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Absiract

A eross-sectional time series database of U.S. data on fatalities and injuries is
analysed using a fixed effects negative binomial regression. Data from 50 states over
14 vears is uwsed to examine the effect of various highway hnﬁmvermnts on both
fatalities and mjuries. These include the total lane miles of capacity, total average
number of lanes by finctional road category (interstates, arterials, and collectors),
tane widths and the relative balance of the various road categories within each state,
Results strongly refite the hypothesis that engineering design improvements have
bean beneficial for reducing total fitalities and injuries. While cantrolling for other
effects it is found that demogmphic changes in age cohosts, increased seathelt use,
and increases in medical technology have accounted for a larpe share of overall
reductions in fatalities. These results have major implications for the cost benefit
analysis of highway projects and for new Federal planning regulations that require

safety to be considered as a planning factor.



Introduction

The upgrading of road infrastructure has normally been seen as a technique for
reducing famkities and injuries associated with traffic crashes. Historical trends wonld
tend o support this viewpoint as fatalities per mile travelled have declined
substantially over the last 30-40 yvears in the U8, This has coincided with the
construction of the Interstate highway system and changes in engineering standards
that have resulted in roads that penerally have fewer curves, fewer roadside hazards,
and both wider travel lanes and more travel lanes.

Coenventional traffic engineering would not question the assumption that
“safir™ and newer roads reduce fataliies. However, this type of approach tends to

_ ipnore behavioral reactions to safety improvements that may off-set fatality reduction
goals. For example, if a two lme mad is expanded to four lanes, then many drivers
will travel at higher speeds, potentially leading to no gains in safety. Of coursg,
iticregsed speads allow increased mobility benefits even if the costs associated with
crashes are not reduced.

Micro-scale analysis of specific safety improvements may show that various
crash types can be reduced by road improvements. This type of apalysis will not,
hovwrever, show what the systerm-wide effects’ on total fatalities and infuries may be,
nor will it necessarily control for other effects and changes that ocour simultaneousky,
such as demographic chanpes or increased seatbelt usage. This paper analyzes
aggregate state-wide data on fatalities and injuries to determine whether road
infrastructure has been beneficial in reducing famlbites and injimies.  Several variables

are used to define road infrastucture. These are toal lane miles, the numnber of Tanes

t Systerrwide effects are defined o inelude interactions between the road infTastmucture, the vehicle,
and the behavior of the driver,



for alternative road classes, the lane widths for alternative road classes, and the
fiactional percent of each road class within a given state. Changes in horizontal
curvanre, shoulder widths, the separation of lanes with medians, and the presence of
roadside hazards, are not examined. However, one would expect new lane miles
constructed over titne {o have fewer of these characteristics than older mfrastrucnure.
Thus the ane mile variable serves as a proxy to represent these “improvements™ in
road design. Cross-sectional time-series data is used in a fixed effects negative
binomial regression analysis to analyze the impact of these infrastructure variables.
This technique controls for unmeasured variables that may also be affecting the
dependent variable.

The underlying engineering hypothesis is that road infrastruchure
“improvements” will reduce both fatalities and infuries. However, it is not found that
this hypothesis can be supported. Results actually tend to suggest the counter-
intuitive hypothesis that these type of road “safety improvements” actally lead to
statistically significant, though small, increases in total fatalities and injuries, all else
equal. This result has also been suggested by other recent research using aggregate
safety data, which is reviewed in the next section.

Having found this counter- intuitive result other factors that may have led to
the obsarved decreases m total traffic-related fatalities are analyzed. Changes in
demographics, measured by changes in age cohorts are found to have the fargest
effect, primarity fewer young people and more elderly people. Improvements in
medical technology, measured using a proxy of white infant morality rates is found to
also be highly significant. Increased seatbelt usage also has had a major effect on

redncing fatalities.



The paper is organizad as follows. A brief review of relevant Jiterature on
behavioral aspects of safety and some previous erpirical analysis that supports the
counter-innattive hypothesis is presented. Trends In the data are then examined. This
is followed by the estimation of several models and a discussion of the results.

Conclusions and ingplications for transport and safety policy are then discussed



Litersture Review and Theoretical Background

Much of the research in highway safety and the relationship to infrastructure has
focussed on specific design elements and aftempts to quantify their accident reduction.
potential (Transportation Research Board, 1987, McGee et al, 1995). Much of this
previous research has focussed on caleulating “accident reduction factors™ assoctated
with “improvements™ i specific design elements. The Transportation Research
Board (1987) evaluated much of the existing literature and modelling efforts to
develop accident reduction factors. Varlous gaps in knowiledge were identified but
the report generally concluded that new and better design standards were leading to
safety Improvements.

The National Coépemﬁve Highway Research Program (McGee et al., 1995)
attempted to fill some of the identified gaps in knowledge and produced a number of
new modelling results. All these models, however, do not control for other effects
and do not consider system-wide impacts, Many also fafl o distinguish between the
severity of different crash types which is crucial information needed for cost benefit
anatysis.

Vogt and Bared (1998) evaluate changes in design parameters for two lanc
rural roads using data from the Highway Safety Information System. Using 2
population of highway segments for two states (Washington end Minnesota) they
derive detailed statistical models finking design elements to both total crashes and
tore serions ctashes involving a Btality or mjury (however, not disaggregating
between, these two). The results of their modelling support the conventional
engineering hypothesis. For example, they find that increasing lane widths and less
horizontal curvature reduces total crashes. While using time- series data they do not

appear to conirol for time in their model, nor other factors that may change over time.



They ackniowledge the limitations of their model and that various key variables may
be omitted. The lack of controlling for time series effects, as well as cross-sectional
effects, is [ikely to bias the results of this smdy.

In an analysis of system-wide safety effects, Boyle and Wright (1984)
hypothesized that safsty treatments of accident *blaclespots® may result in increased
accidents at other locations. They analyze data for London that suggests some
m in accidents, ﬂmugﬁ a total reduction stilt appears to oceur. They speculate
that thix effect may be due fo drivers encountering fewsr ‘near miss’ sttuations within
the previous blackspot locatien. This could result in 2 reduction in cantionary
behavior and conseguently an increase in accidents in jocations near the previous
blackspat that would not be measured in a fraditional safety study. Tiis type of
behavioral reaction implies that doivers now perceive their risk level to be less than it
was previously. Most studies of specific behavioral treatrnenits fail o catch the
system-wide effects such as those studied by Boyle and Wright (1984).

More recently, appregate data analtysis has altowed other factors in addition fo
infrastructure related factors to be analysed. Fridstrom & Ingebrigsten (1991)
estimate a model using monthly datz on traffic accidents for 18 counties i Norway.
They find that extensions and improverrents to the national road network do not have
the expected effect of improving safety. They also find that more congested roads
leads to fewer casualties. This study controlled for many different cavsal factors that
also contritute fo crashes. Karlaftis & Tarko (1998) analyze covaty level data from
the state of Indiana and find that increased road mileage leads to mcreased accidents.
Both these studies use aggregate cross-secional time-series data end 8 negative

binomial regression as is done in the apalysis presented here.



Milton & Mannering (1998} find similar results using data from the State of
Washington. While they find that averape annual daily traffic leads to an increase n
accidents, they akso find that when the percent of this traffic at the peak increases,
then accidents decrease {i.e., congestion leads to reduced accidents).

Mition & Mannering {1998) also examine varous geometric design elernents.
They find that increasing the rurnber of Janes on 2 given road segment, leads to more
sccidents and st in Fastern Washington, narrower “substandard” lane widths (of less
than 3.5 metres or | 1.5 ft) reduce accident frequency. They also found that herizontal
curvature does not by itself increase accidents but was dependent upon whether large
straight sections preceded the curves. While this [atter result supports the hypothesis
that reducing horizontal curvature reduces accidents, it does suggest that roads with
extensive cirvatire may not necessarily be less safe than straighter roads. Milton &
Mannering (1998) do not control for any time series or demaographic effects in their
study.

Shankar et al. {1995} estimated a series of negative binomial regression
models in a stndy of the Inferstate 91 cormidor in Washington state. They found that
when curves are spaced fusther apart {i.e., fewer curves per mile) more severe
overturn, accidents increase. This same study also found that highway segments that
have curves with lower design speeds result in fewer accidents relative to those with
higher design speeds; though the presence of snowtall tended to increase accidents on
those segments with curves of lower design speeds. Shankar et al. (1995} found that
fhose accidents atiributable to curves of lower design speeds tended to be less severs
than those associated with curves of higher design speeds.

Abdel-Aty & Radwan {2000) found that *mprovernents’ in geometric design

variables reduce accidents. These included the degree of horizonta! enrvature and



shoulder, lane and median widths. They estimated a negative binomial regression
model with road segment daia from an arerial highway in Florida. One problem with
this study (other than the lack of control for ime and demographic effects) is that it
does not control for repeated observations (that is, multiple sampling of accidents
from: each segment). Shankar et al. (1995} do control for this by including section-
specific constants in their models. This coutd perhaps acecunt for the very different
results shown by these two studies.

Ivan et a}. (2000) using data from Connecticut found that link segments with
larger shoulder widths have more single-vehicle crashes, hut de not explore this resuit
in detail

Council & Stewart (1999) analysed the safety effects of converting two lane
rural roads to either finr lane divided roads or four lane undivided roads. They found
some significant reduction in accidents for the conversion to divided roads but less
significant results for undivided roads. They consider their research preliminary and
mconclusive; however, it does suggest that while specific improvemenis such as
separating lanes (or installing medians) may be relatively effective, merely adding
more lanes is not. Hadi et al. (19935) analysed specific road improvemnents such as
increasing shonlder and kine widths and found some effectiveness for these
treatments. A study by Porter & England (2000) found that red-light nirming was
more likely at intersections with more lanes, this could imply that the likelihood of a
crash ar these intersections may be greater,

Increased congestion levels have often been assumed to lead to nereased nsk
for drivers. This would imply that infiastructure changes or capacity increases that
reduce congestiont and increase flow would Jead to reductions i risk. For example,

wider lanss are acknowledged to lead to increases in vehicle speeds and hence are



effectively adding capacity (Transportation Research Board, 1987). Zhou &
Sisiopiku (1997} analyze a specific highway link in Michigan and find that the
refationship between the volumne/capacity ratio and accidents follows a UFshaped
curve; nitially as the ratio increases, accidents decrease, then tum up again at higher
congestion levels. Mote importantly, fatal accidents were found to decrease
consistersly with higher congestion levels. This is not a snrprising result since speeds
will be lower under congested conditions. One would expect more minor vehicle
interactions (ie., fender benders) under congested conditions, but fewer fatalities.
Tvan et al. {200{}) in a study of link-segments in Connecticut found that single-vehicle
crash rates are highest when volume-capacity ratos are low, ut found no significance
for mult- vebicle crashes.

Shefer & Rietveld (1997} argue that the benefits of congestion reduction rmust
be off-set by higher accident costs. They present some empirical data to suppert their
hypothesis, but do not control for other factors. Currentiy, most justifications for
hiphway projects assurne lower accident costs with decreasing congestion.

Theoretically, the resulis of these studies are not stmpristng despite the shsence
of these type of considerations in risk reduction strategies and cost benefit analysis.
To 2 large extent the idea that both increased capacity and infrastructure
fmprovements may lead to increased risk is not inconsistent with the theory of risk
cotnpensation as fornulated by Pejtzman (1975). This theory states that reductions in
the risk of driving will be off-set by changes in driver behavior. Peltzman analysed
the impact of autornobile safety regulations in the 1.8, and concluded that they were
virally ineffective at decreasing fatalities. As postulated by Peltzman, “drving
intensity” increases in response to safer vehicles — or altematively, drivers take

additionat risks knowing that their vehicles are safer and therefbre the severity of a



exash, should it occur, is reduced. An altemative formutation woutd be that “safer”
roads result in increased mobility as well as faster speeds and less attentive driving,
resulting in Jess than expected reductions in risk.

Peltzman’s hypothesis and methodology has undergone extensive debate in
the safety literature. Evans {1986), Graham and Garber (1984), Joksch (1976a, b} and
Robertson (19773, b; 1981) all conducted similar studies that tended to refute the risk
compensation hypothesis, generally by specifying different fimetional fanns- for the
estimated model. Other research, using different dats and technigees has tended to
support the hypothesis, including Zlatoper (1984}, McCarthy (1886), Conybeare
(1980), Singh and Thayer (1992) and Traynor {1993). In addition, Wilde (1982}
specified a similar theory of risk homeostasis based vpon the Hterature in behavioral
psychology.

Tf one considers risk compensation ffom an economic perspective one can
consider drivers as consumers of a bundle of goods, cne of which is safety. Peltzman
assumed that increased consumption of safety led to increased sk taking. However,
it is more plansible that drivers also censume increased mobility — that is, ncreased
driving and longer distance driving. This increase in exposure results I increased
risk taking similar to Peltzman’s hypothesis that the “driving intensity” of individuals
increases.

Figure | illustrates poteatial behavioral effects praphically. I one assumes
that individuals (and society) decide upon explicit trade-offs between risk and
mobility then the isoquant shown in the figre illustrates this choice for a given level
of technology. The technology represents safety devices in velicles (e.g. air bags)
and the existing road infrasiructare. Movement along a given isequant represents the

trade-off that an individual makes In selecting a given bundle of safety and mobifity.



The more safety one desires, the less mobility one will have and vice-versa. Pomt A
represents a given consumers choiee where the demand curve is tangent to the
isoquant of production. If it is now possible to provide mere moebility at the sare
level of safety, for example through some technological improvement such as
construction of the interstate highway systern or larger lane widths, then the isoquant
shifts outward. The new choice along the curve will depend, however, on the shape
of the demand curves. As can be seen in the graph, if point B is chosen, then one
achieves both safety and mobility improvements. Pomnt C, however, while providing
greater mobility improvements actually results in a reduction m safety (the alternative,
not shown, is &lso possible which would be less mobility and more safety}. This
eraph could also be extended into a thivd dimension which would represent
Peltzman's “driving m," onie compoenent of which might be more aggressive
driving, such as increased tail-gating, which would be a complement to increased

The models estimated in this paper do not analyze the filll spectrum of
infrastructurs “improvements”™ hypathesized to improve safety. Four explieit
variables are analysed, the incresse in tofal lane miles, changes in average number of
lanes by fimctional category, chianges in lane widths, and increases in the fraction of
total tanes for sach fimctions] road type. Capturing the interactions between road
categories is fmportant. Chv {1999) shows how shifts to inferstates may have resulted
in significant reductions in fatalities, though the increase in capacity may have
generated significantly move travel (Nokand, 2001}

Mo literaure sppears to have analysed the impact of medical technology
improvemnents on fatalities and injuries. Lave (1935) used hospitals per square mile to

atternpt to account for access to medical services (in the event of a crash). This would
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serve to contro! for rural areas being less accessible to fast medical care for
emergencies. He found this variable to be significant, though his analysis suffers
from not controlling for elther cross-sectonal or time-series effects.

The mods! developed below uses white infant mortality rates as a proxy for
medical technoldogy. This does not appear to have been studied within the safety
hterature. However, there i5 a strand of literature that hypothesized that high

agpression levels in society lead to increased raffic fatalifies. To examing this
hypothesis Sivak (1983) comelated homicide mtes and fatality rates from other
accidents with vehicle famlity rates. This was done using one vear of data at the state
Tevel, thus it does not control for either cross-sectional or tme-serics effects.
Nevertheless, Sivak (1933) found a correlation between homicide fataliy rates and
tmaffic fatality rates. He also found a comelation with fatality mites from other
accidents. It is possible that these correlations are merely driven by wnderhying
differences in medical technology between states.

Ii is clear from a review of the relevant safety literature that most analyses
have not controtled for time-series and cross-sectional effects. The two exceptions
are Fridstrom & Ingebrigsten {1991) and Karlaftis & Tarko (1998) who found resnlts
that question whether new infrastructure (represented by new lame miles) leads to
reduced fatalities. Yet many of the other studies, such as Milton & Mannering (1998)
have resulis suggesting that conventional engineering wisdom may be suspect. The
large literature on risk compensation also sugpests counter-intuitive results but has not
focussed on mad design variables. In general, none of these studies have highlighted
their unexpected results, but talen as a whole, certainly suggest that conventional

hypotheses that road “improverments” improve safety should be reevaluated. The
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analyses presented helow evaluates these issues, but first the next section discusses
the data used, various trends in the data, and the estimation methodelagy used

Irata, Trends, and Methodelogy

To analyze the relationship between road infrastructure and safety a cross-sectional
time-series data base was collected for afl 50 ULS. states over 14 years (from 1934 o
1997). This data was collected from the Federal Highway Admintsteation (FHWA)
Hishway Statistics series (see, for example, US DOT, 1998). Total fatalities and tota]
injumies by state was collected. The fatality data was available for every state over the
14 vears (for a total of 700 chservations). The injury data had some omissions for
some states and vears giving a total of 657 observations. Figure 2 shows trends in
total US traffic fatalities and injuries between 1967 and 1995, Total fatalities have
generally been decreasing over this fime period while total injuries have shown an
upward trend. If measured per vehicle miles of mavel (VMT), both fatalitics and
mjuries have decreased significantly over time.

Data on road infrastnictire included total {ane miles {exchuding local roads),
average number of lanes by functional road category (interstaies, arterials, and
collectors), percent of center-line miles with a given lane width by road category, and
the fractional percent of each road category in a piven state {including local roads
within the denominator). Interstates are controlled access highways built to the most
rigorous and consistert design standards. Asterials are penerally major multi-lane or
intercity Toads, pethaps with some controlled access, but generally not. These also
tend to be major connector roads within cities ard suburban areas. Collector roads ate
smaller scale roads that generally connect local distributor roads with arterials,

Trends in each of these variables, for the entire US, between 1985 and 1996,

are described in Table 1. In geneml, these show that policies aimed at upprading the
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desien of road mfrastructare have been very effective. We see that total lane miles
{excluding local roads) have grown marginally over this time period. The average
nurnber of lanes on interstates and arterfals has prown slightly while there has been a
small decrezse in the average number of lanes on collectors. In general, there are
more lane miles of higher fimetional classification, with the percent of interstate Jane
miiles growing by 5.75% and the percent of arferial lane miles growing by 8.73%.
T]ﬂshasbeénatﬂieexpanse nfﬁeparmofmﬂacturlanenﬁlmwhichhaves}muﬂc
by 3.26%. The changes in arterial and collector lans widths have been most dramnatic.
The percent of arterials with lane widths of @ ft or less has shrunk by 48.59% while
arterials with lane widths of 12 & or greater have increased by 1(.33%. Some 67% of
arterials already had 12 fi or greater lane widths in 1983 and this fraction increased to
“74% by 1995, A similar trend is apparent for collector road lane widths, with 2 move
towards more roads with wider 11 or 12 1t lanes and fewer with 9 ft or 10 f lanes.
Obrvioushy, 2 casual interpretation of these trends and those for total fatakities would
suggest that as we have upgraded highway fecilities, we have reduced fatafities.

In addition, estirates of seatbelt usage, by state, were used to control for the
effects of increased seathelt use. This data was only available since 1990, The
analyses also atternpts to control for seatbelt effects by including dummy variables for
those states with sither primarny or secondary seatbelt laws {described further below).

Diatz on total population, VMT, per capita meome, alcohol consumption and
population by age cohorts was also collected. These are used in the models discussed
below prirnarity to control for other factors that are Ekely to affect fatalities and
injuaies.

The ocowrence of taffic crashes and the resulting injuries and famlities are

poisson distributed. Ordinary least squares regression is mappropriate for count data
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since it is not normally distributed. In addition, connt dats is inherently nen-negative,
The use of a poisson regression will, however, suffer from over-dispersion in the error
term due to the mequality of the mean and variance within the data. This is easily
corrected by using a nepative binomial regression (Kardaftis & Tarko, 1998).

The use of cross-sectional ime-serjes data in this analvsis introduces the

preblem of heterogeneity in the data. These are unobserved factors that might be

| associated with & piven cross-section {or state in the data used here) or time period.
Not accounting for haterogeneity can lead to biased coefficient estimates. A
technique to account for this was developed by Hausman et al. (1984) and has been
described as a negative binomizi fixed cffects model. The Stata software package
(5tata Corp., 1999) provides a procedure for implementing this estimation method
which fs used in the analysis below.

The merdel can be written as,

mA =k +bx, i=L.N, t=1,.1
The paramieter &; is & vector representing the effect of excluded vaniables for each
cross-sectional unit; &V represents the number of cross-sectional units, and 7 is the
time period. The vector of parameters to be estimated is 5 while x;; Is the matrix of
independent variables. Hameman et al. {1984} provide further details on the modsi
used. The independent varables are fusther specified loparithmically in the models
that follow:.

Lave (1989) criticizes the use of agprepate data in accident anatysis. He
compares results using statewide data for all highway types with data disaggrepated
by highway type and shows different resulis on key policy variables. His analysis,
however, uses & ong-year cross-section of data and hence cannot adequately control

for the many other factots that may influence the model. Likewise, Loeb (1987} uses
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aggrepate data with various socio-econemic varisbles to analyee htality mies. Whils
showing several formnlations that suggest robust resuits, the use of a one-vear cross-
section cannot control for heterogeneity in the data for the various states” Fridstrom
and Ingebrigsten (1991) point cut that the key advantage of using apgrepate data is
that it can capture effects such as blackspot migration which could be potentially lost
using disaggregate data (Boyle & Wright, 1984). Despite this, the swdies of Losb
(1987) and other work criticized by Lave (1989) are prohably ot deficient for the use
of aggregate data, but rather for the nse of ndadequate statistical techniques that do
not account for heteropeneity and effects unmeasureble to the analyst as cansal
factors.
Modelling Resulis
A number of different models were estimated using the data described previously.
The key varabies of interest are the infrastructure vanables. Other vaniasbles known
to effect crashes are also included, specifically age cohorts, per capita income, state
population, and VMT, VMT and pomilation can not be included in the same model
¢hie to being highty collinear. Separate models for each are therefore estimated.
Table 2 has results for models estimated controlling for state population while
Fable 3 has similar models but with vehicle miles of travel (VMT) substinsted for
popidation. The results are quite robust across both model specifications. The
discussion that follows focuses on Table 2 for brevity, but could equaily apply to the
residts in Table 3. The dependent vaniables are indicated on the top row of each
colurnr; these are the total deaths (DEATHS) and total injuries (INFURED) from

raffic-related crashes.

! Loeh {1987} identifics three policy variables that may affcot Fatslity rates. Thess are statewide beer
consumption, whether or not the stale kas a vebicle inspection program, and speed. Interestingly, he
finds that highway miles are not significant,
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Models A and B contain all the refevant infrastructire variables. In models C
and D, the lane width variables are dropped to test the robustiiess of the model
witheut these variables. Modeis E and F include ethanel consumption as an
independent variable while dropping population due to the high comrelation between
these two variables (and likewise with VMT). Models G and H, which we distuss
firther below, contain seatbelt usage as an independent vanable and are estimated
only for the years 1990-1997. |

Total lane miles are found to be highly significant across models A — F for
both total fatatities and injuries.” The coefficient values are relatively robust, though
in models E and F the 1ane mile coefficient is reduced in valve. Thisisduetoa
relatively high and mimiﬂmtal comelation between lane miles and ethanol

-consumption. Model G, based on a smaller data set, does not give & significant result
on the lane mile vaniable.

No significant effect is found for increases in the average amount of interstate
lanes on fatalities  This is an impertant result that refutes the assumption that more
lanes necessarily reduces fatalities. Of more impontance, adding interstate [anes is
found to ineregse total injuries. Model G shows this variable to be significant with
respect to total fatalities over the sherter time span of 1990- 1997, 1t {5 unclear why
this result ccouss.

Tncreases in the average number of artedial lanes is found to be significant in
increasing total fatalities and total injuries while increases in the average number of
coHector lanes does not affect injuries but results in mereased fatalities. It appedrs
that having large arterials and collectors with multiple lanes increases fatalities while

this does not happen for interstates. This may be due to cross-traffic, teming
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movernents, and other roadside distractions thar would not be present on an interstate,
However, multiple lane interstates eleardy have safety problerns that result in more
traffic related mpnmes.

The percent of lane miles by cach road category shows that those states with
more lane miles of interstate (relative to other categories) have a statistically
significant reduction in injuries. This is consistent with the hypothesis that Interstate
highways are safer, relative to other road categﬂz;ies {(probably due to access f:untmls),
However, there is not statistically sipnificant reduction in fatalities when a state has
proportionally more interstate lane miles. States with a larger share of anteriaf lane
miles ity their networks have more faialitics and injuries, while thase with more
collectors have more injuries. This result tends t© support conventional engineering
wisdom that interstate highways are safer but is confounded by the positive
coeticient on the average number of interstate lanes increasing total infuries.

Those states with more arterials with lane widths of 9 £ or less have fewer
traffic mjuries; the coefficient on this variable is not significant for the fatality
models, though it is positive. The coefficients for arterials with lane widths of 10 f#t
are all negative and significant, while those for arterials with lane widiths of 11 ft are
all insignificant. The coefficient for arterial lane widths of 12 fi or greater is also not
significant for sither injuries or famalites,

For callector lane widths we see a simifar, but slightly different pattem. The
coefficient for collectors with lane widths of 9 fi or less are negative and significant
indicating that smalier fane widths reduce both fatalities and injuries. For 10 fi lane

widths there is no statistical significance and for 11 {t lane widths there is a negative

* Given that the conventional enginecring hypothesis assumes that added {or new?) lzne miles shoudd
reduce fatalities and injuries we can use 2 ong-tailed tost to reject this hypothesis. Therefore pur 5%
confidence interval is equivalent to a test statistic of |.65.
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and sigmificant effect The coefficient for lane widths of 12 ft or greater on collectars
is stgmficant and positive for fatalities but insignificant for infuries.

The data on the lane width variables was also analysed by including only one
cf the corresponding variables in each model. This was done due to moderate (but not
large) correlation between some of the lane width vanables. Generally, the
correlations between these variables were about 0.50 with onty 3 of the 28
correlations excesding 0.70. In Table 4 these coefficient values and their test stafistic
are shown {other coefficients had similsr values to those in Tables 2 and 3 and are
omitted for brevity). The pattern in the coefficients for both the fatality and injury
models is quite clear. As more arterial and collector lane widths are increased up to
12 fi or more, raffic fatalittes and itjuries increass. The coefficients for 12 foot or
greater lane widths are the only estimates that are positive and significant Estimates
for coefficients of smaller lane widths are edther sipnificantly nepative or -

These results are quite stunning as it is general practice to Inprove the safety
of roads by ncreasing lane widths. Clearly these results sugpest that drivers must
react to increased lane widths, which can increase driver comfont, by reducing their
caution, increasing their speads and therefore off-setting expected safety benefits,

Table 5 sumenarizes the conventional engineering wisdam on how hiphway
engineering “improvernents” affect safety and are compared with the results derived
here. Ascan be seen, i is in general, not possible to support the engineering
hypotheses. The one remilt consistent with engineering hypotheses is that arterial
roads are generally less safe than controlled access facilities (interstates). This
analysis formd significant injury redection benefits from controlled access facilities

compared 0 more fatalities and injuries due to arterial roads.
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Other variables are included in the regressions primarily o contro! for other
effects. However, these variables also show some interesting results and help explain
the observed trends in total traffic related fatalities and injureis. States with higher
per capita income tend to have higher fatalities and injuries. Larper population does
not seem {0 conclusively lead to more fatalities (model C shows a significant effect,
while A does not), but does Jead o fewer injumies. Increased VMT (Table 3) is
significant in increasing fatalities and in decreasing injuries. Most importantly it was
found that changes in age cohorts has a large significant effect on both fatalities and
mjtmies. The percent of the population bebween 15 and 24 years of age increases both
fatalities and injuries as one would expect, since drivers in this age gronp are well
kinown for being involved in more crashes. However, increases in the percent of the
population over age 75 leads to fewer fatalities and injuries, which is a surprising
result.?

-Modzls E and F in Table 1 meplace the population vanahle with 2 variable for
total ethanol consumption. These vanables are hig]ﬂ},r comelated with each other and
thus cannot be inclndsd in the same model, Other variables, with some minor
exceptions are quite robust. Lane miles is also relatively correlated with ethanol
consunption and shows a reduced value in both the fitality and mjury model.
Ethano! consumption is, not suprsingly, highly sipnificant in the fafality model, but
not in the inpry modf:L

Two different sets of variables ars included to capfure effects from seatbelt
use, The first is the inclusion of a dnmy variable representing whether a state has
eifher 2 primary seatbelt law, a secondary seatbelt law, or none at all. Primary laws

allow police officers to ticket those they see who are not wearing seatbeits,

* Interostingly, some prefimicary analysis of impacts on pedestrian fatalities shows that states with a
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Secondary laws only allow tickets to be given if drivers have committed some other
moving violation. Most states have secondary laws while 2 few have recently enacted
primary laws, These varfables are included in Models A — F. Primary laws seem to
reduce fatalifies and injuries, while secondary laws result i an increase in fatalities.
McCarthy (1999, using California data, found that enactment of a seatbelt law had no
significant effect on fatalities. Both laws are found to increase seat belt usage, a5
 shown in Table 6. Models G and H include seatbelt vsage and this is found to be
highly significant at decreasing fatalities, but not significant for decreasing injuries.
These resulis are quite nteresting and deserve more exploration, bt are not examined
firrther in this paper. These variables are included only to control for these effects to
vernify the robusiness of our key vadabies of interest which are the infrastctur:
variables.

The year varizhle, which represents a time trend, is negative and significant
for deaths. This means that over time the overall number of deaths is decreasing due
to 1mmeastred factors not included in the repression. Injuries show an ncrease over
time in the models controfled for VMT {Fable 3). In the fatlity model with seatbelt
use datz (Model G), however, the year variable becomes insignificant, suggesting that
nch of the unmeasured downward trend is picked up by increased seatbelt use.
Made! G, however, uses only § years of data and therefore it is difficult to know
whether the Jack of significance may also be due to a shorter time trend. The year
trend is significant for njuries but shows 4 significant positive effect in the seathelt
model (Model H). The fixed effects methodolopy nsed accounts for state-specific

effects that are missing it the model, such as seatbelt usage mModels A — D

higher fraction of elderly people have more pedestrian fatalities.
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Therefore, it is likely that the change i significance levels in Models G and H are at
least partly due to the shorter time trend.

This was tested by running Models A-LIr with data for the shorter fime trend
{1990-1997). Reslts (not shown here for brevity) indicate that the year variable is
barely significant at the 90% level The coefficient level is about —0,008, which is
about midway befween the values asnnmted with the fsl! time trend and the seatbelt
usage model, This suggests that some of the time trend is probably cspiured by the
seatbelt coefficient, but not necassarily all of it.

Another factor that conld be missing from the mode] are various
improvements n vehicle safety over this time frame. The largest innovation diat
occtrs within the time fiame of the dam is the introduction of air bags, starting about
1993, Given that anbag penetration rates within the totaf vehicle fleet were nc;t et
substantial within e data sef, this is unlikely to be a major influence. It may be
having more of an effect within the seatbelt model with a shorter time series and
airbag use could perhaps also make seatbelts more effective.

Another possibility is that improvemenis in medical techniolopy may aiso be
playing a significant role in reducing overall taffic-related fatalities. To examme this
effect, two variables are tested. The first, is the density of hospitals within a state
winch may serve as a proxy for etnergency response times and for the relative amount
of rural areas within a siats. One would expect a higher density of hospitals to result
in fewer fataliies. Lawve (1985} showed that this was a significant varisble, with those
states having a higher density of hospitals per square mile having fewer faizlities,
however, he did not use Gme series data in his analysis. This variable was not

stgnificant in the models estimated.
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A better reflection of changes in medica) technology is to find a good prosgy
for life saving capabiliies. Many of these are often correlated with per capita income,
For this reason, white infant mortality levels is tested, to avoid the stronger
correlations that tofal infant mortality or expected life expectancy per state would
have, This variable shows a larpe variation both across time and acposs states,
Matiozraride white infant mortality rates have decreased by 349, from 9.43 to 6,18
df.'i.iﬂ:ls pe:r FOOH births bebween 1985 and 1996, For a given }feai', there is a largs
varizhility behween states, ranging from a rinimem of 7.5 deaths per 1000 births in
1985 for the states of Hawail and Massachusetts to a high of 12.2 deaths per 1000
births for the states of Wyoming and Delaware. In 1996 the range was 4.4 to 8.4 with
Hawaii and Maine having the lowest rate and Nebraska and Arkansas having the
highest rates. Overall correlation with per capita income is only (.48.

This vamiable s used It the models presented in Tables 7 and 8 (for population
and VMT madels, respectively). The logarithm of the inverse of the white infant
morzlity rate is used so that increasing vahies represant an increase in the kevel of
medical technology. Data was available only for 1985 — 1986, 1988, 1990, and 1992-
1996, Missing vears were filled in with averaged values from bordering years. Tests
of the mncdel with missing years produced essentially the same results.

As can be seen, this varisble is negative and kighly significant in the fatality
models, implying that increases in medical fechnology reducs total traffic-related
fatfiies. The coefficient is also significant in Model G which expliciBy contmls for
seatbelt usape, Equally important, the varighie is not af all sipnificant in the injury
models. Therefore, it appears to be picking up the ability of medicat technology to
reduce the incidence of fatalifies in the most severe crashes; though, as one would

expect, injiries would not be affected by medical technology improvements.
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The year trend variable is reduced in magnitude when the medical technology
proxy is ncluded in the model. While the ime trend is genemly still significant, in
some of the estimates it 1s no Ionger significant at the 95% level. There is less
difference in the time trend for the mjury models. While this indicates that there are
still sorne other unmeasered factors that are reducing famalities over time, accounting
for medical technology effects picks up some of this effect. It i5 probable that the
MEIRARINg umm:asﬁwed effects are due o various improvernents in vehicle technnlngy
over time.

As mentioned previously, the seathelt models (Model () also captures much of
the time trend effect. When Models A-D are estimated with the shorter time trend
data and with the medical technology proxy, it is still significant. The time trend
variable, however, has about the same magnifzde, theugh it is not significant at the
95% level 'This tends to suggest that medical technolopy improvernents are picking
up some of the residual dme trend effect in the data, at least between 1985-1996, and
most Hkely m the shorter ime trend from 1990-1996.

These results show that in general, infrastructure “improvements” have led to
an increase in total trffic-related fatalities, while demographic changes and medical
technology improvernents have decreased fatalities. Increased seatbelt usage also
appears to have decreased fatalities though the impact of seatbelt legistation is Jess
¢lear. A relevant question is what the relative impact of changes over time have been,

Tabie 9 and Tabie 10 show for the popuiation and VMT models (A and B)
how 1085 fatalities and injuries would have changed with the infmstrecture,
de:ﬁogmphics and medical technology levels for 1996, Medicat technology
improvements (a5 measured by the proxy} indicate that between 3757 — 4158 fewer

fatalities would have occurred in 1985 if 1996 medieal technology were available.
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This is almost 10% of all maffic-related fatalities. If 1996 inftastructure were
available In 1985, this would have resulted | between about 1995-2249 addifonat
fatalities and 362,000 to 439,000 more injuries. Amongst the infrastructure variabies,
increases in lane widths to 12 foot widths seems fo account for over haif of the total
increase in fatalities and about one-quarter of the increase in injuriss. Increases in the
arterial network also acoount for a large share of the increase in fatalities due to
mnfrastructure “improvements.” |

ncreases in per capita income account for the greatest estimated increase in
fatatities and injuries. Increased seatbelt usape appears to have the greatest impact on
fatality reduction trmsed upon estimated nationwide usage of only 21% in 1985
increasing to 68% nationwide in 1996 (US DOT, 1998). Applying the estiimate from
Modal G, using just § years of data to 1985 — 1996, some 15574 fatalities could have
been avoided if 1996 seatbelt usape rates were ocourming in 1985, The other largest
influence on reducing fatalifies s the reduction in the percent of peaple aged between
15-24 and the increase in those aged over 75. If 1996 population cohorts are applied
to 1985, then in total, over 10,000 fatalities and nearly 1,000,000 injuries would have
been avoided.
Conclusiens
The results of this analtysis sugpest that changes in highway nfrastracture that have
occurred between 1984 and 1997 have not reduced traffic fatalities and injuries and
have even had the effect of increasing total fatalities and injuries. This conclusion
conflicts with conmventional engineering wisdom on the benefits of “improving”
highway facilities and achieving higher standands of design (Transportation Research
Board, 1987). While not all explicit highway design improvements were anatysed,

the fact that adding new and higher design standard lane miles leads to increased -
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fatalities and injuries suggests that new “improved” desipn standards are not
achieving safety benefits. The review of the literanure identified other stadies that
have found this effect, though these studies have not clearly intempreted the
imphcations for transport and safety policy.

Cther factors, primarily changes in the demographic age mix of the
population, increased seathelt usage, and improvements in medical technology are
responsibie for the downward trend in total fatal act;idenfs. To date, these changes
hzve been more than sufficient to off-set the effect of increasing per capita incoime
and the effects of various inffastruchure improvements.

The results tend to support the theory of sk compensation, in that driver
behavioral changes will off-set varicus factors aimed at irnproving safety, In the
rsuls of cur models, much of this may result from hipher design standards allowing
drivers to increase their speeds on roads and reduce their levels of caution. This
allows the driver to make a trade-off bebween mobility and safety. It also implies that
to reduce fatalities it is necessary to change driver behavior, as demotistrated by the
effectivencss of increased seathelt sage.

Traffic calming mriatives were not analysed in this study. Traffic calming
safety enhancements, however, tend to lower driving speeds and require the driver to
increase their attentivensss. To some extent, this conld result in a behavioural effect
opposite of that resulting from higher design standards, This would sugpest that
traffic calming, while not explicitly studied here, may be an effective infrastructure
change for improving safety.

Curently the US Department of Transpontation nses the Highway Economics
Requirements System (HERS) to forecast future financial requirements for

nationwide highway needs. This modelling system includes explicit consideration of
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various engineering desipn criteria, such as lane widths, shonlder widths, and
hotizontal curvanire and calculates crash reduction rates based upon various
engineering studies (Cambridge Systematics, 199%; US DOT, 1999). These studies
provide explicit coefficient linking infrastructure improvernents to crash reduction.
However, they do not control for other effects as the analysis here does. It is not
kmovwm how the contribuetion of estimated safaty benefits in the cutrent HERS model
affects total forecast needs, but presurmably if the current safety relatiﬂnships weie
removed the financial need for more highway spending would be reduced.

Highway project decision making is critically Enked to cunent assurnptions
abont the beneficial aspects of “improved” desigm standards. Many projects are
justified hased upon their crash reduction benefits, for example, as stated in
environmental impact staternents. [mphied in this is the decision that allowing sorne
level of environmental damage Is acceptable when safety benefits can be achicved.
The Clean Air Act explicitly exempts safety related projects from the need to conform
with air quality requirements as stated in state implementation plans. Obviously, if
safety benefris cannot be achieved while allowing environmenta degradation, this
challenges a crifical justification far many projects.

This is not to say that all highway projects that may decrease safety are
necessarnily not beneficial. Mobility mprovements may stili be achievable, though
explicitly recognizing any safety costs would improve decision maldng.

While it is difficult to forecast what firture trends in fatalities will ecer,
current demographic trends with an increase i the elderly population and fewer
younger people suggest that downward trends will contime. It is even more difficult
to know how much more medical tecimology will improve over time, but it is

certainly possible that the pace of improvement may be less sapid than in the past {or
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alternatively it may accelerate). Increased seathelt usage is still feasible and can sull
be effective at reducing future fatalities. It is likely that dovnmward trends may
contirue despite increased design upgrading of highway and road infrastructure.

The modelling framework used in this paper can be expanded in several ways.
Fist, it shoudd be feasible to analyze various sib-categories of crash types, such as
pedesirian fataliies and fmjuries or those involving children. In addition, it wauld be
desirable to include dat on other infrasiruchure elements, such as horizontal CLT.I'V&tUI‘E:.
and shoulder widths. This data may be avatlable in the Highway Performance
Monitoring System database. It is hoped that further analysis of these relationships
will help o clarify the effects foumd here.
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Table 1
Trends in Fighway Infrastructure Variables

1985 value| 1996 value Percent

change

Total Lane Mikes (excludes local roads) 5,015,290 K174 379 F.98%
Average Number of [nterstate Lanes 4.39 4.52 2 78%
Average Number of Anterial Lanes 2.38 244 2.40%
Average Nuniber of Collector Lanes 2.02 2.02 -0.04%
Percent of Lane Miles that are Interstates 2.37% 2.50% 5.75%
Percent of Lane Miles that are Arterials 10.58% 11.50% 87309
Percent of Lang Miles that are Collectors 20.27% 19.61% -1.26%
Percent Artedals with 9 £ or leas Lane Widths 3.06% L.57% -48.59%5
Percent Arterials with 10 fi Lane Widihs 12.87% 0500 -26.12%
Percent Arterials with 11 ft Lane Widths 17.01% 14.93% -12.24%
Percent Arterials with 12 £ or greater Lane Widths &7.07% FA00% 10.33%
Bescent Collectors with 9 & or less Lane Widths 16.21% 11.03% ~31.05%
Percent Collectors with 10 ft Lane Widths 31.60% 27.534%) -12.53%
Percerit Collectors with 11 ft Lane Widths 20.25% 22T 3% 12.26%
Percent Collectors with 12 ft or greater Lane Widths 31.95% 38.70% 21.1384
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Table 2

Fixed Effect Negative Binomial Regressions with State Data {controlled for

pepulation)
Agaregate State Diata Dependent Vertable
DEATHS INJURED DEATHS NIURED
(A (B} {C) (D
Yaars of data F9Ed- 1907 1984-1907 19E4- 15997 1584-1997
Logitotal lane milas) 0.403 0661 0378 0675
{3.632) (4.9143 35851 (4.833)
Logfaverape number of intestate lanes} [, 3 2484 4L[72 2243
{-011a) {6.[B&} {-0.673) [5.252}
oglaverape number of artcal lancs) 0208 0.531 0305 0808
{18259y (2215} {2835 (3.125}
Log{averape number of collector lanes) 1231 0758 1.33% 0028
(31.236] (07751 (3.249] {0025
Log{percent interstate kne miies) 0049 G214 045 1386
{1112} {-1.781 (L5110 {-1.045}
Lopipereent artenal lane miles) 1581 0277 Q20E D474
(2.301) {1.866) {2.715) {3368)
Log(percent collector tzne miles) 0088 0.332 0072 9326
{1207} {3.6001 (0958} {1.459)
Toglper capita incame) 1.267 17057 1.Z10 L Ao
{11.536) {5.398) (LLG15) (5305
Lop{poputaticn) (Lu2a 503 0.i51 0566
{0.314} { -, 6] [1.825) §-5.552)
Log{percen! popuiathion aped 15-24) D580 [1XxE] 0582 [IXp
£9.609] {5.649) 9.992) {3.106)
Lo percent population over zge 730 ik -.732 Ak Gk 0.621
158 (-5.84T) -7.2%7) {4543
Yaar 0012 0003 L0E3 0013
{~£.312} (1.82%) {~d 360) (2.T&1)
Loglpercent anerials with lane widtis of % D.o0T -0.022 - -
ft. or loss) {EARE} (LB
Log{percent arterials with lane widths of 020 =031 - -
10 ft.) (-2 D44) {-2.362)
Logipercent amterials With lans widths af 061 0017 . -
111ty ) [ EOHdy {-1.067)
Logipercent artereals with lane widths of -0.013 .03 - -
12 fi. or greater) (41233} .396]
Logiperecnt coblestors with lang widths of 0021 0031 - -
O it arless) {-2.306) (-2.B0%)
Log{percent coflectors with lane widths of 029 <0013 - -
10 ft.) {1.603) (0432}
Log{percent collectors with lane widths of 1028 0045 - -
11 ft3 _ (2.971) {-3.804)
Log{percent colicckors with larte widths of 0064 [T - -
12 ft or greater) {2.36T) {0.2631
Primary Scatbelt Law =IL0G0 -0.056G .05 A.051
{(-3.968) {-1.618) (3627} {-£.568)
Secondary Seathelt Law 022 FNE] (i3 EXiTF]
(IR {0,777 {2.750) (05807
Constant 14,501 -27.952 11569 16,307
(23397 (-1.406) £2.450) {44049
N 0 457 T 657
[ Log tkelihond -3307.06 602678 -3320 8 505195

Test statistic 15 in parentheses
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Table 2 {continued)

Fixed Effect Negative Binomial Regressions with State Data (controlled for

population)
Apgregate State Data Dependent Vartabie
DEATHS {NILRED DEATHS INIUEED
1] {F] 2] (Hi
Years of datg 1984 LB97 [Qgd-1007 1900 E50T 19901297
Lopftotal lase taies) 0,190 X X EFFL 0393
(1.933) {1.67% {-0.905} {3.254)
Loglpvempes number of interstate fanes) A0 192 2129 1.334 2308
(-0.7413 (5A424) {3259 {3.143)
Lopiaversge number of anenia iznes) 0146 0503 0320 0.7o2
{1.332} [ 2.00) 2183 (1.350}
Logiavergpe numbet of codlactior danes) 1.157 3502 0033 ]
{2.961) (41522 {0060 {0.353)
Lopgipercent itterstate fane miles) 0,069 0,321 008 A, | G
((-EO0Y {-2.052) (=004} {-0.356)
Log{pement artenial lane miles) 8076 o122 -£.0735 0.307
(172} (0. %60} {-0.6748) (1413
Eaglpercent collector lane milas) YY) 0287 0047 L]
0710 {3.048) {0,509 {1638}
Leptotad ethanod consamed) 0326 310 - .
{5.238% {-3.165)
Loplper capita meome) 1.094 1160 1130 0484
{9270} {3441 EG.DET_'.I {1.3E4)
Logipopulatian) - . 0167 -0.949
} {1.008) (4315
Logfpercent popeiztion aged 13-24) 0546 0.720 0B85 T 563
{1280 (5.241% {59207 {3,607}
Lopfparcent population over age 75} k564 N AT -1.454 2,757 |
(=474} {5643} {-2.3973] {-2.549)
Year 0,008 05 =0.004 G4
3,328} (0 _TOE) {0803 {27271
Lap(petcent amerials with lane widths of 9 Q007 0019 DGR Eiliri]
fL or less) (1530} (-2.46%) (1.3 {-2.490}
Lop(percent anerals with lane widths of -NOIE -8.037 T a4z
10 4t.] “{-t.789 {27624 {-0.635) {0.614)
Log(persent arterials with lang wigihs of 0005 0012 T.0t0 0,003
11 ft.) (-.3593) {-0.736) (-0.620} (0144)
Lop{percen: aneriais with lane widths of 1020 (X 52 0181
12 f or greates) -0.512) Dasn (-1219) (027
Lop{percent collectors with lane widths of -1.016 030 3014 ~hGH
98 or less) (-2.190} [-2.538) (-1.438) -0.237)
Lagfpercent collectars with fzne widths of 0.035 £.026 0.009 Q182
1 ft.) { F.400) {-0.852) {0.314) {2229
Logiperent collectors with bzne widths of 0028 -0.045 G008 0045
I fi) . {-2.1a8) {-3.495) {00, T {-3.117)
Logipercent colleciors with izne widths of nOsE 006k 0.(29 1&l1
12 %t or greater) 21413 {10847 {2.B57) (1377}
Primary Sembelr Law 1046 E et - -
{-3.208) - 1.BEGY
Secondary Seatbalt Law {1.020 0.016 - -
[2.0011 {0,502}
Eopiparcent seaftmlt usape) - - -0.134 . =036
(-4.627} {07013
Constant FEFL -21.481 1.283 51475
[1.535) {-2.545) {0,150 {-3.E4T)
N 700 637 350 378 |
Eap; likelifood -32594 40 503308 -1678.00 =3245 /K1
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Table 3

Fixed Effect Negative Binomial Regressions with State Data {controlled for

VMT)
Agrreeale Stae Data Drependent Vonabla
DEATHS | INJURED DEATHE | IJLREED DEATHSE INHIRED
[A) {5 %) 1D} (G} {H)
Years of data 1954- 1947 1984-E957 [OR4-1507 {  1984-1007 | S9- | BeT P 1997
Logiotal lane miles) 03411 0451 D354 0477 01735 G313
{3.526) (3.546) {1.678} (1412 -0.817) {419
Logfaverage number of interstate lares) 0078 2,188 0147 1.579 1.3497 L.a93
{-0.311% 13,344} [}, 55 {4.54 (53438 (2,523}
Logfaverage aucnber of arterial lanes} 0145 0575 0227 0872 0188 Q.585
{1 228h {2.360) 12.005) [3.33E) 2. [T [1.167}
Log{average number of colledar bnez) 1303 -L.188 L3713 T 0.04% 0138
{1274) {-[231} {3.326) {05533 {0.088} {0112
Log(percent inerstats lans miles) 0.08] -0.294 Q.o14 0.419 0004 605
(3900 {-2.385) (0.161) {-3.260) i0.022} i-2.431)
Fapfpercent arterial lane miles) G151 0.i22 0.205 0299 D050 .03
_ {2101} {1.960) {2,942} (2.213) (0474 {=k.116}
Log(perent colleciar lane miles) (X {1342 0076 1333 £0.027 D158
{0.927} (3.533) (L1143} (33213 (.308) {1333
Laglper capite meoms} 1186 .07 1138 i.209 I.104 D328
(E.113) (5.344} {9.769) (5.473) (5.672) {0.980)
Log{ViiT) 0132 =1.307 [INE-1 -1.396 697 ~{+£07
§1.925) {-3.03%} (2.969) {-3.715 {0.757) -2.244)
Lagipercent population aged 15-24} 0667 0.652 .650 0572 0591 0737 |
{5,391 {3.6500 (9572 {5.437) {5.937) (2.696)
Loglpemeent populatien over age 73} 4.633 -0.708 -0.573 0,549 D457 EiLFr]
{-T.186} {-5.85%) (6230 {-4.821) (-2.054) {-3.214}
Year 0014 G412 0816 6.020 EXIE] 0054
{4728} {2.520 (-3.51% (4.061} {-0.000) £3.640
Lopipemcent aricrals with lene widths of & 0067 A2t B - 0.007 Er
fi o Tess) £1,522) 2713 {1238 (2271
Lop{percent atterials with lans widths of =020 =003 - - <1009 1000
0 (-2.083) (24013 a4 002y
Logf percent arterials with lane widths of 11003 021 - - .00 -0.011
il f.) f2281) i-1316) (0.533) (£1.4598)
Log{percent arterials with lane widths of 0012 1.084 - - . 15] 0137
L2 fi. or greater) (-202) (0.765) (=1.204) (0455}
Logipemcent callectors with Jane widdis of 021 D026 - - o017 D3
4 fi. o lass) (-2 ET2) {-228T) {-1.574} .163)
Lop{percent colteotors with lane widths of 0028 0024 - - 0.005 0TI7 |
10 R.) [1.514&) {-0.792) (0.172) {-2.280}
Lopgpercent coltectors with lane wadths of -0.027 0042 - - 0003 046
11 f.) {-2. 904} [-13€3) {-0.745) (-3 .063)
Lo pencent colfectors with lane widths of 0639 0.066 - - 4167 0.232
12 ft. or greater) (2219 ri.184) (2576} {1.991}
Frimary Seatbeit Law €055 .06+ 049 A.064 : ;
(-3.677} (-2.0%4) {-3340 {1951}
Secondary Scatbelt Law 0020 TP 0,022 2022 - -
1.94%} 11161} [23352) [E.047T)
Log{percent scatbelt usage) - - - - 4433 -0 k45
(4607 {-E.?EE}
Constant 16.548 34157 15008 53203 5.635 -73.854
{1959} {-4.173) (1.6 (5012} (0461} {-4.246)
] 00 £57 T 657 40 378
| Log likelthood -1305.38 -a033_ 55 -1310.18 -65.13 -E67R.20 -3252.31

Test statigtic is in parcntheses



Table 4
Coefficients on Lane Width Variables when Modelled Individually in Population
Model

Fatlity Models|  Injury Models

Percent Atterials with 9 ft or less Late Widths 0061 4135
(0. 105y (=130

Peroent Arterials with 10t Lane Widths .29 063
(-2 7T58) - (=-1088H

Peroent Arferials with 1] & Lane Widths 025 564
(-2.252) (-4.026)

Percent Arterials with 12 fit or greater Lane Widths AEN | Q.3E0
{1647 {2,769

Percent Collectors with 9 1 or less Lane Widths ~0E8 0,035
{-2 5249 (-3.25%5}

Fercent (Collectors with 10t Lane Widihs (.07 EiE]
{0.426) (-£.021%

Poroent Collectors with 11 ft Lane Widths 0027 L1073
(-3.255) {6302y

Percent Collectors with 12 £t or greater Lane Widths 060 0510
{2.606) (2233

Test statistic s in parcntheses
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Table &

Hypothesized and Modelled Eifect of Infrastructure Variables

Fatalities Triuries

Engineering | Results of | Engineering | Results of

Hypothesis | Analysis | Hypothesis | Amnalysis
Total Lane biiles - + - h
Averpge Interstate Lanes - L - +
Awverape Anterial Lanes - ® - -+
Average Collector Lanes - + - *
Percent Interstate Lane Mites - % - -
Perent Arterial Lane Miles + + o+ +
Percent Collector Lane Miles * * ® +
Percent Arteriais with 9 ft or [ess Lane Widths + % <+ -
Percent Arterials with 10 ft Lane Widths + - o+ -
Pereent Anterials with £ ft Lane Widths * * * *
Percent Arterials with 12 fi or greater Lane Widths - - *
Peroent Collectors with 9 ft or tess Lane Widths + - + -
Percent Collectors with 10 ft Lane Widths + - weak -
Percent Collectiors with 11 ft Lane Widths * - * -
Percent Cotlectors with 12 ft or greater Lane Widths - + - b

=+ = pasitive and significant effect
-= pegative and significant elfect

* = insipoificant effect

Table 6

Seatbelt Usage, fixed effects regression

Ferrent seathelt usage |

Years of data 1903-1997
Primary Seatbelt Law 0072
{2.555)
Secondary Seatbell Law oz
(5.121

Year ETEN
{11.5400
Consiant 32974
{-11.306}
M Al
F5q [ K]

Test statistic is in parentheses

36




Tabhle ¥

Fised Effect Negative Binomiai Regressions with State Data (controlled for
population), with Medical Technolagy variables

Aggregate Stake Data

Dependetit Vamiable

DEATHS WIURED DEATHS MIURED

{4} (B} 1< 5]

Years of data 1985-1904 EOES- 1 0%6 | 85- 1954 L8510

Lopgeatal lane miles) 4435 0.743 4aE1 .22

(3.517) 47641 {3.4303 {5,345}

Log(averpe oumber of mtecstate fanes) 4077 PR A.[28 2543

{01,265 {5.96[) {-0.450) {3.400)

Loptaverage number of artenai 1anes) 0,119 335 0236 0363

£0.574) (1297} {1.087} £2.021]

Log(average number of coflector lanes) 1813 0174 1.56% 0198

{3.278) {0.152) (2.E17) (0.t 47)

Lo percent interstate lane miles) LR =I5 AL =302

(0957} =968 (0.683) {-2.042)

Logiperoent artcnal lane miles) 0.156 0360 T 0382

) (2220 (2.382) {2.545) £3.751}

Log{percent collzcior lane miles) 128 0368 0.103 0,403

(1.581} (3.464) {1285} (3777

Topfper Capita meome) 222 0785 1328 0.344

{9.775) {3.40%) {8.B27) {34633

Toglpopalation) D128 037s 0.227 0724

{1,204} {4,570} (2.350% (45,298}

Log(percent population aged 15-24) 0.638 6.786 0.645 0762

{14592} {3.076) {E.104) {5.538)

Logipercent population over age ¥5) 0688 797 0679 0773

(-5.959) (=5.837) {=7.287} [=5.140)

Year 0097 [T L0006 019

{-1.852) {2,540 {-1.746} {3.266)

Lop{percent arterials with lane widths of 9 0009 (1023 - -
. or less) {1.61%) (-2.731)

Loplpercent artavials with fane widths of =026 =0.G40 - -
10 ft) (-2.335) (-2.486)

Lol pescent arterials with ke widths of -0.002 0005 - -
11 fi.) : 0,133} (0,277

Log{peroent artenals with tane widths of 0003 0.[47 - -
12 ft or greater} 14.125) (1.143)

Lop{percent collectars with lane widths of L0018 0033 - -
¥t or loss) {-2.193) £-2.743]

Lapipercent collectors with lane widths of D002 )05 - -
0L} (It} {-1.6%6)

Lopfpetcent collectors with lane widths of 025 0054 - -
1 ft.) 251t} {—4.138)

Logipement callectots with Jane widths of D.06E EiXiEh - -
12 £ or greater) (2.108) {-0514)

Primary Scatbele Law D43 L0508 .035 =064

(-2.471) {-1.581} 2017 {-1.443)

Secondary Seatbell Law {084 0665 [ERE 0003

(0.368) {0431} §0.954) {1211}

Lopfinverse of whits infant mortality mie) L, ERT 0.0G67 4.192 {2k E]

{-1.4313 {0.554) {-3.507} {0.751)

Lopihaspitals per square mile) 0002 fe05 Q.00 0.006

{0.769) {1.350) {0649} {0.985}

Constant -1.712 =38.073 -10e -43.440

(-1.259 {-3.530) (-0.59%) (4233

N 547 338 __ 5 358

Log fkelibeod 2757 4 -5024.7% ok -5053.74)

Test statistic s in parenthases
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Table 7 {confinued)

Fixed Effect Negative Binomizl Regressions with State Data (controlled for
popufation), with Medicsl Technology variables

Appregate Stere Dat Drpendeat Yariable
DEATHS MNILRED GEATHS INIURED
(E} {F i tHi
Years of data 1985- 19945 |9E5-1904 |990-1905 19490-19%5
Tog(total [anc miles) 0.300 0528 5540 1,185
{2,675 [3.984) [-1}. 104} [1.984)
Loglaverage numbear of mterstate lanes) 0. 104 2337 1.381 2,949
{0,578 {5.358) {3.10m [3.2672)
Lopfaverage ninber of arteriat Eanes} YT 0347 (402 0.570
767 {1323} (1.316) {{.568)
Logtaverage number of colkector lanes) =) D512 0.183 1137
) . (3. E03) (0.45235) {0,325} (9.637)
Loglpercent interstabe lane milkes) 0.062 £277 0.072 0142
{0,543} {-2.009) {0.394) {045E)
Lopgfpercent amerizt lane miles} 035 0L.235 0.0905 0.352
{L.668] (16T (0.64T) {1662}
Logipercont collegor 1ans milesy 0.126 0195 0.070 LT,
(la76) (2.815) ({0.713) {1.784)
Log(tota] ethano! consumed) 0.308 425 - -
{4.3331 (-3.80¢)
Liog{ T capita incame) Ta57 .55 FEE] .08]
(£.208) {39843 (6.59%) (2430}
Log(population) - - [YR-K) -1.155
£1.573) {-4.764)
Lap{pereent popuiateon aged [5-24) 0.5491 0.30% 0.547 1310
£5.628) {6.199) {5518} {4.330)
Logipercent population overage 73) 1,605 £).E09 0274 1r.7as
[-5.998) (-5.5E6%9) {-1.148}1 [(-1.BI2)
Year =0.003 G009 103 0.621
(-0.838) (1.556) {16387 (2.233)
Log{percent erarizis with Jane widths of 9 0003 £.81% 0Qlo -3A026
ft_or less) (1.562) {2264 {1.553) {-2.813}
Logipercent anerials with lane widths of 0025 0.050 -0.009 H0iG
10 1.} [-2. 188} {=3.20%) (05213 M
Logipercent anterials with lane widths of 0008 0.011 0000 0033
1 f) {-0.660) (0.614) {0515} {1257
Bappetcent arterials with lane widths of 1097 0158 0E .08
12 & or greater) (0§09 {1198} (-0 528) (0334}
Log(percent collectors with lane widehs of <1615 031 -0.0{9 04013
9 ft. or tags) -1.207) (-2.443) -0.734) (£.782}
Lop{percent coflectors with Jane widths of 0001 -0.067 L.002 0168
10 (0.030) {-1.921) {-0.393% (-1 168)
Logipercent collectors with lane widths of 0020 0.054 .00 034
11 f) {2101 {-3.219) [-0.128) (-3.305)
Lopipereent callectors with lane widths of 04058 0.0ig 0145 159
12 fi. or graater] {19343 {0264 (3011} £5.264)
Erimacy Seathel Law .32 0000 - -
(-1.B98) i-1.837)
Eecondary Seatbelt Law 0,001 0. - -
(01243 (0431}
Logipercent saathelt usags) - - A E58 0037
{-3.206} {0675
Laoglinverse of while infint mertality rate} ETNF:] -0.04a5 A, 147 G043
{-3.627) £DLE9Y] {~2.526) (0.446]
Loglhospitals per square mile) 406 EnOGY .91 -0
(D464 (L551) {-0.[E1} £-001H
Conatent -6.142 -32.405 ~4.5300 =18.045
{0 927} [-2.93T) {04603 [-2.641)
N 557 558 337 325
Log likebihond =2 749,45 =3028.50 =405 5} -3 14,21

Test statistic 15 in parenlhescs
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Tablc 8

Fixed Effect Nepative Binemial Regressions with State Data (controlled for

VMT), with Medical Technology variables

Aggregatc Staee Data

Depandent Varahle

DEATHE NJURED DEATHS TNIURED DEATHS THNJURED
{A) {E} 5] 1T {3h {Hi
Years af data 19E5- 1996 [955-1006 FRES-1095 [9E5- 1594 1%H0-] Mg i PO fO0G
Logitoeal tame miles) 1471 (] (472 0_fff 4074 0,584
[4.2551 {3,400 {4240) [3.944) [LErXY] (2. 156]
Lopaverags aumber of mierstate lanes) -0.031 2410 LE5] 2233 L5230 2.530
[«0.110 (5382} {-0.13H 47143 (3.440 (2 20
Logiaverape nuember pfanenal lancs) 0BG 0428 0.17a 06553 03%6 0,480
{0.4020% [1.6523) §1.442) (2.404} [2226} [855)
Togtaverage number of coilector Eanes) 1.375 <0345 1646 -0.50F 0,276 143
) - {3.362) {-0.3321 [2.897} {-0379 {04797 (0.0838)
Logipercent inderstate iane miiles) (K] £.232 0037 3,338 012l 0393
(03887 {-1.623) {0.368) (-2.24T) .65 {1391}
Logipercent arterial lane miles) D223 o.18w 0274 0.39% 0053 0.053
_ (27383 {1.303) (3471 (2.643] {0,489} {247}
Logipereent collecior lane miles) {147 a7l 0.t53 0437 0,405 02?7
{1.964) {3.401) {1991} {3.804) (Lo £1.598)
Logiper capita income) [.175 [i¥-15) 1. 148 L.oos 1.274 0.752
(8.524) (3.541}) {84147 {3.860) (6.127) {1.72%)
Lag{ViiT) 008 -.345 143 =0.5335 0078 q577 |
(1.0s5) {-2.986) (1.927) (-4.389) (0.550) {-2.621}
Log(petcent papuletiom aged 15-24) 0.628 Gorog 0414 0.822 G987 1,141
(7516 {9855 {7.653) £5.666) £5.500) [3.462)
Loglperment population over age 75) ~LO5D 01,780 657 D EG1 0273 -1.04%
6,927} (-55000% {64971} (-3.348) {=1.0635) 2747
Year .8 0.0ZE XL 03] 00 r035
(2,045 (3,374} (-2.332) {257} (i (33611
Log(percent arerials with lane widths of 9 0.008 -§.023 - - 009 0027
1t ar less) {1.580) {-2.610% {I.32E) [-2.456)
Logfpercent arterials with lane widths of .06 0047 - - -6.009 -0.047
16 fi} {-2.327) {2810 (.58 £-0.247
Logipercent arterials with fana widths of .00 0,000 - - 0007 ol
11 {=0.0%0% {0.005) {-0427) {0452y
Tog(percent atterials with [ane widths af 0610 0151 . - J1.081 D50
12 ft. or greater} {0.154) {1.136) (-0.6246) {0.242)
Lap{percent eallectors with lanc widths of A2 -.026 - - [0z [TXTIvS
%1t or less) {-2.540) (28413 {-0.98%) [, LO5)
Log{peroent collectors with lane widths of 0002 0067 - - -0.019 <171
10 ) (0.096) {1,895} {-0.412) {-3.13%
Logipercent cotlectors with lane widehs of 0027 <048 - - D005 048]
1K {-2.708) {-3.711% {0426} {-1281)
Logipercent colleciors with lane widths of 0057 [TTEE] - - 124 b264
[2f. or greater) [ LEAD} [.563) (271 {1978
Promary Seathedt Eaw 1043 00735 =11.036 -0.0E3 - -
(-2.400) {-2.065) {2017 {-2.E06)
Seoondery Seatbelt Law 0.3 g0z 0008 0064 - -
{02993 (0 564) §0.693) (G631)
Loz{percent seatbelt usape) - - - - £.15% HL03E
[-5.180% (-0 SE2Y
Loglinverse of white infant nortality rate) -0.164 0056 160 -0.005 -0.1327 £.823
{-3.220% {-0.623) £-3.1223 {-0.05T% {-2.2601 §-0.215}
Loglhospitals per square mile) 0.002 .09 010152 0007 YT 0002
{0.759) {1,503 [.671) {1.16%} {0310 0214
Conctant 2176 =55 B78 3,940 ~T3.045 -E.231L =79.603
{6.298) {-4.471) {0552} (-8.214) (-0 f05) {-3.5N
&l 59T 558 _ 338 347 125
Lop likelthoesd -2157.8] -5031.30 27244 -5063,20 ~[d0n.49 272056

Test statistic is in parentheses
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Figure 2
Trends in US Traffic Fatalities and Injuries (index = 100 in 1867)
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RSt

13~-88a-3777

-
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12:4a9

B2/ 1172861

[ELMCK MOVE 3

prepared on 11 May 200

Calendar

Year Frucks

1885 2,218 508
1988 2476 360
1867 2E97 178
1995 2,993 287
099 3 428,151
000 3.486 110

¥ LhRnge™

11.62%
§.92%
10.98%
14.53%
1.69%

.r .
1oy D. R. 8emgmann

[ucks % Change*

267 187
269,388
257 557
24121
25,05
182,362

{3.62%
-4 335
-8.32%

-15.03%
-13.03%

Both Delioil Crossings Dlys Wates Syidoe Al Xhree Crossings
Trucks % Change” Trusks % Change® Trucks 5 Change*
2 485 783 1,178,720 3,684,513
2745 748 10.465% 1,184 862 0.32% 3.930.610 7.26%
2854 731 TB81% 1260897 7.36% 4 324 430 7 485
3234 582 9.47% 1,350 860 5.39% 4 585 423 B.55%
3633 186 12.32% 1,455 325 10.65% 5128491 11.84%
3,668, 502 D.67% 1,576,830 5.45% 5,245 241 2 28%,

SOURCE: "Year-end "Traffic Reporis” prepased by the United $lales-Canada Brivge and Tunne! Operaters Associalion

NOTES:

{1} Data in "% Change* columas are the percentages by which the number of truck movements in the given year increased
(or gecreased) from the nummber of iruck movements in the immedialely preceding vear,

{2) The labulalians shown above do net account For the highway irailer moverrents accomodaled by failroads

Lhreugh 1he railroad tunnel between Detrol and Windsor and through ihe railroad tunnel between Port Huron and Sarnia.
Hailroads providing irdermedal freight services through one or both of the lwo railroad lunnels include the following:

CN Rail: CP Rail; Norfolk Southem: and possibly others

{3) The labuialions shown above als0 do not accound for S

Canada bordes crossings by trucks usi

ng Si. Claw River ferry services.
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DIFT STUDY PURPOSE & GOALS

The purpose of the Detroit intermodal Freight Terminal project is to support the economic competitiveness of sautheastern
Michigan, by improving freight tronsportation opportunities and efficiencies for husiness and industry. The goal is to
develop a regional intermodal facility with sufficient capacity to provide for existing und future infermodol demand.

The goa of this Feasibility Study is to facilitate the project goal by:

& Identifying the footprint, ond requirements for right-of-way, and/or andillary railway focilities, for the
Intermadal Freight Terminal;

@ Identifying practical olternotives for highway nccess to the Intermodat Freight Terminel; and,

# Identifying potentiol snvirenmental impads of the project, and where possible, uvoiding ond/or minimizing
thesa impads.

el

[P S anmrrm e b 1. T s — A, b e e

1

[ntermodal fransporiation invalves movement of people or goods by two or more modes. In the freight confext,
it frequently involves transportation of @ container by ship, rail, and truck. A key component of the infermodal
transporiation system involves o ferminal where transfer hetween modes acturs. For purposes of this study,
infermodnl transportation means the movement of sruck trailers or shipping contuiners tofirom roil. An
infermodal termina! is the focation where the troflers or containers are loaded onto, or unlonded from, railcars.

P ———ra . — e 1 i s R e rm e = vt

Roilropds  f-----e-n-- Technical Fesr----===  Sieering

Tedm :
Committes

| Lt;tﬁl |
Advisary
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DIFT ROLES R _

~ MICHIGAN DEPARTMENT OF TRANSPORTATION Contracing o Eﬂ?’ for the study. Hes ultimate responsihility for
naking study recommendations fo Governor Engler. Hos responsibility for imglementing study results.

Project Sieering Committee Comprised of MDOT, Cify of Detroit, Woyne County, City of Dearborn, SEMCOG, Federal
Highway Administration, Detroit Economic Growth Corparatien, Daimler Chryster Corporution, Ford Motor Company,
General Motors Corporation, Arbor Vista Transportation Consulfonis. Provides monthly guidance of project. Meetings are

open to the pubilic.

Lacul Advisory Council Comprised of Allionce Shippers, Inc., Barge Transit, Boniface Community Center, The Conndian
Tronsit Company, Centra inc., City of Windsor, Corkfown Citizens District Coundil, Detrait Chumber of Commerce, Detroit
infernational Bridge Company, Detroit Police Department, Hispenic Business Allience, Hubburd-Richard Citizens District
Coundl, Lotiro Family Services, Michigan Environmental Council, Mt. Zion MBC, The O-} Group, Scuthwest Detroit
Business Associntiosn, Southwest Detroit Coalifion, US. Customs Ambassador Bridge Station, and others fo be odded.

Recaives project repotts prior fo discussions af public meefings. Provides regular input to course of project indluding
evalugtion of highway cccess alternctives. Meetings are open fo the publit.

Raifroods Comprised of Burlington Northern Santa Fe, Canodicn National Railway, Canadian Pacific Railway, CSX
Transpariotion, Norfolk Seuthern Carp., and Union Pucific Railroad, Review, as oppropriate, producs of project. Develop
intermodal ferminks, construct appropriate rail consections and provide intermode! fransporiation service.

Techniced Team Comprised of a fechnical representative of sach government ugency represented on Projed Steering
“emmittes. Meets manthly fo review/direct work of cansulting feom, The Corradino Group, ef al.

SCHEDULE I .

TASK
21 1H-Meelings/Projed Record

2120-Prepore Traffic Anclysis Report MILESTONES
i s Rep (D- Kick-off Hesting
_ . - (2)- Present [{lustrative Alternative
2140-Devehop Hlostrotive Alternatives n G- Evalunte Hasrative Al fDefne
. . . Practicel Alts.
2150-Review [Host-ative Allernatives HHINARN ! (&:- Evoluymte Proctical Alternalives
) : Eﬁ {5}- Make Recommenduation
7310-Condwdt SEE Annlysis T — 1| { 21 171 S— LEGERD
7810-Candutt tnitinl Site Studies _/& mam Consultont Work
; — " 75 wairrer MDOT Review
2520-Londyct Peefiminary Sife Investigotion ! 1_ MEEHS_}H”"!#MWWW
- > ! A q ku;; J'nrlraenng
' o
© {-Lenduct EPE Aerist Phato /Mapping £ ke
2330-Lolled! EPE Geotechsicol Deta -—u—"&

E34D-DE\'EED1! Proctical Akernatives l_lﬁﬁnrlﬁf&
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EXISTING RAILREAD PROPERTY =====

Praperty owned by ony raitrood within the Terminal Study
#rea. (o be developed independently by the railraads at &
ony lire,

TERMINAL STUDY AREA =— — ——

Property induding or adjacent to existing ruifroad-owned
property. Mostly zoned industrind or manufacuring.
Portiars of this orec wifl be vsed to build rofl-treck
intermodnl terminals. The aren is suffidently lorge 1o
utremmodaie ontidpeted growth of infermedal traffic

THPACT STUDY AREA
arger aren surrounding Terminal Study Area where
highwoy ond other iinpacts will be studied. Examples of
impadts assoriated with reil-sruck teminols could be:
truck access, neighborhaod issues, and the like.

3 e Terpminal Sludy Aren

Fhoto Lecation & Diredien
of Yiew (photos next poge) Th
J 5y5
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The Detroft Intermodal Freinht Terminal
: Projedt study eree is shown here, The study
5 oreo ishounded roughly by 1-94 and US-12
TR hathe north, -39 1o the west, 175 10 the
soeth, ond M- to the east, Land uses in the study srea re o
Ltznd of industrial, commercial, recrentional, ond residentiof
fenctions,

The neighbarhoods in the projet area and some of the
urganizofians thot serve them include Mexicantown, Briggs Community Councit, Bagley
Housing Assecialion, Corktown (DF, Hubbard-Richard COC, LoSED, Southwest Businer:
{wners Assotiotion, Southwest Deteit improvement Asseciation, DelRay Community Disirict
{ouncil ard Southwest Detroft Business Assndation,

‘ f{,m Four railroad compentes in Mickignn hove istermodul adivity in this orea because of its conveniant ocess to the
=2+ mojor melogaliton Freewerys and frode routes, fnternutional border aassings ot the Ambassader Bridge, the Detroit-
""" Windsor Tunel, and the Defrott-Conoda Rafl Tunnel ore neorky. The Woyne County waterpart is in the study areas
“backyard”. And, the region’s cirports are directly connatied Fo Ike DIFT stedy oren by the freeway system.

The Fisher Frazway [[-75) is o mojor north-seuth interstote thot enneds Miami, Floride, o the south ond Sauit Ste. Marie ta the rarth in
Michigan’s Upper Perinsula. I-75 is o mojor economic corridor Fat is miticnl to Michigen’s ond Fie notion's economy.

= o The Edsel Ford Freewny (1-94) is 0 primory eust-west cannector finking Conadn through Port Huron, Michigan, to Chiengo and painks west,
%wi |-94 nlso links four regionel nfrparts in southeest Michigon. 1-96 (Jeffries Freeway) originates ot the Ambussador Bridne whers it intersects with |75 and 1-94, It
P ¥ runs west through Lonsing, Michigon, and Grend Rupids hefore fermingting ngat Grand Hoven.

Hichigen Avenue (5-12) sonneds Downtown Detroit fo Dearborr and to several suburbs te the west. Michigon Avenue is importurt tu this orea’s reighboehoods
esses for effigent movement of people and goods.

oy and Fort Street (M-85} ore important arterfals that connedt downriver communities to the are. Other sireats which ore eritical to this area’s tronsportntion network
Afersan, Yernor, Teledo, Juha Kronk, Schoeffer, Wyoming, Miller, Springwells, Lonyo, Uentral, West End, Green, Waterman, Livernais, Bragoan, Junchion, Chark, Seotter,
o Blvil, 14™ Street, ond others.

by “cHransit systems presently serving this eren of Deirait, The Detrot Depariment of Transpostation {DDOT) hos more than o half dozen routes that serve this aren,
M Authority for Regional Transpartation {SMART) offers service in ond eut of Detreit and the suburbs. It offers fwo finas that serve the study area induding e Fort Strest
fie Mickigan Avenue line.

sortnfion inlrastruciure is showing itt ege, due fo its heavy vse. Street povement, roilrend grade sepurarions, tnd teffic control devices are part of the entire fansportation
e nidressed for operations a5 well s safely censideentions in the DIFT Stedy.
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# There are nine existing infermodal freight terminals in the Greater Detroif Area und many are operating of
or tlose fo copacity.

4 Existing traffic of 400,000 irailers or containers per yeor tould increase o ore million by 2015 or before.

& A complex of infermodal termingls centered on the Junction Yard will be o more attrodive Jocntion for
investment which will hove regional benefits.

v’ The pubiic will benefit from opportunities for economic development nad from reduced highwoy
tengestion and pailution, ond

v Shippers will berefit from intreased competition and improved transportation service.

Notes . |

For more information visit aur Weh site:
hitp/furww.mdat.siate.mi.us/projects/difi/

or calf

313-964-4543
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Detroit [ntermodal Freight Terminal
Backeround

Intertnodal transportation, the fastest growing segmment of the fTeight industry, is an essential element in
the growth and success of industries and businesses in southeast Michigan. Detroit is already one of the
top ten intermodal markets in North America. Its key location as the gateway to Canada, its long
history as the home of the autometive industry, its role as a major manufactunnyg center, and i#s
population of five million consumers make the Greater Detroit Area a major intermodal transportation
market.

The Michigan Depariment of Transportation (MDOT) sponsoted studies to look at intermodal growih
issues and terminal needs in the Grealer Detroit Arez. The studies determnined that approximately
400,000 trailers or containers per year are handled at the existing terminals in the Detroit area and an
additional 180,000 are trucked to other intermodal termninals located in Chicago, Toleds, Cincinnati,
and Toronto. The traffic that is trecked to other rail gateways adds further congestion to the major
miernational comdors across Michigan, including I-94 and 1-75.

The smdies also found that the area was served by a dispersed set of relatively smal] intermodal
terminals which were mostly operating at or above their design capacity. Estimates of growth of
intermodal traffic for the region were generated {which have been shown to be conservative)} and
compared with the terminal capacity. The total number of tailers or containers that will be handied in
Detroit, including those currendly trucked to other galeways, could increase o one miltion by 2015 or
sooner. It was evident that the existing terminals were nsufficient to accommodate the expected
growth of traffic and that the “do nothing™ approach would result in each raflroad adding additional
terminal capacity, and pethaps additional terminals, when needed and without any coordination with
other carriers or shippers. The result would be an even more inefficient, widely dispersed set of
temninals--each of which would place demands on the highway system for acoess. Since the planting
efforts began, two railroads have constructed additional terminals to acconmmodate intermodal traffic
growth,

MEDXOT s consultants then proposed the development of & large intermodal terming] which would be

served by all Class | rmlroads and provide the cconormies of scale which would allow lower operating

costs and increased capacity. Additionally, the Michigan Department of Transportation and local road

agencies could focus their resources on providing a high-leve] aceess o a single intermodal terminal site.

An extensive site selection process was undertaken for a possible location, The area including and

surroutding the existing Junction/Livernois Yard was determined to be the best location for the

intermodal terminal complex. The area has the following attmbutes:

. The rail yard has been in existence for over a ceptury and is underutilized

. The area 15 accessible to all Class I railroads (Canadian National, Canadian Pacific, CSX
Transportation, Norfolk Southern) and is centrally located between I-75 and 1-94, Michigan’s
principal cornmercial highways ang intemationsl comidors

. The area is centrally located with respect to shippers in southeast Michigan



. The area is predominantly zoned for industtial or manufacturing parposes
Project Benefits

Bevelopment of the Detroit Intermodat Freight Terminal complex will provide significant benefits to both
the public and private sectors.

For the State of Michigan and the Greater Detroit Area, the project will provade:

. Reduced truck traffic, particularly on the major border access corridors of 1-94 and I-75 and
mternational border crossings, residting in less congestion and lower maintenance costs

. An opportunity to focus development of intermedal connectors

- Increased competitiveness for goods produced

. A warld-class transportation bub aroumd which further industiial redeveiopment can oecur

. Improved long-term viability of the attomotive industry

. Job growth and an improved tax base

For the railroads, the project will provide:

. Opporinnities to gain additional intermodal traffic from the awtometive industy, their suppliets,
and other major shippers

. Additional low-cost, efficient, local il infrastructure and tenminal capacity

For the antomotive mdustry and other major shippers, the project will provide:

. Enhanced access to both intemational and domestic intermodal freight wansportation systems
. Efficient service based on equal access for all Class I ratireads in sontheast Michigan

. Improved intermodal access to the Bth fargest metropolitan area in the Untted Siates

. A greater range of freight tansportation service options

Development Plan

The consulting team’s original concepl proposal called for the development of a single, largs intermodal
terminal which would be utilized by 2l the Class I mailroads serving the Greater Detroit market. The
terminal would possibly be publicly-owned and developed cooperatively by the public and private
sectors. The concept was discussed extensively with the railroads, which had concerns about
ownership jssues nd operations into an intermodal terminal that they did not confrol. As a result of
these very useful discussions with the railroads, the concept was modified slightly to melude a complex
of mtermodal terminals, each owned or operated by individual railroads. This allows each raiiroad to
control it own service, opemations, and reliability, while preserving the benefits of consolidating:
intermnodal services o a single area '

Achual development of the terminal complex will be a partnership between the public secter and the
private railroads which provide intermodal Frefpht services. Public monies will be made available on a
matching basis, either through loans or grants, to individnal railroads for the construction of or
mprovements to intermoxdal terminals within e complex, or for improvements to the mil infrastructure



whach provides access to the complex. The antomotive industry and cther major shippers will
participate in the form of agreements with the raitroads to offer ntermodal cargo to be carried by the
railroads. Provision of adequate highway access to the terminal complex will be the responsibility of the
appropriate state, county, of city road authority.

Current States

Plamning and coordination have continued to refine the concept and address issues inchiding property
requirements, funding mechanisms, governance, terminal operations, rackage rights, highway
improvernents, and envizonmental impacts. Negotiations with cach of the railrpads, the automotive
industry, and other major shippers continue.,

A progect Steering Commities meets monthly to monitor the progress and guide the project. It includes
represerttatives from the Michigan Department of Transportation, Detroft Department of Transportatior,
Deetroit Economic Growth Corporation, City of Dearborm, Wayne County, Southeast Michigan Coumeil
of Governments, Federal Highway Administration, DaimierChrysier Corporation, Ford Motor
Company, General Motors Corporation, and the consulting firms under contract to MDOT,

A Local Advisory Council has been established and is comprised of a variety of organizations and
agencies. Jt receives project reports prior to discussions at public meetings and provides regular input
1o the project, including the evaluation of highway access aliernatives.

A senes of meetings for the general public are scheduled to be held within the local comrmunity. The
purpose is o provide information conceming the project to the local residents and other interested
parties, as well as receiving comments from them,

The project is inchuded in the Southeast Michigan Council of Govemment’s Regional Transportation
FPlan and Transportation Improvement Program, and in the Michigan Department of Transportation’s
State Transportstion Imiprovement Program,

Public Endorsements

The project has received strong support from Governor John Engler, Mayor Dennis Archer,
Congresswoman Kilpatrick, Congressrnan Dingell, and others. Govemor Engler's support has included
personal conversations with the CE(Y's of the Class I railroads and automotive industry execartives, as
well as approval for continued state planning activities for the project. Mayor Archer has stated his
support through numerous meetings and conversations with automotive industry executives and direction
to ¢ity agencies to participate in the project. As a state legislator, Ms. Kilpatrick sponsored legiskation
leading to the initial consullant study of the project. As a Congresswoman, she and Congressiman
Dnigell have expressed their support for the project by inclading it as a high priority project within TEA-
21 and providmg $18 mitfion in federal funding. Support from private parties includes the automative
marufacturers, other shippers, and railroads. Negotiations and discussions with these parties continue
and they are directly patticipating in the planning process for the project.
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Detroit Intermodat Frerght Terminal Study
Possinle Questions/Responses

What is tha purpose o thes silidy?

The purpose af the Datrod ieesmodal Freight Termingl project is 0 Supparl 1he econsmic
competitiveness of southeastern Mickigan, by impeoving freicht ransporation cppormsitias and
efficiencies for business and indusiry. The geal is 1o develop a regional intermacat facility with
suTicient capacity 10 provide for existing and future intermodal demanrd,

How long well this sudy take?
This phase will be completed in early Decemoer 2007, K the oroject 15 deemed feasible.
aaditianal work will be undertaken in 2002,

I5 there army morey 10 make irprovertents?

Yos, First, the state, the city of Datrog, and the failroads have and wil continie (o invest in the
exisling rai faciiities.  Additionally, the federal government, thanks to Congresswoman gilpatrick
and Congressman Dingell &nd other Mickigan legistators, has made almost $20 milkion availabie
bz invast in freight terminal development foliowing receipt of environmenial clearances. Federal
morey, alorg with additional siate funds wouic be used Lo finance termnail devetddment or
expansion, railroad track improvermanet, and upgrades o roads and sireets connecting he terminal
araa io neatby major sghways.

Are you goirg to exgand the freight terming! beysnd the Junction Yard?

& plar has been developed oy MDOT that calls for estatbisning at least fous separalely-oserated,
intermodal termimais.  Propersy inciuding or adjacerd to existing railroad-owned propamy, that is
mostly oned industrial or mam#aciuring, will be ased to build rail-truck insermodal terminals

what do you mear. by "intermodal”

For purpases of this study, iniermodal ransportation means the movemnent of truck raies ar
shipping containers tosfrom rail,  Ar intermiadal termingl is the place whers the trailers/containgrs
are oaded imo, or gnloaded frorm railzars,

Wiat is the situation togday?

There are nine exsing intermaedal teight termicals in the Greater Deoit area and many are
aperating &t of close t capacity. Demroit is already ane of the top ten inermodal markess in Norh
America. Ang, mtermodal transportalion is the fastest growing segmen: of the freight industry.
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WEAL'S i this for me, the average taxpays:?

A comples of intermodsal erminals centerca on the Junction Yard in soulkseest Detroit will be A
mare gitracive location for ipvestment, which will have regional benefitz. Thg public wil berett
fiom  opportuniies for econamic development and from reduzec highway congestior and
Foliution.

What's the benefi for me, a shipger?
Srippers witl benafil trom increased competilion and improved ransportasion seavice

Wha's invilved in this projert?

Five groups: 1) MDOT: 2} a Project Steering Committee including Daimiers -Chrysler, Ford and G
plus represemtatives of Detrok, Dearborn, Wavne Courngy and SEMCOG and she feceral
government; 2} & local Advisory Councid, which ary citizen or group is welcome Ko ioin; 4} the
railmads; and, 5) the consultant am, lead by The Corrading Groug.

Wil the public be invoisad?

Yes.  Five rounds of poblic meetings will be held fram mid-March 1o mid-Decemper 2007
Adcitionally, the Advisory Council s opened to the public. 1ts members wilf recaive reparts orior 1o
the public at-large to provide input.

ihere can | get mare infarmation?

IFyou want aay information at zry time visit the Webs ste at wwaw . macl sate mi usdprojects/dift/, ar
£alt 313-964-4543. Let us know if you or your group weoukd like & special meeling and it will be
arranged. '
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Datroit :irtermadal Freght Termingl

dackaround

Julnetion Yard

For more than a certury, a large raikoad yard has existed between Johr Kronk, Liveraois, and Dix
extending west to aboul Miller Streel. This yard is just a short distarce west of the junction of the
intersaction of mainling railread racks running eastwest ard anctaer ling runring soughly rortf-sacth,

The Tnuck Trair 2urnaersrio
A significant volume of fretoht being maved by railrcacs wday = DeIing deiivered Lo e rail §7e on a
truck. Following the trairm trip, it is asain moved by tuck 1o its final destinatian, -

[ITermoca: Frawsg

These movemants between rail and truck are termad intermodal freight transportation.  The mos
COMmmen movements involve transferring containgss or tailers between rallroad faltars anc rucks.
This activity usually takes piece at a location calied a rerminal.

Tha Dzire i Iriermodas: Freighr Terming. (00T

The Detroit intermodal Freight Terminal project consiss of the developmet of & complex of tarminzads
operated by several railroads, which will provide efficiert intermadal senvice to business and industry,
Presentty, there are two intermodal terminals in chose praximity in Southwest Delroil. - These are:
JuncriondLivernors Yard (operated oy C%% and Notfolk Southern! ard the sewly-created varc behind
the Michigan Central Sepot just notth of Bagley (operated by Canadian Facific Railway), There &
anotner smaller zrea that niay be used for intarmedal freight just south of Clark Street adjacent 10 the
old Cadiflac prant. These threa form the nucleus of what is referred o as the Cetrolr Intemodal Freigh:
Terminad, the DIFT. Thare arz six other intermodal freight terminals in the Deiroit and Southeast
wiichigan area.

The Irevitabilicy of Growe

Bacause of the growth of intermodal rail freicht, the amount of freight moving through the DIFT yards is
certain to grow over the foreseeabte future. Whether or not this wil reguire mare lznd for the Tailyards
themseles is the subject of another stucy. rtermodat raffic using rerminals in Southwest Detroit will
grow significantly, whether developed irdependsntly by the railrcads or ir caoperalion with MDOT.

[rvQ ving tne Nearby Commmunty

It is the charge of this sudy © evaluate the impacts of this movement of trucks inte and out of the
imernodal freight terminal(sl. It is impeorani that the movement of the freight that drives jobs and
eeonomic crowih be facilitated, % is aiso important that the movement of these trucks 1¢ ard from the
interstates and other tocal ooints respacs the guality of tife of the residents of Southwest Detroit,  The
current DIFT Sty is designed to address this Bs5us.

For she remainder of the year, #0D0T and its consulkants will e esimating these ruck movemerts,
evaluating their impacts, and making recommendations o protect the naighborhoods as much as
possibie. This can only be dore wel: # the arighbars are invalved,
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SUMMARY REPORT

Southeastern Michigan Regional Rail Study




Regional Passenger Rail - A Concept for Southeastern Michigan

Qverview: Regional Rail Systems in North America

..................... Page 1
Regional Rail: An Investment for Southeastern Michigan . ........... .. ... Page 2
Feasibility Study: Three-Line Regional Rail System Identified .. ....... ... .. Page 3
Service Characteristics . .......... e e e e Page 4
SystemFunding ............... e e e e Page 5
Benefits and Opportunities . .. .. .. .. ... e e Fage 6
Next Steps: Working Toward System Development . ....... .. e Page 8

This repott reprasents the findings and/ur prafessional opinions of De Leuw, Calher & Company of Michigan, under con-
tract to the Michigan Depariment of Transportation, This publication does not represent an official opinion of the
Michigan Department of Teansportation or State Transportation Cormmlsston.

Fhotos courtesy of De Leuw, Cather & Company of Michigan; excapt page 2, center, courtesy of Amtrak and page B,
bottom, courtesy of Conrall.
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OVERVIEW: Regional Rail Systems in North America

Regional rail is the fastest growing segment of the
public transpartation idustry. It is helping meet tha
increasing demand for transportation in the nation's
larger metropelitan areas betweasn population and
emptoyment concentrations within a regian.

Several Morth American urban areas have imple-
mented reqgional passenger rail service over the
past decade, including Miami, San Diego, Los
Angeles, Vancouver, Northern Virginia and Dallas.
Rail services in these areas, as well as exisling sys-
tems in Chicage, Mew York, Philadelphia, Boston,
San Francisco, Washington, D.C., Baltimors,
Montreal and Toronto, are thriving. In thasa cities,
rall transportation has proven to be an environmen-
tally and economically superior form of transporta-
tlon, providing safe, fast, raliable, and relaxed
travel.

Regtonal rail offers services beyond commuter rail,
including: off-psak and weekend travel; peak-hour
service 1o outlying areas for “reverse” commuters!
and service 1o areas not located along historical
cantral city-suburban corrdors {suburb-to-suburb
travel). These rail sysiems frequantly connect to

intermodal system centers, interfacing with othar -

rait and bus services o provide a truly rengional
transportation netwoark,

Rail technology s also advancing at a rapid pace.
It is irmpaortant that regional and state agencias con-
tinug to irvest in their existing rall systerms in prepa-
ration for future rail advancements, including high
speed rail sarvice between major regional canters.

Detroit metropolitan area

Regional rail service
started within last ter years

. Older reginnal rail systems -G

® Regionaf rait systems in the planning stags

Southeastern Michigan Regional Rail Study




REGLH. AL RAIL: An Investment for Southeaster.. .dichigan

The Detroit metropolitan area is the largest in the

country without regional rail servics, With the antic-
ipated resurgence of commerce in the downiown
DCretroit area, jocal and state offisials face new chal-
lenges In managing increased traffic congestion. |t
is now recognized that there may be sufficient
demand to warcant reglonal rait service in south-
eastern Michigan.

Aegional rail service within southeastern Michigan
cotild achieve the following:

+ Provide cost-effective, relfable and attractlve
rail service for residents and visitors:

+ Optimize transportation and sociosconomic
benefits for the region;

» Serve recently proposed land developments,
and encourage future transit-oriented devalap-
ments;

» Coordinate with Amtrak’s intercity rail passen-
ger service, proposed high speed rail passen-
ger aperations and local transit services,

By improving regional mobility and accessitidlity,
regional passenger rail services can make a signif-
icant contribution to uniting people; provide recre-
ationa!, educational and social opportunities; and
create an environment favorzble for new economic
activity and investment. A regicna! rail system sery-
ing southeastern Michigan offers significant trans-
partation benefits, ensuring continued Improvement
in tha guallty of life.

Jﬁh,@rfﬂ#ﬁ#.ﬂ,%ﬂzﬁ&a

FPresent Amtrak station In
Detrait

Conceptual rendering for
an uitra-modern hgt-speed
ralf siation

Aegionaf rait startups elsewhero
have been walcomed by focal
communilies.

——— S —— Sottheastern Michigan Regiongl Rail Snidy



FEASIBILI1 ¢ STUDY: Three-Line Regional Rail System 1aentified
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Souitheastern Michigan Regional Roil Study ===

To eddress prossing lransportation needs within
the Dstroit mewropolitan area, the Michigan
Department of Transportation (MBOTY, in coordina-
tion with the Southeast Michigan Council of
Governments (SEMCOG), launched a study o
detorming the feasibility of regional rail service
within sculhsastern Michigan. A consultant tearm,
led by De Leuw, Cather & Gompary of Michigan,
was assembled to conduct the Southeastern
Michigan Regional Rail Study,

The study encompassed a 13-county area, portions
of two additional counties, and Toledo, Ohig, Twelve
existing rallroad lings were initiafy identified as
potential regional railroad corridors, Each alterna-
tive was ranked ascording to a set of nine criteria,
which included factors such as population dansities
in proximity to proposed statioh areas, ridership
projections, operating expenses, types and sources
of system equipment, and operational capacity of
the route,

From this evaluation, the 12 railroad lines wers
reduced to seven linas, and further refined to three
lings that axhibit ke best combination ol character-
istics required for the successful implementation of
a regional rail system. They consist of

* Ann Arbor-to-Detrit ing;
« Pontiac-to-Detroit {Brush St ing; and
» Mt Clemens-to-Detrail fne,

Existing railroad infrastructure on each line i3 in
good physical condition and potentially useable for
regicnal rail service. Passenger service could be
aperated on these linss with track and signal
impravenmeants.




SERVICE CHARACTERISTICS

This three-route operating system catering to the
greater Detroit metropolitan area would consist of
100 miles of track, 30 rall stations and 14 daily
trains on each tine. In addition, the systern would
SEefve reverse commuting, provide interregfonal
trips and connect with the New Center intarmodal
Terminzl offaring a variaty of iocal transit services,

The proposed system would complement, rathar
than compete with existing Amtrak service. Initially,
aperations on each route would consist of week-
day-only service, with four peak periot/peak-dires-
tion traing, two reverse peak trains, and a singla
middeay round {rip. Through service would be oper-
ated between Ann Arbor and Mt Clemens, and
between Pontiac and Brush Street.  This basic
weekday service would be expanded as demand
increases,

improved access to educational and business can-
ters, recreational areas and eultural facttities and
events could significantly anhance the way people
work, shap, attend school, and participate in cul-
turat and recreational activities. Regional rail would
provide convenient and frequent servics to medical
centers that offer specialized services not availabla
in outlying areas. Regional rail service alao caters
to the elderly and handicapped.

Projacted ridership for the regional rail system is
19,000 passengers daity for the ysar 2015, The
table above shows proposed single-ride fares. As
with regional rail systems elsewhere, the majority of
rail users would be commuters traveling to and from

*Base single-ride fare for a 10-mile zone is $1.75 plus $0.08 per mile for each additfanal mila.

work, Tickets for daily commuters would be dis-
counted; a typical krain ride would cost $1.80 in cur-
rent-year dollars. Reliable, comfortable and
cost-effactive trains are critical to maintaining high
ridership levels.

Teain service and new developments would be a
good fit. Tha foliowing developments and activities
would have a positive effect on the generation and
maintenance of high ridership demand for regional
rait service:

* General Motors is relocating its Fiint, Lansing,
Fontiac and Worid Headquarters offices to the
new GM headguarters in the Renaissance
Certter or to their Technical Center in Warren
resuiting in large-scals employes transfers.

The development process for a governmental
office/service complex in the Mew Center Area
is underway.

Mow federaliy-sponsored smployer incentives
ara being offered by companies to encourage
amployes use of regional rail service.

A new entertainment complex, featuring hoth
the new Tigers and Lions stadiums, is proposed
far construction in the downtown Detroit area.

Tha construction of three new casinos is pro-
posed for the downtown Detroit area,

—— — T r——
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" Contingencies-

‘CAPITAL COST ELEMENTS: .

SYSTEM FUNDING

The proposed three-line regional rail system maxi-
mizes use of the existing ratroac infrastructura,
which helps to reduce implementation costs ang
improve the benefit-cost ratfo. However, estimated
capital costs for implamentation of a regicnal rail
system are $130 mifiien. Cagital costs include track
mnprovemsnts, train slations, refurbished losamo-
tives and passenger coaches. A key concern is
how the reglonal rail system would be funded, as
there currently is no regional funding source in
southeastarn Michigan for regional rail.

Unfortunately, not all of the financing required for
ragional raif service can be generated through fare-
box ravenuss. External funding from state and [osal
govarnments, federal agencies, and the private
sector would be necessary to finance \he initial
stari-up costs and operational subsidies of regional
rail service. Annual operating costs are expected to
reach $23.4 million. Of this tolai, it is estimated that
£8.8 million would be covered by annuai farebox
revenue; the remaining $14.6 miflion would need to
be funded from other sources. Private sector par-
ticipation could include commuter rail investments
in lieu of parking ramps and tax deductible contri-
buttons ($65 per month} to an employee's transit
tara.

Although regional rail is a major investment, the
cosls are far below those for highway expansions.
By comparison, improvemeants to 1-84 may cost up
ta $370 million per mile, which exceads the capital
cast of the entire regional rail system.

Southeastern Michigan Regional Ruil Study




BENEFITS AND OPPORTUNITIES
HIIEHHHRI]{‘
*= Expanded reglonal transportation aptions and

The feasibility study identified several aconomic,
environmental and transporlation-related bensfits
that would result from the implementation of
regional passenger rail service in southsastern
Michigan. Many of these beneflts are already being
snjoyed by residents and businessas within areas
currendly served by regional rail. .

Economic Benefits

Regional rail follows and promotes economic
growth. In fact, the capital and operating expendi-
tures associated with regional rail would directy
impact the economy of southeastarn Michigarn.
Foltowing are some of the sconomic bensfits that
may occur within the southeastern Michigan area:

*+ Regional raif would directly generata B0 to 900
eanstruction jobs

* Regional rail would directly create 200 opera-
lions jobs In the first year of sarvice

* Regional rail would enhance business activity
and property values throughout the region,
espacially in the vicinity of passenger rail statlons.

= A regional rail system would allow land to
remain on tax rolls, compared to the widening
aof highways.

* Regional rail would improve opportunitiss for
aCCcess to jobs. It would increase the size of the
workforce availabie within an hour's travel to major
manufacturing hubs and professional canters,

improved access to nearby eitiss wauld encour-
age and foster new business development and
ralucation o southeastern Michigan.

* The total economic henefits from regianat rail

wauld equal $1.1 billion, yielding a benefit-cost
ratic of 4 to 1.

3,500 & Wew Jabs n SE Michigan
: resuiling Trom
Regional Rail
3,000
2,500 §
2000
1,800
1,000
500
g
DIRECT  INDIREGT TOTAL
“Ayerane Over 4 Years
M cocrasmon B3 oeensmions

Senstheastern Michigan Regionad Rail Sty
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Environmental Benefits

Regional rail Is an enviranmentally-sensitive rans-
portation alternative. This is especially important,
as part of the Detreit metropolitan area is classifisd
as a non-attainment area for carbon monoxide.
Environmental benefits of regional rait inciuds the
following:

* Reglonal rall helps to reduce auto pollutant
emissions dug to the divarsion of highway traf-
fic to rail, improving the region's averall air guai-

ity

Regional rail helps conserve energy {about
200,000 gallons of fuel per year).

The three-line operating systerm would be on
existing railroad right-of-way and would not
require tha acquisttion of additional right-of-way
such as open space ¢r farmland,

Southeastern Michigan Regional Reil Siudy ===

Transportation Benefits

Regional rafl is one of the safest fransportation
modes available and provides several transporta-
tion-related benefits for users. These include:

* Hepional rall contributes to the reduction of
highway traffic congestion. This also improves
driving time and lowers fuel consumption.

* Regicnal rail substantially reduces travel costs
to tha user in compaifson with automohils
operation.

* Regienal rail is aided by the existence of coor-
dinated bus services. it somse instances, the
riersivip on ocal transit services has increased
due to the existence of regional rait service.

* Regional rail may defer the need to provide
additional highway capacity.

* Begional rail provides an aliernative mode of
transportation during reconstruction projects
such as -84

Offsetting impacts of regional rail implementation
Include a reduction in fuel tax receipls as highway
travelers switch to the rail mods.




NEX. JEPS:
Working Toward System

Development

A review of regional rail in southeastarn Michigan is
part of the transportation planning process. The
Southeastern Michigan Regional Rail Study took a
first step in developing a conceptual passenger rail
systemn for tha greater Detroit area.

Haowever, prior to the initial start-up of regional pas-
senger rail servics, there are & number of requirad
key steps, including:

* development of a community consensus,
* local, regional and state approval,

= Identification of funding sources,

* identification of & spensoring agancy,

* legisiative relief for freight railroad Nabitity concerns
* successiul negotiation with the host railroacis,
» railmad infrastructure physical plant improvements,
* procuremnent of locomotives and coaches

* establishment of operating and business agree-
ments with a sponsoring agency, and

* marketing of the service to heighten publlc
BWaraness.

T achieve consensus regarding a regional rail Y5~
tem in southeastern Michigan, many people,
groups, interests and points of view will have to be
consttered. For example, assigning ownership of
the regicnal rail system is a major decision that will
quide project development and system operation.
However, some steps have been taken as tha rail-
roads have identified the critical issues they faca
and measures that could resolve them.

Key elements for successful project development
include community consensus-building, construc-
tive negotiation with potential host railroads, and
marketing of existing and proposed public trans-
portation systems to increase the publics awara-
ness of regional rait opportunities.  Regional raif
requires interagency coordination to champion its
development and strong grass-roots support for
lang-term sbocess,

Finatly, a demanstration project should ba consig-
ered as part of this development process. This
would provide an oppartunity for government agen-

cles and tha public to experience a sophisticated
passenger 7ail service that is part of a balanced
transportation netwark,

Regional rail and the development of an enhanced
rulti-modal transportation retwork will continue to
be impartant considerations as redeveloprment and
reinvestment ocour within the city of Detroit. 1l is
recognlzed that ragional rail is a viable transporta-
tion alternative that would furnish service to thou-
sands of residents of southeastern Michigan, help
aileviate traffic congestion and help foster regional
redevelopment and reinvestment.

Sauitheastern Michigan Regional Roil Sty



Documents: Technical Report No. 1:

Infrastructure, Equipment and Generators

Technical Report No. 2:

Service Options and Demand Estimates

Technical Report No. 3:

Service Options Analysis, Operating and
Business Plan, Transportation and

Economic Benefits
Technical Report No. 4:
Development Plan

Summary Technical Report

Surnmary Report

Southeastern Michigan Regional Rail Study

STUDY TEAM

Sponsor:

Consultants:

Michigan Department of Transportation
Bureau of Transportation Planning

P.O. Box 30050

L.ansing, Michigan 48909

Tel: {517} 835-2926

Fax: {517) 373-8255

De Leuw, Cather & Company of Michigan
In association with: -
KJS Associates, Inc.
R.\.. Banks & Associates, Inc.
BoozeAllentHamilton, Ina.
Tucker, Young, Jackson, Tull, inc.

Steering Committes:

Michigan Railroads Association
Macomb County

CQakland County

Washtenaw County

Wayne County

City of Detroit

DDOT

SMART

Greater Detroit Chamber of Commerce
New Center Area Development Council
Amtrak

SEMCOG

Michigan Department of Transportation

}



EXHIBIT Q



UOISSTISIP [RUGTIPPY o
RN HOTLIu3W AT »
suopdo Guipun,] .
SEZIE 03U REILIGUIY YLION 121130 Ul Judur(o[aAID 0IIAXIS [IEL IO JUIIDY  *
OUQ.E0 ], 0139 U 3DIAIIS JISUBLL, (BL) JO SONSLIAILARY G =
€861 Wt paddoap ses yey) adaias 213 pue 314195 pasedo.d T3] SIIUAIIYIP [RUONIPPY

TRUSIUCT(0T AU e SoRlo L, posodory

UOISSAISID pI}UGI']

IS [BUINLID) USTYUDY IDULIOY 0) SSIIVE UIETAT o) danfiey yo Joedwy

FNALIS PEOSIIET TN NUIEOD JO UOTRIUIUIA W 10/PUE HOHEN|EAD J0] poddng aanesigay pue fedmypy o
uossuedxa edes Lemdaaf JFO[SAIYY) 107 HONNIOS A[0-SeMyS1Y 313 JO 5I500 JANPINLSBLU o

SIS0 AANIINIISBIJUT o

SINJEY IVNALDG

.&:nﬂuﬁ%&ﬁg ]

1une) L1o814py uoneeodsurl | OIWAS HIUNE

W S (U g ean-z
LLLE-PRR/EIE  ouoydapm
1SED-0808F TN ‘S04 ue) I8
TSE X0 O

T ‘QYd fusrwidiay Y yaraag  TIIIESIAg

ADMAYIS TIVE YTINWAOD XINNOI GNVTIVO - WiT

IDNVSSIVNT LIOULId NHATGOT



"Palsl| SUOHELS (B I8 apeLt 242 sdoys I .

‘SUOREIS 9)RIPaULIDIUL uBAaS BUIAJOAL 1L WY B A0) [esodoid /664 5.1 00 UC pasEG S| 3jRWHST

SRIUE (I 2w du ), “lesodosd £661 S,.LO0QW U1 P3P
sres|ied sabuassed roopyBy pesn sof seyseoa Jebusssed Jooj-Mmao| mau Bunmnsans Aq psbueyo

¥

‘sluoed abeuoned pue

SAINPAH[IS HYIys J9ju2d aulsed ‘dols ouised ayg Jo oses st w pue (*a3a *spunoclo) digd ajeis au)
193 1B WI9ISET SB 1{INS SUOHIEOOL JE SIUaAD [B129dS Jo Buimpayss sy} ‘sUoISULI0D 5ILAIDS SN
9Y) "seale [BJUINESEI Ul SUCIR)S L0 8SEI 3N) Ut UoE)S 2y e Bupped jo Ajge|eAr 84} U
spuadsp uolels Jenaiued e e sdo)s uleq) 3o Asusnbauyy sip Buiprefaa Lois1o3p alg) ‘swed) e Aq

PaAISS aq pjnom Uk} SIY) I 3(qISSO,, PA[IIUE UWINJ0D alf) L) pa)si) sAojs USHES oLf} Jo ||e JON

willlt 8¢
vt I BE
TURY

Ul g5 LiLLE 59
Ul g Uil pg
unu ¢ déd

WO OO KM OX K XX
-
ol i -

- o=

LRl S R

X X
LWL [esodoird  Tgsl ul
SI} je 168l  paddoiqg

3q1ssod  1OQIN  99dlMag

L¥E
YA/ A .
'8l
cab

i
Ve

9F
L'E

00
uInIey
Hindy

safiw

1T T2ad) FO0IAGTS TIVE 9a1nWNOS A

punogyou
pUnoQUINGsS

poulUIalap 9g 0]

(N 1w g70) "py ydeiBaa ),

PY 3BT PRBUDI0
Py aMe alenhyg
Pl aye Buoy
SS0.7) BLteyn
pY oIy g1/aidey
Pd =i Z)
PY 21N LI

P 2l &

P aiilN 8
PY 91t 978 YN OW
uosiaeq
Hiue)
PAIG PURITD 3
uaMEMASaL0
jonels
uoslayer

(sHoang ss0I3
tolepy Agirapn

N0 UNVTIVO-LIOYL3a Y0 SdOL

SO UKL SEluO4 0} Uduay
1doys YoED JE 91U1) [{aMD LoReIs

LDISHIBED LO/PUR RIDUSIEAN

{1317 1009 Ajunon puepieQ} seuod
(11D wonepodsuel]) 4go deNUO
(opis ypon) diysume | plaljueoc|g
Si[IH pP1aywoo]g

{ap1s pnog) diysumo} pipijicorg
Aoxg areyBuiusig

ZeQ lehAoy

HeQ |eAoy

B|epulag

BjEPLa{/SPLID Jie 21B)S - §104}30
Wed puejybigjlonag

(duog tagshiyn) yed pue|ybiy
yoewetieH one

{(yar aaxynemiin) JoaaQ

S130 |RINHND/AIURPAW Hol00
Ieylely uleysey poded

SOUISE?} JLHOIIDARY JoA18]

Jajuan amuessieuay Jodag

giteN one}s

TOILVLS



Owner and Location

Detroft Parking Auth.
First & Congress

City of Detroit
Budsaon's block

Wavoe County
adj to (Hd Cnty Bldg

LR
ERFA Parcel ¥

ROMECES:

Firgr two stroctures:

Wayne Caunty stritciure:

&M structure on ERFA Farcet I

Construc. Is Parking Structure
Farking Cost of Cost per Desipned to Support
Spaces  Construction Space Deyelapment Abeve 162
814 $9,004,00¢ $14,750 Na
LI1g0 528,080,000 825,500 Yes
350 B15,000,060 327,270 e
2100 517,400,000 3_3,29{] ™o

Crain's Deicoit Buainess "Turning the Corner'” jssue dared "Spring 2000
Detriit Mews for 21 March 2001
Building permil zpplication filed 17 Jan 2090 at Dretroit Boitding And Safery Enginsering Depl,

CAPITAL INVESTMENT FOR DETRCIT-OAKLAND COUNTY COMMUTER RAN SERVICE

Estitmates includad in 'tBE‘f MDOT's "Southeastern
“Michigan Regional Rail Study™ Proprosal for..

Faellities {7 statien plan}

Central Shop (for this service + AA-Oed-MC service}
Station facllities, trackwark, grade crossing improveaments, gbe,

Contingencies (10%)
Facillties Subtotal:

Rolling stock {aff used)

5 locomofbives @ £750,000
24 copchasg §450,000

$8. 651,000
320,846,000

208 €00
$70.611,600

3,750,000
510,800, 00D

|seatsicoach unspecified; estimatad to ba ER)

Contingencles {10%)
Rolling Stock Subbotal:

£1,455 000
%16, 008,000

TOTAL: |

Reduction due to elimination of waed rolling stock
[noreass i facllities costz of 3% per annum due to inflation

Gost of new lecomotives and new law-flaor rolfing stock
& GM EMD lecomotives {oombination alactics
dlesel-efectric & 53,750,000]
16 coaches @ 52 000,000
{lawver fleet size stems from faster trip fime and
seating capacity of about {35/car)
Subtotal:

REVISED TOTAL:

i 45,616,600

{$16,005 000}

82,746,745
$16, 750,900
£32.000.000
$50.750, 000
$83,107,395 |

“Reyized Total" doos not accounl far fellowing: cost of replacing trackage ramaved since 1987; costs of Building
stasons in addifion to hese ldenkified in MDOT $997 proposal; investmert required to extand sepvice north of
Pontlac CBD; costs of electrifying last mile of route In Betroit CBD Yo gyoid diesel exfaust emissiens in Casing and
RanCen statlong; redustlon in central shop costIn avent Bs size can be reducsd due to non-implementation of

ann Arbar-Detroit-Mount Clamens rail gervice,



=375 & Related Infrastructiire
I-375 expansion {ref: EA p. 37)

Wearby street improvements
Funded by Build Michigan 3
To he funded by City of Detroit (per Bulld Mich 3}

Parking structure investments nat yet committed
Construction cost estimates:
Developiment abave parking structure?
Mo 310, epace
Yes $20,000/space

per Hines' 09 Sep 1939 River East Master Plan
Parcel 8
Parcel O1 (Compuware??)
Paresl 02
Parcel E1
Parcel E2
Parcel F (2100 space parking stnacture built in 2000}
Farcel &5
MGM Riverfront casine — 2,000 speces (ast)
SUBTOTAL FOR 375 AND RELATED INFRASTRUCTURE:

Flooe  Parking
Lrea  Epaces
{gst}
not stated 250
70000 2500
Ba4000 77
161000 797
1FEQOL 77T
ft nfa
Jasaae PRT

MDOT-proposed Oakland County |-75 Investmeant

& Mile Road ta 12 Mile Road {tneluding interchanges}
12 Mile Roardf to nartt Dakland County line
Hoize walls
SLUATOTAL:

TOTAL:

CONSTRUGTION COSTS

72,000,000

$25,000,000
514,000,000

549 003, 003

550,000,000
Cails
s
FRT
297
277

$30.000,000

$108,000,000
$328,000,000
£10.040,000

$211,00¢,000
+ 777

$447 000,000

$A58,000,000
+ 7FT

GOVERNMENT ACTIONS SUPPORTING EVALUATION AND/OR iMPLEMENTATION OF MODERN
COMMEUTER RATL SERVICE BETWEEN DETRGIT'S RENAISSANCE CENTER AND OAKLAND

COUNTY

Date
City af Tray 02 Jupe 2000
Ferndube Ciry Couneil Dec 2000
Beetroi City Plenning Comanizsieen 18 Jun 2901
Rieminghem City Commiszion 22 Jan 1001
Datrait Tty Plunning Camenission Marth 2061

.TJS Senator Levin 3i.Fan 2001
L5 Representative Conyers 01 Feh 2004
115 Reprezenteiive Rilpateick 01 Feb 2403
Siate Hepresentalive Clarhe 1 Feb 2001

State Represendative Boilpatrick Jarr L0 [est)

Descrintion af Acti

Actjuired 2,71 aere pareel pdjarent io raiiroad
ripht-afway for o "Tragsportation Center!! fo nclude
24,060 square font beildiog + 120 surface parking

spaces

|5 ol Meple; W of Cooiidge]

Hezodution requesting EIS for B3935 and O hlnind
County 1-7%5 Expansion Proposals

Hesoiudtoe caguesing £15 for 1375 and {aktand
Cuunty T-75 Expansion Froposals

Resndution cequesting £15 For 1375 2nd Oakland
County 175 Expansion Fropoesats

Respiurdton requesing medificaton of MDOTs 1575 EA
in varivws ways, inckuding fncorparation of public
tremspurladion {superseces I8 Faa 2081 resolationg)

[N Senarpr, Congrassinnal Neprevendgives, and Stag Lepisianes
Regpeest for E1S re propused 375 expansien progosal,
inclieefing requesis for co-aperative review of 1375 and
Oakfand County T-78 exponsion propusals pnd for review
of public transportation aption

Request for B18 re propoged 1-373 expanvign projact

Regquest Tor EES ro propozed [-375 expansion projett

Request [or E15 me preopased 373 szpansien project

Reaquest for £15, o nl?



Suburban & Regional Transport

Bi-Level Vehicle

Greater Seattie / Tacoma, USA

Fifty-eight bi-level commuter ecars have been ordered from
Bombardier Transportation since 1998 for the greater Seattle / Tacoma
area.

The vehicles are similar to those already defivered by Bombardier for
the Southern California “Mewolink”  system, the North San Diego
County “Coaster” service, Florida “Tr-Rail”, Toronte "GO Transit”,
Vancaover “West Coast Eapress” and Northern Califomia “ACE".

The bi-level Sounder cars featurs two full decks with intermediate
end decks over the trucks, which optivnize the use of the existing space
and allow for ligher ceilings and better seat, stairway and door position-
ing. The low-level platform doors permit a full earluad of passengers on or
off the coaches within 90 seconds, minimizing platform congestion.

An attractive inlerior with tinted windows, toilet Facilities, wheelchair
accessihility, bicycle racks and an electronic public address system
guarantecs a combortable ride for all Sound Transit passengers.

EOMBARDIER BOMBARUIER
TRANSPORTATION -
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GENERAL DATA
tyze of vehicle bi-level commetar car
aperater Sound Teansit

Gentral Puget Sound Regional Transit Authority

order dzies TO4R, 1994, 2000

Alaty 38 cars
. consist up ta 14 vehiclas
DIMENSIHINS ANL WEIGHT Metrie [mpedal
lenzth ever eouplers 25,908 mm &'l
widdh pwer side shecis 3997 mm g
sail bo rool heiglt 4,851 mm 15' 1"
tail te lower flonr height £33 mm 25"
headroum centre aisle 2,007 mm o
side doanwey width 1,32 mm 52"
sicte doorway heiglt 951 mm g' &
aigle width fupper deck} 711 mm 25"
aisle width (Jawer deck) 711 mm 28"
woee| diameter H3i% mm 33"
trieck wheelhase 2,591 mm B g
truck centre distarice 15,587 mm &' o
track guuge 1435 mm g
car weight {enipry] '

- anh e=r 53,750 Jg 158,500 [

- *pailer car 53,200 kg 167,300 1

TECHNKICAL CHARACTERIFTICS

» 480V, 3 ph, 80 He head end power supply

* 72 Ve low-valtage powes supply compiete with nickel-cadmium
emergency battery

# welded aluminues carbady

* 2 rest steel trucks per car, with inhaard beacings

¢ preumatic tread Bbrakes and disk brakes with wheel-alide pratection

* rubber chevron primany suspensicn

* preumdlic secondary suspension

* eiectric convection Haor heeters, overhead forced-sér heatess

* 2 pieconditioning units

» fixed, tinted, cdoobic olazed side windcws

+ 4 |rieparting side doers

* ane washroom per car, fully accessble

FERFORMANCET AND CAPACITY hetric Imperial
maximurs design speed L&D kmh 160 mph
madmen operacing speed 150 kmih 95 mph
service Braking (3,84 mofs? 2.0 mphps
emergency brafing 1.08 mis® 2.4 mphps
iz lovmd 3,680 kN 800,000 |b
il car trailer car
wheelehair locations 4 2
doubls bizvele racks ] i
seatad pascenaers per czy
[with waeelzhairs and hicysles) B3 142
seated passengers per car
fwithaut wheclchaics ar bicycles) 13g 14%
vrish |oud 363 passengers

1
by
EOtEARDIER

e

BOMBARDIER
TRANSPORTATION
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Levels of Service and Their Characteristics
Sudthess| Michigan Counell ol Governments  Transkt Vision Ferum  May 2601

Levels of . Medlem Level of Serviee - - Flexthle Level ol Service
Ut rtar CHlarlriiblie] Hegry Rail orventiona? Warer Tk ParTranzji % icEtney
Guideary Ratf {HR) Bus Seviee ) )
Trnsit fAGT] {£R) [CBSY

- Driver-less Fasmenper -Elevgted ~Standard dicsel | -Small boats,
levated or carspulled by | trains bus hovererft
subterrenesm lacomotives ~Subrways “Can be

lighi-rail traing | -SelFpropelled | -Trains articuluded or

- Same ay CHieset powerd by chean fuel

Detroit People | Muliiple clecirificd

power lioes

haver Tnits' *hird rail
1%-3¢ mpb 18-30 mpb 18-4¢ mph 12-36 mph 15-25 mph Linkaronany Unknown ko
Fapid mass Rapid rass - Lang- Fapid mass -Varies, ~Transportation § -Commeity -Pereone] inp
transit trinsit distance mass [ teansiy vegutar and along water trip setvices, LrANIpCiztion
[ransit suprees sapvices | froat feeder services
-5-10 min =5 min = &4 frams - =10 min ~Fixed rawes - Water bome | - Pubfie and -Privite, driven
between taans in | between trains in | daily between traing  and fixed pasuhper privale an- vehicles for
rugh hous rush our -Bimilar in rush koer schedles sryvices along | demand, doos- | hirs
possible pozzible Amegk poesibls -Warying time walerways to-door shorls -Darrand
- Can reach hetween huges TROEE [ransit FEsRcasive
high speede setvices for doex-todoge
over iong speciel groaps | service

gl ey




HIt J TusbJiney
ATE. U
iIp 1o 3,00} Up ta 4,500 Up t 3,00 Jp to 18,000 Upte 26,000 | Abaut 7O Undosown LI nkrown “Unknown
.| people per hous people por bour | people pechour | people 4 day peeaple per peaple per hour
- | each direction cach direction | cach dicsction witly e | howr each each direction
setpehle dirzetion
Right-of-Wry .*] dixed teflic -3 bed toaffic -Reguires —Fraguires ~Requires -Currenlly uses | <Unknown -Ulecs existing | -Llsns existing
(ROWY |qerea im Streeds lanes in Arssts sxclosive ROW, | exclusove excEusive existing road roxt network Toad network
Optians <Dedicaed lanes | -Dedicared lanes f uenally elevatod | BOW ROW, eather neiwork
s in existing feels | i exisling ar sabilerratean 1 -Uses eaizting | ebevated or
-Exclusive ROW | sireets wracks and tRcks undergraund
-Exchusive ROW | stations -Mixed rail
traffie
1i4 mile 1o 1 mile | 654 mtle ta b ¥ roile to 1 mile | X4a E0 miles Vo mitle to ~Varen nbngwn Pio stations Mo orions
) mile nle
ek | Requires mone -Mew raif racks | -Requires more | -Park end ride | -Regoires new | -Masttenancs SationsTecks | -fo Mg
4 maimepance’ required rarntenance! bats maintenanes’ | lacilities already  § -Requires new | consoricties: timstruction
o storage faciliies | -Ovechend Horge farilite: | ~Require new | storage exisi in YR teTaane rguired Tequired
pawer lines maintenance! | facikides Snuthesst slarpe -Requires -Meinteagnee’
required SlaTeEs Michigan Focifities mainfenznce’ SHorge
-Requires new facilities -Requires more ahrage facilitics
QBT R LY maintenance! facilittes
stozge facilities srarage facikities
-Automalic =AWL AN, 2 way padis | -Asdomatic -Can use ~Drigpatching ~L}izpatching -Drspatching
vi| Vehicle Lacation | - 2 way adic ~Cumpater Vehicle disparching SANL -AYL -AVT,
X cootralleg Lacatow Can use AVL - 2 way mdio - 2 way radig « 2 way radio
vehicles -2 way ridio | - 2 way madia




wapital Coan  § Abou L1313 About $25-855 | Abeat 3935128 | Abous F2-51¢ 5100-5300 {with po nLInkrovn -Waries -Varkes

finclodicp million par mile million per mile | mition permile | miffion per millign per coRstruction)
Right-oi-WWay, mile mile 5135 millivn
consiraction, " = Wit range annualky
apd vebiclas} - dus 1o varaus | DDOT/SMART
v kg canstmuction {LlOQE)
: i factore
'f 54 per vehicle Y por wehicle B4 per velicle 883 por -Uinknowm, $6 per vehicle “Unknown ~Waries -§aries
mile mile mile vehicle mile neae 31 pvie | mile
-Predictable time | -Predictable time | -Prediciable ime | -Belatively -Highest ~Leasl expeogive { -Suitabls for ~Very importzn | -Supplemente
between buecs betwen traine bolweet iniins inExpensive capacily -Maore fexible dver apceesible | ior people SXisding rassil
H Miore Nexchle <}High eapacily ~Aumalion and Quick to -Predierable than BRT, LET, | sishis unoble e b Servioes and
thian mail -Good potential [ -reduces cases implement time betwesn | AGT, CR, or HE | -Cowld conoect | 4he regular pei vate cars
| -Potential for For ecartorntic! -Mo iraffic «Few conflicts | 1ains ~Teckmotogy and | eiders 1o transit  { eaas) sv5iem ~{ustomized
+] ecanomics soctal! | soeta] bemedits canflice wi antomoinle | -High potertia] | expentise alreafy | ip Windsor {e.g dissbled, | wansportation
envirommenral Complements | -Compasible traffec for ecanqenic! | axist in -Cen provide cldery) -Provides
b benafing CE,.CBS, WT, ] with Delroit ~User mdsfing | socdal benefits | Southesst low oo, -Bupplements | connecions da
Lomplements PT Penple Mover tmcks Mo waffic Michizzn beamt Gy EXisling and from
CR, CBS, WT, -High paletelzad —Corormueey cooflicts conmections services Alrpords, tegin
PF for economic servine -Complemenis and bus
social benefits earmplement CR, CBS, WT, satidns
Complements BKT,LET, PT ~0n call any
R, CRE, WT, AGT, HRE, Lims

BT CBS, WT, T




AGT cn HE
Negative -Some traffic -Some raffic -¥ery expensive | -Mud e -Extn=mely -Serous imape -Can anly serve § -Is not suitabie  p-Expensive
Impacis disruption disrupticn 0 build freigki =il gapeazsive to problem: Wk frpnl far mase transit | -lnconveniznt
Limitations ~Adlews be Averled Extremely corridar butld commo|y areis -Many small, for long trips
-1 distingeished power lines are visuaily -Litle chance  { «Very percesved g5 Servier privaie _Difficult o
fram unsightly intruaciyve for econarsi: | distuptive to unceliabls, dependani on uregisered coordinane
conventianal bus | -Mo existing -Dzreplive development conatruct uczxfe, dirty, wiather providers ~Mi
service facilitics or BatEErucl =May only -May requins | loed, slow, wondiigns {chorches, ere} | necessacily
expanise i =May require sETVE expengive tand | polluting 2nd May be make cosl effaetive
Sorutheast expensive land [ commuter dcquisition used anky by problematic cigrdination
Michigan acquisttian mirke! £ e b thow who have | during winter difficule
-Potential ~Bew =My coss town: | Soolbease nerather apdian -Usuniiy nat
crginoering i mtenan e mules hichigan, no - aurses traffie caat effergjwe
prreatalems de.qr sorge faciliies | -Schedule faeiliies or conflicts
Woudward/'k needed subject to feark | expetiise -Dioos o have
Mile Rd) OWTEES Mew the speed,
-Mew discretton {can | meinenzncs’ | eapacity and
LT ety conflict with Storage image benefits
storpes facilities tie movement | facebilics of “rapid imnsi™
needed of freigin needed
traims]




| ae TaxitTitney
ceibired . f -Coversd siations | -Covered Covered ~Lonvered ~Cperates all -Will stop ~Most ~Can b ~Personalized
Amenitia .| -Opemates oll day  { stations sEtiang sHalaons day ard night | Eequenily ta appropriate for | equipped to merviee
’ | and oighe wer “Opetutes all day | - Twmestyle fare | -bdost efficienl | w driver pick up and dmyp | special events help prople -Operates afl
|| driver apd mipht w! colledtion for longer - Turnasryle ofF paseengers -Yarimee with special day and night
~ALbOrEEE ar driver -Operates ell day | distencss fare eollection | ~Set schedyle SeCUALY gptions f noeds (2. wi driver
persanal fare -Autometic ar | and night with | -Mesi -¥arious -Printed disahlad, -Pemsonal fare
sk collection parzonal fare wul defver apgmopriate for § security schedules eldexly) collection
—Can be upgraded | coftecrion -Variows commuter use  f oplions availabie in “Variens ~Will stap
1 LRT rALImALE spcuriy aptins | -Yaorious various bocatigns secucity aptions | fequently do
~Automatic gresn | preen lights SECrily ~Personal fare pick up and
lights ¥ ardous Opthoas coifcctian drop off
“Yarious security | secarity oprinns -Verpany PASSEDECTR
nptbons EeUrily optinne
-Wide varety of | -Wide variety of | -Wids variety of | -Wide varigty | -Wide wartaty  { -Wide varicty of | -Wide variety | -Wide varcty  {-Personal
information irtlormation information of information { of informatier | infarmatien of information | of information  pseating
<] opfions Bprang aplions ophans aplions aprions uptions options
i ~A0AY Booessibie | -ADA accessible | -ADHA acoessible | oCan e very | -ADA <Sometimes -ARA
+# -Cun be clean -an be clezn “Can be clean comfartable groeegi bl ADA accemsibla acceisi ble
T\ Fael vehicles Fief weRicles fuel vehicies -ADA Canbeclean [-Canbe clean Can be clean
' Accessibic Tyz[ vehicles fuel vohicles fuet vehicley

| Triese] Mudtiple Linits - Self propetled mil cos
- T Autamatic Yehicle Location - Teehnofoyy that ensbles automatc green lights, proper vehicle spacing, and retiabls “Next Bis ja . _* sipns.

kT AT
Sourse: Woodward Comidor Transit Altematives Study, May 208, Transportation Manapement and Dieitpn, 200K, SEMOCOKT

3, ADA - The Americans with Dhsabilities Ac calls for transit tn be aceessible to peaple with disabilitics such as wheslohaimg,
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