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1. Introduction

1/

A simple "gravity" model = for estimating the flow of travel for

a particular outdoor recreation activity among geographical regions can

be written as follows:

k AP,
Yij = idi

2
B; 44

yij = no. of days of activity participation by individuals in (origin)
region i spent in (destination) region j,
constant,

population in origin region i,

"attraction'" of region j for participators in the activity,

"availability" in region i for participataors in the activity, and

dij = distance from regioh‘i to region j.

It should be noted that this model is intended to describe the gravita-

-~tional-attraction of one-body (the-destination-region-j) on~an~originating-w
- body (region 1i). " The Bi and Pi are the gravitational pull of the originating
body while Aj is the gravitati@pal pull of the destination body;,dij in the:

denominator illustrates the pull of gravity which is proportional to the

square of the distance.

1/ TFor a more comprehensive statement and bibliography see "Operations
Research in Outdoor Recreation" by Frank J. Cesario, Jr., Journal of Leisure.

‘Research, Vol I, No. 1, Winter 1969, pp. 33-52.




The simple gravity model as stated above can easily be generalized
to allow for wider applications. Specifically in the estimation of re-
creation participation the following generalizatibns have been implement-
ed in this model:

1. An allowance for several components of attraction. Each compo;

nent is given a weight to indicate its relative importance.
The provision for several components of availability, likewise

with provisions for different degrees of importance.

Provisions for an exponent different from "2" for distance since

the desire to travel a certain distance for recreation does not.
necessarily dimiﬁish by the square of the distance.
The use of more than one aspeét of.origin poﬁulation for deter-
mining the magnitude of flow from an origin.

The more general model as used in this application can be written as

follows:

B B B Y Y Y
Kk ATAZ ... Aafplp?. .. p 4
y.. = 1i 27 pi 1 ~2j
ij 5. & s o
11

2i ri “ij

:wherejthe B, Y, 8 are coefficients indicating the importance of attraction
population, and availability variables and o is the "distance decay" coeffi-
cient.

It is of interest to note that the coefficients of this model are

elasticities. That is, each coefficient indicates the percent change in
participation associated with a one percent change in the relevant variable:

attraction, population, etc.




FIGURE 1

'phirty-Seven Regions of Texas
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Given a set of sample data points on participation at specific origin
destination combinations and observed values of the Aj’ Pi’ and dij’ esti-
mates of the coefficients for the gravity model can be estimated by least

squares using the log-linear model:

log yij log k + Bl log Alj + ..

log A , + log P.. + ... + log P .
Bp g i Yl g‘ 11 Yq g qi

61 log B,., + ... +8_log B _, + a log d,.
i T ri i

1 D
For this particular study the recreation participation flows are esti-
mated for seven major outdoor activities as follows:
:Boating for pleasure in rural environments only.
Outdoor camping in rural environments only.

Fresh water fishing in rural environments only.

Fresh and salt water fishing rural environments only.

Hunting, all types, in rural environment only.

Picnicking in rural environments only.
Swimming, fresh and salt water, in rural environments only.

The recreational participation flows are stuaied for a 37 region sub-
division of the state of Texas. A map of the 37 regions is given in Figure
1. Recreationél flows from and to other states are not included in this
study.

After obtaining a set of suitable equation estimates, recreation flow
projections are obtained for specific future conditions by applying these
equations to projection data provided by TP&W. Finally, these projections
except for fresh and salt water fishing are compared to TP&W estimates of

regional capacities for cther activities.




2. Data Specifications
In this section are specified the variables to be used in this attempt

to estimate a gravity model for outdoor recreation in Texas.

2.1. Activity participation - The variable to be ahalyzed and subsequently

estimated for planning and policy purposes is the number of ""people days"

of participation for each of the activities in eéch of the 37 regions on
trips whose total length is one, (not including overnight), two or three,
and four or more days duration by individuals residing in each of the 37
aférementioned regiohs. The number of days of activity participation are
obtained directly from the 1968 household survey using expansion factors
appropriate for éach region. It éhould be noted that the distinction be-
tween trips and vacations as specified in the schedule are not adhered to
since for this type of analysis the total duration of'the trip is seen to
be of greater importance than the fact that annual leave may or may not have

been used for the narticular trip or vacation.

2.2 Demographic and socio-economic characteristics - Previous studies have
indicated that socio—economic characteristics of individual households have
a relatively small effect on the .recreation participation of families. Since
this particular model uses regional aggregations of data, the potential effects
such factors will be further dampened. Therefore, the only characteristics
of the originating regions used in this model are:

1. The total region papulation according to the 1970 census,

2. Percent of the population of the region living in cities of 10,000

population or greater, and




3. The per capita buying power in dollars as obtained from the survey
of buying power, 1969. This was used since recent regional data on
income were not available during the estimation phase of this project.

2.3. The potential attraction of regions - Attraction is the pulling power

of a particular région for individuals who want to participate in recreation
activity. Attraction includes:

1. Environmental characteristics of the region, and

2. Facilities available for recreation.

Data on environment was obtained by Texas Parks and Wildlife staff from

general descriptions of counties within a region as obtainable in any

standard reference on Texas counties and by special measurement from large
scale maps. Data on facilities available for recreation were obtained from
the 1969 T.P.& W. inventory of recreational facilities. In Table 1 are
given the 50 environment and facility variablesvused in this estimation of

the model.

2.4. Availability - This factor is intended to indicate the attraction for
an activity in and near the originating region. Often it is defined as a sum
of "distance decayed" attractions for each region. Using the same notation

as in section 1, it can be defined:

Since @ is a quantity to be estimated, a preliminary estimate is usually used to
computé availability.

Preliminary studies indicated that this availability quantity tended to
measure total statewide rather than local recreation availability hence its use
did not provide the desired results. For this reason availability was defined

simply to be origin attraction. A further.modification of the use of the




TABLE 1

REGIONAL ATTRACTION VARTIABLES

Variable
No. Content

‘Miles River

Growing Season ‘ 2

Relief ' 2

Annual Rainfall 2

Acres of Hill Country _ ' 100,000
Acres of Piney Woods - 100,000
Growing Season, Ratio of Destination t

Origin "

Mileage of Ocean Frontage

Mileage of Bay Frontage

Freshwater Boat Ramps

Saltwater Boat Ramps

Acres of Freshwater Lakes

Number of Freshwater Lakes

Miles Accessible Ocean Frontage

Miles Accessible Bay Frontage : 10
‘Freshwater Slips and Stalls

Saltwater Slips and Stalls 10

Inland Campsites ' 1,000
Campsites on a Bay 10

Campsites on the Ocean 10

Fishing Quality Index 1

Yards of Freshwater Fishing 100

Yards of Bay Fishing 100

Yards of Ocean Fishing 100

Deer Index 10
~ Acres in Region ‘ 1,000,000
Leased Hunting Acres 1,000,000 .
Wildlife Management Acres =~~~ vt e 10,0007
Inland Picnic Sites 1,000

Bay Picnic Sites 10 |

Ocean Picnic Sites 10

Yards of Swimming Pools 1,000

Yards of Freshwater Swimming 10,000
Yards of Bay Swimming 1

Yards of Ocean Swimming 100
Population Density ‘ 100
Waterfowl Rating ' :
Quail Rating
Dove Rating
Turkey Rating
Squirrel Rating
Javelin Rating
Total No. Deer

: Continued




Variable
No. Content

44 Total Small Game Index :

45 Proportional Total Region Leased
for Hunting

46 All Yards Swimming

47 All Yards Fishing

48 All Campsites

49 All Picnic Sites

50 All Boatramps




availability variable is given in Section 3.3.

2.5. Distance - A preliminary estimate of distance between centers of each
pair of regions was computed by obtaining airline distances between the major
population centers of the region‘and adding a 15 percent adjustment to obtain
estimates of road mileage. This estimate was updated for each activity by ob-
"taining, where available, the average distance traveled among origin - destina-

tion combinations obtained from household survey data. =

3. Estimation

As previously indicated, the coefficients for the gravity model were

estimated by using least squares on the logarithms of all variables.
Obviously it was impossible to use all variables in the estimation process;

a concensus of the various individuals involved in this project, personal
opinions, examination of some simple correlations, and actual experimentation
with various variable combinations were used to obtain a reasonably sized set
of variables. A "stepdown" or "backward elimination" selection procedure was
then used to delete, from each equation, variables which did not conttribute
materially to the estimating power of the equation. The final equation to be
used for projections was chosen on the basis of statistical significances
(not necessarily 5%), a "logical" subset of factors, and a minimum of "in-
correct" coefficient signs. In addition it was found necessary to make some
revisions and/or redefinitions of variables so as to make the model more
reasonable. These are discussed in the following sectioms.

3.1. Participation - The 37 by 37 matrix of origins and destinations provides

a possible 1,369 pairs of origins and destinations; this includes within
region trips. Obviously, for any one activity and leangth of trip, only a
relatively small number of these pairs actually show recreation participation.

For some activities, the number of non-zero pairs is as little as 100 while.
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for others it may be over 500. The question remains how should the model
estimation use the information from those origin destination pairs from which
there was no participation. If none of these zero participation pairs are
used, the model estimates may not reflect the reason for the absence of
participation. On the other hand, the use of all combinations with zero
participation will tend to dilute the effect of the non-zero participation
data on the estimation procedure.

The solution used in this estimation procedure was to say that any
origin~destination combination less thén 100, 200 and 300 miles for one day,
two or three day, or four and over day trips, respectively, was a ''relevant"
zero and data from such combinations were used in the estimation prodedure.
All other'origin~distination combinations with no participation were ignored.
The computational procedure used to accomplish this was to define each

"relevant zero participation combination" as having had 50 people days (a

‘number sufficiently small to be able to be missed by the sampling procedure)

and then to eliminate data from gll pairs having actual zeroes in the esti-
mation procedure.

A limited number of estimation runs were made using this scheme as well
as the schemesvwhere all or no zeroes were omitted. A comparison of the
results of these runs indicated that this particular method of handling

zero participation did result in better estimates of participation rates.

3.2. Distance - Distance is, of course, used to estimate the distance decay
coefficient. This coefficient indicates how much recreation participation
decreases as the distance from the origin increases. This would, for example,
mean that with a unity distance decay coefficient, participation at a dis-
tance of 20 miles would‘be one-half that of 10 miles. It is intuitive that
participation does not drop off that rapidly for low mileage trips. 1In

other words, a family is normally indifferent, even in one day trips, among
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trips of 10, 20 or possibly even 30 miles. On longer trips, this range of
indifference may be even wider. To reflect this phenomenon all distances
(as obtained in the previous section) were modified so that the minimum
distance for 1, 2 or‘3, and 4 or longer day trips were éefined aé being 20,
40 and 60 miles, respectively. These specific minimum values were obtained
by preliminary studies and, in addition, have the advanfage of appearing to

be quite reasomnable.

3.3. Availability - The basic gravity model implies that availability depresses

recreational‘travel. The basic idea is that availability of recreational
facilities near the origin will tend to make people participate in recreational
activity at that origin. However, this particular application of the model
is also intended to estimate participation within the originating region and
the inclusion of availability wouid tend to provide a depressed estimate of
such recreation as well. It is therefore reasonable to modify the model such
that only the distance decay is increased by availability. This would then
allow rather large participation in the originating region but would discourage
travel of longer distances.

This is accomplished by including an interaction term. Substituting for

the coefficient of distance and (one) availability variable, insert the

following elements into the equation:

... alog dij + 61311 log dij + ... .

The effect of these elements can be seen by recombining as follows:
ceoe + (0 + SlBli) log dij + oee

and rewriting in the multiplicative format produces

o + 8,B,.
.. LI I
1]
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It should be noted that in this expression o and 61 would both be expected
to be nmegative. It can, therefore, be seen that the absolute value of the

distance decay function, that is, the rate at which travel decreases with

distance is increased by a larger availability factor Bl;'

In this model, the above principle was applied usiﬁg two factors as
follows:

(1) The origin region quantity of the most relevant (see below) single

facility for each activity; and

(2) The ratio of origin region over destination region quantity of this

facility.

The use of (1) is self explanatory. Factor (2) exemplifies the idea that
relative availability may be important, thus the corresponding coefficiént
would also be expectea to be negative. The "most relevant' factors for the
various activities are defined as follows:

(1) Boating and all boat ramps

(2) Camping: all campsites

(3) Freshwater Fishing: all yérds fresh-water fishing

(4) All Fishing: all yards fishing

(5) Hunting: leased hunting acreage

(6) Picnicking: all picnic sites

(7) Swimming: all yafds swimming.

It should be noted that preliminary analyses indicated that in some cases
this second variable did not contribute significantly to the predictability

of the equation hence it was not included.




4. Gravity Model Estimates

From the above lists of population cbafacteristics, attraction and
availability variables, and distances, selections of variables for use in the
prediction of specific recreational activities were made on the basis of
previous studies (see reports Qistributed June and October, 1971) as well
as several other trial runs on different variable subéets.

The estimates of the coefficients and associated tests for statistical
significance of the estimates for the seven types of recreation and three
types of trips are given in Tables 2 through 8. Zero valued coefficients
correspond to variables deleted. The statistical significance of remain-
ing céefficients is provided by the '"Students t'" and statistical significance
is indicated by (+) at 10% significance (*) at 5% significance and (**) at
17 or 1less significénce. Other statistics such as R2 or the residual mean
square are provided but since these are measured in logarithmic terms they
are extremely difficult to interpret. |

In general the resulting estimating equations appear quite reasonable
with respect to both the magnitudes‘and the directions of various effects.
The major disturbing factor is that in many cases some of the '""package"

factors, that is, associated attractions turn out not to be statistically

significant and/or the associated activity facilities are significant whereas

the main facilities variables are not. This is due to the often encountered
high correlation among these attraction factors, that is, they often appear
together in roughly proportional quantities.

Individual equation sets will be briefly described below with parti-

cular reference to those factors which are not exactly as one would expect.
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4.1. Boating - The equations for boating are pretty much as one would expect.
It should be noted that boat ramps are not included in the variable set;
this is due to the fact that slips and stalls are highly correlated with them
and, if a choice has to be made, these tend to predict.boating better. Even
then, freshwater slips and stalls are never sﬁatistically significant due to
the high correlation with acreages of freshwater lakes. Total population and
percent urban population are correlated; this is the reason why the relative

magnitude of the total population factor changes as percent urban population

is included in the longer trips. The very high coefficients for pﬁrchasing

power are probably to be expected but will cause a very large increase in
projected boating where projected data imply a marked increase in purchasing

power.

2.2. Camping - Since one-day trips do not include overnight stays no equation
can, by definition, be estimated for such trips. In general the equations are
pretty much as one would expect with physical characteristics of the destina-
tion regions being more important for the longer trips. The negative signs
for freshwater boatramps and all yards fishing are soﬁewhat unexpected. This
is again due to the high correlation betweén these ;nd various other factors
that are included such as, for example, freshwater lakes, ocean frontage, and
campsiﬁes. It is also qﬁite possible that to some degree camping may be pre-
ferred on lakes where there are fewér boats and somewhat less fishing.

Again the high positive coefficients for purchasing power will provide

a rather large increase in projected camping as real income increases.




TABLE 2
GRAVITY MODEL ESTIMATES
BOATING

1-Day

2/3 Days

4+ Days

Description Coeff.

Coeff.

t

Coeff.

Intercept -17.3435

Destination Attractions
Growing Season, Dest./Orig. .0
Acres of Freshwater Lakes .3174
Freshwater Slips and Stalls
Saltwater Slips and Stalls
All Campsites '
All Picnic Sites
Population Density

Origin Characteristics
Total Population
% Urban Population
Purchasing Power ~

Distance Functions
Distance (Adj.)
Interaction, Total Boat R.

RZ

-10.1403

.0
.4358
.0
.1336

.0
.0

-11.1465

2.0612
.3867
.0
.0944
.2254
.0
.0




TABLE 3
GRAVITY MODEL ESTIMATES
CAMPING

1-Day 2/3 Days 4+ Days
Index Description Coeff. Coeff. t Coeff.

Intercept S -10.7591 -24.3187

Destination Attractions
Relief . . L7458
Annual Rainfall . . . 1.4059
Acres of Hill Country ) . . .0
Mileage of Ocean Frontage . . .2229
Freshwater Boat Ramps . . .0
Acres of Freshwater Lakes A . . .5005
Inland Campsites- ’ Equation . . .5034
Campsites on a Bay . . .0
Campsites on the Ocean . . . - .2871
Population Density . Estimated . ) . .3955
All Swimming : , . . .0823
~All Yards Fishing . . .3251

1
2
3
4
5
6
7
8
9 ..

Origin Characteristics
Total Population . . .3704
% Urban Population : . . .0.
Purchasing Power . . .8261

Distance Functions
Distance (Adj.) . . 3149
Interaction, All Campsites . . .0008

R2
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2.3. Freshwater Fishing - As in most other equations the coefficients are

generally what one would expect with some exceptions. The negative effect
of growing season for one day trips is most likely a proxy for purchasing
power which is known to be less in southern regioﬁs ana, in the case of one
day trips, is largely affected by those regions near the origin. This is
further supported by the relatively low coefficient for purchasing power for
one day trips. Various attempts at trying to eliminate this factor were
unsuccessful.

Also disturbing is the negative sign for yards of freshwater fishing
for one day trips. However, the positive factor for lakes and picnic sites,
many of which are near fishing piers and barges, will probably overcome this

problem.

The sign of the origin over destination interaction term with distance

appears to be of the wrong sign in the longer trips; of course it may very
well be that people with heavy local availability also like to travel farther

distances for similar activities.

2.4, All Fishing - Again some of the signs are unexpected but in general the
equations seem to be moderately satisfactory. Yards of freshﬁater fishing
again has a negative sign for short trips but is compensated for a rather
large coefficient for freshwater lakes. Ocean fishing for two and three‘day
trips is probably compensated for by.bay fishing and the high coefficient for
ﬁiles of accessible ocean frontage. It is of interest to note that on the
long trips picnic sites replace campsites as the éuxiliary facilities
variable; this is certainly not expected but again the rather large correla-
tion between campsites and picnic sites should make the equation quite useful

for prediction purposes.




TABLE 4
GRAVITY MODEL ESTIMATES

FRESHWATER FISHING
1-Day 2/3 Days 4+ Days
Description Coeff. Coeff. Coeff. t

Intercept _ R 11.0679 -17.6034 -17.0382

Destination Attractions .
Growing Season _ .0409 ) . . .0
Growing Seasomn, Dest./Orig.’ .2078 . . . 1.7988
Mileage of Ocean Frontage .2346 . . . .0564
Acres of Freshwater Lakes . 4707 . . . .3851
Inland Campsites .0 . . . .6660
Yards of Freshwater Fishin 4246 . . . .0
Inland Picnic Sites S .5112 . . . .0
Population Density ! ’ .0 . .. . L1217

oNOTUL LN

~Origin Characteristics

Total Population : ‘ . . . . 4413
% Urban Population ’ . . . . .2018
Purchasing Power . . . . .6592

Distance Functions

" Distance (Adj.) . . . -8. .5179 -4,
Interaction, Yards. F.F. . . . . . .0196 -6.
Freshwater Fish., Orig./Dest. . . . . .0012 1.

g2 .3312

3.4233




TABLE

5

GRAVITY MODEL ESTIMATES

Description

ALL FISHING

1-Day

2/3 Days

4+ Days

Coeff.

Coeff.

t

Coeff.

Intercept

Destination Attractions ‘
Growing Season, Dest./Orig.
Acres of Freshwater Lakes
Miles Accessible Ocean Frontage
Yards of Freshwater Fishing
Yards of Bay Fishing :
Yards of Ocean Fishing
Population Density
All Campsites
All Picnic Sites-

All Boat Ramps

- Origin Characteristics
Total Population

% Urban Population
Purchasing Power

Distance Functions
Distance (Adj.)

Interaction, All Yards Fishing -

Interaction, A. F., Orig./Dest.

12.1558

.0

.6323

.0

.5123 -
.5738

.0

.0

.8595

.0

.0

.6805
.0
2.2450

1.9187 -1
.0

.0025 -

4567

4.8702

.0
3.6772

.0
3.4579
5.6433

.0

.0
5.1801

.0

.0

3.7218
.0
3.1506

0.5384
.0
1.8217

-16.1095

.0
.5245
.7312
.0
.3056
.7501
- .3798
4071
.0
.0

.6130
.0
3.1313

- 1.5412

.0
.0

.0
4.9206
2.5868

.0 .
3.4429

-2.2251

-3.2715

4.1050
.0
.0

4.5773
.0
6.5182

-9.4861"

lO
.0

-18.7374

1.3905
.3756
.9202
.0
.0
.8112 -
.1673 -
.0
.2915
.1028

4262
.2123
2.7420

.5654 -
.0021 -
.0

.3326

3.6284

2.6966
4.7121
5.4413

.0

.0
3.9800
2.3660

.0
3.3943
1.8747

4.1652
2.3506
7.8814

5.0803
2.4346
.0
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4.5, Hunting - This set of equations makes large use of the environmental

characteristics. This necessitated a somewhat unusual approach in that a
different basic set of variables was used for selection for the one day
trips than for the longer trips.

The resulting equations are generally quite reasonable. 1In this case,
all coefficients can readily be explained although it is certainly true that
the appearance and/Qr disappearance of variables as one goes to the longer
trips is somewhat puzzling. It is also interesting to note that purchasing

power has a lower coefficient in this activity than in most others.

4.6. Picnicking - The equations for picnicking for longer trips seem to fit
much more poorly than those for the shorter trips. This could certainly Be
expected since picnicking is essentially a secondary activity, particularly
for the longer trips. The negative coefficient for boatramps is somewhap
uﬁfortunate although it is normally offset by other factors. In general,

although most other coefficients are of the appropriate sign, the equation

may not be extremely useful for the .reasons stated above.

4.7. Swimming - Swimming is another activity which is often secondary in

mnature, particularly for longer trips. It is of interest to note the

interplay between the éctual swimming variables and the assoéiated activity
variables. An attempt was made to estimate the equations using only associated
variables as well as total swimming or using only the individual swimming
variables. Neither equations fit the data as well but, cn the other hand, the
use of all variables does produce some rather confusing substitutions. It

is of interest to note that the number of statistically significant coefficients

increases markedly as the trips get longer which again reinforces the idea




TABLE 6
* GRAVITY MODEL ESTIMATES
: HUNTING

1-Day . 2/3 Days

4+ Days

Description i Coeff. Coeff.

Coeff.

0
1
2
3
4
5
6
7
8
9

10
1

>

>

Intercept ; -34.9076

Destination Attractions
Growing Season : : .7343
Relief : . 1. .0
Annual Rainfall o . . . .8742
Acres of Hill Country
Acres of Piney Woods
Growing Season. Dest./Orig.
~ Mileage of Bay Frontage :
Acres of Freshwater Lakes
Acres in Region '
Wildlife Management Acres
Total Small Game Index ; . . 1.6282
Proportion Acres Leased é . . . 2.3401

Origin Characteristics :
Total Population i . 7.3381
% Urban Population : . .0

Purchasing Power . ' 4.,0311

Distance Functions

Distance (Adj.) i ' .9565  -6.4021

Interaction, Ac. Leased . . .0 "y -0

RZ | .3810

EMS 3.9024

-17.4341

1319 -1.3876
0 .0

.2694

2.1927




TABLE 7
GRAVITY MODEL ESTIMATES

PICNICKING
: 1-Day
Description Coeff.

Intercept , ' 11.1818

Destination Attractions
Growing Season : 3.0763  -2.0439
Growing Season, Dest./Orig. .0 . .0
Acres of Freshwater Lakes: .3181 .8406
Inland Picnic Sites ’ .0 .0
Ocean Picnic Sites f 4175 .3453
Population Density 2747 L5741
All Swimming .0 .0
All Campsites ° : .6622 .3335
All Boat Ramps .3248 .5287

1
2
3
4
5
6
7
8
9

Origin Characteristics
Total Population .6164 .6597
% Urban Population . 4215 .0267
Purchasing Power ‘ .6629 .0120

‘Distance Functions . .
Distance (Adj.) L7214 -8.7583 . .0
Interaction, All Picnic Sites .0017 -2.6661 . .0018 -7.
All Picnic Sites, Dest./Orig. .0 .0 . . ] .0073 2.

R2 4206 ' .2537

EMS 4.8503 2.7853




TABLE 8
GRAVITY MODEL ESTIMATES

SWIMMING (ALL)
: v 1-Day 2/3 Days 4+ Days
Description - Coeff. Coeff. Coeff.

Intercept - S -20.8232 -14.0722 -14.2774

‘Destination Attractions .

Growing Season, Dest./Orig. - 3.9608 . C 1.0257
Mileage of Ocean Frontage L1554 - 1. . . : .1392
Acres of Freshwater Lakes .0 . . . .2789
Yards of Swimming Pools .0 . . . .1014
Yards of Freshwater Swimming .0 ' . . . .0

Yards of Ocean Swimming . . . . .2573
Population Density . . . . , .1236
All Campsites ‘ . . . . .2810
All Picnic Sites . . . . .0

1
2
3
4
5
6
7
8
9

Origin Characteristics
Total Population
% Urban Population
Purchasing Power

Distance Functions
Distance (Adj.)
Interaction, Yards Swimming
Yards Swimming, Dest./Orig.

R2




that swimming is a secondary activity and is more dependent on other

facilities and activities.

5. Projections

The projections resulting from the application of the gravity model
are obtained by appiying the estim;ted gravity model coefficients to data
sets which comprise projected values for population and attraction variables.
The computer program which accomplishes this, provides as étby-product the
current participation rates as well as participation rate estimates for
cﬁfrent values of population and attraction; these can be used to compare
projected versus current participation rates. This program is documented
more formally inva separate report. This section deals entirelvaith‘a
description of the output of the program; no comments on interpretation will
be made since this requires intimate knowledge on Texas outdoor recreation.

The output of the computer program comes in four major sections as

follows:

(1) Coefficients for the gravity model; these are printed so that they'
can be checkéd with the output of the estimation program to insure
the appropriatg»cgefficients have been used,

A listing oé\the first 12 data sets labeled '"data listing 0".
This will normally be the data for origin region number one to the
first twelve destination regioms.

Current data and estimates. This portion of the output consists

first of a ‘listing of the "adjustment factors' which are necessary

to adjust for the multiplicative bias introduced by the use of least

square on logarithms as well as the fact that projections using the
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gravity model are provided for all origin-destination combinations
(i.e. including those for which there was no participation observed

in the household survey) which were not included in the estimation

process. The 1isting‘of ad justment factors is followed by tables

of current participation rate estimates as obtained by the 1968
household survey, and the current gravity model estimates.
All estimation and projection tables ére in the form of a 37

b& 37 table covering ail origins/désfination co&binations with
marginal totals for origin and destination totals and a grand
.total participation. Each table is completely documented with
respect to the éctivity and the nature of the table. All partici-
pation rates are given in thousands of '"people days'". One table is
provided fespeétively for one day trips, 2 or 3 day trips, 4 and up
day trips, and total of all trips.
Data listingvfor projections. This is labeled 'Data listing 1"
and is a listing of the first 12 observations of a particular
projection; format is the~same as given in Item 2 above; there is
a title to indicate the type of projectidn data listed.
Projections and comparisons. The projections and coﬁpariébhs wiﬁﬁ“'
current participation is providedlin two sets of tables as
described under Item 3 above. These are as follows:
a. Direct estimation. This set of tables is obtained by a-direct

application of the gravity model to a projection population and

attraction data. They are adjusted by the adjustment factors

described in Item 2 above.
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The.ratio of estimated projectedlparticipation to estimated
current participation (two decimals assumed). A negative ratio
indicates that there was a zero estimate for current participation
hence the ratio ié meaningless.

These tables are followed by a one page summary which com-
pares the total destination recreation estimates with the
TP&W supplied '"Standards' and also provides a summary of origin
total and per capita recreation participation estimates.

Thus the proper usage of the projections provided by this model must be
tempered byvthe knowledge that these projectioné are the result of extrapola—
tions using a regression model. Most standard references on regression warn

~against the use of extrapolations; these warnings are particularly relevant
when one projects fﬁr(situations that are completely different from the data
used to estimate the parameters of the model. Thus, for example, a drastic

thange in the relative frequency of boatramps to the number and size of lakes,

- would provide highly unreliable estimates. Thus the projections are useful

for generalized projections but are of more limited use, for example, for the

projected effect of a ;ingle large new facility.
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1. A "Cascading" Procedure

As a part of the work performed by Texas A&M in sﬁpport of the state
plan for outdoor recreation, two models for the prediction of rural outdoor
recreation have been proposéa and implemented. These are:

(1) The "econometric model" which uses individual household data to
estimate the total participation in various recreation a;tivities
by individuals residing in each of the 37 regions, and
The "gravity model" which uses aggregated data for recreation
participation to estimate such travel among regions for recrea-
tion purposes. |

The first model is expected, by definition, to provide more precise

estimates of the recreation that "originates'" in any one of the 37 regions

but provides no method for allocating this recreational demand to the various
"destinations", that is, regions in which the recreation actually occurs.
The gravity model, on the other hand,festimates the amount of recreatioﬁ in-
volved in travel within and among regions. Total regional recreation,
“either origin or destination is simply obtained by summing'the estimates of
all origin-destination.travel. Since each of these p;rticular estimates is
subject to some degree of variation,.the resulting variance of the estimate
of total recreation for any region may be quite large.

It seems intuitively reasonable to combine the better features of.both
methods by using the econometric model to estimate total origin recreation

and then use the gravity model to allocate this recreation to the various

destination regions. This particular procedure has been named 'cascading"




the two models and has been implemented for this study.

Denote the econometric estimate for the number of "people days' of
participation in an activity by individuals in region i by ;e Denote by

.. the number of people days participation in region j by individuals re-
y1] peop y . _

siding in region i as estimated by the gravity model. The gravity model

estimate for the total participation by individuals residing in region i is

thus

It is assumed that Y is a better estimate than i but there are no

corresponding estimates yij; The cascade estimate is then defined

Tn other words, each origin/destination estimate is corrected or adjusted
so that the total origin recreation: -

~% ~
Eyij =¥y

the econometric estimafe.

This particular procedure was implemented for the short trips (labeled
two'or three day trips) and loﬁg trips and vacationms, (labeledbfour and over
day trips); Due to the nature of the data,van econometric estimate was not
made for one day trips and thus a cascadlng adJustment could obviously not be
made for these trips. - However, in order to make all estimates more internally

consistent with the cascaded estimates, a parallel adjustment was made.
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Denote the total econometric state-wide estimate for participation

in all trips of longer than one day by y , and the corresponding gravity

estimate by y . The "cascaded" estimates for one day trips is then calculated

where the ;ij are the gravity estimates. .

The resulting cascaded estimates are presented'in a manner essentially
identical to the presentation of the gravity estimates. A first page con-
tains the econometric estimates and the TP&W supplied "standards". These are
provided as a check to make certain that the correct cards have been provided. .
Then follow sets of origin destination participation tables for one day, 2-3
day, 4 and over day‘trips, as well as total of all trips. Then for all

projections follow the table indicating percent change from current estimates

of the various items in the table. The final page contains a comparison of

the destination estimates with the TP&W supplied 'standards'" as well as a

summary of origin total participation and per capita participation estimates.

2. A "Ratio" Calibration

It has been pointed out in the report describing the '"cascading' process
for calibrating the gravity estimates with the econometric model estimates,
that estimates of recreation participation of individuals residing in a
particular region as obtained by the gravity model are likely to have quite
large variances; The cascade procedure is one attempt of reducing this
variance by using, as a calibrating tool, the presumably better estimates

from the econometric model.
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The 1968 sample survey data provides another estimate of current recrea-
tion participation. Although these estimates are subjecf to sampling error,
it can be supposed that these are better estimates.than those_obtained by
the gravity model. Thus it 1is possible to calibrate tﬁe gravity estimates
by using the ratio of 1968 survey estimates to 1968 gravity estimates for
future projections for recreatiﬁn participation. This‘procedure which will
be referred to as the "Ratio" estimates, has been impiemented and is pre-
sented to the Texas Départment of Parks and Wildlife as an-alternate me thod
for their consideration.

It must be emphasized that no one of the three projections schemes can

be absolutely preferréd over the others. Each.is subject to some uncertain-

ties and each must be interpreted with care. For example, the raﬁio estimate
cannot project recreétion for any origin region showing non recreation in the
1968 household survey. A useful procedure is to compare the three estimates
and make subjective judgements based on other knowledge of outdoor recrea-
tion to make adjustments where they are indicated.

The computer output for the raéio estimate projection is identical to
that of the cascade projections; the unadjusted gravity model estimates in-

cluded and are identical for both reports.
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1. Introduction
The Procedures for implementing the gravity model estimates for Texas
Recreation Participation are performed by two programs as follows:

(1) The Estimation Program which uses various data generated by the

Texas Department of Parks and Wildlife in Cooperation with other
agencies to provide estimates for the gravity model, and

The Projections Program which utilizes the estimated parameters for

the gravity model together with projections data to forecast recrea-
tion participation. The projections program comes in two versioné,
one which calibrates forecasts by using Econometric Model estimates

and one which uses an internal ratio estimate for a similar calibra-

tion. Details of the model concepts and description of statistical

and forecasting procedures are discussed in other reports.

Several other programs were used in the development of the gravity model -
but in general these are concerned Qith the preparation of data or have been
superseded by these two programs. Listings of the three programs are attached
to this report; it shou1d be noted that these are listings for specific rums
of the modelland minor changes in programs (as noted below) must be made for
estimation and projéction for different activities and/or different versions
of the model which may be used. Data formats for the various input cards are

reproduced in appendix 4 to this report.

2. The Estimation Program
The estimation program uses various input data regarding region character-

istics, attractions, distances, and participation to estimate, by least squares




on logarithms, coefficients for a regression relating participation to
various of these characteristiés. Basically, the first part of the program
develops a ''variable pool" from which are selected, by a selection control
card, the variables té be used in:; particﬁiar regresgion. A "stepdown' or
Gbackward selection'" procedure is used to delete independent variables until
all remaining coefficients are statistically significént at some predétermined
level. One "run" of fhe program is required for each activity but a number
of alternate models can be obtained in one "run" of the program. Regression
parameter estimates are printed as well as punched, with the punched cards

| being directly usable for the projections program. It should be noted,
however, that these punchéd cards haveﬁno model identification and must be
kept in the appropriate order.

There are a considerable number of comments cards throughout the program
which should be helpful in case the program aborts. Also there are checks‘
to see that most data cards are in the appropriate order and the program
aborts with an error message if this happens.

The required input for the estimation program is as follows:

(1) The '"Master Distance Deck'" containing initial estimates of distances

among all 37 regions.

The "POP" deck containing the population and income characteristics

of the 37, regions. Only four of the variables of this card are
normally read by the program; these are (1) total region population,
(2) percént of population living in cities of 10,000 population or
greater, (3) the percapita buying power, (4) population density.

The "AT" deck containing, for each region, the various attractionm

variables as given on page 6 of the repoft describing the gravity




model. Fifty spaces are available in the array for attractions
allowing for the generation of special attractién variables. Some
of these variables are generéted within the program.
The "DD'" deck, containing distance decay factérs which are used
to generate availabilities. Provisions are made for reading
these factors even though they were noﬁ used in the latest version
of the gravity model.
The next two cards are control cards for the fifsf selection of
variables and performing the regression; necessary information
and formats are given after line 90 on the attached listing.
Selection indiceé refer to numbers (indices) of the particular
desired variables from the variable pool; the idgntification of
variables is given in a set of comments statements after line 165
on the attéched listing, "IT" is the value of‘thev"t" statistic,
which if exceeded for all coefficients, stops the variable selection
process.
At this point follows the arigin/destinaﬁion deck for estimated
participation followed by a "end card", a card with the letters
"END" punched in columns 78, 79, and 80.
Finally there may be additional sets of two cards (as in 5, above)
specifying different variable selections and conditions for additional
regression models.

Several modifications need to be made to the program for specific realiza-

tions of the model. These are as follows:

(1) 1If availabilities are to be generated as distance decayed attractions,

statements performing this operation must be inserted after the

comments card indicating "generate availabilities'" (line 122).
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For most activities only rural participation is needed and éhis
is implemented in the version of the program attached. If rural
and urban participation is required, lines 157-159 must be changed
since items ZZ(4), ZZ(5), and ZZ(6) contain urban participation.
Lines 230-239 provide for thé generation of the interaction of
distances with an attraction variable as specified in the final
report. The specific variable to be used must be programmed to be
"AT1" for the origin and "AT2'" for the desfinationqquantity (lines
230 and 231) statement 133.
Finally it should be noted that a large number of executable statements
are given in the program as comments. These are generally optional output

statements which were used in debugging the program and may yet be useful for

~this purpose when other models are tried.

3. The Projections Program - Caécade

.7 The projeqtions program produces a sét of projected origin-destination
t%bles for the gravity model and cascade adjusted gravity estimates as
.described in other reports. A complete set of projections is supplied for
any given set of populationm, attraétion,ﬁstandards, and econometric data.
All ofvﬁﬁééevmust be present oOr the program aborts. Sets of projections
data may be "stacked” so as to brovide a large number of projections in one

run of the program, however, separate runs of the program are required for

each activity. The general nature of inputs to the program is very similar

to that of the estimation program as the ''head end" of the program is based
on the equivalent portion of the estimation program. Description of

equivalent data decks will not be repeated here.




required input for the projections program is as follows:

The '"Master Distance Deck'.

The distance decay coefficients (equivalent to item 4 in the estima-

tiop deck).

A specification of the number of independent variables and title
information, format given after line 60 in the attached listing.

The gravity model coefficient estimates; these are automatically
available as‘punchedvoutput from the estimation program. If
coefficients from other estimation procedures are to be used, they
must be punched in the appropriate format which is described after
line 76 and formﬁt statement 117. It should be noted that three sets
of coefficients are read, one for each of the trip lengths. All three
equations.mpst have the same number of variables, although if a
smaller number of variables are needed, coefficients can Be entered
with zero values. However, the intercept coefficient must always

be the last coefficient.

The data for current populétion,attraction,econometric’estimates and
standards, preceeded by'a card containing 24 characters of desired
identificatiop. These decks are read b§ the REAT and ECRD sub-
routines.

The origin-destination deck for estimated participation foilowed by
an "END" card.

Any number of population, attractionm, econometric estimates and
standards‘decks for desired projection; each must be preceeded by
aAcard cpntaining 24 characters of appropriate identification.

The program will automatically terminate on an end of file.




4. The Projections Program - Ratio

This program is almost identical to the ﬁrevious program except that it

does not use the econometric estimates. Hence for steps 5 and 7 above, sub-
mit only the Population, Attraction, and Standards decks, preceeded by the

identification card.:
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APPENDIX 1

LISTING OF GRAVITY ESTIMATION PROGRAM

k%&Fx  GRAVITY MODPEL ESTIMATION, SEPTEMBER 1971  #F%%ix
-PROGRAM DEVELNPS UP TO 8C VAPTABLES. USING POP,AT,AV,MASTER
DISTANCE AND PARTICIPATICN DECKS.. THEN, USING INFORMATICN FROM A
MUMBER OF VARIABLES (ETC) CARD, FORMAT 10) AND '
A SELECTINN CARD ( FORMAT .351) CARD, :
WITH DEPENDENT VARIABLE LAST, IT RUNS MAXI-MLR WITH STEPDOWN
" TO ESTIMATE GRAVITY COZFFICIENTS '

3
3¢
at

< Jo e e Besie hekshk e nee S ik

COEFFICTENTS ARE PUNCHED TO RE USED WITH THE PROJECTIQNS
AND CASCADE PROGRAM

Ak B Seddeosk Ak ek ol evievie e e e sk sk iR ek e e e e e sk sk ek

IMPLICIT REAL%8 (A-H,0-2)

DIMENSION T(20) , T4(20)

DIMENSION AQ(3) e
"DIMENSION DP(3,37,37), DS (37,37), POP (37,10)s AT(37,50),
2 AV (3,37,50 ), Z(350) , '

1 I0(20),22(6),AVT( 7), DD(10,3)
DIMENSION R(20,21) :
DIMENSION. X(20) s XPAR(20) 4XPX(21,21) 4XPY (20)
DATA  AVT/ 'BCAT ', 'CAMPt 4 tAFSH' y *FESH" , "HUNT 'y " SWIM' , *PICN'/
DATA END/3HEND/ :
DATA AQ/'1DAY*,'2/3D1,'44D /

ALGG (YYY).= DLOG ( YYY)

EXP ( YYY) = DEXP [ YYY)

DEC = DLOG (10C.0D9)

DN 860 K=1,3

DO 860 1=1,37

DO 86C J=1,50

AV { KeI,J ) = 0.0DO

CONTINUE

READ  MASTER DISTANCES

DO 934 I=1,37

READ (5,932) IT, (DS(I4J),J=1,37)

FOPMAT  (12,2X, 19F4.N/ 4%X,18F4.0)

IF (I.NELIT)GN TN 933

GO TO 634
WRITE (64935) 11,1 .

FORMAT  (*DISTANCE CARDS NUT OF ORDER',216)

sTop -

COMTINUE
DN 9045 1 =.1,37

READ (5,9028) 11, (POP(I,J),J=1, 4)

FORMAT (4X, 14, 8X, F8.0, F8e3y F3.Cy 24X, F8.0)

IF (I.NELIT ) GO TO 9134
GN TN 9045 ‘ ;

WRITE (649334) I1,!

OOOOOOOOOOO0




FORMAT (¢ POP CARDS NUT OF NRDFR ',214)
STOP
COMT INUE
DO 9016 1=1,37
DN 9018 K=1,5
JJd=(10%K)~-9
JJJ=1703K .
READ(S,9CI0C)IT I KKy {ATI(T ,JK) ,JK=JJ,JJJ)
FORMAT (134y3X,14,10F7.3)
IF(TT NE.T.O0R.KK.NE.K) GO TN 9011
GO TO 9C15
WRITE (6,9012)1,11,K,KK
FORMAT( * AT CARDS QUT OF ORDER';-@IQJ
STOP ' :
5 CONTIMUE .
X%k POP T4 IS POP DENSITY PUT IN AT 35
AT ( 1,36) = POP ( I,4)
w3 AT 44 1S TOTAL SMALL GAME IMDEX
AT (1,44) 0,
D2 2116 KK=1,6
AT( I444) AT(I4,44) + AT(I, KK+36)
CONT INUE
3 AT 45]1S PROPORTINON ACCES (LEASED
AT (1,45)="AT(1,27) / AT(1,26)
AT 46 IS ALL SWIMMING
AT (I446) = ATUI1,32) + (1%AT{1,433) + 1000.%AT(T1,34) + 10.%AT{1,35
AT47 IS ALL YDS FISHING ‘
AT (I447) = AT(1,22) + AT (1,23) + AT( 1,24)
ek AT(43) -ARE ALL CAMPSITES
AT (I1448) =170.*AT([,18) + AT(I,19) + AT(I,2C)
AT 49 IS ALL PICMIC
AT (1,49)= 100.* AT(I,29) + AT (I,31)
50 IS ALL ROATRAMPS .
AT (1,5C) = AT(1,10) + AT(I,11)
9016 CONTIMUE

o Jods Be Ao o o Jo Gl B oo e Ao S S
e dode e e e e o e ek ke sk e

3, READ DISTANCE DECAY COEFFICIENTS, 7ACTIVITIES AND 3 DAYS TRIP
FReMAT IS 3X,1243F6.3y, THREE COEFFS PER CARD

So sfesle Yoo e e st e de ok ek ke sl
Fogesp Ao e ek s

DO 352 I1=1,8
READ (5,345) I1,(DD(I,J),J=1,3)
345  FORMAT (3X,12,3F6,3)
352 COMTINUE '
3o g Sk ook de e e ek dokok ok
1. READ MO IMD VARTASBLES,ACTIVITY NDO, AND MIN T, 2 DEC ASSUMED
ALSO A '"1' IF MULTIPLE SELECTICNS FROM SAME DATA, '
FORMAT IS 413)
2.READ SFELECTION INDICES, FORMAT I3, MAXIMUM 20. DEPENDENT LAST
s et e sk ek ok ok
1111 CANTINUE ,
' READ (5410,END=1112) NV,IAC,IT,IREP
10 FORMAT  (413) . N
AVX = AVT(IAC)
READ (5,351) (In(I1)yI=1,202)
351 FDPWAT (”CIB)

soal dodie skodk Sk ookl sk sk ek ok
AR SRR A >~

LERD ARRAYS FDR‘REGRESSIOHiANALYSIS

e o Vo sl Yo e Jw‘luJ ‘-b Nl
SRR R R R IR SRR

NCT =
YBAR 0.000

OOOOOO0OO0




YsSQ = 0,0D0
M= NV + 1
I"MX = NV
DN 7 1 = 1,NV
XPY(I) = 0,0D0
T(I) = 0.0DC
DD 7 J = 1,M
XBAR(J) = D.0DN -
XPX(T1,J) = 0.000
CONT INUE :
Al o e oo sk e e sk IR R
IF IREP.EN.N ZERD PARTICIPATION AND READ, IF NOT GO TO REG
IF ( IREP.EQ.1) GO TO 1150
s e ok e el S ook kst shole e se e s ek ek
GENERATE AVAILABILITIES
DO 1971 I=1,37
WRITF (6,936) 1,(POP(I,Jd),
WRITE (64936)1,(AT(I1,J),J=1
DO 1971 K=1,3 : :
. C1971 WRITE (6,936) 1,y (AV {K,I1,J) » J=1,50)
C 936 FORMAT('0',I3/5(1X,10F9.3/1))
c o keleslesk sk
C DO APPRCPRIATE TRANSFORMATIONS
€ ek st skl e e ook d ek - -
DO 920 I= 1,37
DO 921 J=1,59
AT (I,J) = DLNG (AT(I,J)+C.1 )
CONTINUF
DO 922 J= 1,4
POP ( 1,J) = DLOG ( POP(I,J) + 1.000)
CONT INUE
CONT INUE
N 9027 K=1,3
DO 9027 1=1,37
DO SC27 J=1,37
DP  (KyI,Jd) = Qo0
9027 CONTINUE ’

D¢ kS ddeste droleste sl Yok e ok Ao o ke ho do P2 sie o
R ek PR RTINS AR RN RIATA A58

READ  ACTUAL PART AND DIST
RURAL PR URBAN+RURAL SELECTION MUST BE PROGRAMMED
THE DP ARRAY HAS PROVISIGN FOR 142/3,AND 4+ DAY TRIPS
ALL OUT OF STATE PARTICIPATION IS IGNGRED
e ok Rk ek sk doksk kRt SRk ok
9340 READ (5,9040) I4J,(ZZ(K),K=1,6), XD, CHK
111 IF (CHK.EQ.END) GG TO 1150
IF(J.GE.38) GO TN 9340 o
c WRITE(6,9040) 1,0, (Z2(K),K=1,56), XD, CHK
9040 FORMAT(3X214,2X,6F8,0:T64,F8.0,T78,A3)
C =%x% RURAL ONLY .
CDP ( 1,1,J) = 2Z(1)
DP (2,14d) = 72(2)
DP (3,1,J) = 2Z(3)
DS ( T,J) =XD :
GO TO 9340

e o e e ke Jo S S e S ke
R A MR R

R AW
Hed B2 e e Aok el g R qe X
GENERATE VARIABL
VARTIABLES 1-57 ARE ATTRACTIONS
51 — 200 ARE AVAILABILITIES (3SETS)




201 — 210 ARE POP CHA®R
211-2-3 ARE DISTAMCES, MIN=2(,40,67 RESP
214-5-5 ARE PARTICIPATIGH ADJ FOR MIN=5)3 FOR DIST LT 1(O%IAN
217-8-9 ARE ACTUAL PARTICIPATION
227=1-2 ARE PARTICIPATICN — NOT LOG
223 IS TOTAL NON LOG PAPTICIPATION

sl oo ek skoie sl T e sl ot e e B e e o e e e o o Sis
P o (P g (- PP R AR TR < Il SRR NI R

ONONON OO

oot e s ode e e e stk SOl oK ek o ok

1150 COMTINUE
ARX = ACQ(3)
IS = 1D (M) :
I[F (IS.EQe217.NP,TSEQ.214) AQX=AQ(1)
IF (IS.FQ.218.0R.1S.50.215) AQX=AQ(2)
WRITE (63410)AVY,AQX

410 FORMAT (1'1 #%%  DATA LISTING %% 3,204 ,///)
WRITE (5,411)  (T1,IN(I)41=1,M) -

411 FORMAT {30 4%, 130 I3,'(',13,')%5/)//)

DO 94C I=1,37
DO 94C J=1,37

Fadck DISTANCES sokaokscsos
DO 949 IR=1,3
DN [R#20
Y DS (I,J)
IF ZYSLELOMN ) ZY = DMA
LY LY + 15,
7Y Y

o -~

Z ( 210 +IR) = DLOG (77Y)
<% AVAILABILITIES, NOT USED %%

DN 948 10=1,50
70 50%IR 4+ 1N ) = AV ( IR, I,10Q)
& COMTINUE
CONT [NUE
wkds PARTICIPATION %tk
Z (223) = 0.0
77X = D.CD0
DO 947 I[P=1,3
IY = DP (IP,1,J) :
Z (216 + IR ) = DLOG ( ZY + 1.0 )
Z (219+ IR) = 7V
Z (223) = 7 (223) + 1Y
XID = IR*1CO
IF ( ZY.EQe7eP o ANDWZZY oLE.XID)ZY = 50.
Z (213 + IP) = DLOG ( ZY + 1.0D7 )
717X = 11X + IY
947 CONTINUE
whrxx [F SUM NOF ALL ADJUSTED PASTICIPATION IS ZEFD SKIP TO S4n #%x
IF ( ZZX.EQ.C.CD?) GO TN 949 .
DO 950 IR=1,50
Z (IR) = AT (J,1I?)
1250 CONTINUE
DO 951 [IRrR=1,10Q
Z (1R + 200 ) =0°0P ( I, [P)
951 CONTINUF

sk oo dodke Joske ste ke etk e e e e ke do e e o e ool ook Ao e Pr sk ok e
SRATAR T RIS RIRIRIRI RIS AT TSI RINT IR ST QU NI NI ST SR [I R ST X e %

END OF VARTABLE PQOL GEMEFATINN

32 Mo Jo Yz e Pe i Fe e Po 9292 3le Pz sk b Pz e sa st sle el Jdide g
S350 ATRT AT RTSTIRTR AT IRk ok AR ST W ok sk

ANY RECOMRIMATIOMNS MAY REPRNGRAMMED HERE
USE 2(370C - 350) A

Sk Tl Sk o g o Po vk e o e s e ¥ o B sk ke i s e go iz b e S e e dn e e
ISR IR AP TR GR R RARAR S SR AR A £ P adb b 1 A r B R AR P 1 adbr P A IR 13 =P 4

Z 7 IS FATIN OF GROWIMG SEASCN, DESTINATIIN OVER ORIGIN




43
Z (7)) = AT(J, 2) = AT(I,2 )
VARIABLFS FOR DISTANCE INTERACTION,
FV IS ORIGIN, FW IS DPIGIN DIVIDED BY DESTINATION
ATl = AT( 1,46) :
AT2 = AT( J,46)
FV = DEXP (AT1)
FW = DEXP( ATl - AT2)
72(306) Z{211)*FV
2(327) 1(212)%FV
2(328) 7(213)%EV
7(3909) 2(211) * FW
2(310) Z2(212) %= FW
7(311) ,2(213) * Fyl

ook e T-F 34 ..b&‘a,y,u.J,J..u.l,‘a,ao.u\b,!..b
< oK SR e o R A NIRRT RIS

LRSS

MULTIPLE LINEAR REGRESSION

"* L;"JJJ*P’I’I*

SELECT
e g sk ok sk ok ek ol
DN 451 II=1,M
451 X(11)=20ID(1I1)) .
XXX = X(M)
IF {XXX.EQ.0.,NDD) G7 TO 940
DO 47 L=1,M
XBAR (L) = XBAR (L) + X(L)
DN 47 K = 1,MV
XPX(KyL) = XPX(K LY + X({K)Y=X(L)
40 COMTINUE
YsSQ = YSQ + XXX % XXX
NCT 1 + NCT

50) GO T0O 42
NCTQ (X(K)7K=l'\",
41 FORMAT 14,0 /4! ', 1C0F8e44))
42 CONTINUE
940 CONTINUE
Y3AR = XBAR (M)

‘r**w.b.l .u«:-»**d e sk e ek

START REGRESSION CALCULATIONS HERE

.LJ.»JJ*J—JJ.L-».A.JJ
SAAIER R FARIAT AN

’\lV

1,
1,
X Pp

Y(Iy”) - XBAR(I)*=XBAR{J)/2ZN
XPX{I,d) = XPX(1,J) - XPBAR(I)*XBAR(J)/IN
CONT INUE

WRITE(6,67)

FOPMAT(*1%,1CX, *XPX MATRIX & XPY?!)

DN 7C 1 = 1,NV

WRITE(6,65) (XPX(I4J)9d=1,M)

CONT INUE ‘

CﬂRRELATIONS
SST YSO - YBAP*YBFQ/7N
XPX (MytM) = SST
WoITE (6,61C)
FORMAT ('C CNRRELATIONS hidskwdkdar V)
DD 61 I1=1,NV
XDG = XPX (I,1)
DD 62 J=1,4M




R (Iyd ) = XPX (1,J) / DSART ( XDGEXPX(J,d))
CONT INUE

WRITE (6455) (ROT,K),K=1,%)
CONTIMUE

CALL INVERT{XPY, MV ,4,NET)

po 66 I=1,M

X3AR (1) = XBAR (I) / IN
CONTINUF

YBAR = XBAR(M)

WRITE(6,68) '
€IRMAT  (////7Y V,10%,t DETERMINANT OF XPX, MEANS OF X S AND Y'/)
WRITE(6,65) DET, (XBAR(J),J=1,H)
WRITE(6,67)

FARMAT (' 21, 10X, "XPX INVERSF!')
DY 75 1 = 1,NV

WP ITE(6,65) (XPX(1,J),J=1,MV)
CONTINUFE

FARMAT (/ (5X, 28G14.7) )

§58 = 9.N00

BSUM = ©,73NG

DO 97 1 = 1,NV

BSUM = RSUM + XOX(I,4)%XRAR ()
SSR = SSR + XPX(T1,4)YxXPY(I)
CONT IMNUF

R = YBAR - BSUM

SSE = SST - Sse

DETOT NCT = 1

DFREG [4X

DFERR DFTNT — NFREG

REGMS SSR/DFREG

ERPMS SSE/DFFOR

FTST = PEGVYS/ERRMS

SU st e sle Jo ke P2 P do Jo do o s Ao S Jo ob
3R RN NI NI R RIS SR RTAICR Y

ALCULATE T STATISTICS FOR COEFFICIENTS
CUTPUT STARTS HERE

3 ode Bo Jo o Jo Jo Mo Voals o Do Py o S .
Sosk st e oot gt 3 ¥ siesic o de ot ek sk 2

WRITE (6,176) AVX,ADX ,ID(™)
106 FORMAT ('l ACTIVITY = ',A4,', ',A4,' TRIPS'//
1 16X,* DEPENGEMT VARIARLE IS ',14,///7)
WRITE(6,175) MV,NMCT
105 FORMAT(!' ', 10X, "MULTIPLE LIMEAR REGRESSION '/
116X, 12, VARTARLES',2X, 13, OBSERVATIONS'////
210X, YANALYSTS OF VARTANCE'//)
N1 DFTQT
N2 DF ERR
NA = IMX. o '
WRITE(6,117) M1,SST,MA,SSR,PEGMS,FTST,N2,SSE,ERPMS
FORMAT (! SOURCE ' y10X, 'DOF', 17X, 7SS ,16X,'MS?,16X,'F'//
1Y TOTAL'912X413,5X,613.7/ ,
20 REG.'y13%,13,6%X,G13.7,6%X,613.7,6X,613.7/
3¢ ERROR ', 12X, 13,6X4G13.746X,G13.7////)
P2 = SS2/SST
W2ITE  (6,112) ©°2
112 FQR™MAT  (////% R- SQUARE = ', Fb6.4///)
DY 170G T = 1,MVY
TCI) = XPX(T,M)/DSORT(XPX (I ,1)%FR2MS)
1722 COMTIMHE '
WOITE(6,115)
115 FNRYAT (33X, 'COEFFICIENTSY 10X, ' T-STATISTICS/)
WRITE (64116) AVX,A0X, BOy (AVX,AQX, 1, ID(1) s XPX{I 4M),T(1),

&
k3

C

Pog
b




1 I=1,NV) :
116 FORMATI( Y ',2X, 2A4 114X,F16.7/
117 FORMAT ( 313, F12.6 )
DN 129 I=1,NV .
120 WRITE ( 7,117) [AGC, I, ID(I)y XPX(I,M)
WRITE ( 7,117) IAC, M, ID(M), BC
IF({ IMY,LE.1) GO TO 1111
MX = IMX - 1
IX g
TMIN [T=IT
THIN TMIN/12002,00D
D0
TI :
IF TI.EQ.0.2D0N) GO TO 2300 .
IF TI.GE,THIN )} GO TO 3C0
IX 1
TMIN = TI
CONTINUE
WRITE (64118) 1X, TMIN .
FORMAT ('D DELETE VARIABLE ',16, ! T-SQUARE = ', F1C.5 )
IF (IX.EQ.0) GO TN 1111
DO 310 I=1,M
TM(I) = XPX (IX,1)
COMNTINUE '
DO 320 I=1,NV
DO 32 J=1,M .
XPX (I,4) = XPXUI,J) - TM(IVXTM{J)/TMIIX)
DY 325 I=1,4V ‘
XPX{ I,IX) = Q.CN%
XPX(IX,1) = 0,000
COMT IMUE
XPX (IX,IX) = 1.000
XPX (IX,M) = 0,000
IMY = NV - IMX
WRITE (6,4330) IMY
FORMAT ( *1','STFPDCOWN, STEP NOLty14y//77)
GO T 681
STOP
END )
SUSRAUT INE INVERT(X4NyM,D)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION X(21,21)
DATA ZEROQ/0.ODC/
- DATA INE/1.0D00Q/
D = ONE
DN 3 L = 1,N
P = X(LyL)
D = D*P
X{L,yL)
po 1 J
X(LyJ) = X(LyJ)/P
DD 3 1 14N
IF(I.EQ.L) GO TO 3
p = X(I,L) .
X{I,L)} = ZERD
_00 2 J = 1,M
X(T,Jd) = X{(I,J) - P=X(LyJ)
CONTINUE
RETURN

END

ONE
14 M

wou-non
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APPENDIX 2

LISTING OF CASCADE PROGRAM

/7S n

(3 dcsleslesy aste e CASC ANE AN ffFens
X ok NATA Dﬁ;sff;rifg*lﬂ\'

R ATAVITY stk DROJOCTIAN AND DRESEMTAT[NN s

iR

MASTER DISTANCES

DISTANTZ PECAy COEFF FA AVALILAQTLITIFES

MO THREDEMAENT VAT TARLES, ACTIVITY N, A BLANKS, 28 CHAE IDENT
GRAVITY M0DCL COFSTIRIENT SSTIMATES

CUERENT OIP AMD AT PRECENEDN NY 24 CHAD TITLE CARND

FOLLANED BY A SET (OF 197> CAPACITIES CARNS ( STAMDARDS)

CHRREMT DAITICTIPATICY ( N/N TARLES )

FMND CARPD

PRIJECTFN DA AND AT DECKS, PRECENED PY 24 CHARACTER TTITLE carn,

FALLAYIEDN AV ZCANCYEYRTC ESTIMATES ANMD CAPALITIES ( STAMDADNS)
THIS MeyY RS REPEATEN 1Q NFTEM AS NLSIRFD

PRNGRAMY NEYELNPS YP TN 25CYARTARLES YSTING PP, AT,,AV,MASTER
DISTAMOE AT DAPTICIDPATIOY NECKS, THEN, JSTINMG [NENIMAT [N Few
A NIPMERS AR YARTLARLTS CART AND THE CREFCICIFMT NYTOUTS CF THE
ESTIMAYTON DPRIAGNAY, 17 PE9ENOMSG A FEENRACK, PRINT THIS IN N/D
TARLE FOPY, ANJUSTS ( CASCARFES) FOR ECOMOMETYRIC MADREL AMND
PRAVINES MAIKET YACIHYY HSING SIYFEN CAPACITY INERO¥ATICM

No e Yo st o o U st o e Vo e s e ute e O,
R AR e A I R A

DIHENSTINM  TVYeEe By, LEMTH (" 4), F[ &), AVT ( =)
DIMENSTITN  ACT(£,32,239),7Q7(4,33,28),70(4,2%,23), XX(4&)
NIMENSTIT SCALS (&) y ATAS()

REAL*4 L5, LEMTH '

DImERSIAN NDP(3,37,27), NS (37,37), POP (37,10), AT(37,57),
2 X{(2,21), AID(E) X2(3,21) ,
3 WWIL34R7,57) y, 7(3ST),, DX {2,21), 77(A),y AXT( 7), DD(10, 3)
DIMENMSTON 2ST (4,232,32), XX'(4)

CTHMRMSTrM 90D 37, 1¢0), ATVM(27,57), 7M(25%)
DIARMSTAN  £C9T (2,42), S7N (37)

[MTEGED €9

DATA SCALZ/PTHAN (X150t n X1 JVTHS 1/

DATA TYDRE JUVATT 1 V20T VW NCASC!,, VESTY Q1 XCAGY Y/

DATA  LFMTH JUIDAY! 022300 04 1P, vALL Y/

DATA /1‘("'/'9.[)."__"','(_‘-_“\‘!D','ﬁ)—'—SH','FFSH','HU“!T','S‘,!I\",'D[CN'/
CATA  ENN/3HENN/

NDEC = ALYS ( 177,)

NCT = 7

READ  WASTED  PTSTANNES

nm 24 1=1,37 :

PEAD (5,222 11, (DS(I,.0),4=1,37)

FOLZMAT 12,2, 13F4,7/ 4X,1384,0)

[ (T.M5,T1)567 71 232

G TN a24




023 WAAITE (4y7235) 11,1
Q35 FORMAT  ('DISTANMCS CARNS NUT IF ODRDER',214)
STNo : ' :
Q24 CﬂwTIMUE
J— \4' . .
DTAN nrg*Awr» NECAY COEFFICTIENTS, TACTIVITIES AMD 3 NDAYS TRIP
EORMAT 1S zy,yy,apb.:, THREF CNEFFS PER CARD '
PN 352 IT !.
PEAND (5,245) (ﬁ”(I,J\yJ 1,3)
245 FApAAT (?Y 12 «3)
362 CONTIMYE
i e de sl e e e ¥osde e el ek
le REAN MO NN VARTAMLZS,ACTI
TN COLL12 A 28 CHAPASTER ID
FORMAT 19 713,6x.7nq

92 2 ¥z e g sl sl vie 3
B VS SR AR S ISR LE S

1111 COMTINGE
REAN (&y17
17 FNRUAT (21
Moo= MY O+ ]
e ofe v st sl e e e szl e e Yeske ke
RFEAD GRAVITY CNEFFICTFENT FSTIMATES vkt
CTHERFE ARE THREE SFYS NF CGEFFICIENTS
A2 IS 2=aAn-LASY TN PLACF OF THE NDEPENNENT VARTABLE

Vi Moy SIX BLANKS, AND START IN
EN IF[C\TIFV '

MV L,TAC, (AVT(I), I=1,3)
y 6X, RAL4 )

Xno (K, ICC)

TyICC,TAC, TE
CARDS FCR COEFF NUT CF ORNER

363 CONTIMIF
DN 365 T=l,
C WPITE (k,245) AXT(I4 T TX(JyD)y X3(Jy1), J=1,3
366 FNRMAT | F ACT =1 kS 16,F10,4))
365 CONTINUE

o S Yo ke Ne K ke J‘wub\‘!.l.l . e
e Y ke < 38

C READ 1977 PND AND AT DATA
READ (5,1165) AIn
1165 FNRMAT ( 644)

POP,LAT, IPD )
% 32k s o
*% REAN CURRENT ECMT AND STANDARDS
WOITE(A, 117V)Av7,ﬂr0
"CALL ECRD (ECMT,STD)
“NN 3727 X=1,23
N 327 7=1,137
NN 3027 J=1,37
DD (K,T,J) = &,.0
9027 COMTIMIE
DN 25 1=1
nn 25 J=1
NN 25 K=1




C

C

C

ACT (Tady)

EST (T4d,%)
oYl SIVEE

e

Mo so sto sl sbs afo sty s st se st o sle Al
SR NI NI T ek A

A

c4N

111

9042

Po s o
p g4

GF

552

551
AN

EST (I,J,4)= ESE
""1
N

Ty 'DA”T AND  NTST
T = 1,2/, AND 4+ DAYS FLZ RURAL THEN
ATE DAP’I(‘TW"’["'\ IS [G~MTREND :

N
N

Yo Yo st sl 2z ok

b3 <)

READ A
nEAD ST
LL onv o0
READ (5,247 1,;,(77('),K 1,6), XD, CHK
IF (CHK .52, 7MN) GO . 7T 1187
[F(JeREa2) G0N 73 QBA‘ .
FORMAT (X214, 2% ,AF2, 7, TA4,ER, 0, TTR,A3)
WRTTE(A,27a0) .,Iy(7Z(K)..=1,6), XN, CHK
No (1, Iy =77 (1)
Y=L ey '
NP (2y14.) 77(2)
NP (3,T1,.0) 72(3)
L I,J) =¥D

GW TR R4

TTAY J T:

L)
A

5
S

Gs e Ao Ju

MIOATF \wﬂri\EIIIxIFQ

CALL 2avL (Awv, Yy NS, TAT)

nn 1071 I=1.?7

WRTTE (Ay236) [,(P09(T7,0),

WRTTT (46,334 T, (AT (T,4J),0=1

WRTTE (442300, AV(T,d),J=1
EARMAT(T7 1, TR/S5 (1Y, 17F2,3/))

CLLL TEAMS(AT,AV,20D)

DD 1155 T=1,4

F(I) = 1,7

IN = 7

WRITFE (4£,1147) IN

ENTUAT (1 DATA LIST TV Vel ky1/777)
CALL SYT DSy ZyATyPRO LAY G EST ACT XP,IX,N0O,MY LN ,F
nna 587 T=1,4 :

FOI)= ACT(1,3%,3%) / =S~ ([,33,3%)
COMT I =

ARITE (€4,551) ( S(1), I=1,%)

FARMAT (11 ANY  FACT Y /)7 4F12.4)
JUST CHRATNT ESTIMATREC F02 |05 3TAS

no 541 J=1,219

NN BA1T K=1,33

FST (&4,J,%) = 7,70

NI ':)/\, T=1,

ES= FOLY % FST{T,J,K)

EST FST (4,J,4) + ESF

(TyJe%) + S70,)/ 1070 D

y ACT I LONGER HEEPED

(‘!".,IfYP, IQ’ A\/Tv L‘_"“T;"Pv TYDEy SFAL:'

PR AN

[SCyATD)




DN 56 J=1,33
DY 56 K=1,325
ACT WILL CONTAIN CURRENT CASCADED EST, EST WILL HAVE GRAV EST
XET= EST(TJd4K) '
ACT(I4J,X)=XFT ,
COlLl,JdyK). = (XET + 500,) / 1076,
CONTINUE
ITYP = 2
Isc = 1 - : =
caLL  WRIT= ( CD,ITYP, I8, AVT, LENTH, TYPF, SCALR, ISC,AID)
WRITE ( A£,1217) TYPE(2) . B ‘
CAaLL XMEEDS ( AVT, 4R, EST , STD, I°PX , POP)
CURRENT (CA<C : '
CALL C2SD ( ECMTLACT)
DN 371 I=1,4 ‘
pnnN 8§71 J=1,28
NN 571 K=1,31
: CMI,Jy,K)Y = (ACT(I,J,K) + 550,) / 1000,
571 COMNTIMNUE : ‘

[Tyr = 3 : . o -
CALL - WRITE Cr I3, AVT, LENTH, TYPF, SCALE, ISC,AID)

C  kckaddodidobdededov ek ko ‘

C 197~ NMEENS

: I°X = 1

1210 FORMAT ('] T, A4)
WOITE (6,1217) TYOE(3)
CALL XNEEDS ( AVT, ALD, &CT , STCR, IPX , POP)

1170 CONTTINMYE

' nn 1180

EQTH
1187 CONMTINUS
c START DROY=CTIINS
READ (55,1145, EAND=]ND") ALD
[PP =1
CALL PEAD ( OND ATY, [DPD)
CALL AVL (AVA,ATM,DD,NS,TAC )
CALL TRANMS (ATHM,AVY,DTPY)
WRTTE (6,1178) AVT,ATD L o :
1178 FNAMAT('1  FCMT FESTIMATES (1975 AND LATER) AND STANDARDS!' /
1 /720X%X,14404%) : :
CALL E=CRD ( ECMT7,STD)
TN =
WPITE (6,1160) IM
WRITF (6,1135) AID
1185 FORMAT ( ', AAG)
([ Hokosk ok Sok eodokok 2o ke ok
o GRAVITY ESTIVATES
CALL EXT( DS,y7M,ATM,DNDM,AY ,ESTM ACT,,XB3,IX,0DPy NV ,IM
DD 62 J = 1,38
)

~

PN K2 K = 1,38 ,
CNIT oK) = (ESTH(T,J,4) + 500.)1/1000.7

& Yo g2 e e
TR R

TE (€N, 1TYP, I8, AVT, LENTH, TYPF, SCALE, [SC,AID)

- INCPFASFS
= 1'4. °




DT 2 U = 1,33
Ny ¢~ K = 1,3?‘
PCY = AT (T,J,K)
ACX = ECT (1,J,4) , . o

CTF A LT len ) ACY = —FESTM(1,J.K) +

92 Ty 03K) = ((FSTH(I,J,%) / ACX) #1600 )

ITYe = &
Isf = 2
caL

s'rsle e S sle st e ok

NEENS BN
I?Y = ]
dRITF (5,1217)
CALL XMEENS |
CALL £ASD |
N RSN [=1,4
N 85" J=1,38
NN 357 K=1,33
Cn(lvaK) =

830 CONTNYE
[TY? = 7
Is6 = 1
CALL WRTTE (
NN 37 [=7,4
nn 87 J=1,35
PN 87 K=1,133
YCN = FSTM (T,4,K)
ACX = ACT(I4d,K)
[F (ACY LTele™) ACX = =XCD +
CY (T,Jd,%) = (XFD/ACX)=1IAD,
CONTINE
TTVD = 5
I1sC = 2
S CALL WRITE
C kel
C MEEDS .
C *%% [PX=2 INFNTIFI=S CASCANEN PROJSCTIONS AND NFEDS,
I1PX = 2
WRTTE "(A,1217) TYPE(2)
CaLL XNEEDS ( AVT, AID, ESTHM, STO, 10X , PODM)
GO ~n 117”7 '
STQpP
END . ‘
SURARMYTIME 2EAD (20P,AT, (PP )
DIMENSTON DRD(37,15) , AT(27,57)
N 6745 [ = 1,327 :
READ (5,9323) TT,
FORvaT (4X, 14, 8YX,
TF (T MELTT ) G 7O
GN TN or4s
WRITE (A4,9324) T1,1 -
FA4A™ (' 20D CASNS CUT QOF NRDER 1,2[¢4)
STNo :
CANTINE
pIalCTR PR
NN are =1,
JJ=(11¢) =9
JJJ=1"1y¢ . :
REAN(S, Q0L ) [ T,K%, (AT(T1,JK),J%=Jd,JJJ)
FORMAT (13,2%X,14,17F7.3) '

C
C ARAVITY HMODE UMADJUSTED, [RX=1 IN

TYRPE(2)
AVT, ALD,
ECHT, ST )

£STM, STD, TPX , POPM)

(FSTH (LaJ,%) + 500, )/ 1000,

Cn,ITYP, IR, AVT, LENTH, TYPE,

37

100

(an(IyJ)vJ=l|
quhy cRe3,
Q134

4)

FR.Oy 24X, FR.D)

WRTTE ( CO,ITYP, 12, AVT, LENTH, TYPE, SCALE,

coe 2

SCALE,

( CO41TY2, 13, AYT, LENTH, TV2E, SCALE,

ISC,AID)

IN CARDS

ISC,2ID)

ISC,AID)

CrL 2 IN CAPDS




IF(ITONE G ToNRKKMNELK) GN T 9r]]
GO TN ¢ 15
WRITE (6,9°012) 1,17 ,K,KK ,
FARMAT( * AT £A2DS T oF CRDER' 4474)
STOP
LCONTINUE : :
POP 14 IS POP DENSITY PYUT [N AT 35
AT ( 1,26) = PNP ( [,4) ‘
SCALF ADJUST FOR PROJECTIAN AT
IF [ IPF ) 9110,97216,011F
911% AT (1,15) AT (1,15) 7/ 10
AT (1,15) AT (T416) / 19C
AT (1417) AT (1,17) / 10
S Q0 Ehdcdolodlokkookoksokk
9216 CNNTINIE
C ks ottt s , ,
C #%% AT 44 1S TNTAL SHALL GAME [NDEX
AT (1,44) = n, -
DD 911€ KK=1,56"
AT( [,64) AT (T444) + AT(I, KK+36)
CONTINUE ' _
cT 451S PRNPNRPTIGN ACRES LEASED
T (1,45)= AT(1,27) / AT(1,2¢)
AT 46 IS ALL SWIMMING S :
AT (Ty4€) = AT(1432) + J1%AT(1,32) + 1CR0.¥AT(1,34) + 104%AT(I,?
AT47 1S ALL YDS FISHING _ .
AT (T4¢7) = AT(1422) + AT (1,22) + AT( 1,24)
kgwk AT(AF) ARE ALL CAMPSITES
AT (1,43) =170 *AT(1,18) + AT(1,19) + AT(J],2
¥k%% AT 49 1S ALL PICMIC
AT (1,4G)= 100 .% AT(1,29) + AT (1,31)
AT S50 IS ALL 3NATPAMPS ’
AT(T,57) = AT(1,17) + AT(I,11)
9016 COANTINUE
' RETURN
END.
SURAAUTINE Ayl (AV,AT,00,NS, 1AC)
DIMENSION AV(3,27,5%), AT(37,50), DD{1N,3), DS(37,27)
AV = SUM (AT)  (DS%%DD) »
3R 32 e g e dkoske doskoofe ol el e e ook el e et
DO 36" K=1,2
N 84r  [=1,37
N 8&( J=1,50
BV ([ K,1,J) = D.C
CONTIMUE
DN 97225 I=
DN 9025  J=
DIS = RS(I,J)
DN 3025 TAD=1,2
DMN = 20.*1AD
IF (DIS.LF.D¥N) DIS=D¥N
DIX = DTS
***ﬂf* <Xk e ' T
SPECIFY HERE QMLY THNSFE AV NESDED (1J RANGE)
NN 3C25 TJ=1,87

1,37
1,37

ﬁnnnnnnnonnnn‘onnonnnn

AV ( 12D,I,14. : [AN, T, 1J ) + AT (J,1J )%
1 (DIX *x (DN(TAC,] ) ) .
CQ!’)?‘: CONTINUE




Xe e 3t

c
c
c
C
C
c
C
d
c
C.
C
c
c
c
C
c
c
c
C
c
c
c
c

FETI RN
Fan
SUBRPONTINE TR2ANS (AT, AV,P0D) .
CIMANSTON AT (37,50), 4Y(3,27,5C), OOAP(37,17)
A e sl s e ek
D0 APPRNPR [ATE TRANSFARMATI(MS
220 1= 1,37
221 J=1,5(0
ALGG (AT(T,J)+7,1)
J)eF0.0 ) 50 Th 921

nn a2 ;

XY, ALDGIAY (Y, T,0) + €41 )

CONT IVUE

CANT TN S .

P1 922 g= 1,4

qu (IyJ) = ALnn (’DjD(I,\J) +l.(§

COMTINF

CONTIMUF

PETR N

Fn

SHAROQUTING ZXTIDS,Z,AT, 0P, LY ,FST, 0T, XR, IX, NP,

DS= NISTAMCES
Z = VAR o7
AT = “TDrt‘.’Iﬁ\lg
PAP IS PARULATINN APTAY
AV TS AVATLLARILITIRS == (YRRENTLY NOT gSEN
FST IS ARPAY €02 NEVELAD[MG ARAVITY EST
ACT IS ARPPAY FDOD ACTIJAL - PART
X3 IS AARRAY £ GLAVITY COESFICIENTS
TX IS ARRAY OF IMAEXING COFFFICIENTS
D2 TS APRLAV NC ACTUAL PAPTICTIPATINY
MV OIS NT VARS TM O GRRAVITY MODEL
IN =0 CHRFEMT, =1 ALL OTHER ©UMQ
FOTSARREY TF NG RIAS CNRPELTINMS
GENGRATE VARTARLFE 20NIL
VARTARLES 1-5" arF AT‘J'FTI rS
51 = 2°C ARE AVAILFBILITIE§ (3SETS)
201 = 217 ARE PO (CHAD
211=2-3 ARE NISTAMCES, MTn=27,40,6r RSP + 15
21
217 —R G ARE ACTUAL PARTICIPATINM
220=1=2 AZE DPARTICIPATINA — NAT LNG
223 1S TATAL MOM NG PARTICIPATION

P R N TR T TR PR N T o Wl e Gl Wl s do o Jo
sk sk o' Sese e sie Zr e v sk e e s sk sl sle sle e e Y o sk ok

DIMEMSIPMOS(37,37),7(1352)
1 X{(3,21), EST(4,38,38) ,*
DIMENSTIONMN XR{3,21), IX(2

DEXP(WW) = EXD(WW)

Moo= NY O+ ] )

NCT = r
NN Q4D
DM Q4-°
7 (227
Nno 940
NN =[R2

A NS (1,J)

Ie IYJLE,DUN ) 7Y =
77Y = 7Y

ATO3T,57), PGP(37,10),
(4,33,38)

!
[
1210y D2(3,27,37),XX(4) ,

~—

Al -t

"o

WD e

- o <«

N 2NN
~

c—
1"
y—

1
4— ARE PABTICIPATION AN FOR MIN=50 FOR DIST

L

Fl4)

y IN, F)

AV(?,3715")1




7 0 210 +12) = ALNG (7ZY)
IY = NP (12,1,J)
TF ( TNED.1) GO TN 949
7 (216 + IR ) = ALNG ( ZY + 1.0 )
7 (217+ 10) = 7Y
Z (223) = 7 (223) + 7Y
XID = [ox10n -
TR 0 ZYeFNeBem o ANDGZZY  JLFJXIN)ZY = 5C.
7 (213 + 1) = ALONG ( ZY + 1.7 )
N0 942 12=1,5"
7 ( SC*IR 4+ I ) = AV (. 1P, I,10Q)
COMT 1AuYE :
CONTINYE
DN Q50 -1R=1,5%
7 (IR) = AT (J,IR)
CoMTINUS

[R=1,10

2Y2 ) = PP (I, IR) .

S s: ~:‘:.f:-.‘:‘~"“‘<~">(“:"t

V*QI\%LE PONL FE“FDA 10N

, S e sk e sk 2o g o 3k vk e e
RECAAIINATIONS MAY QEDQOGRA%MEH HERE

USE. Z(327 - 250 ' :

XPO =  EYD( PRP([,1)) /7 17¢7,

77 IS RATION OF GROYWING SFASON
707) = AT(Jy2) = AT(],2)
® & LEASFD HiIMTIMG ACRFS

ATL = AT ( 1,27)

AT2 = PT(J,27)

FV = DEX® ( AT1) i

FW = NEXP( AT1 - AT2 )

Z(3De) = Z(211)%xFV

2(3.)7) 7(212)=FV

72(273) 7(213) *FV

7 (32%) 7 (211) =

7 (217) 7 (212) 3%

Z (311) 7 (213) =

3 e e gesiesie sk 2e &k ks

SELECT

***J‘J e 2 sje Aol e e e

NG 452 K=1,3
DO 452 T1l=1,NV
X (KyII) = Z ( IX(K,TT))
452 COMNTINLIE
 NCT =1 + NCT

OB o o bs
e 2 Qe e vie e e sfe st

0 non

L,Ja

IF (NMCTe3F. 13) GN TQO 42

WRITE  (5,41) NMCT, ( X(1,K), K=1,NV)
41 FORUMAT (' VT4, ( /4 1,1CF3.4))
42 CONTTMUES

IF (IMeFD.1)

DO 205 I1 = 1,4

XA = 7Z.(219 + 171)

IE { XA8,52,0,0) GN T9 225

ACT (I1ly14J) = X A

ACT (I1,33,J ) ACT (T1,29, J) + XA

ACT (IT,1,32 ) ACT (11, 1,38) '+ XA

ACT (11,38,33) ACT (11,38,38) + XA

205 CONTIMIE '

nou u




206 CONT[MF

B D S D D Y R S M D PN DR VR P S
She ol iz oot v ne ol e e <t e e ot

SR KK

OB
bOERINT

C
C
C

ns A9 K=1,3

XX(K) =X2 ( #«,")

N0 43 1A = 1,4V

XX (K ) = XX ( K ) + XB ( Ky[A ) % X (K,I)

C(’]‘\!TT*‘“!C_ .

Y = ([ .5XP ( XX(X))) * F(K)

EST ( KyI,d) Y

FST (¥,T1,23) ST (Kyely32) + Y

FST (K4323,4) ST (Ky2R,0) + Y

EST (K43%,3R%) ST (Ky32,38)+Y

EST  (4,1,4) EST b, 1,4,J) +Y

EST  (4,23,J)= FST {(4,32,4)+ VY

EST  (4,01,32)= FST  (4,7,32)+ Y

EST (4,33,32)=2S7 (4433,33)+Y

CONTTIMLE

COMT ML=

RETHIR™N

MO

SHAS T TINE WPTTE  (CD, [TYP, TAZACT,,LENTH,TYPE,SCALE,ISC LAID)
INTEGER €0 , - |
DIMENSINN €D (£,23,3R8),7YPE(5),LENMTHIL),ACT ( 8) ,SCALE(&4),A10(

nn 30 I=1,4
WRITE  (4,270)  (ACT(ID), I0=1,2) ,( AID(IN),I0=1,4)
270 FNRMAT (Y1 GRAVITY ¥INrL .y ACTIVITY IS ',884,
1 ' SSTIMATE FN2 1,544)
WRITE (A,201) LENTH(T),,TYPE(ITYP),SCALF(TSA )
201 FORMAT( Y ARIASIN/DPEISTINATION' ,4X, ' TRIDS=1, A4, ¢
HOTARLE CONTATNS VAL, 1Y, ALY
WRITE(¢,2721)
27021 FORMAT(GOY, tNESTINATTON)
WRITE(A,202)(Td,10=1,2%)
FORMAT (/Y NRISGINT, 2415,/ )
DN 290 J=1,27 '
WRITE (A,203)  J, (0D (T,d,%),X=1424 )
FO2YAT (23X, 12,2%,2415)
FOIPMAT( /Y TATAL ',2415)
CONTIMYE .
WRITE (F472721) (0N (1,33,K),K=1,24) ‘
WRITFE  (6,250)  (ACT(IN), 10=1,8) L( AID(IN),IN=1,4)
WETTE (6,271 LENTH(T),TYPE(ITYP),SCALE(ISC )
WRITE(A,2721)
WRITE(F,3276)(1Jd,1J=25,27)
FARMAT (/0 PRIGIM ', 12I5,4X,'TNTAL /)
NN 237 J=1,37 '
WRITE (4,237)J,( €D (T4J,% ),¥=25,22)
FEORMAT(23X,12,2Y,1315,17,4%X,12)
CONT [MUF
CHRITE (A,273) ( €D (1,37,K),X=25,28)
FORMAT( /v TOTAL v L1318, 17///77) .
COsTTMgE
RETI|R*
END ,
SHARNIT[ME YNIENS [ AVT, AID, EST, STD, 19X ,PQP)
NTHENSINY PAP (27,19)
DIMENSTION AYT(R), AIN. (A), FST(4,20,23), STD(27)

N




WRTTE (A,71) AVT,AID
71 FORMAT (17 NEEDS 'y RA4,1 .1 ,6A4 )
WRITE (6,72) ' : :
T2 FORMAT (1 REGTON PRNJ  CAPACITY . DIFF RATIO
1INRIGIN 7T DCAP °onP Y, // )
STT = 0,
DN 7° 1,° .
XNRIG < 4y1438) / 1000,
€XS , (4430,1) / 1900,
X0D EXP ( PAD(I,1)) / 10(0,
XPC, XAPTG / XpPO
STC STD (1) / 1000,
STT STT + STC -
XNT ANT + STC
VAC EXS - STC
PVAC = STC / E¥S ~ :
WRITE (6473) 1, EXS, STCy VAC, RVAC, XNRTIG,XPC,XPP
T3 FORMAT (v 1,18, 3FLIN.0, FINJ3, F15,2 4 2( 2X, FI1C.5) )
STATEMENTS FOR PUNCHING CARDS _
WRITE (7,75) . 1PX, AV¥(1l), AVT(2), AID(1l), AID(2), 1, EXS, STC,
1 YAGC, PVAC, XNRIG ,
75 FCRMAT (12, 4A&, T4, 3IF1N,0, F1G,3, F10.0)
70 CONTIMUE
EXS = FST  (4,29,38) / 1070,
VAC = EXS — STT
"RVAC = STT / EXS
WRITE (4£474) FX< ,STT,VAC,RVAC
FOPYAT (' TOTAL Y, 2F10.0, F12.3)
PETILIRN
END
SHRRAYTINE £CRD (ECHT; STN)
DIMENS NN =r47( 2442)y STD(37)
RATA DSY/'S'/ , PLY/'LY/
e o st g s i e s sk ok ek

QEAN SCONNMETRIC MONZIL PROYFCTIOMS

Y Se do sts Mo se o Yo de o oo e W -
WARTHT R oI R R ar e

[ L [ [ TR ]

i
3
3
i
¢
%

3¢ sl e

OO0
[w)
3
~

— —
= 2.

IF e23) TM=39 ,
) RF AT 7]_"‘1) AX, Aan AY,AZ,ICD, (ECMT(I’J)' J'—'IN.vI”)
C #¥%% AX=ACT, ADD=SHNRT,LONG, AY=YEAR, AZ= HIGH,MED,L0W ik
1181 FORMAT (A4, Al 1%, A%, 1X,A4,4X, T1, 6F10.9 )
TF( DSYeENANDANDL,INN,ENQ.T ) GO TO 57
G2 Ta 117¢ : '
57 CONTINUE
NO 5% 1=1,7
IN = 5%(I-1) + 1
| 6*(1-1) + &
IF [ IMeBGZ.3%) TM=33
READ (5,11891) AX,. ADD, AY,AZ,I {
CIF( DLYeEQ.ADDLANMDLIND.FA,T ) GN
60 TO 1175 '
53 CONTIMUE
nn s8¢ 1=1,2
WRTITE (6,1192) AXeAY A7, ( FCHMT( T440, J=1,3R8 )
1132 EORRMAT(IC 0V, 304,/, (RF12,7))
59 CONTTINUF
€ 3 vk 2o skl sk v ot e sk sl e e s

o REAND STANDARDS - PROJEAT[NMS

I~ it 0 n

b))y J=TN,IM)

FCM
70

T (2
58




READ (%,1192) AV, YT, STD
FOQMAT (A4, T4, 22X, TR3,7 / ( 10X, 7F8.7 })
WRTTE (L 441134) AYL,I1YT,S$7ND
FNRMAT (Vv A4, 18, TFL2.2/ ( 10X, 7F12.7))
PETYRN . : .
THRTTE (64,1172 AX ,NSYLAND,L,TCD, 1
FORWAT (v ECMY CyYT 0OF NRDER V1,304,214 )
sTne ’ Lo '
S EAND SR
SURRMUTINEG CASD ( FOMT, ESTY)
DIMENSIOY FCHM™ (24,42), ESTNM({ 4,38,38)
rASCANE PROCEZNNPE
ONE DAY TS ADJNSTED Y RATIN NF ECONNMFETRIC MDOEL AMD
GRAVITY “NDEL FSTIMATES F/R 273 AMD 4+ DAY TRIPD, THE LATTER
ARE AMJUSTED Ay RATINAS NF ORIGIN FSTIMATES OF THFE Tw(Q MONDELS
DHNE DAY ADJHSTHEMT
RATID = ( FCUMT(1,38) + ECYT (2,38)) /7 (FSTM(2,32,3)
1 STy (2,39,317) )
C WATTE (A,1127) 2A7TND
CL198 FAR®AT (! 1L,F12.5)
D 8a J=1,348
NN 39 K=1,31%
FS7T (14J,K) RATIN 2 =67TM (1,J,4K)
. ESTH (4, 0.K) TSTM (1,J,K)
99 CANTIME ' '
C shdeddede dodesia ek
C CASMANE 72/3 AMD 4+ DAY
"N 32 1=2,73
12 =1 -1
NN 58 K=1,3¢
ESTM (1,727,4)=0",10
NN R} J=1,37
FAr, = F(C“7™ (I?'J) / EQ*"’ (IvJvBR)
EXS = FAC % ESTM (I,4,K)

‘oo de

R R Y]
SRR NI L e R

EST* ( T4J,X) = FXS

FST™ (&yJ,%) = ESTM{4,J,¥%) + FXS
FSTY ( T,3%,K) = ST (7,32,K) + FXS
FSTV (4,23,K) = EST'(4,38,X ) + EXS.
CONTINUE ' :
RETURAN

END

CORE 1JSASE nRJECT CNDZ= 4460 AYTES,ARRAY APEA= 0 RYTES,TOTAL A®
DIAGNNSTICS | NYHNAZR 0f SpRNAS= 3, NUMBER OF WARNINGS= ry N

CCMOTILE TIME= NG NA SECLEXFCUTION TIME= 3,88 SEC, TAMU/WATFIV - VER ]




APPENDIX 3

PROGRAM FOR GRAVITY PROJECTION WITH RATIO CALIBRATION

kx GRAVITY  #skksx PROJECTION AMD PRESENTATION ks
RATIN ADJUSTHEMTS -
skt AND NEEDS
#% %% DATA PRESTENTATION
MASTER OISTANCES , :
DISTANCE DECAY COEFF FOR AVAILABILITIES
_MO. INDEPENDENT VARIARLES, ACTIVITY MO, 6 BLANKS, 28 CGHAR IDENT.
GRAVITY MODEL CCSFFICIENMT ESTIMATES
CURRENT PCP AND AT P2ECEDED BY 24 CHAR TITLE CARD .
FOLLAWED BY & SET OF 1977 CAPACITIES CARDS ( STANDARDS)
CURRENT PARTICIPATION ( 0/D TABLES )
END CARD
PRNJECTED POP. AND AT DECKS, PRECEDED BY 24 CHARACTER TITLE CARD,
FOLLOWED BY STAMDAZDS
THIS MAY 3E REPEATED AS NOFTEN AS DESIRED

N0 DN O D W

i

~ PFOGRAM DEVELNPS UP TO 30CVARTABLES USING POP,AT, AV, MASTER
DISTAMCE AND PARTICTPATION DECKS, THEN, USING INFORMATICN FFPCHM
A NUMBER OF VARTABLES CARD AND THE CCEFFICIENT AQUTPUTS AF THE
FSTIMATIOM PROGRAY, [T PERFARMS A FEEDBACK, PRINT THIS IN.O/D
TABLE FORM, ADJUSTS [ CASCANES) FOR ECONGMETRIC MONDEL AN
PROVIDES MARKET VACUUM USING GIVEN CAPACITY INFIRMATION

Foie ok e dook dedaden) e *4..»*4-

DIMENSICN  TYPE [ S5)y LENTH ( 4), F( 4), AVT ( 8)
CIMEMSION ACT(4,43%8,32)4FST(4,33,38),C0(4,38,38),,_XX(4) _
DIMENSION SCALE(4) y BIAS(3)

_REAL*4 L0OG, LEMTH _ 4 .

NIMENSICN DP(3,37,37), DS (37,37), POP (37,10), AT(37,50),
L2 X(3,21), AID(S) 4y XR(3,21) , o o

3 AV(3,37,50) 4, 2(357), IX (3,21), ZZ(6), AXT( 7), DD(10, 3)
DIMENSION FSTM (4,33,38), XXM(4) .

DIMENSIOM POPM( 37,10), ATM(37,50), z~(350)
.DIMENSINN  FCMT (3,33), STD (37)

INTEGER CD
_ DATA SCALE/'THOU', 'X10GT, X100t , tTHS '/

DATA TYPE /'ACT ¢, 'EST ', 'QATI !, v#EST®, '%xRAT'/

NDATA LENTH /'1IDAY!','2-3D",'4=UPT",'ALL '/ U
DATA AXT/'ROAT! ,TCAYPY , VAFSH! , 'FFSH! y "HUNT ', T SWIM! , *PICN'/
_ DATA _ END/3HEND/ ' '
DEC = ALOG ( 170.)
e ooMNCT =20 v
C % READ  MASTFR  DISTANCES
0. 834 I=1,37
READ (5,932) [Ty (DS(L,J)3J=1,37)
932 FNRMAT  (12,2X, 1GF4,0/ 4X,18F4,0)
IF (I.NEL,II)GO TN 933

<ll-

Lo
-C
C.
C
C
C
C.
C
C
C
C
C .
.C
c
c
C
C
C
c
c
o
C




GO 10 934

§32 YRITE (6,935) I1,!1

Q35 FIRMAT  ('DISTANCE CARDS QUT NF CRDER',216)
STOP

Q4 CAOMTIMIIE

~h\'-J JJ\LJ J4\IJ i-l J»~b~‘
738 < 3Rk

3. READ DIQT\NFV DECAY COEFFICIENTS, TACTIVITIES AMD 3 DAYS TRIP
FARMAT IS 2 [2,3F6.3, THREE CNEFFS PER CARD '

T T R T B TR VR VI Pt PR Ut DU DR S PR Y
S 3T R SRSR RTII NI NI RNk Nk

ND 352 [1=1,8
REAN (5,345) T,(00(1,J),J=1,3)
FORMAT (3X,12,3F6,32)
CONT INUE
o3 oo s e o e e e Ak o ok
l. READ NO IND VARTARLES,ACTIVITY MNC., SIX BLANKS, AND START IN
IN COL.13 A 28 CHACACTES [DENTIFICATION =
FORUAT IS 91’%,6\(,?:\4 _ o
1111 canr\uc
QEAD (5,17) MV,TAC, (AVT(I), I=1,8)
17 EORMAT (213, 6X, 8AL )
M= uv + 1 ' B
pEAn GDAV[TY CDEFFIFIﬂMT CSTIMATES ot
THERE ARE THREE SETS NF COESFICIENTS o
IS ®FEAD LAST IM PLACE OF THE DEPENDENT VARIABLE

3¢
3y

C
C
C
C
C

ICC = ,
Sy117) TA,I1,IXT, XB (K,I1CC)
117 F?R“AT ( 313, F12.6 )
IF (TAJNELTAC) 52 TN 2635
IF (I.MELICE)Y GO TO 363
IX ( Ky1) = IXT
G0 1D 368
369 WRITE (64364) [,ICC,IAC,IA
344 FORMAT (¢ CAPRS ENR CNEFF NYT NF QRDSR ',414)
SToP
368 CINTINUE
N1 365 [=1,"
WRITE (&43€64) AXTITAC), I, ( IX(JyI),y XB(J, 1)y J=1,3)
366 FORMAT | ' CREFF, ACT =1',A4,14, [6,F1C.4))
365 CONTINUE
C et oo dede e e oo ek
C RFAD 1670 P00 AND AT DATA
' READ (5,1165) AID
1165 FNRMAT ( 6A4L)

( PRPLAT, PP )

* READ CUDQF T ECMT AND STAMDARDS

WRITE(6,1178)AVT,A 10

CALL ECRD (ECMT,STD)

NN 9G2T7 Kk=1,3

NN en27 1=1,37

on,fr97 J=1,37

DP (KyTyJ) = r .0

"”9027'CONTIHUG
DO 25 I=1,4
DO 25 J=1,38




DO 25 K=1,38

ACT (T,4J.K) N,0
i, BEST (14J4K) C.0
25 CONTINUE

#**J**#ﬂ:****ﬂ4¢*******

READ  ACTUAL PART AND DIST .
READ sxx PART - 1,2/2, AND 4+ DAYS FOR RURAL THEN URBAN
ALL OUT OF STATE PARTICIPATION IS IGNORED

-A-J*.L*LJJJ-J e e sk ode st sle sl i e e e sk
SRR a

934” READ (5, 9?40) Iny(ZZ(K),K=l,6), XDy CHK
111 IF [CHKGENLEND) GO TO. 11590 :
IF(J.GE.38) GO TO 9340 =
L9040 FORMAT(3X 0214 92X4AF 8.0 9TE4F8.0,T78,A3)
c WRITE(6y9240) T4d,(271K),K=146), XDy CHK '
I£2 T 0 1= S AP PRV I IS A A O A
C %% RURAL ONLY : ' “
DP (2,1,4) 27 (2) )
pP (3,1,J) ZZ1(3)
DS (L Iyd) =X
GN TN 9340 . _
D ek detolokosk ok ok 3ol ok deleate e S ook dofolok ok
115n CONT INLIE
C -‘(*WJJJJ-&JJJ-J-LJ*JJV*J;J A
C‘ GENERATE AVAILABILITIFS
L _ CALL AVL (AV,AT,DD,DS,IAC)
C 03 1971 1=1,37
2L MRITE (56,936) I,(PQP(IyJ)y
C WRITE (6,936) 1, (AT{(1,d),Jd=1
WRITE (64936)1,{AVIT,J),J=1
FORMAT('N',13/5(1X,13F9.3/)
CCALL TRANS(AT,AV,POP) .. .
NN 1155 I[=1,4
SECDY = 1.0 0
I = C .
WRITE (6,1160C) IN _ . L
FOFMAT ('Y DATA LISTING NS CXYIZNA
CALL EXT. (DSyZy AT PR AV,EST ACTyXByIX4DPyNV HIN ,F ).
DO 55C I=1,4
‘EiI)FNACI(I,38'38)_/.ESIML[138v38’,gm“¢;m
550 CONT.INUE
o WRITE. (64551) ( F(I)y, I=1y4) S
551 FARMAT ( 0 ADJd O FACT Y ///// 4F12.4)
_..C.._ ADJUST CURRENT FSTIMATES FNR LQG BIAS .
DO 561 J=1,38 )
CO_561 K=1,38 .

nouu

EST (4,J,K) = 0,0
Lposel I=1,3 0
CESF = F(1) ESTI(I,J,K)
CEST (TI,J4K)= ESF e e e e e e
EST(4,J4K) FST {4,J9yK) + ESF
CONTINUE
DO 55 I= 1,4
.02 55 J=1,38 .~
DO 55 K=1,38" .
€D (I4J4K) =(ACT (I,J,K) + 500,17 192CG.0
55 CONTIMUE ,
€ _**LISTING OF CURRENT, ACT NQ LONGER NEEDED .
- ITYP =1 -
Lo ISC =1 e e e TR T B
_CALL.~ WQITﬂ ( CDyITY?, IBy AVTy LENTHs TFYPE, SCALE, ISC,AID)




167 . DN 562 [=1,3
168" DN 542 J=1,37

169 . . ESTX = EST (1,J,38) G

170 IF ( ESTX.LT.1(N.) ESTX = 1CA9,

171 562 ECMT (1,J)-= ACT(I1,J,38) / ESTX

172 DI 56 1=1,4

173 © DN 56 J=1,38

174 DO 56 K=1,38 : ,

175 € *% ACT WILL CONTAIN CURREMT CASCADED EST, EST WILL K HAVE GRAV EST
176 XET= FST(I,J,K)" ’ -
173 COlI4J,K) = (XET + 500,) / 10CO0.

179 56 CONTINMUE
189 ITYP = 2

.18 oo ISC =1 _ O S
182 CALL WRITE ( Cn,ITYP, I8, AVT, LENTH, TYPE, SCALE, ISC,AID)
183 O WRITE { 6,1217) TYPE(2)

184 CALL XMEEDS ( AVT, AID, EST , STD, IPX , POP)
185 C CURRENT CASC - '
186 CALL CASD { FCMT,ACT)

8T D2 571 I=1,4
188 ND 571 J=1,3R
189 D) 571 K=1,38
196 CO(I1,J,K) = (ACT(I,J,K) + 502,) / 102C.

191 571 CONTINUE
192 ITYP = 3

193 CALL WRITE ( CD,I1TYP, IB, AVT, LFNTH, TYPE, SCALE, ISC,AID)
194 C ke koo desle ek sk .

195 C 1572 NEEDS
1956 IPX = 1
107 1218 FNRMAT (11 Y, A4)
198 WRITE (6,1210) TYPE(3)

199  CALL ¥NEEDS ( AVT, AID, ACT , STDs IPX 4, PCP)
200 1170 COMTIMUE _
201 DC 118¢C
202 ‘DO 11890
203 DO 113¢
204 CESTM (I,J

2205 1180 CIANTINUF L
206 C START PROJECTIONS
207 _ READ (5,1165, END=1000) AID
208 Ipp = 1

29 ~ CALL 2FAD ( pOPv,8TY¥, [PP)

c 210 CALL AVL - ( AVM,AT4,ND,NS,IAC )

211 . CALL TRANS (AT™,AV*,P0PM)

212 TTTTTTTMRITE (6,1178) AVT,AIN o
213 1178 FORMAT('l FCMT ESTIMATES (1975 AMD LATER) AND STANDARDS' /

214 1 /20X, 14A4) : '

215 . CALL SCRD ( ECHMT,STN)

STe T e

217 CMRITE (6,11560) IN
218 77 TTWRITE (6,1185) AID
219 1185 EQRMAT (! v, 6A4)

220 0 Hedeshed Aed e e e dek

221 ¢ GRAVITY ESTIMATES ‘

222 7 CALL EXT( NS, Z%3ATM,P0PY,AV ,ESTMyACT,XB,I1X4DPy MV ,IN ,F )

0223 D0 62 1 = 1,4
224 ' Cl 62 J = 1,38
225 D7D 62 K = 1,38 o ,
226 CD(I,d,K) = (ESTM(I,J,K) + 500.)/71000.0

JORTRS
IR




227 ITYP =2
228 ISC =1
229 . CALL WRITE ( CD,ITYP, I8, AVT, LENTH, TYPE, SCALE, ISC,AID)
230 C

231 C PERCENTAGE INCREASES
232 DO 90 T = 1,4
233 oo of, J 1,38
234 D9 90 K 1,38

235 . ... ACX = ACT (I4J,K)
236 ACX = EST (I1,J,K)
237 IF (ACX.LT.1.0 ) ACX = —ESTM(I,J,K) + 0.1
238 0 CDII9JyK) = ((ESTM(I,J,K) / ACX) *190. ) + C.5
239 _ ITYP = &
240 ISC 2 : .

241 ... CALL. WRITE ( CD,ITY2, IB, AVT, LENTH, TYPE, SCALE, ISC+AID)
2472 Sk dd ek dodokl ok " : : -
2473 _ NESDS FOR GRAVITY MODF UMADJUSTED, IPX=1 IN COL 2 IN CARDS
244 IPX = 1 : ' '

245 WRITE (6,1210) TYPF(2) § ) S

246 CALL ¥YMEEDS ( AVT, AID, ESTM, STD, IPX , POPM)

.. 2470 . _CALL CASD (. ECMTy ESTM).._ ... .. . .. L

248 DO 850 I=1,4
249 0N 850 J=1,38

250 DN B85S0 K=1,38 '
_.251. . rD(I,J,K) = (ESTM (1,J,K) + 500. 1)/ 1000.

252 850 CONTIMNUE :

253 o 1TYP_= 3
254 IsC = 1 ‘ .
255  CALL _VwRITE ( CD,ITYP, IB, AVT, LENTH, TYPE, SCALE, ISC,AID)
256 no 87 I=1,4

257 . D0 87 J=1,38
258 . NN 87 K=1,38 ,
259 . XCD = ESTM (145J4K)
_ 260 ' ACX = ACT(14J¢K)
... 261 © IF (ACX.LT.1.0) ACX = =XCD + 2.1
_ 262 CD (I4J,K) = (XCD/ACX)*10Ce + 0.5
.. 263 . B7 CONTINUE N ,

L 264 ITYP = 5

266 CALL W2ITE { CD,ITYP, IB, AVT, LENTH, TYPE, SCALE, ISC,AID)
267 C FEwukeeIck
268 C NEEDS ,
269 _C ¥%x [pX=2 IDENTIFIES CASCADED PROJECTIONS AND NEEDS, COL 2 IN CARDS ’
270 19X = 2 .
271 WRITE (641210) TYPE ) i e
272 . CALL XMEEDS ( AVT, AID, ESTM, STD, IPX , POPM)
273 GO T 1T
274 100C STOP -
275 U END
276 SURROUT INE READ (PQP,AT, [PP )
217 _DIMENSTION PAP(37,10),y AT(37450) i e
278 ND 9045 [ = 1,37 » . ‘
279  READ (5,9928) I, {(°PNP(I,J)4Jd=1, &) ,
280 - 902R] FIRMAT (4X, 14, 8X, F8.C, F8.3, F3.0y 24X, F8.0)
281 IF _(I.ME.TI ) GO TO 9134 .
282 GO TO 9745 ‘ _ :
2839134 WRITE (6,9334) IT1,01 . ... .. ..
284 9334 FNRMAT (' POP CARDS DUT OF ORDER !
- 285 ... SIne. ..
-~ 286 9045 CANTIMUS

Shoals Jo e Foshe ol sl W sl gle dle os Vo ol Ao Jo
eole doe ek sk ok e e el e




287

283
289

200
291
292
293
294
295
296
207
298
299
300
30
3r2
303
304
305
306
317
308
309
310
311

312

313

314
315
316
217
318

319

327
321
322
323
324

325

326
327
329
329
330
331

.33q
334
335
336
337

338

339
340
341
342
343

344

345
346

2 9716 1 = 1
DN 9715 K=1,5
JJ=(10*K)=-9
JJJ=10%K
READ(S5,9C1IC )T T, KKy (AT (I ,JK) yJK=1d,JJJ)
FORMAT (13,3X4314,1"F7.3)
TFITIT NS, TLORJKKWNELK) GO TO 9011
GO T3 9115
WRITE (6,9712)1,11,K,KK
FORMAT( ' AT CARNS 0T OF ORDER! 1414)
STOP
COMTINUE
POP T4 IS PP DENSITY PUT IN AT 36
AT ( 1,36) = POP ( I,4)
~SCALE ADJUST FNR PROJECTINN AT

[F ( IPP ) 9110,92156,9110

9112 AT (1,15) AT (I,15) / 1C
AT (1,16) AT (I4156) / 10N
AT (1,17) AT (1,17) /7 10

P2 e Yo Yo s e Il b S b S ot
SR AR IR A b < A S i )

92146 CONTIMNYE
[ RSk stk dokon
C *%% AT 44 1S TNTAL SHMALL GAMZ INDEX
' AT (1,44) = ©,
DY 9116 KK=156
AT( [,44) AT(T,44) + AT(T, KK+34)

nonon

Ky

9116 CIMTNUE

C #=x% AT 4S5IS PRFOPORTION ACRES LEASED
AT (1,45)= AT(1,27) / AT(1,26)
C %% AT 46 IS ALL SWIMVING

AT (1,46) = AT(1,32) + J1%AT(1,23) + .1C0J.*AT(I,34)
S C ktk AT4T7 IS ALL YDS FISHING '

AT (I1,47) = AT(1,22) + AT (1,23) + AT( [,24)

C A%k AT(48) ASF ALL CA4PSITES

AT (1,48) =10N.%AT(1,18) + AT(1,19) + AT(I,20)
C #%% AT 46 IS ALL PICNIC
AT (1,42)= 1°9.% AT(1,29) + AT (I,31)
C AT 50 [s ALL RNATRAMOS
L AT(I,52) = AT(I,13) + AT(I,11)
90146 cnmr1\u¢
RETURN
END -
SURRIUTINE AVL (AV,AT,D,DS,IAC)

+ 10,%AT(1,3

DIMENSION AV(3,37,50), AT(37,59), NDD(10,3), DS(37,37)

SUM  (AT)  (DS*=LD)

2383 A5 Aol Ao ke e e AN ok

““,A
0 86” K=1,3
onN  86C I1=1,37
D) 367 J=1,57
AV ( KyI4d) = 0,0
260 CONTINUE

C
c

C

C

o

C

C. e
c D2 9n25 1=1,37

C

Cc

C

c

o8

c

o

o

v
D

DN 9725 J=1,37
" DIS = DS(1,J)
D0 9125 [AD=1,3
DN = 20,%1AD
CIF (DIS.LELOYN)
DIX = DIS

P D R T PR
e 3t s e e e ot

NIS=DMN.

SPECIFY HERL ONLY THOSE -AV NEEDED (IJ RANGE)




C
c
=G
C
C.
C

DO 9725 1J=1,59

s‘}\‘d ., . b, bul.
323 g2l qexe sk

99

L= 12 A
AV ( TAD,T41J ) = AV (TAD,I1,1J ) + AT (J,1J )=
1 (DIX #x (DD(TAC,IAD )) ) |
25 CONTINUF
RETUR
FND
SUBROUT INE TRANS (AT,AV,POP) . . . ...
DIMENSION AT(37,50), AV(3,37,50), POP(37,10)

#deode ek
3 k% *w—\ =

NG APPROPRIATE 19AHSF”°%NTIDVS

EX

2 sbe e ook She sz sl sl e e e
<o e e

DO 920 " I= 1,37
D082  J=1 50
AT (1,J) ALOG (AT(I,J)+2.1)
CIF (AV(1,1,J).EN.".2) GO TO 921
DD 925 K=1,3 '
AV (Ky1,J) =
CONT INUE
1 _CGNTINUF
D2 922 J= 1,4
PO (1,J) = ALOG (POP({I,J) +#1.0 )
CONTINUE -
2% CONTINUE
RETURAY

ALCG(AV(K,yI,4J) + 0.1 )

e WEND

!

AT = ATTRACTIONS

SUBROUTINE EXT(DSy7,AT,PG0,AV,EST,ACTy X3, IX, DP, NV 4 IN,F)
DS= DISTANMCES ‘ '
7 = VAR POOL

POP IS POPULATICN ARRAY

AV IS AVAILLARILITIES == CHRRENTLY NOT .USEO. . ... _._.._.. .

EST IS ARRAY -FOR. DEVELOPING GRAVITY EST
ACT IS ARRAY FNR ACTUAL PART, .
XB IS AARRAY FQOR GRAVITY COEEFICIENTS

LLIX IS ARPAY OF TNDEXING COEFFICTIENTS

DP IS ARRAY OF ACTUAL PARTICIPATION

NV IS NO_VARS IM GRRAVITY MADEL ____ .

IN =2 CURREMT, =1 ALL GCTHER RUNS

_F_TISARRAY 0NF LCG -RTAS CORRECTIONS .

GENERATE VARIABLE POOL

_VARTIABLES 1-50C ARE ATTRACTICNS

51 - 200 ARE AVAILABILITIES (3SETS)
201 - 210 ARE POP CHAR __

i

c.
C
c
C

.C
C
c
c
C
c
C
c

. C.
C

..C.
C
C
¢
c..
c

L
C
C

211-2-3 ARE DISTANCES, MIN=20,4C,60 RESP + 15
_ 214-5-5 -ARE PARTICIPATION ADJ FOR MIN=5) FGR DIST LT 1CI*[AD
217-8-9 ARE ACTUAL PARTICIPATION
_ 226-1-2 ARE PARTIGCIPATION - NOT LOG
223, 1S TOTAL NON LOG PARTICIPATIDN

o gede i e etk ek etk *
R *J' J"v*r'r ’t*"' **‘ 1"4-

t
1
i

DIMENSTANDS(37,37),2(350), AT(37,50), POP(37,10), AV(3,37,50),

1 X(3,21), EST(4,38,39) ,ACT(4,33,32) _
DIMENSION XR(3,21), IX(3,210, DP(3,37,37),XX(4) , F(4)

CDEXP(WNW) = EXP(WW) ‘ '
M= NV o+ 1




DN 949 [2=1,73
DHN [R*=2N
A pns  (r,Jdy . .
IF IYLLELOMM ) ZY = DMN
7Y Y + 15, - :
71Y 1A%
Z ( 21C +IR) = ALDG (27Y)
IY = DP (IP,1,J)
IF 0 INGENGY) GO TN S49
Z (216 + IR ) = ALNG ( ZY + 1.0 )
7 (219+ IR) = 1Y ,
7 (223) =7 (223) + 7Y
XID = IR*1(D o o
IF [ ZYWENGNaNGAND L IZY  LLEJXID)ZY =
Z (213 + IR) = ALNG (ZY_ + 1.0 ) .
NO 948 1Q=1,57
7 ( 57%IR + 10 ). = AV ( IR, 1,19)
CONTINUE
COMTIMUE’
DD S5 IP“l 54
7 (1R ) AT (J, IR)
5 FDHTIJUE
DD G851 IR=1,10
Z (IR + 200 ) = POP ( 1, IR)
CPrTI“UF

. sk 2k Y ste sk e v i ok sk sk sl e slc o sl sl i deste Yo e ksl e Je e
SRR RN SRR AT RN RN AT Aok sk hkskfe Fe e

FJU WF VARTABLF oCOL GENERATION

e Joods S, loJJlel-J JJJJJ;JU—J-'JJ—MJ—
EE R CRIAIAIR RICARI SRR

ANY RECOMBINATIONS 1Ay REPROGRAMMED HERE
USE 2(320 - 350)
XPP = EXP( PNP(I,1)) / 1200.
77 1S RATION OF GROWING SEASON
L ZUTY = AT(J,2) = AT(1,2)
% % X SHIMMING
AT1 = AT ( 1,46)
AT2 = AT(J,46)
FY = DEXP ( AT1)
FW = DEXP( ATl - AT2 )

W o~ un

_Z(306) = Z(211)%FV.
Z(327) = 7(212)%FV
Z(303) = 7(213)*%FV

Z (339) 7 (211)
Z (310) Z (212)

Z (311) Z (212)

e o e o o b e do
e sk ko e e o sk e ok

o u

TX(K,TI))
L 452 CONTINUE 0 "
NOT L T NEE
(‘ *-l-‘ J-\O—*JJJ |
IF (NCT.HE. 13) GO TN 42
N WPITF  (6,41) MNCT, ( X{(1,K), K=1,NV)
41 FIRMAT (' 0,04, /4' . *,10F9.4))
_ 42 CONTINUS o _
Ic (IN.EO 1) GO TO 276
DN 205 = 144
XA = Z (219 +11)




467 IF ( XA.FQ.0.0) GO TO 225
468 ACT (II,1,J) = XA
469 L ACT (11,38,J ) ACT
470 ACT (11,1,28 ) ACT
471 ACT (11,38,38) ACT
472 205 CANTINUE
473 206 CONTINUE
474 Foddesek ok ok F kR ek
e 475 .C ... .. _PREDICT
476 :
477 DO 4C© K=1,3
478 XX(K) =X8 ( K,yM)
479 DI 48 TA = 1,MV
480 XX (K ) = XX (K ) + XB ( KyIA ) %= X (KyIA)
..481 . 48 CONTINYE e .
482 Y = ( EXP ( XX(K))) %= F(K) ~ ' -
483 CUEST ( Keled) Y _ '
484 FST (K, 1,38) EST (X,1,38) + Y
485 : FST (X,38,J) EST (K,38,J) + Y
486 EST (X,28,38)= EST (K,38,38)+Y
487 FQT (411)J) EST (411_7\]_)_ +Y
483 - EST (4433,J)= EST  (4,38,J)+ Y
" 489 EST (4,1,38)= EST (4,1,38)+ Y
490 EST  (4438,38)=EST  (4,38,38)+Y
491 49 COMTIMUE
492 940  CANTINUE
...493 . RETURN
494 END
495 SUBROUTINE  WRITE  (CDyITYP,IA,ACT,LENTH,TYPE,SCALE, ISC ,AID)
496 INTEGER CD , ' .
497 DIMEMSION €D (4,28,38),TYPE(5),LENTH(4),ACT ( 8) ,SCALF(4),AIDI
498 € kv : K
- ...499- . DN 300 I=1.4 . o e
500 WRITE  (6,200) (ACT(IN), IQ=1,8) ,( AID(IQ),IQ=1,6)
501 200 FNRMAT ( '1 GRAVITY MODEL y ACTIVITY IS *,8A4,
502 1 ' ESTIMATE 0P ',6A4)
503 . WRITE (6,2C1) . LENTH(T),TYPE(ITYP),SCALE(ISC )
. 504 201 FORMAT(' OFIGIN/DESTINATION',4X, : ' TRIPS=1*,A4,4
e D05 L EYTABLE CONTAINS ' 3A4,1X,A4/)
506  WRITE(6,27221)
..507 .. 2021 FORMAT(50X, 'DESTINATION?)
503 WRITE(64222)1(1J,10=1,24)
_..509 202 FORMAT(/' QRIGIN'y 2415,/ )
510 DN 292 J=1,37
B WRITE (642030 Jo(CD (T 4d,K)9K=1424 )
512 203 FORMAT (3X,12,2X,2615)
513 2031 FORMAT(/!' TOTAL ',2415)
514 290 CANTIMUF
515 _  WRITF (6,2031)(CD (I,38,K),K=1,24)
516 WRITE {64,2C0) (ACT(ID), IQ=1,8) ,( AID(IQ),IQ=1,5)
517 _  _ _MRITE (6,201) _ _ LENTH(I),TYPEUITYP),SCALE(ISC ) __

won

hu uw nn

518 WRITE(5,2021)

519 CWRITE(6,276)(1J,1J=25,37)

520 206 FORMAT(/*' ORIGIM',1315,4X,*'TOTAL'/)

521 . .DN 282 J=1,3T7

522 WRITE (6,2C7)J,( €D (I,J,K ),K=25,38)
0523 __ 207 FORMAT(3X,12,2X41315,17,4X%X,12)

524 280 CONTINUS

525 . WRITE (6,208) ( CD (1,33,K),K=25,38)

526 208 FORMAT(/!' TATAL * ,1315, 1[7////)




527 36O CONTINUE
528 : RETURN
523 . EMD o o
531 SUBSOAUTINE YNEEDS ( AVT, AID, EST, STD, IPX ,POP)
531 DIMENSION PNP (27,10) o
532 DIMENSICN AVT(8), AID (6), EST(4,38,38), STO(37)
533 CWRITE (6,71) AVT,ALID . '
534 71 FORMAT ('2 NFEDS ', QA4,',1,6A04 )
0535 . .. MRITE (6&,72) v . , e T
536 72 FORMAT (7 REGINN . PROJ CAPACITY DIFF RATIO
537 10RIGIN TOT PCAP POPY,// )
538 STT = 0,
539 NN 70 1=1,37
54 XORIG = EST( 4,1,29) / 1("n0,
541 EXS = EST  (4,38,1) /7 1000,
542 XPp EXP ( POPI(I,1)) / 1000,
5413 XoC XORIG / XFP
544 STC STD (1) /7 1020,
545 ~STT STT + STC
546 XN T \NT 4+ STC
547 VAC = EXS - STC
5483 RVAC = STC / EXS
© 549 JWRITE (6,73) 1, EXS, STC, VAC, RVAC, XORIG,XPC,XPP
559 S 73 FORMAT (' ', 119, 3F10.0, FlC.3, F15.0 4 2( 2X, F1C.5) )
551 STATEMENTS FOR PUNAHING CARDS _
552 WPITE (7,75) IPX, AVI(1), AVT(2), AID(1l), AID(2), I, EXS, STC,
553 1 VAC, 2VAC, XGRIG ) o
554 75 FORMAT (12, &4A4, 14, 2F1C,N, F10,2, F10.J)
555 7C CINTIMUE. :
556 EXS = FST  (4,38,33) / 10C0.
557 VAC = EXS - STT
558 RVAC = STT / EXS
559  WRITE (A,74) EXS 4STT,VAC,RVAC S
560 FARMAT ('9 TOTAL ', 3F10.0, F1C.3)
561 RETURM
562 EMD
563 ~ SUBRNDUTINE ECRPR (ECMT, STD)
564 DIMENSIONM  SCMT( 2,33), STD(37)
565 CCATA DSY/'St/ , DLY/'L'/
566 C e sk Bk ek
857 C PEAD STAMDARDS PROJFCTICGNS
568 READ (5,1183) AY!l, IVI, STD
569 1183 FOOMAT ( A4, T4, 2X, 7F8.C / ( 17%, 7F3.0 1))
57D WOITF ( 6,1184) AYI,IYI,STD
571 1184 EORMAT ("0, A4,15, 7F12.7/ ( 10X,7F12.0))
L i ean SN . J
573 END
574 SUBROUTINE CASD ( FCMT, ESTM)
575 DIMENSICM FCMT (3,38), ESTM( 4,28,38)
576 € %*% RATIN ADJUSTHMEMT PROCEDURE
577 .. .09 J=1,38 -
578 o

ke o B T R S L R R R B o
KR X <SR R R

DN 9 K=1,38

579 ESTM ( 4,J,X) = 2,0
580 NI 9 I1=1,3 :
581 ESTM (14J,28 ) can
582  ESTM ( [,38,K) 2.0
5813 9 CONTINYE

584 05 17 1=1,3

585 0N 12 J=1,37

586 DY 12 K=1,37




5883 ESTM

587 ESTX ESTM{I,J,K) % ECMTI(I,J)
?

JyK) = ESTX
.589 ... . ESTM Iy Jy38).

(1

( ESTH.
590 ESTM ( 1,38, K)

(

(

(

{

I, J:38)
ESTM 1,38, K)
ESTM 1,38,38)

{

(

591 . ESTM 1,38,38) (
ESTM ( 4y, J, K)

(

(

(

592 ESTM 4y Jy K)

593 EST™ ( 4, J,38)

594 ' ESTM 4,38, K)
..595 ... . ..ESTM ( 4,38,38)

596 N CONTINUE

597 . RETURN

598 END

ESTH 4y J,y38)
ESTM 4,38, K)
ESTM [ . 4,28,38)

o oowononon

CORE USAGE  OBJECT CODE= 440 BYTES,ARRAY AREA= 0 BYTES,TOTAL APE

T DIAGNOSTICS ‘NUMBER OF FRRORS=. 0, NUMBER OF WARNINGS= 0, NUNF

C COMPILE TIME= 0.0% SEC,EXFCUTINM TIME= 3,55 SEC, TAMU/WATFIV — VER 1 |




APPENDIX 4

Data Format

‘Distance Decay Cards

Cols CONTENT

1-2 "p"
3-5 , Activity
001 Boating
002 vCamping
003 Fishing (ALL)
004 Hunting
lOOS Picnickigg
006 S‘«lir‘nmiﬁg
. 007 Fishing (Fresh)
008 Fishing (Salt)

(@B) Exbonéntial deéay.coeff.5 1 day trips

(2) Exponential decay coeff., 2-3 day trips

(3) Exponential decay coeff., 4 and over day trips




' Data Format

"PgP" Deck

Description

Region

Year

Pop., adj. to baSeusedfor grav.

% Urban

Purch. powver, perv;apita
Pop. density,‘hcw

P-C. ;néome

family Income

Pop; dens.; adj to gravity

’

Pop., new

.
(1) :The_bopulation figures used in gravity estimation are
soméwhat different from daté provided in August by TPW.

- Thus all pfojectious afe based on an "adjusted" population
obtained by multiblying fhe TPW projections by the ratio.of
the two population estimates. (2) Projecﬁé& pef capita
purchasing power ié projected income multiplied by ratio of

. current purchasing power to current income. (3) Only the

first four fields are used by the gravity programs.




Data Format

YAT" Decks

3

Description

Region
0 = 1970, 1.= 1975, 2 = 1980,

3 = 1990, 4 = 2000

1 = Low, 2 = Med, 3 = High, (1970 = 0)

Card No. (1-5)
' Ten attraction variables per card, in

order given in Table 1 of Final Report




Data Format’

Econometric Model Estimates

©FMT

Description

Activity designation _

S = Short (2/3 day) trips

L = Long (4+ day) trips

Year
High, Medium, Low
Card No. (1-7)

Econometric estimates, six per card;

'regions 1-37, followed by total state-

wide estimate; last four fields of

card 7 contain. trash.

No econometric estimates exist for all fishing.




Data Format

Coefficient Decks

Description

Activity No.
1 Boating
2 Camping
All Fi;hing
Freshwater Fishing
Hunting |
- 6 Swimming

7 Picnicking

Coefficient No. (1 to M)

Coefficient index as picked from
variable pool, last coefficient is
Bo and has index of dependent variable

Coefficient




Standards Deck

Description

Date and level

Activity identification, coded as in

!

household survey

Card No. (1-6)
Standards (Capacities), last card has

only two entries

Note: Standards used for fishing were not supplied by TP&W

and have col's 1-8 different. This does not affect

brogramming.










