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ment of the predictor variables. Vo
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Introduction

have been based upon association between patterns of participation and

utdoor recreation forecasting methods developed since the early 1960’s
demographic characteristics such as age, sex, available leisure time, and

. Third Quarter 1980 213

| |

i
I




income of the family. At the same time the “distance decay” model, which
includes measures of availability and “resistance” to travel, has been utilized to
model recreation trip patterns. Initially, these models were applied at a macro-
scale where factors which generally determine outdoor recreation participation
were identified. However, with an increasing tendency to regard the individual
as the primary unit of observation, geographers found that new regularities
exist and that the macro-level no longer provides accurate information at the
micro-scale. This paper, therefore, attempts to examine one aspect of the
“distance decay” model which may be dependent upon level of aggregation,
namely the “resistance” to travel parameter and its correlates, Given that this
model may be useful in predicting participation rates as well as travel character-
istics, an approach is taken such that various levels of aggregation are generated
and analyzed. In essence, then, our principal tasks are:

1. To identify “resistance” to travel coefficients for each
study unit at each level of aggregation, and

2. To identify the correlates of these “resistance” para-
meters for each aggregate level.

Outdoor Recreation Choice Model

For decades researchers in human behavior have attempted to identify the
important causes of differing human behavior patterns (Ittleson 1973; Saarinea
1976). A model that these researchers and others have developed identified,
albeit simplistically, the relationship which exists among individuals, their .
environment, and their available opportunities. Figure 1 presents a simplified
diagram of the individual choice process and identifies three sets of important
factors: 1) individual characteristics, 2) social relationships and social structure,
and 3) available opportunitiies. The individual characteristics of the household
such as age, income, education, and family composition explain differences
in participation among households. For example, one might expect that aa
older household not having young children might take extensive vacations ;
whereas younger families may be more restricted. 3

Changes in social structure and the social institutions which establish societal
norms may- also affect the amount of leisure time. The trend towards eary
retirement in the United States, for example, has resulted in a net increase in &
leisure time available to Americans while cultural institutions such as Boy §
Scouts, and Campfire Girls, and 4-H Clubs have promoted self-reliance ansd ;
romantic values regarding the outdoors and the environment. 1

Although “potential” households’ demands in any behavioral setting may be.
represented by the desires and wishes of decision makers, actual decisions cm
only be expressed in the context of available opportunities. -Participation, &
therefore, is a measure of the tradeoffs between “potential” demand as dictated &
by the characteristics of the individual and surrounding social structure and the
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Model of individual recreation choice.

Figure 1.

proclivity to recreate. Although (Kj) and (bj) may be described by similar soico-
economic or availability characteristics, each parameter provides a numerical
description of separate tendencies of the population; that is, (Kj) describes
“propensity” whereas (bj) describes “reaction to distance,” given a particular
behavioral and locational setting. The primary purpose of this study, then, is
to investigate the extent to which the (bj) values for each region can be pre-
dicted from information about that region, including the socioeconomic charac-

teristics of its residents. In other words, we attempt to identify the socioeco-

momic correlates of “resistance to travel” at varying levels of scale.
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A Case Study: Day-hiking in Hllinois

During the winter of 1977, a telephone based recreation participation survey
of 9,238 households was conducted for the Illinois Department of Conserva-
tion (1977). Random digit dialing techniques were used to ensure that the
sample was representative of the general Illinois population. Twenty-three
different outdoor recreation activities formed the basis of the survey; for each
activity in which the household participated the names of places of the facili-

ties visited and the length of stay were obtained for up to five of the most fre- |

quented recreation sites of each activity. In addition, detailed demographik

and socioeconomic data, including a complete household description, were

obtained.

During the survey it became apparent that day-hiking was the most populat
activity of outdoor recreation within the state. It also is an activity which re-

quires relatively little experience and is easily undertaken and thus, allows the ;
decision maker a wide variety of potential locations to choose from. In essence, ;

day-hiking presents the least number of barriers (social, economic, or avad-

ability) to participation and for this reason was chosen for further investigatios. |

Computational Model

Referring to m.a:mmos 1, for this study lijk was estimated from the aumber of
days in which each household participated in day-hiking at location (k) in
entire year. dik was estimated in two ways, from the number of miles and the

time in minutes household (i) needed to travel to recreation site (k). Equationt|

was linearized to

In T = In Ky + by di

where In denotes the logarithm to base 2.718, or “natural” logarithm, sd¥

therefore,(bj) can be estimated using simple linear regression.

Equation 2 was calibrated at three levels of aggregation which are commonly
used for planning purposes:
is located, 2) by the county in which the individual household is located,
3) by the Governor’s Planning Region in which the individual is located. Exd
individual surveyed was initially assigned to one of 355 cities included in
study; however, only 90 of these cities included sufficient information s
that the operational distance decay model could be calculated. Similarly,
the 102 counties within Illinois, only 50 counties contained sufficient infon
tion; and, of the 9 Governor’s Planning Regions, 6 were included. Utilis
those survey responses of households that resided in each of the speclis
“regions” (city, county, or Planning Region), a (bj) parameter was calcuk
Thus, 90 (bj) estimates were made for the cities, while 50 and 6 were genetl
for the counties and Planning Regions, respectively.
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Fo
r each of the three aggregate levels, fourteen socioeconomic variables

included in the survey were aggre
Ty o ldomtiton as follome: ggregated and expressed as the arithmetic mean.

»wwmwm w the number of years living at a particular address
e = Ha average age of the family
= the numb i i |
o Ralivetapy: »MM of children in the household between 0 and 2
LD612 = %wm umwwﬁcom of children in the household between 6 and
of age .
CHILD317 = “_wovﬂwﬁcnm of children in the household between 13 and
. cars o. age ; ’
W—%MN w Mo size of town the interviewee lived in as a child
= <0M~ E,soE.: of income the household generates in one
IN-
SCHOOL = th il ing pri cond
ma Noﬂ_“a:ca_. of children attending primary or secondary

PCMALE = the percentage of males in the family
TWNYRS = the number of years the interviewee has resided within
VACDAY %o current town or city
= the numb i
. the MMM“ er of vacation days the vo:mmroE head receives
WKHRS the number of hours the household head works in a

]

week

Using the estimated (bj) values and the aggregated socioeconomic variables

”ﬂﬂwﬂ _MM_MW_VQ Hm.w%w&%wawﬂw %_E nmoawgor aggregation level to identify the
. ies the five predictors whi i
atamount of variation for each of the regression analyses. ch explain the geeat-

Results

Step 1: (bj) calibration

As previously mentioned, the parameter (bj) connotes certain behaviroral

: M\M” WM»MM:&W:@:S&@& hence, the sign and magnitude of its estimates
T wm: ance of &mﬁm:ao to recreation participation. In this analysis

e EMN_ of (bj) from distance in miles at the city level ranged from -1 .E,

: l«-m& Bawam m: mhﬁnuw_mmw M-m m.omw. »M:mr being strongly negatively skewed. .H..Em

cating fanotion op diote y with the mo:nE_ hypothesis that visitation is a

 § ) lion nce; that is, with all things being equal

. .n' recreation site is located away from the individual, the w«%ﬂ mh% Mﬂnﬂm
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visit. The positive values also observed, however, indicate that *“all things are
not equal” and therefore distance may not be a “negative” factor in some cases.
Consider potential reasons for differences in the sign; for example, in cities
such as Chicago and St. Louis few “natural” areas exist which allow extensive
hiking and the ones that are present are commonly located in the periphery
of the city. This inaccessibility, then, may allow the recreator to emphasize
different aspects of the trip. Perhaps a store will be visited along the way, or
the “aesthetics” of the drive may determine where he will recreate.

Figures 3 and 4 display the general pattern of (bj) throughout Miinois. There
appear to be three classis of (bj)’s: 1) the strong positive (bj) [indicated by the
peaks]. They appear to be located in large cities such as Chicago, Champaign-
Urbana, and Decatur and may reflect the lack of nearby facilities; 2) weak
positive and negative (bj) [the level areas]. Such values may reflect an “indif-
ference” to distance whereby the trip to the recreation area may be only one
aspect of the day’s outing. For example, along with hiking, the family may go
shopping or visiting in a nearby town. This reaction to distance is character-
istic of most rural areas of the state; and, 3) the strong negative (bj). This last
area is identified by the pits and is typified by abundant nearby facilities located
in southern Illinois.

Figure 3. Distribution of (b uv estimates in Illinois, distance measured in
miles.
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Figure 4. Distribution of (b _v estimates in Illinois, distance expressed as

travel time in minutes.

,?EQ. 1 shows a great deal of difference in the results for the three levels of
.@.wmﬁ._oz. 0:0 must ask, then, how scale change affects outdoor recreation
forecasting estimates. About this the geographical literature is far from clear.
Many ,m:_&om have attempted to define the applicability of a particular “distance
decay .Boao_ at a given level of aggregation; however, none have attempted to
Q.«SES the applicability over varying levels of aggregation. In the socio-
gs_. and economic literature, however, the problem of aggregation has been
mtensively investigated. Instigated by Robinson’s work “Ecological Correla-

tions and the Behavior of Individuals” (Robinson 1950), Blalock (1964

nai&.a and Griliches (1960), and Clark and Avery wamv. wBoaonw.onwu
E«& into mwo problems associated with inference at multiple levels of mmmau
!5:.. wovsuon argued that it may be incorrect to make inferences at varying
kvels implying that regularities exist at each level and that a macro-level model
annot provide accurate information at the micro-scale. Contrary to this view-
point is Blalock’s; he argued that systematic grouping to maximize variation in
e independent variables will yield an unbiased slope coefficient at the macro-
wa_.. although correlation coefficients will be affected. Grunfeld and Griliches,
weking to explain in mathematical terms the effects of aggregation wrote:
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TABLE 1 To identify more specifically what is meant by “synchronization” these authors
consider a simple bivariate example which allows identification of the relevant
The Correlates of Av“_v

Eovonaomow»mmammnoz._:m:EEESEaSaocogag the aggregate Hw and
the micro r2, can be written as follows:

la. Distance measured in miles

2
's Planning Region T
city County Governor's a 202 2 2 5 ~+Qn-avﬂ
= N=50 (N=6) -_ 2 u
(N=90 (8=50) 2 ®°sg, + Sim)/ [b Sym * m:BAT.QA-Cv )]
Overall r = .508 -611 HMMW m x
Significance .000 .003 -
(= level)
where: mwc.: = the variance of X, for k individuals
Variables: Beta: MN . o
315  TWNYRS 268  TWNYRS -.821 um = the variance of u \ (random error) for k individuals
INSCHOOL  .229  WKHRS .170  VACDAY -.743 . . o
CHILD1317 .251  INCOME  -.232  AVAGE  -.526 b = the regression coefficient (slope) for all; k individuals
AVAGE .225  AVAGE .257  CHTWSIZ .10l
- ILD1317 .230 . . T .
ADDYRS 211 CHILD Py = the intercorrelation among individuals of the independent
variable for all pairs of individuals
1b. Distance expressed as time in minutes
City County Governor's Planning Region Py = the intercorrelation of the disturbance (residuals) for all
(N=90) (N=50) (N=6) pairs of individuals
Overall r = .24 .563 H.wmw
Significance .487 .025 . . . . . . ) :
(= level) From this equation we see that the relationship between the aggregate r; and the
micro Hma depends upon the relative sizes of py and Py-
Variables: Beta: . . .. . ;
. With this ratio in mind one can now understand the effects of aggregation.
ADDYRS 162  TWNYRS .297  TWNYRS  -1.000 ! a - X
CHILD612 -.179  WKHRS .118  INSCHOOL -.826 The aggregation process generates “mean” values and, as aggregation occurs,
-~.140  INCOME  -.156  ADDYRS -.661 thes¢ values approximate the overall average more closely. In effect, the cor-
AVAGE 264 ° °8 @ ) g
CHILD1317 .www muw%wwr u.www INCOME . relation within each independent variable (p,) increases. Additionally, as ag-
PCMALE  ~. .

gregation occurs, the correlation within residuals (p,,) decreases. This is caused

by the increasing randomness in residuals ; that is, initially the model is partially

misspecified (indicated by the low r2) and therefore the residuals are not com-

pletely random. However, as the averaging of independent variables improves

so%.~ fit, the residuals become increasingly random. This increase in 12, then, is

. icro r2ss s not just a reflection of model fit but also a reflection of the distribution in

The fact that the aggregate 12, is usually higher than the micro 1=+ residual error.

due mainly to what may be best called a ‘grouping’ or ‘synchroniza- J

tion” effect. It is the result of the empirical fact that :mo st MM_M: wbw_.n .Mwwm Blalock (1964) used Robinson’s notion of “ecological” regression to investi-

ings that are likely to be used are mcmr that aggregation c Th gte the effects of various aggregation procedures and found that the severity

the variance of Em. aasoBS%non of r a—o_ﬁﬂa:%\“ﬁm _ﬂﬂaﬂmﬂow Qm of bias varies with grouping procedure. He indicated that most aggregation is a
ization effect can be expressed as fo : ; :

Nﬂ%ﬂﬁﬂucmyﬁ: the Eaavnnawa variables of different individuals r composite of two different types of p artitioning:

or behavior units, ceteris paribus, the higher the r2 of the aggregate ) ] .

equation relative to the 2:s of the micro equations. (Grunfeld and 1) Cases can be grouped according to their scores on the x independent

-~ variable, or,
Griliches, 1960, p. 4)
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2) cases can be grouped according to scores on the y dependent vari-
able.

Figure 5.
Distribution of AVAGE values in Ilinois.

In both methods subgroups would be maocvn.a together, irrespective of spatial
relationships, to maximize differences between each aggregate group. A third

type of aggregation was also identified; that is, the subunits could be grouped a) By City

in some way unrelated to their x or y values, for example, proximity. This * Mean = 29.51 years
form of aggregation, however, was considered to be an aspect of either of the s-r\\mﬁuﬂm SB. = 957 years
previous two in that proximity aggregation would tend, in some cases, to maxi- ﬁ N
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mize variation in x while in other circumstances maximizing variation in y. \ SO ay)
Using these three aggregation methods and a simple random aggregation method,
Blalock demonstrated that the values of the correlation coefficient wav and
regression coefficient (bxy) are stable under random aggregation; that (rxy) and
(bxy) are unstable when’ aggregating by y; that (rxy) is unstable but (bxy) is
stable when aggregating by x; and, that proximity aggregating produces unstable
(rxy) and (bxy) that moderate in severity depending upon the relative degree of
change in X or y. Hannan (1971) has suggested that the degree of bias in the
regression coefficient (for proximity aggregation) is contingent upon the nature
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of the data which is being analyzed. He stated that it is an empirical question ﬂﬂdﬂdﬂﬂﬂ&\“‘%\\\\\\%ﬂ
whether proximity grouping will maximize variation in x or y. In a recent paper \ —’vm.%.\mvh.ﬂ.h’mnw.uﬂnﬂmnww\\ﬁu‘a
supporting Hannan’s contention, Clark and Avery (1976) argued that the spatial U .ﬂﬂﬂn.,.nuﬂw.u\t‘nﬂt‘t-nv‘tﬂ-wnw‘w\\\“-— \
distribution of values, the spatial autocorrelation of the x and y variables within ﬂuhﬂ..vuu‘ﬂunw-nﬂﬂunﬂutm.c.mn«nﬂuﬂmw”ﬂn‘ﬂ“‘ Ao
the study region, determines the extent to which spatial aggregation biases the SR O T,

b) By County

= =
ﬂﬂﬂﬂ&n;«ﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂ\\\\ S
- N

. . . PO . . T - AR ‘
regression or correlation coefficient. That is, if both variables are not spatially PR T T L \“\i- 4’
correlated, then spatial aggregation may provide unbiased estimates of (rxy) or u_z: = 28.98 years /rnm.ﬂuiﬂnﬂﬂnﬂtﬂ-awvéaﬂl%ﬂ\s-s“\‘-“’
(bxy);however, if either variable is spatially correlated, even spuriously, then the D. = 6383 years 1

regression variables will be systematically grouped and therefore will bias the
results. Other conditions, however, have been identified that also provide
unbiased results. These are: ;

1) When the variances of macro-level and micro-evel variables are equal
(Hannan and Burstein 1974); and,

2) When the group mean of the independent variable (x) has no effect
on y with x controlled (Firebaugh 1978).

¢) By Governor’s Planning Region

Mean = 29.45 years

Under these limited conditions, then, unbiased estimates of (rxy) and (bxy) may 8D. = 3.64 years

result.

Figures 5 and 6 display the spatial arrangement of two socioeconomic charac-
teristics (AVAGE and WKHRS) included in this study; in addition, the mean
and standard deviation statistics are included to identify the homogenizing
effect of aggregation. One can see that there is a high degree of variation in-
itially and that aggregation into larger units decreases differences among groups
as evidenced by the decrease in standard deviation size. These findings agree
with the model developed by Grunfeld and Griliches. That is, at the micro-
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b.) By County
Mean = 45.76 hours/week

sD.

226

= 11.24 hours/week

Figure 6.

Distribution of WKHRS values in Hlinois.
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level the criterion variables are spatially correlated and when regressed, result in
a high correlation among residuals; however, as spatial. aggregation occurs,
“average” groups are .formed which result in'low autocorrelation among vari-
ables; i.e., residuals become increasingly random. In addition, one can see that
the variation within variables declines differentially (AVAGE declines 28.6
percent and 46.7 percent while WKHRS declines 28 .8 percent and 70.2 percent
when counties and planning regions are formed, respectively) and that the
powers of the predictor variables vary substantially. As shown in Table la
INSCHOOL is the second best predictor at the city level but provides little
“explanation” at any other aggregate level. Similarly in Table 1b TWNYRS does
not appear among the best five predictors at the city level but correlates per-
fectly at the planning region. These results, then, suggest that the study vari-
ables exhibit spatial correlation such that any spatial aggregation of this partic-
ular data set will produce biased results.

Conclusions

The spatial aggregation of data may significantly affect the use of regression
in identifying the correlates. of recreation travel behavior. For the specific set
of aggregated data in this study, the correlation substantially increased while
the relative importance of the independent variables varied widely. As suggested
by Clark and Avery, it appears that the spatial structure of data and the level of
aggregation determines, at least partially, model fit and the relative importance
of predictor variables. It is also clear, however, that grouping spatially may not
dways result in bias; that is, if neither x nor y are directly or indirectly spatially
worrelated, or if the conditions identified by Hannan and Burstein (1974) or
Firebaugh (1978) are met, then spatial aggregation will produce no bias.

The implications for any statistical analysis of outdoor recreation informa-
tion, therefore, are as follows: 1) At any one scale there is a tradeoff between
or predictability of the model. Although the city model may have been sen-
itive to the individual behavior pattern, the lack of accuracy in this model al-
lows little confidence in its use as a planning tool. On the other hand, the ma-
codevel model appears insensitive to the individual but provides great accuracy
in identifying factors which generally affect travel patterns; and, 2) The conclu-
sons of any study must be treated with caution. Even when two studies are
conducted at similar levels, because the spatial arrangement of predictor vari-
ables from aggregation may not be identical or because the conditions identified
by Hannan and Burstein or Firebaugh cannot be met, neither similar coeffic-
knts nor correlates may be obtained from a “comparative” study. The research-
ur faced with a problem of making inference with or comparisons of grouped
data, then, must first identify the criteria by which the data were originally
wgregated, and second, assess the relationship between the grouping criteria
ud the variables included in the study. Only after these steps have been taken
an the researcher decide whether any meaningful conclusions can be made.
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