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ABSTRACT 

The magnitude of potential highway user benefits and costs resulting 

from proposed highway improvements must be estimated with a reasonable 

degree of accuracy for highway agencies to make rational decisions in the 

public interest. The Highway Economic Evaluation Model (HEEM) has been 

developed for that purpose. One of the important aspects of the model is 

the assumed growth rate pattern which average daily traffic volume (ADT) 

will exhibit during the projection period under consideration. This 

study examines 18 case study areas in Texas, along with a detailed look 

at Dallas County, to determine the factors which significantly affect ADT 

growth rates for use in the HEEM. The factors include highway capacity, 

and different categories of land development. The accuracy of ADT pro­

jections in Dallas County, along with population and land use projections, 

are examined, as well as factors which seem to be influencing the size of 

the errors. Various alternative changes to the HEEM's traffic growth rate 

formulas are proposed, along with a simple multiple regression model to 

project ADT. The data are reported in narrative, graphic, and tabular 

form. Implementation of the findings and recommendations of this report 

should result in more accurate estimates generated from the HEEM at a 

lower cost of running the model. 
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SUMMARY OF FINDING 

Data collected from the 18 case study areas receiving highway improve­

ments were aggregated to find what effect factors such as stage of area 

development and capacity changes have on traffic growth rate patterns and 

to compare these patterns with those assumed in the HEEM. Also data col­

lected from 47 improved highway segments in Dallas County were agqregated 

to determine the relationships among ADT, land use, and population pro­

jections and to determine what changes should be made to the assumed ADT 

growth rate formulas in the HEEM. 

The findings for the 18 case study areas are summarized as follows: 

1. There is no clear distinction between the growth rates 

in developing areas as contrasted to developed areas. 

The assumption in the HE EM of a constant growth rate 

for developing areas and a particular declining growth 

growth rate for developed areas is not supported in this 

sample. 

2. Improvements of primary routes in developing areas in 

this study significantly affect traffic growth rates, 

but that effect diminishes rapidly ever time. The effect 

is much smaller in developed areas. 

3. The number of lanes added to capacity also seems to be 

a significant factor in the 18 case study areas. In 

general, the greater the capacity change, the larger is 

the initial impact on ADT, but that effect on the growth 

rate diminishes over time. 
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4. Improvements along primary routes affect growth 

rates for both parallel routes and intersecting 

routes within the study areas, with a relatively 

greater impact on the parallel routes. The effect 

is most pronounced in developing areas, but the 

impact on the ADT growth rate diminishes over time 

and almost disappears four (4) years after con­

struction began on the primary route improvement. 

The findings for ADT growth rates of the improved highway 

seg~ents in Dallas County are as follows: 

1. ADT projections prepared by the SDHPT have an 

average error of .2870 in this study. The average 

error is influenced by a number of factors. 

a. The average error declines from .3266 to .1515 

if the projection was made after the improvement 

had been completed. 

b. The average error goes down as the time the projections 

were made approach the present. The average error 

for projections made in the 1950's is .3385, com-

pared to .1629 for projections made in the 1970's. 

c. The stage of commercial and industrial land use 

also is significant with an average error of .3213 

for developed areas, compared to an average error 

of .2770 for developing areas. 

d. The year the projection was made, the stage of 
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commercial/industrial land use, and the time 

of the projection in relation to completion 

of the highway project, can explain 24.5% of the 

variation in the ADT projection errors. 

2. Population and land use projections are, in general, 

not very accurate. Population projections have an 

average error of .4658, and the land use projections 

have an average error of .8371. 

a. The average error for both population and land 

use projections declines somewhat if the pro­

jection was made after completion of the highway 

project. 

b. The average error drops in developed areas for 

both population and land use projections. 

3. Overall, very little relationship is observed between 

errors in ADT projections, land use projections, and 

population projections. However, there are significant 

relationships in some categories of the projection 

errors. 

a. There is a significant positive correlation between 

errors in population and land use projections for 

total developed areas and for projections made be­

fore completion of the highway project in developed 

areas. 

b. There is a significant negative correlation between 
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errors in ADT projections and land use projections 

for projections made after completion of the high­

way project in developing areas. 

4. The declining growth rate formula in the HE EM is de­

ficient in a number of aspects. 

a. The large number of iterations currently required 

in calculating the declining growth rate formula 

can be reduced to a single iteration by using the 

formula presented in this study. 

b. Multiple projections currently cannot be incorpo­

rated into the HEEM. Two alternative declining 

growth rate models are presented in this study 

which can incorporate any number of projections and 

retain the feature of an assumed terminal growth 

rate. 

c. Use of an assumed terminal growth rate and arbi­

trary selection of a constant growth rate formula 

or a declining growth rate formula based upon stage 

of development does not seem appropriate. A superior 

method would allow the HEEM to choose from a variety 

of growth patterns the one which most closely fits 

available historical ADT data. 

5. A multiple regression model for projecting ADT is 

presented which takes into account historical ADT data, 
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stage of development, and the effects of a capacity 

change. The model increases the accuracy of ADT pro­

jections, reducing the average error in this sample 

from .2222, with the SDHPT projections, to .1857. a 

reduction of about 16%, using the model presented 

in this study. 

vii 
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IMPLEMENTATION STATEMENT 

This report relates the findings of an aggregative study of 18 case 

study areas and a separate study of Dallas County to determine the 

factors affecting traffic growth rate patterns. Alternative formulas 

are proposed to improve the current growth rate formulas used in the 

Highway Economic Evaluation Model (HEEM). The findings can be imple­

mented immediately to improve the accuracy of estimates generated from 

the HEEM and reduce the computer time costs of running the model. 
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I NTRODUCTI ON 

Purpose and Objective of Study 

The near completion of the Interstate Highway System and the in­

creasing shortage of funds for future highway construction have caused 

state highway agencies to concentrate on upgrading and increasing the 

capacity of existing streets and highways. Much research has been done 

in the past concerning the impacts of new highway construction, but 

little has been done to examine the effects where an existing highway 

is upgraded. In order to optimize net public benefits, highway agencies 

need information of this type to help predict the effects from an im­

provement on an existing facility. 

Studies have been made in 18 different areas to determine the effects 

on land use and traffic volumes where an existing highway or street has 

been improved. This study aggregates the findings of these 18 individual 

case studies and looks at the effects those improvements have had on 

traffic growth patterns. The aggregated effects on land use are pre­

sented in Research Report 225-22 [19]. 

An important aspect of traffic growth rates is their use in the High­

way Economic Evaluation Model (HEEM) to calculate the Economic t·1easure 

of a highway project. This study examines several highway projects in 

Dallas County in order to determine the suitability and possible improve­

ments of the assumed HEEM growth rate formulas. 

Objectives: 

(1) To determine traffic volume changes resulting from various 
types of improvements. 

(2) Develop a more accurate procedure for determining corridor 
traffic growth rates to be used in the HEEM that take into 
account changes in vehicle volume, vehicle capacity, abutting 
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land uses, and population experienced in the study corridor 
and highway system of which the corridor is a part. 

,Contents of Report 

The report consists of two major sections. The first section in­

cludes an aggregative analysis of 18 case study areas [1-18]. This section 

covers several areas, including alternative functional forms for ADT, 

analysis of land use and capacity changes on traffic growth patterns. 

This section also examines the effects on parallel and intersecting 

routes from a capacity change on the primary route. 

The second major section examines ADT growth rates in Dallas County. 

The accuracy of ADT projections are examined, along with the factors 

affecting the projection errors. The accuracy of land use and population 

projections are also examined, along with the relationship between the 

errors. The HEEM declining growth rate model is examined and alternative 

declining growth rate formulas are presented. In addition, a simple 

multiple regression model to project ADT is presented which slightly 

lowers the average projection errors. 

Sources of Data 

Data for the 18 Case Study Areas were taken from the individual 

reports on each area. The original data sources for each study are 

published separately in these reports [1-18]. 

Data for the Dallas County highway projects came from a variety of 

sources. Information on the improvement projects within Dallas County 

came from the District 18 Office of the State Department of Highways 

and Public Transportation (SDHPT). 

2 



ADT historical data came from the SDHPT's Planning and Research 

Division RI-2-T-Log and District Highway Traffic Maps. Projected ADT 

figures were taken from various reports prepared by the SDHPT's Planning 

and Research Division. 

Historical land use and population data were obtained from a com­

puter tape prepared by SDHPT's Dallas-Fort Worth Regional Planning Office. 

Projected land use and population figures were obtained from the Regional 

Transportation Study (RTS), Volume 2, prepared by the SDHPT [22], and unpub­

lished raw data used in preparation of the RTS, for individual survey 

zones within Dallas County. 
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AGGREGATIVE ANALYSIS OF l~'CASE STUDIES . . 

The location of the 18 case study areas are presented in Table 1. 

The 18 areas were broken down into a developing or developed category. 

The developed category is defined as 80 percent or more of the land not 

vacant within the study area. A particular count station was selected 

which most closely reflected the change in average daily traffic (ADT) 

volume along the study route, and for which the greatest amount of data 

were available. 

Table 1 also presents the parallel routes and intersecting routes 

selected for use in this study. Each route and the count station asso­

ciated with that route were selected based upon its location within or 

proximity to the study area and the availability of ADT data. In 

general, much less data were available for parallel routes and generally even 

les§ for intersecting routes. This restricted the accurate estimation 

of growth rates along those routes and would indicate a need for more 

frequent ADT counts along these less traveled routes, especially those 

off of the state or federal systems. The historical ADT data used in 

this study for aggregating the 18 case study areas are presented in 

Appendix A, Tables A2, A7, and AlD. 

Functiona'l Form for Projected ADT 

In any study concerned with forecasting or projections, the 

functional form of the dependent variable and its rate of change or 

growth rate is of prime importance. The Highway Economic Evaluation 
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Table 1 

Study 
Area 

Number 

1 
2 
3 

4 
5 
6 
7 
8 
9 

U1 10 
11 

12 
13 

14 
15 

16 

17 

18 

Name of Road and 
City Location 

SH 30, College Station 
Texas Ave.S., College Station 
29th Street, Bryan 

Texas Ave. N., Bryan 
West 43 St •• Houston 
Gessner Rd., Houston 
Antoine Dr •• Houston 
FM 157 II, Arlington 
FM 1093, Westheimer II, 

Houston 
Collins St., Arlington 
FM 1093, Westheimer 12, 

Houston 
FM 157 12, Arlington 
FM 1093. Westheimer 13 

Houston 
SH 352, Dallas 
SH'356, Dallas 

W. Berry St., Ft. Worth 

Vickery St., Ft. Worth 

Pipeline Rd., Hurst 

a 1 • Oeveroping Area 
2 • Developed Area 

Study Areas, Parallel Routes, and Intersecting Routes 

Type of Study Length of Location of Parallel Location of Intersecting Location of . Study Period Period Traffic Count Route Traffic Count Route Traffic Count Area a (Years) Station Station Station 

1 968 - 1977 10 E. of Texas Ave. Dominik St. E. of Texas Ave. Texas Avenue ~. of FM 2818 
1 968 - 1977 10 S. of SH 30 Glade St. S. of Holleman FM 2818 ~. of Texas 
2 958 - 1977 20 NW of Haswell, Carter Creek SE of Texas Coulter Dr. ~W of 29th SE of Cou lter Parkway NW of Coulter 
1 958 - 1977 20 NW of Stevens Old Hearne N. of N. Texas SH 21 ~E of N. Texas 2 962 - 1978 17 W. of Shepard Pinemont b W. of N.Shepard North Shepard N. of W. 43rd. 1 962 - 1978 17 N.· of LongPoint Witte Rd. b 

at Long Point Long Point Rd. at Gessner 2 964 - 1978 .15 at Katy Freeway Wirt Rd. b 
at Katy Freeway Long Point Rd. at Wirt 1 964 - 1978 15 N. of Brown SH 360 b N. of IH 30 Lamar Blvd. ~. of FM 157 1 962- 1978 17 at Bri argrove San Felipe b at Sage Fondren Rd. ~t Westheimer 

2 969 - 1978 10 N. of Spur 303 Cooper Street b S. of Spur 303 Spur 303 ~t Center St. 
1 1962 - 1978 17 at Hillcroft-Voss Richmond b at Fondren HUlcroft-Voss at Buffalo Bayou 
1 ~963 - 1978 16 N. of U.S.80 SH 360' b 

N. of US 80 US 80 W of FM 157 1 962 - 1978 17 at Gessner Memorial Dr. b 
at Benigus Fondren Rd, at Buffalo Bayou 

1 958 - 1979 21 ~. of Don ~l1i tary Parkway E.of St.Augustine Sam Houston S. of SH 352 1 958 - 1978 21 E. of Trinity ohn Carpenter W. of Regal Row Mockingbird lane S. of 356 Freeway 
2 964 - 1978 15 Univ.and Forest 5eminary Or. b 

McCart and James University W.Berry and Parkway 
Park Hill 1 1964 - 1978 15 ~ontgomery and Camp Bowie b Halloran and Horn Montgomery Lovell and Lock Hulen e 

2 1963 - 1978 16 . of Precinct SH 183 b E. of Norwood Precinct Line Rd • at Pipeline Rd. .. -------.1------_. __ L... ..... _ .••• _____ .. _ _ .. .. -.. ----_._--------- --'----.-.. _ . - . .-- . - ... --.. -
b • Not in Study Area 



Model (HEEM) uses two functional forms, depending on the stage of 

development in the area. One is a constant growth rate, which is to 

represent a typical developing area. The other is a declining growth 

rate where the terminal growth rate must be specified, which is to 

represent a typical highly developed area. Due to the specification 

of the model, the parameters of the second function must be iterated. 

A more detailed look at the HEEM growth rate models is presented 

in the last section of this report, but it is sufficient at this time to 

mention that the functional form of the HEEM declining growth rate model 

prevents it from being used in a linear regression model to estimate 

growth rates of historical ADT data. 

In addition, it is certainly not obvious that one particular 

functional form is applicable in all cases where the growth rate 

happens to be declining. Table 2 presents five different models of 

ADT as a function of time. Each can be estimated with a simple least­

squares regression technique. In addition, the ADT growth rate is 

presented which is associated with each functional form. The first 

one has a constant growth rate, the other four have declining growth 

rates, with each one in general having a different rate of decline. 

The relative relationship of the models is presented in Figure 1, 

where ADT is assumed to increase from 10,000 to 20,000 in 20 years. 

The selection of these five particular functional forms was 

arbitrary in the sense that there are virtually an infinite number to 

choose from. However, these five offer the advantages that their 

coefficients are easily calculated or estimated, as the situation 

warrants, and they offer a relatively wide range of variability in the 
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Table 2 Functional Forms for ADT Models 

Functional Form 

1 • 1 n ADT t = a + b t 

2. 1 n ADT t = a + b 1 n t 

3. ADT t = a + b t 

4. ADT t = a + b 1 n t 

. ADTt 2 
5. = a + b t ( 10,000) 

Where: 

Growth Rate 

b 

b 
t 

b b 
a+bt = ADTt 

b b 
t(a+blnt) = t(ADTt ) 

b {5xl07)b = 2(a+bt) ADT2 

ADT = Annual Average Daily TrJffic 

t = Time Period (year) 

a,b = Parameters 
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estimated ADTva1ues over the period under consideration. For example, 

in Figure 1, at the midpoint (1970), ADT varies by more than 1,500. 

(Table A1 in Appendix A gives the ADT figures for each functional form). 

Ideally, the particular model or models selected would be based 

on some theoretical assumptions concerning the "true" relationship. 

In this case, no a priori information is available which would allow 

selection of one model versus another. However, their applicability 

to particular sample data can be observed, and for that reason the 

model with the highest R2 value was used in this study to estimate 

the growth rate for a oiven set of historic~l ADT data. 

Analysis of ADT on Primary Routes 

The 18 case study areas were selected after a careful evaluation 

of a number of highway improvement projects. The 18 study areas were 

chosen based upon the following characteristics: (1) stage of area 

development; (2) type of highway or street; (3) predominate land use; 

and (4) type of setting (urban or suburban). In addition, each study 

area selected was required to have adequate historical experience 

after the improvement had been made. 

As a result of this selection process, aggregating the study areas 

presented some difficulties. The case studies covered several dif­

ferent time periods (see Table 1) which includes varied study periods 

and length of periods. In addition, several gaps in the yearly ADT 

data are present. 

To resolve these problems and make the data comparable, the his­

torical ADT figures for each study area were normalized, to cover a 

9 



similar 15 year study period. Year five was used in each case to 

indicate the year before commitment was made to fund the project, 

final planning completed, and construction began. In that way, each 

study area would reflect the relative change in ADT resulting from the 

improvement during the same time frame and so that the 18 case study 

areas could be aggregated along with any subset of these areas. 

The year when construction was completed could also have been 

used as the basis of comparison, but in most cases the construction 

period was relatively short (one or two years) and would not signifi­

cantly affect the results. In addition, by using the year prior to 

the beginning of final planning and construction, it allows a clear 

comparison of time periods before and after improvements were made in 

order to examine the effects of these changes on the aggregated ADT 

figures. 

Linear interpolation was used in most cases to fill in the gaps 

of the historical ADT figures for each study area. In the few in­

stances where the normalized study period extended beyond available 

historical ADT figures, the estimated growth rate for the particular 

study area was used to estimate the required ADT figures (see Appendix 

A, Tables A3 and A4). 

The aggregate ADT figures are presented in Table 3. These ADT 

figures represent an average of the ADT figures for'each of the 15 

years during the study period and are categorized by the previously 

described developed or developing areas and by all 18 study areas. 

The study areas in each category are listed at the ,bottom of the table. 

10 



Table 3 Primary Route Averaged ADT, Classified by Stage of Development 

Year Develop{ng Areas a Developed Areas b Total Areas 

1 8,970 8,550 8,830 

2 9,580 8;350 9,170 

3 10,820 9,100 10,250 

4 11 ,380 9,970 10,910 

5 12,070 9,790 11 ,300 

6 12,620 9,580 11 ,610 

7 13,110 10,030 12,080 

8 14,060 10,140 12,750 

9 16,310 10,550 14,390 

10 18,750 11,110 16,200 

11 20,660 11 ,830 17,720 

12 22,360 12,510 19,080 

13 24,600 12,400 20,530 

14 26,170 12,950 21,760 

15 28,290 13,690 23,420 
I 

a Areas 1,2,4,6,8,9,11,12,13,14,15,17. 
b Areas 3,5,7,10,16,18 
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In addition, the entire study period was broken down into three 

segments. The first five years represent the period before final 

planning and construction took place. The second segment of five 

years represents the period of final planning, construction, and 

immediately following construction of the project. This period 

would capture the initial impact on traffic volume resulting from 

the improvement along the study route. The third segment represents 

the period after the initial impact has passed and after readjust­

ments of traffic volume have occurred as a result of the improvement 

having taken place. 

Figure 2 gives a graphical representation of the aggregated ADT 

figures. As would be expected, the developing areas show a much 

faster ADT growth than the developed areas. However, it is interesting 

to observe that the developed areas do not exhibit an obvious de­

clining growth rate curve in this sample, which is assumed in the 

HEEM model. A larger sample size would be required to determine the 

exact relationship between stage of development and the pattern of 

ADT growth, and a longer sample period of 20 years may show a de­

clining growth rate pattern for developed areas. 

Calculation of Growth Rates by Stage of Development 

Growth rates were then calculated for each of the three aggre­

gated categories over the study period and are presen'ted in Table 4. 

The actual growth rates are presented which represent the year-to-year 

change in the ADT figures. The growth rate was calculated using the 

12 
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Table 4 Primary; Route Growth Rates (%) 

Actual Growth Rates Overall Calculated Growth Rates Divided SeQments Growth Rate 
Year Developlng Developed Total Developlng Developed Total DeveloplnQ Developed Total 

1 .0680 -.0234 .0385 .0839 .0332 .0711 .1045 .0444 .0862 

2 .1294 .0898 .1178 .0839 .0332 .0711 .0916 .0444 .0799 

3 .0517 .0956 .0644 .0839 .0332 .0711 .0718 .0444 .0640 

4 .0606 -.0201 .0357 .0839 .0332 .0711 .0649 .0444 .0564 

5 .0456 -.0194 .0274 .0839 .0332 .0711 .0577 .0444 .0526 

6 .0388 .0470 .0405 .0839 .0332 .0711 .1010 .0347 .0841 

7 .0725 .0110 .0555 .0839 .0332 .0711 .1010 .0347 .0841 

8 .1600 .0404 .1286 .0839 .0332 .0711 .1010 .0347 .0841 

9 .1496 .0531 .1258 .0839 .0332 .0711 .1010 .0347 .0841 

10 .1019 .0648 .0938 .0839 .0332 .0711 .1010 .0347 .0841 

11 .0823 .0575 .0767 .0839 .0332 .0711 .0923 .0327 .0689 

12 .1002 -.008~ .0760 .0839 .0332 .0711 .0853 .0327 .0689 

13 .0638 .0444 .0599 .0839 .0332 .0711 .0775 .0327 .0689 

14 .0810 .0571 .0763 .0839 .0332 .0711 .0729 .0327 .0689 

15 - - - .0839 .0332 .0711 .0674 .0327 .0689 



following formula: 

where: gt = growth rate in year {%} 

ADTt = Average Daily Traffic in Year t 

The overall growth rates were estimated using ordinary least­

squares on the functional form most closely fitting the data for the 

entire 15 year period. It is interesting to note all three aggre­

gated categories have an overall estimated growth rate which is 

constant. Even though the growth rate for the developed areas is 

much lower than for the developing areas {3.23% compared to 8.39%}, 

it would tend to suggest that rather than using a declining growth 

rate for developed areas, a small, but constant growth rate may be 

more approriate. 

This sample is too small to generalize the results to other areas 

in Texas outside these study areas, but it does cast some doubt on the 

HEEM's use of a declining growth rate without additional justification 

and study. 

The segmented growth rates presented in Table 4 were estimated in 

the same manner as the overall growth rates except the growth rates for 

each segment were estimated separately. Figure 3 presents those 

segmented growth rates graphically. The developing areas show a de­

clining growth rate for the first five years, then a high, constant 

growth rate of 10.1% during the initial impact period, then a declining 

1) 
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growth rate during the last period. 

The developed areas, on the other hand, show a far different 

pattern. The growth rate is constant during each segment, with a 

slight downward ~rend between segments. The growth rate goes from 4.44% 

in the first segment to 3.27% in the last segment. In this sample, the 

averaged ADT in the developed areas did not go up as a result of im­

provements along the study route, in sharp contrast to the large in­

crease experienced in the developing areas. This result would suggest 

that some adjustment to the assumed growth rates should be made for 

improvements only in developing areas. 

Effects of Capacity Change 

A comparison of the 18 case study areas was also made for capacity 

changes. Table 5 presents the three capacity change categories and 

the study areas in each category are listed at the bottom of the table. 

The ADT figures for study areas in each category were averaged and are 

presented in Table 5. Unfortunately only one area fell into the no 

capacity change category which limits any generalizations or com­

parisons to other aggregated categories. 

Figure 4 presents graphically the ADT figures for different capa­

city change categories. As expected, the 4-lane capacity change 

category has a much faster growth rate after the capacity change than 

the other categories. That observation is confirmed in Table 6 which 

presents the actual growth rates for each category along with the over­

all estimated growth rates and the estimated growth rates for each 

segment. 
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Table 5 Primary Route Averaged ADT, Classified by Capacity Change 

Year 2 Lane. Change a 4 Lane Change b No Chanqe c 

1 6,640 11 ,100 14,770 

2 6,480 12,100 15,560 

3 7,030 13,980 16,340 

4 7,680 14,720 16,530 

5 7,900 15,130 18,560 

6 7,890 15,570 20,980 

7 8,760 15,250 23,140 

8 8,770 17,030 22,690 

9 9,760 19,760 23,100 

10 10,530 23,120 24,510 

11 12,030 24,690 22,980 

12 13,420 26,230 25,600 

13 14,120 29,100 24,660 

14 15,470 29,980 27,170 

15 17,670 30,660 30,280 

a Areas 1,2,3,4,5,7,8,16,17,18 
b Areas 6,9,10,11,13,14,15 
c Area 12 

18 
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Table 6 

N 
o 

Year 

1 

2 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Actual Growth Rates 
2 lane 4 lane No 
ChanQe Chanoe Chanoe 

-.0241 .0900 .0535 

.0849 .1554 .0501 

.0925 .0530 .0117 

.0286 .0279 .1228 

- .0013 .0291 .1304 

.1103 -.0?06 .1030 

.0011 .1167 -.0194 

.1129 .1603 .0181 

.0789 .1700 .0610 

.1426 .0679 -.0624 

.1155 .0624 .1140 

.0522 .1094 -.0367 

.0956 .0302 .1018 

.1422 .0227 .1145 

- - -

Primary Route Growth Rates (%) for Capacity Changes 

Overall Calculated Growth Rates Divided SeQments Growth Rate 
2 lane 4 lane No 2 lane 4 lane No 

Total ChanQe ChanQe ChanQe Total ChanQe ChanQe ChanQe Total 

.0385 .0705 .0752 .0668 .0711 .0608 .1143 .0517 .0862 

.1178 .0705 .0752 .0634 .0711 .0639 .0962 .0517 .0799 

.0644 .0705 .0752 .0604 .0711 .0543 .0721 .0517 .0640 

.0357 .0705 .0752 .0597 .0711 .0455 .0650 .0517 .0564 

.0274 .0705 .0752 .0532 .0711 .0430 .0615 .0517 .0526 

.0405 .0705 .0752 .0470 .0711 .0685 .1050 .0440 .0841 

.0555 .0705 .0752 .0427 .0711 .0685 .1050 .0342 .0841 

.1286 .0705 .0752 .0435 .0711 .0685 .1050 .0305 .0841 

.1258 .0705 .0752 .0427 .0711 .0685 .1050 .0266 .0841 

.0938 .0705 .0752 .0403 .0711 .0685 .1050 .0226 .0841 

.0767 .0705 .0752 .0430 .0711 .0911 .0751 .0611 .0689 

.0760 .0705 .0752 .0386 .0711 .0911 .0664 .0611 .0689 

.0599 .0705 .0752 .0400 .0711 .0911 .0636 .0611 .0689 

.0763 .0705 .0752 .0363 .0711 .0911 .0536 .0611 .0689 

- .0705 .0752 .0326 .0711 .0911 .0449 .0611 .0689 



Overall the estimated growth rates are constant for both the 2-

land and 4-1ane capacity change categories, with the 4-1ane category 

having a slightly higher growth rate, 7.52% to 7.05%. The no change 

category exhibits an overall declining growth rate pattern going 

from 6.68% in year 1 to 3.26% in year 15. 

The estimated growth rate pattern changes somewhat when the 

study period is broken down into segments. Those segmented growth 

rates are presented graphically in Figure 5. The 4-1ane change areas 

exhibit a declining growth rate in both the initial and last segments, 

with a high constant growth rate (10.5%) during the initial impact 

segment. 

The 2-lane change areas also have a declining growth rate 

during the initial segment and a higher constant growth rate (6.85%) 

during the middle segment, but then the growth rate is even higher to 

9.11% during the last period. This is mainly due to the impact of 

case study areas 1 and 2, which are located in rapidly growing areas 

of College Station, Texas. This area has been characterized by a 

high constant, or even slightly increasing growth rate, during the 

last five to ten years. 

In general, the results seem to support the conclusion that the 

greater the capacity change the larger is the initial impact on ADT, 

but that effect on the growth rate diminishes over time. 
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Analysis of ADT on Parallel Routes 

It has been assumed in the past that all routes in a specific 

corridor exhibit ~imiltar types of growth patterns, in particular the 

same growth rate could be applied to both the primary route and 

secondary route(s). The HEEM, for example, calculates either a con­

stant growth rate or a declining growth rate for the corridor traffic 

volume being examined. However the allocation procedure in the HEEM 

for distributing the projected traffic volume along the routes within 

the corridor is not affected by that assumed growth rate, so in effect, 

the same growth rate is applied to all routes within the corridor. The 

18 case study areas were examined to provide some evidence as to the 

validity of the above assumption. 

Aggregating parallel route ADT followed the same procedure out­

lined in the previous section for the primary routes. The historical 

ADT was normalized using the year before final planning and construction 

began (year 5) as the common reference point. The averaged ADT for the 

18 case study parallel routes is presented in Table 7. Again, they 

. were divided up into developed and developing categories in order to 

make them comparable to the primary routes. 

The actual growth rates, along with the estimated overall growth 

rates and the segmented growth rates are presented in Table 8. The 

overall growth rates show a similar relationship already noted between 

the primary routes. Both the developed and developing areas have an 

estimated constant growth rate, with the developing areas having a much 

higher growth rate, 7.32% compared to the 2.59% growth rate for the 

developed areas. 
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Table 7 Parallel Routes Averaged ADT 

Year Developing Developed Total Areas 

1 7,460 12,590 9,170 

2 8,260 12,760 9,760 

3. 8,700 13,130 10,180 

4 9,150 13,480 10,590 

5 10,340 13,780 11 ,490 

6 11,320 14,340 12,330 

7 12,130 14,330 12,860 

8 12,900 14,410 13,400 

9 13,520 14,660 13,900 

10 14,230 15,120 14,530 

11 15,570 15,870 15,670 

12 16,370 16,380 16,370 

13 17,780 17 ,030 17,530 

14 19,780 17,730 19,100 

15 21,930 18,370 20,740 
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FIGURE 8 PARALLEL ROUTES AVERAGED ADT 
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Table 8 

Year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Actual Growth Rates 
-rreve I OPl ng Developed Total 

.1072 .0135 .0643 

.0533 .0290 .0430 

.0517 .0267 .0403 

.1301 .0223 .0850 

.0948 .0406 .0731 

.0716 -.0007 .0430 

.0635 .0056 .0420 

.0481 .0173 .0373 

.0525 .0314 .0453 

.0942 .0496 .0785 

.0514 .0321 .0447 

.0862 .0397 .0709 

.1125 .0411 .0896 

.1087 .0361 .0859 

- - -

Parallel Routes Growth Rates (%) 

Overall Calculated Growth Rates Divided Segments Growth Rate 
Developing Developed Total Develop-i ng Developed Total 

.0732 .0259 .0555 .0755 .0236 .0533 

.0732 .0259 .0555 .0755 .0236 .0533 

.0732 .0259 .0555 .0755 .0236 .0533 

.0732 .0259 .0555 .0755 .0236 .0533 

.0732 .0259 .0555 .0755 .0236 .0533 

.0732 .0259 .0555 .0741 .0129 .0406 

.0732 .0259 .0555 .0635 .0129 .0406 

.0732 .0259 .0555 .0556 .0129 .0406 

.0732 .0259 .0555 .0494 .0129 .0406 

.0732 .0259 .0555 .0447 .0129 .0406 

.0732 .0259 .0555 .0874 .0372 .0715 

.0732 .0259 .0555 .0874 .0372 .0715 

.0732 .0259 .0555 .0874 .0372 .0715 

.0732 .0259 .0555 .0874 .0372 .0715 

.0732 .0259 .0555 .0874 .0372 .0715 



The segmented growth rates offer an interesting contrast to the 

primary routes. Looking at the middle segment in Table 8, when the 

initial impact from the primary route improvement is felt, a decline 

in the growth rates for both categories can be observed, though the 

decline is not as large in the developed areas. As expected, the 

positive initial impact on growth rates along the primary routes seems 

to be matched, at least to a certain extent, by a corresponding drop 

in the growth rates for parallel routes. 

Comparison to Primary Routes 

The difference in the growth rates between the primary routes and 

parallel routes for each of the several categories is presented in 

Table 9. The overall estimated growth rates show relatively little 

difference. The developing areas have a difference of 1.07% and devel­

oped areas .73%. The most significant differences appear in the seg­

mented growth rate categories, where a large increase in the difference 

during the middle segment is evident for the developing areas. 

Figure 7 depicts graphically the actual differences in growth rates 

between the primary routes and the parallel routes. Both the developing 

areas trend1ine and the developed areas trendline generally follow each 

other very closely, except for the initial impact segment from year 6 

to year 10, where the difference is much larger for the developing 

areas than the developed areas. 

Figure 8, showing the difference in segmented growth rates gives a 
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Table 9 Difference in Growth Rates (X) between Primary Routes and Parallel Routes 

h Actual Difference Overall Diff. in Calc. Growth Rates ~ifference in Se9mented Growth Rates Year Developing Developed Total Developing Develo eel Totai Developinq Developed Total 

1 -.0392 -.0369 -.0258 .0107 .0073 .0156 .0290 .0208 .0329 
2 .0761 .0608 .0748 .0107 .0073 .0156 .0161 .0208 .0266 
3 .0054 .0689 .0241 .0107 .0073 .0156 -.0037 .0208 .01 07 
4 -.0695 -.0424 -.0493 .0107 .0073 .0156 -.0106 .0208 .0031 
5 -.0492 -.0600 -.0457 .0107 .0073 .0156 -.0178 .0208 -.0007 
6 -.0328 .0540 -.0025 .0107 .0073 .0156 .0269 .0218 .0435 
7 .0090 .0054 .0135 .0107 .0073 .0156 .0375 .0218 .0435 

8 .1119 .0231 .0913 .0107 .0073 .0156 .0454 .0218 .0435 
9 .0971 .0217 .0805 .0107 .0073 .0156 .0516 .0218 .0435 

10 .0077 .0152 .0153 .0107 .0073 .0156 .0563 .0218 .0435 

11 .0309 .0254 .0320 .0107 .0073 .0156 .0049 -.0045 -.0026 
12 .0140 -.0485 .0051 .0107 .0073 .0156 .0049 -.0045 -.0026 
13 -.0487 .0033 -.0297 .0107 .0073 .0156 .0049 -.0045 -.0026 
14 -.0277 .0210 -.0096 .0107 .0073 .0156 .0049 -.0045 -.0026 
15 - - - .0107 .0073 .0156 .0049 -.0045 -.0026 
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similar result. The developing areas show a decline in the difference 

which becomes negative by year 5, the parallel routes are growing 

faster than the primary routes, during the initial segment. Then during 

the middle segment, years 6 to 10, a big jump in the difference can be 

observed. The difference then drops close to zero during the last 

segment. The developed areas exhibit quite different results. The 

difference is virtually constant during the first 10 years at about 2%, 

then drops to slightly below zero during the last segment. 

These results would indicate the impacts from improvements along 

the study routes are most evident in the developing areas, but the im­

pact on the growth rate diminishes over time and tends to disappear in 

about 5 years after construction is begun. This would suggest that 

when an improvement is made in a developing area, the underlying ADT 

growth rate would not have to be adjusted, since the effect on the 

growth rate would not tend to be permanent. However, the ADT volumes 

themselves should be shifted upward in the year the improvement is 

made. 

Figure 9 depicts how that might be accomplished. Curve A exhibits 

a constant growth rate and is the same one used earlier in Figure 1. 

Curve B has exactly the same growth rate but has been shifted upward 

by 1,000 in the sixth year. By the 20th year, that, difference becomes 

about 1,500. A measure of the magnitude of that shift is presented in 

Table 20 1aterin this study, but generally the shift should depend on 

the stage of development, especially commercial development, of the 

study area. 
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EFFECT ON DEVELOPING AREA ADT FROM AN IMPROVEMENT ALONG PRIMARY ROUTE 
FIGURE 9 
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Analysis of ADT on intersecting Routes 

The effects of primary route improvements on intersecting routes 

within each case study area are examined in a similar fashion to the 

analysis of the parallel routes presented in the previous section. 

Table 10 presents the averaged ADT figures for the case study area in 

each category after the ADT figures had been normalized using the year 

before final planning and construction began as the common reference 

point. Those ADT categories are presented graphically in Figure 10. 

Growth rates were then calculated for the intersecting routes which 

are presented in Table 11. The developing areas have an overall calcu­

lated growth rate which is a constant 5.8%. The developed areas have an 

overall declining growth rate which reaches .54% in year 15. 

Looking at segmented growth rates, the developing areas exhibit a 

slightly declining growth rate during the first and last segments, and 

a constant growth rate during the middle segment. The developed areas 

have a slightly positive growth rate during the first segment, which 

becomes positive again during the last segment. 

Any inferences which can be made from these data are very limited 

due to the lack of ADT data available on most intersecting routes and 

the small sample size of the study. However, it does seem the growth 

rates for intersecting routes have been affected by improvements along 

the primary routes. 
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.' Table 10 Intersecting Routes Averaged ADT 

Year Developing Areas Developed Areas a Total a areas 

1 6,130 16,420 9,160 

2 6,530 15,870 9,280 

3 7,020 16,870 9,920 

4 7,240 18,490 10,550 

5 7,490 19,080 10,900 

6 7,950 19,300 11 ,290 

7 8,580 18,960 11 ,630 

8 8,840 18,310 11,630 

9 9,430 18,830 12,190 

10 10,010 19,100 12,680 

11 10,640 19,820 13,340 

12 11 ,430 19,900 13,920 

13 12,560 20,130 14,790 

14 13,520 20,360 15,530 

15 13,520 20,370 15,530 

a Excluding Case Study Area #18 
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Table 11 

---

W 
0'1 

Year 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Actual Growth Rates 
-neve lOp~Deve loped 

.0653 -.0335 

.0750 .0630 

.0313 .0960 

.0345 .0319 

.0614 .0115 

.0792 -.0176 

.0303 -.0343 

.0667 .0284 

.0615 .0143 

.0629 .0377 

.0742 • Q040 

.0987 .0116 

.0764 .0114 

.0000 .0005 

- -

Total 

.0131 

.0690 

.0635 

.0332 

.0358 

.0301 

.0000 

.0482 

.0402 

.0521 

.0435 

.0625 

.0500 

.0000 

-

Intersecting Routes Growth Rates (%) 

Overall Calculated Growth Rates Divided Seqrnents Growth Rate 
Developinq Deve-fo-pe"(f--t 0 ta 1 Developinq 'Developed Tota' 

.0580 .1005 .0385 .0623 .0052 .0476 

.0580 .0520 .0385 .0549 .0055 .0476 

.0580 .0326 .0385 .0475 .0049 .0476 

.0580 .0223 .0385 .0447 .0041 .0476 

.0580 .0173 .0385 .0417 .0038 .0476 

.0580 .0143 .0385 .0555 -.0046 .0279 

.0580 .0124 .0385 .0555 -.0040 .0279 

.0580 .0113 .0385 .0555 -.0036 .0279 

.0580 .0097 .0385 .0555 -.0031 .0279 

.0580 .0086 .0385 .0555 -.0028 .0279 

.0580 .0076 .0385 .0871 .0091 .0530 

.0580 .0069 .0385 .0744 .0084 .0466 

.0580 .0063 .0385 .0625 .0077 .0405 

.0580 .0058 .0385 .0539 .0072 .0358 

.0580 .0054 .0385 .0503 .0067 .0334 



Comparison to Primary Routes 

Table 12 gives a detailed look at the differences in growth rates 

between the primary routes and intersecting routes for the 18 case 

study areas. 

The differences in actual growth rates are presented in Figure 11. 

The trendlines for the developed and developing areas seem to follow 

each other fairly closely in the first and last segments, but they 

seem to have a significant divergence during the middle segment. 

That relationship becomes clearer by looking at the differences in 

the segmented growth rates presented in Figure 12. The difference for 

the developing areas category is declining during the first segment, 

then increases to a constant 4.55% during the middle segment, then 

drops close to zero during the last segment. In contrast, the developed 

areas show an almost constant difference of about 4% for the first 10 

years, then declines to about 2.5% during the last segment. 

Comparison to Parallel Routes 

It is interesting to note the similarity in the above described 

difference between the primary and intersecting routes, Figure 12, and 

the previously presented differences between the primary and parallel 

routes, Figure 8. Both exhibit a similar pattern, there is a negative im­

pact on the growth rates for both the parallel routes and intersecting 

routes resulting from an improvement along the primary route in develop­

ing areas. The impact in developed areas is much smaller for both 

pare11el routes and intersecting routes. 
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Table 12 Difference in Growth Rates between Primary Routes and Intersecting Roads (%) 
-_.-

Actual Growth Rat~s Overall Calculated Growth Rates Divided Seqments Growth Rate 
Year -Oeve lOp~Deve 1 opea Total 

--- -------_._-_. ---- --_. -.-
-Developinq 'Developed Total 

.. --- Deve1oEi~L Developed Tolal 

1 I .0027 .0101 .0254 .0259 -.0673 .0326 .0422 .0392 .0386 
I 

2 
I 

.0544 .0359 .0488 .0259 -.0188 .0326 .0367 .0389 .0323 

3 .0204 -.0004 .0009 .0259 .0006 .0326 .0243 .0395 .0164 

" .0261 -.0520 .0025 .0259 .0109 .0326 .0202 .0403 .0088 

5 -.0158 -.0309 -.0084 .0259 .0159 .0326 .0160 .0406 .0050 

6 -.0404 .0646 .0104 .0259 .0189 .0326 .0455 .0393 .0562 

7 .0422 .0453 .0555 .0259 .0208 .0326 .0455 .0387 .0562 

cl .0933 .0120 .0804 .0259 .0219 .0326 .0455 .0383 .0562 

9 .0881 .0388 .0856 .0259 .0235 .0326 .0455 .0378 .0562 

10 .0390 .0271 .0417 .0259 .0246 .0326 .0455 .0375 .0562 

11 .0081 .0535 .0332 .0259 .0256 .0326 .0052 .0236 .0159 

l? .0015 -.0204 .0135 .0259 .0263 .0326 .0109 .0243 .0223 

1 3 -.0126 .0330 .0099 .0259, .0269 .0326 .0150 .0250 .0284 

14 .0810 .0566 .0763 .0259 .0274 .0326 .0190 .0255 .0331 

15 - - - .0259 .0278 .0326 . 0171 .0260 .0355 
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Figure 13 provides a comparison of the segmented growth rates for 

the parallel routes and intersecti~g routes in the 18 case study areas. 

The difference for developed areas stays fairly constant throughout 

the study period varying only between about 1.5% and 3%. The developing 

areas offer a greater contrast. The difference between the parallel 

and intersecting routes increases moderately during the first five 

years, then drops rapidly during the next five years from about 3.4% 

to -1.1%. This would indicate improvements on the primary routes have 

a greater negative impact on the parallel routes than intersecting 

routes. After that initial impact has passed, the difference gradually 

returns to the approximate size observed during the initial period. 

These findings would indicate that in developing areas both 

parallel routes and intersecting routes receive a negative impact on 

their growth rates when the primary route is improved, and that effect 

is greater for the parallel routes. However, developed areas do not 

seem to be as sensitive to primary route improvements as developing 

areas. In this sample, very little impact was observed on the 

developed area growth rates for both parallel routes and intersecting 

routes. In addition, there did not seem to be any significant dif­

ference in the relative impact between parallel and intersecting 

routes. 
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EXAMINATION OF ADT GROWTH RATES IN DALLAS COUNTY 

A detailed examination of the factors affecting ADT growth rates was 

undertaken for Dallas County through a study of the accuracy of ADT, land 

use and population projections. In addition, an alternative model for 

projecting ADT is presented. 

The HEEM currently uses only two growth rates, a constant growth 

rate designated for use in rapidly developing areas, and a declining 

growth rate, to be used when the constant growth rate is inappropriate. 

Due to the specification and particular method of calculating the de­

clining growth rate, several iterations must be performed in order to 

calculate the growth rate and ADT for each year. In addition, a parti­

cular growth rate at the end of the projection period must be assumed. 

The calculated pattern of growth is quite sensitive to the assumed termi­

nal growth rate. 

The importance of the type of growth rate pattern used in the HEEM 

comes from the effect it has on the Economic Measure the HEEM calculates 

to access the desirability of a project. As the Guide to the Highway 

Economic Evaluation Model [20] points out: 

with a constant rate of traffic growth, the bulk of 
traffic growth, and therefore growth in benefits, 
occurs during the last half of the planning horizon. 
Conversely, with a declining rate of growth, most of 
the growth in traffic, and therefore benefits occurs 
early in the planning horizon . • . (p. 2-2) 

Since future benefits are discounted, the same benefits are worth 

"less" in present value terms the farther in the future they are received. 
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Therefore for any given ADT projection, use of the declining growth rate 

formula would result in a higher Economic Measure than using the constant 

growth rate formula. In addition, the HEEM provides very little guidance 

as to which growth rate formula is appropriate in any particular appli­

cation. To a great extent, the model relies upon the discretion and 

judgement of the user. 

This section attempts to identify the factors which influence the 

growth rate and suggest methods to improve the actual growth rates used 

in the HEEM. 

Analysis of ADT Projections 

Capacity changes on the Federal and State Highway System in Dallas 

County were identified in order to examine the effects those changes had 

on growth rates and the accuracy of ADT projections for those projects, 

prepared by the State Department of Highway and Public Transportation 

(SDHPT). 

Limitations and deficiencies in the data severely restricted the size 

of the sample used in the study. Only a relatively few traffic count 

stations with adequate historical ADT data are available from District 

Highway Traffic Maps and the RI-2-T-Log. 

Table 13 lists all highway segments used in this study. They are 

listed by an assigned segment number and include all segments for which 

ADT projections have been made and have historical ADT figures at least 

back to th~ year before the projection was made. Even with the above 

limitations on sample size, the sample includes 47 highway segments, with 
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Table 13 Dallas County Highway Seqments Used in Study 

Mileposts Control Project CaJ!.acity and Design Segment Highway Section Date of Date 
Number Begin End Number Number Number letting Completion Before Project After Project 

5999 8.148 8.964 US 80 8-8 43 1/71 4/72 4 ln, raised median 61n, raised median 
6088 "0.321 10.984 IH 30 9-11 4 4/49* 11/50 0 61n. control access 
6306 3.321 . 3.701 IH 45 92-2 29 10/53* 9/54 2 In. no raised median 4 In. control access 
6313 6.446 7.250 IH 45 92-2 29 10/53* 9/54 2 In. no raised median 41n. control access 
6366 8.913 8.997 IH 45 92-2 57 12/69* 11/73 0 61n. control access 
6370 10.151 12.215 IH 45 92-14 16 1/73 10/75 0 61n. control access 
6372 12.276 1 J. 891 IH 45 92-14 16 

, 
1/73 10/75 0 ,61n. control access 

6381 1.000 1.700 SH 183 94'-3 36 6/70* 7/73 4 In. raised median 61n. control access 
6387 4.338 4.880 SH 183 94-3 36 -6/70* 7/73 4 In. control access· 6 In. control access 
6393 7.048 7.928 SH 183 94-3 36 6/70* 7/73 4 In. control access 6 In. control access 
6461 0.000 0.630 US 80 95-10 6 8/58* 7/59 4 1n, control access 61n. control access 
6509 28.899 30.213 IH 35E 196-3 80 12/72 9/76 4 In. control access 61n. control access 
6566 0.000 0.463 US 175 197-2 28 7/61* 1/64 0 61n. control access 
6568 2.078 2,.807 US 175 197-2 28 7/61* 1/64 0 61n. control access 
6574 4.526 5.232 US 175 197-2 33 10/66 11/68 4 In. raised median 61 n. control access 
6575 5.232 5.534 US 175 197-2 36 10/68* 3/71 4 ln, raised median 61n. control access 
6578 7.491 7.747 US 175 197-2 36 10/68* 3/71 4 In. raised median 61n. control access 
6586 9.793 10.214 US 175 197-2 38 11/69* 1/72 2 ln, no raised median 4 In. control access 
6596 3.945 14.651 US 175 197-2 31 2/63* 6/64 2 In. no raised median 4 In. control access 
6618 ~3. 547 14.027 US 67 261-2 24 10/73* 4/75 2 In. no raised median 4 In. raised median 
6621 4.830 15.173 US 67 261-2 23 2/74* 7/75 2 In. no raised median 4 In. raised median 
6631 8.409 18.807 US 67 261-2 23 2/74* 7/75 2 In. no raised median 4 In,raised median 
6684 ~3. 514 24.154 loop 12 353-5 49 1/68* 11/70 0 6 In. raised median 
6686 74.581 25.591 loop 12 353-5 47 11/63* 9/64 4 In. no raised median 6 In. raised median 

* Date Project Started 



Table 13 (continued) Dallas County Highway Segments Used in Study 

Mne~osts Control Project Capacity_ and Design 
Segment Highway Section Date of Date 
Number Begin End Number Number Number letting Completion Before Project After Project 

6741 0.000 0.943 IH 35E 442-2 28 10/61* 11/63 2 ln, no raised median 4 ln, control access 

6744 2.991 3.788 IH 35E 442-2 28 10/61* 11/63 2 1n, no raised median 4 1n, control access 
6749 5.936 6.553 IH 35E 442-2 28 10/61* 11/63 2 1n, no raised median 4 1n, control access 
6755 9.648 , 10.984 IH 35E 442-2 36 12/63* 10/65 2 ln, no raised median ~ ln, control access 
6758 11.339 11.534 IH 35E 442-2 38 10/63* 7/65 0 8 ln, control access 
6790 7.167 ,7.396 loop 12 581-1 38 7/64 9/65 4 1n, no raised median 6 ln, raised median 
6830 8.825 9.157 loop 12 581-2 30 9/66* 6/68 2 ln, no raised median 6 ln, raised median 
6841 12.961 13.209 loop 12 581-2 41 12/71 8/75 2 1n, no raised median 6 1n, control access 
6850 15.207 15.659 loop 12 581-2 43 1/73 6/76 2 1n, no raised median 4 1n, control access 
6856 16.248 16.998 loop 12 581-2 43 1/73 6/76 2 ln, no raised median 6 ln, control access 
6864 19.054 19.515 loop 12 581-2 32 5/67* 10/69 2 1n, no raised median 6 1n, control access 
6868 20.836 21.643 loop 12 581-2 36 8/68* 10/70 0 6 ln, control access 
6975 14.356 14.525 IH 635 2374-1 2 6/64* 3/67 0 81n, control access 
6978 0.000 0.332 IH 635 2374-2 4 5/66* 10/69 0 81n, control access 
7000 7.682 8.436 IH 635 2374-2 5 11/66* 8/70 0 81n, control access 
7002 8.849 9.051 IH 635 2374-2 2 4/66* 11/68 0 81,n, control access 
7015 13.341 13.811 IH 20 2374-3 12 9/67* 3/74 0 81n, control access 
7016 13.811 14.833 IH 20 2374-3 12 9/67* 3/74 0 81n. control access 
7029 19.955 22.891 IH 20 2374-3 13 4/69* 10/71 0 81 n, control access . ' 
7042 2.145 3.965 IH 20 2374-4 3 12/71* 8/74 0 81n, control access 
7043 3.965 4.079 IH 20 2374-4 3 ' 12/71* 8/14 0 81n, control access 
7045 6.209 7.468 IH 20 2374-4 5 9/73 12/75 0 81n, control access 
7047 9.731 10.476 IH 20 2374-4 2 3/71 7/74 0 81n, control access 

* Date Project Started 



34 different projects on 10 different highways within Dallas County. 

Historical ADT for these highway segments are presented in Appendix B, 

Table Bl. Figure 14 shows the location of each· highway segment in 

Dallas County. 

Table 14 presents the projections on the above mentioned highway 

segments which are used in this study. There are 62 projections in all, 

since more than one projection has been made on some highway segments. 

The wide variety of projections, including the date when the pro­

jection was made, the projection period, and the number of projections 

within that period, presented some difficulties in determining the 

accuracy of those projections. 

For some projections, which were projected to 1975, the error 

is calculated directly by using the following formula: 

where 

E = ADTp - ADTh 
AOT p 

E = percentage error (in decimal form) 

ADT = projected ADT, and p 

ADTh = historicalADT. 

Jhe projected ADT is used in the denominator to give. a smaller calculated 

error for overprojections than for the same absolute amount of under­

projection. 

One of the uses of ADT projections is to determine the required future 

capacity and.presumably it is more desirable to have some amount of excess 

capacity than the same amount of under capacity. Therefore the formulas 

used for calculating projection errors will consistently favor over-
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Table 14 Calculated Errors in SOHPT Projections 

-
Projected AOT 

Study Serial Oate of Flrst . Second Tnlrd Percentage 
Point Number Error Projection Year AOT Year AOT Year AOT I(Oecima1 Fo rm} 

1 5999 4/59 80 35,000 0.4412 
2 6088 8/62 75 100,000 0.2585 
3 6088 2/64 85 120,000 0.1587 
4 6088 6/65 85 101 ,900 0.0433 
5 6088 6/67 75 96,000 0.2276 
6 6306 7/64 87 31,~00 0.0863 
7 6313 7/64 87 32,000 0.1117 
8 6366 7/64 87 69,100 0.5076 
9 6370 7/64 87 80,800 0.2376 

10 6372 7/64 87 87,800 0.1793 
11 6381 7/68 78 34,000 88 45,400 0.7379 
12 6381 5/73 95 78,750 0.2940 
13 6387 7/68 78 54,910 88 69,765 0.3648 
14 6393 9/59 80 42,000 1.1827 
15 6393 7/68 78 67,200 88 77,150 0.2468 
16 6461 6/65 85 39,375 0.3980 
17 6461 6/67 75 43,000 0.0826 
18 6509 3/68 75 42,200 90 71,350 0.3661 
19 6566 2/57 75 32,000 0.1600 
20 6568 2/57 75 42,000 0.0307 
21 6574 2/57 75 37,000 0.3586 
22 6575 2/57 75 39,000 0.3051 
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Table 14 (continued) 

Study Serial Date of Point Number Projection 

23 6578 2/57 
24 6578 5/65 
25 6586 2/57 
26 6586 10/68 
27 6586 4/69 
28 6596 2/57 
29 6618 4/69 
30 6621 4/69 
31 6631 4/69 
32 6684 2/65 
33 6686 2/65 
34 6741 1/57 
35 6744 1i57 
36 6749 1/57 
37 6749 8/65 
38 6755 2/57 
39 6755 9/59 
40 6758 2/57 
41 6758 9/59 
42 6790 7/74 
43 6830 9/66 
44 6841 3/71 

Calculated Errors in SDHPT Projections 

Projected ADT 
Percentage Flrst . Second Thlrd Error Year ADT Year ADT Year ADT {Decimal Fo rm} 

75 34,000 0.2659 
65 18,200 75 34,000 85 40,700 0.2278 
75 29,000 0.1683 
89 53,000 94 58,800 0.0836 
89 53,000 94 57,900 0.0706 
75 31,000 0.5068 
82 11,250 92 13,925 0.2550 
82 13,350 92 16,625 0.1758 
82 6,900 92 8,875 0.2962 
80 42,100 1.4410 
80 43,900 0.0992 
75 18,580 0.0237 
75 21,430 0.2044 
75 29,900 0.2020 
88 47,100 0.2858 
75 40,000 0.5102 
75 43,300 0.3952 
75 69,000 0.3681 
75 76,000 0.2421 
75 21,100 85 30,100 . 95 38,000 0.1350 
86 12,550 0.3115 
90 73,250 95 79,850 0.1236 
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Table 14 (continued) 

Study Serial oate of Point Number Projection 

45 6850 3/71 
46 6856 3/71 
47 6864 9/59 
48 6864 4/63 
49 6868 9/59 
50 6868 9/70 
51 6975 4/68 
52 6978 5/65 
53 7000 2/73 
54 7002 2/73 
55 7015 8/65 
56 7015 7/67 
57 7016 8/65 
58 7029 4/64 
59 7042 8/65 
60 7043 8/65 
61 7045 8/65 
62 7047 8/65 

Calculated Errors in SDHPT Projections 

Projected ADT 
Flrst Second Thlrd Percentage 

Error Year ADT Year ADT Year ADT JDecimal For m) 

90 111 ,700 95 121,650 0.2221 
90 101,600 95 110,600 0.1836 
80 70,000 0.2157 
80 70,000 83 75,400 0.2591 
80 66,000 0.5115 
70 48,3QO 75 59,800 0.1692 
75 102,350 90 167,400 0.0581 
65 42,000 75 79,000 85 94,800 0.6718 
75 55,200 85 110,600 95 170,000 0.0466 
75 62,500 85 111 ,500 95 161,700 0.1298 
88 74,600 0.3517 
88 63,300 0.2594 
88 93,200 0.1657 
87 41,000 0.7271 
88 48,200 0.1455 
88 52,200 0.1818 
88 47,000 0.2161 
88 62,800 0.1114 



projections. 

In most cases, the projected year or years are still sometime in the 

future. To handle these cases, the ADT trend which the projection implies 

is compared to the historical ADT, since the projection was made, to 

estimate the error in the projection. When multiple projections were 

made, that trend is calculated using the following equation: 

where 

1n ADTt = a + b 1n + ct 

ADTt = ADT in year t 

By using the historical ADT for the year before the projection was 

made, along with the multiple projections, the ADT trend is established 

by calculating or estimating the coefficients in the above equation. 

The projection error is then calculated by taking an average of the 

errors for each year since the projection was made. The formula is given 

as follows: 

where 

= 1 n JADTpt - ADThtl 
E n L ADT 

t=l pt 

E = percentage error, 

ADTpt = projected ADT in year t, 

ADTht = historical ADT in year t, and 

n = number of years 

Single projections with the projected year still in the future 

posed a problem. Only two data points were available, the historical 
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ADT for the year before the projection was made and the projected ADT. 

Of course, an infinite number of trendlines can pass between those two 

data points. Since if would be difficult, if not impossible, to deter­

mine what sort of trend was assumed when the projection was made, the 

actual historical ADT trend is used. 

The same 5 functional forms for ADT, presented in Table 2, are used 

to find the one which most closely fit the historical data. That parti­

cular functional form is then used to estimate the trend of projected 

ADT and the projection error is calculated using the same procedure and 

formula described above for the multiple projection case. 

Using the actual historical ADT trend rather than some unknown pro­

jected trend will tend to lower the calculated error, so some of the 

percentage errors presented in Table 14 probably have some downward bias. 

The size of the bias is unknown, but in most cases it shouldn't be very 

great. 

Factors Affecting Errors in ADT Projections 

In analyzing the variables which might affect the size of the errors, 

the highway segments and projections were divided up into the following 

categories: (1) time of projection, (2) stage of development, (3) stage 

of commercial/industrial development, and (4) size of capacity change. 

The average error for each category is presented in Table 15. 

Overall, the ADT projections are very good, with an average error 

Of .2870. Considering the difficulties in making any longrange fore­

casts, and in particular projecting 20 year traffic volumes for a small 

highway segment in a growing metropolitan area, the errors are very 
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Table 15 Average Percentage Errors (Decimal Form) 
in ADT Projections 

Projection Made Projection Made 
Before Project After Project 

Category Completed p Completeda 

Time Projection was Made 
before 1960 .3385 -
1960 - 1965 .3874 .1748 

1966 - 1969 .2881 .1372 
after 1969 .1983 .1038 

Stage of Development 
Developedb .2987 . 1171 
Developing .3297 .1573 

Stage of Commercial and 
Industrial Development 

Developedc .5226 .1702 
Developing .2985 .1266 

Size of Capacity Change 

Total 

2 lane .3671 .1712 
4 lane .2856 -
6 lane .2565 .1720 
8 lane .3128 .0782 

.3266 .1515 

a Study Points 2, 3, 4, 5, 6, 7, 16~ 17, 33, 37, 
42, 51, 53, 54 

b Segment Numbers 6387, 6566, 6574, 6684, 6686, 
675B, 6790 

c Segment Numbers 6088,6366,6393,6461,6566, 
6790, 6830, 6850, 6975, 7029 

54 

Total 

.3385 

.3101 

.2557 

.1629 

.2468 

.2921 

.3213 

.2770 

.3214 

.2856 

.2258 

.2625 

.2870 



small. In addition, the basic population, land use and other data used 

to make these forecasts were provided by local governments and other 

agencies in the area which may have introduced errors outside the 

control of the SDHPT. 

It is interesting to note the significant change in the average 

percentage error if the projection was made after completion of the pro­

ject and additional capacity had been added to the highway segment. The 

average error drops from .3266 to .1515 going from projections made before 

the project was completed to projections after the capacity had been added. 

This would tend to indicate capacity change does have a significant impact 

on the accuracy of ADT projections even though the size of the capacity 

change does not seem to exert a systematic effect in this sample. 

The time period in which the projection was made also seems to have 

a significent impact on the average errors, going from .3385 in the 1950's 

to .1629 in the 1970's. Certainly a portion of that difference is due to 

the greater length of time the historical ADT has had to deviate from the 

projected trend, however some of the observed decline may be due to im­

provements in forecasting techniques and additional forecasting experience 

over time. 

The stage of commercial and industrial land development also seems 

to be exerting an influence on the size of the errors. Developed commercial 

and industrial areas are defined as segments where 10% or more of the 

acreage abutting the highway segment is classified as commercial or indus­

trial land use. The average error of .3213 is larger for developed areas 

than the average error of .2770 for developing commercial and industrial 

areas. The difference is especially pronounced among projections made 
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before completion of the project, where the average error for developing 

areas is .2985, compared to .5226 in the developed areas. 

It would appear the level of economic activity in the area has an 

impact on the accuracy of ADT projections and is something which may not 

be adequately accounted for in current ADT forecasting procedures. 

The stage of overall development in the area seems to be exerting 

some influence on the size of the average projection errors. However, 

that influence does not seem as strong as the effects observed from 

commercial and industrial developmen~and the effect goes in the opposite 

direction. In this sample, developing areas have a slightly higher 

average error, .2921, compared to .2468 average error for the developed 

areas. 

A Model for Examining ADT Projection Errors 

A multiple regression model was used to estimate which factors seem 

to be the most significant in influencing ADT projection errors and what 

proportion of the error can be explained by such factors. The model is 

given as: 
* * * * E = 0.78034 - 0.01091 T + 0.13694 F + 1.48371 D + e 

(2.27) (-2.14) (2.33) (2.37) 

2 
R = .2450 

where E = percentage error, 

T = year projection made, 

F = 1 if projection was made before end of project, 

o otherwise, and 

D = percentage of commercial and industrial land in 1970. 
* indicates coefficients significant at 5% level, and ( ) includes 

the T-statistic for each estimated coefficient. 
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This model explains almost a fourth of the variation in ADT projection 

errors and each of the coefficients are statistically significant. 
Figure 15 depicts graphically how the expected error, estimated in the 

above multiple regression model, changes as some of the factors affecting 

the error change. The estimated error declines as the year the projection 

was made approaches the present, and when the projection year passes the 

year the project is completed, the expected error drops by more than 13 

percentage points. In addition, the stage of commercial and industrial 

development affects the error by increasing the error for any given 

projection year as the area becomes more developed. 

In general the SDHPT projections were fairly good with an average 

error of .2870 in this sample. Howeve~there are some factors which seem 

to be affecting the size of the errors which, if taken into account, could 

potentially increase the accuracy of those projections. Later in the 

report, a simpleaiternative model for projecting ADT is presented which 

takes into account some of the factors shown to be significant from this 

analysis of ADT projection errors and the analysis of the 18 case study 

areas presented previously in this report. 

Analysis of Land Use and Population Projections 

ADT projection methods have involved projecting the number and loca­

tion of vehicle trips by origin and destination. A key component of this 

process is developing trip generation factors. Using these trip genera­

tion factors, and the trips assigned-to a particular zone, the future 

trips produced by an area, and therefore the traffic volume, can be estimated. 

Among other things, two of the factors assumed to affect trip generation 

fuctors Jrc l,nd usc und ~opulrtion. 
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In order to project ADT, projections of both land use and population 

are required. It is therefore of interest to look at the accuracy of 

land use and population projections and examine if the errors in those 

projections are related to each other and to the previously presented ADT 

projection errors. 

In 1964, population and land use projections for 1985 were prepared 

in Dallas County. Those projections were made by survey zone and in­

cluded various categories of land use. In order to compare these pro­

jections with the ADT projections, the abutting survey zones were 

aggregated for each highway segment. Each area contains as closely as 

possible the survey zones within about a half of a mile of the highway 

segment, and an average of about two square miles in total area. (The 

survey zones for each area are listed in Appendix B, Table B2.) 

Errors in population and land use projections are calculated in the 

same manner as those used in analyzing the ADT projections in order to 

make them as comparable as possible. Since total developed land for each 

survey zone was not projected, the land use projections errors represent 

commercial and industrial development rather than total development. 

Table 16 lists the errors in population and land use projections by 

highway segment number. Some areas which are in the analysis of ADT 

projections are not included because reliable historical data could not 

be obtained for some survey zones, and the errors for those areas were 

not estimated. 

Table 16 also contains the overall errors in Dallas County popu­

lation and land use projections. The population projections show an 
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Table 16 Percentage Errors in Population 
and Land Use Projections 

Serial Number Population Error Land Use Error 

5999 
6088 
6306 
6313 
6366 
6370 
6372 
6387 
6393 
6461 
6509 
6566 
6568 
6574 
6578 
6586 
6596 
6618 
6621 
6686 
6744 
6749 
6755 
6758 
6790 
6830 
6841 
6850 
6856 
6864 
6868 
6975 
6978 
7002 
7015 
7042 
7043 
7045 
7047 

Dallas County 

.2032 

.7135 

.2966 

.7391 

.5173 

.0377 

.0710 

.1552 

.9681 

.4323 

.0667 

.2696 

.4553 

.0384 

.2469 

.2217 

.4131 

.3906 

.2011 

.1230 

.2096 

.4822 

.1532 

.1161 

.4460 

.5388 

.0844 

.1285 

.1458 

.5960 
4.6198 

.0799 

.2770 

.4542 

.6150 

.4111 

.4885 

.9518 

.8076 

.2642 

60 

.1668 

.4518 
2.2685 
1.3982 
2.9225 

.5988 

.3108 

.2591 
1.1363 

.3165 

.6281 

.1607 

.0282 

.1616 

.1618 

.2675 

.2935 

.7783 

.8354 

.1796 
1.7608 

.5913 
1.0234 

.3547 

.4179 

.1544 

.1621 
1.0926 

.0630 

.1692 

.6929 

.4250 

.6681 

.9339 
1.4077 

.7497 
2.3357 
5 .. 4342 

.8864 

.0559 



average error of .2642, and the land use projections show an error of only 

.0559. Projections for individual areas around the sample highway seg­

ments are, on average, not as accurate as the overall projections. 

Table 17 gives a summary of the average error for each set of pro­

jections broken down into various categories. The average error for 

population projections in this sample is .4658 and .8371 for land use 

projections. This result would suggest a distributional effect on the 

accuracy of land use projections and, to a lesser extent on population 

projections. Overall, fairly accurate forecasts have been made for a 

large aggregated area of Dallas County. Much less success is observed 

for much smaller subunits, and errors would have been much larger if 

errors for individual sur\loy zone projections had been calculated. Such 

a finding would cast some doubt on their reliability and use in origin and 

destination studies, even though the accuracy would improve as these zones 

are aggregated into larger areas. 

Table 17 also depicts some of the same effects on population and land 

use projections previously observed in ADT projections. The average 

error for both sets of projections declines somewhat if the projection 

was made after completion of the highway project, even though, as expected, 

that influence does not seem to be as strong as previously described for 

ADT projections. 

Stage of overall development in the area also seems to be exerting 

an influence. The average error for both sets of projections is much 

lower for developed areas compared to developing areas. However, con­

trary to the ADT results, the stage of commercial and industrial 
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Table 17 Average Percentage Errors in Population and Land Use 
. Projections by Stage of Development 

Projection Made Projection Made 
Before Project After Project 

Category Completed Completed 

Population Projections 

Stage of Development 
Developed 0.2867 0.3687 
Developing 0.5466 0.4326 

Stage of Commercial and 
Industrial Development 
Developed 0.4464 0.4718 
Developing 0.4936 0.3884 

Total 0.4838 0.4134 

land Use Projections 

Stage of Development 
Developed 0.4173 0.2640 
Developing 1.0126 0.9510 

Stage of Commercial and 
Industrial Development 
Developed 1.0248 0.3097 
Developing 0.8282 0.9314 

Total 0.8689 0.7449 

f2 

Total 

0.3113 
0.5191 

0.4549 
0.4691 

0.4658 

0.3714 
0.9977 

0.7864 
0.8523 

0.8371 



development in this sample does not seem to be exerting much influence 

on the average errors, although there is a slightly higher average error 

in developing commercial and industrial areas compared to the developed 

areas. 

Relationship of Errors in ADT, Population and land Use Projections 

Comparison of errors in the various projections of ADT, population, 

and land use presents some difficulties. Population and land use pro­

jections can be compared directly since both were made about the same time 

and covered the same projection period. However, that is not the case for 

the ADT projections in this sample. These projections cover a wide 

variety of time periods, especially with respect to the time period when 

the projection was made. For that reason, only those ADT projections 

made between 1962 and 1965 are used in comparisons with population and 

land use projection errors. 

Table 18 presents the correlation coefficients between the projection 

errors in various categories. Overall the projection errors show very 

little relationship, with the highest correlation coefficient of only 

.1411 between errors in land use and population projections. However, 

some correlation coefficients for specific categories are much higher and 

three are statistically significant. 

There is a strong positive correlation in this sample between the 

errors in land use and population projections in developed areas, even 

though that relationship almost disappears when the developing areas are 
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Table 18 Correlation Coefficients of Errors in ADT, Population, 
and Land Use Projections 

Projection Made Projection Made 
Category Before Project After Project 

Completed Completed 

Relation of Errors in Land Use 
Projections to Population 
Projections 

Developed Areas .9147* .9557 
(25.61)a (10.54) 

Developing Areas .1049 -.2909 
(0.22) (0.46) 

Total .1539 -.0430 
(0.66) (0.01) 

Relation of Errors in ADT Projec-
tions to Population Projections 

Developed Areas - -
Developing Areas -.1298 -.1449 

(0.15) (0.04) 
Total -.1351 .0858 

(0.19) (0.03) 

Relation of Errors in ADT Projec-
tions to Land Use Projections 

Developed Areas - -
Developing Areas .0194 -.9267* 

(0.003) (12.16) 
Total .0298 -.4927 

(0.01) (1. 28) 

*Significant at 10% level 

aF Statistic is listed below each coefficient in parenthesis 

Total 

.8289* 
(17.57) 

-.0430 
(0.01) 
.1411 
(0.75) 

.6249 
(0.64) 

- .1411 
(0.26) 

-.0800 
(0.10) 

-.2139 
(0.05) 

-.0800 
(0.08) 
.0006 
(0.00) 



included. This could be the result of the previously described distri­

butional effects on projection errors. Presumably the distributioniof 

future economic activity, as well as population, can more accurately be 

anticipated in areas which are already developed compared to areas where 

the structure and distribution of economic ativity can only be predicted. 

For example, a decision to locate a shopping center on a slightly 

different highway segment than had originally been anticipated could re­

sult in very large projection errors for each area, even though the 

overall effect on economic activity has been the same. 

The only other significant correlation coefficient is''fcr~~eveloping 

areas projection errors between ADT and land use projections made after 

completion of the highway project. The high, negative correlation between 

the errors is principally due to the small sample size and the large land 

use errors calculated in some of the survey zones. 

65 



Alternative Declining Growth Rate Formulas 

The declining growth rate model used in the HEEM, as previously men­

tioned, assumes a given terminal growth rate at the end of the projection 

period, and the model goes through several iterations before the constants 

in the model are accurately estimated. 

In addition, the model cannot be used to incorporate multiple pro­

jections. The ADT projections presented in this study include 20 multiple 

projections out of 62 total projections and 7 out of 8 since 1970. Dis­

regarding the information provided by additional projections could signi­

ficantely affect the final calculated economic measure in the HEEM for a 

proposed project alternative. 

The HE EM declining growth rate model calculates the expected ADT and 

growth rate for any future year (t) up to the projected yea~ using the 

following formulas: 

and 

where 

-A(t-l) 
(1 - e ) 

-A(t-l) 
g = g, ADTl e 
t ADT 

t· 

gt = growth rate in year t, and 

A = constant. 

Different values of g are tried, and each time A is iterated and the re­

sulting calculated terminal growth rate, gn+l' is checked against the assumed 

terminal growth rate. That process continues until the calculated terminal 

growth rate is less than the assumed terminal growth rate. 
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The program can go through a maximum of 1,000 different iterations of 

A before the loop is terminated and an error message is printed out. 

However it can be shown that the numerous, time-consuming iterations 

are not necessary, and A can be iterated directly using the following 

formula: 

g 'ADT 
A = (n+l n+l }(eAn_l) 

ADTn+1- ADTl 

where n = number of years in projection period 

The above formulation for A can be iterated very quickly using the same 

iteration technique used in the HEEM, known as Newton's Method, and offers 

the additional advantage that A must be iterated only once. Table B4 

in Appendix B contains the program changes necessary to implement this 

alternative iterated formula in the HEEM. 

Table 19 provides a comparison of the two iteration techniques, 

where ADT is assumed to increase from 10,000 to 20,000 in 20 years. With 

a terminal growth rate of 1%, both iteration methods give approximately 

the same results, the difference coming from the error introduced in the 

HEEM iteration by taking discreet values for gl' The HEEM increases the 

value of g1 by .0025 each loop, causing the error during the projection 

period. 

The two methods deviate sharply as the terminal growth rate is 

increased for the same projected ADT. In this example, for any terminal 

growth rate greater than 2.38%, the HEEM will go through its iteration 

process only once, giving the results in Table 19. Any assumed terminal 

growth greater than 2.38% will not change the iteration and the resulting 

traffic distribution within the projection period will always be the 
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Year(t 

1 

6 

11·. 

16 

21 

Table 19. Comparison of HEEM Declining Growth Iteration and 

Proposed Iterationa 

HEEM Declining Growth Proposed Declining Growth 
Rate Iteration Rate Iteration 

Tennina1 Growth Rate Terminal Growth Rate 

1.00% >2.38% 1.00% 3.00% 3.50% -

AOTt gt ADT
t gt ADTt gt ADTt gt ADTt gt 

10,000 .1025 10,000 .0525 10,000 .1009 10,000 .0417 10,000 .034:! 

14,194 .0477 12,594 .0407 14,150 .0476 12,169 .0375 11 ,874 .034~ 

16,964 .0263 15,124 .0330 16,920 .0266 14,545 .0344 14,115 .034, 

18,792 .0157 17,593 .0277 18,767 .0160 17,149 .0319 16,795 .0349 

19,999 .0097 20,002 .0238 20,000 .0100 20,000 .0300 20,000 .035C 

aAssumes ADT goes from 10,000 to 20,000 in 20 years. 

l 

4.00% 

ADTt gt 

10,000 .0286 

11 ,633 .0318 

13,743 .0376 

16,472 .0376 

20,000 .0400 



same, an approximate linear distribution. 

The problem comes from the initial value assigned to the current 

growth rate, gl. The initial value equals the average annual change in 

ADT plus the initial loop increment of .0025. After A is iterated, the 

terminal growth rate is calculated and checked against the assumed 

" terminal growth rate. If the calculated value is less than or equal 

to the assumed value, then the looping stops and the ADT for each year 

during the projection period are calculated. In this example, any 

assumed terminal growth rate greater than 2.38% will cause the program 

to loop only once and produce identical results. 

The proposed iteration technique offers the advantage that the 

information provided by an assumed terminal growth rate is not disregarded 

even if it is outside the range of the HEEM iteration. Table 19 

provides some examples of the results which would be produced. With a 

terminal growth rate of 3.5%, the ADT distribution closely approximates 

a constant growth rate pattern, and with a rate of 4%, the distribution 

exhibits an increasing growth rate pattern. The proposed program will 

print out an error message if an increasing growth rate distribution 

does occur, indicating the assumed terminal growth rate is too high. This 

proposed program also offers the advantage of a lower error in the estimated 

values for ADT, since no error is introduced into the calculation for the 

value of the initial growth rate. 

The above alternative iteration can result in a savings in computer 

time running the HE EM program, increased accuracy, and a greater range for 

the assumed terminal growth rate, but it still cannot incorporate 

multiple projections. Two alternative declining growth rate formulations 

which incorporate a given terminal growth rate are given as: 
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(1) Gamma Function 
'. t . 

ln ADTt - gn+1t = a + b (lnt - n+1) 

. ( n+1-t ) 
gt = b t(n+1)-+ 9n+1 

(2) Beta Function 
2 

ADTt - gn+1ADTn+1t = a + b [2(n+1)t- t ] 

g = 2b( n+ 1-t.) + ~n+ 1 ADT n+ 1 
t ADT 

t 

The coefficients a and b in either formula can very easily incorporate 

any number of projections, using simple linear regression or some other 

estimation technique. 

Of cours~ each alternative will give, in general, a slightly 

different ADT trendline. As an example, suppose ADT is projected to 

double from 10,000 to 20,000 in 20 years, with a .01 terminal growth 

rate. Figure 16 depicts the ADT trendlines for both functions given above, 

along with the HEEM declining growth rate model. Both alternative 

functional forms give a slightly different ADT trendline from the HEEM 

declining growth rate function. The appropriate function to use, in­

cluding the constant growth rate function, could be determined by the 

functional form which most closely fits the historical ADT for that 

particular corridor being examined. 

However making such a determination does not eliminate the problem 

these declining growth rate functions have in being very sensitive to the 

arbitrarily assumed terminal growth rate. For example, in Figure 16; if 

.03 were assumed as the terminal growth rate, instead of .01, all functions 
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would become almost straight lines, and a terminal growth rate of .035 

would mar-e them almost identical to the constant growth rate function. 

There is no distinct advantage to projecting a terminal growth rate 

in addition to the ADT. This conclusion is especially true for a single 

projected terminal growth rate representing a large geographical area. 

This study shows that a great variety of growth patterns can exist, and 

a single growth pattern for a large area is clearly inappropriate for all 

smaller units within that area. 

In addition. this study suggests ·some factors which seem to ·have 

a significant influence on growth rates and ADT projections. The sample 

is too small in this study to make any definitive conclusions. but some 

patterns do seem to have emerged. The stage of overall development, along 

with commercial and industrial development seem to affect the growth rate 

pattern. but it does not seem appropriate to arbitrarily assign a parti­

cular decliDing growth rate to developed areas and a constant growth rate 

to developing areas. 

The five simple functional forms presented in Table 2. and used 

throughout this study, give a far greater variety of declining growth rates. 

in addition to a constant growth rate. and could easily be expanded to 

include a greater variety of ADT growth patterns. Table 20 presents som~-of 

these alternative functional forms which could be used. In addition to the 

added variety. the arbitrary selection process could be eliminated by allow­

ing the HE EM itself to pick the appropriate growth pattern by selecting the 

functional form' most closely fitting the available historical .ADT data for 

the highway corridor being examined. 

This study indicates a significant ADT growth rate impact resulting 

from capacity changes along ~ particular highway corridor. The effect on 
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Table 20 Additional Functional Forms for ADT Models 

Functional Form 

1 • ADT t = a + b t 2 

b 
2. ADTt = a - t 

-t 
3. ADT t. = a - b e TlJ 

t 
4. ADT t = a + b e TOO 

5. 1 n ADT t = a + b t 2 

b 
6. 1n ADTt = a - t 

-t 
7 • 1 n ADT t = a - b e 10 

t 

8. 1 n ADT t = a + b e 100 

(
ADT )2 . 

9. 1 0, 060 = a + b 1 n t 

Funct i ana 1 Form 

ADT ) 2 
1 ° . (, 0,060 = a + b t 2 

( 
ADTt ) 2 b 

11. 10,000 = a - t 

( 
ADT t ) 2 b 

13. 10,000 = a + t 

14. AbT t = a + ~ 

-t 
1 5 . AbT = a + b e TO 

t 
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the growth rate seems to be temporary, and after a few·years the growth rate 

returns to its previous pattern. However, a capacity change could obviously 

affect the projected ADT, even if the underlying growth pattern were unaf­

fected •. This would sugge~t an improvement in the accuracy of ADT projec~ 

tions could potentially be achieved if those effects cou1d accurately be 

accounted for in the projection process. The following section presents a 

simple ADT projection model and tests it against the s·ame Dallas County 

data used in calculating SDHPT projection errors. 

A Simple Model for Projecting ADT 

Current methods of projecting ADT involve a relatively large amount 

of data, and are somewhat time consuming since a separate set of projec­

tions must be prepared for each project being studied. In addition, many 

projections are not very accurate. It would be of some benefit, there­

fore, if a simple model for projecting ADT could be developed which could 

be used with a minimum of time and data and which would improve the accu­

racy of these projections. 

As a first approximation, the five functional forms for ADT, presented 

in Table 2, were used to project ADT for each highway segment with adequate 

historical ADT before the SDHPT projections were made. The lack of histor­

ical ADT data eliminated all new location construction projects and some 

improvement projections, but left 19 highway segments in this sample 

which could be used to project ADT. 

In order to compare the accuracy of these projections to the SDHPT 

projections, the functional form which most closely fit the historical ADT 
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data was used to make projections to the same years as the comparable SDHPT 

projections. In addition, the projections used only the ADT data to the 

year before the SDHPT projections were made. The ADT data since that time 

were not used in any form to make the projections in order to compare 

the accuracy of these projections to the SDHPT projections. Projection 

errors were calculated in exactly the same manner as those previously 

presented for the SDHPT projections. 

This simple regression model does not take into account the effect 

that a capacity change may have on ADT. Three different functional forms 

were used to measure the size of that effect. 

The equations are given as: 

(1) 1 n ADT t = a1 + a2t + a3C, 

(2) 1 n ADT t = al + a21nt + a3C, and 

-t 
(3) ln ADT t = al 

10 + a2e + a3C; 

where C = 1 if capacity has increased and 

= 0 otherwise. 

These three were chosen because each one can be estimated using multiple 

regression and each one estimates the effect that a capacity change has as 

a constant percentage of ADT. The estimated percentage change (PC) in ADT 

is a function of the estimated coefficient a3 , and is given by: 

a 
PC = e 3 

The particular functional form which most closely fit the historical 

ADT was used for each highway segment with adequate historical ADT. Table 

21 provides an average of the estimated effects that capaci ty chanqes have, 

reflected by the sample ADT data. 
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Table 21 Capacity Change Effects on ADT 

Average Percentage Change 

Developed Areas 

Developing Areas 

Total: 

.0613 

.1695 

.1362 

A much larger sample would be needed to determine, with greater pre­

cision, the effects of capacity changes on ADT. For example, the number 

of lanes added to capacity should affect the percentages presented in 

Table 21, but this sample is too small to measure those effects. 

Multiple regression projections were then prepared for each highway 

segment used in the simple regression projections. When the capacity 

changeaecurred before the SDHPT projection, a projection was made 

using one of the three multiple regression equations listed above. When 

the SDHPT projection was made before the capacity change, the simple regress­

ion projections were adjusted by the average percentages presented in Table 21. 

In each case, percentage errors in the projections were again calculated 

in the same manner as the previously presented SDHPT projection errors. 

The results of each projection method are presented in Table 22. The 

multiple regression method lowered the average percentage error from .2222 

using SDHPT projections, to .1857 using this sample. Of course this 

multiple regression model cannot be relied upon to lower the pro­

jection error in every case, but it does offer an approach for further 

study and testing to improve the accuracy of ADT projections at a lower 

time and data gathering cost. 
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Table 22 Analysis of ADT Projections 

Percentage Errors in ADT Projections 
Serial 

Simple Multiple Number SBHPT Regression Regression 

6381 .2940 .2712 .2404 
6387 .3648 .1783 .2085 
6393 .2468 .0905 .0627 
6461 .3980 .5744 .0379 
6461 .0826 .3655 .0500 
6509 .3661 .1226 .0829 
6578 .2278 .2198 .0873 
6586 .0836 .3513 .2584 
6586 .0706 .4075 .3134 
6618 .2550 .5619 .4292 
6621 • 1758 .3957 .2902 
6631 .2962 .4028 .2847 
6686 .0992 .0663 .0868 
6749 .2858 .7449 .2090 
6790 .1350 .1948 .1399 
6830 .3115 .4297 .3549 
6841 .1236 .2980 .2185 
6850 .2221 .0800 .0896 
6856 .1836 .1018 .0844 

Average .2222 .3083 .1857 
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A larger sample would be required to construct a reliable multiple 

regression model to project ADT. The present model, could be expanded to 

account for the effects of different types of improvements, along with 

the size of the capacity change. In addition, the type, as well as the 

level of economic activity should be incorporated. Projections involving 

new location construction could be made potentially with a corridor 

approach to ADT projections, possibly as a supplement to current ADT 

projection methods. 

If a reliable multiple regression model is developed, it is possible 

it could be adapted for use in the HEEM. The model itself could make its 

own corridor ADT projections and in the process detennine the appropriate 

growth pattern for ADT up to the projected year. Instead of having an 

externally assumed projected ADT and trying to detennine the appropriate 

growth pattern to conform to that projection, this alternative method 

would estimate the two together, improving both the consistency and 

potentially the accuracy of the model. 

This, of course would not mean that current ADT projections and 

projection methods are unncessary. Many times historical information 

provides poor or inaccurate guidance for future events. This could 

certainly be the case for ADT projections. The procedure described 

above could be incorporated into the HEEM as a supplemental analysis 

and the results compared as part of a sensitivity analysis for various 

values of the projected AOT. 
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CONCLUSION AND RECOMMENDATIONS 

Conclusions 

This study has revealed that there are a number of factors which seem 

to be influencing ADT growth patterns. The sample size is too small to 

measure the magnitude of those effects, but some conclusions can be made 

from this sample. 

The aggregative analysis of the 18 case study areas has revealed that 

the stage of area development and the size of capacity change may have 

significant impacts on ADT growth rates, even though that influence may 

diminish over time. There also may be a significant impact on parallel 

and intersecting routes resulting from a capacity change on the primary 

route. A logical conclusion would be that it is not appropriate to use 

the same growth rates for all routes within a corridor without some addi­

tional study and justification. 

The analysis of ADT growth rates on highway segments within Dallas 

County has provided additional information on the factors affecting ADT 

growth patterns and the accuracy of ADT, land use, and population pro­

jections. The analysis revealed that about one fourth of the variation 

in the size of the ADT projection errors could be explained by the year 

the projection was made, the percentage commercial/industrial land use, 

and a binary variable to measure the effects of a capacity change after 

the projection was made. 

It might be further concluded that implementing improved formulations 

of the HEEM declining growth rate model, presented in this study, could 
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significantly reduce the time costs of running the model and could incor­

porate more that one ADT projection for a given highway corridor. Ulti­

mately it seems that determination of the appropriate growth rate formula 

in the HEEM should be combined with an ADT projection model rather than 

trying to fit an appropriate growth rate pattern to a given ADT projection. 

For this reason, a simple multiple regression model to project ADT is 

presented that would also estimate the appropriate growth rate pattern. 

The model was tested against the SDHPT projections in this sample, reducing 

the average error by about 16%. 

Recommendations 

Based upon the findings presented in this report, the following recom-

mendations are made: 

1.'. A 1 arqer sampl e of ·hi qhway improvement segments shaul d be 
obtained to determine the proper ADT growth rate patterns 
to use and the factors which affect those growth rates. 

2. The HE EM model should be adjusted so that it would take 
account of major improvements in developing areas. A sim­
ple method to accomplish this would be to shift the ADT 
curve upward when construction is completed, but retain the 
same growth rate pattern~ 

3. The HEEM should be adjusted'to allow for different 9rowth 
rate patterns for each route within the corridor. Alter­
native recommendations for growth rates in the HE EM are: 

or 

a. Use the declining growth rate formula presented 
in this report which requires only one iteration, 
thereby reducing the running cost of the model, 

b. Use one or both alternative growth rate formulas pro­
posed in this study which incorporate an assumed 
terminal growth rate, requiring no iterations even 
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or 

when multiple projections are made. 

c. Incorporate into the HEEM the ability to choose the appropriate 
growth pattern which is not sensitive to an assumed terminal 
growth rate. A number of functional forms for varying traffic 
growth patterns could be programmed into the HEEM, including 
those suggested in this report, and the functional form most 
closely fitting the available historical ADT would be used." 

d. Incorporate into the HEEM the ability to estimate the 
projected ADT, along with the growth rate pattern, 
from historical ADT, proposed capacity changes, and 
stage of development. Additional study will be required to 
determine the exact procedure and model which could significantly 
improve the accuracy of ADT projections. 

4. Reduce errors in ADT projections by using formulas that account for 
capacity changes and stages of land use development, especially 
commercial land use. 
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Table A1 ADT for Various Functional Forms a 

Year 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

Functional Form b 

(1) (2) ( 3) (4) 

10,000 10,000 10,000 10,000 
10,353 10,406 10,500 10,575 
10,718 10,822 11,000 11,140 
11,096 11,247 11,500 11,696 
11,487 11,682 12,000 12,243 
11,892 12,127 12,500 12,782 
12,311 12,581 13,000 13,313 
12,746 13,046 13,500 13,836 
13,195 13,520 14,000 14,351 
13,660 14,004 14,500 14,858 
14,142 14,498 15,000 15,358 
14,641 15,002 15,500 15,851 
15,157 15,516 16,000 16,338 
15,692 16,040 16,500 16,817 
16,245 16,575 17 ,000 17,290 
16,818 17,120 17,500 17,757 
17,411 17 ,675 18,000 18,217 
18,025 18,240 18,500 18,671 
18,661 18,816 19,000 19,120 
19,319 19,403 19,500 19,563 
20,000 20,000 20,000 20,000 

a assuming ADT goes from 10,000 to 20,000 in 20 years 
b Functional forms presented in Table 2 
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( 5) 

10,000 
10,724 

11 ,402 
12,042 
12,649 
13,229 
13,784 
14,318 
14,832 
15,330 
15,811 
16,279 
16,733 
17,176 
17 ,607 
18,028 
18,439 
18,841 
19,235 
19,621 
20,000 



~--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Table A2 Priftllry Route Historical ADT 

Case Year 
Study 
Number 1979 1978 1917 197~ 1975 1974 1973 1972 19~1 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960 1959 1958 1957 1956 

13,720 8,780 8,400 4,180 2,050 1,510 610 590 

2 23,900 11,980 9,550 6,140 

8,350 5,560 1,580 

4 5.150 3,750 4,840 4,340 4,330 

9,260 11,650 10,780 3.313(1 8,300 10,430 10,100 16,360 11,130 10,910 

6 34,940 33,530 32,170 30,870 28,700 .21)~';50 16,460 12s'?r; 9,520 7,940 6,160 ',500 2,850 2.990 3,130 

13,720 11,810 9,900 12,010 11,590 10,9ao 7,530 4,070 3,520 3,150 4,300 4,880 

(X) 8 18,420 ......... 20,320 22,~20 14,200 13,890 13,220 13,410 12,300 12,100 12,300 12,500 

9 41,070 41,190 41,250 39,540 40,460 42,28C 33,9<0 32,600 ll.12!: 24,700 16,490 15,450 19,540 20,880 20,500 20,460 14,090 14,190 

10 14,860 15,530 16,200 14.850 14,190 13,530 12,900 12,100 

11 42,510 43,800 45,090 41.440 23,650 19,430 15,000 22,050 22,110 24,320 15.210 15,310 

12 30,280 27,170 24.660 25,600 22,980 24,510 2~,100 22,690 23.140 20,98C 18,560 16,530 16,340 14,170 13,200 

13 47,370 43,520 35,830 34.870 34,480 26,2S0 16,080 13,490 14,780 11,250 8,090 6,510 

14 13,410 14,650 14,120 14,140 13,440 13,110 12.75C 11.510 10,220 g,43!; 9,190 9,590 10,600 10,440 10,200 9,780 11,900 8,010 7,870 

15 21,720 19,670 20,730 20.870 17,680 17,760 18,300 i7.560 21.440 ~2.89~ 21,380 19,980 15,690 14,820 14,340 13,560 13,040 12,470 11,890 12,940 Il990 

16 19,030 18,320 17,600 19,500 15,500 16,100 16.100 16,000 15,900 13,400 15,300 13,720 12,430 12,900 16,480 15,990 15,320 

17 16,360 14,490 12,600 10,500 10,EOO 10,900 15,450 1'>.000 8,100 7,600 7,100 8,000 7,890 7,040 6,530 6,590 6,360 6,340 

18 16,000 14,460 14,000 6,260 



Table A3 Estimated Fuctional Fonn 
of Primary Route Historical ADT 

Case Study Estimated 
Number Estimated Functional Fonn R2 Growth Rate 

1 1n ADTt • -111.06238 + 27.81453 lnt .9601 27 28145 
t 

2 1n ADTt • -4.16676 + .18252 t .8979 .18252 

3 ADTt • -17577.05 + 334.4175 t .9951 334.4175 
ADTt 

4 tl a~6Co) 2 = .059896 + .002071 t .1048 103536 
ADfe 

5 1n ADTt = 12.90270 - .862498 1n t .1576 .862498 
t 

6 1n ADTt = -32.01425 + 9.7998 1~ t .9748 9.7998 
t 

7 ADTt • -40165.52 + 676.13334 t .7608 676.1334 
ADTt 

8 1n ADTt • 6.56644 + .04278 t .8214 .04278 

9 ~2 = -63.51423 + 1.05966 t .8546 52982846 
ADT 2 t 

10 In ADTt = 8.16343 + .01909 t .8289 .01909 

11 (ADT r 58774432 
10.000 = -71.11331 + 1.17549 t .8488 ADT~ t 

12 ADTt • -278158.72 + 70394.72 lnt .9386 70394.72 
t(ADTt> 

13 In ADTt = 26.37402 + 8.54375 1nt .9798 8.54375 
t 

14. ADTt • -9920.1815 + 308.0225 t .7317 308.0225 
ADl t 

15 In ADTt • 2.14026 + 1.80285 lnt .6671 1.80285 
t 

16 ~2 = -1.77673 t .064396 t .5348 3219804 
ADT 2 

t 

17 1n ADTt • 6.38691 + .04058 t .8285 .04058 

18 ADTt • -184776.28 + 45947.78 1nt .9950 45948 
t(ADTt > 
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Table A4 Prlllllry Route No ..... lfzed Hlstorlc,l ADT 

Year 

I 

2 

3 

4 

5* 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

--. ------ ----- - ------
1-_1 2 3 4 ___ 5 ___ . --

3001 3,140b 2,800' 4,340' 

4201 3,710b 3,100' 4,340' 

590 4,390b 3,420' 4,340' 

610 5,190b 3,7201 4,340' 

7 70 .s 
4,3:ria 1,510 6,140 4,0301 

1,780 6,990' 4,340' 4,340' 

2,050 7,850' 4,640' 4,340' 

4,180 8,700' 4,950' 4,340· 

8,400 9,550 5,250' 4,340' 

8,780 11,980 5,560 4,340 

11,250 11,940' 5,960' 4,840 

13,720 23,900 6,360' 4,430' 

18,61d 28,260b 6,760' 4,110' 

25,16d 33,420b 7,150' 3,750 

33,910 39,520b 
7,5501 4,100' 

* 1 ast year before construction 

estl_ted usIng IIne,r Interpol.tlon 

11,020' 

11,130 

13,750 

16,360 

•• 13,230 

10,100 

10,270 

10,430 

9,370 

8,300 

9,590 

8,880 

9,830 

10,780 

11,650 

__ .6 ____ 

7,050' 

7,940 

8,730' 

9,520 

11,2~~· 

12,990 

16,460 

20,950 

24,830' 

28,700 

29,790' 

30,870 

32,110 

33,530 

34,940 

b estlIMted usIng growth rate c,lcul,ted In T.ble A3 

~!~~d N,,!,,_ber 

. __ ..l __ __ .8 __ ._ --? 
4,300 12,400' 14,190 

3,730' 12,300 14,090 

3,150 12,100 20,460 

3,340· 12,300 20,500 

•• •• ." 3,520 13,470 20,880 

3,700' 13,220 19,540 

3,890' 13,890 15,450 

4,070 14,200 16,490 

7,5jO 16,210' 24,700 

10,980 18,210' 31,120 

11,590 20,220' 32,600 

12,010 22,220 33,980 

9,900 20,370 42,280 

11,810 18,420 40,460 

13,720 19,210b 39,540 

10 11 12 13 14 15 16 11 18 

13,060' 12,240b 14,770 9,670' 8,010 13,470' 15,300 8,000 4,790b 

13,2201 15,310 15,560' 11,250 9,960' 12,940 13,400 7,100 5,53Ob 

13,370' 16,210 16,340 14,780 11,900 12,420' 14,650' 7,600 6,260 

13,530 24,320 16,530 13,490 9,780 11,890 15,900 8,100 6,960' 

14,1~ 22,1 fa 18,5gB 14AB' " 10,200 12,41A 16,o&i 9,OgS' 7,6,a' 

14,850 22,050 20,980 16,080 10,440 13,040 16,100 10,000 8,370' 

16,200 15,000 23,140 19,480' 10,600 13,560 16,100' 15,450 9,070' 

15,530 19,430 22,690 22,880· 9,590 14,340 16,100 10,900 9,780' 

14,860 23,650 23,100 26,280 9,190 14,820 15,800' 10,700' 10,480' 

15,140b 27,210· 24,510 34,480 9,480 15,690 15,500 10,500 11,190· 

15,430b 30,770' 22,980 34,870 10,220 19,180 17,500' 10,500' 11,890 

15,730b 34,320' 25,600 35,830 11,510 21,380 19,500 10,500 12,590' 

16,030b 37,880' 24,660 39,680' 12,750 22,890 18,550' 11,550' 13,300' 

16,330b 41,440 27,110 43,520 13,110 21,440 17,600 12,600 14,000 

16,650b 45,090 30,280 47,370 13,440 11,560 18,320 14,490 14,230' 



-----~----------

Table A5 Primary Route Estimated Growth Rates 

Years Growth 
Measured Area Functional Form R2 Rate 

Overall Deve1op"ing 1n ADT = 8.98149 + .08393 t .9849 .0839 
years Developed 1n ADT = 9.00182 + .03321 t .9541 .0332 1 - 15 

Total 1n ADT = 8.97584 + .07112 t .9825 .0711 

Segmented 
years Developing ~e~600)2 = 0.62447 + .16818 t .9866 8,408,800 
1 - 5 ADTL 

Developed In ADT = 8.98560 + ~04441 t .8007 .0444 

Total (ADT 1 2 .9736 6,719,070 
10,00Q = 0.62453 + .13438 t ADT2 

6 - 10 Developing In ADT = 8.79457 + .10102 t .9438 .1010 

Developed 1n ADT = 8.95939 + .03469 t .9655 .0347 

Total ln ADT = 8.2284 + .08413 t .9479 • 0841 

11 - 15 Developing ADT = -375.0 + 1907.0 t .9976 1907 
ADT 

Developed 1n ADT = 9.02167 + .03266 t .9507 .0327 

Total 1n ADT = 9.0275 + .06892 t .9984 .0689 
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Table A6 

Years 
:Measured 

Overall 
years 
1 - 15 

Segmented 
years 
1 - 5 

6 - 10 

11 - 15 

Primary Route Estimated Growth Rates 
for Capacity Changes 

Area Functional Form 

No change ADT = 13,894.4762 + 987.10714 t 

2 In. change 1n ADT = 8.62376 + .070496 t 

4 In. change In ADT = 9.24232 + .075183 t 

No change In ADT = 9.54399 + .05173 t 

2 In.change (ADT ) 2 10,000 = 0.35288 + .05363 t 

4 In.change (ADT r 10,000 ~ 0.97626 + .28168 t 

No change ADT = 11,465.629 + 5,533.8074 1nt 

2 In. change 1n ADT = 8.56740 + .06854 t 

4 In. change 1n ADT = R.95378 + .10498 t 

No change 1n ADT = 9.37213 + .061125 t 

2 1 n. changE 1n ADT = 8.39185 + .091109 t 

4 In. changE ADT = -24,062.853 + 20,396.807 lnt 
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Growth 
R2 Rate 

.9295 987.107 
ADT 

.9624 .0705 

.9686 .0752 

.9249 .0517 

2,681,640 .8860 ADF 

.9551 14,084,11 0 
ADF 

.7774 5,533.81 
t(ADT) 

.9514 .0685 

.8970 .1050 

.8601 .0611 

.9801 .0911 

.9541 20,396.81 
t(ADTl 



Table A7 Parallel Routes Historical ADT 

Case . Estirftate,d 
Study Growth -------- -----_ .. _-----_._---- --------
Number Rate 1979 1978 1977 1976 1975 1974 1973 1972 1971 1970 1969 1968 

---_._-------_._- ---.- ---_._--. 
.0235 5,440 5,190 

2 .0486 3,950 2,810 
3 .0791 4,910 1,500 
4 .0739 2,150 
5 .0378 -12,220 13,630 12,190 11,101) 9,700 . 9,120 6,960 
6 .0384 7,290 7,110 6,940 6,770 6,380 5,400 
7 .0455 20,130 18,090 17,080 16,960 16,200 15,100 13,160 
8 .0997 41,200 32,140 23,080 21,380 22,660 20,250 18,450 18,100 15,490 13,260 1.0 

N 9 .1252 39,900 35,500 31,000 27,230 23,860 20,750 11,050 
10 .0677 16,170 15,930 15,690 17 ,680 15,600 15,880 15,290 13,950 13,200 11,750 
11 .1871 34,810 29,540 19,830 16,760 13,730 
12 .1027 46,690 36,460 26,290 26,500 25,220 25,840 26,300 26,950 27,000 21,270 18,290 
13 .1026 20,100 18,920 17,820 16,780 17,100 11.820 9,970 9,910 10,000 
14 -.0191 6,510 4.370 7.450 5,700 
15 .0926 79,910 72.960 69,560 68,440 63,790 58.390 57,370 53,750 46,750 46,620 43,840 
16 .0329 18,100 18,480 18.850 18.500 17 .100 16,400 17,800 16,750 
17 .0087 33,430 34,020 34,600 33,180 32,610 33,350 33,500 33,650 
18 .0133 30,220 30,400 



Table A7 (Continued) Parallel Routes Historical ADT 

Case Estimate,d 
Study Growth 
Number Rate 1967 1966 1965 1964 1963 1962 1961 1960 1959 1958 1957 1956 

1 .0235 

2 .0486 

3 .0791 900 

4 .0739 490 

5 .0378 7,210 7,250 8,190 6,690 

6 .0384 5,040 4,690 4,200 4,000 3,'400 

7 .0455 11,220 11,800 12,390 8,570 
1.0 8 .0997 10,140 9,790 9,440 w 

9 .1252 
10 .0677 5,590 
11 .1871 
12 .1027 13,280 13,180 7,820 7,470 
13 .1026 10,010 8,140 4,470 2,630 
14 -.0191 5,060 6,770 7,650 8,240 

15 .0926 42,320 36,200 31,120 28,890 23,910 21,510 18\780 15,640 9,970 

16 .0329 15,700 14,600 14,600 13,530 11,670 10,830 10,580 8,260 8,920 

17 .0087 28,650 31,350 34,050 31,060 29,080 28,340 28,860 

18 .0133 ~7 ,140 



Table A8 P.ra11el Routes No ..... l1zed Historical AOT 

--------_._-----------------------------
Year . ______ ~~~ ~_e.r c S d b 

1-" 
2 3 4 5 -_. __ !_- ----~ 8 ._-.1. __ 10 11 12 13 14 IS 16 17 ..IlL __ 

I 4,2oob 
2,320b I 1,080· 740· 7,IgoI 9,620· 4,300b 13,200 

b 
6,310· 7,85f1' 9,I30b 14,600 27,D50b 4,690 12,390 1,480 7,820 31,060 

2 4,300b 
2,44r1' 1,130" 820· 7,690" 4,870· 11,800 9,790 4,840b 13,950 1,7SOb 10,500· 8,140 7,650 9,970 14,600 34,050 27,410b 

3 4,4oob 
2,560b 1,180" 910· 8,190 5,040 11,220 10,140 5,44r1' 15,290 2,080b 13,180 9,080· 7,360' 12,810' 15,150' 31,3SO 27,740 

4 4,510b 2,680b 1,220" 990' .7,720a 5,16n· 12,190· 13,260 6,130b 15,880 2,470b 13,280 10,010 7,060' 15,640 15,700 28,650 28,180" 

4,6f8-> 2,818 1,2,aa I,O~;;· •• 5,2~g· 68 59 6,8~b " 2,9~iib •• •• ,. 
18,7:8 

,. 
31,1;~· 28,6;~· 5- 7,250 13,160 15,490 15,600 18,290 10,000 6,770 16,750 

6 4,720b 2,970 1,320' 1,1SOa 7,230a 5,400 14,130· 18,100 7,760b 17,680 3,480b 21,270 9,910 5,92Oa 21,510 17,800 33,650 29,070· 

7 4.840~ 3,140· 1,360· 1,240· 7,210 5,650· 15,100 18,450 8,nOb 15,690 4,730b 27,000 9,~0· 5,060 23,910 17,100· 33,500 29,510· 

8 4,9SO~ 3,300· 1,410" 1,320" 7,090· 5,890· 15,650a 
20,2SO 9,820b 15,930 4,910b 

26,950 9,970 5,220· 28,890 16,400 33,350 29,960" 

9 5,070~ 3,460· 1,450· 1,400" 6,960 ·6,len· 16,200 22,660 l1,OSO 16,170 S,820b 
26,300 10,900" 5,380" 31,120 16,7SO· 32,980· 30,400 

10 5,440~ 3,620" 1,500 1,490· 8,040· 6,380 16,580· 21,380 13,480· 17 ,260b 6,910b 
25,840 11,820 5,540· 36,200 17,100 32,610 30,220 

11 5,320· 3,790· 1,990· 1,570· 9,120 6,580· 16,960 22,230 15,900· 18,430b 8,210b 
25,220 17,100 5,700 42,320 17,800· 32,900· 30,900b 

12 5,190 3,9SO 2,470· 1,650· 9,410" 6,770 17.080 23,080 18,330' 19,680b 9,740b 
26,500 16,780 7,450 43,840 18,500 33,180 31,310b 

13 5,570 4,I40b 2.960· 1,740· 9,700 6,940 18,090 32,140 20,750 21,010b l1,570b 
26,290 17,820 5,910' 46,620 18,680' 33,89(1· 31.730b 

14 5,700 4,mb 3,4SO' 1,820" 10,400· 7,110 19,110 41,200 22,310· 22,440b 13,730 36,460 18,920 4,370 46,750 18,8SO 34,600 32,150b 

15 5,830' 4,550b 3,940" 1.900" 11,100 7,290 20,130 45,3101 23,860 23,960b 16,760 46,690 20,100 5,080' 53,7SO 18,480 32,020 32,580b 

- I.st year before cOl\StrucUon 
• estiNted using IInelr interpol.tion 
b .SUNted usln9 growth r.te In T.ble A7 



Table A9 Parallel Routes Estimated Growth Rates 

Years 
R2 

Growth 
Measured Area Functional Form Rate 

Overall Developing 1n ADT = 8.86018 + .073151 t .9942 .0732 

years Developed In ADT = 9.39756 + .025895 t .9692 .0259 
1-15 

Total 1n ADT = 9.06234 + .05549 t .9928 .0555 

Segmented Developing In ADT = 8.84799 + .075526 t .9726 .0755 
years 
1 - 5 Developed 1n ADT = 9.41281 + .023552 t .9898 .0236 

Total 1n ADT = 9.07115 + .053270 t .9831 .0533 

6 - 10 Developing 1n ADT = 8~53794 + .44471 1nt .9994 4477 
-t-

Developed 1n ADT = 9.48369 + .012870 t .8034 .0129 

Total 1n ADT = 9.17676 + .040613 t .9994 .0406 

11 - 15 Developing In ADT = 8.66952 + .087424 t .9827 .0874 

Developed 1n ADT = 9.26074 + .037178 t .9986 .0372 

Total 1n ADT = 8.85700 + .071487 t .9860 .0715 

95 



Table A10 Intersection Routes Historical ADT 

Case Estimated 
Study Growth .. _------

Number Rate 1979 1978 1977 1976 1975 1974 1973 1972 1971 1970 1969 1968 

.0599 7,200 5,460 5,450 5,680 5,080 

2 .2716 4,460 2,710 2,400 1,880 1,110 640 630 390 

3 .0398 6,010 5,210 
4 .0273 9,000 8,040 

5 .0292 26,530 24,940 26,730 22,850 22,180 

6 .1155 13,340 13,890 6,930 

7 .0487 26,620 27,880 26,850 22,630 21,640 20,290 

\0 8 .1198 12,290 10,100 7,610 
Ol 9 .1016 20,890 20,690 21,370 26,220 19,750 11,590 

10 -.0119 23,340 22,370 27,830 31,740 31,990 30,350 27,650 24,880 26,150 

11 .0369 20,670 18,340 20,920 17 ,520 1~,060 

12 .0279 25,230 24,330 23,640 23,030 23,360 23,520 22,370 21,350 20,380 18,870 

13 .0153 11,850 10,640 9,550 9,910 10,730 

14 .0050 2,180 2,280 2,860 

15 .0342 14,980 14,930 16,080 14,550 

16 .0165 20,410 20,810 20,800 22,400 19,800 20,100 

17 .0154 6,030 8,660 4,600 7,540 7,660 5,620 

18 -.0868 11,110 17,130 



Table A10 ( Conti nued) Intersection Routes Historical ADT 

Case Estimated 
Study ,Growth 

Number Rate 1967 1966 1965 1964 1963 1962 1961 1960 1959 1958 1957 1956 

.0599 
2 .2716 
3 .0398 

2,780 
4 .0273 

5,090 
5 .0292 22,880 19,890 17,250 17,040 16,590 
6 .1155 5,740 4,640. 3,640 
7 .0487 19,360 15,580 14,890 15,250 

\0 8 .1198 ....., 
9 .1016 10,080 11,950 10,040 7,520 4,760 4,710 

10 -.0119 
11 .0369 13,060 15,400 13,000 13,580 11,420 
12 .0279 18,050 18,000 18,850 
13 .0153 11,550 7,500 
14 .0050 3,140 1,930 1,930 
15 .0342 9,340 
16 .0165 21,400 19,000 20,600 18,870 18,410 19,190' 21,500 22,080 20,330 
17 .0154 5,770 5,700 5,160 5,410 5,370 5,100 5,040 
18 -.0868 



\0 
00 

Table All Intersecting Routes Nomallzed Historic.1 AUT 

---,------- .. ,-_ .. _-----------_ . 
Ye.r --- ... ._--- . f.a~ .~."udl..1l!!.m_b~ ___ 

1 2 3 4 5 6 .. -.~.- 8 9 ..... 

1 3,580~ 240b I 3,530" 5,580" 16,740" 4,140' 15,070· 3,080 4,710 

2 3,800~ 310b 3,710" 5,750· 16,890" 4,640 14,890 3,450 4,760 

3 4,03~ 390 3,900" 5,910" 17,040 5,190" 15,580 3,860 6,140· 

4 4,2701 630 4,090" 6,070· 17,250 5,740 19,360 4,320b 7,520 

4,5;g, 70 55 " " 68 
19,8~~· 4,a:~b 

,. 
5· 640 4,280· 6,240· 18,5701 6,140· 8,780' 

6 4,790' 880" 4,460· 6,400' 19,890 6,530' 20,290 5,420b 10,040 

7 5,080 1,110 4,650' 6,570· 21,390a 6,930 20,970· 6,070b 11,950 

8 5,680 1,880 4,840· 6,730· 22,880 9,250· 21,640 6 ,BOOb 10,080 

9 5,450 2,400 5,020· 6,890· 22,530· 11,570' 22,140' 7,610 10,840· 

10 5,460 2,710 5,210 7,060· 22,180 13,890 22,630 8,860· 11,590 

11 6,330 3,5901 5,320' 7,220· 22,520· 13,620 26,850 10,100 15,670· 

12 7,200 4,460 5,4401 7,380· 22,850 13,340 27,880 11,200 19,750 

13 7,630 5,670b 5,550" 7,550· 24,790· 14,880b 27,250· 12,290 22,990· 

14 8,090 7,210b 5,670" 7,710" 26,730 16,6OOb 26,620 13,760b 26,220 

15 8,570 9,170b 5,7801 7,880· 25,840· 18,25Ob 27,920b 15,410b 21,370 

• l"st ye.r before construction 

• estl ... ted using lIne.r Interpolation 

b estimated using growth rate calcul.ted In Table AID 

r-_JO 11 12 13 14 15 16 17 18 

26,150 11,420 18,850 7,500 1,890b 7,l8Ob 20,600 5,160 31,45Ob 

24,880 12,500· 18,430· 9,530' 1,900b 7,630b 19,000 5,700 28,830b 

27,650 13,580 18,000 11,550 1,910b 7,890b 20,200" 5,740· 26,440b 

30,350 13,290" 18,050 11,140· 1,920b 8,160b 21,400 5,770 24,240b 

'" ,. 61 68 50 8,4:~b 20,7~· 5,7M· 22,2~~b 31,990 13,000 18,870 10,730 1,930 

31;740 14 ,ZOO· 20,380 10,530' 1,930 8,73Ob 20,100 5,620 20,380b 

27,830 15,400 21,350 10,320· 2,540· 9,030b 19,9W 6,640· 18,65Ob 

22,370 13,060 22,370 10,120· 3,140 9,340 19,800 7,660 17,130 

23,340 14,060 23,520 9,910 3,080" 10,210' 21,100· 7,600· 15,710b 

23,06Ob 15,790· 23,360 9,730· 3,030' 11,0801 22,400 7,540 14,4oob 

22,790b 17,520 23,030 9,550 2,9701 11,950" 21,6001 6,070· 13,2oob 

22,52Ob 19,220' 23,640 10,640 2,920· 12,810' 20,800 4,600 12,110b 

22,250b 20,920 24,330 11,250· 2,860 13,680' 20,810' 6,630· l1,110b 

21.980b 19,630· 25,230 11,850 2,740" 14,550 20,810 8,660 10,180b 

21,720b 18,340 25,930b 12,030b 2,630· 15,060' 20,610· 7,350· 9,330b 



Table A12 Intersecting Routes Estimated Growth Rates 

Years 
R2 

Growth 
·.Measured Area Functional Form Rate 

Overall Developing 1n ADT = 8.65160 + .058025 t .9920 .0580 
years 1650.23 1 - 15 Developed ADT = 15,717.977 + 1,650.2346 lnt .8425 t{ADT) 

Total ln ADT = 9.08370 + .038486 t .9876 .0385 

Segmented Developing (~2 .9817 2,341,155 10, = 0.33556 + .04682 t ADT~ years 
1 - 5 

(ADT ~2 1,394.415 Developed 10,000 = 2.18734 + .02789 t .8358 
ADT~ 

Total ln ADT = 9.06136 + .047610 t .9667 .0476 

-

6 - 10 Developing ln ADT = 8.65340 + 05553 t .9878 .0555 

Developed ADT = 19,997.742 - 532.0103 1nt .0829 -532.01 
t(ADT) 

Total ln ADT = 9.15871 + .027925 t .9274 .0279 

11 - 15 Developing ADT = -13,762.658 + 10,198.103 lnt .9541 10,198. 1 
t{ADT} 

Developed 1n ADT = 9.65258 + .100286 1nt .9452 .10029 
t 

Total ADT = -5,285.1545 + 7,779.3569 lnt .9537 7,779.36 
t{ADT) 

99 
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Table 81 Historical ADT 

Segmented 
Number 1978 1977 1976 1975 1974 1973 1972 1971 1970 196') 1968 1967 
. 5999 15,040 15,740 15,070 15,550 14,360 16,710 16,070 15,570 15,570 16,710 16,960 16,010 

6088 86,720 82,630 81,940 74,150 74,280 76,500 70,310 65,320 62,070 58,430 55,080 53,170 
..6306 23,240 21,860 19,520 18,540 16,770 18,540 20,300 17 ,100 14,060 13,440 12,920 12,500 
6313 26,060 23,230 21,890 20,000 18,520 19,420 21,320 17 ,580 14,500 13,920 13,400 12,770 
6366 24,950 23,540 20,580 8,000 5,010 0 
6370 31,850 30,160 33,000 0 
6372 41,840 39,740 35,040 0 
6381 69,500 71,000 65,390 61,740 56,140 50,660 43,960 40,970 36,460· 35,220· 32,3901 34,280 
6387 91,920 92,530 87,930 81,060 74,180 66,460 61,350 55,100 54,180 48,590 45,740 45,430 
6393 99,230 100,690 96,570 87,280 80,080 75,520 71,650 63,400 62,300 58,310 55,120 54,450 

-' 
o 6461 49,770 47,720 45,340 46,550 41,050 43,800 42,000 37,660 36,200 33,720 32,890 29,720 ..... 6509 66.350 1.1,740 65,290 57,510 56,120 59,940 55,910 47,410 42,680 40,500 36,500 32,020 

,6566 37,560 39,070 36,020 37,120 34,620 35,850 32,700 31,810 29,800 30,560 28,850 26,530 
6568 41.510 4,,930 39,510 40.710 35.730 38,050 36.820 34.250 30,970 32.260 29.770 27,290 
6574 26.240 27.320 25.470 23.730 20.080 24.260 23.710 19.750 18.420 20,280 19,250 18,840 
6575 29.000 31.250 29.730 27.100 25.490 29.610 29.990 26.030 24.790 27,500 25.180 24,300 
6578 25,790 27.910 26.810 24.960 23.150 26,380 26.230 19.97OB 15.540 19.870 20.7001 
6586 29.370 27.430 25.690 24.120 21,730 23.580 22.670 18.420 15.790 14,860 12.800 12.810 
6596 18.670 18.090 16.600 15.290 13.910 14.930 16.570 13,89()i1 11.5101 10,310 9.150 9.100 
6618 14,970 13,410 10,210 9,800 8,930 9.160 8.570 7.580 5.470 5.370 4.780 4.520 
6621 15,770 13.460 11,180 10,730 9.640 9.370 9,380 8,310 5,620 5.600 5,610 5,250 
6631 10,800 8.470 6.930 6,840 6,580 6,510 6,400 5,320 4,400 4,370 3,900 3,640 
6684 33,070 36,090 34,200 30,430 28,620 28,600 27,630 30,480 0 
6686 37,610 39,020 38,070 31,030 32,300 32,590 . 31,970 33,680 33,680 33,720 35,430 35,730 

a ADT' Counts which could not be verified using traffic count maps. 
Thosp. counts are not used tn calculating errors in ADT projections 
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Table Bl (cont.) Historical ADT 

Segmented 
1966 1965 1964 1963 1962 1960 Number 

9999 15,710 . 15,750 12,260 15,810 15,330 15,970 
6088 42,470 33,010 28,910 27,270 25,550 17 .150 
6306 12,760 10,790 10,040 9,250 8,440 8,190 
6313 13,150 11,440 10,550 9,680 9,490 
6366 
6370 
6372 
6381 
6387 38,490 34.110 32,630 28.660 26,580 18,990 
6393 47,160 42,920 41,440 36,980 34,740 22,680 
6461 28,560 21,790 17,900 16,990 13,190 9,660 
6509 26,150 22,810 21,610 19.820 18.160 13,590 
6566 22,450 26,360 20,730 0 
6568 25,850 23,070 11,520 10,530 
6574 16,340 15,220 13,390 10,030 9,190 10,120 
6575 21,960 22,360 21,310 20,030 18,390 14,660 
6578 16,380 15,380 14,280 12,280 10,540 
6586 11,360 11,620 11,440 10,320 8,810 
6596 7,380 7,800 7,810 7,030 6.770 
6618 4,460 3,950 3,900 3,160 3,130 
6621 4,880 4,380 4,310 3,720 3,690 3,260 
6631 3,450 3,080 3,020 2,530 2,600 2.610 
6684 
6686 34,530 34,660 31.640 31,630 31,620 28,100 

a ADT Counts which could not be verified using traffic count maps. 
Those counts are not used in calculating errors in ADT projections 

1958 1957 1956 1955 1954 

16.850 18,350 

12.480 12,020 
10,680 12,100 11,490 10,180 

12,650 13.940 14,520 14.820 14,340 
8,740 8,790 6,840 

10,820 11,000 10,400 

12,580 12,740 12,070 
9,190 11,340 10,710 

15,810 15,150 13,650 
11,080 10,810 11,010 10,870 

8,550 8,670 8,240 7,330 
5,610 

3.230 3,610 3,040 2,920 2,580 
2,550 2,810 2,220 2,240 1,880 

29,520 28.770 26,390 24.860 26,790 
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Table 81 (cont.) Historical ADT 

Segmented 1978 1977 1976 1975 1974 1973 Number 
6741 22,780 22,490 21,570 18,140 16,870 18,550 
6744 28,500 28,510 26,600 25,810 24,260 26,390 
6749 38,040 38,770 35,260 35,940 33,980 36,850 
6755 56,470 55,950 57,600 60,410 53,030 56,890 
6758 101,110 99,250 95,900 94,400 87,150 90,690 
6790 18,420 19,450 18,430 19,430 18,790 19,240 
6830 9,120 9,310 12,600 13,820 13,100 12,400 
6841 38,920 29,540 30,000 25,010 22,690 21,780 
6850 42,520 34.580 31,540 25,850 25,780 24,920 
6856 43,680 40,520 33,630 22,910 28,610 26,500 
6864 51.290 52.620 47.990 37,560 39,540 39,960 
6868 65.170 62,210 51.640 49,680 46,220 41.910 
6975 115.680 113,990 99,190 92.750 85,840 78,550. 
6978 34,990 33.090 32,260 27,300 23,120 22,800 
7000 64,010 62,450 58,970 49,120 45,900 40,210 
7002 84,650 77.200 71,830 52.600 45,540 43,850 
7015 31.270 28,410 25.660 14,660 9,060 0 
7016 34.420 31,190 27,850 18,880 11,460 6,470 
7029 26,490 23,630 21,800 15,420 11.570 8,630 
7042 27,740 22,620 22,180 9,350 0 
7043 30.570 27.760 25,800 11,510 0 
7045 29,010 27,420 25,060 12,080 0 
7047 38,250 32,350 31.720 16,990 3,78oa 0 

a ADT Counts which could not be verified using traffic count maps. 
Tho9P. counts are not used in calculating errors in AOT projections 

1972 1971 1970 1969 1968 1967 

18,190 17,210 15,360 14,380 13,130 11,010 
24,090 22,140 21,380. 17,290 16,150 13,620 
36,460 32,260 33,000 26,970 25,000 20,720 
53,490 48,080 46.970 44,280 42,520 38,730 
85,590 80,060 0 
19,950 24,430 24,960 23,750 21,550 20,480 
11,730 12,940 12,600 11,090 9,810 7,010 
19,820 18,960 17,810 16,740 14,970 12,790 
24,990 25,950 20,240 17,890 15,870 14,450 
25,190 26,610 21,370 18,150 16.130 15.080 
34,250 28.850 21,370 17.390 14.400 14.050 
35.920 26,220 210B 0 
71,640 59~000 0 
19.670 12.260 0 
35,930 25.690 0 
42,230 32,220 0 

6,230 0 
6,870 0 



Table 81 (cant.) Historical ADT 

Segmented 1966 1965 1964 1963 1962 Number 1960 1958 1957 1956 1955 1954 

6741 10,290 8,620 7,870 7,680 7,430 5,620 5,350 5,810 6,070 
6744 13,980 10,950 9,410 9,130 7,560 6,410 6,460 6,950 
6749 18,190 12,960 11,410 11,440 12,100 10,150 8,720 9,870 8,670 8,330 
6755 35,920 19,990 18,720 18,890 19,750 
6758 
6790 22,850 24,000 22,770 20,180 19,690 18,010 17 ,190 17 ,360 15,630 
6830 7,040 6,880 6,400 5,680 5,270 4,390 5,360 4,950 4,900 
6841 12,420 12,210 11,610 10,750 10,710 9,000 9,760 10,700 8,930 5,920 
6850 14,140 13,870 12,060 10,990 10,740 
6856 13,830 12,790 10,980 8,980 10,830 10,390 
6864 12,170 10,740 9,660 9,190 8,960 8,600 9,270 9,580 
6868 
6975 
6978 
7000 
7002 
7015 
7016 
7029 
7042 
7043 
7045 
7047 

a ADT Counts which could not be verified usin9 traffic count maps. 
Thosp. counts are not used in calculating errors in ADT projections 



Table 82 Land Development in 1970 

Around Selected ADT Segment Numbers 

Segment % Developed. % Commercial & 
Number Survey Zones Land Industrial 

Acreage 

5999 3496, 3533, 3536, 3658, 3686, 3691 .5367 .0625 
6088 2594, 2603, 2604, 2608 .5259 .1103 
6306 4396, 4398, 4408, 4490, 4491 .1593 .0285 
6313 4352, 4354, 4355, 4359, 4360 .2047 .0548 
6366 4340,4346,4348,4351,4360,4362 .4411 .1935 
6370 4193, 4196, 4199, 4206, 4208, 4217, 

4219, 4975 .1910 .0867 
6372 4193, 4196, 4199, 4219, 4962, 4964, 

4975 .3251 .0399 
6387 1360, 1361, 1366, 1425, 1446 .7914 .0986 
6393 1399,1400,1401,1481,1482, 1484, 

1505 .6421 .1231 
6461 2766, 2806, 2807, 2808, 2809, 2810, 

2813, 2816 .3980 .1020 
6509 0146, 0149, 0152, 0154, 0157, 0158, 

0159, 0200, 0201, 0202, 0248, 0249, 
0251, 0253 .3608 .0847 

6566 3324, 3355, 3356, 3357, 3369, 3370 .6611 .1295 
6568 3248, 3252, 3362, 3365, 3366, 3370 .1601 .0206 
6574 3242, 3243, 3244, 3245, 3256, 3257, 

3258, 3259 .7529 .0647 
6578 3166, 3168, 3169, 3177, 3178, 3179, 

3283, 3284 .4002 .0410 

6586 3040, 3044, 3189, 3193, 3195, 3198 .2235 .0240 

6596 3027, 3032, 3033, 3034, 3058, 3059 .2493 .0190 

6618 3811, 3812, 3813, 4754, 4756, 4757 .2387 .01 00 

6621 3812, 3813, 3814, 3815, 3822, 4756, 

4757, 4762, 4773 .2371 .0054 
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Table B2 
(continued) 

land Development in 1970 
Around Selected ADT Segment Numbers 

Segment % Developed 
Number Survey Zones land 

6686 0517, 0621, 0622, 0623, 0624, 1832, 
1870, 1871 .9769 

6744 4321, 4586, 4588, 4682, 4700, 4719 .1259 
6749 4287, 4289, 4295, 4296, 4644~ 4645, 

4646, 4648, 4840 .3429 
6755 3963, 3989, 4062, 4064, 4248 .5004 
6758 3922, 3923, 3950, 3952, 3953, 3956, 

4045, 4047 .9985 
6790 2581, 2582, 2584, 2855, 2856, 2857, 

2864 .6274 
6830 3732, 3733, 3734, 3735, 3754, 3755, 

3756, 3880 .~176 

6841 3533, 3534, 3535, 3536, 3539, 3540, 
3542 .3697 

6850 3471,3472,3474,3475, 3476, 3531, 
3534 .4639 

6856 1515, 1516, 1520, 1664, 1665, 1667, 
1669, 1675 .3312 

6864 1399, 1400, 1484, 1485, 1505, 1506 .4800 
6868 0342, 0343, 1390, 1398, 1399, 1400 .2193 
6975 0272, 0274, 0281, 0305, 0306, 0350, 

0351, 0352, 0356 .6254 

6978 3177~ 3179, 3189, 3199, 3217, 3218, 

3219 .2811 

7002 1270, 1272, 2713, 2795, 2796, 2800 .2570 

7015 4643, 4644, 4645, 4646, 4648, 4836 .3839 

7042 4923, 4926, 4935, 4937 .2217 

7043 3749, 3764, 4923, 4926, 4935, 4937 .1980 

7045 3842, 3853, 3854 .0991 

7047 3894, 3896, 3897, 3898, 3899, 3900 .0841 
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i 

% Contnercial & 
Industrial 
Acrea~e 

.0481 

.0130 

.0114 

.0636 

.0060 

.1118 -

.1041 

.0271 

.1144 

.0184 

.0596 

.0366 

.1496 

.0127 

.0009 

.0511 

.0123 

.0111 

.0124 

.0397 



Table 83 

Study Serial 
Point Number 

1 5999 

3 6088 

4 6088 

6 6306 

7 6313 

8 6366 

9 . 6370 

10 6372 

11 6381 
12 6381 
13 6387 
14 6393 
15 6393 

16 6461 

18 6509 
24 6578 
26 6586 
27 6586 
29 . 6618 

30 6621 
31 6631 
32 6684 
33 6686 
37 6749 

Equations for Estimating ADT 
Using SDHPT Projections 

Functional Form 

( ADT ) 2 
10,000 = -21.971 + .42776 t 

(ADT ) 2 
10,000 = -383.63 + 6.2074 t 

(ADT J 2 
10,000 = -282.62 + 4.5466 t 

1n ADT = -6.6372 + 3.8062 1nt 

1n ADT = -6.1699 + 3.7044 1nt 

~'2 10,000) = -248.97 + 3.4106 1nt 

(ADT r 10,000 = 408.04 + 5.4405 t 

(ADT ) 2 
10,000 = -481.80 + 6.4240 t 

1n ADT = 65.847 - 16.883 1nt + .23257 t 
1n ADT = 8.8660 + .02535 t 
In ADT = 22.100 - 3.8218 1nt + .07005 t 
ADT = -64727 + 1334.1 t 
1n ADT = -.14010 + 2.9798 1nt - .02214 t 

(ADT t 10,000 = -34.281 + .58571 t 

1n ADT = 89927 - .27958 1nt + .03816 t 
1n ADT = -87.058 + 28.455 lnt - .33817 t 
1n ADT = -68.907 + 22.168 lnt - .22156 t 
In ADT = -83.954 + 26.526 1nt - .27229 t 
In ADT = -66.325 + 21.340 1nt - .22423 t 

1n ADT = -66.540 + 21.437 1nt - .22474 t 
1n ADT = -22.153 + 83533 1nt - .07095 t 
ADT = -294700 + 4210.0 t 
ADT = -196858 + 54942 lnt 

. ADT = -454.69 + 112073 1nt 
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Table 83 (continued) Equations for Estimating ADT 
Using SDHPT Projections 

Study Serial 
.Point Number Functional Form 

42 6790 In ADT = -22.552 + 8.8295 1nt - .07484 t 

43 6830 1n ADT = -47.490 + 16.458 1nt - .16796 t 

44 6841 1n ADT = -97.927 + 30.504 lnt - .31260 t 

45 6850 In ADT = -127.46 + 39.002 lnt - .40467 t 

46 6856 1n ADT = -112.72 + 34.799 1nt - .35932 t 

47 6864 1n ADT = 3.0846 + .09190 t 

48 6864 1n ADT = -151.79 + 47.337 lnt - .55612 t 

49 6868 ADT = -1889204 + 446187 lnt 

51 6975 (ADT ) 2. 818 10,000 = -9831.3 + 140.45 t 

52 6978 In ADT = -74.750 + 25.057 lnt -.29538 t 

53 7000 1n ADT = -91.093 + 28.429 1nt - .27719 t 

54 7002 In ADT = -78.325 + 24.929 lnt - .24436 t 

55 7015 (ADT ) 2 10,000 .= -270.84 + 3.7101 t 

56 7015 (ADT ) 2 10,000 = -207.52 + 2.8427 t 

57 7016 ADT = -389247 + 5482.4 t 
58 7029 ADT = -181938 + 2562.5 t 

59 7042 (ADT ) 2 _ 10,000 - -122.80 + 1.6595 t 

( ADT 
. 2 

60 7043 10,000 = -144.03 + 1.9463 t 

61 7045 (ADT ) 2 _ 10,000 - -116.76 + 1.5779 t 

62 7047 (ADT ) 2 = -191. 93 + 2.6292 t 
10,000 

1'1)8 



Table B4. Proposed Program Change for Declining Growth Rate Calculation in HEEM 
(Program lines 3620 through 3850) 

674 X=( (VOLUME (I+1)-VOLUME(1) )/I)/vnUJME(j) 
Xl=«VOLUME(I+l)-VOLUME(l»/I)/VOLUME( 1+1) 
IF (X1.LT.ASSUMP(9» GOTO 681 

680 A = 0.1 
GOTO 682 

681 A = -0.1 

682 F = l-EXP(A*I}+«VOLUME(I+1}-VOLUME(1}}/(ASSUMP(9)*VOLUME(I+l})*A) 
FP= (VOLUME{I+l)-VOLUME{1})/(ASSUMP(9)*VOLUME{I+1»_I*EXP{A*1) 
FR= ABS(F/FP) 
IF (FR.LE.0.0001) GOTO 684 
A = A - F/FP 
GOTO 682 

684 GO= (ASSUMP(9)*VOLUME(I+1)/VOLUME(I)}*EXP{A*I) 
IF (r,O-X.LE.2.5) GOTO 685 

508 FORMAT (/82H *** PROJECTED VOLUME TOO HIGH - CHANGE PROJECTION OR 
1USE CONSTANT GROWTH RATE ***) 
WRITE (6,508) 
GOTO 640 

685 IF (GO.GE.ASSUMP(9» GOTO 687 
509 FORMAT (/95H *** MAXIMUM DECLINING GROWTH RATE TOO HIGH - CHANGE A 

lSSUMPTION OR USE CONSTANT GROWTH RATE ***) 
WRITE (6,509) 
GOTO 640 

687 K = (VOLUME{I+1)-VOLUME(1»/{1.-EXP(-A*I» 
DO 688 12 = 1,40 
VOLUME(I2} = VOLUME(1)+K*(l.-EXP(-A*(I2-1}}} 

688 CONTINUE 
510 FORMAT (24X,15HGROWTH RATE IN ,I4,3H = , F5.2,lH%) 

GR100 = GO*100. 
G2 = ({A*K*EXP(-I*A}}/VOLUME{I+1)*100. 
WRITE (6,510) IYR,GR100 
WRITE (6,510) IPYR,G2 
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Table 85 Comparison of Declining Growth Rates 

Year HE EM Function GalTll1a Function Beta Function 
ADTt gt ADTt gt ADTt 9t 

1 10,000 .1009 10,000 .2452 10,000 .0600 

2 10,970 .0849 11 ,571 .1217 10,785 .0538 

3 11 ,864 .0724 12,767 .0806 11,540 .0485 

4 12,688 .0624 13,683 .0560 12,265 .0440 

5 13,449 .0543 14,433 .0476 12,960 .0401 

6 14,150 .0476 15,071 .0394 13,625 .0367 

7 14,798 .0420 15,628 .0335 14,260 .0337 

8 15,394 .0372 16,124 .0291 14,865 .0309 

9 15,944 .0331 16,570 .0257 15,440 .0285 

10 16,452 .0296 16,977 .0229 15,985 .0263 

11 16,920 .0266 17,351 .0207 16,500 .0242 

12 17,351 .0239 17,696 .0188 16,985 .0224 

13 17,750 .0215 18,018 .0l72 17,440 .0202 

14 18,117 .0195 18,319 .0159 17,865 .0190 

15 18,455 .0176 18,601 .0147 18,260 .0175 

16 18,767 .0160 18,867 .0137 18,625 .0161 

17 19,055 .0145 19,117 .0128 18,960 .0148 

18 19,321 .0132 19,355 .0120 19,265 .0135 

19 19,566 .0120 19,581 .0112 19,540 .0123 

20 19,792 .0110 19,795 .0106 18,785 .0111 

21 20,000 .0100 20,000 .0100 20,000 .0100 
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Table B6 

Study Segment 
Point Number 

12 6381 
13 6387 
15 6393 
16 6461 
17 6461 
18 6509 
24 6578 
26 6586 
27 6586 

29 6618 

30 6621 
31 6631 

33 6686 

37 6749 
42 6790 

43 6830 

44 6841 
45 6850 
46 6856 

Equations for Estimating 
Simple Regression Projections 

Functional Form 

ADT = -96,440 + 1943.8 t 

1n ADT = -19.588 + 7.2000 1nt 
ADT = -168,762 + 3,267.9 t 
1n ADT = 2.9288 + .10664 t 
1n ADT = 1.9654 + .12317 t 
1n ADT = 4.4108 + .08678 t 
1n ADT = 7.2757 + .03554 t 
1n ADT = 6.9614 + .03666 t 
1n ADT = 6.9568 + .03674 t 

( '~~600)2 = -1.3400 + .02312 t 

1n ADT = 5.3427 + .04735 t 
1n ADT = 5.4971 + .03963 t 

( ADT r ,10,000 =-12.753 + .35917 t 

1n ADT = 7.1150 + .03543 t 
1n ADT = 5.0389 + 1.1730 t 

( ADT r 10,000 = -1.0056 + .02164 t 

ADT = -24,536 + 576.86 t 
1n ADT = 4.5144 + .07644 t 
1n ADT = 4.3458 + .07884 t 
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R2 

.9930 

.9730 

.9303 

.9450 

.9492 

.9780 

.7040 

.9415 

.9515 

.9551 

.9122 

.8244 

.8222 

.8403 

.5182 

.6124 

.8275 

.9671 

.8556 
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Table B7 

Study 
Point 

12 

13 
15 

16 
17 

18 
24 
26 
27 

29 
30 
31 
33 
37 
42 
43 
44 
45 
46 

Serial 
Number 

6381 

6387 
6393 

6461 
6461 
6509 
6578 
6586 
6586 

6618 
6621 
6631 
6686 
6749 
6790 
6830 
6841 
6850 
6856 

Calculated Errors in Simple Regression Projections 

Projected ADT 
Percentage Date of Flrst Second Thlrd Error Projection Year ADT Year ADT Year ADT 

1973 95 88,220 .2712 
1968 78 130,750 88 311 ,620 .1783 
1968 78 86,140 88 118,820 .0905 
1965 85 161,640 .5744 
1967 75 73,360 .3655 
1968 75 55,220 90 202,930 .1226 
1965 65 14,560 75 20,770 85 29,630 .2198 
1968 89 27,550 94 33,090 .3513 
1969 89 27,620 94 33,190 .4075 
1969 82 7,450 92 8,870 .5619 
1969 82 10,150 92 16,290 .3957 
1969 82 6,290 92 9,350 .4028 
1965 80 39,980 .0663 
1965 88 27,810 .7449 
1974 75 24,420 85 28,280 95 32,220 .1948 
1966 86 9,250 .4297 
1971 90 27,380 95 30,270 .2980 
1971 90 88,810 95 130,150 .0800 
1971 90 93,130 95 138,140 .1018 



Table 88 Equations for Estimating Percentage Change 
in ADT Resulting from a Capacity Change 

Segment 
Number 

5999 
6381 
6387 
6393 
.:-.- .. 

6461 
6509 
6574 

6575 
6578 
6586 
6596 
6618 
6621 
6631 

6686 
6741 
6744 
6749 
6755 

6790 

6830 
6841 
6850 
6856 
6864 

Functi ona 1 Fonn 
-t 

1n ADT = 9.6066 + 37.547 e TO + .02014 c 
1n ADT = 6.4799 + .05864 t + .12730 c 
1n ADT = 17.370 + 6.6559 1nt - .09840 c 
1n ADT = -16.628 + 6.5219 1nt - .17146 c 

-t 
1n ADT = 11.599 - 746.65 e TO - .45875 c 
1n ADT = 3.7548 + .09807 t - .18274 c 
1n ADT = 8.4661 + .01634 t + .36473 c 

- t 

1n ADT = 10.362 - 238.85 e TO + .03686 c 
1n ADT = .24761 + 2.2423 1nt + .23199 c 
1n ADT = 5.6559 + .05850 t - .00022 c 
1n ADT = 4.7502 + .06663 t - .08813 c 
1n ADT = 1.9952 + .09663 t - .00224 c 
1n ADT = 4.4016 + .06309 t + .21616 c 
1n ADT = 4.3943 + .05814 t + .15924 c 

- t 

1n ADT = 10.467 - 67.906 e TIT + .03990 c 
1n ADT = 4.6658 + .06871 t + .07127 c 

1n ADT = 4.5435 + .07383 t + .08463 c 

1n ADT = 5.0382 + .07107 t + .12872 c 
1n ADT = 1.5360 + 2.7477 1nt + .59725 c 

- t 
1n ADT = 10.080 - 87.821 e TO - .06810 c 

- t 
1n ADT = 8~9638 - 141.21 e TIT + .49301 c 
1n ADT = 5.6999 + .05806 t + .21999 c 
1n ADT = -13.038 + 5.3980 1nt + .07967 c 
1n ADT = 4.2120 + .08111 t + .11499 c 
1n ADT = 5.3071 + .06289 t + .58210 c 
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R2 

.1151 

.9819 

.9878 

.9642 

.9711 

.9836 

.7856 

.9327 

.9468 

.9395 

.9423 

.9734 

.9524 

.9369 

.7514 

.9581 

.9626 

.9206 

.9813 

.2643 

.8959 

.9497 

.9687 

.9421 

.9592 

Percentage 
Change 

.0203 

.1358 
-.0937 
- .1576 

-.3679 
- .1670 

.4401 

.0375 

.2611 
-.0002 
-.0844 
-.0022 

.2413 

.1726 

.0407 

.0739 

.0883 

.1374 

.8171 

-.0658 

.6372 

.2461 

.0829 

.1219 

.7898 



Table 139 

Study Segment 
Point Number 

16 6461 

17 6461 

37 6749 

42 6790 

Equations for Estimating 
Multiple Regression Projections 

Functional Fonn 

1n ADT = -9.1041 + 4.4788 1nt + .22159 c 

ln ADT = 3.8044 + .09107 t + .16509 c 

1n ADT = -9.7688 + 4.6414 lnt -.15435 c 

- t 
1n ADT = 10.1972 - 134.62 e TO - .06328 c 
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R2 

.9632 

.9634 

.9536 

.6485 



Table 810 Calculated Errors in Multiple Regression Projections 

Projected ADT 
Study Serial , Percentage Date of First Second Tnlrd Point Number Projection Year ADT Year ADT Year ADT Error 

12 6381 1973 95 103,170 .2404 
13 6387 1968 78 138,760 88 330,720 .2085 
15 6393 1968 78 91,420 88 126,100 .0627 
16 6461 1965 85 60,790 .0379 
17 6461 1967 75 49,000 .0500 
18 6509 1968 75 64,580 90 237,330 .0829 . 

-' 24 6578 1965 65 17 ,030 75 24,290 85 34,650 .0873 
-' 
tn 26 6586 1968 89 32,220 94 38,700 .2584 

27 6586 1969 89 32,300 94 38,820 .3134 
29 6618 1969 82 8,710 92 10,370 .4292 
30 6621 1969 82 11,870 92 19,050 .2902 
31 6631 1969 82 7,360 92 10,930 .2847 
33 6686 1965 80 42,430 .0868 
37 6749 1965 88 51,960 .2090 
42 6790 1974 75 23,380 85 24,500 95 24,930 .1399 
43 6830 1966 86 10,820 .3549 
44 6841 1971 90 32,020 95 35,400 .2185 

45 6850 1971 90 103,860 95 152,210 .0896 

46 6856 1971 90 108,920 95 161,550 .0844 
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