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BACKGROUND AND PURPOSE

The study of some traffic characteristics on Indiana's County
Highway System described in this paper was the result of a proposal
submitted to the Highway Extension and Research Project for Indiana
Counties (HERPIC) Advisory Board by the Indiana Association of County
Commissioners (IACC) in September, 1965. A copy of this proposal is
included in Appendix I of this paper. The purpose of the study was
to provide factual information on the use of county highways.

Information concerning the vehicle miles of travel on the state
highway system and in many urban areas is generally available but
there was virtually no data of a similar nature available for county
highways. ©Such information, however, wes considered desirable inasmuch
as it is useful in the 2quitable allocation of funds from the State's
Motor Vehicle Highway Account to the various units of govermnment res-
ponsible for highways.

The study was designed and conducted to provide a realistic measure
of the vehicle miles of travel on county highways and some awxilisxy
information, such &s vehicle classification and & frequency distribution
of road miles as a function of traffic volume.

The Problem .
In general, when the available funds and time arec limited, the



scope of a study of this type is confined to & sampling of study sites
rather than to the entire county road network. The IACC proposal sug-
gested that the study be confined to six or eight counties and the
results expanded to provide an estimate for Indiana's entire 92 counties.
This procedure was open to question since known relationships by which

a reasonably accurete expansion could be made were not available.
Ixtensive initial research, time, and money would have been required

to establish the necessary relationships. Thus an altcrnative sampling
procedure was developed. : A

The daily vehicle miles of travel oj;xa. particular road is the
productofthelenghhoftheroadinmi}ésandtheammlavemge
daily traffic (AADT) on the road. This may be placed on an enmual
basis by multiplying by 365 days. When such an operation is carried
out for all segments of all roads :lnthe systen, the sum of all pro-
ducts is the annual vehicle miles of tz';vel on the system.

The desired estimate, i.e. the vehicle miles of travel, is the
product of two variables; namely the roadway or section length which
i known or can be measured, and the AADT which mist be estimated.

An estimate of AADT for each road section in an area is often based

on a short count of traffic, such as for eight (8) hours duretion at

a site on each road section in the area and a 24 hour count taken at
one site on & road within the area. Each short count is then expanded
to an estimate of AADT by appropriate expansion factors vhich ave
easily calculated from the 2hk-hour count data.

The approach used in this study was to obtain an estimate of the
average AADT for all miles of road in the county highway system. This
average when multiplied by the total length of the system, provided



the estimate of the wvehicle miles of travel. Thus, if the average AADT
is given as R, the desired estimate is K;, where N is the size of the
population which, in this case, is the length of the system in miles.
Since the section length of road for which the AADT applies is
a continuous variable, it was decided to measure all lengths to the
nearest tenth of a mile. Each mile was considered as one sample. Thus,
if a 2.5 mile road section had an AADT of 500, it was considered as
2.5 samples, each with an AADT of 500.
Since information on vehicle classification was desired and since
many counts would have to be made on aggregate surfaced roads, the
use of automatic traffic counters was precluded. All short counts,
consequently, were taken manually. In all counties in which such counts
wvere made, either personnel of the county highway department or persons
especially recruited for the study by the individual counties were

used.

Study Method

If e sample of roedway sections is selected and the AADT on each
section is measured, an estimate of vehicle miles of travel can be
obtained. The validity of such an estimate depends on the validity
of the assumption that the average AADT of those sections included in
the sample is a good approximation of the average AADT for the entire
system. The validity of this assumption, in fact, is dependent upon
the variability of the AADT's and on the number of samples selected.
For example, if all road sections carried the same volume, there would
be no variability and one traffic count would be adequate. Obviously
there is considerable variation in the AADI's of roads.



On the other hand, if the AADT of all roads were measured, variability
would be no problem since then th; true average AADT could be calculated
and no estimate necessary. Obviously, this procedure would be prohibitively
expensive. Thus, & sampling of road sections must be used. The size of
the sample required in order to measure the average AADT with a prescribed
precision, such as plus or minus 5%, is a function of the magnitude of the
variation.

Fortunately, traffic volume data for the primary and secondary county
road systems of Allen County, Indiana, collected in 1955, were avallable
for study (1). These data showed that & better job of estimating vehicle
miles of travel could be done if the road sections were classified into
several volume strata rather than considered as one large stratum.

The data available were in the form of section lengths and AADT's
for 5T sections (146.6 miles total length) covering the primary county
road system and for 54 sections (138.4 miles total length) covering the
secondary county road system. No data were available for the remaining
miles of county roads.

For the purpose of this study, & road section was defined as a length
of road having similar volume characteristics throughout its length. Thus
one traffic count was representative of the traffic volume throughout its
length.

The problem was one of establishing the number of miles of road for
swhich the AADT must be measured in order to obtain an acceptable measure
of the average AADT for the entire system. Vhen considering the entire
285 miles of Allen County's arterial road systems, the following parameters
were calculated:



Average AADT, A = 485.6 VP

Varience, 8% = 17h,070.2

The expression for sample size, n, is given by:
n, = * 8/e

na nol(l “ noll)

n is the required number of miles in the sample,

and:

where:

ng is the sample size uncorrected for finite population,

t is the appropriate t-statistic (taken as 1.96)

d is the maximum desired deviation of the estimate of
average AADT (a) from the true value (R) and,

B is the total number of miles of roed in the system under
discussion.

In order to estimate A within plus or mimus 5% the required value
of n was 229.6 miles of road or 80.6% of the system length. This sample

size was considered excessively large for economy reasons.

However, it was also found that the number of samples required could
be reduced if road sections could be classified into groups which had
traffic volumes falling within a relatively narrow range. This techmique

is kmown as stratification and often has the advantage of providing a

lower stendard error of the estimate in addition to decreasing the sample
size, thus yielding a more precise estimate at lower cost.

The stratification plan adopted for this study placed all rcad sections

into one of four volume strata: stratum 1, AADT over 1,000; stratum 2,

AADT Detween 400 end 1,0003 stratum 3, AADT between 100 and 400; stratum

b, AADT less than 100. The sample size required for this plan was 159.%4

miles of roed while the standard error of the estimate was reduced from
12.1k to 7.06.



Inmplementation of this technique, however, for the 92 county highwey
systems of Indiana presented several problems. Individual roadway sections
for which traffic informetion was representative had to be selected. Each
section then had to be assigned to its appropriate volume stratum. It
was recognized that the AADI's of the roed sections were unknown and that

their placement would have to be estimated. It was believed, however,
that qualified county personnel could assign road sections to their proper
volume stratum reasonably well.

Upon completion of the study, the accuracy of the actual estimated
stratification was measured. Table 1 shows the percentage of miles which
actually fell into each volume range for each of the estimated strata.

The overall percentage of miles placed in their proper stratum was GO.5%.
The general tendency was that volumes were slightly underestimated.

It was anticipated that the necessary estimation for volume stratum
would result in a larger variance for .each stratum than that computed for
the Allen County data. Table 2 shows the variances estimated for each
stratum and the variances as actually determined from the collected data.
The variances were grossly underestimated.

In an effort to reduce the cost of the study and to make its conduct
practical (i.e. to complete the data collection phase dwring the summer
months of 1966), it was decided to restrict sampling operations to
approximately 25% of Indiana's 92 counties. Rather than select the sample
of counties &t random from the State at large, the counties were grouped
so that widely differing population and size ranges would be represented.

The grouping of counties was done in the following mammer. The popu-
lation and registered motor vehicles in each county were swmmed, and this



TABLE 1

Effectiveness of Stratification

Percent Distribution of Estimated Stratum Miles
Falling Into Each Volume Class
1 2 3 4
1 78.4 17.1 4.5 0.0
b 2 11.1 34.7 49.6 4.6
-
g g g 3 1.8 6.5 63.3 28.4
wd - o . . . .
&0 W
w >
T 4 0.0 2.4 o511 66.4
Overall Effectiveness: 60.5%
TABLE 2
Estimated and Computed Within Stratum Variances
Variance
Stratum
Estimated Computed
1 200,000 3,912,000
2 25,000 187,750
3 15,000 48,780
4 1,500 8,720




sun then divided by the county’s square mile area. The resulting densities
were numerically ranked and seven arbitrary groups formed from each of
vhich a 25% sample was selected at random. This resulted in the sample

of 25 counties shown in Figure 1.

In summary, the method employed was to place e&ch road section in 25
counties selected randomly from seven county size strata into its appropriate
volume stratum and select a random sample of these secctions from each
stratum. One short volume count was then mede on each sample selected to
cbtain an estimate of the system AADY. The AADT was then maltiplied
by the system length to cbtain the vehicle miles of travel in the system.

Data Collection Procedure
The data collection procedure is described in detail in Appendix IX

of this paper and is outlined briefly here. The procedure consisted
generally of the followlng steps:

1. Each of the 25 selected counties were notified of the study
and its purpose and the County Commissioners were asked to mame a qualified
county representative to act as liaison with the HERPIC staff.

2. Those roads vwhich were State primary and secondary and Federal-
Aid-Secondary county roads were delineated on a county map. The county
representative checked the map to insure its accuracy and that all unmarked
roads were county roads.

3. The county representative then sectioned all county roads on
o traffic volume basis and placed each section in one of the four volume
strata.

4. Each county stratification map was then checked by the study
staff for reasonableness. Three were rejected as inconsistent and were
handled in the data anelysis as special cases. All road sections were
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measured to the nearest tenth of a mile from official county transportation
maps obtained from the Highway Planning Survey of the State Highway Com-
mission.

5. The mmber of counts for each stratum of each county was then
determined. In general, all volume stratum I road sections were counted,
almost all volume stratum 2 road sections were counted, and three and one
volume counts, respectively, were made for each 100 miles of volume stratum
3 and volume stratum * road sections in each county.

6. The county representative was notified of the number of
personnel required to perform the counting operation and the date on which
counting would be carried out. Each county representative was responsible
for arranging for the needed personnel.

T. An instructional session was held for the count personnel
in each county on the afternoon preceeding the count. Each person was
assigned & specific location and told exactly what had to be done. The
count was made from 8:00 AM till noon and again from 2:00 PM to 6:00 PM
for a total of 8 hours at each selected location. An automatic volume
recording device was installed on each of five roads in each county during
the counting period in order to determine appropriate expansion factors.

8. All data were collected and returned to HERPIC for processing

and analysis.
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RESULS OF THE STUDY

GENERAL

The County Highway System of Indiana consists of two distinct sub-
systems, each under county supervision. The first subsystem consists
of 12,948.3 miles of Federal-Aid-Secondary county roads while the second
consists of 55,079.0 miles of non-FAS county roads. The County Highway
System thus totals 68,027.3 miles of road. These figures are based on
the recently completed inventory of all county rcads as performed under
the direction of the Indiana State Highway Commission (ISHC).

As the Division of Planning of the ISHC conducts a continuing program
of volume counts on all State and Federal-Aid roads, the PAS county road
system was not included in the sampling operations. Traffic volumes for
these roads were obtained from the Division of Planning for the sampled
25 Indiana counties.

Thus, two road populations were sampled. However, since three counties
submitted an unreasonable volume stratification, these three were considered
as a third population as distinguished from the remeining 89 counties.

FAS COUNTY ROAD SYSTEM

Trafific volume data were available from the Division of Plamning for
almost all miles of FAS county roads in each of the 25 counties. These
were rew data in the form of & 2h-hour volume count for each road section.

Two expansion factors, growth and seasonal, were required to convert

these volumes to 1966 AADT's. An average growth of 4§ per year wes used



in order to update those counts not made in 1966.

The seasonal expansion factor, to account for the time of year when
the count was taken, was estimated from Figure 2 which is & plot of the
expansion factors used by the Division of Planning to convert 2l-hour

weekday volumes to AADIs for local roads in rural areas. The application

of these two factors to each volume produced an AADT for each road section.
The factors used for each county are shown “‘n Table 3.

Volume measurements for 3229.4 miles of FAS county roeds in the 25
counties were used in providing an estimate of vehicle miles of travel
for the 12,943.3 miles of this system. The date were analyzed as a simple
rendom sample. This could be considered as 2 double sampling or sub-
sampling of m, miles from the toéael miles, Mi’ of each of the n counties
selected from the N total counties. Since in each county, virtually all
the miles of road were sampled, the double sampling reverts to a cluster
sample. However, each cluster (county) has a largely varying size (number
of miles) and since the counties were selected at random, the normal an-
alyses of cluster sampling revert to those for simple random sampling.

The average AADT (&) of this system was 412.4 vehicles per day. The
variance, 32, was calculated by:

2ade () m (0P () n o) /) n)
where m is the sample eslze,
m, 16 the length of the 1" road section,

and a, 1 the ADF of the 1™ road section.

i
The variance of &, ‘52’ was estimated by:

2
82 =g ((M-m)/N)
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TABLE 3

Expansion Factors by County to Convert Raw Volumes to ADT
FAS County Road System

Expansion Factors

County

Seasonal Growth
Adams 1.018 1.E70
Brown 1.075 1.040
Clay 1035 1.040
Dearborn 1.106 1.082
Dubois 1.075 1.170
Elkhart 0.895 1.082
Fayette 1.224 1:170
Franklin 1.065 1125
Fulton 0.915 1.082
Hancock 1.036 1.125
Howard 1.095 1.082
Jasper 1.095 1.082
Jefferson 1.180 1.000
Kosciusko 0.895 1.040
Lake 1.035 L4125
Lawrence 0.995 1.040
Monroe 0.962 1.040
Montgomery 1.065 1.170
Posey 15225 1.040
Shelby 15075 1 k25
Steuben 0.915 1.170
Vanderburgh 1c225 1.040
Washington 0.928 1.040
Wayne 1.107 1.170
White 1.150 1.000
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where M is the total length of the system.

The estimate of vehicle miles, &, was given by MA, the population
total, and equaled 5.34% million per day or 1.04) billion vehicle miles
per year. The estimate of annual vehicle miles of travel was computed
to be within plus or minus 4.86% the true value at the 95% confidence
level. The estimates computed for the PAS county road system are sum~
mariged in Table 4.

Figure 3 shows the ccmplementary cmﬁlative distribution of road
miles and vehicle miles as a function of AADFT. About 50§ of the vehicle
nmiles of travel occurs on the 83% of the road miles with an AADT of 750
vehicles per day or less.

Non-FAS County Roads - 89 Counties

Since the volume stratification of three counties was judged inadequate,
the analysis described here was performed on the data collected in 22
counties and expanded to 89 of Indiana's 92 counties.

The data were collected in the form Qf eight hourly counts of the
four vehicle classifications: namely automobiles, pickup and panel trucks,
other trucks, end other vehicles. The B-hour totals of each vehicle
classification as well as the total mmbér of vehicles were determined for
each road section counted. The hourly breakdown on the data sheets (see
Appendix I) served po purpose other than to insure some order in data
collection. _

In all, there were T48 data sets covering 1676.5 miles of road in-
cluded in this portion of the analysis.

An expansion fector to convert the 8-hour counts to AADT's was

determined separetely for each county and applied to all counts made in



TABLE &4

Summary of Estimates - FAS County Roads

Total Length - 12,948.3 Miles

Sampled Length - . 3,229.4 Miles

Average Daily Traffic

Average ADT 412.4 Vehicles Per Day
Variance 104.75
Standard Deviation 10.24

95% Confidence Interval 392.3 to 432.5

Vehicle Miles of Travel

Vehicle Miles 5,339,797 Per Day
Variance 17.562 Billion
Standard Deviation 132,523

95% Confidence Interval 5,080,000 to 5,600,000

Annual Vehicle Miles of Travel

Vehicle Miles 1.949 Billion Per Year
95% Confidence Interval 1.854 Billion to 2.044 Billion
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the county. Each expansion factor consisted of two parts. The first was

used to convert the 8-hour count to a 2i-hour count and was determined
in the following manner.

Five hourly recording automatic traffic counters were set out in cach

county. These were generally placed on paved, low volume State routes in

order to be more closely indicative of county highway traffic. The total
recorded count for the eight hours corresponding to the eight hours of

manual counting was noted (xJ, J varying from 1 to 5). The total count
for the entire 24 hour period was observed {y ). The 24 nour expansion

factor, ¥, vas then computed as:
Ly

’-r-xj- » 3-1.5

The second part of the expansion factor was needed to account for the
time of year when the count was taken, i.e. the seasonal effect. This

factor was estimated from Pigure 2. The application of these two factors

to each 8-hour count produced an AADT for cach road section. The factors

‘used for each county are shown in Table 5.

The ronpwd.nQ notation was adopted in computing the various estimates:

m,, the 1*® section length within the ' stretum,

th
8, the 1*® AADT within the b stratun,

m - the sun over i of all section lengths within the hP
stratun (within the sample),

nh-th.smofallmtimhngthswithintthth stratun for
22 countles.

un-mesumtaawmhngﬂzormdmmummh&
stratun for the 89 counties,

and M - the total length of the non-FAS county road system in
the 89 counties.



TABLE 5

County Data Summary

E::z:::zn County Road Miles Number of Counts by
g 24 Sea- All FAS Totals by Stratum ik
Hour sonal Roads  Roads 1 2 3 4 1 2 <) 4 All
Adams 2.04 0.895 692.4 194.0 0.0 3.8 38.6 456.0 0 3 14 5 22
Brown 1595 0.904 565.3 88.6 0.0 020 39,7 437.0 0 e 15 5 20
Clay 2.02 0.89% 719.9 14559+ 3.0 5.4 88.9 476.7 4 7 . 18 6. 33
Dearborn 2.04 0.918 529.9 9 00 . 1l:6. . 74.9 365.5 0 4 13 5. 22
Dubois 2.09 0.895 720.2 - A21.7 0.0 7.8 47,8 542.9 0 & 18 6 30
Elkhart 1.96 1.060 | 1011.4 134.8 26.7 1M4.4 162.9 572.6 15, 18 22 7 62
Fayette 2.09 0.920 374.4 92:0 030 42  66.3 211.9 0 3 9 3 15
Franklin 1.98 0.920 RT.7 1291 G0 0.0 68.6 520.1, 0 0 18 6 24
Fulton 1.97 0.948 Tra:9 WM53.4 IRl 80,6 2411 298,7 e 200 17 5 43
Howard 2.06 0.977 642.9 - IhL.1 237 2192 67.7 382,27 & 13 15 4 36
Jefferson 2.00 0.918 605.9 84.7 0.0 8.6 262.9 249.7 '3 A 1 S L 5 A
Kosciusko 1.96 0.910 | 1160.7 - 166.2 0.0 9.0 2363.8 621.7 0 6 30 10 46
Lawrence 2345 0.901 708.7 ~-130.4 0.0 34.5 122.4 421.4 0wt 4 35
Monroe 2.18 0.903 739.0 A7T.9 LOg) s37.3 "103.7 416.0 65 . 16, 16 5. 43
Montgomery 2.03 0.910 869.3 201.8 0.0 18.9 183.8 464.8 0 14 20 6 40
Perry 2.12 0.895 589.9 605 00 Lk - . 2054 5003 0 Y. 10 72
Posey 2.01 0.895 801.9 113,17  ORD 8.5 118.2 $561.5 0 ) L | Jo . X0
Steuben 1.90 0.937 644 .4 107 - 00" 22:F 2574 298.2 0 19 16 5 40
Vanderburgh 2513 0.895 509.9 151.2 9.7 49.0 59.6 249.4 BE 47 - 11 2 38
Washington 1.98 0.901 862.5 « 116.4 Q.0  31.6 199.0 495.5 ome a8 21 k. 43
Wayne 2.14 0.925 715.5 206.1 - 000 40.3 '279.8 191.3 9 - 38 11 4 31
White 1595 0.910 881.3° 211.3 0.0 15.2 122.3 *532.5 0 13 .. 20 7 40
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The sum of squares, B&h, and the variance, ahe,. were then computed
for each stratum as follows:

(= y
=L mih (.’.h)a - —%—

o =58, / (m, - 2)
The average AADT of each stratum, Eh, was computed by:
S = By 8yy/m,
The estimated size of cach stratum for the 89 counties was camputed
by:
W = (L /E ) ¥
The individual stratum totals for each of the 22 counties from which
these estimates were made are given in Table 5. -
The overall AADT of this road systen, &_,,
is'l'. - (z ah "h)/'

was given by:

and the variance of this estimte, s- (a_,), by:

2
. *n
Py = S 2000, - ) ()

The population total (vehicle miles), &  , was estimated by:

Bt’

A -
Ast = ast N

and the variance of this estimate, o (Rst)’ by:

2
‘zﬁ-t"z'h("h"h)(;t")
The standard deviation of each estimete was cbtained by taking the

square root of the respective variances. Thus, the estimate of the over-
all AADT, ;st’ was 151.6 vehicles per day with a standard deviation of
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4.195, and a 95% confidence intervel of plus or minus 8.22. The estimate
of wvehicle miles, ﬁst, was 8,052,000 per day with a standard deviation of
222,775, and a 95% confidence interval of plus or minus 436,640.

The estimate of vehicle miles and its confiderce interval were placed
on an annual basis by multiplying each respective estimate by 365 days.
This ylelded an estimate of 2.939 billion vehicle niles per year with a
95% confidence interval of plus or minus 159.4 million. This estimate was
calculated to be within plus or minus 5.4% of the true value at the 95%
confidence level.

The quantities calculated for each stratum and for the population
estimates are swmarized in Teble 6.

Figure 4 shows the complementary cumulative distribution of road
miles and vehicle miles as a function of AADT. About 50f of the vehicle
miles of travel are driven on the 85 of the road miles with an AADT
of about 220 vehilcles per day or less.

Non-FAS County Roads - 3 Counties

The analysis of the data for these three counties was sinmilar to
that described in the last gection. There were 121 data sets covering
288.2 miles of road included in this portion of the analysis.

The overall AADT of this road subsystem, ast'
vehicles per day with a standard deviation of 16.734, and & 95% confidence
interval of plus or minus 32.80. The estimate of vehicle miles, ‘R‘t,
was 328,630 with a standard deviation of 32,984, and a 95% confidence

interval of plus or ninus Gh,(G50.

wvas estimated as 166.7

Converting these estimates to an annual besis resulted in an estimate
of 119,949,000 vehicle miles per year with a 95% confidence interval of



\
’ TABLE 6

Summary of Estimates - Non-FAS County Roads - 89 Counties

Within Stratum Quantities

2 - 2
| =
Stratum L L Mh s, a, r%(m‘1 mh)(:sh /‘“h)
1 53.3 533 220.7 3911776 2515.4 2,711,033,046
2 358.0 514.7 2131 .} 187746 499.9 1,981,593,609
3 925.5 2989.8 12379.0 48781 214,2 7,473,081,887
4 339.7 9268.9 38377.2 8718 98.5 37,463,197,110
all 1676.5 12826.7 53108.0 49,628,905,060
Stratified Estimates
Average Daily Traffic
Average ADT 151.6 Vehicles Per Day
Variance 17.6
Standard Deviation 4.195
95% Confidence Interval 143.4 to 159.8
Vehicle Miles of Travel
Vehicle Miles 8052013 Per Day
Variance 49.629 Billion
Standard Deviatiom 222775
95% Confidence Interval 7615373 to 8488653
Annual Vehicle Miles of Travel
Vehicle Miles 2.939 Billion Per Year

957 Confidence Interval 2.780 to 3.098 Billion
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( NON-FAS COUNTY ROAD SYSTEM )
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plus or minus 23,596,000. This estimate was calculated to be within plus

or minus 19.T% of the true value at the 95% confidence level. These
estimates are summarized in Table T.

County Road System

The estimates for the three subsystems of the entire county road system

have been described above. It remains now to provide an estimate for the

county road system as a whole.

A simple way to do this is to consider each subpopulation as a
stratum and then use the normel estimates for stretified random sampling.
Since two of the subpopulation already consist of four strata each, vhile
the third consist of & simple random sample, the combined county road
systen was considered as consisting of 9 strata.

The average ADT for the combined county road system was estimated by
simply dividing the total daily vehicle miles on the three subpopulations
by the total length in miles. These values are found in Tables 4, 6, and
T. This calculation, given by:

13,720,437.7 /
68,027.3
yielded an average ADT of 201.7 vehicles per day.

The vehicle miles per day are, of course, the numerator of the above

expression. The variance of vehicle miles may be estimated by:

2
P(k) = 21 (4 -m) %—
where h varies from one to nine strata.
However, this is simply the sum of the variances of wvehicle miles

for the three subpopulations. This sun is approximately 68.279 billions,



Summary of Estimates - Non-FAS County Roads - 3 Counties

TABLE 7

Within Stratum Quantities

Stratum m L M shz ;h Hh(H‘n ’ mh)(’hzfmh)
1 56.6 307.7 207 .G 508557 445.5 694,220,948
2 141.8 513.8 513.8 25419 151.3 34,263,118
3 I | 484..6 484.6 8443 95.6 23,793,792
4 18T 664.9 664.9 14608 101.5 335,635,823
all 288.2 1971.0 1971.0 1,087,913,677

Stratified Estimates

Average Daily Traffic
Average ADT
Variance
Standard Deviation
957 Confidence Interval

Vehicle Miles of Travel
Vehicle Miles
Variance
Standard Deviation
95% Confidence Interval

Annual Vehicle Miles of Travel
Vehicle Miles
957 Confidence Interval

166.7
280.0
16.73
133.9 %o 189.5

328627 Per Day
1.088 Billion

32984

263979 to 393275

Vehicles Per Day

119.9 Million Per Year
96.4 to 143.5 Million



so that the standard deviation of vehicle miles is about 261,300.

The variance of the average AADT is obtained by dividing the variance
of vehicle miles by the square of the total length in miles. This cal-
culation produced a variance of 1%.8 and a standard deviation of 3.84.

The estimate of annual vehicle miles of travel was 5.008 billion.
The 95% confidence interval was plus or minus 186.9 million. This
estimate was calculated to be within plus or minus 3.7% of the true
velue at the 95% confidence level.

The estimates for the combined county road system are summarized
in Teble 8.

Figure 5 shows the complementary cumulative distribution of road
miles and vehicle miles &s a function of AADT for the combined county
road system. About 50% of the vehicle miles are driven on the 83.5%
of the road miles with an AADT of about 370 vehlcles per day or less.

The concentration of wvehicle traffic is illustrated in Figure 6.

Here the complementary cumulative distribution of vehicle miles of travel
is plotted versus thet of road miles. The curves for FAS roads, non-FAS
roads, and the complete county roed system are virtually identical in
shape and placement. However, it must be noted that at polnts where

the three curves are identical, the AADT's relative to each curve are

quite different.

Vehicle C ification

The analysis of vehicle classification was restricted to the data
collected for 22 counties.
The 8 hour total of each vehicle classification type for each data

set was first multiplied by the appropriate expansion factors for the



TABLE 8

Summary of Estimates - All County Roads

Total Length 68,027.3 Miles
FAS Roads 12,948.3 Miles
Non-FAS Roads 55,079.0 Miles
Sampled Length 5,194.1 Miles
FAS Roads 3,229.4 Miles
Non-FAS Roads 1,964.7 Miles
Average Daily Traffic
FAS Roads 412.4
Non-FAS Roads 151 .6
All County Roads 201.7
Variance 14.8
Standard Deviation 3.84
95% Confidence Interval 194.2 to 209.2
Vehicle Miles of Travel
FAS Roads 5.340 Million Per Day
Non-FAS Roads 8.381 Million Per Day
All County Roads 13.720 Million Per Day
Variance 68.279 Billion
Standard Deviation 261,300
95% Confidence Interval 13.208 to 14.233 Million
Annual Vehicle Miles of Travel
FAS Roads 1.949 Billion Per Year
Non-FAS Roads 3.059 Billion Per Year
All County Roads 5.008 Billion Per Year
95% Confidence Interval 4.821 to 5.195
Billion Per Year
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individual counties from Table 5. The average number of each vehicle
type within each stratum was then computed, this average being weighted
by the length of each road section. The percent of each vehicle type
within each stratum was then computed with the results shown in Table
9. Also shown in Table 9 are the vehicle classification percentages for
all four strata which represents the non-FAS county road system.

It can be cbserved that 66.7% of the vehicles on county roads are
automobiles, 19.3% are pickup and penel trucks, 8.2% are other trucks and
5.9% are other vehicles. These data are plotted in Figure T as a function
of stratum mmber. As the traffic volume increases, the percentage of
automcbiles in the traffic stream increases while the percentage of all
other wvehicle typee decreases.

If these percentages are plotted versus the average volume of each
stratum, it would be possible to pick off an estimated vehicle classification

for any known volume, at least on county roads. A plot of this type is

shown in Figure 8.



TABLE

9

Vehicle Classification

B o (% Wit:i:iE;:thztatum)
Cars Pickups & Panels  Other Trucks Other Vehicles
1 179 137 6.7 9§
2 7345 16.1 7.4 Rt 2%
3 68.2 18.6 8.3 4.9
4 62.0 21.4 8.5 8.0
all 66.7 19.3 8.2 5.9
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CONCLUSIONS

Indiana's County Highway System of 68,027 miles carried an estimated
5.008 billion vehicle miles of travel in 1966. The 95* confidence interval
on this estimate is from 4.821 billion to 5.195 billion vehicle miles of
travel per year.

Of the total 5.008 billion vehicle miles, approximately 1.949 billion
(39%) were traveled on Federal-Aid-Secondary coumty roads totaling 12,948
miles (19% of all county roads). The remeining 3.059 billion vehicle
rmiles (61%) were traveled on non-FAS County roads totaling 55,079 miles
(81% of all county roads).

The average 1966 AADT for all county roads was 202 vehicles per day
with an average of 412 per day on PAS county roads ard 152 per day on
non-FAS county roads.

The percentage of county road mileage carrying various ranges of
daily traffic volumes (AADT) is estimated to be es follows for 1966:

RANGE OF AADT
UNDER 100 TO 400 T0 OVER
100 400 1,000 1,000
FAS MILEAGE 21.4 51.8 18.4 8.4
NON-FAS MILEAGE 5k.8 - 39.3 b7 1.2

ALL COUNTY ROADS 48.2 41.8 T4 2.6
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The classification of vehicles by percent for all non-FAS county
roads 1s estimated to be as follows for 1966: 67% automobiles; 19%
light trucks; 8% other trucks; and 6f other vehicles.
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TRAFFIC STUDY PROPOSAL
from
Indiana Association of County Commissioners

To H.E.R.P.I.C. Advisory Boards

The Highway Needs Study Committee, created by the 1965 General Assembly,

is in the process of studying all highway systems, State, County snd Cities
in the State. The future amount of funds for highway use will be governed
by the report of this committee. One of the significent factors contribu-
ting to the need for comstruction and highway maintenance is the type and
volume of traffic using highways. It is essential that accurate traffic
information on use of county highways be made available to the Highway Needs
Study Committee. The State has available facilities for traffic study,

the cities by reason of the nature of their streets and highwaye also
possess adequate facilities for traffic study. The counties of the State
do not have these facilities available.

The funds H.E.R.P.I.C. operates on are county funds distributed from the
Motor Vehicle Bighway Account, and the representatives of Purdve University,
acting as consultants to H.E.R.P.I.C., have always cooperated to provide
effective information conceraning county highways. It is requested by the
Board of Directors of the Commissioners' Association that H.E.R.P.I.C.
enter into a traffic study program to provide information for the sssistauce
to the counties of the State in the highway meeds of the State.

The study should shov the type of traffic using county highways, number and
emount of treffic and if possible the origination aud destination of traffic.
H.E.R.P.I.C. with the assistance of Purdue University should have no
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difficulty in plenning and engaging in these studies for the reasom that

the Civil Engineering Department in Purdue University has engaged in this

type of program for a number of years. Although the consultants to

H.E.R.P.1.C. are for more qualified to determine the type of study to be

made, it is recognized that when time is evailable the study can be made

of only a sampling of Indiana Counties. It is suggested that the sampling

include one large county, one small county, two industrial medium size
counties, and two rural non-industrial wedium size counties. For example,
the counties which might be included in the study are Vanderburgh, Madiason,

Tippecance, Doen’tut. Hendricks and Wabash.

The {mmediate attention of the Advisory Board is requested to pemit all
of the necessary information which can be obtained on traffic use on the

county highways be made availeble to the Highway MNeeds Study Committee prior
to the next Session of the Ceneral Assembly.

.8 Pres. W BATT TR N.E. Dist. Pres.
Clen Lake Joy Brown
V.Pres. N.W. Dist. Pres.
Ric Eckerle i“ ﬁll
Secy~Treas. W.C. Dist. Pres.
Byrom Pike Arthur Biwsel
Exec.Secy. 8.E. Dist, Pres.
—Claude Hodson T Ernest Vance
Counselor 8.W. Dist. Prees.
“Welson G. Grills R

rie
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February 28, 1966

Board of County Commissioners
Hancock County

County Court House
Greenfield, Indiana

Gentlemen:

The Highway Extension and Research Project for Indiana Counties
(HERPIC) at Purdue University is conducting a study of travel character-
istics on the county highways of Indiana at the suggestion of the Indisuns
Association of County Commissioners.

The enclosed paper, "Notes on Procedure - Travel on the County Righway
System of Indiana,” is a brief description of how the study will be
performed and clearly states the assistance which will be required of
the involved counties. Your county is one of those which has been selected
for participation. It wes selected on & sawmpling basis and as such it is
important that you do participate so that the results will be reliable.

The very first item which must be completed by you is the designation
of a qualified county representative to act as a liaison between the
cownty and HERPIC staff. It is mendatory that thie mem be familiar with
the road system of the county and that he have the authority to arrange
for the needed persomnel to assist in the conduct of the study.

As soon as this msn has been designated (this wust be done by Msrch 15)
please notify the following:

Walter €. Vodrezka

New Civil Engineering Building
Purdue University

Lafayette, Indians 47907

Mr. Vodrazka, a member of the HERPIC staff, is in charge of the study.
Some preliminary werk, @#s explained in the enclosed paper, must be dome
prior to actual counting operations so it is fmportant that the comtsct
man be known as soon as possible.

After you receive this letter, you may attend ome of the curreamt
series of HERPIC ares Road Schools. I would be most happy to amswer any
questions you have at that meeting or perhaps I have discussed this matter
vith you at one of the meetings held the week of March 1-4. In any event
do not hesitate to direct any questions to us.

Sincerely yours,

Jean E. Hittle
Research Engineer
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Indisna Associatiom of
COUNTY COMMISSIONERS
521 Board of Trade Building
Indianapolis, Indisna 46204

Area Code 317 - 639-1634
CLAUDE HODSON, Executive Secretary

Centlemen:

During the last three Sessions of the General Assembly, there has been
legisletion introduced to change the formula of distribution of Highway
funds among State, County snd City Highwey Departments. One of the big
srguments used was the cne that the counties carried only 7% of the

traffic and got 32% of the funds. This we think is a very false statement,
as some of the county roads we know carry more traffic than some state roads,
and msny of the city streets. At a zecent weeting of the H.E.R.P.I.C.
Board your President and Executive Secretary proposed that a traffic count
be made in a representative group of counties to find out what the traffic
count on some of the county roads really is. They have selected your
county as one in which they wish ¢o make a study.

In an accompanying letter they will explain the details of how and when
they wish to mske this study. If you already have taken some counts im
your county you can show them what you have and they will work cut with
you vhat they need. This, along with the Highway Needs Study, should show
that instead of tsking some funds from the counties, they need more funds
as do the State and Cities. With this thought in mind, we propose to ask
for additionsl funds for everyonme instead of fighting over what we have.

We hope, with your cooperation, that this stwdy will give us the additional
informaetion we need to use in our legislative program and it should prove
valusble to you in planning future highway programs im your own couaty.

Our Association, along with H.E.R.P.I.C., wish to thank you for your
assistance in this project!

Sinecerely,
Indiana Asgoeistion of County Commissioners
/8/ Claude Hodson

Claude Hodson
Executive Secretary
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COUNTY HIGHWAY TRAFFIC STUDY

County Date Hame
Couwnting Location

SR T R M o e em e ewm e ww e e e e em em s em em vm

VEHICLE CLASSIFICATION

e e e  waities
AM 8:00 - 9:00
9300 - 10500
10800 ~ 11200
11300 - 12300
LUNCH 12:00 noon to 2300 PM

PM 2300 - 3:00

3300 - 4300
%3500 - 7:00
5300 - 6200
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COUNTY HICHWAY TRAFFIC STUDY

General Instructions:

Counting operations will start tomorrow morning. The count will
begin at 8500 AM and last watil 6:00 PM with a two hour lunch break
from noon until 2:00 PM.

You should be at your location by mot later than 7345 AM eo that
you can find a suitable parking place for your own car or a suitable
spot from which to cownt if you do not use your car.

Vehicles moving in both directions along the roadway should be
counted. Firet observe the vehicle claseification. There are four:

1) passenger cars; Z) pickup and panel trucks; 3) other trucks and busses;
4) all trector & horse drawn vehicles, and motorcyeles. Then in the
proper columm for vehicle clsssification and opposite the current time
interval, tally the vehicle as shown below. For instance, if a passenger

car is observed between 9:00 amnd 10:00 AM, the tally sheet should look

1ike this:
Pickup and Other Other
TEME Passenger Cars Panel Trucks Other Trucks Vehicles
AM
<00 - 9: ! {7 "

Thus, each vehicle is shown by a slash. The tally after 4 vehicles looks

like this, //// . Indicate passage of a 5th wehicle by drawing a line
through these &4 slashes like this, /MY . After passage of the 6th wehicle,
the tally would look like this, /A{/ / . This process is comtinued through
each of the 8 hourly intervale. In the figure shown above, the count from
8300 - 9300 AM is complete and the first vehicle counted during the 9:00-
10300 AM interval has beea tallied.
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DETAILED STUDY PROCEDURE

The study reported on in this paper was carried out in the following
manners

1. A letter was written to each County Commissioner of each of the
25 included counties. The letter explained the purpose of the study and
asked that a qualified county representative be appointed to act as
liaison with HERPIC staff in charge of the study. A copy of this letter
is included in Appendix I of this report. The men most often appointed
was the county road supervisor and occaéionally the county engineer.

2. Those roads vhich were classified as State primary and secondary
roads and Federal Aid Secondary (FAS) county roads were delineated on the
CGeneral Highway and Transportation Map of the county by different colored,
thin tepe strips. The remaining miles of road were thus county roads and
included the saupling program. Volume counts for the FAS county roads
were available from the Indiana State Highway Commission's Division of
Planning which conducts & continuing volume count program on all State
and Federal-Aid highways. A vebicle mile determination was made separately
for the FAS county system. The county representative checked this map
carefully for errors in delineestion and divided the county roads into
sections using his best judgment.

3. Each roadway sectlon was then placed into its proper volume stratum
as carefully as possible. In the actual mechanics of this step, sectioning
and stretifying were done simultaneously to obtain the best results.
Ideally, the county representative would study the roads and decide which
roads belonged in stratum 1, i.e. with an ADT of over 1,000. He would
then mark these roads with a colored pencil, performing the sectioning



operation as his judgment dictated. The process would then be continued
through the remaining three gtyata using a different. colored pencil for
each.

L. Bach road section of each stratun was scaled from the map to the
nearest tenth of & mile. The stratification of each county's roads was
checked for its feasibility and those of 3 counties were rejected and
analyzed separately from the remaining counties. One of these counties
claimed elmost 6 times the number of miles of stratum 1 roads as the 2b
remaining counties combined while the other two counties claimed as many
miles of stratum 2 roads &s the remaining 23 counties combined.

5. The number of counts in each volume stratum for each of the 22
counties was then determined. All of the information necessary for making
the sample allocation was not available when sampling operations were
scheduled to begin. The sample sizes were estimated in the following manner.
Proportional allocation could not be used duec to the high variances and
low mileage totals of the two higher volume strata. Optimal allocation
required the sampling of the entire first stratum and virtually all of the
second stratum road miles. Since the additional data for making proper
allocations for the third and fourth strata were not available, these
strata were considered as a unit and the necessary quantities estimated.

A variance of 20,000 and an average ADT of 200 were assumed. A necessary
sample size of 800 miles resulted. While the size of the third and fourth
stratum wes tnought to be about 50,000 miles, the sample had to be selected
from the approximately 12.000 miles found in these two strata in the 22
counties. The sample size of 800 miles divided by 120 resulted in a figure



of about 6.7 miles of sample per 100 miles of road. Since the average
section length was thought to lie between 1.50 end 2.0 miles, a sample

of 4 counts per 100 miles of road wes used. Three of these counts were
allocated to stratum 3 roads and one to stratum U roads. Thus, the sample
in each county consisted of one count for each stratum 1 road section, e
count for almost all the stratum 2 sections, and three stratum 3 counts
and one stratum 4 count for each 100 miles of strata 3 and 4 roads. The
road sections on which counts were made were selected at random from the
sections falling intc each volume stratum.

6. The county representative was notified of the number of people
required to perform the count and the date on which the count would be
made. Each county was responsible for arranging to have the required
number of pe.sonnel on hand for a short instructional session prior to
counting and then for the actual counting itself. Personnel used in
meking the counts were peid by the individual counties and either were
employees of the county or of neighboring counties, or were especially
bired- for the one day necessary to make the count, and in some instances
were volunteers performing a public service.

7. The general procedure in meking the counts was as follows. A
HERPIC staff member left the Purdue University campus on Monday morning
for the scheduled county. A meeting was held that afternocon with the
county representative to iron out all the details such as determining
that all roads on which counts were proposed were open to traffic, deter-
mining the location at which the count was to be made along the road
section and so forth. When all problems had been resolved, «n instructional

nmeeting was held with the count personnel. Each counter was given a data
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sheet, an instruction sheet, and a map of the county showing the exact
locatlon where he was supposed to count. This meeting generally lasted
about 20 to 30 minutes. A copy of the data and instruction sheets are
included in Appendix I of this report. The HERPIC staff member then in-
stalled 5 automatic recording traffic counters at 5 selected locations
throughout the county. These were generally located on low volume state
mumibered routes. The counting operation began on Tuesday morning and
counting extended from 8:00 AM to noon and again from 2:00 PM to 6:00 PM
for a total of 8 hours. During the day, the HERPIC staff member drove
the county to check on the automatic traffic counters and to visit each
counter to make sure there were no probleme. All data sheets were picked
up that night, and on Wednesday morning, the HERPIC staff member moved on
to the next county where the entire procedure was repeated. With’the two
HERPIC men assigned 1.:0 this phase of the study, a maximm of four counties
were counted each week. This was not done cach week, however, a&s several

counties had problems in scheduling with their own operations or with such
things ae county fairs and not being sble to recruit the necessary personnel.
8. Al1 data were returned to HERPIC at Purdue University for processing
and analysis.
9. A letter of thanks for the cooperation and courtesies extended to
the HERPIC staff in the conduct of the study was sent to each county re-
In addition, each county was sent & summary of the data

presentative.
collected within the county along with a map showing the specific road

sections counted.
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ROTES ON SAMPLING FOR ESTIMATES OF
TRAVEL ON COUNTY ROADS

The relative precision of the stratified random sample to a simple
random sample for the estimate of AADT for the non-FAS county rosd
system was calculated to be about 246] for this study.

When the sampling allocation is far from proportional, as was the
case here, the following simplified expression:

- 45 [T ale ) il - (L a)
may be used for calculating the variance of the mean for a simple
random sample provided that the sample size of each stratum is grester
than 50. This varlance was found to be 43.27 as compared to the
variance of 17.6 calculated for the stratified sample. Thus, it appears
that volume stratification of the county road system is worthwhile.

However, the fact that the stratum sizes were not kmown and only
estimated introduced a bias into the estimates of the mean and the
populstion total. The amount of bias could not be measured, of course,
since to do so would have required the volume measurement of all roads.

In en effort to determine, at least the direction of the bias, an
snelysis was made wherein each road section was stratified on the basis
of its measured AADT and each stratum asize then corrected proportionately.
The resulting vehicle miles of travel were sbout 12.5) higher for this

snalysis then that based on the as-stratified road sections. This figure,
however, has no statistical justification other than it does appear to :
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indicate that the estimate of 5.008 billion vehicle miles is on the
conservative side.

It is felt, however, that the large variances and small sizes of
the higher volume strata justify and do make worthwhile the attempt to
stratify road sections prior to selection of the sample. ' It may be
noted that the total length of road miles estimated as belonging in the
highest volume stratum comprised less than one-half of one 7, of the
total miles of non-FAS roads but its computed variance was almost 450
times larger than that of the lowest volume stratum which comprised
about 72  of the road miles.

Another indication thet the estimate of vehicle miles of travel
was conservative is the fact that neither Marion or Lake Counties were
included in the sample for the estimaste for the non-FAS road system.
Several county roads 1n_ua.r1m County carry average traffic volumes in
excess of 20,000 vehicle - per dey while the largest AADT in the
sample for the non-FAS county road system was 6830 vehicles per day and
for the FAS county road system, 10,140 vehicles per day.

The several recommendations which follow are presented with a view
toward improving the studyii;csim.laronc should ever be conducted.

1. The principle of volume stratification of road sections should
be used. However, it appears from the experience gained in this study
that an experienced research person and a representative of each involved
county should stratify the roads rather than allow the county representa-
tive to attempt it by himself. This was done in three counties in this
study and the resulting information was more accurate and also more
readily coded.
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2. The volume ranges used in setting strate boundaries for this
study were used because design and tolersble standards for local roads
used the same volume ranges. Thus, it was thought that most county
representatives might better be able to stratify their roads. If these
volume ranges change for the setting of standards, then so should the
stratum boundaries.

3. It may be advissble to have all counties stratify their road
systems and not just those counties included in the study. This procedure
may provide a better estimate of strata sizes than the method of propor-
tional expansions used in this study. However, those counties submitting
stratification plans which are unreslistic should still be analyzed
separately as was done in this study or a realistic stratification should
be obtained.

L. Some sdditional thought should be given to the method of
selecting the sample of counties in which counts will be made and sub~
sequently, to the analysis of the data. A systematic sampling of
counties may be a possibility. With the method of selection used in
this study, comsideration was given to analyzing the date as 28 strata
rather than 4. The number 28 comes from the 4 volume strata within each
of 7 county groups. In other words, volume stratum 1 roads in the first
county group might be considered as one stratum and so forth. However,
it was decided that this refinement and the additional unﬁ.ysis time was
not worth the increase in precision that might result. '

5. The precision achieved in this study was quite good in spite
of the gross underestimates mede for the stratum variances. This was
due to seversl factors: the inclusion of all stratum 1 snd most stratum 2
roads and, probebly more significantly, the selection of sample size bued
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on trying to achieve a certain precision on the within stratum mean
rather then on the stratified mean. This was done as a precautionary
measure due to doubt of the accuracy of the estimated varisnces and
because its use resulted in a reasonsble number of counts.

It is recommended that the following procedure be used in determining
the sample sizes of any future study: If the calculated variances given
in Table 2 of this report for each stratum are used in the sample size
expression for simple rsndom smaples, it is found that the miles of
road to be sampled in stratal through 4 are approximately 180, 774, 1530,
end 1395 respectively in order to measure the within stratum mean to plus
or minus 5 J . Each of these sizes divided by the total of 3879 provides

sample weights, Ve The following expression:

) 04,2 &%),
me= N e
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may then be used to compute m for the stratified sample size where:
W, is the stratum weight, xh/u.
8, 1s the within stratun variance (from Table 2)
M is the total system length, and
V is an estimate of the variance of the stratified mean.
V may be estimated by:
v e (a/t)°
where d is the maximum desired devistion of the mesa (+ 57 ),
and t is the t-statistic (1.96).
This ylelds a value of m of 1419 miles. Applying the sample weights,
X to m the sample sizes of strata 1 through 4 are 66, 283, 560, and 510

miles respectively. The actual sample sizes used in this study were



53.3, 358, 925.5, and 339.7 miles respectively. The sample siues
finally decided upon should be increased by scme percentage over those
calculated in order to account for possible inaccuracies in the estimates
of stratum mesns and variances. The sample size will also be subject to
the available time and funds.
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