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E XECUTIVE SUMMARY 

B ecause of increasing concer ns about the pr esent level of highway 

funding, a study was undertaken 1) to investigate historical tr ends in 

highway r elated char acter istics and 2 )  to develop methods for pr edicting 

consequences of var ious alter nates available for incr easing highway 

r evenues e 

A historical file of 3 7  highway- r elated and socio- economic var iables 

was pr epar ed for the period 196 4  thr ough 1984 . A series of nine 

equations or models was developed for use in deter mining futur e highway-

user r evenues r esulting fr om various alternatives. T he equations ar e 

based on the histor ical file and pr ovide a means of determining the 

effect of socio- economic factor s and fuel taxation r ates on futur e 

highway-user r evenues as a r esult of laws that may be enacted and 

var iations of other factor s. 

T he equations or models wer e developed in such a way that they would 

be policy- sensitive -- that is, they could be used to pr edict futur e 

r evenues for each of numer ous possible policies, law s or r egulations 

that might for eseeably be put into effect. T he equations or models may 

take into account for var iations in the pr ice of fuel, vehicle- miles 

tr aveled, and vehicle fuel economy. 

T he models wer e tested and pr oved to pr ovide logical and r easonable 

r esults. F or ecasts of highway-user r evenues were made for the year s 

199 0  thr ough 20 0 5 .  E xamples indicating the impact of possible 

alter natives r evealed sever al potential sour ces of incr eased highway

user r evenues. As should be expected, it was shown that the impact of 

fuel pr ices and fuel taxes on potential r evenues may be dr amatic. For 

example, the impact of incr easing fuel pr ice r esults in decr easing 

r evenues when compar ed to a constant fuel price for 199 0  through 20 0 5 . 

V ehicle- miles tr aveled should incr ease by 199 5  and vehicle fuel 

economies ar e expected to improve. D ecr eased fuel consumption r esulting 





fr om gr eater vehicle fuel economy may mor e than offset additional fuel 

consumed due to incr eased vehicle- miles tr aveled and the r esult would be 

a decrease in motor- fuel r evenues by 199 5  if cur r ent policy r emains 

unchanged. 

I n  general, the 

sufficiently accurate 

models are 

to for ecast 

simple, policy sensitive, 

highway-user r evenues with 

and 

only 

limited input data. T heir use is r ecommended for deter mining potential 

effects of any pr oposed legislation which may impact highway- user 

r evenues. 
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SUMMAR Y 

T he relationship between travel and highway-user revenues is 

critical when consid ering the need for ad d itional funds for maintenance 

and rehabilitation of the highway infrastructure. Fuel price variations 

and d ecreasing fuel consumption have created questions about the levels 

of revenue that may be expected from the present fuel tax. 

R evenues received by the Kentucky T ransportation Cabinet d uring 

calend ar year 19 84 totaled approximately $860 million. U ser revenues 

collected from state- imposed taxes (excluding toll receipts) accounted 

for $4 23 million or approximately half of the total income. I nclud ed 

were $199 million in motor fuel tax receipts and $224 million in 

registration fees and other motor- carrier taxes. T oll receipts 

accounted for approximately $21 million. An ad d itional $250 million was 

received from Fed eral agencies. Other miscellaneous sources of revenue 

such as bond issue reimbursements, interest income, and income from 

counties and cities totaled $1 8 7  million. 

With increasing concerns about the present level of highway funding, 

this stud y was initiated to investigate historical trend s and to d evelop 

pred ictive method ologies for consid ering alternatives available for 

increasing highway revenues. E mphasis was placed on historical trend s, 

and a d ata base of highway-related and socio- economic variables were 

prepared to d ocument the relationship between these variables and 

highway-user revenues. A historical file of 3 7  variables was prepared 

for the period 1964 through 19 84 . 

R egression analysis was selected as the primary means of forecasting 

highway- user revenues based on past trend s. S implicity and flexibility 

available through computer packages permitted model d evelopment with the 

ad d itional capability of provid ing statistical characteristics of 

variables includ ed in the analysis. 
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As a means of investigating future alternatives that will affect 

highway-user revenues, a series of equations or models that represented 

historical trend s and was capahle of forecasting future trend s based on 

historical d ata was d eveloped . I nput d ata necessary for the mod els were 

personal income in 1 97 2  constant d ollars, the price of motor fuel, motor 

fuel taxation rates, and motor vehicle fuel economy. Other input d ata 

were d erived from output in the series of equations. Listed below are 

the nine sequential mod els recommend ed for use in pred icting future 

revenues: 

TVR 287 . 86 + 0 . 1 4 24 (P CC) 

TVM = 10 . 6 25 (TVR ) - 1 1 . 4 70 (FP C) 

TF C = 0 .07 95 (TVM ) 

MFT = 93 9. 7 2  (TF C) [0 . 7 5 (XG2) + 0 . 25 (XGM )]  

TVF = -33 ,056 + 3 1 . 706 (TVR ) 

U TR - 1 0 3 , 5 1 0  + 1 3 . 1 4 7  (P CC) 

TIDT = -52,408 + 0 . 0 28 5 [1 04 . 138  (TVM )]  

M SC = -1 973 + 0 . 4 97 9 (P CC) 

HUR = MF T + TVF + U TR + WDT + MSC 

where; 

TV R: total annual motor- vehicle registration in thousand s, 

P CC: total personal income based on 1 97 2  constant d ollars in 

millions, 

TVM :  total annual vehicle-miles traveled in millions, 

FPC: average retail price of fuel in cents per gallon, 

TF C: total annual fuel consumption in million gallons, 

MF T: total annual fuel taxation in thousand d ollars, 

XG2: fuel taxation rate for two- axle vehicles in d ollars per 

gallon, 

XGM : fuel taxation rate for vehicles having more than two axles in 

d ollars per gallon, 
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TVF : total annual vehicle registration fees in thousand dollars, 

UTR: total annual usage taxation in thousand dollars, 

WDT ·: total annual weight- distance taxation in thousand dollars, 

MSC: total annual miscellaneous fees and other taxations in 

thousand dollars, 

YR: year, and 

HUR : total annual highway- user revenues in thousand dollars. 

T he nine models or equations are intended to be used in sequence 

such that total motor- vehicle registration is estimated with personal 

income in 197 2 constant dollars as the primary input variable. Next 

total vehicle- miles traveled is estimated by inputing total motor

vehicle registration and the price of gasoline. T his process is 

continued with output from one equation used as input into another until 

all the sources of highway- user revenues are estimated. I nput required 

that are not a direct estimate from a previous equation are personal 

income, fuel price, and fuel taxation rates. 

T hese models provided logical and reasonable relationships, and the 

statistical data generally indicated that variables selected as input 

for the equations were adequate predictors of the independent variables 

necessary to estimate highway-user revenues. An effort was made to 

develop models that were policy- sensitive such that future scenarios 

could be investigated. U sing the series of nine models, forecasts of 

highway- user revenues were made for the years 1990 through 2005 . This 

was an attempt to demonstrate use of the models for investigating the 

influence of policy- sensitive variables on revenues. P resented in the 

attached table are predictions of total highway-user revenues from six 

scenarios where examples of varying fuel prices and fuel taxes were 

included. A lso presented in graphical form are total highway-user 

revenues for each of six scenarios. I t  can be seen that the impact of 

fuel price and fuel taxes on the forecasted revenues may be dramatic. 
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F or example, from the attached table showing various scenarios, the 

impact of increasing fuel price (Scenarios 2 and 3) results in 

d ecreasing revenues when compared to a constant fuel price (Scenario 1) 

for 1990 through 200 5 .  

I t  also was shown by means of fuel economy scenarios that 

significant improvements in the fuel economy of automobiles (with the 

fuel economy of trucks remaining constant) could result in only a slight 

increase in total motor-fuel revenues by 199 5 .  R ed uced fuel consumption 

d ue to increased fuel economy was slightly offset by the increased fuel 

consumption d ue to increased vehicle- miles traveled in 1995 . 

I mprovements in fuel economy of both automobiles and trucks could result 

in a d ecrease in motor-fuel revenues by 1995 . 

A n  analysis of varying usage tax rates ind icated that significant 

increases in the usage tax revenue could be obtained with a change from 

the rate of 5 percent on 9 0  percent of the factory ad vertised price of 

automobiles to 6 percent on 100 percent of the factory ad vertised price. 

Without any change in the tax rate, the 1995 pred icted revenue would be 

$19 8  million as compared to $264 million with a 6 percent tax on 100 

percent of the price. 

Examples showing the impact of future alternatives ind icated several 

possible sources of increased highway-user revenues. I t  is apparent 

that more in-depth stud y of the relevant variables could prod uce 

ad d itional alternatives that could show their relationship to highway

user revenues. T he assumption that some future cond itions will be a 

reflection of the past is an obvious limitation that must be consid ered 

when the mod els are used . I n  general, the recommend ed models appear to 

offer the ad vantages of being simple to apply, policy sensitive, and 

sufficiently accurate to forecast highway-user revenues with only a 

limited amount of input d ata. 
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CURR ENT AND PR ED I CT ED T OTAL ANNUAL H I GH WAY-US ER R EV ENU ES WITH 
S CENARI OS OF VARYING FU EL PRI CES AND FU EL TA XES 

================================================================================== 

T OT AL HI GH WAY-US ER R EV ENU ES ($ TH OUSAND S) 

S CENARI O  N O. 1 
(Current T axation S cheme) 
F uel price = $1. 30 /gal 
Fuel tax = $0 .10 /gal 

for autos and $0 . 12/gal 
for trucks 

S CENARI O  N O. 2 
Fuel price = $1. 30 /gal 

in 1984 and 
$0 . 04 /gal/year increase 
for 1990 -200 5; 

F uel tax = $0 . 10 /gal 
for autos and $0 . 12/gal 
for trucks 

S CENARI O N O. 3 
Fuel price $2.50 /gal 
Fuel tax = $0 . 10 /gal 

for autos and $0 .12/gal 
for trucks 

S CENARI O N O. 4 
Fuel price $1. 30 /gal 
Fuel tax = $0 .15/gal 

for autos and $0 . 17 /gal 
for trucks 

S CENARI O N O. 5 
Fuel price = $1. 30 /gal 

in 1984 and 
$0 . 04 /gal/year increase 
for 1990- 200 5; 

Fuel tax = $0 . 15/gal 
for autos and $0 . 17 /gal 
for trucks 

198 4  1984 
A CTUAL PR EDI CT ED 

43 1,961 4 54 ,8 59 

43 1,961 4 54 ,8 59 

4 3 1,961 4 54 ,8 59 

43 1,961 4 54 ,8 59 

43 1,961 4 54 ,8 59 

S CENARI O  N O. 6 4 3 1,961 4 54 ,8 59 
Fuel price = $2. 50 /gal 
Fuel tax = $0 . 15/gal 

for autos and $0 .17 /gal 
for trucks 

5 

1990 1995 2000 200 5  

530 ,03 6 603 ,7 14 67 3 ,215 744 ,0 97 

526,8 11 597 ,7 61 664 ,4 10 7 3 2,564 

515,154 588 ,83 2 658 ,33 3  7 29,213 

64 9,68 1 73 5,4 25 8 16,30 6 8 98 ,7 96 

64 5,343  7 27 ,4 15 804 ,4 59 883 ,277 

629,658 7 15,40 1 7 96,283 8 7 8 ,7 22 
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INTRODUCTI ON 

The relationship between travel and highway- user revenues is an 

important issue when consid ering increased taxation. The possibility of 

increased highway- user taxes is related to the need for ad d itional fund s 

to rehahili tate and maintain the present highway infrastructure. I n  

ad d ition, fuel price variations and trend s in vehicle fuel economy have 

raised questions about the levels of revenue that may be expected from 

the present fuel tax. Several other factors have a significant 

influence on highway- user revenues. I nclud ed are vehicle- miles 

traveled , motor- vehicle registrations, and socio- economic variables. 

Revenue received by the Kentucky T ransportation Cabinet d uring 

calend ar year 198 4  was approximately $8 60 million. That portion of 

total receipts that could be d esignated as user- revenues collected from 

state- imposed taxes (excluding toll receipts) totaled $4 23 million. 

I nclud ed were $199 million in motor- fuel tax receipts and $224 million 

in registration fees and other motor- carrier taxes. Toll receipts 

accounted for approximately $21 million. An ad d itional $2 50 million was 

received from Fed eral agencies. Other miscellaneous sources of revenue 

such as bond issue reimbursements, interest income, and income from 

counties and cities totaled $18 7 million. 

T he overall objectives of this study were 1) to compile a d atabase 

of highway- related and socio- economic variables, 2) d ocument the 

relationships between these variables and highway-user revenues, and 3 )  

d emonstrate the applicability of mod els for pred icting highway- user 

revenues. S pecific variables to be analyzed as they relate to highway

user revenues includ e the following: 

1) fuel prices, 

2) fuel taxes, 

3) registration fees, 

4 )  usage taxes, 

5) vehicle fuel economy, and 
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6) gasohol tax exemptions. 

H i stor ical tr ends wer e developed for the per iod 1 964- 1 984 and the data 

wer e used to model and for ecast futur e highway r evenues. 

The liter atur e of for ecasting in r elation to statewide highway 

volumes and user r evenues showed the most commonly used method involved 

the following (1' 2 '  3 '  4 ' 5): 
(a) projection of over-all population, 

(b) pr ojection of density of vehicle ownerships, 

(c) projection of aver age tr avel per vehicle, and 

(d) combination of (a) ' (b) and (c) to indicate futur e tr avel and 

highway volumes. 

S ome planning agencies have been involved in detailed studies that 

r equir ed gr eat amounts of data collection and mathematical modeling . 

These studies adapted the U TPS demand modeling pr ocedur es for 

for ecasting state or r egional traffic volumes (6, 7 ,  8 ) .  When the state 

was used as the study ar ea, it was usually divided into zones (often the 

br eakdown is at the county level), each r epr esented by a centroid. The 

centroid was assumed to be the or igin and destination of all interzonal 

tr ips. Major r oads and highways connecting these nodes wer e then 

pr esented as links. The fir st phase of the study using the UTPS model 

was to per for m modeling and for ecasting of socio- economic var iables for 

each zone. I n  the second phase, tr anspor tation demands wer e for ecasted 

fr om the base of fir st phase r esults. That is, tr ip gener ation and 

attr action for each zone wer e modelled and forecasted. Then, the 

modeling and for ecasting of tr ip inter changes between each pair of zones 

wer e per for med. At the last stage, the zonal tr ip inter changes wer e 

assigned to differ ent modes and r outes. With for ecasted volumes for 

each r oute, the vehicle-miles tr aveled wer e deter mined. This method 

provided ver y detailed volume infor mation that, when aggr egated, 

pr ovided state traffic volumes. This method is ver y expensive and time 

consuming, but it will not necessar ily pr ovide better total statewide 

traffic for ecasts than the classical method. 
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I n  the current stud y, a mod ified version (use of personal income 

rather than population as the primary ind epend ent variable) of the 

commonly used method was d eveloped and applied . The previously 

described method could have been applied up to the point of the energy 

crisis of 197 4 , when the growth of travel continued relatively constant 

and fuel prices d id not increase d rastically. However, the rapid 

increase in fuel prices and a changing economic situation required that 

the current mod eling effort he able to reflect variation of recent 

trends. For these reasons, mod els were d eveloped that consid ered 

personal income, fuel price, and fuel taxation rates. 

H ISTORI CA L BACKGROUN D 

I ssues related to highway-user revenues trad itionally have been of 

significant importance to highway ad ministrators and policy makers in 

Kentucky. The gasol ine tax, first imposed in 1 920,  has been the most 

important single source of income since 1928 ( 9 ) .  The tax in 1 92 0  was 

at the rate of $ 0 . 01 per gallon at the retail level and was changed in 

1 9 2 4  to a tax of $0. 03 per gallon at the wholesale level. I t  was 

increased to $ 0 . 05 per gallon in 1 92 6  and to $ 0 . 07 per gallon in 1948 .  

U p  to that time, the tax had been the same for all vehicles; however, in 

1 956 a surtax of $ 0 . 02 per gallon was imposed on fuel used in Kentucky 

by vehicles having four or more axles. I n  1970,  the tax was increased 

to $ 0 . 09 per gallon and the surtax of $ 0 . 02 per gallon remained the 

same. 

Since 198 0 ,  the motor fuel tax rate has been 9 . 0 percent of the 

"average wholesale price" of fuel used by all vehicles. I n  ad d ition, 

there is a 2 . 0  percent surtax on fuel used in Kentucky by vehicles 

having more than two axles. 

if the "average wholesale 

A further stipulation has been mad e that, 

price" on which the taxes are imposed 

decreases to less than $ 1 . 1 1  per gallon, then the average shall be $ 1 . 11 

per gallon for taxation purposes only. I n  ad d ition, the "average 
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whol esal e pr ice" on which the fuel tax is based cannot, for taxation 

purposes, incr ease more than 10 percent over the price at the end of the 

previous fiscal year . 

Other for ms of user r evenues incl ud e registration fees, usage taxes, 

and several miscel l aneous fees and taxes. T he miscel l aneous category 

incl ud es such items as d r iver l icense fees and some tol l s, but is not a 

major component of total user r evenues. A more recent form of revenue 

is a weight- d istance tax imposed at the r ate of $ 0 . 0285 per mil e on 

vehicl es weighing more than 60, 000 pounds. 

Registr ation fees have increased significantl y since the first motor 

vehicl e statute in 1 910 ( 9 ) . At that time, al l vehicl e types wer e 

gr ouped together with rates based on hor sepower onl y. Fees ranged from 

$ 5 . 00 to $20. 00 d epend ent upon horsepower . I n  1 93 7 ,  a registr aton fee 

of $ 4 . 50 was establ ished for automobil es. T rucks were cl assified by 

type of oper ation in 1932 when a mil eage tax, in ad d ition to the basic 

r egistration fee, was imposed on for -hir e vehicl es. I n  1 9 4 6 ,  the 

registr ation fee for tr ucks was changed such that it was based on gross 

weight. The cur r ent r egistration fee sched ul e, which was enacted in 

1 96 8 ,  requir es automobil es and al l other vehicles weighing l ess than 

6 , 000 pound s to pay $1 1 . 50 .  Fees for other vehicl es ar e based on 

register ed weight accor d ing to the fol l owing categories: 

Gr oss Weight (P ound s) Registr ation Fee ( D ol l ar s) 

6 , 000 - 1 0 , 000 2 4 . 00 

10, 001 - 1 4 , 000 30. 00 

1 4 , 001 - 18 , 000 5 0 . 00 

1 8 , 001 - 2 2 , 000 132 . 00 

2 2 , 001 - 2 6 , 000 1 6 0 . 00 

2 6 , 001 - 32 , 000 2 1 6 . 00 

3 2 , 001 - 3 8 , 000 3 00 . 00 

3 8 , 001 - 4 4 , 000 4 7 4 . 00 

4 4 , 001 - 55 , 000 544 . 00 

5 5 , 001 - 62 , 000 588 . 00 

6 2 , 001 - 7 3 , 280 750. 00 

7 3 '  2 8 1  - 8 2 , 000 8 4 0 . 00 
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The motor-vehi cle usage tax was adopted in 1936 ( 9 ) .  No sign i ficant 

change s have taken place with regard to the tax other than an increase 

from the i<titial rate of three percent of the factory advert i sed price 

in 1 9 6 7  to  a present rate of f ive percent on 90 percent of the factory 

advert ised price . Trucks are presently taxed at the rate o f  five 

percent on 81 percent of the factory adver t ised price . 

In gener a l ,  highway-user taxes have traditionally been a s ignificant 

por t ion o f  the total income for highways .  There have been fluctua tions 

in recent years; howeve r ,  user taxes accounted for 61  percent of total 

expendi t ures for highways in 1983 and 52 percent in 1984 .  I t  should 

also be noted that add itional user taxes are returned to Kentucky in the 

form of federal ly-imposed user taxes ( approximately $246 million in 

1984 ) .  

Other s tud ies concerned with highway fund ing in Kentucky include the 

previously referenced st udy by the University of Kentucky Bureau o f  

llusiness Research i n  1956 (9 ) and another study by the same group in 

196 3 ,  which dealt with a l locat ion of expenditures among the various 

classes of roads and streets ( 10) . 

Needs s t udies and allocation stud ies must consider as a part of the 

expend iture responsibility the source o f  income for highways . A more 

recent s t udy was undertaken as a result of the 1973-74 "energy crisis" 

and the impact on future funding for Kentucky's transportation system 

(B) . Two s ignificant componen t s  of that st udy were an examination o f  

transportation demands and forecast s  and a translation o f  the forecasts 

into tran s portat ion need s .  Socio-economic and trans por tation demand 

forecast s for the years 1980, 198 5 ,  and 1990 were the basi s  for cost and 

revenue e s t imates for Kent ucky's transportat ion system . 

A s t udy completed in 1982 again at tempted to assign cost 

responsibilities to the various types o f  vehicles ( 11 ) . Cost 

responsibil ities and user-generated revenues were determined for each 

vehicle class , and the incremental-cost method was used to allocate 
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responsibility for each component o f  the high«ay cost to the user . It 

was found that automobiles and pickups paid 1 5 7  percent of their shar e ,  

and trucks .Pain 54  percent o f  their shar e .  Re sul ts from that study were 

used to support adoption of a we ight-d i stance tax in Kentucky . 

DATA ASSIMILATION 

To analyze the influence of socio-economic variables and highway

r e lated variables as they relate to highway-user revenue s ,  historical 

trends were developed for the time period 1964 through 1 98 4 .  This 

2 1 -year period was selected to insure that sufficient data were 

available to document trends before and after the "energy crisis"  of 

1 9 73 - 1 9 7 4  and again in the late 1 9 7 0's . Initially , the study period was 

selected to include the 20-year period from 1 965-1 984; however , data 

representing all variables were not available for 1 9 8 4  and it was 

decided that 1964  data should be included to assure 2 0  years of data for 

all variable s .  

As noted , the general categorization o f  variables was socio-economic 

and highway related . Further di saggregation could be made into external 

( input) variables and internal ( output) variable s .  Subgroups o f  

external ( input) variables included 1 )  socio-economic variables ,  2 )  

highway mileag e ,  and 3 )  fuel-related variabl e s .  Subgroups o f  internal 

( outpu t )  variables included 1 )  vehicle registration , 2 )  vehicle-miles 

t rave l e d ,  3 )  fuel consump tion,  and 4 )  highway-user revenue . Wi thin the 

external s ubgroup was a total of 1 4  variables and within the internal 

subgroup were 23 variables . A list ing of the 37 variables for which 

h i s torical data were ava ilable is presented in Table 1 .  Historical data 

for the 2 1 -year study period have been tabulated and are presented in 

Appendix A .  

12 



The general criteria when selecting variables were to include 1) 

those that could logically be used as input or output variables to 

explain the future trends in highway-user revenues and 2 )  those that 

were read ily ava ilable for the t ime period of analysi s .  The pr imary 

sources of data we re from "Hi ghway Statistics" (12)  and "Statistical 

Abstract s•· ( 13 ) .  In additio n ,  data were obtained from the Kentucky 

Transportation Cabinet's Divi sion of Planning ( 14 ) . 

FORECASTING PROCEDURE 

Forecasting methodologies to obtain estimates of charac teristi c s  

that may explain future trends often rely on past trend s .  A c ommon 

procedure is to collect hi storical data and to fit a curve to the data 

as  a means of extrapolating and predicting future trend s .  Simpl icity 

and flexibility are available when the mathema tical relationships of 

his torical data bases are modeled by regression analysi s .  Considering 

the advantages of this method , regression analysi s  was selected as  the 

primary means of foreca st ing highway-user revenues based on socio

economic and highway-related variables . 

To develop an understanding of the statistical characteristics of 

the variables individually and the ir interrelationships with o ther 

variabl e s , prel iminary statist ical analyses were performed . A s impl e 

statist ical analysis of the 37 variables , performed with the 

Condescript ive Program of SPSS (15) , served both to characterize the 

variables and to allow further assessment of their accuracy and 

ad justment if required . Among the statistics generated by the 

condescript ive program for each variable are i t s  minimum , mean , maximum , 

s tandard deviatio n ,  coefficient of variation,  kurtos i s ,  and skewne s s . 

The summary of the result s  of the condescriptive program is  shown at the 

b o t t om of the hi storical lis tings in Appendix A .  
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To begin to develop an understanding of the basic interrelationship 

among the variables , a Pearson corre lation analysi s  (15) was performed . 

The resul ting 3 7  by 3 7  correlation matrix revealed that , on the average , 

each o f  the 3 7  variables is  signi fican t ly correlated with 99 percent of 

the o ther variabl e s . Al l the variables were highly correlated with each 

other and h i gh collinearity exi st s in the data base . This outcome was 

part i cularly helpful in the subsequent development of regression 

equations , s ugge s t ing that very few independent variables should appear 

in l inear regression equations . 

To further confirm this idea o f  a l imited number of independent 

variables , factor analyses were performed . Factor analysis is a 

statistical procedure for exploration and detection of patterns among 

interrelated variables with a view 

s imilar pat terns of variance .  In 

toward grouping variables having 

this 

similar patterns of variance are grouped 

independent factor d imension s .  Var imax 

procedure , 

together 

variables having 

into statistically 

rotat ion with minimum eigen 

value of one resulted in three factor dimensions explaining 95 percent 

o f  the variance of the data bas e .  The first factor explained 87 percent 

of the variance . Resul t s  of factor analys is confirmed that there are 

high c o l l ineari ty in the data base and a very few number of variables 

should appear in the regre ssion equations . The varimax rotated factor 

mat r ix is presented in Appendix B .  Where poss ible, var iables most 

closely related to each fac tor have been l i s ted first and readings l e s s  

than 0 . 5 have been omi tted for clarit y .  As Append ix B shows , almos t  a l l  

o f  the variables are represented by one factor and are grouped into this 

fac tor d imension . The prel iminary statistical analysis was used to 

a s s e s s  the accuracy and variability of the variable s .  
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RESULTS 

REGRESSION.ANALYSIS 

To develop an understanding of possible relevant regression model s ,  

six groups o f  mul t i ple l inear regres sion equations were developed . The 

general mathematical form o f  these models are 

output variable = f ( t ime ) [ 1 ]  

output variable f ( population) [ 2 l 

output variable = f( input variable s )  [ 3] 

output variable = f ( o ther output var iables)  [ 4] 

output var iable = f( input and other output variable s )  [ 5] 

output variable = f ( specific input and output var iables) [ 6 l 

The results o f  this part of the regression analysis are summarized 

in Appendix C .  Model types [l ] and [2 ] are easy to use for pred iction 

d ue to t ime being the only independent variable of model type [1] and 

availability o f  population forecasts for model type [2 ] .  The se models 

showed smaller R-squares than other models and are insensi t ive to policy 

i ssue s . In mode l  types [ 3] , [ 4] , and [ 5] , stepwise regressions with a 

maximum o f  f ive independent variables were developed . As correlat ion 

analysis and factor analys is had predicted before , due to very high 

collineari ty of variable s ,  with a very small improvement of R squar e ,  

the sign and the value o f  coefficients drastical ly fluctuated a t  each 

step of regression a fter the second variable had been entered into the 

s tepwise calibrati ons . The equations reported in Appendix C contain no 

more than two independent variable s .  These models , which have larger R

s quares than mod el types [1 ] and [2] ,  can be used to address pol icy 

issues; howeve r ,  they are d i ff i cult to use for prediction. This i s  

because forecasted values o f  independent variables are not readily 

available as input for each equation. In model type [ 6],  specif i c  

independent variables tha t appeared to be m o s t  related to dependent 
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variables we re selected for each stepwise regression analys i s . These 

model s  [6],  which appeared to be intuit ively more logical and reasonable 

than previous model type s ,  showed large R-squares and can be used to 

address s ome of the pol i cy issue s .  The evaluation o f  the developed 

models  clari fied the following criteria for final development and 

selection of regression mod e l s :  

1 )  The number o f  independent variables should b e  very smal l ,  

des irably , not exceeding two .  

2 )  The independent variables should be easy t o  forecast or 

already have been forecasted . 

3 )  The mod els should be logical and theoretically sound . 

4 )  The models should be policy sensi t ive and able to address 

the d i f ferent taxation issues at hand . 

5 )  The models should be stati st ical ly acceptable and 

have reasonable predictions as compared with actual 

values . 

After considerat ion of the above cri teria , the final set o f  

r egre ssion equations of model type [ 6 ]  were developed . Append ix D 

includes the equations and their predictions for 1 964 to  1 98 4 .  

After evaluat i ng the models based on the f ive cri teria l i s ted 

previously , the final recommended se t of models  are as follows : 

TVR = 287 . 86 + 0 . 1 42 4  ( PC C )  [7] 

TVM = 1 0.625 ( TVR ) -1 1 . 470 ( FPC ) [ 8 ]  

TFC 0 . 0795 (TVM) [ 9] 

MFT = 9 3 9 . 72 (TF C )  [0 . 7 5 (XG 2 )  + 0 . 2 5  (XGM ) ]  [1 0] 

TVF = -33 , 056 + 3 1 . 706 (TVR) [ 1 1 ]  

UTR - 1 03 , 51 0  + 1 3 . 1 4 7  (PCC)  [ 1 2] 

WDT = -52 , 408 + 0 . 0285 [ 1 04 . 138 ( TVM ) ]  [ 13 ] 
MSC = - 1 9 7 3  + 0 . 4979 (PCC)  [14] 

H UR  = MFT + TVF + UTR + WDT + MSC [ 1 5 ]  
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where 

TVR : total annual mo tor-vehicle registration in thousands, 

PCC : total personal income based on 1 972  constant dollars in 

millions, 

TVM: total annual vehicle miles t raveled in millions, 

FPC : average retail price of fuel in cents per gallon, 

TFC :  total annual fuel consumption in million gal lons, 

MFT: total annual fuel taxation in thousand dollars, 

XG2 : fuel taxation rate for two-axle vehicles in dollars per gallon, 

XGM: fuel taxation rate for vehicles having more than two axl e s  in 

dollars per gallon, 

TVF : total annual vehicle registation fee s in thousand dollars, 

UTR: total annual usage taxation in thousand dollars, 

WDT: total annual weight-distance taxation in thousand dollars, 

MSC : total annual miscellaneous fees and other 

taxations in thousand dollars, 

YR: year ,  and 

HUR: total annual highway-user revenues in thousand dollar s .  

Figure, 1 shows the sequence and interrelationships o f  the model s .  

The variables that external forecasts should be available for include 

total personal income in constant 1 9 7 2  dollars, price o f  fue l , fuel tax 

rates for two-axle vehicles and vehicles having more than two axles . 

Once the values o f  these variables for any future year are available, 

the forecasts for all other variables may be determined . 

IMPACT OF FUTURE ALTERNATIVES 

To demonstrate applicability o f  mod el s for predicting user-generated 

revenues in Kentucky, several scenarios were evaluated u sing the 
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recommended se t o f  model s .  

future a lternatives that 

The se scenarios 

could impact the 

were used as examples of 

l evel of user revenues . 

Generally , .the input data necessary for the set o f  mode l s  were personal 

income in 1972 constant dollars , the price of motor fuel , motor fuel 

t axation rates and motor-vehicle fuel economy . Personal income was 

selec ted as the pr imary input data because it was highly correlated with 

registered vehicles and it was felt tha t a measure of income would be 

the single variable to best predict the number of registered vehicle s . 

The availabil i t y  o f  personal income pro jections from the U .  S .  

Depar tment o f  Commerce (16) was also a major factor in i t s  select ion as 

opposed to  other socio-economic variable s .  Constant 1972 dollar s  were 

used to exclude the e ffect o f  inflation when pred icting motor-vehicle 

registrat ion . Consideration was a l so given to popul ation as an 

al ternat ive input variable; howeve r ,  highway user-revenue forecasts 

using population as the primary impact variable were significantly 

higher than those using personal income . Considering historical trends 

in highway-user revenues, it wa s determined that estimat e s  made with 

personal income as the pr imary input variable were more reasonable than 

those made using popul ation. Future project i ons o f  population used in 

the analyses were obtained from the University of Louisville's Urban 

S t ud ie s  Center (1 7) . 

FUEL-PRICE AND FUEL-TAX SCENARIOS 

In the first set o f  scenarios, fuel price increases from the present 

$1.30 per gallon to $2 .50 per gallon were investiga ted . Motor-fuel tax 

rates considered were the present rates of approximately $0.10 per 

gallon for two-axle vehicles and $0 .12 per gallon for vehicles having 

more than two axles and future rates increased by $0.05 per gal lon for 

a l l  type s o f  vehicle s .  Tabl e s  2 through 7 summarize results from the 

series o f  scenarios . To further explain the relationships developed 

from the scenar i o s ,  graphical presentations of each variable for the 
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period 1 964 through 2 005 were shown ( Figures 2 through 1 0 ) . Actual data 

were shown fo r 1 9 6 4  through 1 9 8 4  and each scenario was labeled to  show 

the projected trend for 1 990 through 2005 . Base year data for 1 9 8 4  and 

pred icted values for 1 9 8 4  are also shown in the table s .  It may be seen 

that the pred icted values for 1984 are generally close to the actual 

values for 1 9 8 4 , which is  an indication of the accuracy of the 

predictive models . Because of the detai led analysis performed in an 

a t t empt to evaluate population as the pr imary input variable ,  the same 

scenarios were considered as when personal income was used and the 

result s  are presented in Appendix E .  

Of the six set s  of scenar ios evaluated for variations in fuel prices 

and t ax rate s ,  the greatest impact on total highway-user revenues 

occurred when fuel pr ice was kept constant at the current price o f  $ 1 . 30 

per gallon and the fuel tax was increased by $0 .OS per gallon for a l l  

vehicles (Table 5 ) . The smallest increase i n  t o t a l  highway-user 

revenues occurred when the fuel price was assumed to be $ 2 . 5 0  per gallon 

and the fuel tax remained at the present level of $ 0 . 1 0  per gallon for 

two-axle vehicles and $0 . 1 2  for vehicles having two or more axle s .  

FUEL-ECONOMY SCENARIOS 

Consideration also was given to the impact o f  fuel economy 

improvements for passenger cars and trucks . A weighted average for fuel 

consumed by vehicle type was developed using the d i str ibution o f  

vehicle-miles traveled by vehicle type ( 1 1 )  and the e s t imated fue l  

e conomy by vehicle type ( 1 8 ) . The resul t was approximat e ly 7 5  percent 

of the fuel consumed by autos and pickups and 25 percent by trucks . I f  

the same ratio o f  fuel consumption is  assumed t o  occur i n  the futur e ,  

then the impact of fuel economy may be de termined . Table 8 is  a summary 

o f  scenarios showing variations in motor-fuel tax revenues with 

improvements in the fuel economy of passenger vehicles and trucks. 

1 9  



The scenarios shown in Table 8 in�icate that improvement in the fuel 

economy of automob ile s ( from the present 1 6 . 5  miles per gallon to 25 . 0  

miles per ,gal lon in 1 99 5 )  while trucks' fuel economy remains constant 

could have the net ef fect of only a s l ight increase in total motor-fuel 

revenue s .  Re<iucerl fuel consumption clue to increased fuel economy was 

more than offset by the increased fuel consumption due to increased 

vehicle-mil e s  traveled in 1 995 . Improvemen t s  in fuel economy of both 

automob iles and trucks ( 2 5 . 0  miles per gallon for autos and 1 0. 5  miles 

per gal lon for trucks) would reduce fuel consumption , more than the 

increase in fuel consumption due to the normal growth of vehicle-mil e s  

traveled . 

1 995 . 

The result would be a net decrease in fuel-tax revenues in 

USAGE-TAX SCENARIOS 

I t  also was considered important to develop an understanding of the 

influence of changes in the usage tax rat e .  Table 9 i s  a s ummary o f  

resul t s  from an analys i s  o f  varying usage tax rate s .  Presen t l y ,  the tax 

rate i s  f ive percent on 9 0  percent of the factory advertised price o f  

automobiles and five percent o n  8 1  percent o f  the factory advertised 

price of trucks . For the scenarios in Tabl e 9 ,  it was assumed that the 

usage tax from purchase of new trucks would be insignificant and the 

primary influence would be a direct function o f  the total pr ice o f  new 

automobiles . Thi s  assumpt ion was made because the amount of usage tax 

for autos and trucks was no t compiled separately and the tax rate of 5 . 0  

percent on 9 0  percent o f  the factory adverti sed price was increased in 

0 . 5-percent increment s .  I t  a l so was assumed that usage-tax revenues 

could be projec ted into the future as a func t ion of personal income . 

This a s s umpt ion sugges t s  that the future wil l  be a reflection of the 

past and that socio-economic influences wil l  be the same a s  in the past . 

An analysis o f  varying usage-tax rates indicated that s ignificant 

increases in the usage-tax revenue could be obtained wi th a change from 
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t he rate o f  five percent on 9 0  percent of the factory advert i sed price 

o f  automobiles to six percent on 1 00 percent of the factory advertised 

price. Without any change in the tax rat e ,  the 1 995 predicted revenue 

from usage tax would be $ 1 89 mil l ion as compared to $ 2 52 million with a 

s ix percent tax on 1 00 percent of the factory adverti sed price of 

aut omobiles. 

REGISTRATION FEES INCREASES 

A means of asse ssing the impact of varying motor-vehicle 

registration fees also was developed . An equation was developed from 

regre s sion analysis that explains the relationship between total 

regis trat ion fees and the numbers o f  registered automobiles and 

registered trucks . Current records indicate 86 percent o f  the 

registered vehicles are autos and pickups and the other 1 4  percent are 

various type s o f  trucks or buse s .  A weighted average o f  percent 

registrat ion fees paid by automobiles and trucks was determined to be 39  

anrl 61  percent , respectively ( 1 9 ) . Thi s  weighted average was used as 

input for the regression equation and the result was the following : 

TVF 1 4 . 5 7 4  (ATR) + 2 3 .02 7 (TRR) [ 1 6] 

where TVF is  motor-vehicle registrat ion fees in thousands of dollar s , 

ATR is  registered autos in thousand s ,  and 

TRR is  regi stered trucks in thousand s .  

Variations in current motor-vehicle registration receipt s may be 

determined by changing the coef f icients of ATR and TRR in Equation [1 6 ] . 

Thi s  relationsh i p  has the l imitation o f  only being able to predict 

changes in future motor-vehicle registration fees when the numbers of 

registered autos and trucks are known . 

An alternative and probably more accurate procedure for assessing 

the impact of varying motor-vehicle registration fees is to sub sti tute 
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new registration fees for the current fee structure . Since there are 1 3  

vehicle type or weight regi stration categor ie s ,  the accuracy level would 

be greater . i f the impact on each category was inve stigated . Again,  the 

a s s ump t ion would have to be made that future di stributions of vehicle 

types would he the same as the present . 

COMPARISON OF REGRESSION ESTIMATES WITH OTHER PROJECTIONS 

As a means of evaluating the reasonableness of regression e stimate s , 

comparisons were made with independent pro j ections o f  vehicle-miles 

traveled. Vehicle-mi les traveled was selected as the dependent variable 

rather than other variables because it was found that several 

proiections from other sources were available for compar ison . Se lec ted 

for comparison were 1 9 9 5  pro ject ions because there were several other 

projections available for that year . Table 1 0  is  a summary of 

independent pro jections and those pro jections produced as a part of this 

study . It  may be seen that there is  relatively little d i fference 

between the various projections . The 1995 projections obtained by 

scal ing down estimates for Kentucky from the "Final Report on the 

Federal Highway Cost Allocation Study" ( 1 8 )  are very s imilar to those 

obtained from the recommended model ( 3 6 . 800 bill ion as compared to 

3 5 . 26 0  billion) . 

TAX CREDIT FOR GASOHOL 

The Kentucky General Assembly passed a law in 1982 that provided a 

tax credit for the use o f  gasoline-alcohol blend fue l . Gasoline dealer s 

receive a credit o f  $ 0 . 3 5  for each gallon o f  fuel-grade alcohol they 

sell that would normally be s ubjected to the current fuel tax o f  9 . 0  

percent o f  the wholesale price (not less  than $ 1 . 1 1 per gallon wholesale 

price ) . The credit for gasohol is e ffect ive for the t ime period 

beginning July 1 ,  1982,  through June 30, 1 986 . 
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Prior to 1982 , there was no credit for gasohol and consumption was 

relatively insignifican t .  However ,  the consumption attributed to  

gasohol has increased from 0 .  95 percent in 1982 to  5 . 17 in 1983 ,  and 

then t o  16 . 0 1  percent in 198 4 .  The gasohol tax credit in 1984 amounted 

to  $ 12 . 8  mil lion , which is nearly three times the amount for 1983 . A 

summary of gasohol consumption and revenue is presented in Table 11 . 
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TABLE 1 .  VARIABLES INCLUDED IN THE ANALYSIS 

A - Input variable s :  

1 - Socio-economic variables 
total population ( TPO) 
urban populat ion (UPO) 

. personal income ( P I C )  
personal income - 1972 constant dol lars ( PC C )  
total employment ( TEP) 
nonagricul tural empl oyment ( NAE) 
population at  dr iving age ( PDA) 
l icensed drivers (LID) 

2 - Highway mileage 
total highway miles ( THM) 
urban highway miles (UHM) 
rural highway miles ( RHM) 

3 - Fuel-related variables 
fuel price ( FPC ) 
tax rate for two-axle vehicle (XG2 ) 
tax rate for more than two-axle vehicle (XGM) 

B - Output variable s :  

1 - Vehicle registration 
auto registrat ion (ATR) 
truck registration (TRR) 
bus registrat ion ( BUR) 
trailer registration ( TSR) 
motorcycle registration ( MCR) 
total motor vehicle registration ( TVR) 

2 - Vehicle-miles traveled 
total vehicle-mi les ( TVM) 
urban vehicle-mil e s  ( UVM) 
rural vehicle-miles (RVM) 

3 - Fuel consumpt ion 
total fuel consumption ( TFC) 
gasoline fuel consumption ( GAS ) 
special fuel consumption (SFL) 

4 - Highway user revenue 
auto registration fee (ARF) 
truck registration fee ( TRF) 
bus registration fee ( BRF) 
trailer registration fee ( TSF) 
motorcyc le registration fee ( MCF) 
total motor-vehicle usage tax ( UTR) 
total vehicle registration fee (TVF) 
weight-distance tax (WDT) 
total registration and miscellaneous revenues ( MRT )  
total fuel revenues (MFT) 
total highway-user revenues ( HUR) 
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TABLE 2 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 1 
====================================================================================================================== 

VEHICLE- GALLONS MOTOR- VEHICLE USAGE- WEIGHT- MISC 
VEHICLE MILES OF FUEL FUEL REGISTRATION TAX DISTANCE REGISTRATION HIGHWAY-USER 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES TAX FEES REVENUES 
YEAR (Thousands) ( Mi l l ions) (Millions) (Thousands )  ( Thousands) ( Thousands) ( Thousands )  ( Thousands) (Thousands) 

1984 
(Actual) 2 ,  577 2 7 , 873 2 , 0 50 199 , 301 50 , 654 141 , 1 29 30 , 31 7  10 , 560 431 , 9 61 

1984 
( Predicted) 2 ,  779 29 , 512  2 , 346 231 , 481 55 ,056 1 2 6 , 405 35 ,182  6 , 735 454 , 859 

1990 3 , 1 55 32 ,030 2 , 546 251 , 256 66 , 975 161 , 100 42 , 656 8 , 048 530 ,036 

1995 3 , 459 35 , 2 60 2 , 803 276 , 592 76 , 613  1 89 , 1 55 52 , 242 9 , 111 603 , 714 

2000 3 , 746 3 8 , 307  3 ,045 300 , 492 85, 705 215 , 620 61 ' 285 10 ' 113 6 73 , 215  

2005 4 ,038 41 , 414  3 , 292 324 , 866 94 , 978 242 , 611 70 , 507  1 1 , 135 744,097 
----------------------------------------------------------------------------------------------------------------------
SCENARIO CONDITIONS : Personal income 

Fuel Price 

Fuel Tax 

actual for 1984 
US Department of Commerce projections 
of personal income in 1972 constant dollar s : 

Year 

1990 
1995 
2000 
2005 

constant at $1 . 30 per gallon 

Income 
$ Million 

20 ' 12 7 
2 2 , 261 
24 , 274  
26 , 327 

= constant at $0 .10 per gallon for two-axle vehicles 
constant at $0 . 1 2  gallon for vehicles having more than two axles 
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TABLE 3 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 2 
====================================================================================================================== 

VEHICLE- GALLONS MOTOR- VEHICLE USAGE- WEIGHT- MISC 
VEHICLE MILES OF FUEL FUEL REGISTRATION TAX DISTANCE REGISTRATION HIGHWAY-USER 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES TAX FEES REVENUES 
YEAR (Thousands)  (Millions) ( Millions) ( Thousands )  ( Thousands) ( Thousands) ( Thousands) ( Thousands )  ( Thousands) 
----------------------------------------------------------------------------------------------------------------------

1984  
(Actual) 2, 577  27 , 87 3  2 , 0 50 1 9 9 , 301 50, 654 1 41 , 1 29 30 , 3 17  10 , 560 4 3 1 , 96 1  

1984  
( Predicted )  2,  7 7 9  29 , 51 2  2 , 3 4 6  231 , 48 1  5 5 , 056 1 26 , 405 3 5 , 1 8 2  6 , 735  4 5 4 , 859 

1990 3 , 1 55  3 1 , 732 2, 523 248 , 917  6 6 , 975 1 6 1 , 100 4 1 , 7 7 1  8 , 048 526 , 81 1  

1995 3 , 459  3 4 , 7 1 0  2 , 7 5 9  272, 274 7 6 , 6 13 1 8 9' 1 5 5  5 0 , 608 9 '  1 1 1 597 , 76 1  

2000 3 , 746 3 7 , 493 2, 9 8 1  294 , 104 8 5 , 705 21 5 , 6 20 5 8 , 868 1 0 .  113  6 6 4 , 410 

2005 4 , 038 4 0 , 348 3 , 208 31 6 , 499 9 4 , 9 7 8  242, 6 1 1  67 , 3 4 1  1 1 , 1 3 5  732, 5 6 4  
----------------------------------------------------------------------------------------------------------------------

SCENARIO CONDITIONS : Personal Income 

Fuel Price 

Fuel Tax 

ac tual for 1984  
US  Department of Commerce projections 
of personal income in 1972 cons tant dollars : 

Income 
Year $ Million 

1990 
1995  
2000 
2005 

= $ 1 . 30 per gallon in 1 9 8 4  

20 , 1 27 
22, 26 1 
24 , 27 4  
26 , 327 

Trend line ( 1969 - 1 9 7 8 )  rate of increase of $ . 0 4  per gallon 
per year for 1 9 90 - 2005 

constant at $ 0 . 1 0  per gallon for two-axle vehicles 
constant at $ 0 . 1 2  per gallon for vehicles having more than two axles 
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TABLE 4 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 3 
===================== ================== ============= == === === ================= ============================ = ======= ===== 

YEAR 

1984 
(Actual) 

1984 
( Predicted) 

1990 

1995 

2000 

2005 

VEHICLE 
REGISTRATION 

(Thousands) 

2 ,  577 

2 ,  779 

3 , 1 55 

3 , 459 

3, 746 

4 ,038 

VEHICLE- GALLONS 
MILES OF FUEL 

TRAVELED CONSUMPTION 
(Millions) (Millions) 

2 7 , 873 2 ,050 

29 , 51 2  2 , 346 

30 ,654 2 , 437 

33, 884 2 , 694 

36,931 2 , 936 

40 ,038 3, 183 

MOTOR
FUEL 

REVENUES 

VEHICLE 
REGISTRATION 

FEES 

USAGE
TAX 

REVENUES 

WEIGHT
DISTANCE 

TAX 

MISC 
REGISTRATION HIGHWAY-USER 

FEES REVENUES 
( Thousands) ( Thousand s)  ( Thousands) ( Thousands) ( Thous.ands) ( Thousands) 

1 99 ,30 1  50 ,654 141 , 1 29 30 ,317 10 , 560 431 , 961 

231 , 481 55,056 126,405 35, 1 82 6, 735 454 , 859 

240 , 459 66, 975 161 , 100 38 , 8 7 1  8 ,048 51 5 , 1 54 

265, 795 76,613 189 , 1 55 48 ' 1 57 9 '  1 1 1  588 , 832 

289 ,695 85 , 705 215 ,620 57 , 199 10 , 1 13 658 , 333 

314 ,069 94, 978 242 ,611 66,422 1 1 , 135 729 , 2 1 5  
----------------------------------------------------------------------------------------------------------------------
SCENARIO CONDITIONS : Personal Income actual for 1984 

US Department of Commerce projections 
of personal income i n  1972 cons tant dollars :  

Income 
Year $ Million 

---------

1990 20 , 127 
1995 2 2 , 261 
2000 24 , 274  
2005 26,32 7  

Fuel Price constant at  $2 . 50 per gallon 

Fuel Tax = constant a t  $0 . 10 per gallon for two-axle vehicles 
constant at $0 . 1 2  per gallon for vehic l e s  having more than two axles 



TABLE 5 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 4 
====================================================================================================================== 

VEHICLE- GALLONS MOTOR- VEHICLE USAGE- WEIGHT- MISC 
VEHICLE MILES OF FUEL FUEL REGISTRATION TAX DISTANCE REGISTRATION HIGHWAY-USER 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES TAX FEES REVENUES 
YEAR (Thousanrls) (Mi l lions) ( Mi ll ions) (Thousands) ( Thousands )  ( Thousand s )  ( Thousand s )  ( Thousands) ( Thousands) 
--------------- ------ - -------------------------------------------------------- ----------------- -----------------------

198 4  
( Ac tual) 2 , 5 7 7  27, 8 7 3  2,050 199, 3 01 50'  654  141, 129 30, 3 17 10, 560 4 3 1, 96 1  

1984 
( Predicted) 2, 7 7 9  29, 5 12 2, 34fi 2 3 1, 4 8 1  55,056 12fi, 405 35, 18 2  6, 7 3 5  454, 859 

199 0  3, 155 3 2 , 03 0  2 , 5 4 6  3 7 0, 9 02 66, 9 7 5  16 1, 100 4 2, 656 8 , 04 8  649, 6 8 1  

199 5  3,459 35, 2 6 0  2, 8 03 4 08,303 7fi, 6 13 189 , 15 5  52, 2 4 2  9 '  111 735, 4 2 5  

2000 3, 7 4 6  3 8 , 8 07 3 , 045 443, 583 85, 705 2 15, 620 6 1, 285 10' 113 8 16, 3 06 

2005 4,038 4 1, 4 14 3, 2 9 2  4 7 9, 565 94, 9 7 8  242, 6 11 7 0, 5 07 11, 135 8 9 8, 7 9 6  
---- ------------------------------- ------------------------------------- ----------- --- - ------------ --- ----------------
S CENARIO CONDITIONS : Personal Income = actual for 19R4 

Fuel Price 

Fuel Tax 

US Depar tment of Commerce project ions 
of personal income in 197 2  constant dollar s :  

Income 
Year $ Mi llion 

199 0  
1995 
2000 
2 005 

constant a t  $ 1. 3 0  per gallon 

20, 127 
2 2, 26 1  
24, 2 7 4  
26, 3 2 7  

constant a t  $ 0 . 15 per gallon for two-axle vehicles 
constant at  $ 0 . 17 per gall on for vehicles having two axles or more 
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TABLE 6 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 5 
====================================================================================================================== 

VEHICLE- GALLONS MOTOR- VEHICLE USAGE- WEIGHT- MISC 
VEHICLE MILES OF FUEL FUEL REGISTRATION TAX DISTANCE REGISTRATION HIGHWAY-USER 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES TAX FE)lS REVENUES 
YEAR (Thousands )  ( Mi l l ions) ( Mi l lions) (Thousands )  ( Thousands) ( Thousands) ( Thousands) ( Thousands) ( Thousands) 

1984 
(Actua l )  2 ,  577 2 7 , 873 2 ,050 199 , 301 50 , 654 141 , 1 29 30 , 31 7  10 , 560 431 , 961 

1984 
( Predicted) 2, 7 79 29 , 512  2 , 346 231 , 481 55,056 1 26 , 405 35 ,182 6 , 735 454 , 859 

1990 3 , 1 55 3 1 , 732 2 , 523 367 , 449 66 ,975 1 6 1 , 100 41 , 771 8 ,048 645, 343 

1995 3 , 459 34 , 710 2 , 759 401 , 9 28 76 ,613 1 89 , 155 50 , 608 9 , 111 727 ,415 

2000 3 , 746 3 7 , 493 2, 9 81 434 ,153 85 , 705 215, 620 58 , 868 10 , 113 804 , 459 

2005 4,038 40 , 348 3 , 208 467 , 2 12  9 4 , 978 242 , 611 67 , 341 11 '  1 35 883 , 2 7 7  
------ --- - --- ----------- ---- ----------- ------------------- ---- -------- -------- --------------- ---- ---------------------
SCENARIO CONDITIONS : Personal Income 

Fuel Price 

Fuel Tax 

actual for 1984 
US Department of Commerce projections 
of personal income in 1972 constant dollar s :  

Income 
Year $ Million 

1990 
1995 
2000 
2005 

$1 . 30 per gal lon in 1984 

20 , 1 2 7  
22 , 261 
24 , 274 
26 , 327 

Trend l ine (196978) rate o f  increase of $ .04 per gallon 
per year for 1990 - 2005 

constant at $0 . 1 5  per gallon for two-axle vehicles 
constant at $0 . 1 7  per gallon for vehicles having two axles or more 
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TARLE 7 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 6 
= ====================== ===================================================================================== == ======== 

VEHICLE- GALLONS MOTOR- VEHICLE USAGE- WEIGHT- MISC 
VEHICLE MILES OF FUEL FUEL REGISTRATION TAX DISTANCE REGISTRATION HIGHHAY-USER 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES TAX FEES REVENUES 

YEAR (Thousands) ( Mi l l i ons) ( Mi l lions) (Thousands) (Thousands) (Thousands) (Thousands) ( Thousands) (Thousands) 
---------------------------------------------------------------------------- - ---------------- -------------------- - ----

1 9 8 4  
( Ac tual) 2 ,  5 7 7  27 , 8 7 3  2 , 0 50 199 , 3 0 1  5 0 , 6 54 1 4 1 , 1 2 9 30 , 3 1 7  1 0 , 560 4 3 1 , 9 6 1  

1984 
( Predicted) 2,  7 7 9  2 9 , 5 1 2  2 , 3 4 6  2 3 1 , 4 8 1  5 5 , 056 1 2 6 , 4 0 5  3 5 , 1 8 2  6 ,  7 3 5  4 5 4 , 8 5 9  

1 9 90 3 , 1 5 5  30 , 6 5 4  2 , 437 3 5 4 , 964 66 , 975 1 6 1 , 100 38 , 5 7 1  8 , 048 629 , 658 

1 9 9 5  3 , 459 3 3 , 8 8 4  2 , 69 4  392 , 3 65 7 6 '  6 1 3  1 8 9 , 1 5 5 4 8 , 1 5 7  9 , 1 1 1  7 1 5 , 40 1  

2000 3 , 7 4 6  3 6 , 93 1  2 , 936 4 2 7 , 6 4 5  8 5 , 705 2 1 5 , 620 5 7 , 1 9 9  1 0 , 1 1 3  7 9 6 , 2 83 

2005 4 , 0 38 40 , 0 3 8  3 , 1 8 3  4 6 3 , 6 2 6  94 , 9 7 8  2 42 , 6 1 1  6 6 , 4 2 2  1 1 '  1 3 5  8 7 8 , 7 2 2  

---- --------------------------- -------------------------------------- ---------------- ------------- --------------------

S CENARIO CONDITIONS : Personal Income = actual for 1 9 8 4  

F u e l  Price 

Fuel Tax 

= US Depar tment of Commerce pro jection s  
o f  personal income i n  1 9 7 2  constant dollar s :  

Income 
Year $ Million 

1990 
1 9 9 5  
2000 
2 005 

= constant a t  $ 2 . 5 0 per gallon 

20 , 1 2 7  
2 2 , 2 6 1  
2 4 , 2 7 4  
2 6 , 32 7  

constant a t  $0 . 1 5  per gallon for two-axle vehicle s 
constant a t  $ 0 . 1 7  per gal l on for veh i c l e s  having two axles or more 



TABLE 8 .  FUEL ECJ:N:MY SCENARIOS 

FUEL 
VEHIClE 
MILES FUEL TAX RATE ( $/GAL) FUEL FlXlNCMY (MPG) crnst:wrroN" 

TRAVELED 
SCENARIO ID .  (millions) 2 AXLES >2 AXLES AUTOS TRUO<S (Million Gal) 

1 27,873 .10 .12 l3.6c 13.6c 2,050 
(1984 Actual) 

2 27,873 .10 .12 16.5d 7 .0
° 

2,262 
(1984 Actual) 

3 32,030 .10 .12 20.0 7 .0 2,344 
(1990 Predicted) 

4 32,030 .10 .12 20.0 8 .5 2 ,143 
(1990 Predicted) 

5 35,260 .10 .12 25.0 7 .0 2 ,316 
( 1995 Predicted) 

6 35,260 .10 .12 25.0 10.5 1 , 896 
(1995 Predicted) 

a TFC = 1VM [(0.75/Auto MPG) + (0.25/Trucks MPG)] 

b MFT = 939 .72 (TFC) [0.75 (XG2) + 0.25 (XGM)] 
wrere 
TFC = total fuel consunption in million gallons 
1VM = total vehicle-miles traveled in millions 
MFT = total fuel-tax revenues in thousand dollars 
XG2 = fuel tax rate for n.:>-axle vehicles in dollars per gallon 
XGM = fuel tax rate for vehicles having JIDre than t:1.o axles in dollars per gallon 

c Average fuel econany for all vehicles in Kentucky in 1984 was calculated to be 
13.6 miles per gallon based on total vehicle-1Jliles traveled and gallons of fuel 
consuned .  Separate estimates of fuel economy for autos and trucks �re not available . 

FUEL TAX 

REVENUESb 

($1,000) 

202,275 

223,193 

231,284 

211,451 

228,521 

187,079 

d Estimates of fuel econany fran the ""Final Report on the Federal Highway <hst Allocation Study" (18) . 
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TABLE 9 .  USAGE TAX SCENARIOS 
===================================================== 

USAGE 
YEAR TAX RATE (PERCENT ) * 

1 984 4 . 5  
5 . 0  
5 . 5  
6 . 0  

1 9 90 4 . 5  
5 . 0  
5 . 5  
6 . 0  

4 . 5  
5 . 0 
5 . 5  
6 . 0  

USAGE TAX 
REVENUE ($ 1 , 000) ** 

1 2 6 , 405 
1 4 0 , 450 
1 54 , 495 
1 68 , 540 

1 6 1 , 100 
1 7 9 , 000 
1 96 , 900 
2 1 4 , 800 

1 89 , 1 55 
2 1 0 , 1 7 2  
2 3 1 , 1 89  
252 , 207 

* Pre sen t l y ,  the tax rate i s  5 percent on 90 percent 
of the factory adver t ised price of an automobile 
or 4 . 5 percent on the total factory advertised 
price . Tax rates in thi s table are shown in terms 
of percent of total factory advert ised price . 

* *  Usage tax revenues projections calculated using the 
following relationships : 

Usage Tax Revenues ( S 1 , 000' s )  = - 1 03 , 51 0  + 1 3 . 1 4 7  (Personal 
Income - 1 9 7 2  Dollar s)  

Purchase Pr ice ( $ 1 , 000' s )  = Usage Tax Revenue s ( $ 1 , 000' s ) /0 . 04 5  

U s age Tax Revenues ( S 1 , 000' s )  = Usage Tax Rate ( Purchase Price 
in $ l , OOO' s )  

3 3  



TABLE 10.  1995  PROJECTIONS OF TOTAL VEHICLE-MILES TRAVELED (MILLIONS) 
====================================================================== 

Independent Projections 

3 6 , 800 

3 4 , 4 7 9  

3 5 , 794 

Federal Highway Cos t  Allocaton Study 
Scaled down proportion ( 1 98 3 )  for KY from US To tals 

( 1995)  

Kentucky's Forecast s  for 1974 Interstate Co st Es timat e ,  
D ivis ion o f  Planning , KTC 

KTC Division o f  Planning , 
( Compounded Growth o f  2 . 3% per Year) 

Projections Produced from This S tudy 

3 7 , 1 2 3  

4 1 , 2 3 3  

3 6 , 2 2 2  

Regression Equat i on Projection Based o n  1 964-1984 Data; 
Vehicle-Mi l e s  Traveled = f ( Year) 

Regress i on Equation Pro jection Ba sed on 1 964-1984 Data; 
Vehi c le-Mil e s  Traveled = f ( Total Popula tion) 

Regression Equation Projection Based on 1 964-1984 Data; 
Vehicle-Miles Traveled = f ( Personal Income in 1 9 7 2  
Constant Dol l ar s )  

Recommended Model 

3 5 , 260 Re gression Equation Based on 1 964-1984 Data; 
Vehi cle-Miles Traveled = f ( Fuel Price and Tot a l  
Vehicle Regi stration) 
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TABLE 1 1 .  GASOHOL CONSUMPTION AND REVENUE 
============================================================ 

YEAR 

1 9 7 9  
1 980 
1981  
1 9 8 2  
1983 
1 984 

GASOHOL 
CONSUMPTION 

(GALLONS) 

404 , 500 
4 , 76 4 , 105 
2 , 50 5 , 8 1 5  

1 8 , 872 , 5 7 3  
104 , 62 5 , 385 
328 , 23 7 , 733 

PERCENT OF 
TOTAL FUEL 
CONSUMPTION 

. 0 2  

. 2 4  
. 1 3 
. 95 

5 . 17 
1 6 . 0 1  

GASOHOL 
TAX CREDIT 
(DOLLARS )* 

539 , 507 
4 , 62 0 , 6 9 2  

1 2 , 7 7 9 , 066 

* Due to accounting procedures and shrinkage allowances , 
the gasohol tax credit varies from the s tandard rate of 
$ 0 . 35  per gallon o f  fuel-grade alcohol .  (For tax credit 
purposes ,  gasohol is considered to be 1 0% fuel-grade alcohol 
and 90% gasoline . )  
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XGM 

Figure 1 .  Sequence and Interrelationships of the Selected Models 
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Figure 1 0 .  Trends in Total Highway-User Revenues Showing Actual Historical Data 
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TABLE A-1 . SOCio-ECONOMIC VARIABLE S  
============================================================================= ================================== 

PERSONAL 
PERSONAL INCOME NON- PERSONS NUMBER OF 

TOTAL URBAN INCOME IN MILLIONS TOTAL AGRI CULTURAL OF DRIVING LICENSED 
YEAR POPULATION POPULATION IN MILLIONS ( 1 972  CONSTANT) EMPLOYMENT EHPLOYMENT AGE DRIVERS 

(TPO) (UPO) (PIC) ( PCC) (TEP) ( NAE) (PDA) ( LID) 
---------------------------------------------------------------------------------------------------------------

1 964 3 , 169 , 000 1 , 5 1 0 , 000 5 , 78 1  7 , 8 7 4  943 , 800 7 2 6 , 000 1 , 9 9 2 , 000 * 
1 % 5  3 '  1 7  5 ' 000 1 , 53 7 , 000 6 , 500 8 ,4 08 9 8 6 '  700 7 5 9 , 000 1 , 9 9 6 , 000 1 , 3 5 3 , 000 
1966 3 , 1 8 1 , 000 1 , 565 , 000 7 , 143  8 , 939  1 , 040 , 000 800 , 000 2 , 0 1 7 , 000 1 , 38 3 , 000 
1 %7 3 , 1 8 9 , 000 1 , 593 , 000 7 , 7 3 7  9 , 4 1 7  1 , 08 5 , 000 835 , 000 2 , 038 , 000 1 , 4 4 2 , 000 
1 9 6 8  3 , 2 2 0 , 000 1 , 634 , 000 8 , 5 1 6  9 , 897 1 , 109 , 000 8 5 3 , 000 2 , 083 , 000 1 , 4 7 7 , 000 
1 969 3 , 232 , 000 1 , 66 5 , 000 9 , 202 1 0 , 4 1 1  1 , 1 6 7 , 000 8 9 5 , 000 2 , 1 0 3 , 000 1 , 57 2 ;000 
1 9 70 3 , 2 1 9 , 000 1 , 68 4 , 000 1 0 , 000 1 0 , 81 4  1 , 21 6 , 000 9 1 4 , 000 2 , 1 04 , 000 1 , 609 , 000 
1 97 1  3 , 27 6 , 000 1 , 708 , 000 1 0 , 800 1 1 , 2 1 6  1 , 2 26 , 000 928 , 000 2 , 2 9 2 , 000 1 , 6 2 6 , 000 
1972  3 , 306 , 000 1 , 71 8 , 000 1 1  ' 900 1 1 , 965 1 , 309 , 000 989 , 000 2 , 3 6 5 , 000 1 , 684 , 000 
1 97 3  3 , 34 2 , 000 1 , 7 32 , 000 1 3 , 300 1 2 , 7 5 1  1 , 3 7 8 , 000 1 , 03 8 , 000 2 , 438 , 000 1 , 7 2 2 , 000 
1 9 7 4  3 , 357 , 000 1 ,  7 3 5  ' 000 1 4 , 800 1 3 , 253  1 , 4 2 2 , 000 1 , 07 1 , 000 2 , 4 7 1 , 000 1 , 74 2 , 000 
1 9 7 5  3 , 346 , 000 1 , 7 5 0 , 000 1 6 , 600 1 3 , 255  1 , 44 1 , 000 1 ' 0 6 4  ' 000 2 , 5 2 0 , 0 00 1 , 91 0 , 000 
1976  3 , 4 2 8 , 000 1 , 7 6 1 , 000 1 8 , 600 1 4 , 109 1 , 448 , 000 1 , 1 1 2 , 000 2 , 56 4 , 000 1 , 9 5 7 , 000 
1 97 7  3 , 4 5 8, 000 1 ,  7 7 2 , 000 2 0 , 600 1 4 '  8 7 7  1 , 4 8 9 , 000 1 , 1 5 7 , 000 2 ,  606 , 000 1 , 9 9 4 , 000 

_,.. 1 9 7 8  3 , 49 8 , 000 1 , 787 , 000 2 3 '  1 00 1 5 , 38 8  1 , 550 , 000 1 , 2 1 0 , 000 2 , 650 , 000 2 , 03 8 , 000 "' 
1 9 79 3 , 527 , 000 1 , 796 , 000 2 5 , 700 1 5 , 909 1 , 563 , 000 1 , 2 4 5 , 000 2 , 68 6 , 000 2 , 06 7 , 7 7 7  
1 980 3 , 66 1 , 000 1 , 859 , 000 2 7 , 900 1 5 , 639 1 , 62 0 , 000 1 , 209 , 000 2 , 7 8 7 , 000 2 , 05 5 , 2 9 7  
1 9 8 1  3 , 66 2 , 000 1 , 84 3 , 000 3 1 , 000 1 6 , 1 7 7  1 , 662 , 000 1 , 1 96 , 000 2 , 799 , 000 2 , 1 4 7 , 2 55 
1982  3 , 667 , 000 1 , 8 5 1 , 000 3 2 , 800 1 6 , 304 1 , 675 , 000 1 , 1 6 1 , 000 2 , 8 1 2 , 000 2 , 1 4 1 , 104 
1 9 83 3 , 7 1 4 , 000 1 , 86 9 , 000 34 , 000 1 6 , 339 1 ,  702 , 000 1 , 1 54 , 000 2 , 8 56 , 000 2 , 1 9 2 , 567  
1984 3 '723 ' 000 * * 1 7 , 488  * * * 2 , 2 49 , 1 1 7  

Mean 3 , 397 , 6 1 9  1 , 7 1 8 , 4 5 0  1 6 , 79 8  1 3 , 1 4 7  1 , 35 1 , 62 5  1 , 0 1 5 , 800 2 , 408 , 9 5 0  1 , 8 1 8 , 1 06 

S t d  Dev 1 95 , 3 1 1  1 07 , 432 9 , 36 1  2 , 57 2  2 4 2 , 5 90 1 6 6 , 1 2 5  309 , 17 3  290 , 367 

Coef Var 5 .8 6 .2 5 5 . 7  l'l .6  1 7 . 9  1 6 . 3  1 2 . 8  1 5 . 9  
---------------------------------------------------------------------------------------------------------------
* Data not avai lable . 



TABLE A-2 . HIGHWAY MILEAGE 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

TOTAL URBAN RURAL 
YEAR HIGHWAY MILES HIGHWAY MILES HIGHWAY MILES 

(THM) ( UHM) (RHM) 
----------------------------------------------------------------
1964 6 9 , 849 4 , 753  6 5 , 096 
1 965 70 , 1 45 4 , 789 65 , 356 
1966 70 ,085  4 , 822 6 5 , 263 
1967 70 , 225 4 , 954 65 , 2 7 1  
1968 69 , 909 5 , 049 6 4 , 860 
1969 6 9 , 6 1 5  5 , 366 64 , 249  
1970 6 9 , 0 71 5 , 683 63 , 38 8  
1 9 7 1  69 , 1 2 3  5 , 85 2  6 3 , 2 7 1  
1 9 7 2  6 9 , 639 5 , 751  6 3 , 888 
1973  69 , 79 1  6 , 0 2 2  63 , 769  
1974 6 9 , 933 6 , 050 6 3 , 883 
1975  70 , 1 31  6 , 070 6 4 , 061  
1976 6 9 , 706 7 , 378 6 2 , 328 
1977 69 ,938  6 , 09 2  63 , 846 
1978  6 8 , 781 6 , 267  6 2 , 5 1 4  
1 9 7 9  68 , 95 2  6 , 267 62 , 685 
1 980 6 9 , 32 1  6 , 634 6 2 , 687 
1 9 8 1  68 , 42 9  6 , 580 61 , 849  
1982 6 8 , 674 6 , 928 6 1 , 746  
1983 69 , 150 7 , 454  6 1 , 696 
1984 6 9 , 339 7 , 4 7 7  6 1 , 861  

Mean 6 9 , 5 1 5  6 , 0 1 1  6 3 , 503 

Std Dev 531  864  1 , 244  

Coef Var 0 . 8  1 4 . 4  1 . 9  
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TABLE A-3 . FUEL RELATED VARIABLES 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

GASOLINE TAX 
GASOLINE TAX RATE FOR MORE 

RATE FOR 2-AXLE THAN 2-AXLE 
FUEL PRICE VEHICLES IN VEHICLES I N  

YEAR IN CENTS CENTS/ GALLON CENTS/ GALLON 
(FPC ) (XG2) (XGM) 

-- - - - - - - - - - - - - - - - - - - - - --- - - - --- - - - - - - --- - - - - - - - - - - - - - - - - - - - -
1 9 6 4  33. 9 7 . 0  9 . 0  
1965 3 3 . 9  7 . o  9 . 0  
1966 3 3 . 9  7 . 0 9 . 0  
1967 3 4 . 9  7 . 0  9 . 0  
1968 3 5 . 9  7 . 0  9 . 0  
1969 35 . 9  7 . 0  9 . 0  
1 9 7 0  37 . 9  7 . 0  9 . 0  
1 9 7 1  37 . 9  7 . 0  9 . 0  
1 9 7 2  39 . 9  9 . 0  1 1 . 0  
1973  5 1 . 9  9 . 0  11 . 0  
19 74 5 5 . 9  9 . 0  11. 0 
1975 5 8 . 9  9 . 0  11. 0 
1976  6 4 . 9  9 . 0  1 1 . 0  
1977 67 . 9  9 . 0  1 1 . 0  
1978 7 1 . 9  9 . 0  1 1 . 0  
1979 103 . 0  9 . 0  11. 0  
1980 127 . 3  9 . 0  1 1 . 0  
1981  1 39 . 0  10. 1  1 2 .  1 
1982  1 33 . 2  10. 0 1 2 . 0  
1983 130. 8  10 . 0  12 . 0  
1 9 8 4  1 28 . 7  1 0 . 0 12 . 0  

Mean 69 . 4  8 . 4  10 . 4  

Std Dev 3 9 . 6  1 . 2  1 . 2  

Coef Var 5 7 . 1  14 . 3  1 1 . 5  
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TABLE A-4 . VEHICLE REGISTRATION 
=============================================== ========================================= 

TOTAL MOTOR-
AUTO TRUCK BUS TRAILER MOTORCYCLE VEHICLE 

YEAR REGISTRATION REGISTRATION REGISTRATION REGISTRATION REGISTRATION REGISTRATION 
(ATR) (TRR) ( BUR) (TSR) (MCR) ( TVR) 

- - - -------- - --- - - - - - - - - ---- - - ---------- --- - --------- ------------------------------------
1964 1 , 130 , 4 18 282 , 567 5 , 837 18 , 1 42 10 ,030 1 , 418 , 8 2 1  
1965 1 , 195 , 506 298 , 81 4  5 ,652 20 ,017 1 5 , 2 76 1 '  499 ' 972 
1966 1 , 253, 903 314 , 469 6, 260 24 , 440 2 1 , 173 1 , 574 ,632 
1967 1 , 296 ,857 329 ,086 6, 437 31 , 1 4 7  26,010 1 , 632,380 
1968 1 , 330 , 851 352 , 9 74  6 ,82 1  37 ,628 2 7 , 389 1 ,690 ,646 
1969 1 ,342 , 309 363' 1 15 7 , 405 40 , 230 2 4 , 294 1 , 7 1 2 , 829 
1970 1 ,374 ,340 380 , 867 7 , 310 46, 230 26,334 1 , 762 , 5 1 7  
1971  1 , 44 4 , 947 407 , 513 7 , 52 7  5 4 , 5 1 8  29 , 54 7  1 , 859 , 987 
1972 1 , 5 1 5 , 5 50 444 , 419 7 ,651 61 '63 5 36, 721 1 , 967 ,620 
1973 1 , 598 ,695  484 ,328 7 , 725 69 , 9 72  49 ,353 2 , 090 , 748 
1974 1 , 626, 177 531 , 404 6 , 479 70 , 502 58 ,034 2 , 164, 060 
1975 1 , 67 5 , 990 562 , 631 6 , 5 1 7  7 1 '  779 61 ,025 2 , 245 , 138 
1976 1 , 727 , 456 616,088 6,602 7 7 ,666 59 ,351 2 , 350 , 146 
1977 1 ,  7 70 ,046 67 1 , 841 7 , 831 81 , 9 70 61 , 405 2 , 449 , 7 18 
1978 1 , 804 , 146 731 , 848 7 , 896 8 7 , 588 60 , 989 2 , 543, 890 
1979 1 , 813, 235 784 ,097 8 , 165 90 , 225 62 , 132 2 ,60 5 , 497 
1980 1 , 80 7 , 358 7 7 7 ' 278 8 ,078 8 8 , 463 63, 574 2 , 592 , 714 
1981 1 , 800 , 574 784 , 304 8 , 569 9 1 , 627 64 , 71 7  2 , 593, 447 
1982 1 , 809 , 711 7 9 7 , 068 8 , 562 93,022 62 , 55 1  2 , 615 ,341 
1983 1 , 81 2 , 875 799 ,057 8 , 892 89 , 539 58 ,636 2 , 620 , 824 
1984 1 , 7 7 1 , 182 796,608 8 , 769 9 1 '  609 52 ,642 2 , 576, 559 

Mean 1 , 566, 767 548 , 1 13 7 , 380 63, 7 1 2  4 4 ,342 2 , 1 22 , 261 

Std Dev 238 , 133 196, 845 969 26, 327 18 , 9 42 429 , 55 5  

Coef Var 1 5 . 2  35 .9  13. 1  4 1 . 3  42 . 7  20 . 2  
----------- - - - --- - --------------- ---- - - -------------------------- ---------- ---------- - --
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TABLE A-5 . VEHICLE-MILES TRAVELED 
=================================================================== 

TOTAL URBAN RURAL 
VEHICLE-MILES VEHICLE-MILES VEHICLE-MILES 

YEAR IN MILLIONS IN MILLIONS IN MILLIONS 
(TVM) (UVM) (RVM) 

- -- -------- ----- - - ------ - ---- - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - ---- - -
1964 1 3 '  1 1 4  * * 
1965 1 3 , 96 9  * * 
1966 1 4 , 773  4 , 872  1 0 , 732  
1967  1 5 , 741  5 , 2 6 6  1 1 '  360 
1968 1 5 , 69 1  5 , 2 72  1 1 '  301 
1969 1 7 , 866 5 , 997 1 2 , 87 4  
1970 1 8 , 8 9 7  6 , 393 1 3 , 5 6 7  
1 9 7 1  20 , 355 7 ' 0 6 1  1 4 , 439  
1972  2 1 , 7 75 8 , 035 1 4 , 965  
1973 23 , 096 8 , 53 1  1 5 , 864  
1974  2 2 , 543 8 , 394 1 5 , 4 1 7  
1 9 7 5  2 3 '  372 9 , 054 1 5 , 634  
1976  2 4 , 843 9 , 496  1 6 , 2 1 3  
1 9 7 7  2 5 , 732  1 1 '  439  1 5 , 740 
1978  2 6 , 607 1 1 , 638 1 6 , 465  
1979 2 5 , 994 1 1 , 37 1  1 6 , 086 
1980 2 5 , 244  9 , 932 1 5 , 301 
1 9 8 1  2 5 , 1 9 5  9 , 877  1 5 , 3 1 8  
1982 2 5 , 6 2 7  1 0 , 158  1 5 , 46 9  
1983 26 , 7 1 9  1 1 '  083 1 5 , 636  
1984 27 , 87 3  1 1  ' 468  1 6 , 405 

Mean 22 , 536 8 , 702 1 4 , 672  

Std Dev 4 , 7 2 2  2 , 31 5  1 , 8 1 7  

Coef Var 20 . 9  26 . 6  1 2 . 3  

* Data not available.  
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TABLE A-6 . FUEL CONSUMPTION 
======================================================= ================== 

TOTAL FUEL GASOLINE SPECIAL FUEL 
CONSUMPTION IN CONSUMPTION IN CONSUMPTION IN 

YEAR THOUSAND GALLONS THOUSAND GALLONS THOUSAND GALLONS 
(TFC ) (GAS)  (SFL) 

-------------- - - --------------- - --- ----- --- --- - - - - - - - - - ------ - ---- --- - - --
1 964 1 , 107 , 1 1 1  9 4 7 , 449 5 2 , 624 
1965 1 , 1 5 8 , 9 1 9  989 , 22 7  57 , 51 2  
1966 1 , 220 , 7 2 1  1 , 03 2 , 027 7 2 , 101 
1967 1 , 29 3 , 463 1 , 098 , 986 7 8 , 722  
1968 1 , 373 , 41 8  1 , 1 6 1 , 065 90 , 883 
1969 1 , 45 5 , 9 1 1  1 , 22 4 , 4 8 4  101 , 615  
1 970 1 , 538 , 424 1 , 295 , 059 1 10, 540 
1 9 7 1  1 , 633 , 722 1 , 37 9 , 2 8 2  108 , 932 
1 97 2  1 , 748 , 374 1 , 59 3 , 345 1 3 5 , 073 
1973  1 , 84 7 , 329 1 , 666 , 396 1 6 3 , 732  
1 9 7 4  1 , 81 2 , 007 1 , 638 , 22 8  1 5 5 , 402 
1975  1 , 87 6 , 640 1 , 70 4 , 999 1 5 3 , 640 
1976  1 , 993 , 333 1 , 802 ,028 1 73 , 902 
1977 2 , 062 , 201 1 , 8 5 3 , 058 1 9 3 , 5 4 1  
1 9 7 8  2 , 1 3 7 , 001 1 , 90 8 , 662 2 1 7 , 059 
1979 2 , 070, 394 1 , 83 1 , 100 2 2 6 , 750 
1 980 1 , 980 , 844 1 ,  7 2 2 , 1 3 3  2 4 8 , 942 
1 9 8 1  1 , 98 7 , 854 1 , 69 8 , 7 4 3  2 7 6 , 770 
1982  1 , 982 , 029 1 , 68 9 , 8 1 9  2 8 2 , 388 
1983 2 , 02 5 , 275  1 , 70 3 , 370 3 1 2 , 39 9  
1984 2 , 049 , 874 * * 

Mean 1 , 73 1 , 1 8 2  1 , 49 6 , 9 72  160, 628 

Std Dev 338 , 488 3 20 , 3 1 7  79' 1 63 

Coef Var 1 9 . 6  2 1 . 3  4 9 . 3  

* Data not availabl e .  
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TABLE A-7 . REGISTRATION FEES 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

AUTO TRUCK BUS TRAILER MOTORCYCLE 
REGISTRATION REGISTRATION REGISTRATION REGISTRATION REGISTRATION 

FEES IN FEES IN FEES IN FEES IN FEES IN 
YEAR DOLLARS DOLLARS DOLLARS DOLLARS DOLLARS 

(ARF) (TRF) (BRF) (TSF) (MCF) 
- ----------- - - - - --- --- - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----------
1964  . 4 , 66 7 , 000 6 , 401 , 000 79 , 000 1 5 9 , 000 1 7 , 000 
1965  4 , 893 , 000 6 , 8 1 1 , 000 84 , 000 1 7 1 , 000 2 4 , 000 
1966  5 , 1 46 , 000 7 , 1 9 4 , 000 1 3 3 , 000 206 , 000 35  ' 000 
1 9 6 7  5 , 470, 000 1 0 , 1 2 3  ' 000 1 23 , 000 390 ' 000 4 5 , 000 
1968  5 , 47 9 , 000 1 0 , 6 4 0 , 000 99 , 000 4 2 2 , 000 4 9 , 000 
1969  1 4 , 1 47 , 000 1 2 , 269 , 000 6 8 , 000 4 6 1 , 000 108 , 000 
1970 1 4 , 549 , 000 1 2 , 9 5 1 , 000 1 06 , 000 5 1 6 , 000 1 1 5 , 000 
1 9 7 1  1 5 , 197 , 000 1 3 , 7 1 9 , 000 71  ' 000 557 , 000 1 2 7 , 000 
1 9 7 2  1 5 , 997 , 000 1 4 , 6 6 7 , 000 6 1  ' 000 625 , 000 1 5 3 , 000 
1 9 7 3  1 6 , 882 , 000 1 5 , 698 , 000 55 , 000 700, 000 200, 000 
1 9 7 4  1 7 , 44 8 , 000 1 8 , 230, 000 59 , 000 7 4 4 , 000 2 6 1 , 000 
1 9 7 5  1 7 , 92 2 , 988 1 9 , 428 , 988 60, 000 770, 000 275 , 000 
1976 1 8 , 396 , 000 20, 1 7 4 , 98 8  4 6 , 000 837 , 000 2 73 , 000 
1977  1 8 , 820, 000 2 2 , 04 2 , 000 3 1 , 000 9 1 1 '  000 282 , 000 
1 9 7 8  2 0 , 470, 988 2 4 , 58 4 , 988 40, 000 9 8 8 , 000 280, 000 
1 9 7 9  20, 420, 988 2 6 , 564 , 988 4 5 , 000 1 '  042 ' 000 2 8 3 , 000 
1980 2 0 , 380, 988 2 6 , 06 8 , 988 2 5 , 000 1 , 04 6 , 000 29 6 , 000 
1 98 1  2 0 , 488 , 988 2 6 , 3 74 , 000 2 3 , 000 1 , 06 9 , 000 2 9 9 , 000 
1 9 8 2  20, 588 , 988 2 6 , 842 , 988 1 0 , 000 1 , 086 , 000 289 , 000 
1 9 8 3  2 2 , 81 4 , 000 2 8 , 62 4 , 000 2 6 , 000 1 , 036 , 000 280, 000 
1984  20, 247 , 637 2 8 , 94 7 , 786  2 8 , 000 966 , 000 2 7 2 , 000 

Mean 1 5 , 258 , 407 1 8 , 01 6 , 985 6 0 , 5 7 1  700 , 095 1 8 8 , 71 4  

S td Dev 6 , 206 , 8 3 1  7 , 654 , 479 3 3 , 921  3 1 3 , 493 107 , 768 

Coef Var 40 . 6  4 2 . 5  56 . 0  44 . 8  57 . 1  
- - - - --- - - - - - - - - - - - ------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---------- - - - - -
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TABLE 1<-8. HIGMAY USER. REVENUES 

WEIG!T-
MJI'OIHIEHICLE MJI'OR VEHICLE DISTA!n: TOrAL RFCISTRATION TOrAL F1lEL TOrAL HIGIMAY-

USAGE TAX REGIS'IRATIOO FEES TAX AND MISCELIANEIJUS REVENUES USER REVENUES 
YEAR IN $1,CXXl IN $1 ,CXXl IN $1,000 REVENUES IN $1,000 IN $1,000 IN $1,000 

(UIR) (1VF) (WDT) (1-RT) (MIT) (HUR) 
1964 11,661 11,323 * 28,9)6 74,582 103,488 
1965 13,978 11,983 * 29,226 77,867 107,193 
1966 14,123 12, 714 * 30,413 83,561 113,974 
1967 13,795 16,151 * 31,256 88,917 120,173 
1968 28,173 16,689 * 47,174 94,779 141,953 
1%9 34,871 27,053 * 64,407 101,640 166,047 
1970 34,243 28, 237 * 64,993 107,052 172,045 
1971 40,897 29,671 * 73,132 113,936 187,068 
1972 48,363 31,503 * 83,107 136,39) 219,497 
1973 58,863 33,535 * %,302 173,815 270,117 
1974 59, 767 36, 742 * 100,485 163,505 263,991 
1975 65,503 38,457 * 107,876 175,158 283,034 
1976 82,775 39,727 * 126,453 180,4% 306,939 
1977 101,552 42,086 * 147,453 185,827 333,280 
1978 114, 342 46,364 * 164,523 192,750 357,273 
1979 108,425 48,356 * 160,434 188,466 348,900 
1980 89 ,720 47,817 * 142,726 188,121 330,847 
1981 98,005 48,254 * 151,314 193,024 344,338 
1982 102,342 48,817 * 162,781 1%,251 359,032 
1983 119,057 52,780 26,816 205,310 197,172 402,482 
1984 141,129 50,654 30,317 232,660 199,301 431,%1 

M:!an 34,234 107,187 148,219 255,411 

Std ·Dev 13,971 60,319 42,271 105,626 

Coef Var 40.9 56.3 31.9 41.4 
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APPENDIX B 

VARIMAX ROTATED FACTOR MATRIX 
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ALPHABETICAL LISTING OF VARIABLES 

annual auto regis tration fees in thousand dollar s  
= annual auto regi st ration i n  thousands 

ARF 
ATR 
BRF 
BUR 
FPC 
GAS 
HUR 
LID 
MCF = 

= annual bus registration fees in thousand dollars 
bus regist ration in thousands 

= fuel price in cents per gallon 
= annual gasoline fuel consumption in mi l l ion gallons 
= total annual highway-user revenues in thousand d ollars 
= l i censed drivers in thousands 

annual motorcycle registrat ion fees in thousand dollars 
MCR = motorcyc le registration in thousands 
MFT = total annual fuel revenues in thousand dollars 
MRT = t o tal annual registra tion and miscellaneous fees in thousand 
d o llars 
NAE nonagricultural empl oyment in thousands 
PCC annual personal income - 1 9 7 2  constant d o llars in millions 
PDA = persons of driving age in thousands 
P IC annual personal income in million dollars 
RID: = rural highway miles 
RVM = annual rural vehicle-mil e s  in mil lions 
SFL = annual special fuel consumption in mi llion gallons 
TEP = total employment in thousands 
TFC annual total fuel consump t ion in mill ion gallons 
THM total h ighway miles 
TPO total  population in thousands 
TRF = annual t ruck fees in thousand dollars 
TRR = truck registration in thousands 
TSF annual trailer registration fees in thousand d o l lars 
TSR t ra i ler registration in thousands 
TVF = total annual vehicle registration fees in thousand dollars 
TVM = total vehicle-mil e s  in mi l l ions 
TVR = total motor-vehicle registration in thousands 
UHM urban highway miles 
UPO urban population in thousands 
UTR = annual motor-vehicle usage tax in thousand dollars 
UVM urban vehicle-miles in millions 
WDT annual weight-di stance tax in thousand dollars 
XG2 = gasoline tax rate for two-axle vehicles in dollars per gallon 
XGM = gasoline tax rate for more than two axle vehicles in d o llars 

per gallon 
YR year ( 1 9 64 = 6 4 ,  1 9 90 = 90 , e t c . ) 
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VARIMAX ROTATED FACTOR MATRIX 
= = = =========================================================== 

Variables Factor l Factor 2 Factor 3 

GAS . 9 6  
MCR . 93 
TVM . 9 2  
MCF . 92 
TFC . 9 2  
RVM . 92 
MFT . 9 1  
ATR . 8 9  
UVM . 8 8  
NAE . 8 7  
TSR . 8 6  
HUR . 8 5  
TVR . 83 
XG2 . 82 
XGM . 82 
PDA . 8 1  
PCC . 81 
TSF . 81 5 2  
TVF . 80 . 5 4  
ARF . 80 . 5 3  
UTR . 80 
TEP . 79 . 5 2  
LID . 7 9 . 5 3  
BRF - . 79 - . 50 
MRT . 77 . so 
TRR . 76 . 5 6  
TRF . 76 . 5 6  
UPO . 7 5 . 5 8  
UHM . 7 2 
SFL . 65 . 6 2  
TPO . 6 4  . 6 3  
PIC . 62 . 6 4  
R HM  - . 56 - . 73 
FPC . 5 1  . 6 9  
THM - . 9 5  
BUR . 8 2  
WDT . 9 1  
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APPENDIX C 

S�!ARY OF PRELIMINARY REGRESS ION ANALYSES 
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ALPHABETICAL LISTING OF VARIABLES 

ARF auto registration fees in thousand dollars 
ATR = auto registration in thousands 
BRF = bus regi stration fees in thousand dollars 
BUR = bus regi stration in thousands 
FPC fuel price in cents per gallon 
GAS gasoline fuel consumption in mi l l ion gallons 
HUR = total highway-user revenues in thousand dollars 
LID = l icensed drivers in thousands 
MCF = 
MCR = 
MFT 

motorcycle registration fees in thousand 
motorcyc le regis tration in thousands 
total fuel revenues in thousand dollars 

d o llars 

MRT = total registration and mi scel laneous fees in thousand dollars 
NAE = nonagricultural employment in thousands 
PCC = personal income - 1 9 7 2  cons tant dol lar s in mi l l ions 
PDA = persons of driving age in thousands 
PIC = personal income in m i ll ion dollars 
RHH = rural hi ghway miles 
RVM = rural vehicle-miles in m i l lions 
SFL = special fuel consumption in mil l ion gallon s  
TEP = tota l  employment in thousands 
TFC total fuel consumption in m i l lion gallons 
THM = total highway miles 
TPO total population in thousands 
TRF truck fees in thousand d o l l ars 
TRR truck registration in thousands 
TSF = trailer registration fees in thousand dollars 
TSR trailer registration in thousands 
TVF = total vehicle registration fees in thousand dollars 
TVM total vehicle-miles in mil lions 
TVR t otal motor-vehicle registration in thousands 
UHM urban highway miles 
UPO 
UTR 
UVM = 
WDT = 
XG2 = 
XGM = 

YR = 

urban population in thousand s 
motor-vehicle usage tax in thousand dollars 
urban vehicle-mi les in mill ions 
we ight-di s tance tax in thousand dollars 
gasol ine tax rate for two-axle vehicles in dollars per gallon 
gasoline tax rate for more than two axle vehi'cles in dollar s  
per gallon 
year ( 1 964 = 6 4 ,  1 990 = 9 0 ,  e tc . )  

NOTE : Regression equations shown in Appendix C re flect resul t s  of 
analyses performed with total vehicle miles traveled taken from 
"Highway Stati s t i c s "  for 1 964-19 8 4 .  Final equations shown in the 
text and other Apendices reflect analyses performed with t otal 
vehicle miles traveled taken from "Highway Statistics"  for 
1 98 0-1984 and adjus ted for a change in estimating methodology for 
the period 1964-1 979 .  
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TABLE C-1 .  REGRESSION SERIES 1 :  OUTPUT VARIABLE = f ( TIME) 
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TRR = - 1 7 5 4 . 4 6  + 3 1 . 1 1 5 8  ( YR) R2 = . 96 
BUR = - 2 . 52 + 0 . 1 339 (YR) R2 

= . 73 
TSR = -240 . 84 + 4 . 1156  ( YR)  R2 = . 94 
MCR. = -158 . 99 + 2 . 7477  (YR ) R2 = . 8 1  
TVR = -2899 . 17 + 6 7 . 7896 (YR) R2 = . 9 6  

TVM = -2930 2 . 70 + 700 . 53 1 9  (YR) R2 = . 85 
UVM = -1673 5 . 29 + 3 4 3 . 7464 ( YR)  R2 = . 8 5  
RVM = -29 1 8 . 85 + 237 . 7270 ( YR )  R2 = . 66 

GAS = - 1 91 0 . 34 + 4 6 . 0449 ( YR)  R
2 = . 80 

SFL = -769 . 2 3  + 1 2 . 5656 (YR) R2 = • 97 
TFC = -202 5 . 71 + 5 0 . 7688 (YR) R2 = . 8 6  

ARF = -52682 . 23 + 9 1 8 . 1 1 68 (YR) R2 = . 84 
TRF = -7261 2 . 78 + 1 2 2 4 . 7270 (YR) R2 = . 9 9  
BRF = 4 1 4 . 62 - 4 . 7844 (YR) R2 = . 77 
TSF = -292 6 . 96 + 4 9 . 01 4 3  (YR) R2 = . 94 
MCF = -0008 . 84 + 1 6 . 1 8 3 1  (YR) R2 = . 8 7  
TVF = -12898 . 90 + 220 5 . 6690 ( YR) R2 = . 9 6  

MRT = -593837 . 10 + 9 4 7 3 . 3000 (YR) R2 = . 95 
MFT = -389328 . 60 + 7264 . 1 640 ( YR) R2 = . 91 
HUR = -983072 . 50 + 16736 . 2 600 (YR) R2 = . 9 7  
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TABLE C-2 .  REGRESSION SERIES 2 :  OUTPUT VARIABLE = f( POPULATION) 

�;;
=
:
=
:;��;:;;

=
:
=
�:;;;;=�;;;)

============================
;z

=
:
=
:;� 

TRR = -27 7 5 . 82 + 0 . 9783 (TPO ) R2 
= . 94 

BUR = -6 . 90 + 0 . 0042 (TPO) R2 = . 72 
TSR = -35 3 . 81  + 0 . 1229 (TPO) R2 = . 83 
MCR = - 2 2 9 . 74 + 0 . 8067 (TPO) R2 = . 69 
TVR = . -4936 . 40 + 2 . 0760 (TPO) R2 = . 8 9  

TVM = -45569 . 48 + 2 0 . 0453 (TPO) R2 = . 69 
UVM = -25820 . 96 + 1 0 . 1 609 (TPO ) R2 = . 7 3  
RVM = -763 3 . 6 7  + 6 . 5654 (TPO) R2 = . 50 

GAS = -28 9 3 . 0 9  + 1 . 2 9 2 1  (TPO) R2 = . 6 2  
SFL = -1 200 . 95 + 0 . 4007 (TPO) R2 = . 98 
TFC = -32 5 2 . 70 + 1 . 4668 (TPO)  R2 = . 71 

ARF = -7521 4 . 79 + 2 6 . 6284 (TPO )  R2 = . 70 
TRF = -110595 . 60 + 3 7 . 8537 (TPO) R2 = . 9 3  
BRF = 577 . 10 - 0 . 1520 (TPO) R2 = . 7 7  
TSF = -432 9 . 53 + 1 . 4803 ( TPO) R2 = . 8 5  
MCF = - 1 4 2 9 . 10 + 4762 ( TPO) R2 = . 7 4 
TVF = -191252 . 30 + 6 6 . 3659 (TPO ) R2 = . 86 

MRT = -88 9 1 5 8 . 70 + 293 . 2483 (TPO ) R2 = . 90 
MFT = -58 9 1 8 1 . 80 + 2 1 7 . 0347 ( TPO) R2 = . 80 
HUR = -1478235 . 00 + 5 1 0 . 2 5 3 1  (TPO) R2 = . 89 
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TABLE C-3 . REGRESSION SERIES 3 :  OUTPUT VARIABLE = f ( INPUT VARIABLES) 

:;;=:=:;�:��=:=�:��:�=(�:;�=:=�:;��;=(;;:)==========================;z=:=:;; 
TRR = -3 1 2 . 64 + 0 . 3 9 1 1  (LID) + 0 . 0089 (PIC)  R2 = . 98 
BUR = +41 . 92 + 0 . 0057 (UPO) - 0 . 0006 (THM) R2 

= . 80 
TSR = -90 . 77 + 0 . 08 3 1  ( NAE ) + 0519  (TEP ) R2 = . 99 
MCR = -568 . 79 + 1 2 4 1  (NAE) + 0 . 0070 (THM) R2 

= . 96 
TVR = -384 . 40 + 0 . 98 1 1  ( TEP ) + 1 . 1 5 7 2  ( NAE) R2 

= . 9 9  

TVM = -8376 . 10 + 3 2 . 0435 (NAE) - 2 3 . 5868 (FPC ) 
UVM = - 5 13 5 6 . 37 + 1 4 . 7 603 ( NAE) + 0 . 6483 (THM) 
RVM = +1086 . 1 4 + 1 5 . 1954 (NAE) - 0 . 1 101 (PIC)  

GAS = -744 . 80 + 2 . 4023 ( NAE ) - 2 . 8601 ( FPC) 
SFL = -84 . 89 + 0 . 0056 (PIC)  
TFC = -468 . 03 + 2 . 2565 ( NAE) - 1 . 3398 ( FPC ) 

ARF = -74186 . 20 + 73 . 73 1 2  (UPO) - 1 0 . 9661 (TPO ) 
TRF = -224 10 . 98 + 2 0 . 5696 (LID) + 0 . 1804 (PIC)  
BRF = +370 . 4 8  - 0 . 2056 (PDA) + 0 . 1372  (TEP) 
TSF = - 1 1 2 5 . 95 + 0 . 7279 ( TEP) + 0 . 8290 ( NAE ) 
MCF = �489 . 67 + 0 . 5052 ( NAE ) + 1 9 . 5835 (XG2) 
TVF = 8501 0 . 1 6  + 4 8 . 3786 (TEP ) - 1 . 8 2 9 2  (RHM) 

MRT = -29862 1 . 4  + 1 2 2 . 5353 (LID) + 7 5 . 9777 ( PDA) 
MFT = - 1 6 1 53 5 . 4  + 1 80 . 3292  ( NAE) + 1500 9 . 07 (XG2) 
HUR = -458335 . 8  + 2 8 8 . 7550 (LID) + 1 80 7 5 . 48 (XGM) 
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R2 
= . 95 

R2 = . 9 5  
R2 

= • 84 

R2 = . 97 
R2 

= 99 
R2 = : 97 

2 R = • 93  
R2 = . 99 
R2 = • 84 
R2 = . 99 
R2 

= . 96 
R2 

= . 9 8  

R2 
= • 9 5  

R2 = . 98 
R2 
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TABLE C-4 . REGRESSION SERIES 4 :  OUTPUT VARIABLE = f ( OTHER OUTPUT VARIABLES )  
============================================================================= 
ATR = Not Applicable 
TRR = Not Applicable 
BUR = Not Applicable 
TSR = Not Applicable 
MCR = Not Applicable 
TVR = Not Applicable 

TVM = +12280 . 8 1  + 244 . 3235  (TSR) - 9 . 6886 (TRR) 
UVM = - 15497 . 43 + 1 8 . 90 1 9  (ATR) - 1 2 2 . 1301 (MCR) 
RVM = +2052 1 . 31 + 208 . 46 8 7  (TSR) - 9 . 0354 (TVR) 

GAS = +1 9 2 . 0 8  + 0 . 0758 ( TVM) - 5 4 . 7742 ( BUR) 
SFL = -1 9 . 08 + 0 . 5338 (TRR) - 0 . 0 1297 (UVM) 
TFC = -76 . 77 + 0 . 0505 ( TVM) + 0 . 42 6 4  (ATR) 

ARF = +1 2223 . 03 + 392 . 1 8 1 1  (TSR) - 1 0 . 3677  ( TVR ) 
TRF = -2594 . 90 + 2 8 . 7749 (TRR) + 7 5 . 9669 (TSR) 
BRF = 1 39 . 64 9 2  - 0 . 5906 (TSR) - 0 . 0756 (TRR) 
TSF = -378 . 7 915  + 6 . 9929 (TSR) + 0 . 2991 ( TVR) 
MCF = -309 . 5787  + 0 . 2454 (ATR) + 2 . 5653 (MCR) 
TVF = 988 . 8 7  + 6 4 8 . 9950 (TSR) - 1 8 2 . 7592 (MCR) 

MRT = -77 2 3 4 . 96 + 1 9 4 . 9350 (TRR) + 8 . 9 1 4 7  (UVM) 
MFT = -175328 . 1  + 1 6 8 . 2396 (ATR) + 4 . 0861 ( RVM) 
HUR = - 2 1 4476 . 9  + 1 50 . 7303 (TVR) + 1 7 . 3 2 40 (UVM) 
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R2 = . 9 6 
R2 = . 9 8  
R2 = . 96 

R2 = . 9 9  
R2 = . 94 
R2 . 99 

R2 . 93 
R2 = . 99 
R2 = . 79 
R2 . 9 9  
R2 = . 9 8  
R2 = . 98 

R2 = . 93 
R

2 = . 98 
R2 = . 9 7  



TABLE C-5 . REGRESSION SERIES 5 :  OUTPUT VARIABLE = f( INPUT VARIABLES , 
OTHER OUTPUT VARIABLES )  

=========================================================================== 
ATR = Regression Series 3 
TRR = Regres sion Series 3 
BUR = Regression Series 3 
TSR = Regres sion Series 3 
MCR = Re gression Series 3 
TVR = Regres s ion Series 3 

TVM = 1 10 1 9 . 7 1 + 2 2 2 . 1701  (TSR) - 30 . 0077 (FPC ) 
UVM = -9807 . 92 + 2 1 . 3169  ( NAE) - 70 . 8989 (MCR) 
RVM = 9990 . 90 + 1 1 9 . 72 2 1  (TSR) - 0 . 1753  ( P IC ) 

GAS = 1 9 2 . 0769 + 0 . 0758 (TVM) - 5 4 . 7742  ( BUR) 
SFL = -84 . 8969 + 0 . 0056 (PIC) + 0 . 1 1 2 1  (TEP) 
TFC = -76 . 7734 + 0506 (TVM) + 0 . 4264 (ATR) 

ARF = -74186 . 20 + 7 3 . 73 1 2  (UPO ) - 1 0 . 9961  (TPO ) 
TRF = -16835 . 82 + 1 3 . 40 8 3  (LID) + 1 9 . 1 1 1 1  (TRR) 
BRF = 3 70 . 48 - 0 . 2056 ( PDA) + 0 . 1 3 7 2  (TEP) 
TSF = -27 . 7707 + 9 . 72 7 2  (TSR) + 0 . 0064 ( PIC) 
MCF = -309 . 58 + 0 . 2454 ( ATR) + 2 . 5654 (MCR) 
TVF = -2370 1 . 48 + 3 1 . 84 9 1  (TEP ) + 2 3 3 . 6629 ( TSR) 

MRT = -283369 . 10 + 1 7 6 . 4686 (LID) + 9 4 4 6 . 5300 ( BUR) 
MFT = -18937 7 . 8  + 1 50 . 2380 (ATR) + 978 7 . 4 7 1 0  ( XSM) 
HUR = -367299 . 3  + 2 6 5 . 2710  (LID) + 9 3 . 8022 ( GAS) 
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R2 
= . 98 

R2 = . 96  
R2 = . 98 

R2 = . 9 9  
R2 . 99 
R2 = . 99 

R2 = . 93 
R2 = . 9 9  
R2 = . 99 
R2 = . 9 9  
R2 = . 98 
R2 . 9 8  

R2 = . 9 5  
R2 = . 99 
R2 . 99 



TABLE C-6 . REGRESSION SERIES 6 :  OUTPUT VARIABLE = f ( SPECIFIC INPUT AND 
OUTPUT VARIABLE S )  

:;;=:=:;��;:;;
=:=�:��;;=�;;;�===

================================;z=:=:;� 

= -2 1 4 . 1 2  + 6 2 . 4752  ( YR) - 0 . 8366 ( TPO) R2 
= . 9 4  

TRR = -2775 . 82 + 0 . 97 8 3  (TPO) R2 
= . 94 

= -208 9 . 93 + 2 1 . 9889 ( YR) + 0 . 2952 (TPO) R2 = . 9 7  
BUR = -6 , 90 + 0 . 0042 ( TPO ) R2 

= . 7 2  
= -3 . 84 + 0 . 0098 ( YR )  + 0 . 001 2 (TPO ) R2 

= . 7 4  
TSR = -353 . 81 + 0 . 1 2 29 (TPO) R2 

= . 83 
= -139 . 06 + 6 . 8850 ( YR) - 0 . 0 90 3  ( TPO) R2 = . 96 

MCR = -229 . 75 + 0 . 0807 (TPO) R2 
= . 69 

= -60 . 2 1  + 5 . 4  ( YR) - 0 . 0876 (TPO) R2 = . 85 
TVR = -493 6 . 40 + 2 . 0761  (TPO) R2 

= . 89 
= -2 388 . 39 + 8 1 . 6864 ( YR) - 0 . 4530 ( TPO ) R2 = . 96 

T\� = -62 23 . 74 + 1 5 . 7410 ( TVR ) - 65 . 8091 (FPC ) 
UVM = -4694. 56 + 7 . 1071  ( TVR) - 2 3 . 7882 ( FPC) 
RVM = +3742 . 70 + 6 . 2437  (TVR) - 3 2 . 9848 (FPC ) 

GAS = -19 . 52 + 0 . 06 7 3  (TVM) 
SFL = - 1 6 2 . 78 + 0 . 01 44 (TVM) 

= -5 3 . 62 + 0 . 3909 (TRR) 
TFC = 1 20 . 3 4  + 0 . 0 7 1 5  (TVM) 

ARF = -231 1 7 . 10 + 2 4 . 4934 (ATR) 
TRF = -3806 . 35 + 3 8 . 5383 (TRR) 
BRF = 2 5 0 . 29 - 2 5 . 7064 ( BUR) 
TSF = -52 . 0 9  + 1 1 . 80 6 1  (TSR) 
MCF = -58 . 73 + 5 . 5 804 (MCR) 
TVF = -3324 6 . 10 + 3 1 . 87 1 2  (TVR) 

MRT = -17527 9 . 20 + 1 1 2 . 3940 ( TVR) + 1 . 9746 ( TVM) 
MFT = -8765 5 . 51 + 1 3 6 . 2 508 (TFC) 

= -13009 8 . 80 + 9 0 . 6434 ( TFC) + 14395 . 03 ( XG2 ) 

HUR = -256870 . 70 + 1 7 4 . 5025 (TVR )  + 6 . 3370 ( TVM) 
= -26 2230 . 90 + 188 . 7699 ( TVR) + 68 . 1 42 3  (TF C )  
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2 . 96 R
2 = 

R
2 = . 9 6  

R = . 83 

R2 = . 9 8  
R2 

= . 73 
R2 = . 9 4  
R2 

= . 99 

R2 
= . 8 8  

R2 = . 98 
R2 = . 53 
R2 

= . 98 
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2 
= . 9 6  

R2 
= . 96 

R2 = . 90 
R2 

= . 95 
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= . 98 

R2 
= . 96 

R2 = . 96 



TABLE C-7 . REGRESSION SERIES 7 :  OUTPUT VARIABLE = f ( SPECIFIC INPUT AND OUTPUT 
VARIABLES ,  REGRESS ION LINE THROUGH ORIGIN) 

======================================================== ======================= 
ATR = 0 . 4 6 3 1 3  (TPO) 
TRR = 0 . 16389 (TPO) 
BUR = 0 . 00 2 1 8  (TPO) 
TSR = 0 . 01 9.08  ( TPO) 
MCR = 0 . 0 1 326 (TPO) 
TVR = 0 . 62 7 7 2  (TPO) 

TVM = 1 1 . 7738 (TVR ) - 32 . 90973 ( FPC ) 
UVM = 3 . 86 1 93 (TVR) + 8 . 1 4239 ( FPC) 
RVM = 9 . 97679 (ATR) - 1 4 . 27601  (FPC ) 

GAS = . 06646 (TVM) 
SFL = - 0 . 00436 (TVM) + 0 . 4 7 3 7 1  (TRR) 
TFC = 0 . 07660 ( TVM) 

ARF = 1 0 . 05641  ( ATR) 
TRF = 3 3 . 49092 (TRR) 
BRF = 7 . 65874 ( BUR) 
TSF = 1 1 . 10283 (TSR) 
MCF = 4 . 452 ( MCR) 
TVF = 1 6 . 7 6 1 1 6  (TVR) 

MRT = 5 3 . 7298 (TVR) 
MFT = 1 2 , 72 4 . 4025 (XG2 ) + 4 , 21 6 . 0885 ( XGM) 
HUR = 1 5 2 . 8 2 6 7 8  (TFC) 
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APPENDIX D 

CANDIDATE REGRESSION EQUATIONS AND COMPARISON 
OF ACTUAL VERSUS PREDICTED DEPENDENT VARIABLES 
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ARF = 
ATR = 
BRF = 
BUR = 
FPC = 

GAS = 
HUR = 
LID = 
MCF = 
MCR = 
MFT = 
MRT = 
NAE 
PCC = 
PDA = 

PIC = 
RHM = 
RVM = 
S FL 
TEP = 
TFC = 
THM 
TPO = 
TRF = 

TRR = 
TSF = 
TSR = 
TVF = 

TVM 
TVR = 

UHM = 
UPO = 
UTR = 
UVM = 
WDT = 
XG2 = 
XGM = 

YR = 

ALPHABETICAL LISTING OF VARIABLES 

auto regis tration fees in thousand dollars 
auto registration in thousands 
bus registration fees in thousand dollar s  
bus registration i n  thousands 
fuel price in cents per gallon 
gasoline fuel consump tion in m i l l ion gal lons 
total highway-user revenues in thousand dollars 
licensed drivers in thousands 
motorcycle registrat ion fees in thousand dollars 
motorcycle registrat ion in thousands 
total fuel revenues in thousand dol lar s  
total reg istration and miscellaneous fees i n  thousand dollars 
nonagricultural employment in thousands 
personal income - 1 9 7 2  constant dollars in mill ions 
persons of dr iving age in thousands 
per sonal income in mil lion dollars 
rural h ighway miles 
rural vehicle-miles in mi l l ions 
s pecial fuel consumption in million gallons 
total employment in thousands 
total fuel consumption in million gallons 
total  highway miles 
total population in thousands 
t ruck fees in thousand dollars 
truck registrat ion in thousands 
trailer registration fees in thousand dollars 
trailer registration in thousands 
total vehicle registration fees in thousand dollars 
total vehicle-miles in mill i ons 
total motor-vehicle registration in thousands 
urban hi ghway miles 
urban population in thousands 
motor-vehicle usage tax in thousand dollars 
urban vehicle-miles in millions 
weight-distance tax in thousand dollar s  
gasoline tax rate for two-axle vehicles i n  dollars per gallon 
gasoline tax rate for more than two axle vehicles in dollars 
per gallon 
year ( 1964 = 6 4 ,  1 990 = 9 0 ,  e tc . )  
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EQUATION 
NUMBER 

1 
2 
3 
4 
5 
6 

7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  

1 5  
1 6  

1 7  
18  

19  
20  
2 1  
2 2  

2 3  
2 4  
2 5  
2 6  
2 7  
2 8  

2 9  

3 0  
3 1  
3 2  
3 3  

3 4  

TOTAL MOTOR VEHICLE REGISTRATION (TVR ) 

TVR = -4 ,945 . 6 1  + 2 .080 (TPO) 
TVR = 0 . 62920  (TPO) 
TVR = 1 , 389 . 2 3  + 0 . 0436 (PIC) 
TVR = 0 . 1 075 (PIC ) 

*TVR = 287 . 86 + 0 . 1424  ( PCC) 
TVR = 0 . 1 63 7 (PC C )  

TOTAL VEHICLE MILES ( TVM) 

TVM = -51 , 7 59 + 2 1 . 6 1 1  (TPO) 
TVM = 6 . 425 (TPO) 
TVM = 1 4 , 2 2 8  + 0 . 44 2 8  (PIC ) 
TVM = 1 . 0 97 (PIC)  
TVH = 1 . 693  + 1 . 551  (PCC) 
TVM = 1 . 676 ( PCC)  
TVM = -4 , 7 72 - 3 6 . 2 63 ( FPC ) + 1 3 . 64 4  

*TVM = 1 0 . 6 2 5  (TVR) - 1 1 .470 

TOTAL FUEL CONSUMPTION (TFC ) 

TFC = 2 02 .894 + 0 . 0705 ( TVM) 
*TFC = 0 . 0795 (TVM) 

TOTAL MOTOR FUEL REVENUES (MFT ) 

( FPC) 
(TVR ) 

MFT = - 5 ,078 . 3 1  + 969 . 2 1  (TFC ) [ 0 . 75(XG2)  + 0 .2 5(XGM ) ]  
*MFT = 939 . 72 ( TFC ) [ . 7 5 (XG2) + . 2 5 (XGM ) ]  

TOTAL VEHICLE REGISTRATION FEES (TVF ) 

*TVF -33 , 056 . 02 + 3 1 . 706 (TVR) 
TVF = 1 6 . 7 2 1  (TVR ) 
TVF = -2 6 , 87 8 . 3 4  + 2 5 . 1 2 0  (ATR) + 39 . 6 1 4  (TRR) 
TVF = 1 4 . 574 (ATR) + 2 3 . 027  (TRR) 

TOTAL MOTOR VEHICLE USAGE TAX (UTR) 

UTR = -592 , 200 . + 1 93 . 662 ( TPO) 
UTR = 1 9 . 9 1 0  (TPO ) 
UTR = - 1 75 2 . 74 + 4 . 020 (PIC)  
UTR = 3 . 943 ( P I C )  

*UTR = -103 , 510 + 1 3 . 14 7  ( PCC) 
UTR = 5 . 504 (PC C )  

WEIGHT-DISTANCE TAX (IIDT ) 

*I®T = -52 . 408 . 3 2  + 0 .0285 [ 1 04 . 1 38 (TVM ) ]  

MISCELLANEOUS USER REVENUES ( MS C )  

MSC = -26 , 607 + 9 . 1 3 8  (TPO) 
MSC = -1 4 , 81 8 . 81 + 2 6 0 . 2 500 (YR)  

*MSC = -1 , 972 . 7 6  + 0 . 49 7 9  (PC C )  
M S C  = -2 , 2 7 4 . 96 + 3 . 1692 (TVR) 
MSC = - 1 . 1 8 8  + 0 . 2 5 9 7  (TVM) 

TOTAL HIGHWAY USER REVENUES (HUR) 

*HUR = MFT + TVF + UTR + HDT + MSC 

*Recommended Mode l s  7 4  

R.?_ 
. 8 9  

. 90 

. 98 

• 7 8  

• 7 6  

.95 

. 9 7  

. 9 8  

• 9 8  

. 96 

. 9 6  

. 8 8  

. 8 7  

• 9 5  

. s o  
. 4 1  
.35  
. 2 9  
. 2 4  



EQUATION NO. 1 

TVR = -49.45 . 61069 + 2 . 08024 (TPO) 

R2 = • 89 

1 964 

1 9 6 5  
1 966 

1 967 
1 96 8  

1 9 69 
1 9"/ 0 

1 97 1  

1 9 "/2 

1 97 3 
1 9 / 4  

1 97 5  
1 91 6  

I 9 7 7  

1 97 8  
1 97 9  

1 980 

J OB ! 
1 98 2  

1 98 3  

1 984 

TVfl 

.1 4 1  8 .  8208 
1 4 99 . 97 1 9  

1 5 7 4 . 6 3 1 8  
I 63 2 . 37 99 

1 6 90 . 6 4 60 

1 7 1 2 . 8 28 9  

1 "/ 6 2 . 5 1 6 8 

I R 5 9 , 986B 

1 9o i .  6 1  09 

2090 . / 4 7 8  

2 1 64 . 05 9 8  
22 4 5 . 1 3 1 9  

235 0 . 1 4 6 0  
2 44 9 . 7 1 -/ 8  

2:>43 . 8 8 99 

260 5 . 4 968 

2 5 9 2 . 7 1 3 9 
2593 . 4468 

26 1 5. 34 0d 
2620 . d24u 

251 6 . 5588 

*P R E D  

l o 4 6 . 67 80 

1 6 5 9 . 1 5 9 5  

I 6-/ I . 64 0 9  
1 6 8i3 . 28 29 

J "/ 5 2 . "/ 7 0 4  

I I7 7 . 7 3 33 

1 / 5 0 . 6 9 0 2  

1 8 6 9 . 26 4 0  

1 93 1 . 6 7 1 3  

2U0 6 . :i600 

2037 . 7 6 3 6  
20 1 4 . 8 8 1 0  

2 1 3 5 . 4 609 
224 7 , 8o 8 1 

2 3 3 1 . O T / 8  
239 I .  4 0 4 9  

267 0 . 1 5 7 4  
2 6  7 2 .  2 3 -/ 6  
26'3 2 .  6388 
2 7 8 J . 4 1 0 2 

27 9 9 . 1 3 24 

75 

*RES I D  

- 22 7 . 85 7 2  
- 1 5 9 . 1 8 7 6  

-:n . oo9 1 
-55 . 903 0 

-6 2 . 1 2 44 

- 6 4 . 904 5 

I I . B 2 o 7  

- 9 . 277 2 

3 5 . 9486 
8 4 . 1 8 7 8  

1 26 . 29 6 2  
23 0 . 25 7 0  

1 6 4 . 68 5 1  

20 I . B 496 

2 1 2 . 8 1 2 1  

2 1 4 . 09 20 

-77 , 44 3 5  
- / B , / 9 08 

-67 . 29 8 0  
- l :i 9 . 58 6 3  

- 2 2 2 . 57 36 



EQUATION NO. 2 

TVR = 0 . 6293 (TPO) 

TVR *P R E D  *R ES J D  

1 96 4  1 4 1 8 . 82 0 t:l  1 99 3 . 93 0 1 -57 5 . 1 09 3  
1 9 65 1 4 99 . 9 7 1 9  I 99 7 . 7053 -497 . 7 334 
1 966 1 57 4 . 63 1 8  2 00 1 . 4 8 05 - 4 2 6 . 84 87 

1 967 1 6 3 2 . 3 / 09 200 6 . 5 1 4 1  -3 7 4 . 1 34 2 
1 96 8  1 6 90 . 6 4 60 2026 . 0 1 93 -33 5 . 3 7  33 
1 9 69 , .1 1 2 . 8 2 8 9  2033 . 5696 -32 0 . 7 4 08 
1 9 1 0  J l 62 . 5 1 6 il 202 5 . 3 90 1 -26 2 . 87 3 2  
1 07 1  1 '3 59 . 0868 206 I .  2544 -20 I .  267 6 
1 9 l 2  1 96/ . 6 1  99 208 0 .  1 3 03 - 1 1 2 . 5 1 05 
1 97 3 2090 •

. 
/ 4 7 8  2 1 0 2 . 7 8 1 5  - 1 2 . 03 3 7  

1 9 / 4  2 1 6 4 . 0508 2 1 1 2 . 2 1 9 5 5 1 . 84 04 
1 97 5  224 5 . 1 3 7 9  2 1 0 5 . 2 983 1 3 9 . 83 97 
1 9 1 6  235 0 . 1 4 6 0  2 1 56 . 8 9 26 1 9 3 . 2534 
I 0 7 7  2 44 9 . / 1 7 8 2 1 7 5 . 7 6 b5 27 3 . 94 9 3  
1 9/ 8  2 54 3 . 8899 2200. 9364 34 2 . 95 3 4  
1 9 7 9  2605 . 4 968 22 1 9 . 1 8 3 2  38 6 . 3 1 36 
1 980 2 5 9 2  •

. 
1 1 3 9  2303 . 4 9 5 8  23 9 . 2 1 8 1  

I 08 1 2593 . 4 4 6 8  2304 . 1 2 5 0  2.3 9 . 3 2 1 8  
1 9d 2  26 1 5 . 3 408 230 1 . 27 1 0  3J8 . 06 98 
I 08 3 2 6 20 . 8 2 4 0  2 33 6 . 8 4 33 28 3 . 9306 

1 984 25/6 . 55fi8 2 3 4 2 . 506 1 234 . 05 27 

76 



EQUATION NO. 3 

TVR = 1389. 23734 + . 04364 (PIC) 

2 
R = • 90 

TV fi *PR E D  

1 96 4  1 4 1 8 . 8208 1 64 I .  4 9 1 8  

1 9 65 1 4 99 , 97 1 9  1 67 2 , 8 654 

1 9 66 1 5 / 4 . 6 3 1 8  1 7 00 . 9228 

1 967 1 63 2 . 37 9 9  1 7 26 . 8 42 1 

1 96 8  1 6 90. 6460 1 7 6 0 , 8 33 8  
1 9 6 9  1 7 1 2 . d 2 8 9  1 "/ 9 0 . /6 7 5  

1 9"/ 0  1 7 6 2 . 5 1 6 8 1 8 2 5 . 5fl83 

1 97 1  1 85 9 . 9868 1 86 0 . 4964 

1 9 7 2  1 96 7 . 6 1  9 9  1 908 . 4 9 5 0  

1 97 3  20 90 . 74 7 8  1 96 9 . 58 4 .1 

1 9"/ 4 2 1 6 4 . 0 598 2 0 3 5 . 0367 

1 97 5  224 5 .  1 37 9  2 1 1 3 . 57 99 
1 9"/ 6 2350 . 1 460 2200 . 8 5 0 1 
1 9 7 7  244 9 , 7 1 7 8 ?288. 1 2 03 
1 97 8  2543 . 88 99 2397 . 2080 
1 97 9  2 60 5 . 4 96 8  25 1 0 . 6 5 9 3 

1 98 0  259 2 . 7 1 3 9 2606. 6565 

I 08 1 2593 . 4 46 8  2"/4 1 . 9 253 
1 98 2  26 1 5 . 3408 2820. 4 6 8 4  
1 98 3  2 6 ? 0 . 8240 28"/ 2 . 1:l 3 0 5  
1 984 2 5 "/ 6 .  55fl8 

*RES I D 
- 222 . 67 1 0  

- 1 7 2. 89 3 5  

- 1 26 . 2 9 1 0  
-94 . 46 22 

-7 0. 1 8 7 8  
-T/ . 9386 

-6 3 . 07 1 4  
-o . 509.5 

5 9 .  1 24 9  

1 2 1 .  1 6 37 

1 2 9 . 023 1 

1 3 1 . 55 8 0  

1 4 9 . 2 9 5 9  
1 6 1 . 59 7 5  

1 4 6 . 68 1 9  

9 4 . 83 7 6  

- 1 3 . 94 26 

- 1 4 8 . 4 7 8 5  

- 20 5 . 1 27 6  
-25 2 . 0066 



EQUATI ON NO . 4 

TVR = . 10754 (PIC) 

TVR 

1 96 4  1 4 1 8 . 8208 

1 9 6 5  1 4 99 . 9-/ 1 9  
1 966 1 57 4 . 6 3 1 8  

1 967 1 63 2 . 3 7 9 9  

1 96 8  1 6 9 0 . 6 4 6 0  
1 9 6 9  1 7 1 2 . 8289 
1 9 "/ 0 J "/ 6 2 . 5 1 6 8 
I 07 1 1 8 5 9 . 9Ci68 
1 9 7 2  1 96 7 . 6 1 99 
1 97 3  2090 . -/ 4 7 8  
1 9 "/ 4 2 1 64 . 0598 
1 97 5  224 5 . 1 37 9 . 
1 9"/ 6 2350. 1 4 6 0  
I 077 2 44 9 . J I 7 El 
1 97 8  2543 . 8 8 99 
1 97 9  260 5 . 4 968 
1 980 2 5 92 . 7 1 3 9  
1 08 1  2 59 3 . 4468 
1 98 2  . 26 1 5 . 3 4 U S  
1 08 3  2620 . 8 2 4 0  
1 984 2576 . 55fl8 

*P R E D  *fiES 1 D 
6 2 1 . 6 7 1 4  :/ 9-/ . 1 4 94 

69 8 . 99 06 8 00 . 98 1 4  

76 8 . 1 J 6 9  806 . 4 9 5 0  

83 2 . 0 1 3 8 8 0 0 . 3660 

9 1 5 . 7 8 5 2  n 4 . 86 08 

98 9 . 5556 7 23 . 27 3 3 

1 07 5 . 3 7 0 1  6:3"/ . 1 4 6 8  

1 1 6 1 . 39 9 7  69 8 . 587 1 

1 27 9 . 6 9 04 68 7 . 9 2 9 5  

1 43 0 . 2 4 22 66 0 . 5056 

1 59 1 . 54 77 57 2. 5 1  2 1  

1 -/ 8 5 . 1 1 4 3 46 0 . 0236 

2 000. 1 88 4  3 4 9 . 9576 
22 1 5 . 26 24 234 . 4 554 

248 4 . 1 0 4 9  5 9 . '/ 8 5 0 

276 3 . 7 0 1 1  -. 1 5 8 . 204 3 

3000 . 2 8 2 5  - 40 7 . 56 8 7  

3 3 3 3 . 64D -74 0 . 2005 

3 52 "/  . 2 1 3 9 - 9 1 1 . 8 /3 1 

3 6 5 6 . 2583 - 1 03 5 . 4 3 4 3  

7 8  



EQUATION NO. 5 

TVR = 287 . 86656 + . 14245 (PCC ) 
2 R = • 98 

TVR *PR E D  

1 9 64 1 4 1 8 . 8208 1 40 9 . 50 4 2  

1 96 5  1 4 99 . 97 I 9 1 48 5 . 57 1 6  
1 966 1 57 4 . 6 3 1 8  1 56 1 . 2 1  1 6  

1 967 1 63 2 . 37 0 9  l o 29 . 3 0 1 9  

1 96 8  1 690 . 6 46 0  1 6 9 7  . 6 T / I 

1 9 69 1 7 1 2 . 8 2 8 9  1 77 0 . 8 9 55 
1 9 "/0 1 "/ 6 2 . 5 1 6 8 l d2 8 . J 02 1 
I 07 1 l fl 5 9 . 0868 1 83 5 . 5603 
1 97 2  1 96 7 . 6 1 99 1 99 2 . 26 0 1  
1 97 3 2090. /4 7 8  2 1 0 4 . 22 4 4 
1 9 / 4  2 1 64 . 0598 2 1 7 5 . 7 3 3 5  
1 97 5  224 5 . 1 37 9  2 1 7 6 . 0 1 84 
1 9/ 6  2350. 1 4 6 0  2297 . 66 9 2  
I 0 7 7  244 9 . "1 1 7 8 2407 . 06 9 5  
1 97 8  254J . B B 99 247 9 . 8 6 0 5  
1 97 9  2605 . 4 968 2 55 4 . 07 6 1 
1 980 2592 . 7 1 3 9 2 5 1 5 . 6 1 50 

I 08 1 2593 . 4 4 6El 259 2 . 2 5 22 
1 982 2o i 5 . 3 40B 26 1 0 . 3 4 3 1 
I 083 2620 . 82 4 0  2o i 5 . 3 2 B B  

1 984 25"1 6 .  5588 277 9 . 00 1 9  

79 

*RES I D 
9 . 3 1 66 

1 4 . 4 003 
1 3 . 4 202 

3 .  07 8 0  

- 7 . 03 1 1  

-58 . 0666 

-6 5 . "/8 5 3  

- 2 5 . 57 9 5  

-24 . 64 02 

- 1 3 .4 7 66 

- 1 1 . 67 37 
6 9 .  I I  96 

5 2 . 47 68 
4 2 . 64 8 3  

o 4 . 0294 
5 1  . 4 208 

7 7 . 09 8 8  

I .  1 9 4 6  

4 .  9 9 7 7  
5 . 4 9 5 1 

-20 2 . 443 1 



EQUATION NO. 6 

TVR = . 1 6370 (PCC) 

TV R 
1 964 1 4 1 8 . 8208 
1 96 5  1 4 99 . 97 1 9  
1 966 1 57 4 . 63 1 8  
1 967 J 63 2 . 3 7 9 9  
1 96 8  1 6 90 . 6460 
1 96 9  1 7 1  2 . 8 2 8 9  
1 9"10 U o 2 . 5 1 6 tl 
) 9"/ 1  1 8 5 9 . 98 6 8  
1 9"12 1 96 7 , 6 1 99 
1 97 3 2090 . "1 4 7 8  
1 9 / 4  2 1 64 , 05 9 8  
1 97 5  224 5 . 1 3 7 9  
1 9 1 6  235 0 . 1 4 6 0  I 9T/ 244 9 .  j 1 7 8 
1 97 8  2 543 . 88 9 9 
1 97 9  260 5 . 4 9 68 
1 980 2 5 92 . "1 1 3 9  
J OB ! 2593 . 4468 
1 98 2  26 1 5 . 340tl 
1 98 3  2620 . 8240 
1 98 4  257 6 . 55fl8 

*PR F D  *RES l D  
1 28 8 .  997 3 1 2 9 . 82 3 5  
1 37 6 . 4 1 4 7 1 2 3 . 557 2 
1 46 3 . 3 4 1 0  I I  I . 2908 
1 54 1 . 59 I I  9 0 . 7 888 
1 62 0 . 1 6 8 5  7 0 . 4 7 7 5  
1 1 0 4 . 3 1 1 8  8 . 5 1 7 0 
1 7 7 0 . 2tl 4 1 -·/ . /6 7 3  
1 83 6 . 0927 2 3 . 8 9 4 1 
1 95 8 . 7 0 6 3  8 . 9 1 36 

. 208} . 3.7 6 8  3 . 3 1 1 0  
2 1 6 9 . 5557 - 5 . 4 9 5 9  
2 1 6 9 . 8 83 I 7 5 . 25 4 8  
2309 . 68 5 5  4 0. 4 6 0 5  
243 5 , 40 9 4  1 4 . 3084 
2 5 1 9 . 06 1 6  2 4 . 1:;2 8 3  
2604 . 35 0 9  ' ·  1 4 6 0 
2 560 . 1 5 1 1  . 3 2 . 5628 
264 8 . 2233 -5 4 . •  7 7 6 5  
266 9 , 0 1 3 6 -5 3 . 67 27 
26"/ 4 .  "/4 3 2  -53 . 9 1 92 
286 2 . 8 3 7 9  -23 6 . 27 9 1  

80 



EQUATION NO . 7 

TVM = 5175 9 . 03 + 21 . 611 (TPO) 

R2 = • 78 

TVM *P ::n= r  
1 0 0 �  1 3 .1 1 � . oooo .1 6 1 2 7 . 1 5 1 7  
I ":l'i c 

I ::l O t ? . 00"0 1 6 "< ) � . '3 1 9 :, 
I ? "'� 1 4 7 7 .· . 0000 1 6 9'l 6 . � s n  
I 9 6 7  l 57 L: I  . ocn o 1 7 1 5 0 , 3 7 7 6 
1 ? n �  1 56 9 1  . OO J O  1 7 '12 9 , _, 2 7 6  
1 9 6 9  I 7 St>t· . 00'"'0 I B 'F S , f-6 3 1  
J 0 7 ') I 8 3 97 . 0010 1 7 3 ! 7 . 7 1 6 3 
I 0 7 1 2 0 3 55 . 0000 1 90 • 9 . 56 00 
1 0 7 ?  ? .1 7 7 5 .  (1'"\J () 1 o,. 3 1  • e o  s 1 
I 97 .' 2 3 0\16 . 00 ) 0  204) 5 .  9 0  5 3  
1 0 7 4 .? .? ') 4 " . 00') 0  2 0-P J , 0 / 47 
I 9 7 5  2 .i 3 7 2 . 0000 2055 2 . � 5 0 4 
I 07 'i 2 4  '343 . OOJO 2 2.:< 2 4  , 4 / 6 �. 
1 9 7 7  .? 5 7 32 . ()0" 0  ? ;:>0 I .? • '3 I 5 .?  
J 0 7 "  2 f> 6 J7 . OOJO 2 .o 3.· 7 . 2 � 6 9  
1 9 7 0  ,) 5 99� • ()()') ('  2 4 4� 3 .  90 4 3  
I 0 9 ':1 

,: 5 2"1 � . 00-JO 2 7 � 5  ;I . > J 7 5  
1 9 '3 1  2 5 I 95 • 000 0 27 33 I • 5 1  R R  
1 0 0 ;> 2 5 6-,:.7 . oo o o  2 7 4J 9 . 57 5 3  
1 O S .' 2 6 7 I 0 , 0C1'l 'J  2 S ;'o )  5 , 3 )  6 0  
I 09 .' 2 7 '3 7.� . OJnn 2 fh � 1 , 3 '0 7 6  

81 

* RES I D 
- 36 1 3 . 1 5 1 7  
-2'33 7 .  8 1  9 'i  

. - 22 1 3 . 4 :3 7 2  
- 1 4 1  '3 . 3 7 7 6  
- 2 U S . -> 2 7 6 

- .?-' 2 . 66 3 1  
1 m  9 .  2'3 37 
1 3 1 5 . 4 4 00 
2 03 7 . 1 0 1 3  
?6: 0 . 0>' 4 7  
1 7 '5 2 , 02 5 3  

2 8 1 9 . 6 4 9 6 
2 51 8 .52 3 6  
27) 9 . 1 3 48 
276 9 .  7 .' 3 ]  
1 s · n .  00 5 7  

- 2 1 1  5 . Y0 7 5  
- 2 1 3 6 . 5 1  R S  

. - 1 8 �  2 • 5 7  5 3  
- 1 7 :3 6 . 3 ) 6 0  

- B �  6 .  wn "'  



EQUATION NO. 8 

TVM = 6 . 42517 (TPO) 

TVM �?. � [l  * R F3 1 [1 
I ':l � � I 3 1 1 4 . 0000 ?0.'5 1 • .! 7 0 9  - 7 24 7 .  J 7  0 9 
I ':1 6 �  I 3 ':1 1'>9 . 0(1')0 . ?03? 9 , 9 ? ?0 - 64 3 0 . 9? 2 0 
I ':l f,f. 1 4 7 73 . 0000 20 4 · 3 . 4 7 3 0  -56� 5 . 4 7 3 0 
1 9 6 7  1 5 7 4 1 . 0{)') 0  2043 0 , " 7 4 4  -4 7 4 3 . '3 1 4 4 
I ?0° I 5691  • 0000 . 2 06 3 9 . 0 5 4 7  - 4 9 ; 8 . 05 4 7  
1 96 9  I 7 'l M . 00·0 0 2 !) 7 � 6 . 1 5 68 - 2 9 0 0 .  1 5 6 'l  
I 9 7 '1 I 8 '3 9 / , 000 0 ? 06 '\ 2  , 6 2  9 5  - 1 7 3 5 , 6 2 9 5  
I 0 7 1 2 0 3 55 . 00 0 0  2 I 0� :3 • :3 �  4 4 -6.;1 3  • :36 4 4 
I ':1 7 ?  ;< I  T/ 5 ,  fl0')0 2 I 2.; I • 6 1  9 5 5 "< 3 , 3'3 0 5  
1 9 7 .' 2 3 0 95 . 0000 2 1 4 / 2 . >2 5 7 1 6 2 j , 0 7 4 3  
I 0 7 4 ? 2 543 . 00'10 2 1 55 0 , 3 0 33 9 7  3 , t; 9 (> 7  
1 9 75 2 .< 3 72 . 0000 2 1 4; 8 , CJd 6 4 1 8 7 3 . 3 7 3 6  

1 9 7 6  2 4  '3 4.1 . oo.oo 220l 5 . 4 ? 0 5 2 8 1 7 . 5 0 9 5  
1 9 7 7  '? 5 7 12 . 01')')0 ? ?,.> i 8 . 24 57 35 1 3 . 7 5 4 3  
l ':l? " '? 6"> UI , 000 0 ? 24 1 5 • .: 5 21'> 4 I ,; I • / -I  7 4 
I 97 0 2 5 004 . 00'10 ? ?' 5 1 . 5'3 '? 6 .'333 ? ,  4 I 7 4 
1 0 '3 '1 

2 5244 . fJO O (')  2 3 ')) 2 , 55 57 1 72 1 , 4 4 4 3 
I 0 '3 1  2 5 1 95 . 0000 23 5.< 8 . 9 3 0 9 1 6 5 6 . 0 1  9 1  
I ? " ?  ? 5 'J?7 , OO'JO 2 35'> 1 , I  0 6 7  2 05 5 , 8 ':1 3 3  
1 ':) '3 ."J 2 6 7 1 ;) . 0000 . ? 385 .i , 03 9 P  2 8" 5 . 9 1  0 2  
I ?'l ·' 2 B T l . 000 0  ? 3 9 2 0 , 9 1 64 3 03 ? . 0'3 3 ")  

82 



EQUATION NO. 9 

TVM = 14228 . 58 + . 4428 (PIC) 

i = • 76 

TVM *P R E D  
1 0 1'> '. I 3 I 1 4  • 00.) 0 1 6 7 '1 8 .66 55 
I ? 6 C  I 39!'0 . 0010 I 7 1 ) 7 . 01 06 
I o 6" 1 4 Ti: . OO O O  1 7  3- I . 8 1 9 8  
1 96 7  I 5 7 4 1  . 00·00 1 7 ">.3 4 . 36 9 5  
! ? I'> "  I 5 1'> 9 1  • 0010 1 7 9 "' 9 . '3 4 5 �  
1 0 6 9  1 7 8 ( ':> . 00'"" 0 I 9 3') 3 • 63 !'> 8 
1 0 7 0  I " 8 9 1  . 00 0 0  1 86 �  7 . 02 6 7 
I 0 7 1 ? 03 55 .  OO J O  I 0 0 1  I . 3 0 24 

I 9 7 ?  ? 1 775 . 0000 1 9 4 ) 5 . � .� � �  
I 9 7  .' 2 3 006 . 1100 0  ?0 1 1 9 . 4 1 3 9  
1 0 7 .:!  ? 2 '1 4 .• . () 0 ') 0  ? 0 1� 2 . 6 3 06 

1 9 75 ? 3 3 7 ? . 00JO . 2 1 5 1 9 . 6 ') 0 13  

1 0 7 1)  2 4  '3LI ' . 0000 ?24� 5 . 4 9  0 1  

1 9 7 7  ?57.« ' . 00)0 ? 3,j ) l . l 7 9.1 

I 0 7 '1  2 6"> 07 . 00 ') 0  244'18 . 2 "  0 5  
1 9 7 0  ? 5 994 . 00 0 0  2 55) 9 . ::> 3 6 4  

1 0 9 !)  2 5 24 4 .  08 0 0  ?t\53 3 .  04 4 � 
I 9 9 1  2 5 1 95 . 00 0 0  ) 7 0) 6 . 1 1'>  ? 5  
1 0 ° ;> 2 5 "l ?i . 0000 ? 9 "( 5 3 . " 3 2 8  
1 0 '3 .' 2 6 7 1 0 . 0000 2 9 ?3 5 . ?9 6 ?  

I ? 'l .' ? 7 87.< . ()[' ) (.;  - 0 .  I ! 00[) 0 8  

83 

* RE.:3 1 !l 
- 3 6 / 4 . 6 'i  5 5  
- 3 1 V l . 0 7 0 '3  

- 2 6 1 3 . '3 1 9 '3  
- 1 9J .• . S6 9 5  
- 2 .:l ) 3  . 5, 5 4  

-4 'l 7  . 6 3 f> S 
2.) 9 .  9 7 .< 3 

1 34 3 .  f.Q ?  6 
.?2 1 5  . 5J 8 6 
2 0 7 7  . 5 � 6 2  

1 7 6 0 . 3 1 0 4  

n ? 2 . 1  '-' 9 2 
23 7 7 . 5 1 00 
2 : -3 0 . 82 0 0 

2 1 4 8 . 7 0 0 5  
3 3 4  • .  < 1 :< 6  

- 1 �� � Y . � � � 4  
- ?7 ":>  I .  7 ':!  2 5  
- 3  I :< 6 . '3 .o 2 f'  

- ? 5 � 1'> .  ?0 6 2  
- 0 .  I 'J IJ:..;:· O S  



EQUATION NO . 10 

TVM = 1 . 09661 (PK) 

I O f. �  
I 9 6 "  

I o ·"" 

I 9 6 7  
1 ? f, P  
I 9 6 9  
1 0 7 '1 
I 0 7 1 
1 0 7 ?  
I 97 .' 
I 0 7 L 
I 9 7 5  

I 0 7  f. 
1 9 T i  
1 ? 7 "'  
I 07 " 
l O S ')  
I 9 '3 1  
I 'J O ?  
1 ') '3 _"J  

I ? 'J i  

TVM 
I 3 1 1 4 .  0000 
1 .� ot-o . n:)'IO 

I 4 7 7  .' . OQ'JO 
I 5 7 4 1 . 0)'10 
1 5 6 9 1  . oooo 

I 7 '3 6':! . OOJO 
I P "'. 97 . 000 0 
2 0 3  55 . O•J ') O  
? I T / S . OO J O  
;:> 3 '196 • O(' 'l ()  
? 2 ') 4 .• . 00 0 0  

? 3 3  i 2 .  '").')') 0 
? 4 S � .< . OO J O  
? 57 32 . I'C'10 

2 66:)7 . 00 ') 0  
2 5 0\;4 • 0000 
� 5 .?4 ' .  ()i:V)I) 
2 5 I 9" . OJ-:1 0 
.? '06?7 . OC\ ':1 ()  
2 6 7 I ; . OQJO 
? 7  -=n .- • oJ o u  

*P R F !l  * RES 1 n 
6 ' ·' 9 . 4 9 26 67 7 4 . 50 7 4 
7 1 2 7 . 05 4 0  684 I • 01 1'\ 0 

7 8 ' 3 . 07 3 J 6 ';-.< 9 . 92 6 0  
9 -t 0 4 . 4 5 8 5  7 �5 6 .  5 4  I S  
9 · : 8 . 7 1 6 :< 6 � s  d .  2 -3  n 

I OJI 0 .  7 3 96 7 7 7 5 . 0 1 0 4  

I 00' 6 .  CB 3 1  7 93 ) . 9 1  6 0  
. 1 1 3..; 3 . 36 9 7 8 5 l l . t.J 0 3  
. I  J.J4 9 • 6.· <:: " 8 't 2 5 • .J5 1 2  
1 4 5 '< !  . 5 ?  (1 :, 8 5  I I • I '1 0  ') 
1 6 ? ! 0 . S 'J 2 9  6 .J I J . I i 7 1  
I B .:>J 3 J7 7 9 '3 1 '> 9 . � ! 2 1 
20.< 1 6 . :; 1 4 �  4 4 4 6 . 03 5 5  
?2 5 1 J . I .J I I  3 l -1  I • ::>:':> 8 9 
2 5 �" 1 . ' 5  I o 1 21 5 . 34 '3 1  
.?d i 3 2 . S.J 3 4  - 2 1 � 3 . 8., .! 4  
.? !5) 5 . " 1 1 7  - 5 3) 1 . 3 7 1 7  
.7 3 ? J 4  . B.S 7 5 . - 87 ? 9 . b 7 5  

.� 5 ns '� .  75 2 "'  - I  0.34 I • 7 5  2 4  

3 7 2 '1 4 . 6 0 .?4 - 1 (1 5:'> 5 . 6 " 2 4  
- O . I J O JD 0 6  - 0 . I J JGJ 0 3  

84 



EQUATION NO.  11 

TVM = 1693 . 08 + 1 . 5511 (PCC) 
2 

R = • 95 

TVM *P � ED 
I Q ('- A  I � I  1 4 . ()IY'I O I .">. 'Y) f; . 6 5  7 7  
1 ?6� 1 2 96; . ()Q J ()  1 � / .' � . :;5 93 
1 Q /)f. I � 7 7 ? . nnl ()  I 555 " . 6 ) 7  6 
1 9 6 7  1 5 7 "  I . 0(1) 0 1 6 -'J ) . 0-1 6 2  
1 Q (\ 0 I ') 'S O I . OC' ) 'l  1 7 ! ' 4 . ': � 7 0 
1 9 6 <;'  I 7 9 t·6 . 0000 1 7 3� I . 3 '· 6 I 
I 0 7 '1 1 9 9 0 / . 0')')0 I 9 4 � 6 . 9 7 0 2  
1 ':)7 1  ? 0 .< c;s . '10'10 1 0)? (1 . 52 3 1 
I 07 ;> 2 I 7 75 .  OOJ O 2 023 2 . � I 7 0  
I 9 7  .' 2 3 0 °� . C\Ql () ? 1 4 7 I . 5 ) 2 1) 
1 0 7  L! ? 2 5 � � . OO J J  ? ;:> 2) � . 1 :S H 2 

I 9 7 5 ? 33 7 2 .  OOJO ;:>;:> ;:>'; 3 • 2 1 04 
1 0 7 6 2 4  9 4 _? . ()()')() 2 3 S I I . D3 2 fo 
1 9 7 7  ::> 5 7 ,,;:> . 000·) 2 4 i j ;i . J ; 7 9  
1 0 7 "  ':> 6 6 .J7 . OO J O  ? 55') 1 . 5 2 .;7 
1 9 7 0  ?. 5 f)()j • no'1 n 2 0 "3 � ·-: . 0� [1 /  
1 0 9') 2 5 ?" - ; . m ::J o  2 5?'> 1 . 1 ..> 6 5 
1 9 '3 1  2 5 1  os . nr n l  2 '(/'< 5 . f �· 2 f  
1 ') 0  ') 2 s :"J :n . O J J O  2 r:. ? -o .< . :s : s 7 
I :> 'J.'  .J f-. 7 1 r: .  rnn n 2 7 "3 "' . ? � 5 2  
1 o q .• . n s  n . OC' J \l  2 'i 'l l  'l . l 3  07 
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* R ::: 3 I [J 
-7? 2 . 6 '0 7 7 

-7) 5 . ; ) 9 .' 

- / � 5 . t'- l 7 1) 
-5 � 9 . C:H 6 2 

- 1 35 3 . 5 3 7 0  

? � . 1 -' 3 9  

4., 0 . 0? 9 13 
1 2 '>4 . 4 7 f:. "  

] 5 ? ? . 6 3 3 0  
I 62 4 . 4 '? 7 4  

,< ; 2 . 8.� 1 8  

I I I B . "f 2 0 f, 

I 2'> 5 .  C':'J 7 4 
9:> ;:> . 13 .� 2 1 

1 04 5 .  I 7 6 3 
- 3 / 5 . C� () 7 

-I J 7  . 1 5 6 5  

- 1 51 1 .'5 2 '\ 
- l .:l 5 5 . t•� 5 7 

-3 1 7 . 04 5 2 

-9 ! 0 . 1 3 0 7 



EQUATION NO. 12 

TVM = 1 . 67614 (PCC) 

TVM *P-i ED *RE.3 I D 
1 0 6 1. I 3 1 1 d .  OJ"() 1 3 ! ? 7 . '3 i ('. 9  -3 3 . 8 ) 6 0 
I 9 6 •  I 3 ',iO . 0�1 ) 0  1 4>.1 ) ? . 95 3 7  - 1 2 3 . 95 3 7  
I O f>� 1 4 7 7 ' . 00 1 ·CI 1 49 3 ? . 9'> ? 0 -2J 9 .  03 2 'l  
1 96 7  1 5 7 4 1 . 000 0 1 5 7j 4 . 1 7 5 1  -4.3 . 1 7 5 1  
l ? n "  1 5 "> 9 1 . 00 0 0  1 6 5 'l S . t .;, o5 -80 7 . 7 2 0 5 

1 9 6 9  1 7 3M . OD CI O  1 7 4 5 J  . 2 5  4 6  4 1 5 . / � 5 4  

I 0 7 '1 I '3 8 9 1 . O O J O  I S P 5 . 7 -' 7 5  n . 1  • .<6 2 5  
I 97 1 2 0 � 5 5 .  OOJ O  J B 7 " o  . s �  o 1 5'0 5 . 4 5 5 7  

I 0 7 ? 2 1  Tt 5 . OOJO 2 0 ·J'i � . ; i O.; 1 / < 0 . 02 9 7 

I 9 7 .' 2 3 ') 06 . 00"0 ? I 31 2. 4 I 34 I 7 2  3 .  53 A6 

1 0 7 4  ? 2 'i �  .. . 00')0 ' ? ? 2 1  3 . 3  .. 3 8  .3 2 9 . 1 6 6 2 

1 9 75 ? 33n . oo'"�o 2 22 1 7 . 1 '3 6 1  1 1 5 4 . '3 1  3 0  

1 0 7 1'- ::> 4 '3 4 .' .  OOJO 2 3 6 �  8 .  6J 6 5  I 1 0 4 , 3 9 3 5  

I 9 7 7  2 5  7 -' 2 .  OO :J O  2 4 �.' 5 . � 7 9 1  7 i 6 . 1 2 0 9 

1 0 7 '3  2 MOl . oono 2 5 n 2  . 3 3 4 7  '3 1 4 . 6 1 5 .'3 
I 9 7 8  2 5 094 • 0000 2 6 6 � 5 . 6 5 1 7  -67 I . 6 5  I 7 

1 9 '3 ')  ? 5 ?4 4 . 00'10 2 '\ 2 1  3 , J i 4 0  -9 5 9 . 0) 4 0  
I O 'l  I 2 5 1 9 5 . 00).) 2 7  I I 4 . 3 5 6 .?  - I  >' I  9 . 8"i 6 .?  
I ? O ?  ? 5 627 . OOJ O  ? 7 3? 7 . 7.! 5 fl  - 1 7 '1 0 . 7 2 5 fl  
1 ? '3 ,0  2 6  7 I 9 .  0000 2 7 .<3 6 . 3 9 0 .;  -6 :. 7 .  �-9 0 .5  

I ? '3  � n '37< • ocno ?03 1 d , 27 00 - 1 4 '3 0 . 2 7 0 9 
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EQUATION NO . 13 

TVM = -4772 . 14 + 13 . 6443 (TVR) - 36 . 3638 (FPC) 

R2 = • 97 

i O t- A  
I ? 6 �-
I O f/. 
I 9 6 7  
I ? !\ "  
1 0 6 9  
I 9 7 0  
1 0 7 1  
1 ? 7 ?  

I 9 7  .' 
I 0 7  t 
I 9 75 
I 07 !\ 
I 9 7 7  
I 0 7  ", 
I 9 7 0  
I 0 9 '1  
I ? 9 1 
I ., o  ;> 
I C> 'l .' 
I ? 9 -' 

TVM 
I 3 I 1 4  • 0000 
1 3 ? 6 ? , 0C X l  
I 4 7 T3 . O'Y1 0 
I 5 7 �  I . 00 0 0  
I 5 6 0 1  • 01')00 
I 7 86tJ . OOJ O  
I 'l 8 9 7 . 00::'0 
? 0 '1 :05 . !)') ) 0  
2 I Ti eo .  O O 'J O  
;> 3 ,.,,!' . (),')') 0 
/ 2 '54 : . 00')0 
::> 3 <n . nrno 
? 4 'l .; :  • 0000 

? 5 7 .:' 2 . 00 0 J  
2 MO I , ()(10') 
2 5 ?9� . OC!J O  

2 5 ?� ' .  OOJO 
2 5 1 9:0 . 00 J O  
2 5 'J 2 7 . ()(1'10 
2 6 7 I ;; • OOJO 
::>7 -'l 7: . n o o o  

*P::?Ffl  *R>'.3 J f1 
I :<.:;5 7 , 4 2 6 7  -2-1 3 • 4 ;,  6 7 
.1 4 .,: ) 4 . 6 3 0 3  -4 � 5  . 6 "' 0 3  

1 5 4 3 3 . 3 :> 5 6 - I I ') . 3o 5 1'1  
1 6 2.; 5 . 0 .• 6 8 -4 ; 4  . o .- 6 R  
1 6 c; 'J < , 7 / 6 5 - I 3 !  2 .  7 7 f " 
1 7 2 ) 6 . � -1 7 3  5:> 9 .  55 2 7  

I 7 o; I • " "' I ( 9 ? 5 . 1 1 8 4 

I o 2� I • 7'1 5 I I P 3 . 2 0 4 o 
2 0 ::, ? 7 . � � 1 6  1 1 -1 7 . ! 4 8 4 

? I  � 7  2 , 0 7 P. I ?  .::3 • .  'l ') ? ;> 
::>? U 7 . 94 0 '<  - 1 3 4  . 9� 0 3  
2 3 U  5 , 4 1  00 - 3:; 3 . 4 1  0') 
?« �� 0 , :) ? 9 1 - ? 7 , 5 :> 9 1  
2<'> 1 ? 0  . 4 ) 2 0  -4 5 3 . ' L 2 8 
2 7 " '3 ') , ,05 7 4  - 1 ? 3 . 2 � 7 4  

? 7 .;-; .• . .. n C 9 - 1 0-1 9 • � 5 o 9 

2 5 0 '3 7  , 4 3  oo -7 4 3 , L :l Q ? 

2 5':, 7 3 . 2) 6 1  -.• / 2 . 2 0 6 1 
? 1'- J i d , 26 0 1  -4 ' 5 . ?5 0 ]  
2 62 � t . l  J 5 1  4 7 4 , 8 ; 4 0  
2 5 , 1 6 . 2 ° 80 .  2 1 5 6 . / 1 2 ') 
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EQUATION NO. 14 

TVM = 10. 6254 (TVR) - 11 . 4695 (FPC) 

TVM *?� ED *R!:S I D 

I ? "' -� 1 3 1 1 � .  ocno 1 4 6 '3 6 , 7 8 8 8  - I  5 7  2 .  7 "'  R 8  
1 ? 6 :  I 3 \169 . OOJO I 55 1 9 • :l"i 57 - I 53 J .  0'0 5 7  
I o f:/  I 4 7 7 "3 . OO'ICl I l'i 3l ? • 35 06 - 1 55 9 , 3 S OI'i 
1 96 7  1 5 7 <1 1 . 0000 1 694 4 , 4 7 99 - I 2J 3 • <1 7 09 
I Q !) R  I S I, O J , OO 'I O  1 75.S 2 • .  ! 1 3 R - I SS I , I I  38 
1 9 6 9  I 7 865 . 0000 I T / 3 7 . 8 1 66 7 8 .  l ':l ..l <l  
1 0 7 ()  I 8 9 9/ . 00 ) 0  P' J?. ) 2 . ' P <1 7  6 ) 4 , 1 6 5 3  
I 0 7 1 :? 0 355 . 00)0 1 .93l 8 . 4 9 6 7 f 0) 6 , 5 Cl 3 3 
1 ? 7 ?  2 1 775 . 0000 2 0 4 .;  9 . 2 )  70 1 ..� 2 5 .  n .;o  
1 9 7 .<  2 3 Cl9(') . 0000 ? 1 6 1  0 , 3 1\ 24 I LI 7 1\ , I 3 7 6  
J 0 7 L! ? 2 5 <1., . 0000 ? 2 .<5 2 . 05 7 3 1 � 0 . 04 ? 7  
I 9 7 5  ? 3 1 72 , 0000 2 3 1 '3 0 , .) .. 0 1  1 �  I , os o o 
I 0 7 "'  2 <1 8 4 .> . OOJ O .< 4 2.:' 6 . 9 8 0 7  6 1 6 . 0 1 9 3  

1 9 7 1  ? 5 7  32 . 00) 0  2 5.< 5 0 . 5f- 6 R  4 3  I . 4 .< 3 2  

I 0 7 ".  2 M O I . oono 2 6 ?J '5 , 3 ) 9 6 4 ') 1 , 6 0 04 
1 9 7 "  2 5  994 . 0000 2 6 5J .J . 2 � 98 -5) 9 . 20 9 8  
1 0 9 ') 2 5 24 -1 . 00)0 2 6 J ' 'l . t  7 6 9  -8 ' 4 . c 7 6 0 
I 9 '3 1  2 5  I 95 . 0000 2 5 h 2 . < 7 1 :< -7 5 7 . 2 7 1 3  
J O R ?  ? 5 627 . 0000 2 6 25 1 . 4 l- 8 3  -6 'l 4  , 4 ?. 8 '<  
J ? '3 ?  2 6 7 1 9 . 000 0  26.S4 7 . i  i 6 1  -' 7 1 , 78 3 9 

I O 'J .' 2 7 9 "/ .< . 0000 2 5 9 ) 0 . 96 5 1  1 9 7 2 . 0.< 4 9  
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EQUATION NO. 15 

TFC = 202. 894 + . 0705 (TVM) 
2 

R = . 98 

TF C  
I 0 6 "  I I  07 • I I  J 13 
I O M I I  5'< • 9 1  = n  
I 0 6 7  1 20 < . 4 : 2 6  
I Q f> "  1 3 "/.:> . 4 1 5 0 
I 0 6 0  1 "' 55 . 9 1 0 0  
1 0 7 'l I 5 .'3 . 42.' 6 
I 0 7 1 1 6 33 . 7� 1 7 
1 n ?  I 7 4'0 . 3 7 'l 5 
I 97 .' 1 3 4 7  • • J 2 :3 6  

I 0 7 4  J 3 J 2 .  005 'l 
I 975 I 'J ]j . AO C> O  
I 9 7 6  I "9-' • :<.:�2 8 
1 9 7 7  ?_Of>J, . ?0')7 
I 0 7 3  2 l j 7 . 0') .J 7  
1 97 :)  ?')70 • .  <9 1 -'l 
I O 'l ') I O'i) . 84 < 8  
I 9 '3 1  I 987 . 85 ' '3 
I ? o  ;:> I ClP;:> . I'),J � fJ  
1 "' '3 ' 2 0 25 . 274 7 
I ? S �  2049 . 37 o B 

*P'I F l' * R �".3 I n  

1 1 2 7 . 85 55 -2 o .  7 44 7 
1 1 8 8 . 1 6 0 7  - 2 >' . 2. 4 2 .':1  
1 3 1 3 . 1 � 4 1  - 1  9 . (·8 1 4  
] .<') 9 . 6 1 7 5  6 3 . 8 0 0 5  
1 4 � 3 . 02 54 - 7 . 1 1 4 5 
1 5.' 5 .  7 � 4 .• 2 . 6 7 9 3  

1 6 "' 3 . 5 3 05 - 4 .  85 138 
1 7 B . 7 3 6 5 ? . 63 7  I 
I ' P J . > ') 9 7  1 5 . 4 1 8 "  
J / ; 2 . 'i 0 5 3  1 9 . 1 C1 1 5  
I 'J 5 J • 37 6 -I 2 5 • ;:>� ? ;; 
J ;>S 5 . 1 2 9 o -� 3 . 2 2 3 0  

2 ')I 7 • 3 .,  3 I 4 4 . 35 7 1'> 

20 7 9 . 54 8 9 3 7 . 4 5 1 8 
2)3 6 .  _, I  26 3 4 . 0 3 1 2  
1 9 3 3 . 4 1  ?3 - 2 . 5� 0 5  
1 9 7 9 . 9 '1 "1.? 7 . � 9 A. 5  

2 0 1  0 . 4 2 7 2  -2 '3 . 3 " 'l 'i  
. 2J l 7 . 4 4 8 5  -5 2 .  I I .' 9 

? 1 5 8 . 8 4 2 0  - I I S . ; 6 9 1  
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EQUATION NO. 16 

TFC = . 07948 (TVM) 

Tf : *P R E O  * R F:S 1 0 
1 0 0 1  I I  07 , l l ..1 8  I J 4 2 . � 4 I I  5 4 . 7� 9 7  
I Q 6 C  I I 5'< . O I 3 7 I l l  ') , ;:>0 9 2  4 8 , 6 1 0 5  
I 9 6� I ??::! • 7 2 .;  7 I I i 4 .  2 )  36 4 6 . 5 1 7 1  
1 9 6 7  1 2 03 . ll t. ;J  6 I ?5 I • 1 4  3 ?  -4 2 . 3 1 0 ')  
j ? fi O  U 7.' . 4 1 :l 0 I 2-i 7 .  1 5  90 1 2 6 . 24 8 9  
1 9 6 0  1 4 :0·5 . 9 1 ') 0 1 42 ) . 0� 4 7  '3 5 , 8 ' 6 2  
1 0 7 '1 1 5 :•:l , 4 2 .< 6  1 5) 1 , 09 1 8  '3 6 , 4 3 1 8 
I 9 7 1 1 6 :'.:< . 7 2 1 7 I CS J 7 . :l7 8 1  1 5 . 84 3 6  
I ? 7  ;::> I 7 40. . 37 3 5 1 7'3 ) , / .<! 4 1  1 7 , 6 .) 0 4  
I 9 7  .' I '3 4 7 . 3? 3 6  1 '3 ' 5 . 74 1 2  I I . 5 :1 7 4  
1 0 7 .1  I 3 I ;, • OO'i 'l I n  I , / '< 7  I ? 0 , ? 1  o7 
I 975 1 3 /c:> . 6.· 0 9  1 '3'; 7 . 6 7 8 6  I '3 , 9 :5  I 3 
I 0 7 t\ I 093 . :�3 2 8  l ot 4 . S? 8 2  I B . 7.• 4 1i  
1 9 7 7  2 1)1\.:: . ? J J 7  Xl� 5 . 25 06 I 6 ,  o,: 2 0  
I 0 7 0 2 1 .· 7  . 0') ) 7  ? I I 4 - � - 6 3  2 2 . 1 9 � 4  
1 9 7 0 2 ) 7 ')  • .  �9 ? 0.  2'1< n .  ':.'5 32 4 , 3 J O 'i 
1 0 9 '1 1 98) , 8 ·1 . · 9 ?J J 6 . � i' O ;J - ? 5 , 6 2 7  ;> 
I o 'l J  I 9'i7 . 8"-.< 8 2 J ) ? . 5 / 6 ? - 1 4 . 7 ;;>2 ')  
I o o  ;> 1 o<=:;> . D?3 n ?:n "> . o l  20 -3 4 , S3 t� 4 
I :> 9 .' 2 0 '25 . ? / 4 7  2 1 .< ., , 1') 8 4 - ; 3 . 4 .· 3 8  
I o q .• 2'1L" , 6 / 3 'l  ? -! 1 5 . 0 1 9  - I  'J 5 .  55 5 I 
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EQUATION NO. 17 

MFT = -5078 . 3133 + . 00096921 (TFC) G 75 (XG2) + . 25 (XGM� 

R2 = . 98 

M F T  *PH E D  *R ES J O  
1 96 4  7 4 582 . 0000 i 5 3 ;> iJ .  0 1 3 9 -8 1 6 . 0 1 3 9 
1 96 5  7 7 8 66 . 9375 7 9 1 6 3 . 9 5 9 5  - 1 2? 7 . 0.?20 
1 9 66 8 3 5 6 0 . 937 5 8 3 6 5 6 . 3597 -9 5 . 4 2 .?2 
1 967 88 9 1 6 . 93 "/ 5  8 8 94 3 . 9893 -2"/ . 05 1 8  
1 96 8  9 4 7 7 8 . 9 37 5 947 5 5 . 9 M 9  ?2 . 9706 
1 9 6 9  O . I 0 1 6E 0 6  0 . 1 0080 0 6  837 . 5 4 9 8  
1 9"/ 0  O . I 0 7 1 E  06 O . I 0 6 8 D  06 3J I . 6 55 3  
1 07 1  O .  I 1 3 9E 06 o. 1 1 37 0  06 25 8 . 4088 
1 9 7 2  o .  1 3 6 4 E  06 0 . 1 5590 06 - 1 95 1 2 . 34 7 3  
1 97 3  0 . 1 7 3 8 1:  06 0. 1 6 50 D  06 880 I .  3 1  24 
1 9 / 4  o. 1 6 3 5E 06 0. 1 6 1 8 [)  06 l i -+ 3 . 5 9 4 5  
1 97 5  o . I ./ 52E 06 o . I 6 T I D  06 7 44 5 . 5 9 4 5  
1 9"/ 6 o .  1 8 051: 06 o .  1 7 8 5 )) 06 203 9 .  1 3 54 
I 077 u .  1 8 58E 06 0 . 1 8 4 8 [) 06 I 02 9. 0 "/9 5  
1 97 8  O .  1 9 2BE 06 o .  1 9 1 7 [) 06 I 064 . 9 664 
1 97 9  u .  1 8 85E 0 6  o .  1 8 56[) 06 29 1 3 . 7 8 99 
1 98 0  0 . 1 8 8 1  f' Oc 0 . 1 77 3 0  06 1 08 1 4 . 03 1 5  
1 08 1  0. 1 930E 06 0. 1 09 1 [)  06 - 6 1 2 1 . 4 05 2 
1 982 0 .  1 96 3 E  06 0 . 1 9 6 6 [) 06 -3 /.5 . 0 4 4 6  
1 98 3 0 .  1 97 2E 06 0. 20 1 00 06 - 3 8 5 4 . 93 23 
1 98 4  O . I 993E 06 0 . 20 4 5[) 06 - 5 2.?2 . 1 994 
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EQUATION NO . 18 

MFT = . 00093972 (T�C) [ 75 (XG2) + . 25 (XGM)J 

IM' T  *PRED *RES I D 
1 96 4  7 4 58 2 . 0000 7 8 02tl . 4 26 8  -344 6 . 4 2 6 8  
1 9 6 5  7 / f366 . 9 3 7 5  . Cl l e> U . 8 2 1 2  - 3 8 1 2 . 8 :! 3 7  
1 966 8 3 56 0 , 937 5 8 6 03 5 . 573 I -241 4 . 63 56 
1 96 7  8 d 9 1 6 . 93 7 5  9 1 1 6 2 . 3 CJ 55 - 224 5 . 4 2 8 0  
1 96 8  9 4 T / S , 9 3 7 5 96 7 9 7 . 5564 - 2 0 1 8 . 6 1 8 9 
1 9 6 9  O . I 0 1 6 E 06 o • .  I 026D 0 6  -97 I . 6 40tl 
l g-/ 0  O .  I 07 1 E 0 (') O .  I O tl 4 D  06 - 1 37 5 .  09 3 5  
I 07 1 O . I I 3 9E 0 6  0 . 1 1 5 1  D D6 . - 1 201 . c 2 9 4  
1 9"1 2  O . I 36 4 E  0 6  0 . 1 56 1  D 06 - 1 969 4 . 00 7 9  
1 97 3  o .  1 7 3 8 E  0 6  o . 1 6 4 0 0  0 6  8896 . 7 954 
1 9 / 4  0 , 1 6 35E 0 6  o .  1 6 1 8 !J 0 6  1 74 0. 1 5 08 
1 97 5  o .  n 5 2E 0 6  o .  1 6 7 5D 0 6  7 62 3 .  1 6 Cl l 
1 9 / 6  0 .  I BOSE 0 6  o. 1 7 8 0D 0 6  2 54 3 . 53 0 1  
I 077 0 . 1 !:l 5 8E 06 O . I 8 4 1 D  06 1 7 2 6 . 3 5 2 4  
1 97 8  0 , 1 9 2 8 E  0 6  o. 1 9 08 [) 06 1 97 I .  7 309 
1 97 9  o .  l fl 8 5 E  0 6  o. 1 8 48 D 06 3 63 4 . 0083 
1 98 0  0 .  I B tl  I E  0 6  0 .  I / 6 8 D  06 I J 2:3 3 .  44 7 2 
1 08 1  0 ,  1 93 0 E  06 0, 1 9 80D 06 -4 93 7 . 7 1 38 
1 982 o .  1 9 63i 06 w . J 9 5 6 D  06 63 2 . 0 1 1 9  
I 08 3 0 ,  I 07 2F O!i 0, I 09BD 0 6  -266 4 , 05 7 8  
1 98 4  o .  J 993E 06 0 . 2 J 32D 0 6  - 3 92 5 . 5 1 1 8 
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EQUATION NO . 19 

TVF = -3305 6 . 02642 + 31 . 70658 (TVR) 

R2 = • 9 6  

TVF *P RED 
1 96 4  1 1 323 . 0000 1 1 9 29 . 93 1 4  
1 96 5  1 1 98 3 . 0000 1 4 502 . 95 0 1 
1 9 66 1 27 1 4 . 0000 1 687 0 . 1 6 6 7  
1 96 7  1 6 1 5 1 . 0000 I 8 �I J I • I 5 99 
1 96 8  1 668 0 . 0000 2054 8 . 57 9 2  
1 9 6 9  2�1 0 ':> 2 . 9883 2 1 25 1 . 92 1 9  
1 9"/ 0 28231'> . 9883 22827 . 3 5 8  I 
1 07 I 2067 0 .  98il3 259 1 7 . 7 9 7 7  
1 9 7 2  3 1 502 . 98 8 3  2 9 3 3 0 . 47 4 1 
1 97 3 2 3 5 3 4 . 98 8 3  3323 4 . 4 3 9 8  
1 9 / 4  3 6 7 4 2 . 0000 3 555 8 . 9 1 3 1  
1 97 5  3 d 456 . 98 8 3  38 1 2 9 . 6 2 3 3  
I 9�/ 6 3 97 2 6 . 9 8 8 3  4 1 4 5 9 . 06 99 
1 9 7 7  4 208 6 . 0000 4 4 6 1 6 . 1 506 
1 97 8  4036 4 . 0000 40/0J2 . 0 2 66 
1 97 9  4 83 5 1'> . 0000 4 9 55 5 . 37 1 9  
1 980 4 n J I 6  . •  9883 4 9 1 5 0 . 06 7 9  
1 08 1  4 8 2 5 4 . 0000 4 9 1 7 3 . 30 6 0  
1 9tl 2  4 88 1 6 . 9 8 8 3  4 9 8 6 7 . 4 9 1 3  
1 08 3  5 2 / d O . OOOO 5004 1 . 34 3 4  
1 98 4  5 0047 . 1 0 1 6  4 8 6 3 7 . 8 4 7 2  

9 3  

*RES I D  
-606 . 93 1 4  

- 2 5 1 9 . 956 1 

-4 1 5 6 .  1 667 

- 2 55 0 . 1 5 99 

-38 5 9 . 57 9 2  
58J I • 066 4 
540 9 . 63 0 1 

37 5 3 .  1 9 05 
2 1 7 2 . 5 1 4 2 

3 00 . 5 4 8 4  
1 1 8 3 . 08 6 9  

327 . 36 4 9  

- 1 n 2 . o8 1 6  
-253 0 .  1 5 06 
- 1 23 8 . 0266 

- 1 1 99 . 37 1 9  

- 1 333 . 0/ 9 7  
- 9 1 9 . 30 6 0  

- 1 05 0 . 5030 
27 3 8 . 6 5 6 6  

200 9 . 2544 



EQUATION NO. 20 

TVF = 16. 72132 (TVR) 

1 96 4  

1 96 5  
1 96 6  
1 96 7  
1 96 8  

1 9 6 9  
1 9 / 0  

I o·t I 
1 9"/ 2  
1 97 3 

1 9 / 4  

1 97 5  
1 9"/ 6 

I 077 

1 97 8  
1 97 9  

1 980 

1 08 1  
1 98 2  
1 08 3  

1 98 4  

TVF 
I I 323 . 0000 

I I  08 3 . 0000 
1 27 1 4 . 0000 

I C I S I . OOOO 
1 6 C8 9 . 000 0 
2 1 0 5 2 . 9 85 3  

2 tl 23 6 . 9883 
;>96 "/ o. 9 8 '3 3  

3 1 5U2 . 9d 8 3  

3 3 53 4 . 98.:33 

3 67 4 2 . 0000 
- 3 d 4 5 6 . 98 i:l 3  

3 9 7 2 6 . 98(33 

4 20tJ o . OJOO 

4o3b 4 . 0000 

4 8 356 . 0000 

4 / d l c . 98 i:l 3  

4 il 254 . 0000 

4 .:38 1 6 . 9 88 3  
527tlU . OOOO 
5064 7 .  I 0 J 6 

*P fi E D  
2 3 "/2 4 . 5 6 05 

2 5 03 1 . 5 1 4 6 
263 2 9 . 927 1 

2 7 20 5 . 5 5 08 

2 8 26 9 . 8373 
2864 0. / 6 4  I 
2 9 4 7 1 . 6 1 3 0 

3 1 1 0 1 . 4 3 9 8  

3 2 90 1 . 2 06 9 

3 4 96 0 . oc e ·/ 
3c l 3 5 . 94 2 5  
3 "/ 54 1 . o 7 6 0  

3 9 2 0 7 . 54 96 

4 0 96 2 . :52 1 5  

4 2 5 30/ . 20 3 9  

4 3 56 7 . 3 5 3 3  

4 3 J 5 J . c o 5 3  
4 3 36 5 . 8 6 05 

4 3"13 I .  9 5 7 9  
4 3 tl 2 3 . 64 3 5  
4 3 0 8 3 . 4 7 1 8  

94 

*RES .I D 

- 1 240 I . 56 0 5  

- 1 3 09 8 . 5 1 4 6 
- 1 36 1 5 . 92 7 1 

- I 1 1 4 4 .  55 OB 
- 1 1 53 0 . 83 "/ 3  

- 1 53 7 . 7 7  58 

- 1 23 4 . 6 2 4 7  

- 1 43 0 . 4 5 1 5  

- 1 39 8 . 2 1  8 6  
- 1 42 5 . 08 0 5 

55 6 . 05 7 5  
9 1 5 . 3 1 22 

4 2 9 . 4 3 8 6  

1 1 2 3 . 4-/ 8 5  

3 82 6 . 7 96 1 
4 7 3 d . 6467 

446 3 .  3.:33 0 

4 8 3 8 . 1 3 9 5  

5 03 5 . 03 04 

8 95 6 . 3 5.65 
7 56 3  • .629"1 



EQUATION NO.  21 

TVF = -26878 . 344 2 9  + 2 5 . 1202746 (ATR) + 3 9 . 61433604 (TRR) 

R2 = • 96 

TVF *P R E D  *RES I D  
1 96 4  1 1 32 3 . 0000 1 [ 1 33 . 00 2 4  - 1 4 1 () . 00 2 4  
1 9 6 5  I I  083 . 0000 1 5 0 1 2 . 8 6 4 1 - 3 02 9 . 8 6 4 1 
1 9 66 1 2 / 1 4 . 0000 1 7 1 0 1 . . 1 2 87 -433 7 .  1 28 7  
1 96 7  1 6 1  5 1  • 0000 1 8 / 6 0 . 3 1 3 2 -260 9 . 3 1 3 2  
1 96 8  1 6680 . 0000 2056 2 . 3 4 5 1  -387 3 . 34 5 1 
1 9 6 9  2 7 0 5 2 . 9883 2 1 2 5 2 . 6 7 3 8  5800 . 3 1 45 
1 9"/ 0  2 8 2 3 6 , 9883 22 / 6 1 . 8 4 3 2 547 5 .  1 4 5 1  
1 97 1  296 7 0 . 96 8 3  2 5593 . 09 4 5  4 0 1 7 . 89 3 8  
1 9 "/ 2 3 1 50.? . 98 8 3  2883 1 . 4 4 8 1  267 1 . 5 4 02 
1 9 7 3  33534 . 9883 3 2504 . 024 I 1 03 0 . 9 6 4 2  
1 9 / 4  . 3 6 7 4 2 . 0000 3 506 2 . 8 084 1 6 / 9 . 1 9 1 6  
1 97 5  3 8 4 5 "> . 988 3 3 7 55 3 . 507 6 903 . 48 07 
1 9/ 6  3 9"/2 6 . 9883 40968 . 0 3 1 2  - 1 24 1 . 04 2 9  
1 9 7 7  4 2086 , 0000 4 4 :<5 0 .  7 2 00 - 2 1 6 4 . 7 2 00 
1 97 8  

4 6 3 6 4 . 0000 4 7 4 8 8 , 9 7 8 6  - 1 1 2 4 . 97 8 6 
1 97 9  4 8 3 56 . 0000 4 9 / 9 1 . 02 3 7  - 1 43 5 . 0 2 3 7  
1 980 4 7 8 1 6 , 08 8 3  4 937 2 .  7 5 05 - 1 555 . 76 23 
I 08 1 4 8 2 5 4 . 0000 4 9 4 8  I • I 994 - 1 227 . I 994 
1 98 2  4 88 1 6 , 9883 5 0 2 1 7 . 3 1 9 0 - 1 4 0 0 . 3 3 07 
1 08 3  5 2 7 tl 0 . 0000 5 03"/ 5 ,  7 3 5 9  2404 . 26 4 1 
1 98 4  5 0 6 4  ·1 • I 0 I Cl 4 923 I • I tl 4 8  1 4 1 5 .9 1 6 7 

95 



EQUATION NO.  22  

TVF = 1 4 . 57425 (ATR) + 2 3 . 0270 (TRR) 

1 96 4  
1 96 5  
1 9 66 

1 96 7  
1 96 8  

1 9 6 9  
1 9" / 0  
1 97 1  
1 9 7 2  

1 97 3 
1 9 / 4  

1 97 5  
1 9"/6 

1 9 77 
1 97 8  
1 97 9  

1 98 0  

! OB I  
1 98 2  
I 983 

1 98 4  

TVF 
I 1 3 23 . 0000 

I I 9tl3 . UUOO 
1 2 7 1 4 . 0000 
l b l 5 1 . 0000 

l bb tl 9 . 0000 
2705 2 , 0883 

2 ::3 23 6 . 9883 
2 96 -, 0 . 98 8 3  

3 1 502 . 9883 
3353 4 . 9883 

36 7 4 2 . 0000 
3 8 4 5 6 . 98 8 3  

3 97 26 . 98 8 3  
4208 6 . 0000 
463b 4 . ouoo 
4 8 3 5 6 . 0000 
4"/8 1 6 . 98 8 3  

4 8 254 . 0000 
4 c38 1 6 . 9 8i33 
5 2 7 8 0 . 0000 

5 064-/ . 1 0 1 6  

*P R E D  *fiES .1 D 
2298 1 . 6667 - I I C>58 . 6667 

243 0 4 . 3 9 4 3  - 1 2 3 2 1 . 39 4 3  
2 55 1 5 . 96 1 3  - 1 28J I . 9C> I 3  

2647 8 . 58 5 0  - 1 0327 . 58 50 

2 7 5 2 4 . 0 8 5 9  - 1 083 5 . 08 5 9  
27 9 24 . 6 000 -8 1 1 . C> l l 7 
2 8 80 0 . 1 8 83 - 56 3 . 2000 

3 0 44 2 . 8204 -77 1 . 83 2 1  

3232 1 . 64 4 8  -8 1 8 . 65 6 5  
3 4452 . 3 958 -9 1 7 . 4 0 7 5  

3 5 93 6 . 9 4 8 4  8 0 5 . 05 1 6  
3 7 38 1 . 9995 1 0 / 4 . 98 8 8  

3936 3 . 0 3 3 9  36 3 . 95 44 
4 1 267 . 5806 8 1 8 . 4 1 94 
43 1 4 6 . 34 99 . 3 2 t 7 . C>5 0 1 
4 4 4 3 1 . 94 7 8  3 87 4 . 0522 

442 3 9 . 2 7 4 6  3 5 7 7 . 7 1 3 7 

4 4 30 2 . 1 9 4 3  3 95 1 . 8 057 

4 4 7 2 9 . 27 5 3 4 03 7 . 7 1 29 
4 4 82 1 . 1 8 55 7 95 8 . 6 1 4 5  

4 4  I 5 7  • 1 4  I I  .643 9 .  96 04 

9 6  



EQUATION NO. 23  

UTR = -592200 + 1 9 3 . 66295 (TPO) 

R
2 

= • 8 8  

1 96 4  
1 96 5  
1 96 6  

1 96 7  
1 96 8  

1 9 6 9  
1 9 / 0  

I 07 1 

1 9"/2 
1 97 3 
1 9 / 4  

1 97 5  
1 9"/ 6 

I OT/ 

1 n 8 
1 97 9  

1 980 

1 08 1  
1 98 2  
I 08 3 

1 984 

UTR 
1 1 66 0. 7 6 1 7  
1 3 9n . 9o6 3 
1 4 1 23 . 2 22 7  
1 3 7 9 5 . 00 3 9  

28 1 7 2 . 8 6 3 3  
3 4 tl 7 0 .  5 "/ 4 2  

3 4 2 4 3 . 24 6 1 
40891' . 4tl 4 4  

4 8 3o 2 . 5tl98 

5 83 c 3 . 3 594 

5 97 66 . 5 8 9 8  

6 5502 . 54 3 0  
8 2 T/ 5 . 0000 
o. 1 0 1 6F. 0 6  
0 .  1 1 4 31:: Ob. 
CJ . I 0 8 4 E  0 6  

8 97 2 0 . 0000 
9 8005 . 3 1 2 5 

O • .  I 0 23E 0 6  
O .  1 1 9 1  E 06 
0 .  I 4 I I E  06 

*PRED *RES J D  
2 1 5 1 4 . 58 4 8  -985 3 . 8 23 1 

. 226 7 6 . 56 2 5  -8698 . 6562 
2333 3 . 54 0 1  - 97 1 5 . 3 1 7 5  
2538 7 . 84 37 - 1 1 59 2 . 8398 

3 1 39 1 . 39 5 0  -3 2 1 8 . 53 1 7 
33"1 1 5 . 3 504 1 1 5 5 . 22 3 9  

3 1 1 9 7 . 7 3 2 1  3045 . 5 1 4 0 
4 223 6 . 5200 - 1 3 3 9 . 03 5 6  

4 8 04 6 . 4 0 8 3  3 1 6 . 1 8 1 5  
55 0 1 8 . 27 4 4  384 5 . 08 5 0  

5 7 92 3 . 2 1 86 1 84 3 . 3/ 1 3  
5579 2 . 9 2 6 2  9 7 09 . 6 1 68 
/ l o / 3 . 28 7 7  1 1 1 0 1 . 7 1 2 3 
7 7 4 8 3 .  1 7 6 0 2 4 06 8 . 44 9 0  
8 5 229 . 6 9 3 9  2 9 1 1 2 . 6 1 8 6 
9084 5 . 9 1 9 3 1 1 57 8 . 64 3 2  

0 .  1 1 68 U  06 -27 07 6 . 7 5 4 0  
O . I I 7 0D 0 6  - 1 8 9:3 5 . 1 0 44 

0. 1 1 8 0D 06 - 1 56 1 7 . 1 0 66 
o .  I 2"1 I lJ 0 6  -8 004 . 1 4 0 1 
O . I 2 :3 8 D  Oo 1 2324 . 89 3 4  

9 7  



EQUATION NO . 2 4  

UTR = 1 9 . 91098 (TPO) 

1 96 4  

1 96 5  
1 9 66 

1 967 
1 96 8  

1 9 69 
1 9 "1 0  
1 0 7 1 
1 9 72 

1 97 3 
1 9 / 4  

I 9 7 5  
1 9"/ 6 

I 9 7 7  

1 9"1 8 

1 97 9  

1 98 0  

1 08 1  
1 98 2  

1 08 3  

1 98 4  

UTI? 
I I M 0 . / 6 1 7  

1 3 0T/ . 0063 

1 4 1 23 . 222 1 

1 3 7 9 5 .  0()3 9 

2 8 1 7 2. 8 6 3 3  

3 4 tr / O  . 5 -/ 4 2  
.3424 3 . 2 4 6 1 

4 Oil97 . 4 8 4 4  _ 
4 836 2 . 5 d 9 8  

58863 . 3 5 9 4  
. 5 9J o 6 . 5 d98 

6 550 2 . 5 4 3 0  

8 2 7 7 5 . 0000 
0 .  I 0 I 6E 06 

O. I I  4 3 E  06 

0 .  I 0 8 4 E  06 

8 9 7 2 0 .  0000 
Oi3005 . 3 1 2 5 

o .  1 0 2JE 06 

o. 1 1 9 1 1':: 0 6  

o .  1 4  I I E  06 

*P RFD *RES 1 D 
o J J � 5 . o6oO - 5 1 43 4 . 90 4 3  

63 2 1 5 . 1 2 7 7  - 4 9 23 7 . 22 1 4  
6 3 33 4 . 5893 - 4 92 1 1 . 3 6 6 7  

6 3 49 3 . 8 1 1 5  -4969 8 . 8 0 7 6 

6 4 1 1 1 . 09 0 1  -3 5 93 8 . 2268 

0435 0 . 0 1 3 4 - 2 94 1 9 . 43 9 2  
6 4 0 9 1 . 1 7 98 - 2 984 1 . 933] 
652?6 . 0656 - 24328 . 58 1 2  

6 5 82 3 . 37 3 9  - 1 7 46 0 . 78 4 0 
6 6 54 0 . 1 4 3 8  -767 6 . 7 8 4 4  

6 6 83 8 . /980 - 7 07 2 . 208 1 
6 6o J 9 . 7 o 4 9  - 1 1 1 7 . 2420 

68 25 2 . 4 2 7 6  1 4 52 2 . 57 24 
08 8 4 9 . 73 5 9  3210 1 . 8 8 9 1 

690 4 6 .  1 4 6 9 4 4 696 . 1 6 56 

7022 3 . 5 4 50 3 8 2J I . O I 7 5  

7 28 9 1 . 5220 1 682 8 . 4 7 8 0  
7 29 1 1 . 4 3 23 2 5 09 3 . 88 02 

/ 30 1 0 . 98 3 7  2 9 33 0 . 6 4 1 3  
7 3 04 6 . 7 n67 4 5 1 0 9 . 93 33 

7 4 1 2 5 . 95 9 1 6 7 00 2 . 7 90 9 

9 8  



EQUATION NO.  2 5  

UTR = -1752 . 74494 + 4 . 02063 (PIC) 

R2 = • 87 

1 964 

1 96 5  

1 966 

1 967 
1 968 

1 9 69 

1 9"/0 

I 97 1 

1 9 n 

1 97 3 

1 9 / 4  

1 97 5  
1 9"/6 

I 9 7 7  

1 97 8  

1 97 9  

1 980 

1 98 1  
1 .982 

1 98 3  

1 984 

UTR 
1 1 66 0 , 7 6 1 7 

1 3 977 . 9063 

1 4 1 23 . 2 2 ;! 7  

.1 3"/ 9 5 . 0 0 3 9. 

2il i 7 2 . B o 3 3  

3 4 t n o . � -/ 4 2  

3 4 243 . 24 6 1  

40897 . 4 tl 4 4  

4 8 36 2 . 5898 

5 8863 . 3594 

5 9"/ o 6 . :i 8 9 8 

6 550 2 . 543 0  

8 2 T/ 5 . 0000 

0 , 1 0 1 6 E 06 

0 .  1 1 43 E  06 

O . I 08 4 E  06 

8 97 2 0 . 0000 

9 8 00 5 . 3 1 25 

O . I 0 2 3 E  0 6  
O . I I 9 1 E 06 

0 .  1 4 1 1  E Oo 

*P R ED *R ES I D  
2 1 49 0 . 5 1 9 0  -982 9 . 7 57 3  
2438 1 . 35 2 2 - 1 0 40 3 . 4460 

2 6 9 66 . 6 1 7 5  - 1 284 3 . 3 9 4 9  

2 9 3 5 4 . 87 1 9  - 1 5 55 9 . tl6 8 0 

3 24Bb . 94 3 0  -4 3 1 4 . 07 97 

3 5 24 5 . 0954 - 3 / 4 . 52 1 1  

38 4 5 3 . 55 84 -4 2 1 0 . 3 1 23 

4 1 6 7 0 . 06 26 - 1 / 2 . 57 8 3  

4 6 0 9 2 . 7 560 226 9 . 8 3 3 8  

5 1 7 2 1 . 6 385 7 1 4 1 . 7 2 09 

5 7 1 5 2 . 584 0 2 0 1 4 . 00 5 9  
649 R 9 . 7 1 8 5 5 1 2 . 8 2 4 4  

7 30 3 0 . 91 9 2 9 7 4 4 . 02 0 8  

8 1 07 2 . 2399 2 0 4 7 9 . 33 5 1 

9 1 1 23 . 8 1 57 2 3 2 1 8 . 4968 

0 . 1 0 1 6D 06 6 84 7 . 1 0 7 9  

O .  1 1 04 D  06 - 207 0 2 . 84 1 3  
o .  1 22 9 D  06 -2488 1 . 4 8 28 

O . I 3 0 1 D  06 -2 7 7tl 2 . 3049 

0 .  1 3 4 9 U  06 - 1 589 1 . 93 6 3  

9 9  



EQUATION NO . 26 

UTR = 3 . 94325 (PIC) 

1 96 4  
1 96 5  
1 9 66 
1 96 7  
1 96 8  
1 9 6 9  
1 9 / 0  
1 07 1 
1 9-1 2 
1 97 3  
1 9 / 4  
1 97 5  
1 9-/6 
I 0 77 

1 97 8  
1 9 7 9  
1 98 0  
! 08 1  
1 98 2  
! 08 3  
1 98 4  

U TR 
I I 660 . 7  6 1  7 
I 3 9 17 . 9003 
1 4 1 23 . 22?7 
1 3 7 9 5 . 003 9 
28 1 7 ?.. 8633 
3 48-/ 0 . 5 / 4 2  
3 4 ?4 3 . 2 4 6 1 
4 0 tl 9-/ . 4 b 4 4  
4 8 3 6 2 . 5 8 9 8  
5 8%3 . 3 594 
5 97 66 . 5Ll 9d 
6 550 2 . 54 3 0  
8 2 / / 5 .  uooo 
O . I O I 6 F. 06 
o. 1 1 4 3E 06 
O . I 08 4 E  06 
8 9 720 . oooo 
0800 5 . 3 1 2 5 
O . I 023E Oo 
0 .  1 1 9 1 E 06 
O . I 4 1 1 E 06 

*PRE!J 
227 9 5 .  93 I 2 
2563 1 . 1 2 84 
28 1 6 6 . 63 8 5  
3 0 5 J b . 92 93 
335:3 o .  1 2 1  4 
3o.285 . 7 9 1 3  
3 9 4 3 2 . 5052 
4 2 5d / .  I 056 
4 6 9 2 4 . 6 8 1 2  
5 2 4 4 5 . 23 1 9  
5 b 36 J . I 0 7 7  
6 5 4 5 7 . 9586 
n . H 4 . 4 5 96 
8 1 23 0 . 9 6 07 
9 1 08 9 . 08"/ 0  
O . I O I 3 LJ 06 
0 .  1 . 1 ouu 0 6  
o .  1 2 22Ll 06 
0. I 293U 06 
0 .  1 3  4 1 !) 06 

*RES I U  
- 1 1 1 3 5 . 1 6 9 5  
- 1 1 0 5 3 . 222 1 
- 1 4  04 3 .  4 I 58 
- 1 6 -/ 1 3 . 9254 

- 5 4 07 . 8 5 8 1 
- 1 4 1 5 . 2 1 -/ 1  
- 5 1 '3 0 . 259 1 
- 1 6tl 9 . 6 2 1 2  

1 43 7 . 90 8 7  
6 4  I R .  1 27 5  
1 4 J 6 . 4 8 22 

4 4 .  5 3 4 4  
9 43 0 . 5 4 0 4  

2032 0 . 66 4 3  
2 3 25 3 . 22 5 5  

7 (}3 3 .  024 2 
-20296 . 68 9 5  
- 2 4 23 5 . 4 5 36 
- 26 99 6 . 9920 
- 1 5 Q I 3 . J6 7 6  

100 



EQUATION NO. 2 7  

UTR = -103510 + 1 3 . 14705 (PCC) 

R2 = . 9 5  

1 964 

1 96 5  
1 9 66 

1 967 
1 96 8  

1 9 69 
1 9 "1 0  
I 0 7  I 
1 n 2 
1 97 3 

1 9 / 4  

1 97 5  
1 9/ 6  

1 0 7 7  

1 9/ 8  

1 97 9  

1 980 

1 08 1  
1 9tl2 

1 08 3  

1 984 

UTR 
1 1 66 0 . 7 6 1 7  
1 3 9 7 7 . 9063 

1 4 1 2 3 . 2 227 

1 37 9 5 . 0039 

28 1 -r2 . 86 3 3  

348 7 0 . 57 4 2  

3 4 24 3 . 2 46 1 
4 08 9 7 . 4 8 4 4  

483o2 . 5 89tl 

5 8 86 3 . 3 5 9 4  

5 9 7 66 . 58 9 8  

6 550 2 . 5 4 3 0  

s2n 5 .  oooo 
o . I O I 6 E Oo 

O . I 1 4 3 E  Oo 

O .  I 084 E 06 

8 9720 . 0000 

9800 5 . 3 1 2 5 

O . I 02 3 E  06 

O . I I 9 1 E  0 6  

O .  1 4 1 1  E 06 

*PREO *R ES I D  
6 . 8 1 57 1 1 65 3 . 94 6 0  

702 7 . 3380 6 95 0 .56 8 2  

1 4 008 . 4 1 9 2 1 1 4 . 80 3 5  

202 9 2 . 7 0 69 -649 7 . 7 03 0  

26603 . 2 888 1 56 9 . 5 7 45 

3336 0 . 87 0 1  1 50 9 . 7 04 1 

3 8 o 5 9 . 1 2 9 5  -4 4 1 5 . 8 8 3 4  
4 3 9 4 4 . 24 1 8  - 3 04 6 . 75 7 4  

5 3 7 9 1 . 37 88 - 542 8 . 7 8 9 0  

0 4 1 2 4 . 9566 - 5 26 1 . 59 7 2  

7 07 2 4 . 7 7 3 4  - 1 095 8 . 1 8 36 

1 0 1 5 1 . 06] 5 -524 8 . 52 4 5  

8 1 97 8 . 6 4 4 3  79 6 . 3 55/ 

9207 5 . 5 7 5 3  94 / 6 . 04 9 7 

98 7 9 3 . 7 1 55 1 554 8 . 59 7 0  

0 . 1 0560 06 273 1 . 23 6 3  

0 . 1 0 2 1 0  06 - 1 2 37 3 . 62 3 9  

0 . 1 0920 06 - 1 1 1 6 1 . 4 2 1 9  

o .  1 1 0 80 06 -84 9 4 . 7 8 4 2  

0 . 1 1 1 3 0 0 6  T /6 0 . 1 9 42 

o. 1 2 640 06 1 4 7 2 6 . 2390 

101 



EQUATION NO. 28  

UTR = 5 . 50413 {PCC) 

1 96 4  

1 96 5  

1 966 

1 967 
1 96 8  

1 9 69 

1 9'/ 0 

I 97 I 

1 9 7 2  

1 97 3 

1 9 / 4  

1 97 5  
1 9'/ 6 

I 977 

1 97 8  

1 97 9  

1 980 

I 98 1 

1 98 2  

1 98 3  

1 .984 

UTI? 
1 1 66 0 . 7 6 17 
1 3 9 F t . 906 3 

1 4 1 2 3 . 2227 

.1 3 7 9 5 . 00 3 9  

28 1 7 2 . 8 6 33 
. 34tr/ O .  5 / 42 

3 4 243 . 2 46 1 
40B97 . 48 4 4  

4830 2 . 5898 

5 886 3 . 3 5 9 4  

5 9'/ 66 . 5 8 9 8  

6 5 50 2 . 543 0 

82 n s .  ooou 
O. 1 0 1 6E 06 

0 .  1 1 4 3 E  06 

O . I 0 84E 06. 

897 2 0 . 0000 

98005 . 3 1 2 5 

0 .  I 0231: 06 

O. I I  9 1  E 06 
0 .  1 4  I I E  0 6  

*P RED *RES I D  
4 333 9 . 5 0 3 0 -3 1 67 8 . 7 4 1 3  

462 / 8 . / i..J / 3  - 3 230U . 80J O 

4920 1 . 3 99 2  - 3 5 0/ 8 , 1 76 5  
5 1 8 3 2 . 3 7 2 3  -3803 7 . 36 8 4  

5 447 4 . 3 5 37 - 2 6 30 1 . 4 9 04 
5 / 30 3 . 47 5 4 - 2 2 43 2 . 90 1 2  

5952 1 . 63 9 0  -2527 8 . 39 2 9  
6 1 7 3 4 . 2984 -20836 . 8 1 4 0 

6 58 5 6 . 8 9 0 2  - 1 7 4 9 4 . 3003 

7 0 1 8 3 . 1 3 4 7 - 1 1 3 1 9 . 77 5 3 

7 2 94 6 . 20 6 9  - 1 3 1 7 9 . 6 1 70 

7 2 95 7 . 2 1 5 1  - 7 45 4 . 67 22 

7 7 o 5 7 . 7 4 0 3  5 1 1 7 . 2 5 9 7  

8 1 8 3 4 . 9 1 06 1 9 66 6 . 7 1 44 

84697 . 5 1 99 2964 4 . 7 9 26 

8 7 56 5 . 1 7 0 5  2085 9 . 3920 

8 6 07 9 . 0560 364 0 . 9 4 4 0  

890 4 0 . 27 6 8  8 96 5 . 03 5 7  

. 897 3 9 . 30 1 0  1 260 2 . 3 2 4 0  

8 993 1 . 94 55 2 9 1 2 4 . a o4 s 

90 256 . 1 8 85 4487 2 . 56 1 5  

102 



EQUATION NO . 30 

MSC = -26607 . 04 + 9 . 1378 (TPO) 
2 

R = • 50 

�� ..... *P=l ED 
J 0 /'; .1  5 022 . 233 3 23 5 0 . 6 1 7 f:. 

I 06" 3 2 65 . 1 0 -' 3 2 4 ) 5 . 4 4  4 4  
1 ? f, t:  'l 5 1 ':- . 77 C, O  24� 0 . 27 I I  

I 9 6 7  I _: q J .  OC> J O  25:, .< . _<7 3 4  

I ? 1\ o  2 3 1 2 . J n f. h l t> . t> 4 5 l  
1 0 6 9  2 4 :-; .• . 42 .3 8  2 02 6 . :?;; 8 5  
1 9 7 0  2S 1 2 . 7 5 2 0  20. ) 7 . 5 ') 7  2 
I 0 7 1 2 5 1'> "< . 5 1 0 8  :n.< "' . 3 6 1 3  

I 0 7  ;::> 3 2 "1 1 . 4') 9 0 36� ::> . 4 ; 5o 
I 9 7  .' 3 9 03 . "'4 7 0  <o? I , 4 5  5"i 

1 0 7 4  3 07:) , 3 O "  9 4 .;:J '3 . 5 ? :? 4 

I 9 7 5  ? 9 1 6 . 4 !" ' 0 3 0� 0 . 00 !"7 
1 0 7 1\ � O SQ . 97.S B 4 1 1 7  • .  < ') 55 
1 9 7 7  3 '3 1 5 . 3 1 1 8  4 0? I .4 .< 9 3  

1 07 '1 � 9 1 6 , 67 1 9  5 '3 3  6 .  '; 3 09 
I 9 7 0 y , c,,: . 3 ) 1 8 56" 1 . 9 1 6 0  
I O 'l ') 5 I '1= • 0 1 .!  7 6 'i 1  � . �  1 n o  
I 9 '3 1 5 0 54 • 6 5 ?  ·' 68'i 5 .  'A 8 7  

I Q O ;>  1 1 6 22 . :13 3 0  ">Q) I . 23 7 f  

}'J 'l .'  f, "i R I . I 0 0 2  7 31'1 . 7 1 3 8 
I o q �  I O"iC7 . I I  7 2 74 1 ? . 9:) 4 0  

103 

* P. E3 I D 
'3 5 1 1 , 62 07 

85 9 . 6 5 9 4  

1 1 1 5 . ': 0 4 "1  

- 1 :? :? .> . ;, 7_ < 4  

- 5') 4 . ::.Q I 2 
-4 4 2 . 87 4 6  

- 2-;1 4 . 7 "i 52 

-76 4 , 84 I ')  

- .• 5 1 . 0 3 7 1  

-:< 7 . '3 >7 '5 

-9 2 . 1  :?2 5  
-5 1 . 54 2 9  

-I '> 6  • .  , 2  9 7  

- 1 1 7 6 . 1. <'7 5  
- 1 5-\ ') , 2 / 0 I  

- 1 9) s .  5� 5 0  
- l �" ':i 7 . 4 ' P 2  
- I  8 ) 1) .  3 ? 6  :< 

4 0 I . oo f3 j  
-7 1 0 , 5 1  4 <'>  

.' 1 5 4  . 1 6 3 2  



EQUATION NO . 3 1  

MSC = -1972 . 76199 + . 49 795 (PCC) 

R2 = • 3 5  

MSC *P RELl 
1 96 4  5 922 . 23 8 3  1 94 8 . 1 222 
1 96 5  3 26 5 . 1 0 3 8  22 1 4 . 02 9 2  
1 966 3 57 5 . 7 7 5 9  2 4  7 8 .  4 4  2 4  -
1 967 1 3 1 0 . 00 0 0  2 7 1 6 . 4 6 4 1 
1 968 2 3 1 2 . 1 4 3 8  2 9 55 . 4 8 1 7  
1 969 2 48 3 . 4 2 3 8  3 2 1 1 . 4 2 97 
1 9'/0 25 1 2 . 7 5 2 0  3 4 1 2 . 1 0 4 9  
I 07 1 2563 . 5 1 9 8 3 6 1 2 . 2 8 2 1  
1 97 2  3 2 4 1 • 4080 3 98 5 . 24 9 1  
1 97 3 3 903 . 64 7 9  4 37 6 . 6 4 04 
1 9'/ 4  3 9-1 6 . 3  999 4 6 26 . 6 1 2 9 
1 97 5  3 9 1 6 . 4 6 3 9  4 6 27 . 6 08 8  
1 9-/ 6 3 95 0 . 9758 505 2 . 8 6 0 9  
I 977 . 38 I 5 . 3 1 I b 5 43 5 . 28 9 1 
1 97 8  3 8 1 6 . 6 7 1 9 568 9 . 7 4 3 2  
1 97 9  365 3 . 3 9 1 8  594 9 . 1 7 6 9  
1 980 5 1 8 8 . 97 2 7  5 8 1 4 . 7 2 9 5  
I 0 8  I 50 54 . 6 5 2 3  6 0 8 2 . 6 2 8 3  
1 .982 I I 6 2 ?. .  3 3 5 9  .6 1 4 5 . 8 1'1 8 4  
I 08 3 6 5 8 1 . 1 992 6 1 6 3 . 2 9 6 8  
1 984 I 056 7 .  I 1 7  2 6 7 3 5 . 44 5 1  

104 

*RES I D  
3 97 4 .  1 1 6 1  
I 05 1 . 07 4 5  

. I  09 7 . 3334 
- 1 4J 6 . 46 4 1  

- 64 3 .  337 9 
-72 8 . 0059 
-8 9 9 . 35 2 9  

- I  04 8 . 7 6 23 
-74 3 . 84 1 1  
-47 2. 99 24 

. -6 5 0 . 2 1 3 0  
-7 I I . 1 4 50 

- 1 1 0 I .  88 5 1  

- 1 6 1 9 . 9 7 7 3  
. - 1 8 7 3 . 07 1 3  

- 2 29 5 . 7 3 5 0  
-6 2 5 . 7 568 

- 1 02 1 . 97 6 0  
54 1 6 . 467 5 

4 1 7 . 9 025 
383 1 . 67 2 1  



EQUATION NO.  32 

MSC = -22 7 4 . 96374  + 3 . 1692 (TVR) 

R2 = • 2 9  

MS C *P R E D  
964 5 9 ? 2 . 2 3 83 22 1 4 . 06 5 2  

965 3 26 5 .  I 038 247 o. 8 2 0 5  
966 3 5 / 5 . 77 5 9 2 7 0.7 . 03 8 1  
967 1 3 1 0 . 0000 28 9 9 , 7 4 8 0  
968 23 1 2 . 1 4 38 307 4 . 097 1 
969 248 3 . 4 2 3 8  3 1 4 4 . 28 1 8  
9"/0 25 1 2 . 7 52 0  33 0 1 . 4 9 04 
07 1 2 56 3 . 5 1 9 8 360 9 . 8 7 1 1 .  
972 324 1 . 4 0 8 0  3 9 5 0 . 4 1 9 0 
973 3 90 3 . 6 4 7 9  4 33 9 . 98.53 
9"/ 4  3 97 6 . 3 9 99 4 57 I • 9383 
97 5 3 9 1 6 . 4 639 4 8 2 8 . 4 6 27 
9"/ 6  3950 . 9 7 5 8  5 1 6 0 . 6 993 
077 3 8 1 5 . 3 1 1 8 5 47 5 . 7 3 59 
97 8 3 8 1 6 . 6 7 1 9  577 3 . 6 885 
979 3 6 53 . 3 9 1 8  5 96 8 , 6077 
980 5 1 8 8 , 0 7 2 7  5928 . 1 6 3 5  
08 1 .505 4 . 6 5 2 3  5 93 0 .4823 

1 .982 1 1 6 2 2 . 3359 5 9 99 , 7 532 
I 08 3 6 58 1 .  I 992 6 0 1 7 .  I 0 1 5  
1 .984 I 0 56 7 , 1 1 7 2 5877 , 0503 

*RES I D 
370 8 . 1 7 3 1 

7 9 4 . 2 8 2 3  
86 8 , / 3 7 8  

- 1 57 9 . 74 8 0  
-/6 1 . 95 33 

-65 0 . 85 7 9  

-788 . 7 3 8 4  
-.I 046 . 3 5  7 3 

-7 09 . 0 1 1 0  
-436 . 33/ 4 

-59.5 . 53 8 4  

- 9 1 I ,  9988 
- 1 20 9 . 7 2 3 4  
- 1 66 0 . 424 2 

- 1 95/ . 0 1 6 7 
- 23 1 5 . 2 1 58 

-"1 3 9 .  1. 9 08 
-87 5 . 8300 

5 6 2 2 . 58 27 
56 4 . 09018 

4 69 0 , 0669 
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EQUATION NO. 33  

MSC = -1188. 173 + 0. 2597  (TVM) 

R2 = • 24 

M S : *P i I= !'  *RF3 I D 
1 0 ,<, A 5 9 ?2 . 2 .• 3  ·' ?2 1 7 . 95 1 '<  3 7 J 4  . 2 7 6 '5  
1 9 6 '"  3 ;>()'5 , 1 0 3 R  24 1 J . ::P  33 82 5 . J f 0'5 
1 O f/ .'1 5 7':' . 7 7 5 0  26 B . ::> 5 84 92 6 . 9 1 7 5  
1 9 6 7 1 3 1 ') .  ()') '\ 0  2 9' 0 . 2 1  97 - 1 5' 0 . 27 0 7 
!') ('i Q 2 3 1 ;; • 1 � ·' 'i ;;>' F 7 . 2 � 3 0 - 57 5 . 1 4 9 2  
1 9 6 ?  2 4 201 . � 2 3  'l 3 4 :;2 . 2 1  1 7  -9'5 8 . 7 9 7 9  
1 07 '1 2 5 1 2 .  7 5 .J ') 3 7 1  ;> . � ; 6 1 - 1 ?J 7 , ;;>.U 2 
1 0 7 1  2 ') 6 · . 5 1 '; 8 4 ) )  3 . :- 5 6 4  - 1 5.• 5 . 1 "' 6 6  
1 0 7 ?  3 2 " 1 . 4 J 3 0 LU,< 7 , 5 J 6 C  - 1 ?2 6 , (1;) 8 ()  

1 9 7  ·' :• 90.· • 6<; 7 0 4 J I  ·J . 6 1  3 8  -0) 6 . 95 5 8  
I 0 7� .< 07 < . 3<; "0 0  4 () < "> , 0 3 1 "' -6"J o .  53 1 7  
1 9 7 5  3 9 1 .:', . 46 � 9  4 'l 3 2 . � C OO - 0') 5 . 8 .• 6 2 
I 976 3 "5 ' .  9 7 '5 .'3  '52'i ;; • .  < 6 6 9  - 1 3 1 3 • .; i l 0  
1 9 7 1  '< '3 1 5 . ? 1 1 5  5 4 1 5 , ? 'i 0 ? - I !\7 9 .  95 7 5 
I 9 7 " 3 8 1 ::- . 'i / 1 0 sn ::> . s� s 4  - 1 9) 5  . S :o J S  
1 9 7 0 3 "' 53 • .  ''!0 1 'l 55'>3 . 3 1  9 2  - 1 90 :1 . 9? 7 4  
I O 'l l) 5 1 "<3 . 9 ! 2 7 5 3 'i 'l , 5 1 9 7  - 1  7 Q .  54 7 0 
1 9 '3  I 5 0 54 . 65 :? 3  5.< "> 5 . -1 ; 28 _ _,) I • I �  04 
I 'l " ?  1 1 6 ?2 • .  <35 0 54) 7 • 9? 7 3 " " '5 4 .  3 3  'l (', 
1 ? 'J .' 6 '3 R I  • I r- n  s -/'5 1 . w 2 5 4  b2 9 . 573 'l  
I ? 'J ,< I OSf-.7 . I I I 2 6 "IS I • 35 7 'l 4 5 1 5 . 7 6 0? 
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APPENDIX E 

FUEL-PRICE AND FUEL-TAX SCENARIOS 
WITH POPULATION AS PRIMARY INPUT VARIABLE 
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TABLE E- 1 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 1 
====================================================================================================================== 

YEAR 

1 9 8 4  

( Actual) 

1 9 8 4  
( Predicted) 

1 990 

1 9 9 5  

2000 

2005 

VEHICLE 
REGISTRATION 

( Thousands) 

2 ,  5 7 7  

2 , 7 9 8  

3 , 503 

4 , 005 

4 , 4 2 1  

4 ,  7 7 4  

VEHICLE- GALLONS 
MILES OF FUEL 

TRAVELED CONSUMPTION 
( Mi l lions) (Mi l lions) 

2 7 , 8 7 3  2 , 050 

2 8 , 2 3 8  2 , 2 4 4  

3 5 , 7 3 2  2 , 840 

4 1 , 0 5 8  3 , 2 6 3  

45 , 4 7 8  3 , 6 1 5  

49 , 2 3 5  3 , 9 1 3  

MOTOR
FUEL 

REVENUES 

VEHICLE USAGE-
REGISTRATION TAX 

FEES REVENUES 

WEIGHT
DISTANCE 

TAX 

MISC 
REGISTRATION HIGHWAY-U SER 

FEES REVENUES 
(Thousands) (Thousands) (Thousands) (Thousands) ( Th.ousands) (Thousands) 

1 9 9 , 3 0 1  so ' 6 54 1 4 1 , 1 2 9  3 0 , 3 1 7  1 0 , 560 4 3 1 , 9 6 1  

2 2 1 , 4 1 7  55 , 6 57 1 2 8 , 7 9 6  3 1 , 40 1  7 , 4 1 4  4 4 4 , 685 

280 , 222 7 8 , 02 1  1 9 4 , 455 5 3 , 67 9  1 0 , 5 1 2 6 1 6 , 890 

3 2 1 , 99 1  9 3 , 9 1 5  2 4 1 , 1 28 69 , 4 92 1 2 , 7 4 1  7 3 9 , 240 

356 , 65 5  1 0 7 , 1 0 4  279 , 860 8 2 , 6 1 5  1 4 , 5 4 1  840 ' 7 7 6  

3 8 6  ' 1 1 8  1 18 , 3 1 6  3 1 2 , 7 8 3  9 3 , 7 70 1 6 , 0 9 5  9 2 7 , 0 8 1  
----------------------------------------------------------------------------------------------------------------------

SCENARIO CONDITIONS : Population = projec t i ons by the Urban Stud ies Ce nter , Un ive r s i t y  of Louisvil l e 

Fuel Price 

Fue l  Tax 

Population 
Year ( Thousands) 

1 984 
1990 
1 995 
2000 
2005 

constant at $ 1 . 3 0  per g a l l on 

3 ,  7 2 3  
4 , 062 
4 , 30 3  
4 , 503 
4 , 6 7 3  

= con s t ant a t  $ 0 . 1 0  per gal lon for two-axle vehi c l e s  
constant a t  $ 0 . 1 2  gal lon for vehicles having more than two axl e s  
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TABLE E-2 . FUEL PRICE AND FUEL TAX SCENARIO NUMBER 2 
====================================================================================================================== 

VEHICLE- GALLONS MOTOR- VEHICLE USAGE- HEIGHT- MISC 
VEHICLE MILES OF FUEL FUEL REGI STRATION TAX DISTANCE REGISTRATION HIGHWAY-USER 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES TAX FEES REVENUE S 
YEAR (Thousands) (Mi l lions) (Mi ll ions) (Thousands) (Thousands) (Thousands) (Thousands) ( Thousands) (Thousands) 

1 9 8 4  
(Ac tual) 2 ,  577  2 7 , 873 2 , 050 1 99 , 30 1  5 0 , 654 1 4 1 , 1 29 30 , 3 1 7  1 0 , 560 4 3 1 , 9 6 1  

1984 
(Predicted) 2 , 798 2 8 , 2 3 8  2 , 2 4 4  2 2 1 , 4 1 7  5 5 , 65 7  1 2 8 , 79 6  3 1 , 40 1  7 , 4 1 4  4 4 4 , 6 8 5  

1 990 3 , 50 3  3 5 , 434 2 , 81 6  2 7 7 , 884 7 8 , 02 1  1 9 4 , 455 5 2 , 794  1 0 , 5 12 6 1 3 , 665 

1995  4 , 005 4 0 , 50R 3 , 2 20 3 1 7 , 67 4  93 , 9 1 5  2 4 1 , 1 2R 6 7 , 858 1 2 , 71 4  7 3 3 , 2 8 8  

2000 4 , 4 2 1  4 4 , 664 3 , 550 350 , 268 1 0 7 , 104 2 7 9 , 860 8 0 , 1 9 7  1 4 , 54 1  8 3 1 , 9 7 1  

2005 4 ,  7 7 4  4 8 , 1 68 3 , 82 8  37 7 , 753 1 1 8 , 3 1 6  3 1 2 , 783 90 , 60 3  1 6 ,095  9 1 5 , 5 49 
------------------------- ------- ---------- ----------------------------------------------------------------------------

S CENARIO CONDITIONS : Populat ion = project ions by the Urban Stud i e s  Ce nter , University o f  Louisvi lle 

Fuel Price 

Fuel Tax 

Population 
Year ( Thousands) 

1 984 
1990 
1995  
2000 
2 005 

= $ 1 . 30 per gal lon in 1 9 8 4  

3 ,  7 2 3  
4 , 06 2 
4 ,303 
4 , 50 3  
4 , 6 7 3  

Trend l i n e  ( 1969 - 1 9 7 8 )  rate of increase o f  $ .0 4  per gallon 
per year for 1 990 - 2005 

constant a t  $ 0 . 1 0  per gallon for two-axle vehicles 
constant at $ 0 . 1 2  gallon for vehicles having more than two axle s 
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TARLE E-3 . FUEL PRICE AND FUEL TAX SCENARIO NUMBER 3 
= ====== ==================== = = ====== ======== ==== ==== ==== == === ======= = ======= = ======== ====== = ===== = = ==== = ===== = = ======== 

YEAR 

1 9 8 4  
(Actual) 

1984 
( Prerlicted) 

1990 

1 9 '15 

2000 

2005 

VEHICLE- GALLONS 
VEHICLE MILES OF FUEL 

REGISTRATION TRAVELED CONSUMPTION 
(Thousands) (Mil lions) (Mi l l ions) 

2 , 57 7  2 7 , R 7 3  2 , 050 

2 , 7 9 8  2 R , 2 3 8  2 , 2 44 

3 , 503 34 , 3 56 2 , 7 3 1  

4 , 005 3 9 , 6 82 3'  1 54 

4 , 4 2 1 . 4 4 , 102 3 , 505 

4 ' 7 7 4  4 7 , 8 5 9  3 , 804 

MOTOR
FUEL 

REVENUES 

VEHICLE USAGE-
REGISTRATION TAX 

FEES REVENUES 

WEIGHT
DISTANCE 

TAX 

MISC 
REGISTRATION RIGHI-lAY-USER 

FEES REVENUES 
( Thousands) ( Thousands )  ( Thousands) ( Thousan d s )  ( Thousanrls) ( Thousands) 

199 , 3 0 1  50 , 6  54 1 4 1 , 1 2 9 30 , 3 1 7  1 0 , 560 4 3 1 , 9 61 

2 2 1 , 4 1 7 5 5 , 6 5 7  1 2 8 , 7 9 6  3 1 , 4 0 1  7 , 4 1 4  4 4 4 , 685 

269 , 428 7 8 , 02 1  1 9 4 , 45 5  4 9 , 593 1 0 , 5 1 2  602 , 009 

3 1 1 , 1 9 7  93 , 91 5  2 4 1 , 1 28 6 5 , 4 06 1 2 , 7 1 4  724 , 3 59 

3 4 5 , 860 1 07 , 104 279 , 860 78 , 529 1 4 , 54 1  8 2 5 , 89 5  

3 7 5 , 3 2 4  1 18 , 3 16 3 1 2 , 78 3  89 , 683 1 6 , 09 5  9 1 2 , 2 0 1  
-------- -------- ------- --------------------------------------------------- - ------ - - --------- ------------------------ --

S CENARIO CONDITIONS : Population = pro jections hy the Urban Stud ies Cente r ,  University o f  Louisville 

Fue l  Price 

Fuel Tax 

Population 
Year ( Thousands )  

1984 
1 9 9 0  
1 9 9 5  
2 000 
2005 

constant at $ 2 . 50 per gal lon 

3 '  7 2 3  
4 , 062 
4 , 303 
4 , 5 03 
4 , 6 7 3  

constant a t  $ 0 . 1 0 per gallon for two-axle vehicles 
= constant at $ 0 . 1 2  gallon for veh ic les having more than two axl es 
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TABLE E-4 . FUEL PRICE AND FUEL TAX SCENARIO NUMBER 4 
================================= ===================================================================================== 

YEAR 

1 9 8 4  
(Actual) 

1984 
(Predicted) 

1 990 

1995  

2000 

2005 

VEHICLE 
VEHICLE

MILES 
GALLONS 
OF FUEL 

MOTOR
FUEL 

VEHICLE USAGE-
REG ISTRATION TAX 

REGISTRATION TRAVELED CONSUMPTION REVENUES FEES REVENUES 
( Thousand s )  ( Mi l l ions) ( Mi l l ions) ( Thousands) ( Thousands) ( Thousands) 

2 , 5 7 7  2 7 , 8 7 3  2 , 050 1 9 9 , 3 0 1  5 0 , 654 1 4 1 , 1 2 9  

2 , 79 8  2 8 , 238 2 , 244  2 2 1 , 4 1 7  5 5 , 6 5 7  1 2 8 , 796 

3 ,  503 3 5 , 732  2 , 8 4 0  4 1 3 , 662 7 8 , 02 1  1 9 4 , 455 

4 , 005 4 1 , 058 3 , 263  4 7 5 , 3 2 1  93 , 91 5  2 4 1 , 1 2 8  

4 , 4 2 1  45 , 4 7 8  3 , 6 1 5  526 , 490 1 0 7 , 1 04 279 , 860 

4 ,  774  49 , 235 3 , 91 3  569 , 98 4  1 18 , 3 1 6  3 1 2 , 7 8 3  

WEIGHT- MISC 
DISTANCE REGISTRATION HIGHWAY-USER 

TAX FEES REVENUES 
( Thousands) ( Thousand s) (Thousands) 

30 , 3 1 7  1 0 , 560 4 3 1 , 9 6 1  

3 1 , 401  7 , 4 1 4  4 4 4 , 6 8 5  

5 3 , 679 1 0 , 5 1 2  750 , 329 

69 , 492 1 2 , 7 1 4  892 , 569 

82 , 6 1 5  1 4 , 54 1  1 , 0 1 0 , 6 1 1  

93 , 770 1 6 , 095 1 , 1 10 , 947 
-- ----------- ----- - ---- - ----------- ---- ------ ----- ----- ----- - ---- - - ---------- - ----- ---- ------------- ---- - ---------- ---

SCENARIO CONDITIONS : Populat ion = pro ject ions by the Urhan Stud i e s  Ce nter , Un iversity of Lou i sv i l l e  

Fuel Price 

Fue l  Tax 

Population 
Year ( Thousan d s )  

1984 
1 990 
1995  
2000 
2005 

= constant a t  $ 1 . 3 0  per gal lon 

3 , 7 2 3  
4 , 062 
4 , 30 3  
4 , 50 3  
4 , 6 7 3  

constant a t  $ 0 . 1 5  p e r  gal lon for two-axle veh i c l e s  
constant a t  $ 0 . 1 7  gallon for vehicles having two axl e s  or more 
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TABLE E- 5 .  FUEL PRICE AND FUEL TAX SCENARIO NUMBER 5 
=== =================================================================================================================== 

YEAR 

1 9 8 4  
(Actua l )  

1984 
( Predicted) 

1990 

1 9 9 5  

2000 

2005 

VEHICLE- GALLONS 
VEHICLE MILES OF FUEL 

REGISTRATION TRAVELED CONSUMPTION 
(Thousands) ( Mi l lions) ( Mi l l ions) 

2 ,  5 7 7  2 7 , 87 3  2 , 050 

2 , 7 9 8  28 , 2 3 8  2 , 244 

3 , 503 3 5 , 434 2 , 81 6  

4 , 005 4 0 , 5011 3 , 2 2 0  

4 , 4 2 1  4 4 , 664 3 , 550 

4 ,  7 7 4  48 , 1 68 3 , 828 

MOTOR
FUEL 

REVENUES 

VEHICLE USAGE-
REGI STRATION TAX 

FEES REVENUES 

WEIGHT
DI STANCE 

TAX 

MISC 
REGISTRATION HIGHWAY-USER 

FEES REVENUES 
(Thousands) (Thousands) (Thousands) ( Thousands) (Thousands) (Thousands) 

1 9 9 , 30 1  50 , 6 54 1 4 1 , 1 29 

2 2 1 , 4 1 7  5 5 , 6 5 7  1 2 8 , 7 9 6  

4 1 0 , 209 7 8 , 0 2 1  1 9 4 , 455 

46 8 , 9 47 9 3 , 9 1 5  2 4 1 , 1 2 8 

5 1 7 , 062 1 07 ' 104 2 7 9 , 860 

5 5 7 , 6 3 5  1 1 8 , 3 1 6 3 1 2 , 7 8 3  

30 , 3 1 7  

3 1 , 4 01 

5 2 , 794 

6 7 , 85 8  

80 , 1 97 

9 0 , 603 

1 0 , 560 

7 , 4 1 4  

1 0 , 5 1 2  

1 2 , 7 1 4  

1 4 , 54 1  

1 6 , 0 95 

4 3 1 , 9 6 1  

4 4 4 , 6 85 

7 4 5 , 99 1  

8 84 , 5 6 1  

9 9 8 , 76 6  

1 , 09 5 , 4 3 1  

SCENARIO CONDITIONS : Population = project ions by the Urban Stud i e s  Ce nter , University o f  Louisv i l le 

Ft1 e l  Price 

Fue l Tax 

Population 
Year (Thousand s )  

---------
1984 3 ,  7 2 3  
1990 4 , 062 
1995 4 , 30 3  
2000 4 , 50 3  
2005 4 , 6 7 3  

1 9 9 5  2 2 , 2 6 1  
2000 2 4 , 2 7 4  
2005 26 , 3 2 7  

$ 1 . 30 p e r  gallon in 1 9 8 4  
Trend line ( 1 96978) rate o f  increase o f  $ . 04 p e r  gal lon 
per year for 1990 - 2005 

constant at $ 0 . 1 5  p e r  gal lon for two-axle vehicles 
constant a t  $ 0 . 1 7  per gallon for vehicles having two axles or more 
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TABLE E-6 . FUEL PRICE AND FUEL TAX SCENARIO NUMBER 6 
====================================================================================================================== 

YEAR 

1 9 8 4  
(Actual) 

1984 
( Predicte<l) 
1 990 

1 9 9 5  

2000 

2005 

VEHICLE 
REGISTRATION 

(Thousands) 

2 , 5 7 7  

2 , 79 8  
3 , 503 

4 , 005 

4 , 42 1  

4 , 7 7 4  

VEHICLE- GALLONS 
MILES OF FUEL 

TRAVELED CONSUMPTION 
( Mi l l ions) ( Mi l l ions) 

2 7 , 8 7 3  2 , 050 

2 8 , 2 38 2 , 2 4 4  
3 4 , 3 56 2 , 7 3 1  

39 , 6 8 2  3 ' 1 54 

4 4 , 102 3 , 505 

4 7 , 85 9  3 , 804 

MOTOR
FUEL 

REVENUES 

VEHICLE 
REGISTRATION 

FEES 

USAGE
TAX 

REVENUES 

WEIGHT
DISTANCE 

TAX 

MISC 
REGISTRATION HIGHWAY-USER 

FEES REVENUES 
(Thousands) (Thousands) ( Thousands) (Thousands) (Thousands) (Thousands) 

1 9 9 , 3 0 1  5 0 , 6 5 4  1 1< 1 , 1 2 9  3 0 , 3 1 7  1 0 , 5 6 0  4 3 1 , 9 6 1  

2 2 1 , 4 1 7 5 5 , 6 5 7  1 2 8 , 7 96 3 1 , 40 1  7 , 4 14 4 4 4 , 68 5  
397 , 7 27 7 8 , 02 1  1 9 4 , 4 5 5  4 9 , 593 1 0 , 5 1 2 7 3 0 , 308 

4 5 9 , 3 8 6  9 3 , 9 1 5  2 4 1 , 1 2 8 6 5 , 406 1 2 , 7 1 4 8 7 2 , 5 4 9  

5 1 0 , 5 5 6  1 07 , 104 2 7 9 , 860 7 8 , 529 1 4 , 5 41 990 , 590 

5 5 4 , 050 1 1 8 , 3 1 6  3 1 2 , 7 8 3  89 , 683 1 6 , 0 9 5  1 , 0 9 0 , 926 
----------------------------------------------------------------------------------------------------------------------

SCENARIO CONDITIONS : Popul ation = projections by the Urban Stud i e s  Ce nter , Unive r s i ty o f  Louisv i l l e  

Fuel P r i c e  

Fue l Tax 

Population 
Year ( Thousan d s )  

1 9 8 4  
1 990 
1 9 9 5  
2000 
2005 

constant at $ 2 . 50 per gallon 

3 , 7 2 3  
4 , 062 
4 , 303 
4 , 503 
4 , 6 7 3  

constant a t  $ 0 . 1 5  per gallon for two-axle veh i c l e s  
constant at $ 0 . 1 7  p e r  gal lon for vehicles having two axles or more 


