline consumption).

The primary activity variables indicate preferences for recreation trips com-
pared to the base of general recreation. The positive sign on the coefficients
for hiking (HIKE), fishing (FISH), hunting (HUNT), skiing (SKI) and non-
motorized trail use such as mountain biking (TRAIL) indicates that these
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activities are more preferred than general recreation with skiing showing the
strongest positive effects. The negative sign on the coefficient for camping
(CAMP) indicates that camping is less preferred than general recreation.

Conclusions
The primary objective of the analysis reported in this paper was to test the
feasibility of using a mixed effects approach to estimate recreation demand
models which account for geographic heterogeneity. Using data from the
National Visitor Use Monitoring System (NVUM) we estimated a national-
level recreation demand model using this approach. The approach generated
strong parameter estimation results from both theoretical and statistical per-
spectives. Thus, we encourage further testing of the mixed effects approach
and comparisons with other approaches for dealing with activity and geo-
graphic heterogeneity when estimating consumer demand models.
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APPENDIX

Table 1. Nonliner Mixed Effects Regression Results
VARIABLES COEFFECIENT

INTERCEPT 1.590*
(0.080)

GENDER1 -0.031*
(0.003)

PEOPVEH -0.032*
(0.001)

ONITE -0.138*
(0.005)

HIKE 0.032*
(0.005)

CAMP -0.072*
(0.007)

FISH 0.029*
(0.005)

HUNT 0.028*
(0.006)

TRAIL 0.047*
(0.006)

SKI 0.091*
(0.005)

TC -0.003*
(0.000)

HF 1.981*
(0.004)

SIGMA 0.99

*1% significance level
GCONV Convergence Criterion Satisfied.
Dual Quasi Newton,Optimization Technique Used
. Adaptive Gaussian Quadrature Integration Method Used.
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Table2. U.S. Forest Service Regions

Northern Region (R1) Pacific Southwest Region (R5)
Rocky Mountain Region (R2) Pacific Northwest Region (R6)

Southwestern Region (R3) Southern Region (R8)
Intermountain Region (R4) Eastern Region (R9)

Alaska Region (R10)

Figure 1: U.S. Forest Service Regions
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