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ABSTRACT ARTICLE HISTORY

Short period traffic counts (SPTCs) are conducted routinely to Received 31 December 2015
estimate the annual average daily traffic (AADT) at a particular Accepted 15 May 2017
site. This paper uses Indian traffic volume data to methodically

and extensively study the effect of four aspects related to the sh ) .

. X . ort period traffic count;
deglgn of SPTCs. These four aspgcts are:“('l) for how Ior'wg, (ii) on annual average daily traffic;
which days should SPTCs be carried out, (iii) how many times, and traffic volume data; seasonal
(iv) on which months should SPTCs be carried out? The analyses factors; developing
indicate that the best durations for conducting SPTCs are 3 days economies; case study
(starting with a Thursday) and 7 days, for total traffic and truck
traffic, respectively. Further, these counts should be repeated
twice a year keeping a separation of two months between the
counts to obtain good estimates of AADT at minimal cost. An
additional outcome of this study has been the determination of
seasonal factor values for roads in developing economies, like India.

KEYWORDS

Introduction

Traffic volume counts are an essential part of highway planning programs. Traffic volume
data are used for a variety of purposes, including estimation of road revenues, estimation
of loads for pavement design and maintenance planning, and forecasting of vehicle emis-
sions. Each of these types of studies requires annual traffic data.

The locations where traffic volume data are recorded continuously throughout the year
are known as permanent traffic counters (PTCs). Installation of a PTC in each and every
road section is neither economically feasible nor is it required. The general practice is to
collect short period traffic counts (SPTCs; say, for 7 days, 3 days, etc.) on road segments
and to adjust them using Seasonal Factors (SFs) to predict the annual average daily traffic
(AADT). The SF values are obtained using PTC data from similar road segments.

The primary purpose of this study is to see how SPTCs can be made more efficient as
estimators of AADT. Ideally AADT should be obtained by summing the flows on all the
days of the year. SPTC, in that sense, represents a sample and like all samples is prone
to errors. The idea here is to see how this sampling process can be improved so as to
obtain estimates of AADT with greater accuracy with minimum deployment of resources
to conduct the SPTCs.
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The important questions that need to be answered before conducting any SPTC are: (i)
for how long should the data be collected, that is, duration; (ii) when should the data be
collected (which days of a week, which months, etc.), that is, time and (iii) how many times
a year should the data be collected, that is, frequency, so as to obtain accurate estimates
with minimal resources? In other words, how can the duration, time and frequency of
SPTCs be decided so that the resources for data collection are most effectively utilized?

This paper uses Indian data to analyse: (i) the impact as well as marginal impact of dur-
ation on accuracy, (ii) the effect of days of the week in which data is collected (for a given
duration) on accuracy, (iii) the impact as well as marginal impact of frequency on accu-
racy, and (iv) the effect of months of the year in which data is collected (for a given fre-
quency) on accuracy. The analysis shows that duration, time and frequency can be chosen
in a way so as to gain in accuracy at no extra cost.

An additional outcome of this study has been the determination of SFs for roads in
developing economies like India. It may be noted that significant differences in travel pat-
terns exist between developed and developing economies.

Literature review and motivation

This section provides a brief overview of past research on the determination of SFs (note,
seasonal factors are required to convert SPTC data to AADT) and the best frequency, time
and duration of SPTCs. It also presents the motivation for the present work.

The Traffic Monitoring Guide (TMG) of the US Federal Highway Administration
(FHWA) provides the guidelines for estimation of AADT using PTC and SPTC data.
The FHWA procedure (FHWA 2013) consists of four basic steps:

(1) Identification of groups of PTC sites having similar temporal traffic volume
variations;

(2) Determination of average seasonal adjustment factor for each road group;

(3) Assignment of the SPTC site to one of the groups defined in step 1 and

(4) Estimation of AADT of the required road section using appropriate seasonal adjust-
ment factor.

The TMG recommends three methods for classification of road groups using PTC data:
geographical/functional classification, cluster analysis and ‘same road’ application of
adjustment factors. A number of methods have been reported in the literature for clas-
sifying PTCs into different homogeneous groups and using their data to determine SFs
for that group. The four most common methods used for this purpose are: (a) cluster
analysis (Sharma 1983; Ritchie 1986; Flaherty 1993); (b) multiple regression analysis
(Hallenbeck and Kim 1993; Faghri and Chakroborty 1994; Li, Zhao, and Wu 2004;
Zhao, Li, and Chow 2004; Yang et al. 2009); (c) artificial neural networks (ANN)
(Faghri and Hua 1995; Lingras 1995) and (d) genetic algorithms (Lingras 2001).
Zhao and Park (2004) used geographic weighted regression technique (GWR), a devel-
opment of multiple regression analysis, to estimate AADT. More recently, Duddu and
Pulugurtha (2013) used spatial variations in land-use characteristics for estimation of
AADT and Gecchele et al. (2011) presented a comparison of the various clustering tech-
niques used for grouping PTCs.
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In order to estimate AADT from SPTCs, it is essential to first classify the study sites into
different groups and find out the adjustment factors (SFs) of each group. Also, travel pat-
terns in developing economies are different from those in developed economies. So it is
worthwhile to study SF variation on roads of developing economies rather than using
the classification of roads obtained in previous literature. Thus one of the aims here is
to study flow variations on Indian roads with a view to predict SFs for Indian highways
and use them for estimation of AADT from SPTCs.

Now, moving on to the primary purpose of this study, as previously mentioned, SPTCs
are used to estimate AADT for sites that do not have a PTC. Hence, the duration and fre-
quency of traffic counts that can accurately as well as economically estimate AADT also
need to be determined.

TMG recommends conducting SPTCs of 2-day duration on weekdays. However, it also
states that longer duration counts (3 or 7-day) are encouraged based on the availability of
resources. Sharma et al. (1996a) compared 1-, 2- and 3-day traffic counts on weekdays to
determine the best duration. They concluded that the error for 2-day durations is quite
similar to that for a 3-day duration, except for recreational roads. This work, however,
does not specify which 2 days in a week are best for traffic counts. Recently, Gecchele
et al. (2012) used ANN to assign the 1-, 2- and 3-day SPTCs to the correct PTC group.
They concluded that SPTCs should be undertaken on weekdays rather than at weekends
and the improvement in taking 3-day counts rather than 2-day counts is not statistically
significant. The issue of which days are better for SPTCs was also analysed by Hallenbeck
and Kim (1993) who found that truck traffic counts on Thursdays are better compared to
Tuesdays and Wednesdays. This conclusion was drawn at an aggregate level by combining
the data from all study sites, and hence does not indicate whether the conclusion is valid
for every site in their database. Combining data from all sites may create a situation where
the chosen strategy may be very good for one site, but not so good for others; while another
strategy which is reasonable for many sites may not be chosen. Since AADT estimates are
site-specific, a strategy that is good for individual sites should be chosen rather than a
strategy that may be very good for some sites, while not good for many others.

Traffic counts can also be undertaken multiple times a year. TMG suggests that in order
to capture the seasonal variability of road sections, traffic counts should be undertaken in
different periods of the year. Lingras (1998) used artificial neural networks to show that
two 2-day counts (in July and December) were better than a single 7-day count (in July
or December). Other researchers have also tried to determine the number of times in a
year traffic counts need to be undertaken for accurate estimation of AADT (Sharma
and Allipuram 1993; Sharma et al. 1996b). In these studies, traffic counts that are
equally spaced over a year are used. For example, in their studies for counting traffic
twice a year, the two counts are always separated by 182 days (or approximately six
months). Recently, Gastaldi, Gecchele, and Rossi (2014) used one-week seasonal counts
taken on consecutive months (i.e. Jan-Feb, Mar-Apr, etc.) for estimation of AADT
using a Fuzzy C-means algorithm to represent the fuzzy boundaries of road groups.

The literature shows that over the last two decades, there have been, at best, sporadic
efforts to analyse the impact of duration, time and frequency of SPTCs on the accuracy
of AADT estimates. Further, none of these studies carried out systematic and detailed ana-
lyses of the data with a view to identifying the best strategy for SPTCs, based on site-
specific performance levels.
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The motivation here is to systematically study various aspects of SPTCs and their
impact on developing a cost-effective and reliable strategy to predict AADT. More specifi-
cally, in order to obtain sound AADT estimates, this study attempts to determine: (i) the
number of days for which SPTCs should be undertaken; (ii) if applicable, the days of the
week on which SPTCs should be undertaken; (iii) the number of times in a year SPTCs
should be carried out; and (iv) if applicable, the months in which SPTCs should be
carried out.

It may be pointed out that Hallenbeck and Kim (1993) had noted that SFs for truck
traffic and automobile traffic are not necessarily the same. In this paper, however,
instead of considering truck traffic and car traffic separately, analyses have been under-
taken separately for truck traffic and total traffic. The reason for doing this is that predic-
tions on truck traffic data are often required for pavement design and maintenance
studies, while information on total traffic is required for traffic engineering and planning
purposes.

Analysis and results

In this section, the analyses of best duration (and if applicable, which days of the week) and
frequency (and if applicable, which months) for SPTCs for total and truck traffic are pre-
sented. Since AADT is predicted from SPTC data using SFs, SFs for Indian roads are esti-
mated first.

In the analyses, daily traffic volume data from toll plazas located in different parts of
India have been used. Since these toll plazas collect volume data with vehicle classes
throughout the year, they are considered as PTCs. In this study, data from 21 such
PTCs on multi-lane National Highways (NHs) and State Highways (SHs) of India, in
rural as well as urban settings, are used. The traffic data were collected in the period
April 2010-March 2014. However, the duration of traffic data available for different
PTCs are different (minimum 1 year and maximum 4 years). The details of the duration
of traffic data are given in Table 1. The first column gives the duration (in years) and the
second gives the number of sites having the corresponding duration. Table 2 gives the
descriptive statistics (mean, standard deviation, minimum and maximum) of the data.
It includes AADT, annual average daily truck traffic (AADTT) and percentage of truck
volume, which is defined as the ratio of AADTT and AADT.

Before using the data from the PTCs, each data set has been individually studied to
identify possible outliers or abnormalities either due to data recording errors or due to
occurrence of out-of-the ordinary events. For example, since a PTC collects traffic
volume data throughout the year, it also includes special days like national holidays,
days when public transport was off the roads, days within a period of consecutive holidays,
festival days, election days, etc. In this study, these special days have been identified for

Table 1. Duration of traffic data available.
Duration (years) Number of sites
1 8

2 3
3 7
4 3
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Table 2. Descriptive statistics.

AADT AADTT % of truck volume
Max 48840 17751 86.5
Min 3553 1184 10.3
Mean 17696 8285 526
Std. Dev. 10839 4444 18.5

each PTC. Statistical tests (t-test) concluded that there is no evidence of statistical differ-
ence between the AADT computed over the entire year and the same computed excluding
the aforementioned special days. So traffic data for the entire year have been used to deter-
mine the AADT of that particular year and for further analyses. However, while analysing
relationships between SPTCs and AADT at a site, the SPTCs avoid these special days.

The following three subsections provide results for SF estimation, analysis for the dur-
ation of SPTCs and analysis for the frequency of SPTCs, respectively.

Estimation of seasonal factors of traffic

Seasonal factors are required to estimate AADT of a site from its SPTCs. Seasonal factor
(SE™ *) of month m for site j in year k is defined as the ratio of monthly average daily traffic
(MADT’"k) to annual average daily traffic (AADTk) and is given by:

m,k MADT}m’k
SE™ = —— 1)
AADT]

Three methods are investigated to predict seasonal factors from the PTC data. Three
methods are used for estimation of SFs of traffic: the average seasonal factor method;
cluster analysis and multiple regression analysis.

In the average seasonal factor method, the most simplistic of the three, it is hypoth-
esized that seasonal variations on all types of Indian highways are same. In this
method, it is proposed that the SFs on any Indian road for month m can be estimated
with reasonable accuracy as the average of the seasonal factors for that month obtained
from all the PTCs. The average seasonal factor (ASF™) for month m can be obtained as:

J K mk
1D ke S

ASF" = = 2)
] >
=1 K

where SF;”’kis obtained from Equation (1), J is the total number of PTCs (21 in this study)
and K; is the number of years for which traffic data are available at the jth PTC.

The seasonal factors obtained from this method for total and truck traffic are given in
Table 3.

Next, the assumption that all Indian highways have the same seasonal variations is
done away with and cluster analysis and multiple regression analysis are used to

Table 3. Seasonal factors obtained using the average seasonal factor method.
Month
Traffic type Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Total traffic 1.03 1.07 1.04 0.98 1.02 1.00 0.94 0.94 0.94 0.98 1.02 1.05
Truck traffic 1.01 1.07 1.06 0.99 0.99 0.99 0.96 0.94 0.97 0.98 1.00 1.04
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estimate SFs. However, for the current data set the results from these two methods do
not give any significant improvement over the prediction accuracies obtained using the
average seasonal factor method. Further, in cluster analysis, the clusters were difficult to
define as no clear pattern emerged. In regression analysis, no parameter came out to be
statistically significant for all months. [Full details of the results can be found in
Chakraborty (2014).] Given that the estimation errors obtained using the average
seasonal factor method are of the same order as those obtained in previous studies
(Faghri and Chakroborty 1994; Faghri and Hua 1995; Li, Zhao, and Wu 2004;
Yang et al. 2009) and that the average seasonal factor method is comparatively
simpler than cluster analysis and regression analysis, it is proposed that the average
seasonal factor method be used to determine the SFs for different months at each of
the sites.

Before leaving this section, it needs to be noted that the data set on which the analysis is
based consisted of national and state highways (with none leading to recreational sites). It
is quite possible that all the sites actually belong to a single cluster and show similar sea-
sonal variations. There could have been distinct patterns in SFs (and hence different
groups) if the data set included arterials, recreational roads, etc. Unfortunately, such
data do not exist for India. In any case, since the primary purpose of this paper is to
analyse the effect of duration and frequency of SPTCs on AADT estimation, it is con-
sidered that the available data suffice. As will be seen later, at least in a limited sense,
the analysis shows that it is possible to choose duration and frequency of SPTCs judi-
ciously so as to gain in accuracy (of AADT estimates) at little or no extra effort towards
conducting SPTCs.

Duration and frequency of SPTCs

As explained earlier, SPTCs are used for estimation of AADT for sites that do not have a
PTC. The two primary decisions that need to be taken while designing an SPTC exercise
are the duration of the count (i.e. for how long traffic count has to be done) and the fre-
quency of the count (i.e. the number of times such counts need to be done in a year) to
predict AADT accurately. Two associated decisions that also need to be taken are on
which days and on which months should these counts be taken. This section presents ana-
lyses to determine the most effective duration, days, frequency and months for SPTCs for
total and truck traffic.

In any sampling exercise, accuracy of predictions increases as sample size increases.
Similarly, as the duration and frequency of SPTCs increase, the error in AADT estimation
decreases. However, the cost of conducting the survey also grows with increases in dur-
ation and frequency of SPTCs. The main objective, therefore, is to discover a duration
and frequency (with information on days and months) that is not prohibitively costly
while providing estimates of AADT with reasonable accuracy.

Before presenting the analysis on determining effective duration and frequency of
SPTCs, the yardsticks used to determine the cost of the survey and accuracy of the
AADT estimates are presented. The cost of conducting a survey is assumed to increase
with the number of days over which the survey is conducted. Hence, reducing the duration
lowers the cost. Cost rises with increase in frequency of SPTCs too, so reducing the fre-
quency lowers the cost.
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In order to determine accuracy, the mean squared error of the deviation in estimated
AADT from the actual AADT is used. In the following, the procedure to obtain the
mean squared error is explained.

SPTC:s of frequency F, duration of d days and starting on the nth day of the week for a
particular site j can be done in various week-sets (w) of the year. Thus, many estimates of
AADT can be obtained for a given site j and for a particular combination of F, d and n. For
example, for F=2, d=3 and n = Tuesday, SPTCs can be conducted in the first week of
January and first week of July to get an estimate of AADT, or SPTCs can be conducted
in the third week of February and second week of May to get an estimate, and so on.

The estimated AADT value, EAADTjF (d, n, w), for site j when SPTCs have a frequency
of F, a duration of d days, starts on the nth day of the week and undertaken in the wth
week-set of the year, is given by:

F ADTf d,n, w
EAADTF(d n, w) = Z¥, (3)
F4~  PSE)

where ADTf (d, n, w) is the average daily traffic of site j obtained from the fth traffic count

of duration d days starting on day 7 and done on the wth week-set of the year; PSF," is the

predicted SFs of month »/ (in which the fth traffic count is undertaken) as predicted by

the average seasonal factor method. In this study, the PSF,’ are obtained from Table 3.
The deviation in the estimated AADT is defined as:

x 100, (4)

EAADTF(d, n, w) — AADT;
W@mm=< ey )

AADT,

where AADT; is the actual AADT obtained from the entire year’s traffic count at the same
site.

Now, for a given site j and a given combination of F, d and #, there are various values of
D]}-: (d, n, w) that can be obtained depending on which weeks the SPTCs are undertaken. If
it is assumed that a given F, d and n should in theory give a single true value, then all the
values that are obtained can be thought of as the true value with some stochastic error
arising out of sampling. It can further be assumed that the true value of this deviation
Df (d, n, w) is zero (that is, the process is unbiased). The mean squared error of the esti-
mate of AADT; (given by Equation (3)) can therefore be obtained as:

WE(dm)

- F SR
WE(d, n) — 1 u; (Dj (d, n, w) — Dj(d, n))”  (5)

MSE{ (d, n) = (Df(d, n))* +
where MSEF (d, n) is the mean squared error of the estimated AADT for site j for a given
combmatlon of F, d and n; WF (d, n) is the number of estimates of AADT; obtained for the
same site j and the same comblnatlon of F, d and n; and D]F (d, n) is the mean of all the
instances of D]F (d, n, w) found using Equation 4. This mean value is obtained as:

WFE(d,n)

S, DEd, n, w)
Wi

(6)

DI (d, ) =
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Thus, in this study, the cost of doing the SPTCs is assumed to be proportional to the dur-
ation and frequency of SPTCs and the accuracy of AADT estimates is taken as MSEJF (d, n).

Analysis to determine the most effective duration of SPTCs

This section describes the methodology for determining the best duration of SPTCs. The follow-
ing values of d are investigated in this study: 14, 7, 5, 3 and 2 days. The values of n (recall  stands
for starting day of the SPTCs) used in this study for 5-, 3-, and 2-day SPTCs are Monday,
Tuesday, Wednesday, Thursday, Friday, Saturday and Sunday. For 7- and 14-day SPTCs, the
value of  is always assumed to be Monday. Thus, an SPTC for d = 3 and n = Tuesday means
that flow data are collected on Tuesday, Wednesday and Thursday while the SPTC for d=7
and n = Monday means data are collected on Monday through Sunday. Note for d =14 and
d=7, n is not really a decision variable, since no matter which day of the week the count
starts, each day is represented twice (for d = 14) or once (for d = 7) in the SPTC data set.

The process to determine the best d proceeds in two steps. First, for every d the best n is
determined. Next, the best value of d is determined assuming that for every d the corre-
sponding best value of n will be used.

The methodology to determine the best value of n for total traffic and truck traffic for d =
2, 3 and 5 days is presented next. Note that for 7 and 14-day counts, # is not a meaningful
decision variable and is always taken as Monday. Also, during this determination, F is
assumed to be 1. In order to determine the best n-value, two measures have been used -
the average MSE and average ranks of MSE. These are explained next.

Average MSE, AMSE'(d, n): This is defined as the arithmetic mean (average) of the
MSEJF(d, n) over all the sites, j:

]
AMSE!(d, n) = ; Zl MSE!(d, n), (7)
]:

where ] is the total number of sites. The measure indicates the average performance of a
particular d and n. However, this measure is an aggregate measure and can be low for a
particular d and n because that d and n (which will be chosen) is very good for a few
sites and not so good for many others. Thus, use of this d and » for a site for which it is
not very good will yield large errors. Ideally, a measure that reflects the performance of
d and n for individual sites is better. The next measure is one such.

Average rank of MSE, ARMSE'(d, n): For a given site j and a given value of d, the
MSE}(d, n) are ranked in ascending order over the various values of n. Let these ranks, for
a given value of d and 1, be RMSEj1 (d, n). Then the average of these ranks over all js for a par-
ticular d, ARMSE' (d, n), given by Equation (8), gives a measure of how well a given value of n
fares. The lower the value of ARMSE!(d, n), the better the performance of that n for the given
d.Iffor a particular value of n, (for a given d), the MSE]-1 (d, n) is the smallest (best) for each site,
then ARMSE!(d, n) takes a value of unity. If on the other hand, it is worse for each of the J sites,
then it takes a value of seven because # has seven values:

1 ]
ARMSE'(d, n) = i 2 RMSE] (d, n). (8)
]:
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These two measures are used to determine 7y, the best # for a given duration d. Table 4
shows n, obtained using the two measures for all durations (except for d =7 and 14 days)
of SPTCs. A discussion on the results follows.

For total traffic, Table 4 shows that for d = 2, the best value of n (1) is Thursday since it
offers the lowest AMSE' (2, n)and lowest ARMSE' (2, n). Similarly, for d = 3 and 5 days, the
best values of n are Thursday and Wednesday, respectively. The analysis indicates that
Thursday and Friday are important days for collecting total traffic data irrespective of
whether d =2, 3 or 5. Interestingly, when the duration is increased by one day, (i.e. d is
increased to 3 from 2 days), the analysis suggests adding Saturday to Thursday and
Friday for conducting SPTCs. When two more days are added (i.e. d increases from 3
to 5 days), the analysis suggests adding a day on either side of the Thursday to Saturday
span (found to be best for d = 3). Figure 1 describes this observation schematically.

For truck traffic, a figure similar to Figure 1 is presented in Figure 2. Unlike for total
traffic, the best durations for truck traffic obtained from the two measures do not
match exactly. However, as for total traffic, two points emerge: (i) Monday and
Tuesday are important days and (ii) as d is increased, the spans for data collection
become supersets of the smaller spans (obtained for the smaller durations). Note, the
observations on the nested nature of the best days for data collection is valid for d=7
and 14 days too. This is so because for these durations all the days of the week are in
any case included for data collection.

Table 4 also shows that for each d and n;, the ARMSE' (d, n;) values are close to unity
for total traffic, but are around 2.5 for truck traffic. This indicates that for total traffic, the d
and 7, combination is good for each of the sites. While for truck traffic, the
ARMSE!(d, ny) indicates that, even for the best n for a given d, the estimates are not uni-
formly good for all the sites. This, to some extent, reduces the confidence in the results on
ny, obtained here for truck traffic. Note that using AMSE'(d, n;) only would not have
brought out this limitation so clearly.

So far the discussion has concentrated on the best # for a given d. Next, the best value of
d for total and truck traffic is determined. As discussed before, it is expected that as d
increases the accuracy of AADT estimates will also increase. Therefore, in order to deter-
mine the best value of d, the percentage improvement in AMSE' (d, n) per extra day of data
collection is used. For a given value of d, the value of n used in this analysis is that of n,
under the ARMSE"(d, n) column of Table 4.

Note that in the analysis ARMSE'(d, n) is not used since the rate of change in
ARMSE'(d, n) with d may not be well behaved; this is so because, even when accuracy
improves with increased duration, the rank may not change and when it changes it
may change due to only a small improvement in accuracy. For example, if a particular

Table 4. Best n (n,) of total and truck traffic for all durations.

AMSE'(d, n) ARMSE'(d, n)

Traffic type d (days) ny AMSE'(d, ny) np ARMSE'(d, ny)
Total traffic 2 Thu 66.4 Thu 14

3 Thu 61.1 Thu 1.2

5 Wed 58.3 Wed 1.6
Truck traffic 2 Mon 91.8 Mon 2.8

3 Mon 89.6 Sun 2.6

5 Sat 84.8 Sun 24
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days of data collection for d =5

days of data collection for d =3

Best durations days of data

with AMSE!(d,n) —_— collection for d =2
... SAT SUN MON TUE WED THUR FRI SAT SUN ..
- L
Best durations » avs of data
with ArMSE'(d,n) colldcc)l]i()ntf(({rtd =2

days of data collection for d =3

days of data collection for d =5

Figure 1. Days for which SPTCs should be conducted for total traffic obtained using AMSE'(d, n) and
ARMSE"(d, n).

prediction is best and continues to remain the best while improving in accuracy, then it
will appear as if d has no influence on the accuracy if ARMSE'(d, n) is used. Hence,
while deciding on the best d, the measure that better reflects the change in accuracy
with d is used.

Table 5 presents the AMSE'(d, n;) values for all ds. The first column in the table gives
the different values of d. The total and truck traffic columns are each divided into two sub-
columns. The first gives the AMSE'(d, n;) values and the second column gives the percen-
tage improvement in AMSE'(d, n;) per extra day of data collection.

As can be seen from Table 5, for total traffic, substantial improvement in accuracy (8%)
is obtained by moving from a duration of 2-3 days. Subsequent addition of days does not
yield commensurate improvements in AMSE'(d, n;,). Hence, it is suggested that for total
traffic, data should be collected for three days starting with Thursday (note, from Table 4,
np = Thursday for d = 3).

For truck traffic, however, the data indicate that reasonable improvement is obtained by
adding days till d is equal to 7 days. Beyond 7 days, collecting data on additional days does
not yield significant improvements. Hence, it is suggested that, for truck traffic, 7 days data
be collected starting with Monday (or any other day).

days of data collection ford =5

days of data collection for d =3

Best durations

d: Q f d: 1
ays of data with AMSEI(d,")

collection for d =2

... SAT SUN MON TUE WED THUR FRI SAT SUN ..

-¢——— Best durations
with ArMSE!(d,n)

days of data
collection for d =2

days of data collection for d =3

days of data collection for d =5

Figure 2. Days for which SPTCs should be conducted for truck traffic obtained using AMSE'(d, n) and
ARMSE'(d, ).
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Table 5. Percentage improvement in AMSE'(d, n,) per extra day of data collection.

Duration (d) Total traffic Truck traffic
AMSE'(d, ny) % Improvement per extra day AMSE'(d, ny) % Improvement per extra day
2 66.4 - 91.8 -
3 61.1 (66.4 — 61.1) x 100 _s0 896 (91.8 — 89.6) x 100 a4
5 (3—2) x66.4 (3—2)x91.8
58.3 (61.1 — 58.3) x 100 —23 84.8 (89.6 — 84.8) x 100 _
7 (5-3)x61.1 ~ 7 (5-3)%x8.6
56.5 (58.3 —56.5) x 100 15 76.5 (84.8 — 76.5) x 100 49
14 (7—5 %583 (7—5x848
457 (56.5 — 45.7) x 100 97 61.7 (76.5 — 61.7) x 100 —28
(14—7)x5.5 (14—7)x765 ~ 7

Notes: n = ny; n, as per ARMSE'(d, n) column of Table 4.

In order to compute improvements per extra day of data collection, a fixed benchmark
could be used instead of the floating benchmark used in the table. If d =2 is used as the
fixed benchmark and calculates the improvement per extra day, then for total traffic
the values will be 8.0%, 4.1%, 3.0% and 2.6% for d =3, 5, 7 and 14, respectively; and for
truck traffic the values will be 2.4%, 2.5%, 3.3% and 2.7% for d = 3, 5, 7 and 14, respectively.
From this, it is also clear that the maximum per day improvement is obtained for d =3 in
the case of total traffic and d =7 in the case of truck traffic.

It may be noted that, as expected, with increases in the value of d, AMSEN(d, np)
improves. Hence, if there are no resource constraints, the duration of SPTCs may be
made as long as is feasible to obtain progressively better AADT estimates.

Analysis to determine the most effective frequency of SPTCs

As discussed earlier, the accuracy of the estimated AADT is also impacted by how many
times the SPTCs are undertaken in a year. In this section, this dependence of
EAADTjF (d, n) on F for every value of d is analysed in detail. F =1 means the SPTC is
carried out during only one month of a year, F=2 means SPTCs are carried out in two
different months and so on. The value of #n used (for a given d) in the analysis is the
given under the ARMSE' (d, n) column of Table 4. The results from this analysis are pre-
sented here.

The values of AMSEF (d, n,) for different values of F and d are calculated. In order to see
which value of F is most desirable, the rate of improvement in AMSE"(d, n;,) for every
additional repetition of SPTC is calculated. These rates for every value of d are given in
Table 6. The first column gives different values of F (two to six) and the second and

Table 6. Rate of improvement in AMSE"(d, n,) with increase in frequency of SPTCs for total and truck
traffic.

Total traffic Truck traffic
d (days) d (days)
Freq. (F) 2 3 5 7 14 2 3 5 7 14
2 36.7 33.7 321 30.2 26.8 441 39.8 38 32.7 25.9
3 11.6 10.6 10.1 9.5 8 14.2 121 12.2 10 75
4 58 53 5 4.7 4 7.1 6 6.1 5 3.7
5 3.5 3.2 3 2.8 24 42 3.6 37 3 2.2
6 23 2.1 2 1.9 1.6 2.8 24 24 2 1.5

Notes: n=ny; ny, as per ARMSE'(d, n) column of Table 4.
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third columns give the rate of reduction of AMSE*(d, n;) for d=2, 3, 5, 7 and 14 for total
and truck traffic, respectively.

The values given in Table 6 suggest that a large improvement (reduction) in
AMSE*(d, ny) is obtained (for every value of d) by using F=2 instead of F=1. Any
further increase in F does not yield similarly large improvements. Hence, it is suggested
that, irrespective of the value of d, SPTCs should be repeated twice in a year (i.e. F=2).
It should be noted that, as in the case of determining the best value of d, so here, better
estimates of AADT can be obtained by continuing to increase F. However, such an increase
will cause increased strain on resources. Also, note for reasons same as those enunciated in
the previous section, AMSEF(d, n) is not used while deciding the best F.

Now that the analysis indicates that choosing F =2 is the best, the obvious question is
which two-month combination (M) is the best? In order to answer this,
AMSE?*(d, M)values for different two-month combinations are compared. (Note, the
AMSE?*(d, M) for a given two-month combination is simply the average of MSE*(d, M)
values obtained for that two-month combination over all sites.)

The question of which two-month combination is the best (like the question of which n
is the best) is also evaluated by taking the average of the ranks over all sites for MSEf(d, M)
obtained for different two-month combinations (ARMSE?(d, M)). The ARMSE?*(d, M)
measure was explained in detail during the determination of the best n. Note that in
this case the best ARMSE?*(d, M) value can be unity and the worst ARMSE?(d, M) can
be 66 (since there are 66 different two-month combinations possible).

Table 7 gives the best two-month combination (denoted as M,;) with respect to
AMSE?(d, M)as well as ARMSE?(d, M). The AMSE?*(d, M) and ARMSE?*(d, M) values
of the corresponding M), are denoted by AMSE?(d, M;) and ARMSE?*(d, M,), respect-
ively. The first column gives the type of traffic (total traffic and truck traffic), the
second provides the different values of d (2, 3, 5, 7 and 14) and the third gives the best
two-month combination obtained using the AMSE*(d, M) measure as well as the best
value of AMSE?(d, M) . Similarly, the fourth column provides the best two-month com-
bination obtained using the ARMSE?*(d, M) measure as well as the best value of
ARMSE?*(d, M).

The table shows that the best two-month combinations from the two measures are in
agreement for total traffic for every value of d; however, for truck traffic there is disagree-
ment between d=5 and d=14. The analysis points towards May-September or May-
October (depending on the values of d) to be ‘good’ two-month combinations for total

Table 7. AMSE*(d, M) and ARMSE?(d, M,) of total and truck traffic for all durations.

AMSE*(d, M) ARMSE*(d, M)
Traffic Type d (days) M, AMSE*(d, M) M, ARMSE(d, M)
Total Traffic 2 May Oct 9.9 May Oct 48
3 May Sep 9.3 May Sep 8.8
5 May Sep 7.5 May Sep 7.0
7 May Oct 10.3 May Oct 9.0
14 May Oct 2.7 May Oct 2.8
Truck Traffic 2 Jan Oct 1.2 Jan Oct 6.8
3 Apr May 7.9 Apr May 7.5
5 Apr May 8.6 Apr Jun 9.5
7 Mar Jun 12.2 Mar Jun 12.3
14 Apr Aug 2 Apr Jul 35
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traffic; however, no such conclusion can be drawn for truck traffic. Further, the
ARMSE?*(d, M) values are reasonably high; as before, this indicates that the best combi-
nation may perform well for some sites but may not be good for others. Hence, it is con-
sidered that the analysis of the best two-month combination, though promising (at least
for total traffic), remains by-and-large inconclusive.

The goal is therefore modified from trying to determine the best two-month combi-
nation to determining the best separation (in terms of months) that should be maintained
while conducting SPTCs twice a year. That is, even though the analysis could not deter-
mine a particular two-month combination as the best, an attempt is made to see
whether analysing the data can indicate how far apart the two SPTCs should be for the
best result. This analysis is presented next.

In the previous analysis, both AMSE?(d, M) and ARMSE?(d, M) values are evaluated for
a particular two-month combination (M). In this case, however, AMSE and ARMSE values
are obtained for cases where SPTCs are conducted in two months separated by the same
number of months. These measures are denoted as AMSE?(d, S) and ARMSE?(d, S); here
S denotes the separation between the two months when SPTCs are undertaken. For
example, unlike in the previous case, where (January, April) and (August, November) rep-
resented two different two-month combinations, in the present analysis they represent the
same case (in terms of the value of §) because both (January, April) and (August, November)
represent combinations of months separated by a two-month period, that is, S =2. Here
analysis is undertaken for the cases where separation, S, between the SPTCs is zero
month (i.e. SPTCs undertaken in consecutive months), one month (i.e. SPTCs undertaken
in (January, March), (February, April), etc.) and so on, until S =5 months (i.e. (January,
July), (February, August), etc.). Note, in this case, the smallest value for ARMSE?(d, S)
can be one and the largest value can be six.

Table 8 gives the best separation (denoted by S;) to be kept between two SPTCs obtained
by using AMSE?(d, S)and ARMSE?(d, S) as measures of accuracy. Table 8 gives the results
in a tabular format similar to Table 7 except that instead of M, it includes Sy,

Table 8 shows that for total traffic, the S, obtained from AMSE?(d,S) and
ARMSE?*(d, S) do not match for 7- and 5-day durations. However, for truck traffic, the
Sp from both approaches are the same for all durations. It is noteworthy that for most
of the durations, the best separation turns out to be two months from both the approaches.
The results indicate that although it is not possible to determine a particular two-month
combination that is best for all sites used in this study, it can, with reasonable confidence,

Table 8. AMSE*(d, S,) and ARMSE?(d, S,) of total and truck traffic for all durations.

AMSE*(d, S) ARMSE?(d, S)
Traffic type d (days) Sy AMSE?(d, S) S ARMSE*(d, Sp)
Total traffic 2 2 243 2 1.5
3 2 228 2 15
5 3 243 2 15
7 3 23.1 2 23
14 2 15.7 2 20
Truck traffic 2 1 35.7 1 2.0
3 2 28 2 20
5 2 218 2 1.8
7 2 1.7 2 2.0
14 2 15 2 20
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be stated that SPTCs are to be undertaken twice a year keeping a separation of two months
between the counts.

Conclusions

SPTCs are used to estimate AADT for sites that do not have a PTC. The important
decisions that need to be taken before conducting any SPTC are: (i) the number of days
the SPTCs should be undertaken; (ii) if applicable, the days of the week on which
SPTCs should be undertaken; (iii) the number of times SPTCs should be carried out in
a year; and (iv) if applicable, the months in which SPTCs should be carried out. Attempts
have been made in the past to analyse the impact of duration and frequency of SPTCs on
the accuracy of AADT estimates. However, none of these studies carried out a systematic
and detailed study of these effects with a view to identifying the best approach based on
site-specific performance levels.

In this study, two measures — average MSE (AMSE) and average ranks of MSE
(ARMSE) - have been used to determine the best duration, days, frequency and
months or months’ separations of SPTCs. As is expected, the accuracy of the estimates
increased monotonically with increasing duration and frequency. Looking at the accuracy
values themselves is therefore not very meaningful when determining ideal duration and
frequency. What is more important to analyse here is to see when the marginal benefits
from increasing duration and frequency are highest. Hence, in order to answer questions
on best duration and frequency, the rates of improvement in AMSE with duration and fre-
quency were used as guiding principles. While answering questions on which days or
which month combinations are best, the ARMSE values were used since they indicate
how well a particular set of days or month combination fare at each of the sites. Analysis
has been undertaken separately for total traffic and truck traffic.

Although, as expected, the longer the duration of SPTCs, the greater the accuracy of the
estimated AADT, the best balance between the accuracy of AADT estimates and the
resource requirement for conducting SPTCs was achieved when the duration is 3 days
(starting with Thursday) for total traffic and 7 days for truck traffic. One way of interpret-
ing the result is that SPTCs at a site need to be conducted for 7 days, although from the
total traffic standpoint, 3 days are sufficient.

For the determination of the best frequency of SPTCs, previous studies have mostly
considered individual traffic counts to be distributed equally over the year. However,
this might not be the best possible choice because two traffic counts separated by five
months might not depict the most distinct traffic patterns of the year. Hence, in this
study, an attempt has been made to determine the months in which traffic counts need
to be done to obtain the best estimates of AADT. Analysis indicates that SPTCs should
be conducted twice a year irrespective of the duration of SPTCs. However, no particular
two-month combination that is good for each of the sites could be determined. Hence, the
goal was modified from trying to determine the best two-month combination to determin-
ing the best separation (in terms of months) that should be maintained while conducting
SPTCs twice a year. The results indicate that SPTCs need to be undertaken twice a year
keeping a separation of two months between the counts. This also shows that, maintaining
a separation of five months between two SPTCs, as was undertaken in previous studies, is
not necessarily the best option.
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An additional outcome of this study has been determination of seasonal factors for roads
in developing economies like India. Since travel patterns in developing economies are differ-
ent from those in developed economies, it is worthwhile to study seasonal variations on roads
of developing economies. The analysis indicated that on Indian roads, for the data used here,
there are no discernible differences in annual seasonal factor variation between sites.

In summary, this study provides an effective way to choose duration, time and fre-
quency of SPTCs so as to gain in accuracy of AADT estimates with no extra survey
cost. In future, the proposed methodology (the ARMSE approach) can be applied to
other datasets to find out an effective strategy of conducting SPTCs. This approach is
expected to produce results which will work well for each site, rather than working excep-
tionally well for only a few sites.
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