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Dear Mr. Cryderman:

The Highway Planning Division is pleased to present Volume I-M in the
Statewide Transportation Modeling System Series. It documents a first
step in transportation planning for energy needs: modeling gasoline
consumption.

The congumption of gasoline at the statewide level I1s an important facter
in the State's energy planning. The model described herein will not
model total gasoline demand in the State, but it will provide a compara-
tive measure of gasoline consumption on state trunklines between various
highway altern; 2s within a region or the State. As such, it can £1i11

a function tod: of providing highway planners with an energy indicator.

This report was prepared by Mr. Lawrence G. Scott and updated by Mr.
David R. Schade of the Statewide Procedures Section, under the supervision
of Mr. Richard E. Esch,

Sincerely,

Acting Administrator
Highway Planning Division

MICHIGAN The Great Lake State
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PREFACE

The "energy crisis" of winter 1974 marked the beginning of con-
sciocusness of energy consumption for the world's western industrial
nations. Although fuel supplles have now returned to normal pre-
¢risis levels in the state and nation, enerygy planners'predict that
the overall energy situation will never return to the old concept of
normal. The most obvious indicator of the new energy situation is
the higher price for fuels of all sorts; a secondary indicator is
the very real possibility that shortages could recur. These indi-~
dators have important consequences in governmental planning for the
needs of its citizens.,

The consegquences of the new energy congciousness are reflected
in the report of the Governor's Special Commission on Energy, which
recommended the establishment of the State Energy Office, to deal
specifically with future energy problems in Michigan. The new agency,
gald the commission report, "needs to have more sophisticated analyt-
ical tools to project the state's energy demands. . . . and these
should include an energy supply and deﬁand model.”"” One of the
agency's functions is to collect information on energy supply and

demand from energy transporters, wholesalers, and distributorxrs and

from other state agencies which have infoxmation to supply.

Gasoline is a vital fuel in our soclety, since it is the eneragy
source for most of the nation's transportation and the capability
for projecting its usage, i.e. demand, is desirable from the govern-

mental planning viewpoint. Supplied with information on present

-
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and probable future gasoline consumption, the State Energy
Office will have a significant portion of its task made simpler,

and the state's energy planning will be facilitated. Equally

important, the Department of State Highways and Transportation
must consider costs, both seocial and individual, in planning
for future transportation needs. As gasoline prices rise or
supply tightens, gasoline usage'will become a meore important

consideration in evaluating altermnate transportation proposals.

The component of Michigan's Statewide Transportation Planning

Modeling System described herein assesses gasoline consumption
based on the changes in épeed and congestion associated with
various highway proposals. Projections of gasoline consumption
for various highway jurisdictions and factors that dincrease or
decrease consumption are the main outputs of the analysis process

described in this report.

This report is Volume I-M in the statewide series of publica-

tions. Previous reports In the series are listed on the following

pages.
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INTRODUCTION

The capacity £for projecting gasoline demand as the result of
various transportation planning policies is important in planning for
energy needs. This report describes an 6perati0nal model with that
capability which can be applied to evaluvate alternate highway system
proposals. ‘The major parameters in the calculation are a measure

of traffic volume on each link in the highway network, the speeds on

the links, and an estimate for gasoline consumption at various speeds.
The measure of traffic volume is related to the Annual Average Daily
Traffic (AADT) figure for each link. The user has an option in

selecting the type of speed to be used in each system evaluation.

He may use the network's planned speeds. The effective speed may
also be used to take traffic congestion into account (see Volume I-K,

Effective Speed Model: A Pubiic Interaction Tool). The measure of

gasoline consumption is taken from Economic Analysis for Highways

(1969) by Robley Winfrey.

The output of the gasoline consumption model component is the
projected number of gallons annually consumed on each alternate high-
way system proposal at whatever speeds are to be examined., The re-
sult is separated into interstate, federal aid primary, and federal
ald secondary highwavys, and yiclds a total for all three, at county,
regipnal, and statewide levels,

The simple modeling of gasoline consumption is a measure -which
will facilitate governmental planning at two levels. The measure
of future demand is essential for planning within the State Energy
Office and Transportation Department. Furthermore, 1t is easily
comprehended by the layman and should be an aid in public understand-

ing and involvement in the planning process.
—
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RESPOUDING T THE GOVERROR'S SPEGIAL &

OPE

Although measurement of gasoline consumption is output at the
system level, the basic calculation is done at the most elementary
level of the modeling system, the "link"™. A link is a representaw'
tion of a section of the highway network, which ig ldentified by

its end points, the "A-node” and "anéde“ For example the link

with A-node 1475 and B=node 1505 is named link 1475-1505. Figure 1
is a diagram of links and ncdes.

Each link in the highway network has information'aésociated
with it. Such information as link type, annual average daily traf-
fic, design hour volume, lane width, and many others for that sec-
tion of highway are stored in "volume fields" on magnetic tape re-
cords associated with the link's A-node and B-node. A volume field

is nothing more than a descriptive way of referencing a physical

space on a computer tape in which information is stored.

!
- ZONE BOUNDRIES |

- e —

FIGURE 1: DIAGRAM OF LINKS AND NODES
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To evaluate glternate highway system propesals, new links and
nodes are coded into the existing highway nétwork to produce
hypothetical alternates. The Transportation Modeling System is
then run on each alternate to assess the alternate's impacts on
travel volume and operating sfeed. The annual consumption of

gasoline 18 thenm calculated using the model's output.

The basic formula used for determining annual gasoline consump-
tion for a link is the product of the annual vehicle miles
traveled on the link times a measure of the number of gallons
of gasoliné consumed per vehicle mile at the speed which is
traveled on the link. The énnual vehicle miles traveled 1is the
product of the length of the link in miles times the number of
vehieles which travel the link in one year. The latter filgure
is the result of simuiating the network.on the trip generation
component of the Modeling System; (For detailed understanding

of the trip generation model, see A Computer Model for Determining

Future Highway Requirements of the State of Michigan, Volume I,

1966, by Arthur Little, Inc.) Due to other factors that con-
slderably effect gasoline consumption, it was necessary to ex-

pand this basic formula.

Coded Into volume fields are two possible speeds which can be

used to determine the rate of gasoline.consumption: the planned
speed and the effective speed. The first is the speed for which

a lane of highway is designed. Actually, as most drivers



recognize, the planned speed may not alwaye be attained, due to
traffic conditions. The effective speed model automates the process

of determiniug the elfect of congestion on driving speed.

When congestion occuwrs on a segment of road, there is an impact

on the consumption of gasoline, To effectively measure this
coﬁggstion and the effect it has on traffic¢ speed, it 1s necessary
to use the Effective Speed Model (Volume I-K} to determine the

true speed of the traffic.

This effective speed is then used to measure the speed change
cyele. A speed change cycle is the number of times a vehicle
will decrease its speed and then return back to the original
speed based on the congestion on a specific link. This, with the
magnitude of the cyele (how ﬁuch the speed changes) will deter~-

mine excess gallons consumed.

To help analyze gas consumption, there are four curves that
should be recognized (Figures 24-D). Curves A and B are for gas
consumption per 1000 vehicle miles as a furnction of apeed for

urban and rural road types.

Curves C and D are also for urban and rural road types, showing
the annual gas consumption as a function of congestion and speed

for a distdance of two miles.

The equations for all four curves were taken from the Highway
Investment Analysis Package, Appendix B, with all curves having
excess gas consumption caused by stops and slows included in

caleulations.




The data used to estimate gasoline consumption was obtaiuned from
Appendix A of a8 text book by Robley Winfrey entitled Economic

Analysis for Highways (1969). The gasoline consumption rates

used are for an averagé 4,000 1b. passenger car and are shown
in Figure 3. It has been assumed for this study that all grades
are level as no information was availéble on grades by highway
type, No differentiation was made for cars and trucks in this
analysis but a future modification of the gascline consumption

projection will differentiate.

‘Sinée the publishing of Winfrey's book in 1969, trends in the

auto Industry have both increased and decreased gasoline consump-
tion at various speeds. In the early seventles, federal emissions
controls generally imcreased the consumption levels of new autos

at all speeds. However, the energy crisis in early 1974 created

a trend toward manufacture and sales of autes with lower gasoline
consumption. Intuitively, it would seem, therefore, that the

two trends have concelled each other and that Winfrey's table still
retains validity. 1In any caée, the consumption data for various
speeds can easily be updated if a new trend im gasoline consump-

tion predominates and new data becomes available,

After the annual gasoline consumption has been calculated for
each link, a summary program accunulates the measure for counties,
for a multi-county region, and for the state. Gasoline consumption

and several other dmpacts can be examined on system lmpact summary
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GASOLINE CONSUMPTION PER 1,000 V. M.

.14

8z

80

78|

78

72_

78

68,

86 _

62 _.

60_

58_]

56

52._)

GAS CONSUMPTION PER 1,000 VEHICLE MILES AS A FUNCTION OF SPEED

(EQUATIONS ARE TAKEN FROM HIGHWAY INVESTMENT ANALYSIS PACKAGE, APPENDIX Bj

LEGEND

Road Type = F.AP. (Rursal)

- MOTE: Consumption due to stops & slows are included in caleuletions.

3¢ 3HN DI




LLT T

ANNUAL GASOLINE CONSUMED (GALLONS)
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GAS CONSUMPTION AS A FUNCTION OF CONGESTION & SPEED

{(EQUATIONS ARE TAKEN FROM HIGHWAY INVESTMENT ANALYSIS PACKAGE, APPENDIX B}
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ANNUAL GASOLINE CONSUMED (GALLONS)
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Gals./1000 Milas Pex Speed

Veh.Miles JGallon MPH
102.4 5.8 5
76.1 13.1 71
63.3 15.8 . 18
55.8 17.9 121
51.1 14%.6 15
48.0 21.¢ 171
45.9 21.3 20
44.4 22.5 223
43.5 23.0 25
43.0 23.3 27k
42.8 23.4 30
43.0 23.3 32%
43.3 23.1 35
43.9 9.8 373
44 .7 22,4 40
45.6 21.9 42
46.8 21.4 45 -
48.1 20.8 47%
49.6 20.2 50
51.3 19.5 521
53.2 18.38 55
55.3 18.2 571
57.6 17.4 60
60.2 16.6 623
63.1 15.9 65
66.3 15.1 67%
70.0 14.3 70
74.1 13.5 72k
/8.1 12,7 75
4.1 11.9 77%
90.4 11.1 80

FIGURE 3: MODELING GASOLINE CONSUMPTION
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tables, allowing quick analysis of an alternate propasal. A
graphic comparison of several alternates 1is also available (see

examples in next section).
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SYSTEM TION

APPLICS

oot annd

The gasoline comnsumption analyels model can be applied initially

in two types of comparisons.

First, a given alternate may be compared for diffevent speeds

on the same network. The special Statewide report, Impact of 50,

35, or 60 M.P.H. Statewide Speed Limit, provides a special

example on the exlisting highway network. The user should be
aware that the analysis can be made using either planned speed
or effective speed. Figure 7 illustrates the difference between
calculating gesoline consumption with effective speed model
versus using planned speed for three statewide alternate net-

work proposals.,

The second gasollne consumption comparison that can be made is
between several alternate highway sysitems. TFigures 4A, 4B,

and 4C are examples of system impact summary tables for three
regional alternate highway proposals in central Michigan, éhown
in Figure 5. Figures 6A, 6B,‘6C, 6D, and 6F are graphic compari-
sons of the relative gasoline consumption of the alternates

studled in this region,

These slternates should not be interpreted as justifying or not

Justifying the construction of I-69. These examples are solely

model.

~] 5
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FIGURE 4A

STATEWIDE

TOTAL
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TOTAL

343421




FIGURE 4B

S¥ 57 & M T MR oA T 3 MM ARY
MICHIGAN STATEWIDE TRANSRPRORYATION MODELING SYSTEM
DPTIONAL BYSTEM IMPACTS
JURISDICTIONS: 1 2 3 4 § & 7 8
Qo000 HIGHWAYS ALTERNATE A0&0 STATEWIDE

GAS CONSUMPTION = RURAL = URBAN TOTALS

INTER FAP FAR Fas TOTAY,
STATE Fuy NONaF WY

ANNUAL GASOLINE
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' B0000 HIGHWAYS ALTERNATE A0&01 REGION
REGION CONSISTS OF COUNTIFS NOS, 2 13, 19, &3, 335 38, 76,

GAYS CONSUMRTION « RURAL = URBAN TOVALS

-z
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FIGURE 4C

SYSTEM I mpACT St MMARY
CMICHIGAN STATEWIDE TRANSPORTATION MOQE|LING SYSTEM
: ORPTIONAL SYSTEM IMPACTS
JURISDICTIONS: 1 2 3 4 % & 7 &
A0000 HIGHWAYS ALTERNATE 40604 STATEWIDE

GAS CONJUMPTINN & RURAL = URBAN TOTALS

INTER FAP Fap FAS TOTAL
BTATE Fy NON=FWY

ANNUAL GASOLINE
CONSUMPTION 878914 124878 1523245 411536 11318575
(THOUSAND GALS,) _

3Y &8TEH IMP ALY S U MMARY
MICHIGAN STATEWIDE TRANSPORTATION MODELING SYSTEM
OPTIONAL SYSTEM TMPACTS
JURISDICTIONSs 1 2 % 4 % & 7 B8

- 40000 HIGHWAYS ALTERNATE AO604 REGION
REGION CONSISTS OF COUNTIES NOS, 12, 13, 19, 23, 35, 38, T6,

GAS CONSUMPTINN » RURAL = (JRBAN TOTALS

INTER FAP Fap FAS TOTAL
STATE FWY  NONeFwY

ANNUAL GASOLINE

CONSUMPTION - 130296 26947 140215 44841 342265
(THOUSAND GALS,) ‘ .
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REGION TOTALS (THOUSAND GALLONS)

ALT. ADGOL ALT . AUGG4A ALT. A0BOS
HWY TYPE EFFECTIVE SPEED  PLANNED SPEED EFFECTIVE SFEED  PLANNED SPEED EFFECTIVE SPEED  PLAWNED SPEED
Interstate 115836 133391 1306296 141774 129677 141475
F.A.P. (FWY) 28562 517586 26942 57823 27392 38602
F.A.P. (NON FWY) 148059 1089411 140215 1is825 141372 117605
F.A.S. 45198 393432 : 446811 43768 L5975 43894
TOTAL 339456 333908 342265 360291 343421 361577
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SYSTEM EXTENSIONS

=

It is anticipated that the simplz gasoline consﬁmption measure
described herein is only the beginning of a significant battery of
energy impact analyses within the 8ratewide Transportation Modeling
System. As the validity and usefulness of modeling energy demand
are substantlated, as the basic Modeling Syvetem 1s further refined,
and as energy conscilousness grows in society and government, the
gasoline consumption measure will be extended and refined appreciably.
Some of thg more likely extensions are discussed below.

A recalibration of the current network model (whieh as of this
writing 1s in progress) will differentiate between auto and truck
travel. Winfrey has tables for trucks as well as autes in Economic

Analysils for Hiphwavs. Thus, after recalibratien it will be possible

to calculate gasoline consumption based on travel figures for autos
and trucks, whichw 111 reflect demand more accurately than current
auto-only figures.

As detailed in Staitewlde Volume XIIIL, Michigan Goes Multi-

Modal, the Statewide Transportation Modeling System 1s rapidly
expanding capabilities to include air, rall, and bus modes as well
as highway travel. The energy consumption component of the system
will alse expand to allow comparison of energy demands of all four
nodes, permittiﬁg a comprehensive measure of energy demand from
the transportation sector and comparisons of altermative future
modalconfigurations.

The energy measure currently is expressed in gallons consumed

(or demanded) and assumes adequate supplies. As the energy situation
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changes, the impact of varying costs and supply may assume greater
importance., Thus a cost factor and/or a supply factor (to allow
for free market or rationed supply) may be iIncorporated into the

system,.

The above list of probable extensions to the gasocline consump-
tion model demomstrates that the potential exists for vastly improv-
ing the knowledge with which government agencies plan for future
energy needs. The Statewide Transportation Modelihg System is
the beginning framework for realizing that potential, 1f state
government elects to follow the conclusilons of the Governor's

Specdal Commission on Energy.
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As energy becomes scarcer or more expenzive, ﬁhe.citizens of
the state will demand that state government help them conserve 5
fuel. The tool described herein allows the Department of State High- W
ways and Transportation to obtain that end in three important ways: |
(1} The Department can assess the energy use of its
transportation system while still in the design
phase, thereby insuring that tﬁe systems which
are actually built create the most energy-effi-
ciént network.
(2) By measuring impacﬁ in concrete layman's temms,
rather than mystical acronyms like AADT and DHV,
public input can be utilized in the initial design
phases of trangportation proposals.
{3) The State Energy Qffice and the Department can
cooperate in perfecting a model of the demand for
gasoline and other fuels in the transportation
sector.
This simple measure, if expanded and used effectively, can help
the Department improve its final product, its relations with the pub-
lic it serves, and its interaction with other agencies in state gov-

ernment.





