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METHODS FOR COUNTING RURAL TRAFFIC IN DEVELOPING COUNTRIES

The results of the questionnaire survey among a sample of developing countries suggest that decisions on the
duration, frequency and timing of counts are at present arbitrary. Consequently, estimated daily traffic flows can
rarely be expected to lie within ±30% of the true value averaged over the whole year. Although repeating counts at
intervals throughout the year increases the accuracy of traffic estimates, this is achieved only at a disproportionate
increase in cost. For any appreciable increase in the accuracy of rural traffic estimates much more needs to be known
about the magnitude and causes of the variations in flow. This requires that automatic traffic counters be used on
a wider scale than at present.

Duration of counting
The most common period for counting is 12 hours (6am - 6pm or 7am - 7pm) repeated for 5 or 7 days. The complex
8-hour count each day for three weeks, that is proposed for some stations in Thailand, can be regarded as an effective
24-hour count for 7 days.

Frequency of counting
For 'national' censuses (counts made annually over the entire country) the frequency of counting varies considerably
from country to country, from one to four times a year. Where the frequency is more than once a year, it is usually
related to the number of major climatic seasons.

Timing of counts
The timing of counts is not generally standardised; although for 'national' censuses some countries specify broad wet
and dry (or harvest) seasons when counts will, or will not, be made. Thus, in respect of their timing, traffic counts
in developing countries can be considered as random samples. The period for counting, however many hours and
days it comprises, is effectively a random selection in that any period in the year (other than a few containing
obviously unusual activities, such as Easter or Christmas), can be chosen. Even when, as in some of the national
censuses, certain months or periods are specified, sampling is still essentially random since there is no evidence that
the period chosen is selected on the basis of a known pattern of seasonal variation. Also, experience has shown that
in practice these periods are, regrettably, rarely adhered to. In some developing countries, the purpose of traffic
counts is not always clear. It might be to provide estimates of average daily traffic in the specified week, month, or
year, or merely the average flow during the observation hours.

The quantity to be estimated
Although it is rarely explicitly stated, rural traffic counts usually attempt to measure average rather than peak usage.
The commonest measure of average usage is the amount of daily traffic. However, the word 'daily' sometimes refers
to a period of less than 24 hours. In the United Kingdom rural traffic counts are taken to obtain the 16-hour (6am
- 10pm), seven-day, average flow occurring in August. All current counting systems based on 'm-hour days' (where
m <24) suffer from a number of drawbacks. Since m varies so much between countries this suggests that the
particular value chosen is arbitrary. Certainly it is not normally possible or meaningful to assign limits of error to
the traffic estimates that result. Further, the 'm-hour' days are not natural periods of human activity such as the day,
week or month. Thus, variations in traffic-flow characteristics, which can only add to estimation errors, are to be
expected, e.g. the distribution of traffic through the hours of the day will vary with route characteristics: the
distribution on a major trunk route carrying a large proportion of goods vehicles is unlikely to be the same as that
on a farm-to-market road.

In the USA, the term 'daily' traffic has its normal meaning: the flow of vehicles passing a given location in 24
consecutive hours. The basis of American traffic observations is the quantity 'Average Annual Daily Traffic'
(abbreviated to ADT), which is defined as the 'Annual average number of vehicles during 24 consecutive hours that
pass a particular point on the road over the period 365 days'. This term would seem to have a number of advantages
not shared by the various 'm-hour' days. It is unambiguous, readily understandable, and corresponds with a natural
period of human activity. Thus it eliminates those problems associated with variations in the hourly distribution of
traffic in different locations. However, the most important advantage of the ADT concept is that it enables statistical
methods to be applied to the problem of rural traffic counting. Generally, it would seem to be the most logical basis
for traffic observations and is the one used in this analysis.
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ERRORS IN ESTIMATES OF ADT FROM SAMPLE COUNTS

Only where continuous counts are made under perfect conditions can a true ADT or total year's flow be computed
with the expectation of its being absolutely accurate. It follows that any count of less than one-year's duration must
be regarded as a sample, and the estimate of ADT or total year's flow made from it will be subject to error. The error
of estimation is simply the difference between the estimated ADT and the true ADT. If the mean and the standard
deviation of these errors are calculated, then probability analysis can be applied to determine, for a given level of
confidence, how accurate an estimate of ADT is provided by a particular sample period or sampling procedure.

The method of error determination used in the analysis followed the above principles. For a given duration of
counting, repeated samples were drawn from the actual flows recorded at each site in one complete year. From each
estimated daily flow (ADTE), the true value (ADTT) was subtracted to give the error of estimate. The resulting errors
were divided by ADTT and multiplied by 100 to give the proportional error of estimate in percentage terms. This
was done so that errors obtained at sites with different flow levels would be on a comparable basis.

Thus:

proportional error of estimate           =

Finally the standard deviation and the coefficient of variation of the percentage errors were calculated.

Sample testing
The errors resulting from the following ADT sampling procedures were determined:

1. Random samples of 1, 2, 3, 4, 5, weekdays and 7 consecutive days for all possible periods in the year except
those including a Public Holiday.

2. As in 1 for periods of 1, 2, 4, and 6 whole weeks.
3. Random samples of 1, 2, 3, 5 weekdays and 7 consecutive days repeated at regular intervals of three, four, and

six months. To provide samples of a reasonable size it was necessary to group the sites by flow level as follows:

Group 1  (ADT < 75 vehs/day)

Group 2 (ADT 76-200             " )

Group 3  (ADT 201-600             " )

Group 4 (ADT 601 -1000             " )

Group 5  (ADT > 1001               "  )

Desirable accuracy of estimates of traffic flow
To judge the results of the sample tests objectively, it is necessary to decide what level of accuracy estimates of
traffic should attain. Specifically we must state within what range of error we wish our estimates of ADT to lie, and
how certain we need to be that the estimates lie within the stated range.  In the USA ' the accepted standard is that
there should be only a 1 in 20 chance (5 per cent level of probability) that the error of estimate will exceed ± 10 per
cent at any sample count site carrying over 50O vehicles/day. For roads with lower flows, errors of up to ±20 percent
are acceptable.

It might be felt that developing countries cannot afford such high standards as the USA, since, the more precise
estimates must be, the greater the cost of obtaining them, However, it is considered that accuracy standards in
developing countries should be similar to those quoted, and in fact should tend towards the higher of the two, even
for roads with low traffic flows.

Whereas the use in the USA of lower accuracy standards of traffic counting for roads with low traffic flows is
justified to some extent by the relative unimportance of such roads in the USA, the main aim of road improvements
in most developing countries is progressively to upgrade earth and gravel roads to bituminous-surfaced roads, i.e.
stage construction, when the level of traffic demands it. A reasonable standard of traffic estimation is therefore
required even for roads with low traffic flows. Lowering the confidence limits at which estimates are judged does
not seem to be worthwhile since the results rapidly lose any real significance.



Appendix E Rural Traffic Counting Methods

THE RURAL TRANSPORT POLICY TOOLKIT

Until precise studies are completed of the cost-effectiveness of various methods of traffic counting and the sensitivity
of the highway planning process to errors in traffic estimates, it will not be possible to specify desirable accuracy
limits for developing countries. The USA standards will, however, serve as a criterion by which to judge the
performance of estimating procedures elsewhere.

Practical limits to sample duration
The most critical consideration to whether there are likely to be any practical limits to the duration of counting in
developing countries is whether counts will be made manually or by machines.

Experience of conditions in developing countries suggests that the great majority of counts will continue to be made
manually. The use of automatic counters is at present uncommon and they are only gradually being introduced,
mainly for the measurement of seasonal variation and long-term traffic trends. The more widespread use of automatic
counters for general counting seems unlikely for some time to come since they are expensive to buy. Also, they
require skilled supervision and maintenance if accurate results are to be obtained, and the necessary skills take time
to acquire. Lastly, manual methods have the advantage of giving classified counts of traffic flow, and they may also
be politically desirable because of the generally acute unemployment problems.

If manual methods of counting are used, then a one-week's continuous count is about the practicable maximum. Apart
from the probable loss of accuracy caused by the boredom of the enumerators, longer counts at each point would
reduce the coverage of the road system that was possible. In practice, many counts, although spanning seven days,
will probably be for less than 24 hours on some, and possibly all days. Night-time counts are unpopular and difficult
to supervise effectively, especially in distant rural locations.

Cost-effectiveness considerations also indicate the need to keep the duration of counting as short as possible. Since
wages are the main element, the cost of traffic counting can be assumed to increase in direct proportion to its
duration. However, simple sampling theory suggests that the accuracy of the resulting ADT estimates is likely to
increase in proportion to the square root (approximately) of the duration of counting, i.e. other things being equal,
a count for four days will only double the accuracy of ADT estimation in comparison with that obtained from a single
day's count, whereas the cost will have risen by a factor of four.

OUTCOMES

In most countries traffic variability increases rapidly below flows of approximately 1000 vehicles per day. Partly
this is a consequence of the law of small numbers: when the total flow is low a unit change has a proportionately
bigger effect than when the total is large. Also, in practice, variation is inherently greater at low flows because the
traffic stream is composed of fewer individual trip motivations, i.e. a flow of 20 vehicles per day on a given road
may be motivated entirely by the travel demands of a small government administrative centre, a school, or a single
agricultural enterprise. Any change in its activities, such as school holidays, or crop harvesting, can produce very
large relative volume changes. Conversely, on roads carrying 500 or more vehicles per day, the trips are usually
motivated by a wide range of activities whose operational variations tend to be mutually balancing. When the travel
demand for one is high another will be low and vice-versa. Between these two extremes there is a gradual transition
and one would expect a steady decrease in variation with increasing flow of traffic.

The increase in traffic variability below flows of approximately 1000 vehicles per day is significant because in many
developing countries the majority of the rural road system carries daily flows less than this. In Jamaica (1964),
Zambia (1964), and Kenya (1970), the percentages of the rural road system carrying less than 1000 vehicles per day
were 95, 98 and 95 respectively. Thus in developing countries rural traffic estimation is especially difficult because
of the inherent variability of daily travel.

Repeated random samples
The errors in estimates of repeated random counts are related to those obtained from single random counts. If a
random
count of duration d gives an error equal to ± x, then repeating the count will reduce the error to ±

where n is the number of repetitions (i.e. the errors from repeated counts are approximately proportional to the
inverse of the square root of the overall duration of counting).

As might be expected, repeated counts give more accurate estimates of ADT than continuous counts of the same
duration and the advantage increases with the number of repetitions. Repeating a count twice reduces the errors in
estimates to approximately 22 per cent of their continuous count value, and repeating four times results in a 40 per
cent reduction. However, only at the highest flow levels and for counts repeated four times do the errors in estimates
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approach the desirable standard of ± 10 per cent. Below traffic flows of 600 vehicles per day, repeating counts 3 or
4

times generally results in errors in estimates of between ± 10 and ± 20 per cent.

Because of organisational difficulties, repeated counts are unlikely to be regarded as a practical proposition for most
data requirements, although they may be of use for one-off studies. Also they cannot generally be expected to
produce estimates of a desirable accuracy.

Sampling errors for individual months
It seems likely that random samples drawn from particular months might show errors considerably different from
those drawn throughout the year. If a wet season falls consistently in a particular month and normal travel is likely
to be interrupted by rain, then samples from that period can be expected to have higher-than-average errors.
Conversely, other months, between seasons and away from Public Holidays, could have virtually constant near-
average flows, and consequently very low sampling errors.

Use of automatic traffic counters in developing countries
When first introduced into developing countries, automatic counters should be operated continuously at fixed
locations. These should be chosen to represent the major traffic routes and geographic areas. As well as monitoring
long-term trends, the counter results will enable a study to be made of the magnitude, frequency, and causes of the
day-to-day and month-to-month, fluctuations in flow. A clear understanding of these will enable methods of counting
traffic to be designed along the lines indicated, so that ADT estimates of a prescribed accuracy can be made. After
one or two years, additional counters could be obtained and a start made on the grouping of road sections according
to their seasonal variation characteristics. In the USA seasonal variation counts are made for only one week in every
month at a given location; with efficient organisation, a single counter can therefore cover four sites per year. In the
initial stages of such a system, there is no need for expensive makes of traffic counter to be used.

In summary

1. Traffic counts in developing countries should seek to provide estimates of the Annual Average Daily Traffic
(ADT) on a road.

2. If made manually neither simple random traffic counts nor replicated random counts of any practicable duration
can provide estimates of ADT within desirable limits on the majority of roads in developing countries.

3. Any appreciable improvement in estimates of traffic flow in developing countries will require the use of
automatic traffic counters operated continuously at fixed locations.
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