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e Dear Mr, Cryderman:

The Transportation Survey and Analysis Section of the Tramsportation
Planning Division is pleased to present Volume X-~B in a series of
reports that explain ways in which the "Statewide Transportation
Modeling System" can be used to perform impact analyses. This volume
documents how the model and related analysis tools can be applied to
the problem of determining the relative social impacts of altermnative
highway patterns at the statewide and regional analysis levels.
Specifically, the report contains an explanation of how seven
analysis techniques can be applied to measure the relative social
impacts of three highway alternatives in the Northwest Region of
Michigan's lower peninsula,

The emphasis is not on making definitive selection of one of the’
Alternates relative to the others based on soclal criteria, rather

it is on explaining how the Modeling System can be utilized to
provide the information needed to make various social impact analyses
as required by Federal law. Because the Modeling System offers a
systematic method of data compilation and analysis, it is our belief
that it provides the most efficient and expeditious process for
acquiring the needed data.

The seven impact measurement techniques explained here do not define
all the capabilities of the Modeling System for performing social
impact analyses. On the contrary, these techniques are only

an indication of the multiplicity of ways in which the Model can

be applied. The Model is constantly being refined to make analyses
more accurate and exXpanded to provide as much data as is needed for
comprehensive transportation planning. We feel that the potential
of this Modeling System is substantial and that with growing demand
for a wide range of data it will be increasingly valuable in the
planning process.

The report was prepared by Mr. Jeffrey L. Walters of the Statewide
Studies Unlt with the supervigion of Mr., Richard E. Esch,

rely,

; o

RieKard J. Lilly, Administrator
Highway Planning Division




16.

54






1 DAY Tl SRSt e ot S il e V02

PREFACE

This is the second in a'éeriesuéf'thfge'reports that deal
with ways.in which the.Miéﬁig%n Sféféﬁide'Transportation Modeling
System can:be"utilizeﬂ £§=ﬁéf%o:ﬁAiﬁ£aé£.étudies. The other two
reports in fhis weries are:

Volume X-A: Statewide Travel Impact Analysis
" Procedures

Volume X-C: Statewide Economic Impact
- Analysis Pr¢cedures

This report, Volume X;B,‘deécriges ways in which the model
can be use to measure social impacts of‘aitErnative road proposals.
Previoué reports about-the:Stétewide Model have dealt primarily
with Hﬁﬁ.it was dévéloped to.érgate;§ﬁ in£ergrated system of
information retrieval;aﬁd aﬁaiyéis,nénd?with how certain
analytical routiﬁes could be utilized ﬁo pfovide information about
specific problem areas. Ihis;series, however, is designed to
demonstrate that the Statéwidg-Model, through the utilization of
a number of its consfituenf e%eﬁenés; can Be used'to accomplish a
multi-faceted study suchlas a?social-impagt study., A preat number
of different measurements daﬁ.be taken using the various systeﬁ
component models, | _

The Federal Aid Highway Act of 1970 reqﬁireé that state
highway depértments consider ﬁully the economic, social and
environmental impacts'bf néﬁ #oad al£ernatives in relation to the

existing road system. A dyna@ic, systemic model process could

-1-
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perform many of these tasks comprehensively or accurately.

Michigan's Statewide Transportation Modeling System is such a’ model,

The results of studies using the Soci%l Impact Analysis procedures
outlined in this report should be beneficial to administrators i

and planners working in a wide variety of disciplines. Most

importantly, such results should be beneficial to the highway
department in supplying the information required by law.
OTHER REPORTS IN THE STATEWIDE TRAVEL MODELING SERIES
Volume I Objectives and Work Program
Volume I-A Region 4 Workshop Topic Summaries _ .
Volume I-B Single and Multiple Corridor Analysis Sl
Volume I-C Model Applications: ; Turnbacks o
‘Volume I-D Proxdimity Analysis: ' Social Impacts of Alternate
Highway Plans on Public Facilities
Volume I-E Model Appllcatlons . Cost-Benefit Analysis
Volume I-F Air and Noise Pollution System Analysis Model
Volume I-G Transportation Plantning Psychological Impact Model
Volume I-H Level of Service Systems Analysis Model: A Public
Interaction Appldication
Volume I-J Service-Area Model
Volume I-K Effective Speed Model: A Public Interaction Tool
Volume II Development of Network Models
Voilume IIT Multi-Level Highway Network Generator
("Segmental Model")
Volume TIIT-A Semi-Automatic Network Generator Using a "Digitizer"
Volume v Part A - Travel Modél Development: Reformation -
' Trip Data Bank Preparation
Volume - Vv Part B - Development of the Statewide Socio -
Economic Data Bank for Trip Generation-Distribution
Volume VI Corridor Location Dynamics
Volume VI-A Environmental Sensitivity Computer Mapping 2
Volume VII Design Hour Volume Model Development P
Volume VII-A Capacity Adequacy Forecasting Model
Volume VIIIL Statewide Public and Private Facility File
Volume IX Statewide Socio-Economic Data File
Volume X-A Statewide Travel Impact Analysis Procedures
Volume X-B Statewide Social Impact Analysis Procedures
Volume X-C Statewide Economic Impact Analysis Procedures
Volume X1 Computer Run Times - An Aid in Selecting

S5tatewide Travel Model System Size






INTRODUCTION -

The Statewide Transportation Modeling Syétem

The Statewide Transportation'Model‘has-been described in

detatl in-a séparate.fepbrt'eﬁtitled "A,Statewide Transportation
i, Modeling System Effedtivél&-méets thE'Trénéportation Challenge

of the 70's". Therefore, the:description of it here is only a

bare outline. Stated concisely, the Statewide Transportation

Model is a dynamic tool for i@formation compilation and

analysis. It is dynamic in tWo ways., First, it is capable of

rapid information renewal. ©New data can be fed into the

information files as it is received and old-data can be
eliminated or stored in seéonéary.files. ~Second, 1t 1s capable
of indicaping-the‘secOndafy"eiféctézbf Highwaﬁ Network changes
as well as the primary effeét%. Few:Traﬁsportation Models
have such.dynamié characteris?ics at this tiﬁe.
It is the basic simplici;y of the system that allows it to
o

be such a dynamic tool. For aata compilation the real world is

divided into two environmentsﬁ the Natural Environment and the
Physical Environment (See'Figyre 1). The Natural Environment

is conceived to be all parts of the real world not physically

created by man, including man: himself; the Physical Environment

is considered to be the man—méde physical environment. Connecting
these two environments is a communication system. This system
connects not only the two environments but also parts within

each of themn.
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The functional base of the system reflects this conception
of reality. A Statewide Socio-Economic Data file contains
information about the naturallenvironment. A sample of the
information contained within that file is listed in Figure 2,
A Statewide Public and Priﬁate facilities.File contains information
about the physical, man—built-enﬁironment. The information
contained within that file is listed in Figure 3. Both of

these files are capable of rapid updating and enlargement as

ney data becomes available. Einally, and most importantly, a
Statewide Transportation Netwqu File contains information
about the Communication System. This file includes information
about the existing highway negwork and possible alternative
networks. See Figure 4 for an example. This file too is
capable of rapid updating and:enlargement. |

For data analysis a number of compbnent models‘have been
created (See Figure 5). Thesé ﬁodels interrelate to create a
unified analysis system. Eacﬁ model utilizes at least one of
the envi§onmenta1 information{files as well as the statewide
network file; some models utilize all three files.

All information is related to geographical areas in the

State thru a zone system, The State and contiguous areas outside
s

<

the state are broken into 547 zones of which 508 are instate
zones (See Tigure 6). Zone sizes and boundaries have been
determined on the basis of population, land area, political

boundaries and other relevant factors. 1In each file, data are

related to zZones by zone numbers and facilities are located

:'-5—-



GENERAL CHARACTERISTICS OF POPULATION

SCHOOL ENROLLMENT BY TYPE OF SCHOOL
YEARS OF SCHOOL COMPLETED
CITIZENSHIP BY AGE

INCOME CHARACTERESTIC% OF POPULATION |

FAMILY INCOME
INCOME BY OCCUPATION AND SEX
RATIO OF FAMILY INCOME TO POVERTY LEVEL

LABOR FORCE CHARACTERISTICS OF POPULATION

EMPLOYMENT BY AGE .
EMPLOYMENT BY OCCUPATION AND SEX
EMPLOYMENT BY INDUSTRY AND SEX

SOCIAL CHARAC?ERIS“EICg OF POPULATION

AGE BY SEX
TYPE OF FAMILY
MARITAL STATUS

AREA CHARACTERISTICS

LAKE FRONTAGE
ASSESSED VALUATION
WATER AREA

FIGURE 2

*THOSE ITEMS LISTED HERE ARE SAMPLES TAKEN FROM THE COMPLETE
FILE WHICH CONTAINS OVER 700 ITEMS,




ILITY FILE

7 FIGURE 3 AIRPORTS

g AMBULANCE SERVICE

BUS TERMINALS

CAMP GROUNDS, PUBLIC AND PRIVATE
CERTIFIED iNDUSTRIAL PARKS

CITIES OVER 30,000 POPULATION
CITIES OVER 5,000 POPULATION
CIVIL DEFENSE TERMINALS

COLLEGES, NON-PUBLIC

COLLEGES, PUBLIC COMMUNITY
COLLEGES AND UNIVERSITIES, PUBLIC 4 YEAR
CONVENTION CENTERS

GAME AREAS

GOLF COURSES

HIGH SCHOOLS

HISTORIC SITES

HOMES FOR THE AGED

HOSPITALS -
MAJOR COMMERCIAL CENTERS
MANUFACTURERS

MENTAL HEALTH CENTERS
NEWSPAPERS, DAILY

NEWSPAPERS, WEEKLY AND BIWEEKLY
NURSING HOMES

PORTS o

RAIL TERM!NALS

SECRETARY OF THE STATE OFFICES
SEWAGE TREATMENT FACILITIES

SKI RESORTS |

SNOWMOBILE TRAILS

STATE PARKS

STATE POLICE. POSTS

TOURIST ATTRACTIONS

TREASURY OFFICES

TRUCK TERMINALS |
UNEMPLOYMENT OFFICES

WEATHER SERVICE STATIONS-NATIONAL
WHOLESALE TRADE CENTERS
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CONTENTS OF EACH HIGHWAY SEGMENT OR LINK

AVERAGE SPEED
DISTANCE ;
URBAN-RURAL DESIGNATION
TYPE OF ROUTE |
TRAFFIC VOLUME CAPACITY

- AVERAGE ANNUAL DAILY TRAFFIC VOLUME
COMMERCIAL TRAFFIC VOLUME
DESIGN HOUR VOLUME
ACCIDENT FATAL RATE
ACCIDENT INJURY RATE
ACCIDENT RATE

NUMBER OF LANES
LANE WIDTH
SURFACE CONDITION
RIGHT OF WAY
SIGHT RESTRICTION

FIGURE 4
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~ ANALYSIS
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STATEWIDE TRANSPORTATION
MODELING SYSTEM

547 ZONE

INSTATE ZONE MAP
DECEMBER 1973

FGURE 6
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within zones by a grid system that is similar to latitude and
longitude lines, |

The discussion in this report will center around those
components of the Transportation Modeling System that can be
utilized in making social imp;ct studies. The following
components can be used:!: the ﬁnvironmental Impact Modél, the
Social Impact Model, and the Statewide Travel Model, the

Psychological Impact Model, Gfaphics Display Battery.

PROBLEM OF DEFINING SOCTIAL IMPACT

In compliance with sectién (109h) of Title 23. U.S. code,
state highway departments areirequired to study fully the
economic,.social and enviroﬁméntal impacts of new road alter-
natives in relation to the existing rpad.system. Highway depart-
ments have been hard'ﬁressed fd meet the challenge présented by
these requirements. Not the ieast of the problem has been the
confusion about what such stuéies.should contain. In the case
of the sociazl impact study th% major probelms have been to (1)
define wﬁat is meant by sociai; {(2) determine what impacted
phenomena to use to measure social impact and (3) determine what
basic units of measurement caﬁ be used to determine the extent
of impact on any phenomena,. |

Actually, the answers to these three questions are highly
interrelated and finding them depends more upon orienting ones
mind to a certain perspective than upon discovering which
activities are inately gocial as distinct from economic or

-11-




environmental. The perspective utilized in this study is quite

rightly called the social perspective. It requires that events

be viewed using a value system based upon the health, safety and

general welfare of the individual and of the communities within

which the individual lives,.

SOCIAL IMPACT AREAS AND MEASURES

Using the "social perspective'" the Statewide Studies Unit

has chosen a number of dimpact areas that can be used to illustrate

clearly the impact of new road alternatives on health, safety
and the general welfare. These impact areas are noise, health
services, recreational opportunities, educational opportunities,

psychological health, road safety and social disruption.

Having chosen these impact areas, the unit then faced the
problem of choosing specific measures that would indicate to
what extent alternative road networks would impact these areas,

In dealing with noise as a social factor the measure chosen was

the number of persons exposed to noise above 70 decibels., This
level is considered to be psychologically distrubing and physically
damaging., In dealing with the area Jf health services the

measure chosen was the accessibility?of persons to hospitals

within certain travel times. ZEach méasure for each impact area

will be discussed in the section: Scocial Impact Analysis

Procedures.

-12-




THE TEST ARFEA AND ALTERNATIVES

The best way to test the effectiveness of any modeling
system is to apply it to a real world situation, To demonstrate
how the Statewide Transportation Modeling System can be used to
aid social impact studies theQStatewide Studies Unit chose to
analyze the impact of three alternative road systems in the
northwest cormner of Michigan'g lower peninsula, See Figure 7.

Federal law requires thag highway departments give serious
consideration to not building any new roads., Therefore Alternate
A is the existing road sysfam? It is the "no-~-build" alternative.
Aiterﬁates B and C represent éwo ney possibilities as illustfated.
in Figure 8,

Each of these posgibilities will impact the region differently.
Traffic will flow differently%with the different alternatives.
Some areas will be more acces;ible than others; some areas will
experience more air and nqiseipollution than others; some areas
will have safer driving coﬁdiéiﬁns than others depending upon
which alternatives are chosen., That the impact of these
alternatives will be different is obvious., What is not obviOus,_
and what the Statewide Transportation Modeling System can help.
to determine, is the extent to which the altermatives will
impact the region and the state in general, The model enables
the highway planner to estimate with considerable speed and
accuracy, the relative impacts of a number of different
alternatives in the effort to determine which alternatives

will be best according to predetermined criteria,

-13-




FIGURE 7

"} CHARLEVOIX
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SOCTIAL TMPACT ANALYSIS PROCEDURES

Introduction

In this section each of the analysis procedures used in the
study is explained in general terms. The emphasis is on explaining
the relationships between the relevant variables and not on
~describing each analysis process in detail., ©Each of the processes
has had a detailed report Written_ébout it and the reader is
referred to these reports at the beginning of the discﬁssion of
each analysis technique.

The Social Impact Measures 1istéd in Figure 9 are those
discussed in this report. The order of these measures on the
list ié the order in which they are éxplained in this section.
However, because the same analysis procedure is used for all four
accessibility measures and because the technique is the same
for each, it is explained only once here and not with specific

reference to any particular measure,

PROXIMITY ANALYSIS

Wifhin the Social Impact Model of the Statewide Transportation
Modeling System is an automated routine‘called Proximity Analysis,
This routine is designed to measure éccéssibility.' Accessibility
is an dindefinite term that has been defined in a number of different
ways. As used in the Statewide Tranéportation Modeling System
accessibility is defined as the eaée with which one c¢an travel
from a zone of origin to other zonesg called destination zones.

The preoximity analysis routine can be run using any one of three

16-




PROXIMITY ANALYSIS

ACCESSIBILITY OF PEOPLE TO HEALTH SERVICES
ACCESSIBILITY OF PEOPLE TO RECREATIONAL OPPORTUNITIES
ACCESSIBILITY OF PEOPLE TO EDUCATIONAL OPPORTUNITIES

AjCC_ESS!BIlITY: OF PEOPLE BY AGE GROUP TO NECESSARY SERVICES

NOISE POLLUTION: ANALYSIS

SAFETY ANALYSIS. |

SOCIAL DISRUPTIO;N ASALYSES
PSYCH@LOGICAL IMPACT ANALYSIS
RIGHT;QF-WAY AfNAﬁ.YS!S

PEDESTRIAN DEPENDENCY ANALYSIS

FIGURE 9
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measures of Accessibility: (1) travel time between the zone of
origin and 2zones of destination; (2) distance between these zones;
(3) cost of travel between these zones, A detailed description

of the possible applications of this routine 1s contained in the
report, "Proximity Analysis; Social Iﬁpacts of Alternate Highway
Plans on Public Facilities" (September 1972). Therefore, the
description here will be brief and related to the ways in which
proximity analysis can be used to measure the social impact of

the chosen alternates,

Figure 10 indicates tﬁe components of the Statewide
Transportation Modeling System that are utilized in proximity
analysis. TFor the purposes of this reéort the accessibility
measure chosen was that of travel tiﬁe between zones,  Average
travel times on links on all major county roads, state trunklines
and interstate roads are recorded in the Statewide Network File.
In determining the travel time between any two zones the computer
scans this ipformation and determines the route requiring the
shortest travel time between the centroid of the origin zone and
the centroid of any desired destination zone. These times are
then used in determining accessibility of one zone to another.

It should be remembered that thé centroids of the Zzones are
the key to all analysis using the zoﬂe system, In determining
the travel time between zones the anélysis utilizes travel.times
between two contiguous zones A and B as shown below will always

be considered ten minutes.

-18-




FIGURE - 10
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Zone A : Zone B
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In reality a trip could originate at the eastern edge of zone A
and end at the western edge of zone B (Trip 1) requiring only

a minute or less of travel. Conversly, however, a trip could
originate at the western edge of zoné A and end at the eastern
edge of zone B (Trip 2) requiring ni@eteen minutes of travel,
The justification for the use of cenﬁroids is that they.lie
midway between such extremes and theéeby represent the median
point of acéessibility to all population and.facilities in the
zone. When all zones in the system dare used iIin an analysis the
error created by the use of centroidg ig minimal. When regional
and local analyses are made the possibility of error is greater
bﬁt still not so great that the anal&sis is not useful,

For the purposes of proximity analysis all data from the
soéio—economic file and all data.froé the facility file is
related to the centroid of each zone; Thus in a proximity
scan zonal information is summated iﬁ quantum jumps. No population
or facilities in a destination zone are considered to be within
a certain time of any centroid of origin until the centroid of

the destination zone is reached in the time scan.

-20-
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There is a direct relationship between the geographical
analysis level at which one is working and the need for cen-
troids associated with smallef aggregates of information.

At the level of statewide imp%cts a model using larger zones
and therefore, fewer centroidé can simulate reality quite well.
For regional ﬁr local analység there is a need for smaller
zonesg, implying more centroid; and smaller aggregates of
information per centroid, Thé user must determine the number
of zones, and consequently, céntroids he wishes to use and
which his hardware will allow him to use.

The proximity analysis routine is capable of relating and
summarizing data in a number ¢f ways. The user has three
options each of which relates%or summarizes data differently.
The reader should consult the report on proximity analysis
mentioned earlier for a detailed description of these three
options, Two options were chésen for the purposes of this
report. Option 1 allows the énalyst to choose a server zone,
one in which a facility is loéated, and scan around that zone
using the shertegt time path ;atrix and a chosen series of
travel time intervals. The scan is designed to perform two
functions. It determines the number of people with selected
socio-economic characteristic§ who are within the specified
travel time of the server zon;, and it indicates how many other
server facilities are within Lhe specified travel times of the
server zone, An example of the output from Option 1 is in

Figure 11, %

-21-
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FIGURE 11
SIATERIDE PROYIMITy ANaLYSIS

PROXIMITY OF PgpPuLatION

DATA FOR ZONE 151

POPULATION = 20690
NUMBER OF HOSPITALS 2
TOTAL CAPACITY = 328

0= 15 G= 15
POPULATINN 20690 20690
PERCENT OF TOTAL POPULATION 0,233: 0,233
HOSPITALS 2 2
POPULATION /HOSPITALS 10345,00 1034%.00

15= 30: Q= 30
POPULATION o 22912 43602
PERCENT OF TOTAL POPULATION 0,258 0,491
HOSPITALS 0 2
POPULATION /HOSPITALS 0,00 21801400

30= 45 O= 45
POPULATION 23806 67408
PERCENT 0OF TO0TaL POPULATION 0,268 0,760
MOsPITALS ' 2 &
PORPULATINN  /HNSPITALS 11903,00 16852400

15= 80 0= 60
POPULATINN 13715 81123
PERCENT OF TOTAL POPULATION 0,155 0.914
HOSPITALS 1 g
PORPULATION /HOSPITALS 13715,.00 16220+60

-22-




The format of the output is predicated on the idea that
the user will be measuring the accessibility of socio-economic
data to facility file data. In this particular example the
socio-economic file data is population and the facility file
data is hospitals. The firstlcolumn of information presents
the accessibility of people to hospifals by time bands. Thus
within 0-15 minutes of Zone lsl there are 20,690 people who
represent ,233 percent of the'total state populatioﬁ. There
are also two hospitals within 0-15 minutes travel time of zone
151, and the ratio of hospitals to people is 10,345 to 1. The
second column presents cumulative totals of the information
provided by time band in column 1,

Option 2 allows the anal?st to determine how many server
facilities are within specifiéd travel times of the population
in each zcne given a particular travel alternative., The
routine takes each zone in the state individually and scans
around that zone in the same ﬁay it does for option one.
However, instead of scanning ;round a facility zone to determine
the number of people within specified travel times of that
facility zone, the routine sc?ns around the population in
each zone to determine the nuﬁber of facilities within specified
travel time of that populatioh. The routine then takes this
information and relates it in;a number of ways. An example of
the output from Option 2 is iﬁ Figure 12.

In considering the listing for Zone 6 the output should be

interpreted in the following way within 0~15 minutes travel

-23-
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time from Zone 7 there is one service zone that coantains at
least one hosgpital, There is one hogpital in that zone. That
hospital has a capacity of 34 beds. There are 3,677 people in
Zone 6 thus the ratio of peop}e to hospitals that can be reached
in 15 minutes dis 3677 to 1. Because there are 34 beds in the
hogpital the ratio of pecple in the zomne to hospital beds that
are available within 15 minutés is 108.15 to 1. Fach of the
time bands in this ocutput con?ains cumulative data, thus to
determine relationships withi; a given time band, other than

the first, one simple takes the difference between the band

under consideration and the one immediately preceeding it.
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NOISE POLLUTION ANALYSIS

The Air and Noise Pollution Modei developed by the Stateﬁ;de
Studies Unit in July 1973 (Volume luF; is now part of the Statewide
Transportation Modeling System. It is contained within the
Environmental TImpact Model., This modél is an dintegral part of
the overall system. It cananot functién independently of the
gsystem because it relies upon other séstem components for input,
(See Figure 13 for components utilizeé). It utilizes the State-
wide Socio-Economic data file for pop;lation data input. The
population data is recorded by zone and forecasts are available
for every S‘years from 1970 to 2000, {It calls upon the Statewide
Network File for information about vafious aspects of the road
network: link types, link distances, location of links. It also
relies upon the Statewide Travel Model to provide forecasts of
future traffic volumes on the various links under congideration.
The overall system 1is absolutely necessary for an analysis of this
sort. No partial model can obtain the same results.

In determining the social impact of noise, the model measures
the nunber of people exposed to a noise level of 70 decibels or
more using différent highway alternatives. Briefly, the model
works as follows. Noise levels are considered to be a function
of two major variables: speed of traffic on the link, and the
number of vehicles on the link. (An additional variable, the
percent of the traffic that is commercial, will be added to the
modei in the near future). Depending upon the values of these two
variables noise of 70 decibles or more will be generated a certain

number of feet from the center of the road right-of-way.
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i

The routine calculates thig distance for each link and determines
the area impacted along each link by éultiplying the width of the
impact area by the length of the linké If then subtracts the area
taken by the right-of-way of the link because no one can live or
work within the right-of-way. This nét area then is the potential
area in which people living and workiﬁg along the link could be
impacted by the selected noise level.é

The only problem then was one ofidetermining how many live
or work within the impact area. Since there are no surveys
indicating thé exact number of people within given distances of
all links in the Statewide network, i; was necessary to creat a
method to estimate the number of people who live or work within
the dimpact areas.

A method waé created based upon application of an average
density figure for each zomne. An assﬁmption was made that all
population in a zone is relatively evéﬁly distributed throughout
the zone. Thus the average population density for each zone was
assumed to be the density for any part of that zone. To determine
fhe number of people impacted by noisé along each link, therefore,
it was only a matter of multiplying the net land area impacted by
the chosen noise level, 70 decibels, By the average density figure
for the zone under consideration. The total number of people im-
pééted then could be determined by suming the number of people
impacted per link.

The average density figure was applied with the realization
that a certain degree of error could berinvolved. Error could

arise because the zone under analysis could be characterized by
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clearly defined rurxal and urban areas and not by a uniformly
distributed populaticn. Even this error would not be significant,
however, if the analysis zone was predominantly urban and the
urban areas were scattered relatively uniformly throughout the
~zone, fThe largest ervrror would come in larger zones Lhat contained
extensive rural areas with pockets of urban population, In these
cases, an average population &ensity.figure applied to the noise

S impact areas would not reflect the real density situation of

relatively low density in almost all of the zone and high density

in one or two isolated areas“

Given that the Statewide Transportation Modeling System was
desipgned to perform statewide and larpge region highway impact
analyses, the use of the average population density figure and
large zones is adequate. Thié is true because overcounting in
some zones is counterbalanced by undercounting in others. However,
in making smaller area analyses using fewer zones, the errors
created could be significant; Therefore, the user should determine
the zone size necessary for accuracy at his analysis level. A
2,300 zone system is currentiy being created to replace the 547
zone system for smallex regién analyses in Michigan. By using

smaller zones there will be less chance of error in applying

average population density figures to the noige pollution routine,
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SAFETY ANALYSIS: VEHICLE MILES AND ACCIDENTS

The Statewide Studies Unit has creéated a program that utilizes

the Statewide Network File and the Statewide Travel Model (gee

Figure 14) to c¢reate county, regional, or state summaries of vehicle

miles and accidents. Through a séries‘of gsimple logical steps the
computer creates summaries that can be used to determine the
relative safety and time savings of alfernate road systems. The
program works as follows:

i

The Statewlde Network File contains the following pertinent

information: (1) the length of each link 4in the statewide

network, in'miles; (2) average annual aaily traffic, given as the
number of vehicles that use each link per day, and (3) the accident
rate per link, given as a ratio of the number of aceidents for
every 100,000,000 vehicle miles traveled. By multiplying the
length of each link by the number of vehicles using the link per
day the computer determines the numbef of vehicle miles traveled

per link per day. It next multiplies these daily vehicle mile

figures by 365 to determine yearly vehicle miles traveled per link.
Then, by adding the yearly vehicle miles of all the links within
a county or region or the state, the éomputer can provide vehicle
mile gummaries for any of these geogréphical choices, Ezﬁé

To obtain the number of accidents per link by the number of

vehicle miles traveled on each 1link per year. To obtain accident
summaries by specified geographical areas the computer adds the

yearly number cof accidents for each link in the summary area.
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Current link data is based upon field information derived '1'§

from origin and destination studies and accident reports.

[

Future link data is derived from a trip generation and distri-
bution model (part of the statewide t%avel medel) which was
synthesized from basic gravity modél concepts., The trip gen-
eration and distribution model can assign trips to theoretical
alternative road networks. Accident %ates can be assigned
using rates for links that have similér characterdistics.

Vehicle mile and accident summaries can then provide aggregates

of information which include these theoretical links. These
aggregates can then be used to make comparisons of economy and

safety.
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SOCIAL DISRUPTION ANALYSIS

Although social disruption can be defined in a number of
different ways, in general, it can be viewed as the creation
of a disequilibirum in an existing setting. When a new highway
is constructed in a region new travel alternatives are created
and disruption occurs, Tra#el patterns are changed because
different attraction areas Have new accesgsibility times. In
most cases a new highway will make all attraction centers closer,
in time, to the population of a region, and in such cases no
negative disruption is considered to have been caused. However,
there are cases in which new highways create barriers that
prevent people from traveliﬁg to an attraction zone as quickly
as they could before the hiéhway was built, TFor example, 1if
a highway were buile that cét an existing road, prohibiting
through traffic, people whoéonce used the road for through-
travel purposes might find themselves forced to take a longer
time route to their desired destination. In such a case it
can reasonably be assumed tﬂat a negative disruption has
been created.

Few roads are closed ip such a manner at the gtatewide
network level. Generally, ﬁew intercity highways are constructed
with overpasses and underpaéses for gignificant rural roads,
However , sometimes rural roéds are cut and negative disruptions
may occuyr, At such times the Statewide Transportation Modelirng
System can help to determine if mnegative disruptions are created,.

More importantly, this technique for determining negative disruption
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should be useful to urban transportatior analysts ir analyzing the
effects of such road cuts in urbau areas where they ocecur much more
often because it is not possiEle te build everpasses or underpasses
for all intersected roads.

To show how the Statewidé Transportation Modeling System
can be used to detefmine if négative djsrupticn occurs when a road
is cloged, a nypothetical higﬁway was built in the northwest

region of the lower peninsula of Michigan., Figure 16 portrays

the road network before the hypothetical highway wag bullt and
Figure 17 portrays the netwerk which contzins the new highway.
Note that the tinks belween Nédes 2752 apd 2255 are no longer in
existence in the second figur?. Theze links were cut by the new
highway, thus prohibiting tra%fic flow from 2752 to 2255 along
thegse links.

To make the disrdption apalysis the basic eiements of the
modeling system &re employea.% See Figure 13 for o pictorial %

display of the system components used, Detailed reports, listed

on Page 2 ot this report descﬁlbe the various system comperents
that are utildized, therefore,;tne descripticen here ig brief.

First, tne analyst util?zes the transportation planning battery
and the ectatewide network file to creéte‘a new network. BHe {

deletes the links that are cut by the pew highway and then adds ¢

the links that repregent tke new highway. For each new link the
following deta is recorded: the length of the link, the coordinates
of both nmodes of the 1ink, the type c¢f road which the link

repregents, and the average speed cf the traffic on the iink.
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The new network obtained can theﬁ be plotted to enable the
analyst to visualize the gystem with thch he is working. The
nethwork data is fed into a graphic display system that plots

. the new network as shown in Figure 17. As can be seen in the

figure, there are two numbers associaéed with each 1link. The one . |
written above the liﬁk represents theiaverage speed of a vehicle
on the link, and the one written belo% represents the length of
the link in miles. Thus on 1link 131231316 the average speed is

62 miles per hour and the length of the link is 16.00 miles.

In the second phase of the analysis the analyst again uses

the transportation planning battery ahd the statewide network

file only in this case he uses these tools to build new trees and

skim-trees based upon the new network; Trees are matrices of
various travel times from any given zﬁne to all other zones in
thé analysis system., Skim trees are hatrices of minimum travel
times from any given zone to all other zones in the system,

The skim trees are the Iimportant elements in the social

‘disruption analysis. A skim tree is created for the old network

as well as for the new network. In each case under the given
conditions each matrix represents the minimum time, on the average,

that it takes to travel from any zone to any other zone in the

system. Once the‘skim trees are built it becomes é‘simple matter o 5
of subtracting one matrix from the other to determine which network
provides the shortest travel time between any of thé zoneg in the
systenm.

Once this basic subtraétion of ékim trees has been accomplished

further manipulations are possible., For instance, if it is

determined that the travel time has jncreased from one zone to another
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by a certain number of minutes, it is then possible to multiply
the number of additional travel minutes by the number of trips

made between the two zones, then multiply that product by the

number of persons carried in an averapge trip to determine the
number of man minutes lost because of the change in the network.
Both the additional time needed per trip and the aggregate time

lost by all travelers between the affected zones are indices of

social disruption.
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Psychological Impact Analysis: The Hassle Factor

i
i

The Psychological Impact Model, another component of
the Statewide Transportation Modeling System, works in con-
junction with a number of other cpmpo%ents of the system to
analyze the impact of wvarious road co%ditions on the psycho~
logical comfort of those who drive the roads of the State.
(See ¥Figure 18). This Model, which was developed in 1973
by the Statewide Studies Unit, and about which there is a
detailed report, Volume I—G; Transportation Planning
Psychological Impact Model, July 20, 19273) can be applied to
a network on a link-by-link basis to determine a "Hassle
Factor" for each link, This factor is an index of the relative
psychological comfort or discomfort of a person driving on
the link,

‘The Index was created as followg. Five variables were
chosen that could be directly related to the subjective
feelings of comfort or discomfort of a random groups of drivers.
These variables are:

(1) Traffic wvolume: As traffic volume increased on a

link there is a corresponding increase in anxiety
or psychological discomforg of the driver.

(2) Lane width: The wider each lane is, the more com=-
fortable the driver feels on the link.

(3) Percent of commercial traffic: As heavy trucks bécome
a larger percent of the traffic on the link there is
a correspending increase in driver psychological dis-
comfort,

(4) Sight distance: The shorter the view ahead the greater
the driver psychological discomfort,

(5) Surface condition of the road: The more uneven
the road surface the greater the psychological

discomfort.
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Because psychological discomfort increases or decreases
with changes in these variables, an dimpact range was determined
for each wvariable and values of 1 to 5 were assigned to dis-
creet portions of each range. Tor eéch variable a value of 1
was deemed to indicate a comfortahle; or at least minimal
discomfort, situatdion; and a wvalue of 5 was chosen to indicate
a very uncomfortable psychological situation. Values were
assigned to the segments of tHe variéble ranges in the

following manner.

Percent Commercial

1t was determined through a sur&ey that driver psychological
comfort decreases as the number of trucks on a link increases
relative to the number of automobiles. Thus values were assigned
to the variable range as follows:

Percent trucks within the total Value

1-5%

6-10%

11-15%
16-20%

207 and more

wvoa o

Lane Width

It was determined that driver psychological comfort decreases
with a decrease in the width of the lame in which an auto is
traveling. Therefore, values were assigned to the variable
range as follows: 1

Land Width in feet Value

Over 12 feet
11 feet
10 feet
9 feet
8 feet

LR R UL Iy LR

Surface Conditien

It was determined that driver psychological comfort de-
creases as the surface of the road along which they auto
travels becomes less smooth. Five different road types were
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identified that impact psychological comfort to an increasing
degree. These types were taken from the State Highway Sufficiency
Record tapes and given values of from 1 to 5. The reader is
referred to the Psychological Impact Report cited earlier for

a detailed explanation of these ratings.

Sight Distance

. It was determined that psychologital comfort decreases as
a driver's ability to see ahead decreaes. Therefore, values
were assigned to the variable range as follows:

Sight Distance: Percent Restricted Value

1-20% 1
21-407% 2
41-60% 3
61-80% &
Over B80Y% 5

Traffic Volume

It was determined that psychological comfort decreases as
the link upon which an individual is driving becomes more con-—
gested, Congestion is measured by a ratio of the volume of
traffic to the design capacity of the link. Using this ratio

~as the measure of congegtion, values were assigned to the
variable range as follows:

Volume as Percent of Capacity Value
1-49% 1
50-79% P
; 80-109% 3
| 110-139% 4
140% & Over 5

A survey taken by the Statewide Studies Unit indicated that each

of these variables does not impact psychological comfort with

the same force. 1In fact, each variable has a different impact
force. Therefore;, in creating the Hassle Factor Index each
variable was given a weight that reflects its relative impact omn
psychologicai comfort. Given a cumulative impact of 100 for the
five varliables the relative impact of each variable was determined

to be:
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Percent Commercial 10

Lane Width 15
Surface Condition ' 20
Sight Distance 17
Traffic Volume 38

100

The Hassle Factor itself is then determined for each link as
follows: F = Value of Psychological 1mpact of the Variable

10(F) + 17(¥,) + 15(F3) + 38(F4) + 20(F5) = Hassle Factor

100

A ‘Hassle Factor of 1.00 indicates that conditions on the 1link

have a minimum negative impact on psychological comfort, A
factor of 5.00 indicates a high degree of driver psychological
discomfort on that link,

To obtain the Hassle Factor Index for any link under
consideration the analyst must take only two simple steps. The
first step entails obtaining the relevant variable dinformation
for each link. This is done by utilizing computer programs

designed to take information from highway sufficiency record

tapes and traffic vehicle mile record tapes that are provided
by the Interstate and Sufficiency Units of the State Highways
VDepartment. This information is transferred to network tapes
that are part of the Statewide Transﬁortation Modeling System i@
Network File. |

Once this information has been ﬁlaced on the proper netwofk
tapes, the second step must be taken, The tapes must be input
into the psychological impact routine which ascertains the

psychological impact value of each vdriable for each link and

bl




computes the Hassle Factor itself. The Hassle Factor assigned
to each link can then be plotted using band widths to indicate
the relative degrees of psycholeogical discomfort experienced by

drivers on the links of the statewide network.
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RIGHT-0F-WAY ANALYSIS

The newest routine created to utilize components of the
Statewide Transportation Modeling System, the Right-of-Way pro-
gram can be used to estimate either economic or social impact of
highway rights-of-way. For economic impact analyses it can be
used to estimate the amount of money that will be needed to pur-
chase land for new alternatives. For social impact analyses it
can be used to estimate both how much land will be removed from
the tax roles when rights-of-way are purchased and_how much tax
loss this removal will represent. Only its application to social
impact analyses will be discussed here, its application to eco-
nomic impact analyses will be discussed in a later report.

Briefly, the routine works as follows. As nef network al-
ternatives are proposed new links afe coded into the existing
network to create alternative networks. These alternatives are
stored in the Statewide network file. The right-of-way routine
takes the new link data for each alternative from the network
file and processes it to determine fhe number of acres in each
zone that must be purchased for rights-~of-way. Specifically,
for each new link added, the routine computes the taxable acre-
age to be purchased by multiplying fhe length of the links in
miles by the width of the needed right-of-way in miles and then
multiplying by the number of acreas in a square mile. Following
this computation, the area to be acquired for each link is mul-

tiplied by a figure representing the average tax per acre for
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zone in which it 4is located. Then two county summaries are cre-
ated. One presents an estimate of the total number of acres that

will have to be purchased for rights-of-way, and the other an

estimate of the total tax revenues that will be lost because this

land will be moved into the public domain. These county estimates

i

can then be summed to create an estimate of the tax dollars lost

for each new alternative proposed. The total tax loss figures

for each alternate can then be compafed to see which alternate
places the least additional tax burdén on the land left on the

tax roles.

This aﬁalytical procedure has.béen created to be part of a
complete right-of-way related analysis package. A number of
studies have indicated that although:initially the tax base of an
area is decreased as a result of staée purchases of rights-of-way
expands the tax base beyond what it ﬁould have been without the
presence of the highway. (See "Sociai and Economic Effects of
Highways'", U.S. Departmeﬁt of Transportation, 1974). Assessed
values grow most dramtically at free#ay interchanges where greatly

increased accessibility stimulates intensive use of the land. A

Land Value Model is now being considered as part of the Statewide
Transportation Modeling System to estimate how land values are

redistributed in an area as a result of the construction of new

highways. This model will be keyed fto estimating land values
around freeway interchanges and should be very valuable in helping
to determine both social and economic effects of new highway al-

ternatives as they are manifested through land value changes over
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an extended period of time.

Together the Right-of-Way analyéis which shows land needs of
various alternates and initial tax roll losses, and the Land Value
Model which will indicate longer run changes in land values and
hence land revenues, should operate to portray the dynamic right-
of-way related effects of ne% highway alternatives. These analy-
tical techniques will be even more accurate when the Statewide
Transportation Modeling System is completely converted to the 2300
zone system that is being built. Admittedly at this time estimates
of tax loss based on the average tax value per acre for each zone
are somewhat rough. Neverthgless, because the model is built to
perform Statewide and 1argé %egion analyses the results are fine
enough to provide some basis for discriminating between alternatives
at this level. The 2300 zone system will allow analyses to be per-
formed over much smaller areés and as each zone will encompass a
smaller land area, average tax per acre figures will more closely
approximate tax loss on the 1and that will be purchased for rights-
of-way. Actually because th; modeling system has been created on
gsuch a sound analytical baselthere is no reason that as it is ap=-
plieﬁ with an increasingly fine zone system the tax loss estimations
could not be exceedingly accurate, especially if average tax values
are determined for a series:of land use classifications such as in-
dustrial, residential and commercial; and estimates are made of how

much of each type of land will need to be purchased,
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PEDESTRTAN DEPENDENCY ANALYSIS

A basic tenet of urban and regioﬁal planning is that cohesive
human activity areas should bhe preseréed whenever possible. To
preserve these areas, however, it is first necessary to identify
where they exist. There is a need for some quantifiable index that
is highly correlated with community cghesiveness. Studies have
shown that where people depend a great deal on walking to attend
activities or to obtain various needs activity areas of high cohe-
siveness usually exist, Therefore, a pedestrian dependency index
can be used as a measuvre of community cohesiveness, It is only
necessary then to create an index that portr;ys the degree of ped-
estrian depéndency in an area.

Four indices of pedestrian depéndency, created by Marshall
Kaplan, Gans and Kahn of the Universél Engineering Corporation, can
be used as measures of community coh%siveness. These indices, ex-
plained in detail in a U.S. Departmeﬁt of Tranmsportation report
entitled, "Social Characteristics of Neighborhoods as Indicators
of the Effects of Highway Improvemenés (1972)", are designed to
measure General Pedestrian Dependencj, School Pédestrian Dependency,
Local Shopping Pedestrian Dependency; and Social Institution Ped-
estrian Dependency. Because these indices are designed to utilicze
census information, any of them can be programmed for computation
within the context of the Statewide Tramsportation Modeling System.
However, given that the Statewide Model is designed for statewide
and regional analysis purposes, the ﬁost useful pedestrian depend-

ency index to use in the system at this time is that which gives
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the most general indication of pedestrian dependency. That dindex
is the General Pedestrian Dependency Index (GPD). The index Te-

fers to the dependence of residents on walking for general activi-
ties or needs. The GPD Index, as adapted to the Stétewide Trans-

portation Modeling System is computed as follows:

GPD = (h% x p x 1)

i ,
where;

h#% = households with no éars, portion thereof

p = persons/household, average number

1 = Income, median houséhold for the state

i = income, médian houséhold for the study area

(zone or zones)

Implicit in this equation are tHe assumptions that: (1) pedes-

trian dependency is inversely related to auvtomobile ownership (i.e.

those who do not have automobiles are more likely to walk to ob-
tain needs or attend activities): (25 pedestrianrdependency is in-~
versely related to income (i.e. thosé with lower incomes are more
likely not to use mechanized means of transportation and thus will
walk more often for needs).

By applying this analysis technique on a zonal basis through-

out the state or a reglon it is possible to obtain a series of

index numbers, one for each zone, that allows the analyst or planner
to determine which zones will be impacted beneficially or adversely

according to this social impact measure. The zones which have high

GPD scores, indicating that people in that zone are more dependent
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on walking to go places, are those which will be impacted adversely
by new highways, and thosewith low GPD scores, which implies higher
dependency on automobile transportation, will be impacted less ad-
versely and perhaps beneficially according to this criteria. New
highways are likely to adversely impact areas of high pedestrian
dependency because these foaas may create barriers to pedestrian
movement and thus disrupt so#ially cohesive areas.

To facilitate the analyéis and planning process, the.GPD in-
dices obtained for each zone can be plotted by SYMAP, a plotting
routine contained within the Graphic Display Battery of the State-
wide Traﬁsportation Modeling System. An example of these indices
plotted by SYMAP is located in the Analysis Results section of this

report in the subsection on Pedestrian Dependency Analysis Results.
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INTRODUCTTON

Analvysis Results

The previous section of this Treport contained a brief
explanation of the ﬁrocedural steps requirea to utilize each of
the seven basic model related social impact analysis techniques.
Because the-priméry purﬁosé_of thié document is to demonstrate

the application of these techniques this section deals with the

actual testing of three highﬁay proposals and their social
impacts. The three highway ﬁlans used for the impact analyses
appear in Figure 8,

Each impact measﬁrement application is discussed independently
in this document, but the user of a total étatewide transportation
modeling system should be aware that these procedures can be used
independently only when atteﬁpting_to defermine the relative
achievement of any spécific Qlanning goal, Most often these
social impacts need to be weighed with economic and enviroamental

1

impacts to complete a total system analysisfat the regional level.

3
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Results of Proximity Analysis

The Proximity analysis routine provides output that can :be
used for a number of different purposes. The following results
are presented .in various formats to demonstrate different ways

in which the data can be aggregated and interpreted,

Accessibility of People to Health Services (Hosgpitals)

Tables 1, 2, and 3 present output from Option 1 of the
proximity analysis roufine. ;The detailed data from this output
are transcribed to this tabular form to allow the analyst to
compare accessibility differgnceé created by the different
alternates at both the zonél:and regional levels, The table
indicate the location of the hospitals in the region by zone
and tell how many hospitals ére in each zone., They also indicate
how many people are within the specified travel time of each of the
zones that contain hospitals. it should be remembered that scans
around each server zone (zoné with a hospital in it) are independent
cf scans made arcund any ofh;r server zone. Therefore, in aggregating
the population figures from each zonal scan to a regional summary
there may be multiple countiﬁg of people. Thus the regional summary
population total in Table 1 ;f 289,079 is a relative index of
accessibility of people to héspitals and does not indicate that
289,079 different people canftravel to the six hospitals in the
region within one houf. |

In comparing accessibility differences between the three
alternates at either the zongl or regional level one can see that
within the first 30 minutes éf travel time the data indicates that there
are no differences. Howeveri it should not be inferred from these
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TABLE 1
PROXIMITY OF PEOPLE TO HOSITALS
ALTERNATE A
NURBER OF PEOPLE WITHTH
NUMBER ; - -

OF 0-15 16-30 3145 46-60 0-60
ZONE | HOSPITALS | MINUTES | MINUTES | MINUTES | MINUTES | MINUTES
34 I 6467 2126 9900 50,139 | 68,632
35
36
151 2 20,650 22,912 23,806 | 13,715 | 81,123
152 :
153
154
155
259 1 3,849 © 0 25,117 14,438 43,404
260
261
291 1 13,422 10,105 23,075 | 13,544 | 60,146
292
293
294 1 3650 13,422 8,184 10,518 | 35,774
505
506
507
508
ALL |
ZONES 6 48,078 48,565 $0,082 | 102,354 | 289,079
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TABLE 2
PROXIMITY OF PEOPLE TO HOSPITALS

ALTERNATE B

ZONE

"{‘“NUMBER'OF PEOPLE WITHIN -

NUMBER
OF

HOSPITALS

0-15
MINUTES

16-30
MINUTES

31-45
MINUTES

46-60
MINUTES

0-60
MINUTES

34

i

6467

2126

23,322

43,602

75,547

35

36

15%

20,690

223912

23:806

15,432

82,840

152

153

154

155

259

3849

254107

14,438

43,404

260

2614

29k

- 13,422

10,105

27,772

244779

76,098

292

293

294

3650

13,422

10,310

244,84

525223

505

506

507

508

ALL
ZONES

48,078

1105327

123142

48,565
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TABLE 3

PROXIMITY OF PEOPLE TO HOSPITALS

ALTERNATE C -

NUMBER  NUMBER OF PEOPLE WITHIN

ZONE | OF 0-15 T "16-30 3705 06-60 0-60
HOSPITALS | MINUTES | MINUTES | MINUTES | MINUTES | MINUTES

34 1 467 21,26 9900 50,139 68,632

35

36

151 2 20,690 22,912 23,806 23,705 91,113

1352

153

154

155

259 1 3489 0 25,117 144438 43,404

260

261

291 i 13,422 10,105 23,075 22175 68,777

292

293

294 1 3,650 13,422 8,184 10,518 | 35,774

505

506

507

508

ALL ?
ZONES 48,078 48,4565 90,082 120,975 307,700
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results that the alternates do not have some affect on the travel
times of peoplé who live within 30 minutes of the hospital. +On
the contrary, 1t is rather certain that for each of the alternafes
there will be some people who will be benefitted. No differences
are apparent for two major reasons., First, the 547 zone models is
not built to make aﬁalyses involving such short travel times,
Almeost all zones in the gystem are at least fifteen minutes wide.
Thus scansgs from one zone to %nother will infrequently show travel-

time differences that occur for trips of less than 30 minutes.

Second, in this test situation comparisons are being made only of
major link differences involved with three regional highway alter-
natives, Local connector and feeder links are not included in the
analysis.

When travel times get up to the 45 minute level, however, the
model is fine enough and the}impacts 0of the alternates become great
encugh so that accessibilityedifferences can be recorded and analyzed.
The fact that on all proximity analyses that have been run by the

P Statewide Studies Unit discefnable differences occur with 45 minutes
of travel time indicates that this routine is quite adequate for
performing regional analyses;dnd more than adequate for determining

?? the statewide impacts of travel alternatives. (See the accompanying
output data for verification).

In comparing accessibility differences between the three alter-

i natlves at the zonal level iﬁ the 45 minute and 60 minute time bands

| one can see that each.of the:alternatives impacts the hospitals
differently. -Only in the case of the hospital in Zone 259 is there
no change 1in accessibility from the no-build to the build alternatives.

Alternate B cauges hosgpitalg in Zones 291 and 294 to be much more
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accessible to people as compared with the no-build alternative, and
causes the hogpitals in Zonres 34 and 151 to experience moderate
accessibility increases. Alternate C, en the other hand, causes more
moderate accessgibility dimprovements in all cases.

The regional summaries in the three tables provide gross indices
of accessibility. From these indices it appears that Alternates B
makes hospitals most accessible., However, in remembering that the
summary figure is a relative index of a%cessibility one should be
ﬁary of inferring that Alternate B is tﬁe best alternative to built
to serve people in obtaining hospital cére. In some cases gross
aggregates of this nature can be miéleading. For instance, health
care planners may hﬁve determined that if people can reach one hosgpital
within 60 minutes driving time then the§ are being adequately served.
Under such circumstances it may be that the accessibility provided
bv Alternate A is already adeguate and,itherefore, the accessibility
provided by Alternates B and C are exceésiven By referring to the
final listing of Option 2 in the proximity analysis output the
analyst can determine immediately whiqh of the alternatives are
deficient by this criterdion. This final print-out lists all of the
zones in the state not located within an hour of a hospital. {(See
Tabhle 4 for an example.) In this case for each alternate the zZones
not served are the same, therefore, the:single print-out suffices to
show the zones not served for each alteénate. From the print-out
we see that none of the zones in the Northwest Region are on the list.
Therefore, all are served by a hospital within one hour driving time.
Thus if the criterion for good health care provision is accessibility
to one hospital within one hour, all three alternatives meet the

criterion,
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Suppose, however, that the criteiion is accessibility to at
least two hospitals, based on the ide; that complete medical care
can not be provided at any one hospital. Then it 1s not enough
for the planner to know only that theizones under consideration
are gserved by at least one hogpital and the final listing in
Option 2 is not adequate for analysis‘purposes. Some indication
is needed of how many hospitals are aﬁailable to people in each
zone in the region.

The first series of listings in the output from Option 2 provides
this indication. See Table 5. This listing shows how many hospitals
are within selected travel times of each zone for Alternate A. In
the example we can see that people who 1ive in Zone 151 can reach
2 hospitals within 15 minutes. Two more within 45 minutes, and
another one within 60 minutes, Table 6, which presents this zonal
data for all three altermates, shows that no zones in the region
are served by fewer than two hospitais within 60 minutes driving
time on any altermate. Thus all alternates are adequate by this
criterion.

However, suppose health planners need indices other than these
one which to decide which alternate is best for providing health
care, An index commonly used by plaéners is the ratio of people
in ﬁhe gervice zone to the number of beds in the hospital. Since a
service zone is based on travel time, the ratio could be:

people within 60 minutes travel time ({service zone)
Number of beds available

By accessing the facility file data the proximity analysis
routine provides ratio dinformatiom of this sort as well., 1In the
facility file, data is stored about each hospital in each zone.
Part of that data is the number of heds in each hospital. This
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TABLE 5
- PROXIMITY OF HOSPITALS TO PEOPLE

 ALTERNATE A

E NUMBER _ NUMBER OF HOSPITALS WITHIN
- ZONE . OF 0-15 16-30 | 31-45 | 46-60 | 0-60  |poPuLATION
PEOPLE | MINUTES | MINUTES | MINUTES | MINUTES | MINUTES| HOSPITALS

34 2571 1 o 1 3 5 514 420
35 3896 1 0 4 0 5 779.20
36 2126 0 L% 2 2 5 425,20
151 20,690 | 2 0 2 1 5 4138.00
152 9,384 0 2 0 3 5 1876,80
153 5,485 0 2 0 2 4 1371425
154 1158 0 2 0 2 4 289,50

"""" 155 2458 0 3 0 3 6 409.66
259 3849 1 o 2 o 3 1283,00
260 2596 0 o 3 1 4 649,00
261 4427 0 2 1 1 4 1106 .75

é 291 13422 d L 1 1 4 3355,50

| 292 1305 0 L 0 1 2 652,50
293 1717 0 0 3 0 3 572.33
294 3650 1 1 1 o 3 1216.66
505 9990 o 0 1 2 | 3 3330,00
506 5128 0 0 L _ 2 3 1709.33
507 1937 0 0 3 3 6 322.83
508 2662 0 0 1 3 4 665450
ALL
ZONES 98,451 7 15 26 30 78 1262.19




TABLE 6

PROXIMITY OF HOSPITALS TO PEOPLE

ALL ALTERNATES

- NUMBER OF HOSPITALS WITHIN 60 MINUTES OF INDICATED ZONE

ZONE POPULATION ALTERNATE ALTERNATE ALTERNATE
NUMBER ZONE A B c
34 2571 5 5 5
35 3896 5 5 5
36 2126 5 T 6 5
153 20,690 5 5 5
152 9,384 5 - 5 5
153 5485 4 4 4
154 1158 | 4 4 4
155 2458 % 7 6
259 3849 3 3 3
260 2596 4 6 4
261 4427 4 5 4
291 13,422 4 6 5
292 1305 2 3 3
293 1717 3 5 3
294 3650 3 4 | 3
505 9990 L3 3 | 5
506 51,28 '3 4 3
507 1937 .6 6 6
508 2662 4 | 4 4
ALL ‘ |

ZONES 984451 78 90 82.
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information is presented as part of the listing in the Option 2 output.
In Table 7, which contains an example of Option 2 output, the third

column of information headed by the word “Capacity" contains the

number of beds in the hospitals that can be accessed within the
given travel time from the zone under analysis. Thus, for example,
with Alternate B people living in Zone 6 have access to 441 hospital
beds within 60 minutes travel time of their homes. These beds are
in five.different hospitals. By combining the capacity information
in this list with population Qata from Output 1 it dis possible to
obtain the ratio cited above., Thus the population that can reach
the two hospitals in Zone 6 within 60 minutes is 37.824. Since the
total number of beds available in these two hospitals 15_441, the
ratio of people to beds is 37;824/441 indicating 85.77 people for
every bed.

By using the same technique this ratio can be obtained for each
set of hospitals in each zone:for each alternative. Thus planners

can determine how each of the alternatives affects these ratios for

each hospital in the region and thereby determine which alternative
provides the best health care’ situation by this criterion.

As can be seen from example of the output data, considerable

other information is provided by output Options 1 and 2. However,

s the purpose of this report is not to demonstrate every particular

circumstance to which the models can be applied, but to show that

the models are capable of providing a great deal of detailed

information in an analysis format that has not previously been available.
By using their imaginations planners can utilize this tool in many
ways, For example, instead of using gross population and hospitals

as the soclio-economic and facility file parameters, they could use
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b

people over 65 as the socio-economic parameter and geriatric
facilities as the facility file parameter., The routine could then

~test the accessibility of people over 65 to geriatric wards. Moreover,

QE having made analyses using aﬁy two chosen parameters the analysts
can then utilize the data to make any number of value decisions.
For insténce, the data c2n be utilized to answer the following
questions: {1) Does a given highway alternative create overloads

on the facilities given certain optimum ratios of people to units

of service? (2) Does the alternative create excess server

capacities in some zones and overload facilities in others? (3)

Does one alternative provide:access to enough facilities on not
enough? - {(4) Are some alteréatives "better™ than others?

A goed test can be made of the value of this routine for
performiﬁg social impact analyses by asking, what does one need
to know in order to determine the social impact of a given highway

alternative? There ig little doubt that a number of questions

will be answerable by use of ‘data output from the proximity routine.
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Accessibility of People to Recreational Opportunities

The data obtained from the proximity'analysis runs that computed

the accesgsibility of people to golf courses, games areas and
campgrounds are in Tables 8, 9, and 10,‘ In each case the number

of bands chosen and the total time distances used were related to
the activity under analysis by consideration of how far the average
facility user would travel to use that type of facility.

The data indicate, as they did in the hospital proximity
output, that the various alternative highway patterns have little
effect on the accessibility of people to recreatiomnal opportunities
within 30 minutes travel time, These fesults are consistent with
the output for all test runs made. The model is built for statewide
and regional analyses and, because of factors already explained,
is not now sensitive to accessibility impacts below 30 minutes
travel time. However, starting with tﬁe 30 minute travel band
significant accesgsibility differences ére indicated in every case
the build alternatives, B and C, offer increased accessibility
relative to the no-build alternative. As the travel time increases,
networks B and C alternately offer better accessibility relative
to one another and both offer increasiﬁg accessibility relative to

the Alternate A network. Overall, the Alternate C network offers

better accessibility to game areas and campgrounds than the Alternate

B network, but Alternate B provides 31ightly better access to golf
courses,

A major positive aspect of this data is that it allows
accessibility comparisons at any numbef of travel times. Partial
data provides the analyst with an opportunity to make judgements

about the relative impact of alternates at chosen travel times
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PROXIMITY OF GOLF COURSES TO PEOPLE TABLE 8
ALL ALTERNATES
POPUILATION POPULATION
N 015 | 1630 | 31-45 | 4660 | 61-75 | 76-90 | 91-105|106-120 | 0-120
ALTERNATE REGICN MINUTES | MINUTES | MINUTES | MINUTES |MINUTES IMINUTES | MINUTES | MINUTES | MINUTES | GOLF COURSES
A |85 no|® |(wo|B” |9 |0 |5 |18 |/% | 159
B |9,u51 1 B |55 7 0 1o 1w |11 |0 | 1.
¢ |musl 1 | % |y o |13 |19 |20 |180 |82 | 1103




PROXIMITY OF GAME AREAS TO PEOPLE

TABLE 9
ALL ALTERNATES
POPULAT LON | POPULAT ION
IN 0-15 1630  31-45 4660 Gl-75  76-90 91-105 106-120 G-120
ALTERNATE REGION MINUTES MINUTES MINUTES MINUTES MINUTES MINUTES MINUTES MINUTES MINUTES TGAME AREAS
A 98,451 21 36 64 83 110 136 145 174 769 128,02
B . {98,451 21 37 79 103 145 147 213 227 972 10%.28
C 98,451 21 37 67 105 130 180 199 231 970 101,49
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PROXIMITY OF CAMPGROUNDS TO PECPLE

_I L-_

TABLE 10
ALl ALTERNATES
POPULATION - | POPULATIO
IN 0-15 1630  31-45 4660 el-/5 7690 91-106 106-120 O-120 _/N"
ALTERNATE REGION MINUTES MINUTES MINUTES MINUTES MINUTES MINUTES . MINUTES , MINUTES . MINUTES . TAMPGROUNDS
A G8.451] 103 269 462 534 669 579 430 279 3,425 28.74
B 98,451 103 315 B3z 586 T20 603 365 3251 3,575 27.53
C 98,45L 113 322 523 681 6873 53% 423 427 3,677 2677
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FIGURE 21
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within the maximum travel time chosen for analysis. Thus although
overall Alternate C provides better accessibility to campgrounds
then Alternate B, at the two.hour travel mark Alternate B offers
access to 26 more campgroundg then Alternate C., This data should
be useful to recreation planﬁers and is available for the first
time ag a result.of this anaiysis technique.

A plotting technique is;also available that allows for impact
comparisons. Figures 20, 21; and 22 are examples of the application
of this techniqgue. The dataifrom Tables‘8, 9 and 10 are presented
80 that the relative accessibilities provided by the three
alternates are plotted on a éumulative basis., These plots allow
the analyst teo quickly detefﬁine the impact of each of the
alternates relative to the oﬁhers at any given travel time. The
graphic method is excellent for both presentation of the data in

formal meetings and for daily analysis and reference purposes.

Accessibility of People to Educational Opportunities

The results of this set of proximity runs are not very dramatic,
but are useful nevertheless. These runs, which were set up to
teét the accessibility of peéple in the Northwest Region to four-
year, public universities, iﬁdicate ne appreciable changes in
accessibility from one alternate to the nex. The results are
presented in Tables 11 and l?.

There are no universitiés accessible to anyone in the region
under 40 minutes travel time, and only in Zones 505, 5306, 507, and
508 are people able to tfavel to a four-year university in less
than one hour and twenty mingtes, the maximum travel time considered

feasible for commuting. Moreover, it is indicated that no significant
?
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TABLE 1

PROXIMITY OF UNIVERSITIES TO PEOPLE

ALTERNATE A
e oo | L e | e | e | o
[ NUMBER ZONE MINUTES | MINUTES | MINUTES | MINUTES | MINUTES
f 34 2571 0 0 . 0 0
é 35 3896 0 0 0 0 0
é 36 21,26 0 0 0 0 0
é 5% 20,690 0 0 0 0 0
? 152 9,384 0 0 0 0 0
; 153 5485 0 0 0 0 0
;V 154 1158 0 0 0 0 o
C 155 2458 0 0 0 0 0
259 3849 0 0 0 0 0
260 2596 0 0 0 0 0
E 261 4427 0 0 0 0 o
29 13,422 0 0 0 0 0
C 292 1305 0 0 0 0 0
293 1717 0 0 0 0 0
294 3650 0 0 0 0 0
505 9990 0 0 1 0 L
506 5128 0 0 i 0 L
507 1937 0 0 0 1 L
508 2662 0 0 0 1 1
TOTAL 98,451 0 0 2 2 4
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TABLE 12

PROXIMITY OF UNIVERSITIES TO PEOPLE

ALL ALTERNATES

| POPMLATION f oo 4 oo1so | wi-e0 .| e1-80 | 0-80
ALTERNATE REGION MINUTES MINUTES MINUTES MINUTES MINUTES
A 98,451 0 0 2 2 T
B 98, 451 0 0 2 2 y
C 98, 451 0 0 2 2 y




improvement in accessibility is created by the B and C alternates

relative to Alternate A, the existing highway netwﬁrk. Thus by
this criterion there appears to be no, reason to build new highways
on these alignments. Of course a more sophisticated analysis

is possible with the data avalilable, but such analyses will be

left for route location teams.

Accessibility of People Over 65 to Treasury Offices

These runs were made to show how the Statewide Transportation
Modeling System can be utilized to make selective proximity
analyses., A considerable portion of the data in the Socio-Economic
Data Filé has been taken directly fr&m the 1970 Census. Therefore,
the data groupings provided by the Cénsus can be used in making
selective proximity analysis runs. One of the data categories
p:oﬁided is the number of people over 65. It was this grouping
that was chosen for these sample run;. Treasury Offices were

chosen as the facility group in the analysis because elderly

people receive welfare and social security payments and services

through these facilities. Other facilities such as cardiac care
units or nursing homes could easily have been chosen.
Tables 13 and 14 present data summarized from OQutput formats

one and two of the proximity runs. Table 13 shows the number of

pecple who can reach at least one tréasury office with the indicated

travel time, whereas Table 14 shows éhe converse, how many Treasury
Offices are within the indicated travel time of at least some of
the people. Together these data proéide an indication of the
relative impacts of the alternates under congideration. If one

were to consider only the data in Table 14 it would appear that
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TABLE 13
NUMBER OF PEOPLE OVER AGE 65 WITHIN INDICATED TRAVEL TIMES

OF TREASURY OFFICES

| . TOTAL
0-15 16-30 31-45 46-60 WITHIN
MINUTES . MINUTES . MINUTES . MINUTES . 60 MINUTES
ALTERNATE -
A 2661 2085 1876 806 7438
ALTERNATE
B 2661 2095 1876 1118 7750
ALTERNATE
C 2661 2095 1876 2041 8673
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TABLE 14
ACCESSIBILITY OF TREASURY OFFICES TO PEOPLE OVER AGE 65

0-15 16-30 31-45 46-60 POPULATION
POPULATION . MINUTES . MINUTES . MINUTES . MINUTES , TOTAL . TREASURY OFFICE
ALTERNATE
A 11,805 1 5 5 2 13 515.7¢
ALTERNATE
B 11.905 1 5 5 3 14 850.35

NP b . - | S , o
C 11,905 1 5 5 3 14 850,35




although Alternates B and C offer slightly increaséd accessibility
to Treasury Offices, neither offers better accessibility rel;tive
to the other. Thus the conclusion might be that a build altermative
is preferable to the nb—build, but that either of the builds is
equally acceptablé, However, the data in.Table 13 provide the
addition information to »llow discrimination between the build
alternatives. Because of th% aliguments Alternate €, although it
does: not offer accessibility;to more Treasury Offices, does create
the opportunity for more eldgrly people to use them relative to
Alternate B. Moreover, the data in Table 13 reinforce the conclusion
that both Alternates B énd_C%offer.better accessibility than does
Alternate A,

This data, and much more like it that can be obtained through
the Statewide Transportation Modeling System, should be waluable
not only to highway plannersi but also to those who are respongible
for seeing that services aregprovided conveniently and safely to

various aggregates of peoplelwho share needs or desires.
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NOISE POLLUTION ANALYSTS RESULTS: COUNTY AND REGIONAL SUMMARIES

Output from the automated routine that performs air and noise
pollution analyses is displayed in Figures 23 and 24. Figure 23
is a listing of the output for each county in the state, whereas
Figure 24 is an example of the regional summaries that the routine
can provide. A regional summary can be provided for any number of zones
that the user choses to examine,

The information relevant to this report is provided in the column
on the extreme right in Figure 23 and in the last liné in Figure 24,
The furthest right column in Figure 23 indicates the number of people
in the county affected by noise of 70 decibels or more. The output

in Figure 23 is from an analysis of the effects of the network con-

taining Alternate C. A similar listing is printed from analysis on
any alternative chosen for analysis. The last line in Figure 24

gives the total number of people affected by 70 decibels of neise

in the reglon under consideration. In Figure 24 the regional summary
data comes from an impact analysis of the network containing

Alternate A.

Table 15 presents the regional summary data for each alternate
in a format that facilitates compariscons of all three alternates.
The air pollution data is included siéply because it is available,
If 2 complete analysis were being made of the three alternatives

this air pollution data would be needed as part of an environmental

impact study. Both air and noise pollution are environmental issues,
and no doubt both noise and air pollution can be considered social

problems in the context of their physiological effects., However,

in this report the concern is only with noise because it is being

considered relative to its psychological effects on man rather than
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1 1.9115¢ CeC5904 0,39449 3%
2 0.43127 C.02721 0,Lv3908¢% i
3 iCeelBéyl C.%4070 1.L6641 166
4 2.,11385 Co1CG06 0.20092 49 . :
5 Z.6EG0R 013770 0452354 0 FIGURE 23
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12 6.15713 Ce21829 6.€0532 28
13 1086353 0c5¢329 147418 74
14 €.82429 Cel%168 C.6372% 57
15 1.5180% C.0780% 013777 C
18 2.07040 UelC743 Ca2004d4Y 3
17 C:8%4758 CaCheall D.UR168 &
18 3-327&9 Qel171861 0,31490 25
1% G ETHZA 020043 C.¥6564 462
20 4,1801¢ Qoziefr’7 0.47796 4] .
21 2+69089 0el3887 G.25715 30 ;
22 2¢5C654 £.13188 0.22929 42 ik
23 1342576 0«866222 1.270886 37 '
24 3.84797 0.16785 0.34685 is
25 4z2.75783 20167972 3.08654] Izay
26 1.68880 008702 O0.,185745 |
27 149273 Cs07666 0.13240 i
28 5,35802 0e27736 0.53780 192
29 . 4.984413 0.25651 045837 3¢
30 4014284 C.21329 C.38109 5%
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42 005770 000267 0.,60533 e
43 C.3318¢ 0ei709. 0.U3066 y
a4 8.94889 046323 0.29742 21C
45 Q.4869% C«02507 0.04493 i
46 o Be23711% D, 42537 270
L7 — 0. e UeYirew vy




FIGURE 24

B THE SFECIAL STULY COUNTIES ARE
L 5
9, e
15
« 24
28
40
i C 4%
51
.,
< 83
CO = 21,60158 Les§ PER $§ MILE
MC =  1.11129 (&S PLR-56 VILE
NOX=  1.96332 LHSPEA 38 WILE
NUMBER OF FEOPLE AFFECTED BY NQISE 72
KEYS CO = CARBCA MONOXIDE
HC = HYDROCARBONS
NOX= OXIDES OF NITROGEN

AIR AND NOISE POLLUTION OUTPUT FOR MULTI-COUNTY REGION
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TABLE 15

REGIONAL SUMMARIES: AIR AND NOISE POLLUTION ANALYSIS

ALL ALTERNATES

CARBON MONOXIDE
ADMISSIONS
(PoUNDS PER

HYDROCARBON
EMMISSIONS
(PoUNDS PER

NITROUS OXIDE
EMMISSIONS
(POUNDS PER

PEOPLE AFFECTED
BY NOISE OF 7/
DECIBELS OR MORE

ALTERNATE | SQUARE MILES) SQUARE MILES) SQUARE MILES)
A 21,60158 1.11128 | 1.96332 72
B 25.,88790 1.23289 2,28975 316
C 20,52183 1.05786 1.92876 246




its physioclogical effects. A discussion of how the Statewide Trans-
portation Modeling System can be utilized to assist in the development
of environmental impact statements for regional and statewide analyses
will be made at a later date.

From Table 15 it can be seen that the network that contains
Alternate A, the no-build alternate, exposes the fewest number of
people in the northwest region to nose levels of 70 decibels or
more, Alternate B exposes the most people to that level of noise.
This result was perhaps intuitively predictable. The proximity
analysis output indicated that Alternate B provides the greatest
accessibility for almost all purposes. It proyides the greatest
accessibility partially because it lies closer to the centers of
population, and for this wvery reason it exposes more people to
noise levels of 70 decibels or more, iHowever, although this result
may have been predictable, never before has there actually been a
way to actually measure the relative noise impacts of alternates.

Now this information can be utilized Sy highway planners in the

process of deciding which alternate should be built.
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SAFETY ANALYSIS RESULTS VEHICLE MILES AND ACCIDENTS

An example of the vehicle summaries output is presented
in Figure 23, Summaries are presented for four type of roads:

(1) Interstate (2) Federal Aid Primary - Freeway (3) Federal

Aid Primary, Non-Freeway; and (4) Federal Aid Secondary. The

Total Miles figures indicate the miles of the indicated road

tyﬁe that are in the chosen alternate within the county under
3f study. The "Total Miles LS"Efigures represent the miles of a

given road type that provide.a certain level of service, (Thel

reader 1is referred to Level of Service - System Analysis Model

A Public Tnteraction Application July 1973 for definition of

the vérious levels of service within road type).

The routine provides thgse summaries for every county in
the region, as in Figure 25,:and then provides the same infermation
in a regional summary table as in Figure 26, These summaries
.provide the analyst with an indication of the relative safety of
alternative networks. In Table 16, thelnorthwest régional
summary data is compiled forleach of three alternative networks,
This table is a convenient vehicle for comparison of the figures.
Two ratios are included that do not appear on the sample print-outs

but which are being programmed to appear ia the listings. These

ratios are: (1) the number of accidents for every 1,000,000 hours
of travel, Both of these ratios can be used to judge the relative
safety of the alternates,

‘The major conclusion to be drawn from the data is that the
Alternate B network is the safest of the three alternates under

consideration. It has the fewest number of accidents and the
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FIBURE 26

- VEHICLE SUMMARY: ALTERNATE A
COUNTY ND, 28
VEHICLE SUMHARY FUR ALTERNATE 23 NORTHNEST REGION

INTER FAP FAP FAS TOTAL
S5TAYE Fuy NONef WY .
TOYAL MILES 0 0 | 55 19 74
 ANNUAL .
VEHICLE=MILES 0 0 169514 $£3231 18274%
(THOUSANDS) '
ANNUAL B
VEHICLE=HOURg 0 0 226097 17639 2437136
¢(THOUSANDS) : :
ANNLAL ' : o _
ACCIDENTS - 0 - 0 8714 67 918

ANNUAL GASOLYNE o
CONSUMPT 10N 0 o 7963 619 8582
CTROUSANDS G4LS,) |

MILES LSai 0 0 0 2 2
MILES LSa2 | 0 0 - 0 10 0
MILES LSw3 0 0 20 6 26
MILES LS4 - 0 0 15 o 15
WILES LS5 | 0 0 6 0 6
MILES LS=6 - 0 o 13 0 13
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FIGURE 26
REGICNAL VERICLF SUMMARYs ALTERNATE z 4

| INCLLBES CCUNTIES NCS 51, €35 57» 1Cs 45, 285 4G Ss 15, 20
- RUN 3e25¢784 w/ CUTPLT TC TAFE

INTER Fap FAF Fag TCTAL

- STATE Fhy. hAChefny
TOTAL MILES _ : ¢ 141 161 31y 84é
ARNUAL : . .
VEKICLE®VILES c ©3556( 721766 216464 1473782
(THOUSANES) | '
i ANNUAL L
3 VEWICLE=FCURS ¢ 863758 GZEEEE 30549 1794882
{THCUSARCS) : L |
ANNUAL ‘ | ;
ACCICENTS | ¢ 53 5742 847 4552
ANKGAL GASCLINE o :
CONSUMETION. ¢ 26613 34776 G672 74361
(THOUSAND GALS.) -
WILES LS=1 - 0 Gz T 35 $76
MILES L5=2 ¢ 33 5¢ 214 267
© WILES LS=3 ¢ 12 144 2¢ 17¢
¥ MILES LS=4 ¢ 0 16 Ze -
VILES LS%x5 ¢ 2 i ic 42
VILES LS=é 0 ¢ 51 3 94

VEHICLE SUMMARY: ALTERNATE B
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SAFETY ANALYSIS: VERICLE SUMMARIES, ACCIDENTS

AL TERNATE INTERSTATE | F.AP, = FWY | F,AP, — NON-FWY FAS TOTAL
TOTAL _MILES 0 3 459 314 776
ANMNUAL VEHICLE MILES 0 14,921 973,502 239,618 |1,228,041
A | ANNUAL VEHICLE HOURS 0 15,689 1,266,955 338,560 16235 204
UL ACCIDENTS 0 16 3903 965 l4s84
&1 .gm,_gs (1,000,000 0 1,07 4,03 4,03 3,98
Esouas (1,000.000) 0 1,02 3,08 2,85 3. 0L
TOTAL MILES 0 14 391 314 846
 ANNUAL VEHICLE MILES 0 535,560 7214726 216,496 1,473,782
B | ANNUAL VEHICLE HOURS 0 563,725 925,666 305,491 15794,882
ANNUAL_ACCIDENTS 0 963 2742 847 4552
AN : VERICLE Mites (100000001 © 1,80 3,80 3,91 3,08
ANNUAL ACCIDENTS -
ANNUAL VEHICLE Hours (1,000,000 0 Le71 2,96 2.77 2.54
TOTAL MILES 0 114 470 314 898
| ANNUAL VEHICLE MILES o 479,143 728,730 238,394 1,446,267
c ANNLAL VEHICLE HOURS 0 504,315 953,168 335,604 147935087
0 863 2913 941 4717
j | (1,000,000 o 1.80 4,00 3.95 3.26
ANNUAL VEHICL,EmURS (1,000,000 0 1,71 3,06 2.80 2,63
: |
8 ' TABLE 16




lowest ratios of accidents to vehicle miles traveled and accidents

to vehicle hours traveled., The data allows for a comparison toc be
made between the Alternates, and provides a basis for this conclusion,
is by itself a new and very uéeful addition to the information highway
planners need to make ipforméd and accurate decisions., However,

a8: can be seen in the table,: there is much more valuable information
available, This information can be used to determine why, in fact,
the Alternate B network is the safest,

For example, it can be éeen that although the Alternate B network
has fewer miles in it than‘tbe Alternate C network, it sustains more
vehicle miles and hours trav%led. On the basgis of this information.
alone one might be tempted to conclude that the Altermate C network,
sustaining fewer miles traveled per mile of road aQailable, will
be the safest alternative. ?et the accident figures and ratios
indicate otherwise: Why? :Tpe answer can be found in the sub-total
figures., In the Alternate B%network there is both a higher percentage
of freeway roads then in thefAlternate C network, and a higher per-
centage of vehicle miles and.hours traveled on these freeway miles,
The configuration of the Alternate B network 1is such-that people are
inclined to travel more on_the gsafest road type, the freeway roads, and
less inclined to travel on the less safe road types, the FAP - Non-
Freeway and Federal Aid Secondary Roads.

It is true that the freeway links Iin the Alternate B network do

sustain more accidents than those in the Alternate C network, but
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the reduction in accidents on the FAP ﬁon—freeway and F,A.S. roads
relative to.the accidents on the same road types in the Alternate ¢
network more than offsets this increase and the shift results in
both fewer total accidents and lower overall ratios of accidents to
vehicle miles traveled and accidents to vehicle hours traveled.
Furthermore, the statistics indicate that for all road types,
other than FAP Freeway links, in which case there is no valid basis
for statistical comparison, both the Alternate B and C networks are
safer than the no-~build alternative for all road typeé. This result
was perhaps to be expected because of the increased percentage of the
safer freeway miles in each alternate, and in the past planners
have made décisions based upon this expected result, However, now
there is a routine that provides statistical summaries from a
predictive model that enables planners to énalyze the relative safety
of links, and then make informed deciéions about which of the build

or no—-build alternatives should be built,
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SOCIAL DISRUPTION: ANALYSIS RESULTS

In analyzing the soclal disruption test results there is Iittle
need for manual manipuiation of the data. The rvoutines applied to this
test perform a complete range of manipulations. A new network is
built based upon new data thét has been input to the system. From
this network new trees and skim—trees are bﬁilt that describe various
time path alternatives betweén zones and determine a set of wminimum
time paths. Then the new skim-tree is subtracted from the one created
from the old network. This subtraction creates a matrix of minimum
time path differences which indicates whether travelltimes between
zones have been shortened or.lengthened. This matrix 4is then input
to a selected tree routine which creates individual matrices for
selected zones that show the travel time differences created between
each selected zone and every other zone in the system. A series of
listings which show these differences from each selected zone to
every other zone can then be obtained for analysis. An example of
such a listing is in Figure . This listing shows the differences
in minimum travel times from Zone 235 to any other zone for the two
networks portrayed in Figures 16 and 17.

Begause the minimum travel times between zone 235 and all other
-zones 1s larger for the new network than for the old, and because
the minimum travel time matrix along the new network is subtracted
from that along the old netgork, the differences appear as negative
numbers, The lack of positfve numbers indicates that the new links
do not make travel times shorter between zone 235 and any other

zones. There is no appreciable change in driving times between
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INCREASED TRAVEL TINES DUE TO ROAD CLOSING




zone 235 and wmany other zones and this fact is indicated by the zeroes
in the matrix, However, between 235 and a number of zones driving
times are lengthened anywhere from 4 to 8 minutes. The effect of the
ne@ network is clearly negative and this effect is indicated in the
total travel-time difference.of ~-373,

These travel differences can be plotted. The selected tree

. information is fed into a plbtting routine along with other network
£ A

data to create a graph which shows travel time differences between
. 2y
zone 235 and any other zone in the system. Figure:76:presents the

o7
information from Figure 25 in graphic form for all zones north of

Zone'235.r (The two and threé digit numbers are zone numbers. The

squares represent the centroids of each zone. The one digit number

associated with each square represents the additional time needed to
j; travel from zone 235, represénted by the star, to each zone centroid).
This graph helps planners anﬁ analysts to visualize the impact that
the new network has on travel times across a geographical area. Note
that the new network created‘longer travel times between zone 235
and almost all zones throughout the northera part of the State.

The importance of this analysis technique is obvious. Never

before has it been possible to determine with speed and accuracy the
effects of a road closing on the travel times throughout a network.

In the past such a closing might have been considered to have only

a local impact., Now, however, it can be seen that travel times between
zone 235 and many other zones are definitely lengthened. This means
that people will have to spend more time traveling between zone 235

and most of the northern paft of the state.
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PLOT OF INC-REASED TRAVEL TIMES DUE TO ROAD CLOSING
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The importance of this analysis technique is obvious. Never
before has 1t been possible to determine with speed and accuracy the
effects of a road closing on the travel times throughout a network.
In the past such a closing might have been considered to have only
‘a local impact. Now, however, it can be seen that travel times between
zone 235 and many otﬁer éones are definitely lengthened. This means
that people will have to spend more time traveling between zone 235
and most of the northern part of the state. With additional infofmation
about the number of trips taken between zone 235 and all other zones
it beccomes a simple matter oﬁ multiplying the additiomal travel time
between zone 235 and all othér zones by the number of trips to determine
the number of additional minutes éccumulated for all trips. Then by
multiplying this product by the number of people per trip and dividiﬁg
by 60, it is possible to detérmine the additional man-hours consumed
in t;avel each year as a resglt of the selected road closing. These
additional travel hours constitute a gsocial disruption of considerable

magnitude,
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PSYCHOLOGICAL IMPACT MODEL RESULTS

Two forms of graphic output can be obtained from the Psycﬂblogicgl
Impact routine. Both forms are presented in this section. Figureséé;,
28, and fg present data in one of the output formats., In these figures
the larger numbers denote nodes, the junctions of two or more links.
The smaller numbers, those written along each link, represent the hassle
factors that have been computed for each link., As can be seen the model
is capable of computing the hassle factors for all projected links
as well as the hassle factors for links already in existence., Note
that in the network containing the new links from Alternates B and
C not ohly can the psychological impact model compute the hassle
factors for new links, it can also compute new hassle factors for
existing links that reflect travel pattern changes resulting from the
introduction of the new links. For example, for link 1307—1308 the
Hassle Facter in the no-build Alternate, Alternate A, is 187, whereas
for the same link in the Altermnate B énd C networks the hassle factor
has risen to 225, Apparently because of the new highway alignment
the link becomes more crowded or more heavily used by trucks in the
Alternate B and C networks, Whatever the reasons, however, the fact
that the Psychological Impact routing is capable of recomputing hassle
.factors as a result of systemic changes is significant. It enables
the transportation analyst not omnly té model the existing highway
network using psychological parameters, it also allows him to estimate
the impact of possible new roads on drivers using these roads and
on drivers using other links on which driving conditions will change

as a result of these new roads. It erdables the planner to observe

how the introduction of new links in & system has an effect on the
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psychological driving conditions on links throughout a region or
even the state.

The second form of graphic output that can be obtained from
the Psychological Impact routine is presented in Figures 30, 31,
and 32, This form presents the same data only in this case through
the use of bandwidth plotting. Each bandwidth represents a range

of psychological comfort or distress (depending upon one's perspective).

The following values are associated with the given band width:

Bandwidth Hassle Factor
1 1.00~-1.79
2 1.80-2,59
3 2,60=-3.39
4 3.40-4,19
5 4,20-5,00

Thus a narrow band indicates low psychological discomfort and a wider
one indicates greater psychological discomfort.

Note on the figures that the new 1links in the Alternate B and C
network are represented by bands having only one line. These new
links are freeway links which have the Best psychological comfort
rating of any Ilinks built.

There are two major uses to which the Psychological Impact data
may be put., Most obviously the data can be used to determine which
links have combinations of factors that make driving on them both
distressing and hazardous, and thus which links should be either
improved in some ways or replaced or supplemented. Less obviously,
the data can be used by the transportation analyst to create a better
traffic assignment model. Once driver psychological discomfort rises
to a certain level because of distressing circumstances such as traffic
volume or percent of trucks on the link, a number of drivers (a

percentage of the total yet to be determined by research) will shift
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FIGURE 32
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STATEWIDE TRANSPORTRTION MODELING SYSTEM
"
PSYCHOLOGICAL IMPACT MODEL TE’.ST
ALT. C (26)
BANDWIDTH PLOT OF
HASSLE FARCTOR

FIGURE 34
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to other hilghway links to avoid the distress, The shift will occur
even if 1t means moving to a slower travel route,
Regardless of the use to which the data is put, there 1is little

doubt of its value as part of an overall program to assess the social

impact of new highway alternatives. The data, which can also be output
for each link through the usual listing format along with many other
relevant social, economic, enviropmental and other data, provides the

analyst or planner with additional information that should lead to

definitive transportation planning.
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GENERAL PEDESTRIAN DEPENDENCY; ANALYSES RESULTS

In this section the discussion is centered, first, around
the need for a slight revision in the concept of the GPD Index;
second, around how to read the output data in the given presentation
format; third, around how the’ GPD Index can be used in planning
mass transit for rural areas; fourth, aréund how the GPD Index can
be used in planning the location of highways in rural areas; and
fifth, around how the GPD Index.can be used to indicate where
highways should not be locatea in urban areas.

Figure 35 is a plot of the Generél Pedestrian Dependency
indices‘that were computed fo? each of the zones in the Northwes
Region of the lower peninsula. The plot indicates which zones
have a greater or lesser proportion of people who have a propensity
to walk to obtain their needsjor desires. The propensity concept
is used here because in actuaiity the GPD Index cannot be used to
determine the exact number of people who walk to obtain services,
Rather it can only be used to in&icate the relative predisposition
of people in a given area to do so. This distinction is perhaps
more important in larger, more rural area analysils than it may be
for analyses of smaller, more densely populated urban areas. In urban
areas, given the sghorter distances between points of origin and
destination for many trips, walking to obtain needs or desires may
be a practical alternative to using an automobile, and therefore,
there may be a close correlation between the number of people who
walk and the proportion indicated by the General Pedestrian Dependency

Index. However, in rural areas where average trip lengths are much
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greater, although people may wish to éalk to obtain needs or may

be so situated that they would walk if they had any choice, they

may be forced to make arrangements to use an automobile because

it is the only practical transportatian mode under the circumstances.

Therefore, when considering what the dPD Indéx implies about

current or future demands for certainftransportation modes in rural

areas, it is wiser to work with the iéea of propensities to walk

then to attempt to compute the number of people who actually do

walk for certain purposes. By’ 'viewing the plot in ¥igure 35 within

this conceptual framework the results;obtain considerably more

credibility because it is virtually cértain, given the rural

character of the region and the virtual lack of any altermative

to thé automobile, that almost all of the people, regardless of

what the indices say, depend upon the automobile for travel purposes.
The fellowing key indicates which pedestvian Dependency Index

values are associated with each of the symbols on the plot.

GPD Index Value

0.00- 0.10- 0.20- 0.30- 0.40- 0.60- 0.80- 1.00- 2.00- 3.00-
0.09 0.19 0.29 0.39 0.59 .79 $.99 1.99 2.99 4,00

as s 593593 T =====  J4+b+ XXXXX 00000 00000 RAMED HEREE
R 323 3 3 T EEEmm= +5+++ XXXXX 00000 99999 ﬁﬂﬂﬁﬁ @ﬂﬂﬂﬁ

A lower index number represents greatér dependence upon the auto.
Thus the plot indicates that people in area 1l would be more likely
to walk, if they had the cpportunity, or, more Importantly for
rural analysis, ride a form of public tramnsit if it were practical,

than those people in area 2 where the GPD Index is lower.
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In rural arecas the GPD Index can be applied to best advantage in
identifying which areas are most likely to benefit from znd use ﬁass
transit facilities 1if they are introducéd on a competitive basis.

(A system that costs either no more or relatively little more than
existing transportation modes in both time and money and which
provides services frequently enough is competitive.)} This is true
because, in effect, the index shows the‘concentrations of people who
have either no autos or who have the loéest incomes relative to the
population at large, and these people are the most likely candidates
for mass transit useage. However, for focating mass transit routes
the GPD Index is not a sufficient indicﬁtor, It acts only to show
where there are more people who have a ﬁrogensity to walk relative

te the total anumber in the zone under aﬁalysis; it does not relate
these proportions to actual population numbers. The GPD Index would
be sufficient for decision making purposes if all zones in the system
had approximately the game number of peéple. Generally, however,

the zones have populations that vary considerably in number. Therefore,
in addition to the GPD Index, what is néeded for rural agnalyses is

a formula, based upon the reasoning used to derive the GPD Index,
which can be used to make estimates of éctual numbers of people in
each zone who have a propensity to walk or to use mass transit. By
using these numbers transportation plannmers would be able to determine
if there were enough people in the indicated areas to support certain
types of transit alternatives. Together the GPD Index and the
additional formula could greatly aid pldnners in determining where
transit faéilities should be located.

In both urban and rural areas, the GPD Index can be used to

determine where highways should be located. Those zones that show
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the highest relative dependency on the auto according to the index
and those zones that have the highest number of people dependent
upon the auto (this number obtained by using the additional iﬂdex
described above) should be the zomnes which highways are designed
to serve and in which the higﬁways should be located.

The highways should be lécated in high auto dependency zones
for two reasons: First, they will be more accessible to auto
users in these zone; and second, when located in high auto dependency
areag vather tham in high pedestrian dependency areas, their impact
" on pedestrian traffic will be minimized. Kaplan, Gans and Kahn
have indicated that especially in urban areas, the imposition of
new highwayé in high pedestrian dependency areas can create serious
disruptions of traditional, and usually quite stable, social patterns.
Thus when used in an urban anglysis system, one which can be
created using the same techniﬁues used to create the Statewide
Transportation Modeling System, the GPD Index can be used to indicate
those areas in which highways should not be located. The subtleness
of the analysis of course, should be related to the needs of the
task at hand. Thus for corridor location analysis it may be sufficient
to use vrelatively larger zones when computing the GPD Index. However,
for highway alignment decisions it may be necessary to use smaller
arcal aggregates defined by such criteria as ethnic or economic
interaction patterns.

The potential of the GPD dindex, although limited in isolated
use, is substantial when used with other analysils technigues. It
can he incorporated with other techniques in to a modeling system

such as the Statewide Transpdrtation Modeling System to create a
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unified and comprehensive system of traﬁsportation analysis that

encompasses economic, social and environmental considerations.
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CONCLUSION

This report was writfen to demonstrate how any state might
apply a statewide transportatign modeling system éuch as Michigan's
(Figure 5) in the area of social jimpact analysis. Analysis
procedures detailed and tested in this document deal with impact
analysis at the statewide and regional levels. The list of
social impact.ﬁeasurEment techniques identified in Figure 9 is not
meant to bercomplete, rather these téchniques were chosen as
examplés of how impact ﬁeasprements can . be obtained quickly and
inexpensively using modeling techniqueé.

The Statewide Studies Unit will appreciate any comments that
the reader may have concerning fﬁe report. Hopefully the techniques
described here will be incorporated by transportation analysts
into their analytical arsenals, énd will help to stimulate mnew

ideas that can lead to improved analytical techniques.
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