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ABSTRACT 

This research: (1) examines the impact of missing data from permanent counters on the 

accuracy of the AADT; and (2) analyses the effect of varying short term count durations 

on the accuracy of AADT estimates.  

Data gaps can occur at permanent counters due to equipment malfunction and lane 

closures and can result in no available useable data. For short term counts a balance 

between accuracy and cost efficiency drives a need for an ideal count duration. 

Using data from Manitoba’s permanent counters, controlled data gaps and simulated 

short term counts were created to estimate AADTs. 150,000 AADTs were obtained from 

the analysis and were then compared to the true AADT to determine the overall error. 

The findings of this research showed that larger data gaps and shorter duration counts 

carry more error. Additionally, factors including month of the year and traffic pattern 

group impact AADT estimates illustrating the need for context sensitivity when rejecting 

data from a permanent counter and selecting an appropriate count duration. 
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1. INTRODUCTION 

1.1. PURPOSE 

The purpose of this research is to analyze the impact of count duration and missing data 

on Annual Average Daily Traffic (AADT) estimates and determine the effectiveness of 

existing estimation methods using traffic count data from the Manitoba Highway Traffic 

Information System (MHTIS). This research investigates: (1) the accuracy of AADT 

estimates associated with permanent continuous counters containing missing data and 

(2) the accuracy of AADT estimates associated with short-term counts.  

1.2. BACKGROUND AND NEED 

An AADT estimate is an estimation of the total volume of vehicle traffic of a highway or 

road for a year divided by 365 days and is meant to represent traffic on a typical day of 

the year [1]. AADT estimates are used for various planning and design purposes to 

represent traffic flow on a road segment [2]. Safety analyses use AADT estimates to 

calculate vehicle exposure and AADT also provides useful information for the 

performance measurement of a road segment. AADT estimates are primarily obtained 

through a jurisdiction’s traffic monitoring program, which may include several types of 

counts and different methods to obtain AADT estimates [3]. 

One source of obtaining an AADT is the use of permanent counting stations that provide 

continuous counts of traffic data that can then be used to calculate an AADT. In addition 

to volume data, these counters can also provide vehicle classification data and provide 

information on vehicle classification percentages or more commonly, truck percentages 

[2]. The benefit of using permanent counting stations to obtain AADT estimates is having 

an entire year of data to average to obtain an estimate. However, AADT estimation 

methods using permanent counting stations do not require a full year of data and will 
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often have days of data missing throughout the year, the extent of which determines if 

an accurate AADT estimate can be calculated [2]. 

For permanent count stations, data gaps can occur for a variety of reasons, most 

commonly, road closures, reconstruction, and equipment malfunction. Regardless of the 

source of data gaps, a guideline is established within the jurisdiction to determine when 

the data missing from the station compromises the data quality too much to be used 

within the traffic monitoring program. A common guideline requires data from all twelve 

months, to avoid biases stemming from seasonal patterns being misrepresented [4]. 

To maximize the accuracy and usefulness of data from a permanent count station a 

balance must be reached between acceptable error and a maximum number of days of 

missing data. These values range between jurisdictions depending on circumstances 

outside the scope of this research. A small number of maximum days of missing data 

can eliminate stations from providing useable data despite having negligible errors, 

depending on which days were included in the data gap. Conversely, having a large 

number of maximum days of missing data would introduce low quality data into the traffic 

monitoring program depending on when the data gap occurs. This would compromise 

not only the AADT estimate at the permanent count station, but also any AADT 

estimates from short term counts that used that specific permanent count station as 

either a control site or belonged to the same traffic pattern group. Currently, the Federal 

Highway Administration (FHWA) is conducting a study to approximate error associated 

with data gaps of varying duration using traffic data from jurisdictions across the USA [5].  

Another source of AADT estimates is through the use of short term counts. A short term 

count can vary in length and can be 24 hours, 48 hours, three days, or one week and 

requires a factoring method to use the short term count data to estimate AADT for a 
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specific road segment [1]. The use of a temporary traffic count requires a factoring 

method such as a traffic pattern group or control station to be used to obtain a more 

accurate AADT estimate as short term traffic counts can be volatile and inaccurate 

representations of the typical traffic on a roadway [2]. Traffic pattern groups provide 

typical characteristics of a site based on traffic data from a nearby permanent counter 

such as day of week, hour of day, and monthly traffic variations [1]. These 

characteristics are then used to factor the short term count into an AADT estimate. 

Another expansion method involves comparing a short term count to a permanent count 

with a similar traffic pattern, and using the ratio of the short term volume at the 

permanent count station, to the AADT at that permanent count station to estimate an 

AADT for the short term count [2]. 

The benefit of short term counts is that they enable lower volume or lower priority roads 

to be counted without the required investment of installing a permanent counting station 

[6]. The flexibility and extended geographic coverage of short term counts allow them to 

be supplemented by the presence of nearby permanent count stations on higher volume 

or higher priority roadways. A combination of short term counts and permanent counts 

are commonly used as part of traffic monitoring programs [3]. 

For short term counts, increasing the duration requires a corresponding increase in 

resources. Traffic monitoring programs that use short term counts to fill in traffic volumes 

on lower priority roadways look to maximize the amount of roadways that can have 

accurate count data [5]. With an expanding amount of short term count locations, 

jurisdictions may opt to operate short term counts on a multiple year cycle, as all count 

locations may not be feasibly or economically counted each year. Determining the 

optimal balance between acceptable error and count duration aids in optimizing limited 

resources to provide the most coverage on roadways within that jurisdiction. With a 
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growing road network, and a need for recent data, the need for a more efficient traffic 

monitoring program continues to grow [7]. 

Manitoba’s traffic monitoring program incorporates 79 permanent continuous counting 

stations as well as approximately 1150 short term counts (2013) and 70 turning 

movement counts (2013) [2]. The program is run through Manitoba Infrastructure and 

Transportation (MIT), which is responsible for the installation and maintenance of all 

counters. The traffic data is processed and reported by the Manitoba Highway Traffic 

Information System (MHTIS) since 1994 which provides an interactive webmap 

containing all traffic count data including AADT estimates and a flow map in addition to 

an annual written report detailing the data obtained from the previous year [8]. 

This research analyses the effect of different types of counts and their count duration 

and count frequency on AADT estimates to obtain an understanding on how to maximize 

the accuracy and precision of AADT estimates in a traffic monitoring program. The 

research provides specific information on optimal count duration for short term counts, 

as well as the significance in the amount of days of traffic data available for a permanent 

counting station. The results and recommendations from this research will allow for 

engineers and decision makers to understand the accuracy and associated error that 

corresponds to AADT estimates and their respective estimation method. 

1.3. OBJECTIVES AND SCOPE 

The objectives of this research are to: 

 Evaluate the impact of count duration on AADT estimates for short term counts. 

 Establish average accuracy for each count duration analysed. 

 Evaluate the impact of missing data on AADT estimates for permanent counters. 

 Develop approximate expected error associated with varying data gaps. 
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Traffic count data obtained and analyzed for this research is taken from continuous 

count stations located solely on Manitoba highways. The data for this research was 

provided by the Manitoba Highway Traffic Information System (MHTIS). The analysis is 

based on Manitoba data however key findings are transferrable to other jurisdictions. 

1.4. THESIS ORGANIZATION 

This thesis is organized into five chapters. Chapter 2 describes traffic counts, AADT 

estimation, relevant research and traffic monitoring programs, specifically highlighting 

Manitoba’s provincial highway traffic counting program. 

Chapter 3 presents the methodology developed for this research to obtain AADT 

estimates from short term counts as well as permanent counting stations. 

Chapter 4 details the results of the analysis for this research focused on analysing the 

error associated with AADT estimates at permanent count stations  

Chapter 5 provides the results of the analysis of AADT estimates produced with varying 

count durations and includes comparisons of the different count durations used to 

expand short term counts 

Chapter 6 summarizes the key findings from the research and also presents 

recommendations for future research. 

1.5. TERMINOLOGY 

The following terms are used throughout the thesis: 

Annual Average Daily Traffic (AADT): The total volume of vehicle traffic of a highway or 

road for a year divided by 365 days. It is meant to represent traffic on a typical day of the 

year. [1] 
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Annual Average Daily Truck Traffic (AADTT): The total volume of truck traffic on a 

highway segment for one year, divided by the number of days in a year. [1] 

Automatic Traffic Recorder (ATR): A traffic counter that is placed at specific locations to 

record the distribution and variation of traffic flow by hour of the day, day of the week, 

and/or month of the year. [1] 

Automatic Vehicle Classifier (AVC): Type of permanent count station capable of 

providing traffic volume, axle spacing, vehicle speed, and vehicle classification data. 

Average Daily Traffic (ADT): The total volume during a given time period (in whole days), 

greater than one day and less than one year, divided by the number of days in that time 

period. [1] 

Average Seasonal Daily Traffic (ASDT): The average daily volume at a count location 

obtained by averaging all data within a specified season (e.g. Summer) in a given year. 

Average Weekday Daily Traffic (AWDT): The average weekday daily volume at a count 

location obtained by averaging all weekday traffic data in a given year. 

Control Station: A permanent counting station with a similar traffic pattern to a short term 

count location that is used to expand the short term count to an AADT value. 

Count Duration: The amount of time in which a short term count is conducted. 

Data Gap: A period of time where there is no data for a permanent count station. 

Expansion Method: A method used to convert a short term count into an AADT. 

Manitoba Highway Traffic Information System: Organization responsible for processing 

and providing traffic data for rural Manitoba. 
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Permanent Count Station (PCS): (1) An automatic traffic recorder permanently installed 

into a roadway. Provides traffic data continuously. (2) A type of permanent count station 

that exclusively collects traffic volume data. 

Short Term Count (STC): A temporary traffic count conducted over a period of typically a 

week or less. Used in traffic monitoring programs to obtain an ADT at a location where a 

PCS is not warranted. 

Traffic Monitoring Guide: Guideline published by the Federal Highway Administration 

detailing procedures and research related to traffic monitoring. 

Traffic Pattern Group (TPG): A collection of stations within a jurisdiction that exhibit 

similar traffic variations with respect to hour of day, day of week, and month of year. 

Turning Movement Count: Type of short term count conducted at an intersection to 

obtain volumes for each possible turning movement taken at an intersection. 

Weigh-In-Motion (WIM): The process of measuring the dynamic tire forces of a moving 

vehicle and estimating the corresponding tire loads of the static vehicle. A WIM detector 

is a device that measures these loads and forces in addition to traffic volume. [1] 
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2. LITERATURE REVIEW 

This chapter describes traffic counts, AADT estimation, relevant research and traffic 

monitoring programs, specifically highlighting Manitoba’s provincial highway traffic 

counting program. The chapter is broken into two sections focused on: (1) permanent 

count stations and (2) short term counts.  The permanent count section summarizes 

information of different count technologies and how traffic data is collected and used with 

respect to a traffic monitoring program. The short term count section highlights the 

different types of short term counts, how to conduct short term counts, information on 

count duration and different methodologies for expanding short term count data.  

2.1. PERMANENT COUNT STATIONS 

A permanent counting station provides continuous traffic data 24 hours a day, seven 

days a week. Permanent counting stations can provide a variety of traffic data including 

vehicle volumes, weights, speeds, and axle spacing, depending on the type of counter. 

Permanent count stations utilize sensors placed in each lane of traffic to collect data and 

are then combined to produce a total two way traffic volume, among other possible 

reporting statistics. Permanent counting stations are installed directly into the roadway 

and data is retrieved either electronically or via manual retrieving at a controller box 

located alongside the roadway. 

 A permanent count station is installed at locations within a jurisdiction where it is 

desirable to know characteristics of travel along a roadway including traffic volume, type 

of vehicles, and weights of freight vehicles. Due to the cost associated with installing a 

permanent count station, typically only key roadways will have permanent counting 

stations installed. Permanent counting stations are a vital component of any traffic 

monitoring program for establishing traffic pattern groups. 
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2.1.1. Types of Permanent Counting Stations 

There are three different types of automatic traffic recorder (ATR) technologies: (1) 

Permanent Count Stations (PCS), (2) Automatic Vehicle Classifiers (AVC), and (3) 

Weigh in Motion devices (WIM). All three of these types of counters are utilized as part 

of Manitoba’s traffic monitoring program as shown in Table 1. 

Table 1 - Permanent Count Stations in Manitoba [2] 

Count Device Number in Manitoba 

Permanent Count Station (PCS) 27 

Automatic Vehicle Classifier (AVC) 45 

Weigh In Motion (WIM) 7 
 

Permanent Count Stations are the most limited 

count technology utilized in Manitoba, providing only 

traffic volume data along highways for each hour of 

the day throughout the year [2]. Automatic Vehicle 

Classifiers provide additional vehicle classification 

data compared to PCS counters that differentiates 

vehicles classes using the Federal Highway 

Administration’s (FHWA) 13 classification classes. 

AVC devices are also capable of providing speed 

and axle spacing data.  

Weigh in Motion devices collect the most extensive amount of data of any of the three 

count technologies by collecting volume and classification data as well as vehicle speed, 

axle and gross vehicle weights, and axle spacing. Figure 2 shows one of the seven WIM 

stations currently part of Manitoba’s traffic monitoring program. Due to the greater 

expense associated with WIM, Manitoba has them exclusively installed in the driving 

Figure 1 - Weigh in Motion Controller Box [6] 
(Used with permission) 
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lanes while utilizing a more cost effective AVC counter in the passing lanes of four lane 

highways [2]. 

 

Figure 2 - Weigh in Motion Sensor and Controller Box [6] (Used with permission) 

2.1.2. Permanent Count Stations Role in Traffic Monitoring Programs 

Permanent count stations are an integral part of a traffic monitoring program. A traffic 

monitoring program collects traffic data across a jurisdiction and organizes the individual 

stations into a network database. A traffic monitoring program can be run independently 

or through a government agency and supplies traffic data for planning and pavement 

designers working within the jurisdiction as well as information for the operation and 

management of roads and facilities [9] [10]. Typically, a traffic monitoring program will 

separate data from a permanent count station by year, using the full year of data for 

several different purposes. 

 A traffic monitoring program consists of both permanent count stations as well as short 

term counts of traffic volume and turning movements. The main uses for permanent 
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count station data include establishing an AADT along important roadways within the 

jurisdiction, establishing traffic pattern groups by grouping together permanent count 

stations that exhibit similar temporal variations. Short term counts are used in areas 

where traffic volumes are desired, but do not warrant the installation of a permanent 

count station.  

Having a ground truth value along key corridors within a jurisdiction equips decision 

makers with key information for planning transportation investments. A precise value for 

AADT can only be obtained at sites with a permanent count station [11]. Knowing traffic 

volumes allows for a better understanding for how to accommodate the amount of 

vehicles on the road, and classification information provides a better understanding of 

the types of road users in different regions. The use of weigh in motion technology 

provides valuable information for pavement design and can also be used as a measure 

of enforcement against overweight trucks. Vehicle weight data can provide information 

on freight movements and allow transportation officials to prioritize areas that may 

require improvement to handle the dynamic change of the freight transportation industry. 

The development of traffic pattern groups is a key component of permanent count 

stations within a traffic monitoring program. By developing traffic pattern groups, a better 

understanding of the movement of vehicles within the jurisdiction can be developed. 

Having the knowledge of permanent count stations that experience similar traffic 

patterns provides information used for grouping and assigning additional count locations 

within the traffic pattern group. In Manitoba, permanent count stations are used to 

expand short term counts which may involve the use of established traffic pattern 

groups. The methods used to expand short term counts are described in detail in the 

short term counts section. 
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2.1.3. Potential Data Loss 

Permanent count stations are installed with the expectation that they will provide traffic 

data every day of the year; however continuous traffic data can be interrupted by a 

number of factors. Missing data from a permanent count station can be attributed to: 

 Equipment failure 

 Roadway reconstruction 

 Road closures 

These failures and roadway closures can commonly result in large portions of data 

missing from a complete dataset, usually separated by year. Managers of the traffic data 

for each jurisdiction utilize data quality guidelines to decide what amount of data loss is 

acceptable without significantly affecting the data from the permanent count station. The 

estimation of AADT from incomplete data is prone to bias, and therefore data quality 

guidelines are strictly followed [5]. The establishment of traffic pattern groups, as well as 

using permanent count station data to expand short term counts, introduces more error 

when the initial data quality is lowered by missing data. Therefore, the equation to 

calculate AADT from the permanent count station data has conditions that must be met 

before the equation can be properly used. Equation 1 shows the equation for calculating 

AADT. 
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Equation 1 - AADT Equation [2] 

where: VOL = daily traffic for day k, of day-of-the-week i, and month j 
 i  = day-of-the-week 
 j = month 

k  =  1 when the day is the first occurrence of that day-of-the-week in a 
month, 2 when it is the second occurrence of that day-of-the-week in a 
month, etc. 

 n       =    the number of days of that day-of-the-week during that month. 
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The conditions of the previously shown equation are that for each weekday, there is at 

least one day of data in each month. This means that an AADT can be calculated with 

one day of count data for each day of the week for every month of the year totalling a 

minimum of 84 days. Conversely, an AADT cannot be calculated if even one day of the 

week is not represented within a single month. 

An example of a dataset that would not satisfy this condition is shown in Table 2. The 

table shows the number of days for each day of the week in every month of the year in 

2014 assuming that there was no traffic data for any one of the four Tuesdays in 

January. Therefore, an AADT estimate may not be produced even with up to 361 of days 

with count data. This methodology for AADT estimation is the currently accepted 

practice stated in the Federal Highway Administration (FHWA) Traffic Monitoring Guide 

and was adopted by the Manitoba Highway Traffic Information System [2]. 

Table 2 - Number of Days for Each Day of Week for Each Month in 2014 

 Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

January 4 0 5 5 5 4 4 

February 4 4 4 4 4 4 4 

March 5 4 4 4 4 5 5 

April 4 5 5 4 4 4 4 

May 4 4 4 5 5 5 4 

June 5 4 4 4 4 4 5 

July 4 5 5 5 4 4 4 

August 4 4 4 4 5 5 5 

September 5 5 4 4 4 4 4 

October 4 4 5 5 5 4 4 

November 4 4 4 4 4 5 5 

December 5 5 5 4 4 4 4 
 

2.2. SHORT TERM COUNTS 

A short term count is a temporary traffic count that is commonly used as a part of a 

traffic monitoring program. This section will outline the purpose of short term counts, how 
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short term counts are conducted, their relevance in a traffic monitoring program, and 

common methods to expand short term counts including the method used in Manitoba. 

A short term count provides a small portion of data along a roadway that can be used to 

provide a representation of the traffic pattern a roadway experiences. Short term counts 

are used to supplement traffic data from permanent counting stations as part of a traffic 

monitoring program [12]. The flexibility of short term counts allows for more areas within 

a traffic monitoring program to be counted without straining resources. Short term counts 

are conducted where there is no permanent counting station and typically on lower 

volume roads where a permanent counting station is not feasible. Data from short term 

counts should be used cautiously as variation and fluctuation in traffic volumes are to be 

expected due to the short nature of the count [2]. 

2.2.1. Types of Short Term Counts 

There are two types of short term counts; a traffic volume count along a roadway and an 

intersection count, which is performed at intersecting roadways and counts not only the 

vehicles passing through the intersection, but also the movements made by each vehicle 

through the intersection. 

The possible turning movements that are recorded included straight movements, left and 

right turns, and U-turns. Additionally, pedestrian data can be collected and vehicle class 

data can be collected as well with vehicles being distinguished as either: passenger 

vehicles, small trucks, or large trucks. This data provides information used for planning 

purposes such as signal timing to understand what amount of time certain turning 

movements require in order to operate at an acceptable level of service and prevent 

excessive delay [13]. 
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The other type of short term count is performed along a roadway segment and is 

conducted to collect a representation of the traffic volume that uses that roadway. This 

data is used for the creation of a traffic flow map, as well as planning purposes to 

understand the flow of traffic in any given area. These two types of short term counts are 

similar in that the data is collected over a short period of time and therefore prone to 

error in expansion, however these two types of count must be performed very differently.   

2.2.1.1. Short Term Counts along a Roadway 

Short term counts along roadways require much less manual labour than turning 

movement counts as equipment is available to replace manual counting. In Manitoba, 

short term counts are performed by placing down pneumatic road tubes or inductive 

loops along a roadway segment for 48 hours, twice in a year in which that location is 

being counted [2], while in an urban environment such as the City of Winnipeg, the time 

frame varies between 8 hours and one week, with the shorter counts done manually 

while the longer counts utilize road tubes [14]. 

The road tubes require a small amount of installation and therefore can be moved easily 

and utilized in multiple locations quickly. However the disadvantage of the use of short 

term counts is the temporary nature of the collected data introduces error. To address 

this, expansion methods were created and are utilized to expand a short term count to 

provide a more accurate representation of the average traffic volume at the location of 

the count. 

2.2.1.2. Turning Movement Counts 

Turning movement counts involve manually recording 

each movement performed 

by vehicles entering the 

Figure 4 - Turning Movement Count 
Board [6] (Used with permission) 

Figure 3 - Miovision Camera 
[6] (Used with permission) 
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intersection as well as the vehicle class (passenger car, small truck, large truck). In 

Manitoba, these counts commonly last 14 hours separated over two days due to the 

data being collected manually. The disadvantage to this method is the introduction of 

human error when counting vehicles and determining all turning movements performed 

[6]. Fatigue also plays a role during long counts and introduces further error into the data 

collection process [15]. To address these issues a new technology was developed that 

involves the placement of a camera at the intersection to record all turning movements 

through the intersection for a specified amount of time. This addresses the concerns with 

manual counting previously mentioned as video can be paused as well as rechecked to 

ensure accuracy of the count data. Companies such as Miovision offer cameras as well 

as data processing services to jurisdictions to aid in creating an extensive network of 

count data within their jurisdiction and to keep traffic count data up to date while 

eliminating error due to fatigue [16]. Following completion of a turning movement count, 

the results are usually displayed using an intersection diagram that highlights the total 

volumes for each turning movement, as well as for each intersection approach. Figure 5 

shows a sample output from a turning movement count done by MHTIS.   
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Figure 5 - Turning Movement Count Summary [2] 

2.2.2. Expansion Methods for Short Term Counts 

There are several different methods to expand short term counts that depend on other 

components of the traffic monitoring program that the short term counts are associated 

with. Typically, short term counts are expanded through the use of data obtained from 

permanent counting stations. The most common expansion method is the method 

provided by the Federal Highways Administration (FHWA). However several different 

methods exist. 

2.2.2.1. FHWA Method 

The Federal Highway Administration (FHWA) published an updated Traffic Monitoring 

Guide in 2013 detailing the procedure to expand short term counts, as well as the 

required duration of short term counts. FHWA mandates that a short term count used to 

obtain an AADT estimate be no less than 48 hours [1] [17]. The minimum duration of 48 
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hours is chosen as travel changes significantly during the day and some sites can 

experience high volatility in traffic volumes over periods less than 24 hours. 

Additionally, FHWA requires that short term counts be conducted on a maximum six 

year cycle, with a three year cycle being ideal for a short term count program consisting 

of 48 hour counts. The FHWA method is the most commonly used method as it is used 

by all State Department of Transportation’s (DOTs) to ensure uniformity as part of the 

Highway Performance Monitoring System (HPMS) that aggregates traffic data from all 

DOTs into one database. The expansion method outlined in the Traffic Monitoring Guide 

utilizes factors to expand a 48 hour count to an AADT value as short term counts require 

adjustments in order to obtain an AADT estimate. 

The factors used for this equation are dependent on the traffic pattern group that the 

count location has been assigned to and as a result introduce subjectivity and 

vagueness to the assignment of stations to specific factor groups [18]. The traffic pattern 

group has factors created from numerous permanent counting locations with similar 

temporal variations [19]. These factors are determined by relating counts from specific 

months, days of the week, or hours in the day to the AADT at that site [1] but are not 

always used for the calculation of an AADT estimate. A survey conducted by the 

Minnesota Department of Transportation reported that seasonal and day of week factors 

were used in 65% of responding jurisdictions [20]. 

To obtain an AADT estimate, the recorded traffic volume at the short term count location 

is multiplied by four separate factors, as shown in Equation 2. The first factor (Mh) is a 

monthly factor that accounts for the specific month that the traffic count was taken for the 

specific traffic pattern group the count location is assigned. The second factor (Dh) is a 

day of week factor that is applied based on which day(s) the counts were taken, as 
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volumes can vary from weekday to weekend. This factor is calculated based on which 

days of the week and how much of each day are included in the count. The third factor 

(Ai) is independent of the traffic pattern group the count location is assigned to. Instead, 

the axle correction factor is developed as site specific factor, based on a percentage of 

trucks determined at the count location. The final factor (Gh) is to account for a growth 

rate only applicable if the year of the AADT estimate and the year of the traffic count are 

different. The variable for the observed traffic volume is dependent on the duration of 

count; if the short term count is a week in length, the volume is averaged to a daily 

volume and the day of week factor (Dh) is removed from the equation. 

𝐴𝐴𝐷𝑇ℎ𝑖 =  𝑉𝑜𝑙ℎ𝑖 ∗ 𝑀ℎ ∗ 𝐷ℎ ∗ 𝐴𝑖 ∗ 𝐺ℎ 

Equation 2 - FHWA Expansion Equation [1] 

Where: 

AADThi = AADT at location i for factor group h 

Volhi = 48 hour volume obtained from short term count 

Mh = Seasonal (Monthly) factor for factor group h 

Dh = Applicable Day of Week factor for factor group h 

Ai = Axle correction factor at location i 

Gh = Growth factor for factor group h 

 

2.2.2.2. Modifications to the FHWA Method 

Due to the wide usage of the FHWA method across state DOTs, there are research 

papers aimed at improving the effectiveness of this method [21]. One example of this 

involves modifying the existing method of assigning roads to traffic pattern groups to 

reduce potential error from this portion of the FHWA method. The research aims at 

reducing the vagueness of boundaries between road groups [22]. To reduce this error, 

the fuzzy set theory was developed that allows for a roadway to be assigned to multiple 

traffic pattern groups, creating a weighted average for traffic pattern groups rather than 

matching a count location to a specific traffic pattern group. The AADT for each weekday 

is then calculated by determining the daily traffic volume from each traffic pattern group 
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the count location was assigned to and multiplying each daily traffic by the weighting of 

that traffic pattern group. To obtain the final AADT, the calculated AADT values for each 

weekday are averaged, depending on the number of days used for the short term count, 

thus giving the AADT estimation for the specific count location [21]. 

2.2.2.3. Expanding Short Term Counts in Manitoba 

Manitoba’s traffic monitoring program incorporates the use of three different counting 

methods, permanent counting stations, short term counts, and turning movement counts. 

Short term counts makeup a significant portion of the counts conducted in any given 

year, accounting for 1272 counts in 2013. Conversely, there were 138 turning movement 

counts conducted in 2013 but are not used in traffic volume studies. 

To expand the short term counts to an average daily traffic (ADT) value useable for 

planning purposes, Manitoba has two expansion methods that are commonly used that 

can both be characterised as “factorless expansion methods” [23]. These two methods 

are: (1) the use of a control station; and (2) the use of traffic pattern groups to expand 

short term counts. 

The preferred method for short term count expansion used in Manitoba is by assigning a 

short term count location a control station. Control stations are permanent counting 

stations located nearby to the short term count location that also represent a similar 

traffic pattern to that of the short term count location. An example of a station and a 

control site is shown in Figure 6. 
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Figure 6 - Example of Short Term Count with Control Site [24] 

Once a short term count location is assigned a control station, the direct ratio method is 

used to expand the short term counts to an ADT value. The direct ratio method involves 

taking the short term count data and comparing that to the permanent count station data 

over the same time period. Using the calculated AADT at the permanent count station, a 

ratio is calculated that represents a factor to convert the short term count data at the 

permanent counter to the actual AADT value. This factor is then applied to the short term 

count data to convert the traffic volume to an ADT value. The direct ratio method is 

based off of an assumption that the short term count traffic data represents the same 

proportion of the true AADT at that location as the sample data from the permanent 

count station over the same time period as seen in Equation 3, where “PCS” refers to 

the permanent counting station and “site” refers to the short term count location and the 

equation solves for AADTsite. 

𝑉𝑠𝑖𝑡𝑒

𝐴𝐴𝐷𝑇𝑠𝑖𝑡𝑒
=

𝑉𝑃𝐶𝑆

𝐴𝐴𝐷𝑇𝑃𝐶𝑆
 

Equation 3 - Direct Ratio Method [2] 
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In 2006, the Manitoba Highway Traffic Information System (MHTIS) completed updated 

Traffic Pattern Groups (TPGs) for the Province of Manitoba [25]. An example of one of 

the TPGs is shown in Figure 7 and displays a typical seasonal traffic pattern for any 

count locations assigned to that group. The purpose of establishing a traffic pattern 

group is to developed several different groups with typical traffic patterns within the 

jurisdiction to be able to expand short term counts. TPGs are created using data 

obtained from permanent counting stations across the jurisdiction. Once a traffic pattern 

has been established, any permanent counting sites that fit into that traffic pattern are 

assigned into the group. In total, Manitoba currently uses seven TPGs [2]. A TPG can be 

formed due to traffic patterns such as a high amount of commuter traffic, which results in 

peak periods during AM and PM hours corresponding to vehicles moving to and from 

workplaces. Another form of TPG in Manitoba is recreational use that represents people 

from Winnipeg travelling in rural Manitoba to cabins or cottages, which corresponds to 

high volumes on Fridays and Sundays during summer months, but much lower volumes 

during the winter months. 

 

Figure 7 - Traffic Patten Group 2 [2] 
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Short term count locations are assigned a traffic pattern group that most represents the 

type of traffic occurring at each location and are commonly assigned to a specific site 

within a traffic pattern group. Once assigned to a traffic pattern group, short term counts 

are expanded similarly to the method used when a short term count can be assigned a 

control station. In this case, the same method used for expanding a short term count 

from a control station is used for each permanent count station that is assigned into the 

respective TPG. Once this method has been repeated for each permanent count station, 

the end results are then averaged to provide the ADT for the short term count. 

2.2.2.4. Other Canadian Expansion Methods 

A review of other jurisdictions traffic monitoring guidelines found that the Ministries of 

Transportation in British Colombia, New Brunswick, and Prince Edward Island utilize a 

regression based approach for short term count expansion [26]. Similar to the 

methodology adopted by Manitoba, a regression based approach relies on a short term 

count location being linked to a permanent counting station with a similar pattern of 

traffic volume. A regression equation is created between the permanent counting station 

and the short term count to expand the count in order to obtain an AADT estimate. For 

New Brunswick and Prince Edward Island, there is a requirement of six days of data for 

regression analysis, compared to the mandated minimum set out by FHWA for two days 

of data. A study performed for each of the three Ministries of Transportation utilizing this 

method found that in comparison to the FHWA factoring method, more accurate AADT 

estimates were achieved using both New Brunswick and Prince Edward Island’s data 

[26]. The factor approach produced more accurate results using British Columbia’s data. 

However the paper goes on to suggest this can be attributed to differences in data 

collection methods used by British Columbia. British Columbia conducts short term 

counts for a minimum duration of 48 hours [27]. The main potential reason noted is that 
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British Columbia only conducts short term counts during a singular season whereas New 

Brunswick and Prince Edward Island conduct counts during three seasons, therefore 

producing a more robust collection of traffic data [26]. 

2.2.2.5. Research into additional methods 

Due to an increasing need for cost effective traffic data collection, new, lower cost 

alternatives to conventional traffic data collection and expansion methods are being 

implemented and researched. In Illinois there is research examining the potential of 

converting turning movement counts into AADT values. Since turning movement counts 

output volumes for each leg of the intersection, depending on the length of the turning 

movement count, this data can function similarly to that of a conventional short term 

volume count. Illinois DOT utilized 12 hour counts performed through the use of video 

surveillance to obtain short term traffic volumes and then expanded these volumes to 

AADT estimates. As a result, counts taken at 750 locations resulted in the estimation of 

2,600 AADT values. The corresponding cost savings and improved coverage of the 

traffic monitoring program resulted in continued expansion of this method for 2015 to 

add another 1200 intersections. As a result, this program will include 1950 video turning 

movement counts for 2015, producing 6,800 AADT estimates [7]. Similar to the Illinois 

DOT, the City of Edmonton utilizes 24 hour turning movement counts to obtain traffic 

volume counts as part of their traffic monitoring program [28]. 

Another method, developed by the University of New Brunswick aims at addressing 

deficiencies within existing methods using a Bayesian approach while comparing the 

results to the FHWA method as a benchmark. The paper cites the weakness in using 

road functional classes to assign short term count locations to traffic pattern groups due 

to large error that can be associated with assuming that all roads within each functional 

class experience similar traffic variations. The FHWA method involves assigning counts 
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to traffic pattern groups in this way, but the paper also highlights issues within Canadian 

expansion practices. Specifically, the cost effectiveness of the common Canadian 

expansion method provides challenges due to the cost associated with requiring several 

short term counts for each road segment during a counting year. The alternative 

presented involves establishing seasonal traffic pattern groups using historic data and 

incorporating a Bayesian algorithm to the Coefficient of Variation method to ensure 

count locations are assigned to correct traffic pattern groups. The results were then 

compared to the FHWA method by measuring absolute error for each method. The 

results of this study displayed an almost 10% decrease in estimation error as compared 

to the FHWA method [9]. 

A third method, developed in the United Kingdom was created to address several 

common traffic monitoring issues such as the need for quality traffic data, issues with 

cost effectiveness of the existing data collection program, and public dissatisfaction with 

existing decisions that had been based off of traffic flow data. The Phillips and Blake 

method was developed to determine a balance of count duration to maximize cost 

effectiveness while obtaining an accurate estimation of traffic flow. The method utilizes 

multiple regression to determine the estimated AADT based on short period counts 

taken on different days as well as months [29]. 

2.2.3. Short Term Count Duration 

A highly debated topic of short term counts along roadways is the duration that the count 

should be conducted that would provide the most accurate data while also being cost 

effective and allowing for jurisdictions to provide comprehensive coverage of their 

jurisdiction with recent traffic count data along roadways. Many data analyses have been 

performed to determine the optimum duration of a short term count in order to provide 

the most efficient time frame for conducting short term counts. 



26 
 

The FHWA specifies that a short term count should be 48 hours when used on a three to 

six year count rotation [1]. American jurisdictions will adhere to this specification as often 

each state department of transportation (DOT) is mandated to provide their data to 

FHWA to congregate nationwide traffic data into a singular source, therefore requiring 

consistency among all states participating in the program. Short term counts of less than 

the specified of 48 hours are not recommended unless used for turning movement 

counts and signal timing purposes. Counts longer than 48 hours are encouraged; 

however research done by FHWA concluded state DOTs have difficulty using 72 hour or 

longer count durations while remaining cost effective in both equipment and staffing 

used for traffic monitoring. The longer count durations typically result in less volatility in 

the results, making the results more reliable to data users [30]. Research from Iowa 

State University has also examined the usefulness of increasing count duration and 

found a marginal increase in overall accuracy, instead recommending counts be shorter 

in duration but more frequent [31].  

Manitoba Infrastructure and Transportation (MIT) conducts short term counts along 

roadways for 48 hours, while turning movement counts are 14 hours, collected over two 

days unless Miovision counts are used. In order to provide relevant traffic count data at 

each count location in rural Manitoba, traffic counts are performed on a three year cycle 

[2]. Previously, short term counts in Manitoba were performed on a two year cycle, 

however due to an increase in traffic count locations, a three year rotation must be used 

to ensure all stations are counted. For low volume roads with an average daily volume 

less than 500 vehicles, a count rotation of three to five years is satisfactory [32]. 

However, there are short term counts performed annually at select high priority locations 

that require constantly updated traffic volumes. Short term counts are conducted at each 

location twice in a given year, both for 48 hours, in an attempt to reduce the effect of any 
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large variations that can be attributed to conducting one 48 hour count at each location 

due to the volatility of these types of counts [2]. Effectively, Manitoba uses 48 hour 

counts, but does so at each location twice within the same year. 

The City of Winnipeg has several different count durations that are used for short term 

counts depending on the location of the count. Typical short term counts are conducted 

over 48 hours from Tuesday morning to Thursday morning. The longest short term 

counts are full week counts performed at traffic count locations located on bridges within 

the city [14]. Saskatchewan utilizes 48 hour counts along highways where permanent 

count stations are not located [33]. Edmonton utilizes 24 and 48 hour short term counts 

and conducts short term counts during the months of May, June, September and 

October [28]. Short term counts are generally not conducted during special events or 

holidays due to unique traffic volume variations occurring during those days [34]. 

A recent study conducted by the Illinois DOT concluded that there was no significant 

difference between traffic volumes obtained through a 24 hour count to those obtained 

through a 48 hour count [35]. The Illinois DOT, which currently uses 24 hour counts as 

part of their short term count program, represents an increasing group of jurisdictions 

that utilize shorter count durations in order to increase cost effectiveness. To address 

this growing concern, the FHWA has undertaken a pooled fund study to determine the 

significance of count duration. The study uses data from multiple DOTs to form a 

comprehensive study on the significance of count data. FHWA currently still requires 48 

hour counts in order to use the data as part of the nationwide traffic monitoring database 

(HPMS) that they manage [35]. Washington utilizes 72 hour counts to obtain a higher 

accuracy than the FHWA requirement of 48 hours [36]. 
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2.2.4. Summary 

Short term counts are a vital component of any traffic monitoring program due to the 

flexibility and limited need for resources.  There are two types of short term counts, 

traffic volume counts and turning movement counts. Traffic volume counts are used to 

supplement data from permanent counting stations at locations where a permanent 

count location is not feasible, commonly due to lower traffic volumes and limited funding. 

These volume counts require the use of expansion methods in order to provide an AADT 

value, which is used for transportation planning purposes. The second type of count, the 

turning movement counts, are used at intersections to determine traffic volumes from 

each intersection approach as well as volumes for each turning movement. These 

values are used for planning purposes such as signal timing and geometric design. 

There are many different methods to determining AADT from a short term count that 

involve the use of permanent counting stations. For the FHWA method, traffic pattern 

groups are created using data from permanent counting stations. Count locations are 

then assigned to traffic pattern groups to allow for specific factors to be applied to the 

volume data to obtain an AADT. This method is used for state DOTs and therefore is the 

most common, however extensive research has been conducted to address the 

shortcomings of this method. This includes methods that allow for multiple traffic pattern 

groups to be used as well as historical count data and demonstrate improved data 

accuracy as part of a more detailed analysis method. In Canada, the use of factors to 

expand AADT is less common; instead AADT estimations are obtained using a 

regression equation. Manitoba utilizes the direct ratio method for all permanent counting 

stations within a traffic pattern group to obtain AADT estimations at short term count 

locations. Alternatively, if a permanent counting station meets the criteria required to be 

a control site for a specific count location, the direct ratio method can then be used 
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between the two stations to obtain an AADT. Additionally, more research into newer 

methods are being explored to increase the cost effectiveness and the amount of 

coverage a short term counting program can obtain while still providing acceptable data 

accuracy. This includes the use of turning movement counts, which is another form of 

short term count not typically used for traffic volume purposes. 

In addition to different methods for obtaining AADT estimates from short term counts, 

extensive research has been performed concerning the ideal length of a short term 

count to obtain an accurate AADT estimate. Commonly, 48 hour counts are used across 

Canada and the USA, however an increasing need for cost effectiveness results in 

further research into the feasibility of the use of shorter counts, such as 24 hours, to 

obtain AADT estimates. Recent research conducted by the Illinois DOT found no 

significant difference between 24 and 48 hour counts and therefore utilizes 24 hour short 

term counts as part of their traffic monitoring program. The FHWA is currently 

undergoing a study to determine the optimal duration for short term counts as part of a 

pooled fund study and is utilizing data from state DOTs across the United States. 
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3.  METHODOLOGY 

This chapter presents the methodology developed for this research to obtain AADT 

estimates from short term counts as well as permanent counting stations with defined 

gaps of missing data. The analysis performed for this research consists of two 

components: (1) the analysis of the impact of data gaps on estimating AADT of a 

permanent counting station and (2) the analysis of the impact of count duration on AADT 

estimates obtained from short term counts. The performance metric used and additional 

factors examined are outlined in this chapter as well as stations used for the analysis 

and the count technology and other characteristics associated with each location. 

3.1. OUTLINE OF METHODOLOGY 

The methodology developed by this research to estimate both the impact of count 

duration and count frequency on AADT estimates consists of five steps illustrated in 

Figure 8. The methodology outlined in Figure 8 was used for both the analysis of 

permanent count stations in addition to the analysis of short term count stations. Each of 

these steps are detailed in sections 3.2 and 3.3 for the analysis of permanent counts and 

short term counts, respectively. The last section of the methodology details how the 

AADT estimates were analysed. Sections 3.2.4 and 3.3.4 describe the analytical tool 

developed for this research for permanent counts and short term counts, respectively. 

 



31 
 

 

Figure 8 - Outline of Methodology 

3.2. ANALYSIS OF PERMANENT COUNTING STATIONS 

This section describes the application of the general methodology to the first component 

of the analysis that relates to permanent counting stations and the impact of data gaps 

within the permanent count station data on AADT estimates in Manitoba. 

3.2.1. Establish Scope 

Establishing the scope of the first component of the analysis involves identifying the type 

of traffic data that is required for the analysis. To analyze the influence that data gaps 

have on AADT estimates from permanent counting stations, data from permanent 

counting stations is required. Geographically, the focus of this research is in Manitoba, 
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and therefore permanent counting stations within Manitoba are within an established 

scope. 

Manitoba Infrastructure and Transportation (MIT) currently maintains 79 permanent 

counting stations throughout Manitoba. Figure 9 illustrates the geographical 

representation of Manitoba’s permanent count stations. The permanent counting stations 

can provide traffic volume, vehicle classification, vehicle speed, and vehicle weight data, 

depending on the type of counter installed at a specific location. Traffic volume data is 

available from all types of counters and therefore the scope of this analysis does not 

exclude any type of counter. 

In Manitoba, three types of permanent count stations exist: (1) Permanent Count 

Stations (PCS), (2) Automatic Vehicle Classifiers (AVC), and (3) Weigh-In-Motion 

Systems (WIM) [37]. Following are descriptions of the three types of permanent count 

stations currently used as part of Manitoba’s Traffic Monitoring Program: 

 Permanent Count Stations (PCS): These permanent counters are the most 

limited as only traffic volume data is collected and do not provide any data on 

vehicle classification or weight data. Manitoba currently has 27 of the 79 total 

permanent count locations as PCSs. This research utilizes 15 PCS stations for 

the first component of the analysis and 14 PCS stations for the later component 

of the analysis. 

 Automatic Vehicle Classifiers (AVC): In addition to traffic volume data, these 

stations collect vehicle classification and axle spacing data but do not collect axle 

weight data. Vehicle classification is provided in the form of the 15 classes 

defined by the Federal Highway Administration (FHWA). These counters are the 

most common in Manitoba’s Traffic Monitoring Program, accounting for 45 of the 
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79 total permanent count locations. This research utilizes 34 AVC stations for the 

first component of the analysis and 26 AVC stations for the later component of 

the analysis. 

 Weigh-In-Motion (WIM): These stations provide the most comprehensive traffic 

data including traffic volume, vehicle classification, axle spacing, and axle weight 

data. Manitoba currently has seven WIM stations, five of which also have an 

AVC, and therefore represents the smallest proportion of the permanent counters 

in Manitoba. This research utilizes one WIM station for the first component of the 

analysis and one WIM station for the later component of the analysis. 

Using the established scope of permanent counting stations in Manitoba allows for a 

preliminary site selection to form a foundation for the next step. The next step involves 

acquiring the data associated with each site within the current scope to be used for 

further site selection (Step 3 in Figure 8). The data for these counting stations is 

managed by the Manitoba Highway Traffic Information System (MHTIS) and can be 

obtained through an interactive Geographic Information System (GIS) webmap or by 

special request shown in Figure 9. 

The requirement of a permanent counting site to be useable for this analysis is a 

complete dataset. Since permanent counting stations count 24 hours a day, seven days 

a week, a complete dataset would include 365 days of data during a non-leap year. 

Having a complete dataset provides numerous benefits, most importantly however is 

allowing the impact of data gaps to be controlled and isolated. With a complete dataset 

with the only data gap being the one installed for the purpose of the analysis, the effect 

of this gap will be much more apparent and the presence of additional variables will be 

reduced. Conversely, if data gaps other than the one used for the analysis were present, 

the error within the estimations would be influenced by these gaps and the true effect of 
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specific durations of data gaps would be unknown. Due to counter malfunctions, 

roadway construction, and other factors, counters can commonly have gaps spanning 

various portions of a year in which no traffic data is recorded. Due to this, in order to only 

utilize permanent counting stations that have a full complete dataset, only a few stations 

are available for the most recent year, resulting in a small sample size. 

 

Figure 9 - Map of Permanent Counting Stations in Manitoba ©UMTIG 2014 [2] 

In order to obtain a larger sample size of permanent counting stations to be used for this 

analysis a time interval was developed as part of the scope to include the most recent 

available data. As annual traffic data is published in an annual report in late spring of the 

following year, 2013 is the most recent complete traffic dataset available. To establish a 

lower limit for the interval as part of the scope of the analysis, the methodology and 

procedures undergone to process the data was studied to ensure that all data has 
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uniformity. In 2006, the Manitoba Highway Traffic Information System underwent a 

system upgrade to update procedures as well as develop new traffic pattern groups. The 

data from this analysis comes from after this most recent system upgrade and includes 

data from 2012 to 2013. This two-year time interval allows for 50 stations with a 

complete dataset to be used for the analysis of permanent counting stations. 

3.2.2. Data Acquisition 

This section describes the second step in the methodology which is to acquire relevant 

data based on the scope established in Step one. Once the preliminary sites are 

selected and the scope has been established, initial data was acquired to determine if 

the sites can be used for the full analysis that takes place during Step four. 

This research obtained traffic data through the MHTIS database which is available 

publicly and updated continuously throughout the year. The data obtained for this 

research consists of daily traffic volumes for each count location included in the analysis. 

The raw data for each station is separated by year and the initial site selection included 

sites with a full year of data for 2012 or 2013. 

3.2.3. Site Selection  

The final site selection process utilizes the data acquired in Step two to determine if 

there is sufficient data at each site to be included in the analysis in addition to ensuring 

that no existing data gaps are present at any sites that will be used in the analysis that 

would compromise the analysis of the AADT estimates. 

To isolate the effect of the controlled data gaps, datasets with complete data were 

chosen from the permanent counting stations in 2013. If an insufficient amount of sites 

met the established criteria the scope was expanded to include data from previous 
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years. If no count locations without data gaps were available, Step one was repeated 

with a lowered threshold for the required amount of days for each count location. 

No preference was given in site selection to the year the traffic volume data was 

collected, the type of counter at a specific site, or the expected traffic volume on the 

roadway. Additionally, traffic pattern groups were not a consideration for the first 

component of the analysis. 

3.2.4. Developed Analysis Tool 

An analysis tool was developed as part of this research to assist in the data analysis 

component of this research. The analysis consists of five main components: 

1. Inputting Data: Raw data obtained from the Manitoba Highway Traffic 

Information System is accepted as an input into the tool. The data used for the 

analysis includes the date and daily count for each count location. The raw data 

will include count data for each day of the year with no existing data gaps. 

2. Create Controlled Data Gap: This step involves removing data from the dataset 

to analyze the influence of the data gap on the AADT estimate. To do this, the 

raw data is manipulated to remove a defined data gap at a varying point during 

the year of data. Once the data is removed, the AADT can be estimated. 

3. Estimate AADTs: The estimation of AADTs is detailed in Step five of the 

methodology, including the formula used to calculate AADT. The developed tool 

organizes the raw data into a form that can be easily used to calculate AADT. 

This is done by separating counts for each day of the week within each month 

and averaging the counts. The data is outputted into three tables which are then 

used to calculate an AADT, which is then stored to be analyzed alongside all 

other AADTs. 
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4. Repeat for All Data Gaps: The above process is repeated until each data gap is 

analyzed as well as all possible data gaps for a given year have been analyzed. 

For a data gap of one month, 12 analyses are run to analyze the effect of each 

month being excluded from the AADT estimation and the variations in the AADT 

estimate are displayed. 

5. Interpret Results:  Following the completion of the analysis, the results are 

presented and discussed in the following chapter. How the AADT estimates are 

analysed is described later in the methodology. 

The tool, developed in Microsoft Excel, was used in part for all five of the previously 

listed steps and creates and stores the AADT estimates described in the following 

section. The tool requires the raw station data as the sole input, and produces a series 

of AADT estimates that are a function of the size and date of a series of data gaps. Each 

length of data gap will be analyzed for each unique time period within a calendar year 

meaning 358 AADT estimates will be obtained from analyzing the influence of a one 

week data gap. To separate these cases, the day, month, and day of week are extracted 

from the raw data and used to filter the results through an iterative process. Once the 

data for each case has been manipulated and sorted, an AADT estimate is produced, as 

described in the following section. 

3.2.5. Estimate AADTs 

Using the developed tool, the selected sites were evaluated individually and the effects 

of varying data gaps were shown in the AADT estimates. AADT estimates were 

calculated using the following formula: 
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where: VOL = daily traffic for day k, of day-of-the-week i, and month j 

 i  = day-of-the-week 

 j = month 

k  =  1 when the day is the first occurrence of that day-of-the-week in a 

month, 2 when it is the second occurrence of that day-of-the-week in a 

month, etc. 

 n  = the number of days of that day-of-the-week during that month (between 

1 and 5, depending on the number of days with missing data). 

This equation requires one day of each day of the week for every month of the year 

which equates to a minimum of 84 days of traffic data to produce an AADT estimate. 

This estimate does not provide any indication after the AADT has been calculated as to 

the level of accuracy of the estimate or the number of days used to obtain the estimate. 

Due to this, data gaps of less than a month can be overlooked while data gaps of a 

month or longer prevent an AADT estimate from being produced. To best understand 

the effect of the size of a data gap and the corresponding influence on AADT estimates, 

six different sizes of data gaps were analyzed including:

 One week 

 Two weeks 

 Three weeks 

 Four weeks 

 Eight weeks 

 Twelve weeks 

Additionally, data gaps of one, two, and three entire months were analysed to examine 

the effects of missing entire months of data in addition to examining the influence of 

missing consecutive weeks. The analysis of these data gaps modified the structure of 

the AADT equation, since there are no longer twelve months of data to average. The 

modified equation replaced averaging all twelve months with averaging only the months 

which contained enough data to provide at least one day of data for each day of the 

week. 

 Using multiple different sizes of data gaps allows for the analysis to provide information 

regarding the amount of missing data that causes an AADT estimate to become 
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unreliable and inaccurate. The AADT’s produced for each site are dependent on when 

the data gap occurred as well as the extent of the missing data and these effects are 

combined and analysed to determine the impact of multiple factors on AADT estimates. 

3.3. ANALYSIS OF SHORT TERM COUNTS 

This section describes the application of the methodology to the second component of 

the analysis related to short term counts and the impact of count duration on AADT 

estimates in Manitoba. The methodology described in this section follows the procedure 

outlined at the beginning of the chapter. 

3.3.1. Establish Scope 

To analyze the influence that count duration has on AADT estimates, short term count 

data was required. Manitoba Infrastructure and Transportation (MIT) conducted over 

1150 short term counts in 2013 at over 570 locations [2]. There are two types of short 

term counts used by MIT: (1) Short Term Counts and (2) Turning Movement Counts. 

Short Term Counts are expanded to AADT estimates and therefore are the focus of this 

research. 

Each short term count location is counted twice between May and October with each 

count occurring over 48 hours, from approximately 7:00 to 7:00 [6]. The count durations 

analysed in this research are taken from midnight to midnight for the specified number of 

days being analysed. The current methodology of two 48 hour counts used by MHTIS 

was not duplicated in this research, instead the effect of a single count of varying 

duration at each location was analysed. 

Short term count data is expanded in two different methods by MHTIS to obtain an 

AADT: (1) by using a nearby permanent counting station as a control site and (2) by 

assigning the short term count to a Traffic Pattern Group. The first method involves 
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using a nearby permanent counting station as a control site for the short term count and 

expanding the short term count data based on traffic volumes recorded by the 

permanent count station over the same time period. This method requires that a 

permanent count station be within close proximity also fit into the same Traffic Pattern 

Group in order for expansion to be accurate [2]. Traffic Pattern Groups involve 

characterizing roadways based on the temporal distribution of traffic including hourly, 

monthly, and seasonal distributions. 

The control station method is the most common method utilized by MHTIS as short term 

count locations predominantly have control stations assigned to them [2]. This method is 

not used to estimate AADTs in this research however, as the data used in the analysis 

would require reassignment of stations to control stations. As the count locations being 

used in this analysis are existing permanent count stations, assigning each station to 

another station introduces error that could not be accounted for from the new control 

station. Instead, the traffic pattern group method, was used to balance error from all 

possible control stations. Additionally, the methodology used for this analysis cannot be 

used to estimate the precision of AADT estimates that are obtained from a single 

reference site [3]. 

Currently, MHTIS utilizes seven different Traffic Pattern Groups that were updated in 

2006 [2]. Common Traffic Pattern Groups include: Commuter, recreational, and rural. An 

example of a “Commuter” traffic pattern group is labelled as TPG1 by MHTIS and can be 

seen in Figure 10. This traffic pattern group is characterized by high morning and 

afternoon weekday peaks and low seasonal variation. 
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Figure 10 - Traffic Pattern Group (TPG1) – Commuter [2] 

To best analyze the effects of short term count duration and the corresponding AADT 

estimates using the methodology adopted by the Manitoba Highway Traffic Information 

System, the scope of the datasets used in the first analysis is similarly applied to the 

second component of the analysis. 

Although short term counts are between 24 hours and one week, only permanent count 

stations with a complete dataset of 365 days were used in the analysis. Complete 

datasets are used for the short term count analysis so that the effect of count duration on 

AADT estimates may be best illustrated by the analysis. A complete dataset is only 

required for the station being analysed, therefore stations with incomplete datasets are 

still used as the control sites within the traffic pattern group of the station being analysed. 

This was required as not enough stations had complete datasets within any traffic 

pattern group. 

The use of only complete datasets limited the availability of traffic data for the analysis, 

therefore a time interval that would include multiple years was developed. Similar to the 

analysis of permanent counting stations, data from 2012 – 2013 was used so as to only 
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utilize the most recent data on Manitoba highways. As traffic pattern groups, as well as 

the stations assigned to each respective traffic pattern group are utilized by Manitoba 

Highway Traffic Information System to expand short term counts to AADT estimates, it is 

important to ensure uniformity to the assignments of each station being used for this 

analysis as well as the traffic pattern groups that existed during each year from which 

traffic data is being used. 

Error associated with assignment of count locations to traffic pattern groups or error 

related to spatial and geographical differences between sites was not examined in this 

research. 

3.3.2. Data Acquisition 

Utilizing the identified scope, initial data was acquired and screened further to confirm 

whether the sites meet the desired criteria for the full analysis described as part of 

section 3.2.4. The data, obtained through the MHTIS database, is available publicly on a 

station by station basis in PDF form, separated by year. 

The raw data was used due to the manipulation requirements for the analysis, as well as 

to analyse the data further. Due to the requirements for a complete set of data, the list of 

rejected data at each site was examined to ensure each dataset had no missing data 

that may affect the analysis and conclusions drawn from it. Several stations were 

identified in this step as incomplete datasets and were removed from the analysis so as 

to prevent the presence of additional variables in the statistical results. 

3.3.3. Site Selection 

The final site selection process utilized the acquired data as stated in the previous 

section, and screens this data to ensure that the dataset consists of a full 365 days of 

data, or more depending on the year. Leap years were not excluded from this analysis 
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despite the difference in the number of days of applicable data. Datasets with less than a 

full year of data were excluded in order to best isolate the effects of count duration on 

the AADT estimates. To include a sufficient amount of sites, the scope for the year of 

counts to be included was determined to be the years 2012 and 2013. 

Ideally, the site selection criteria, specifically the full year of count data requirement, 

would extend to the stations within the traffic pattern group of sites being used for 

analysis. However, in some cases, traffic pattern groups can have over 20 permanent 

count stations and there are no traffic pattern groups within the scope of this project that 

had full traffic counts for every station in a given year. Due to this limitation, all 

permanent counting stations within the respective traffic pattern group of the station 

being analyzed were used, regardless of the amount of accepted data for that site in that 

year.  

Additionally, the control site method was not used for the analysis due to the lack of 

control site availability for the site selection. Control sites are assigned to short term 

count locations and not associated with other permanent counting stations aside from 

being included within the same traffic pattern group, thereby requiring all stations with 

that grouping. 

No preference was given during the site selection process to the year of each site with a 

full dataset, or the type of permanent counter installed at that location. Additionally, 

specific traffic pattern groups were not targeted for this project, as a more 

comprehensive and exhaustive analysis of all traffic pattern groups was performed and 

the effect of count duration on each traffic pattern group is analyzed as part of the full 

analysis. 
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Finally, there are 13 permanent counting stations in Manitoba that do not currently have 

an assigned traffic pattern group. These stations, regardless of whether or not they have 

a full year of data, were excluded from this analysis as the method to analyse the traffic 

data cannot be applied in cases where a traffic pattern group is not assigned to the 

count location. 

3.3.4. Developed Analysis Tool 

The traffic data from the selected short term count locations (taken from permanent 

count stations) was developed and the inputs and outputs associated with the tool. The 

analysis consists the six main components described in section 3.2.4, with variations to 

each step to account for the differences between the data and required output for the 

analysis of AADT estimates obtained from short term counts. 

1. Inputting Data: Raw data obtained from the Manitoba Highway Traffic 

Information System is accepted as an input into the tool. The data used for the 

analysis includes the date and daily count for each count location. The raw data 

will include count data for each day of the year with no existing data gaps. The 

raw data is obtained from a permanent counting station but is used as a short 

term count. 

2. Create a Controlled Count: This step is opposite of the step for the permanent 

count station analysis. Instead of creating a data gap, the tool extracts a fixed set 

of days to be analyzed from the dataset to obtain an AADT estimate. To do this 

the raw data is manipulated by the identification of an upper and lower limit 

(dictated by the number of days to be included) for the count, creating a short 

term count. All days start and end at midnight. 

3. Estimate AADTs: The estimation of AADTs is detailed in the next section, 

including the formula used to expand the known traffic count to an AADT 
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estimate. The developed tool organizes the raw data into a form that can be 

easily used to calculate AADT. This is done by comparing the ratios of the short 

term count data to the AADT for each site. For sites without a control site, each 

station within the traffic pattern group is used and the results are averaged. The 

data is outputted into a summary table that displays a five number summary 

(upper and lower quartiles, minimum and maximum values, and the mean) for 

each specified count duration for each station being analyzed. 

4. Repeat for All Count Durations: The above process is repeated until each 

count duration is analyzed as well as all possible count durations for a given year 

have been analyzed. For a one day count, 365 analyses are run to analyze the 

effect of each day being used to expand to an AADT estimation and the 

variations in the AADT estimate are displayed. 

5. Repeat for All Stations with the Traffic Pattern Group: Steps one to four are 

repeated for each station within the traffic pattern group as the methodology to 

determine an AADT estimate using a traffic pattern group requires data from all 

stations. To provide this, each station must calculate a separate AADT 

corresponding to the short term count being analyzed, once all steps have been 

completed the results are averaged and the final step of the methodology can be 

performed. 

6. Interpret Results:  Following the completion of the analysis, the results are 

presented and discussed in the following two chapters. The statistical 

interpretation of these results is described later in the methodology. 
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Figure 11 - Short Term Count Analysis Macro 

This tool, developed in Microsoft Excel alongside the tool for the analysis of permanent 

count stations, is used in part for all six of the previously listed steps and creates and 

stores the AADT estimates described in the following section. The tool requires the raw 

station data as the sole input, and produces a series of AADT estimates that are a 

function of the size and date of a series of short term counts. Each length of short term 

count was analyzed for each unique time period within a calendar year meaning 365 

separate AADT estimates will be obtained from analyzing the influence of a one day 

short term count, and 358 separate AADT estimates from the analysis of a one week 

short term count. 

3.3.5. Estimate AADTs 

Using the analysis tool, the sites selected were evaluated individually using all count 

data from each station within the assigned traffic pattern group and the effect of varying 

count durations are shown in the AADT estimates. AADT estimates using stations within 
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the traffic pattern group are obtained using the direct ratio method, shown in the 

following formula: 

𝑉𝑠𝑖𝑡𝑒

𝐴𝐴𝐷𝑇𝑠𝑖𝑡𝑒
=

𝑉𝑃𝐶𝑆

𝐴𝐴𝐷𝑇𝑃𝐶𝑆
 

Equation 5 - Direct Ratio Method [2] 

Where: Vsite = the traffic volume over the duration of the count 

VPCS = the traffic volume at the station within the group over the duration of the 

count 

AADTPCS = the AADT at the station within the group 

AADTSITE = the AADT being estimated 

This equation is used by MHTIS when a short term count station is paired with a control 

site. When a control site is not available, the stations within the traffic pattern group the 

short term count station is assigned to are used. The equation remains the same, 

however the equation is used for each station within the traffic pattern group and the 

estimates are then averaged. The equation then becomes: 

𝐴𝐴𝐷𝑇𝑠𝑖𝑡𝑒 =
1

𝑛
∗ ∑

𝑉𝑠𝑖𝑡𝑒 ∗ 𝐴𝐴𝐷𝑇𝑃𝐶𝑆 𝑖 

𝑉𝑃𝐶𝑆 𝑖

𝑛

𝑖=1

 

Equation 6 - Direct Ratio Method within a Traffic Pattern Group 

The number of sites within each traffic pattern group varies between three and 24 

stations, which can cause variation in the effect a single station can have on the AADT 

estimate using this method. The benefit to having a larger amount of stations that share 

a traffic pattern group is the removal of errors associated with missing data at the 

stations used to estimate the AADT. These stations provide no estimate when used to 

compare a short term count on a date that has no data and provide an error during the 

analysis. Having at least one station that has data on the corresponding date of the 

count provides a value that is transplanted into the results section of the analysis after 

being averaged by any other stations that also have data for the applicable dates. 
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The analysis consisted of four different count durations commonly used in short term 

counting programs across North America. The short term count durations included in this 

analysis are taken as full days, starting and ending at midnight (0:00 – 0:00) and are: 

 24 hours 

 Two days 

 Three days 

 One week 

AADT estimates from each of these count durations were obtained using the permanent 

count locations included in the traffic pattern group the site belongs to. 

This research uses the range of AADT estimates provided to establish an approximate 

accuracy of both the estimation method and the stations being used to obtain the 

estimates. This provides insight into an acceptable count duration to be used to obtain 

accurate AADT estimates and develop a more cost effective traffic monitoring program 

while maintain data integrity. 

3.4. ANALYSIS OF AADTS 

This section details the relationships explored in this research to develop an 

understanding of factors affecting data quality of short term counts and permanent 

counting stations.  

3.4.1. Analysis of Permanent Counting Stations AADT estimates 

The results of the general methodology previously outlined for permanent count stations 

produces a collection of AADT estimates for data gaps of one, two, three, four, eight, 

and twelve weeks and one, two, and three months. In order to interpret and analyse 

these estimates, the data was first required to be converted into a statistic that could be 

comparable across all stations used for the analysis. The AADT estimates were 

converted to absolute percent error by using the ground truth AADT estimate provided 

through MHTIS. 
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Absolute percentage error was used so that averages of error could be used as AADT 

estimates were both over and under estimated when compared to the ground truth 

AADT. Additionally, as the stations range in AADT values from approximate 500 to 

22000 vehicles per day a statistic that was independent of traffic volume allows for a 

feasible comparison between stations. Once the estimates were converted to absolute 

percent error, new datasets were created to explore potential factors that attribute to the 

varying error of AADT estimates including: 

 Size of missing data gap 

 Traffic pattern group 

 AADT value at each station 

 Month in which the data gap is present 

Additionally, daily volumes and error for each day of the year were graphed alongside 

one another to determine if a relationship exists between traffic variation and variation in 

the accuracy of AADT estimates. This analysis was performed twice, once for a four 

week data gap that produced 338 estimates at each station, and the other a single 

month data gap that produced twelve estimates at each station, one for each month. 

Sample results from these two analyses are shown in Figure 12 and Figure 13. The first 

graph details the changing percent error for each day of the year compared to the daily 

volume at that day. A four week data gap is shown in the first graph with the end of 

December missing since the last data gap of four weeks that can be analysed is from 

December third to the 31st. Figure 13 displays the same daily volume, however the data 

gap is an entire calendar month instead of four consecutive weeks. The purpose of 

looking at the four week and one entire month data gaps separately was to analyse the 

requirement of current AADT expansion method that requires data for every month of 

the year. Although the two data gaps are similar in length, one represents a year with a 
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single month of missing data whereas the other represents four weeks of missing data 

occurring over two separate months, thereby satisfying current AADT requirements. This 

analysis limits the amount of estimates at each station to twelve and the error associated 

with each month being absent from the estimate is held constant over that month, 

resulting in horizontal and vertical lines. 

 

Figure 12 - Daily Volume and Percent Error by Day for Four Week Data Gap 
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Figure 13 - Daily Volume and Percent Error by Day for One Month Data Gap 

The analysis of the impact of the duration of the data gap missing from the station 

included an analysis of the variation in error of each duration in addition to relating the 

accuracy of each duration. To display the precision of each estimate, a cumulative 

distribution function was developed that displayed the percentiles of each count duration 

from 0% to 100%. A sample graph is shown in the following figure and aids in showing 

the reliability of estimates for each duration at all stations included in the analysis. 
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Figure 14 - Cumulative Distribution Function of Absolute Percent Error 

These relationships aid in understanding the influence of each factor on the accuracy 

and precision of AADT estimates in addition to the size of the data gap missing from the 

permanent count station. Section 3.4.2 details the factors explored in the analysis of 

short term counts, which explored the influence of similar factors but to varying extents. 

3.4.2. Analysis of Short Term Counts’ AADT Estimates 

The development of AADT estimates from short term counts resulted in tens of 

thousands of AADT estimates. In order to relate the estimates and their accuracies to 

other stations, the estimates were converted to absolute percent error using the ground 

truth AADT estimate for each station. This followed the same procedure used to convert 

AADT estimates for the permanent count station analysis. Similarly, the relationships 

analysed for short term counts are similar to those analysed for the permanent count 

stations. The influence of AADT, month, and count duration were all examined using 

identical means as previously described in the last section. Additionally, an incremental 
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count an additional day has on error reduction. This develops an understanding of the 

benefit of using additional resources when moving from a 24 hour count to a two or three 

day count or even to a weeklong count. 

The relationship of traffic pattern groups and absolute percent error is more critical for 

the short term count analysis than that of the permanent count station analysis due to 

the influence of the traffic pattern groups in determining the AADT estimate. As 

mentioned in the literature review, since Manitoba uses traffic pattern groups to expand 

short term counts, as well as this research utilizing that method, the influence of traffic 

pattern groups is especially important. 

3.5. PERFORMANCE METRIC AND ADDITIONAL FACTORS 

Using the average absolute error, potential relationships between error in the AADT 

estimates and other factors could be explored. In addition to analysing the effects of 

count duration on AADT estimates from short term counts as well as data gap sizes on 

AADT estimates from permanent count stations, other factors were examined to provide 

insight into other possible relationships. Further analysis explored the effects of: 

 Month the short term count or data gap belonged in. 

 Traffic pattern group of station being analysed. 

 AADT at each station. 

The goal of exploring these additional factors was to identify station types, traffic pattern 

groups, and temporal factors that affected AADT estimation to best understand the total 

impact of count duration on short term counts and data gap size on permanent counts. 

The AADT was examined to determine whether higher or lower volume sites exhibited 

different characteristics relative to one another. Due to the use of average absolute error 

as the initial analysis, differentiation within the dataset that was analysed provided 
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further understanding into the different factors affecting the strength of AADT estimates. 

Rather than analysing stations individually and reporting on the performance of every 

station, the performance of stations grouped by certain characteristics allowed for a 

better understanding of potential patterns within the data. 

Traffic patterns groups are separated by season variations, and therefore were 

separated in order to compare the strength of AADT estimation under these different 

traffic variations. Traffic pattern groups and their effect are especially of interest for the 

analysis of short term count duration due to the reliance on traffic pattern groups and the 

stations within them to perform expansion to an AADT value. Not only is the traffic 

pattern group and the traffic variation between groups of interest for short term count 

expansion, but the number of stations within each traffic pattern group is as well. 

Similarly to exploring the potential impact of traffic pattern groups due to the seasonal 

variation associated with each group, the effect of the month of the year in which the 

short term count and data gaps took place was explored. As short term counts are 

conducted between the months of May and October, only these months were examined 

to maintain consistency with Manitoba’s existing count program. For the analysis of 

permanent count stations’ data gaps, all twelve months were examined to determine 

which months exhibited higher or lower average absolute error and the magnitude of 

these differences. Furthermore, the average absolute error was graphed alongside the 

daily volumes on a station by station basis to determine how error fluctuates throughout 

the year relative to traffic volume. This analysis compared the loss in data quality 

between a data gap of four weeks and a data gap of an entire month. 

Additional analyses on variations of these relationships were performed as part of the 

analysis in an attempt to discover more factors affecting the strength of AADT estimates. 
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These included examining incremental error changes for short term counts, as well as 

the change in the precision of AADT estimates for varying count durations and data gap 

sizes. 

3.6.  THE DATASET 

In order to develop an extensive database of AADT estimates to best understand the 

impact of count duration and data gaps a large and variable set of stations were 

required. Stations were required to have a full year of data in order to provide a ground 

truth AADT value to avoid external factors outside of those being analysed. Recent data 

from 2012 and 2013 was used and a total of 50 stations were used for the analysis. 

Some of these stations were removed from the short term count analysis as each station 

was required to be assigned to a traffic pattern group. Currently in Manitoba, 13 

permanent count stations are unassigned to a traffic pattern group resulting in nine out 

of the 50 stations available for analysis to be used only for the first analysis of 

permanent count stations. A description of each of Manitoba’s seven traffic pattern 

groups can be found in the appendix. A full list of stations, including their respective 

traffic pattern group, AADT, year, and count technology is shown in Table 3. 

Of the 50 stations analysed for this research, 24 were from 2012 while 26 were from 

2013 and nine stations had complete datasets in both 2012 and 2013. A total of 41 

unique stations were used for the analysis of permanent count stations. Due to the 

requirements of being assigned a traffic pattern group, 40 out of the 50 stations were 

used for the short term count analysis. Within traffic pattern group two however, there 

were 18 stations used as part of the direct ratio method. 

Table 3 - Stations Analysed 

Station Number Year TPG AADT Count Technology 
9 2012 1 9610 AVC 

11 2012 2 2040 AVC 

14 2012 4 3670 PCS 

20 2012 1 23920 AVC 
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21 2012 4 1450 AVC 

23 2012 - 670 AVC 

28 2012 4 1250 PCS 

30 2012 - 740 AVC 

40 2012 2 1080 PCS 

43 2012 2 1720 AVC 

47 2012 1 21560 PCS 

55 2012 2 14230 AVC 

56 2012 4 1340 AVC 

58 2012 2 700 PCS 

66 2012 2 1790 WIM 

67 2012 4 3590 PCS 

68 2012 4 1240 PCS 

83 2012 2 900 AVC 

84 2012 2 700 AVC 

88 2012 2 2830 AVC 

91 2012 2 1070 AVC 

92 2012 4 1370 AVC 

93 2012 - 370 PCS 

94 2012 6 930 PCS 

9 2013 1 9970 AVC 

10 2013 2 780 AVC 

19 2013 - 15240 AVC 

20 2013 1 24240 AVC 

22 2013 - 3070 AVC 

23 2013 - 640 AVC 

29 2013 - 420 AVC 

30 2013 - 740 AVC 

31 2013 - 3430 AVC 

32 2013 4 2850 AVC 

40 2013 2 1080 PCS 

53 2013 4 1460 AVC 

56 2013 4 1150 AVC 

58 2013 2 690 PCS 

60 2013 2 1470 AVC 

72 2013 7 1890 PCS 

73 2013 7 1060 PCS 

78 2013 5 11250 AVC 

82 2013 7 800 AVC 

83 2013 2 850 AVC 

89 2013 1 6120 AVC 

91 2013 2 1020 AVC 

95 2013 1 5390 AVC 

96 2013 5 1970 PCS 

97 2013 6 570 PCS 

98 2013 7 1070 AVC 

Table 4 shows the breakdown of how many stations were used from each of the traffic 

pattern groups from 2012 and 2013. Most notably, traffic pattern group three did not 

have any stations in either year with a complete dataset while traffic pattern group two 

had the most combined stations with 16. As a result, no conclusions can be drawn 
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regarding the influence of traffic pattern group three or the three stations included in 

traffic pattern group three in this research. 

Table 4 - Number of Stations within Each TPG 

Traffic Pattern Group Stations Used 

1 7 

2 16 

3 - 

4 10 

5 2 

6 2 

7 4 

Similarly, stations varied in AADT as well as count technology. 13 of the stations used 

for the analysis had an AADT below 1000. Also, 10% of stations had an AADT above 

10,000. Although only count data was used for this research, permanent count stations, 

automatic vehicle classifiers, and a weigh in motion station were included in the dataset. 

Of the 50 stations 30% of them were permanent count stations that exclusively collect 

count data while 68% were automatic vehicle classifiers and one weigh in motion station 

was used. 
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4. ANALYSIS OF PERMANENT COUNT STATIONS 

This chapter details the results of the analysis for this research focused on analysing the 

error associated with AADT estimates at permanent count stations. The results of the 

permanent count station analysis illustrates the effect of varying durations of missing 

data on the quality of AADT estimates and provides insight into external factors affecting 

the extent of the error associated with each data gap. Additional factors aside from the 

size of data gap were explored to provide more insight into potential factors affecting 

AADT estimates. In analysing 50 stations, this analysis produced over 100,000 AADT 

estimates. The results of the analysis of all data gaps, as well as the additional 

relationships examined, are shown in this section. 

4.1. DATA GAPS ANALYSED 

The analysis of this research included nine different durations of missing data to 

illustrate the changing effect of data gaps on AADT estimates from permanent count 

stations. Data gaps of one, two, and three weeks were chosen to provide insight into the 

effect of small data gaps. Using the current methodology applied in Manitoba, a data gap 

equal to or less than three weeks would not result in the dataset being unusable for 

AADT estimates in Manitoba. Additionally, data gaps of four, eight, and twelve 

consecutive weeks were also chosen to illustrate the effects of large data gaps that 

would currently result in the dataset being unusable. These two datasets provide 

comparison between the errors associated with a small data gap opposed to the error 

associated with a large data gap in order to quantify the difference. Finally, data gaps of 

one, two, and three consecutive months were used and provide different information 

than that of the large data gaps. This dataset analyses the effect of entire months 

missing, rather than a collection of consecutive weeks. This was included to analyse the 
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effects of datasets missing particular months such as January or June rather than 

comparing January 3rd to 31st with June 1st to 28th. 

4.2. ACCURACY OF VARYING DATA GAPS 

To best understand the error associated with varying data gaps, the overall accuracy 

associated with each data gap was measured for all stations in this research. Figure 15 

shows an overview of the average absolute error associated with each data gap except 

the one, two, and three month data gaps, which are shown in the subsequent figure. 

 

 1 Week 2 Weeks 3 Weeks 4 Weeks 8 Weeks 12 Weeks 

Average 
Absolute 
Error (%) 

0.31% 0.36% 0.43% 0.55% 1.47% 2.66% 

 

Figure 15 - Average Absolute Percent Error by Data Gap Duration 

As expected, the relationship between error in an AADT estimate and the size of data 

gap is positively associated, with a steady increase in error alongside a proportional 

increase in missing data. The largest changes in error occur between four and eight 

weeks as well as from eight to twelve weeks. This increase can be attributed to the time 

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

1 Week 2 Weeks 3 Weeks 4 Weeks 8 Weeks 12 Weeks

A
ve

ra
ge

 A
b

so
lu

te
 P

er
ce

n
t 

Er
ro

r 

Duration of Missing Data (Consecutive Weeks) 



60 
 

difference between these data points being four weeks compared to the previous three 

data points having an incremental change of only a single additional week. To better 

display the effect of increasing the size of data gap, Table 5 illustrates the incremental 

change in error per additional week of missing data. 

Table 5 - Incremental Change in Average Absolute Percent Error 

 
1 to 2 
Weeks 

2 to 3 
Weeks 

3 to 4 
Weeks 

4 to 8 
Weeks 

8 to 12 
Weeks 

Incremental 
Change 

18% 20% 26% 170% 81% 

Change per 
week 

18% 20% 26% 42% 20% 

To best compare the incremental effect of increasing the size of the data gap the 

difference between each data gap must be equal. As seen in the previous table, the 

largest incremental increase in error is associated with the data gaps of four and eight 

weeks, resulting in a 170% change in error due to a four week difference in the size of 

the data gap. However, when the total incremental change is shown as a rate of change 

per additional week, the difference between data gaps is less extreme. The error in 

terms of change per week highlights the effect of each additional week of missing data 

by averaging the total change over the four weeks and assuming a constant rate of 

change. 

Another comparison performed in the analysis examined the difference between four, 

eight, and twelve week data gaps and one, two, and three month data gaps, 

respectively. This analysis illustrates the variance in error associated with an entire 

calendar month missing compared to a series of consecutive weeks to highlight the 

importance of having at least some traffic data for each month. A condition of the AADT 

calculation requires that at least one day of traffic data for each day of the week be 

present for each month in the year. This relationship is examined further later in this 

section. Figure 16 displays the differences between the two datasets.  
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Figure 16 - Average Absolute Error for Consecutive Weeks and Entire Month Comparison 

The previous figure illustrates the effect of missing an entire month of data compared to 

a similar sized data gaps that do not have the same restrictions. To analyse the effects 

of both data gaps two separate analyses were performed. To obtain estimates of 

average absolute error for four, eight, and twelve consecutive weeks each combination 

of consecutive days within a year was analysed and produced an AADT estimate. This 

resulted in 330 estimates for four consecutive weeks with dates ranging from: January 

1st to January 28th until December 3rd to December 31st. Conversely, the analysis of 

AADT estimates with entire months missing produced 12 estimates for one month, as an 

AADT estimate was obtained for each month of the year. The results of this illustrate that 

missing an entire month or months compared to an approximately equal data gap 

independent of months produces a larger average absolute error. 

4.3. PRECISION OF VARYING DATA GAPS 

To further understand the error associated with varying data gaps, the consistency, or 

precision of the error was measured for each station included in the analysis for each 
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data gap analysed excluding the one, two, and three entire month analyses due to a 

lower number of estimates produced by those analyses. The results of the precision 

analysis are displayed in cumulative distribution functions in the following section. A 

cumulative distribution function displays the probabilities from 0% to 100% that a random 

AADT estimate will have an average absolute error equal to or below the value at that 

probability. These graphs show the probabilities on the y-axis and the average absolute 

error on the x-axis. The maximum error of each dataset represents the value at 100% 

probability. Figure 17 shows the cumulative distribution functions for the data gaps of 

one, two and three weeks and Figure 18 shows the cumulative distribution function for 

the data gaps of four, eight, and twelve weeks as an average of all stations. 

 

Figure 17 - Precision of One, Two, Three Week Data Gaps 
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Figure 18 - Precision of Four, Eight, Twelve Week Data Gaps 

 Figure 17 and Figure 18 illustrate that: 

 One, two, and three week data gaps have similar values for precision showing 

that increasing the size of data gap does not have a large effect on precision 

when the data gap remains small. 

 As the data gap increases to four weeks the precision decreases and the twelve 

week data gap is susceptible to outlier values of average absolute error over 

13% compared to maximum values of 1.25%, 1.5%, 2%, 2.5%, and 7.5% for the 

other data gaps. 

 The largest variance in precision for the different data gaps is accented in the 

higher percentiles due to the probability of outlier values. The increase in error 

across varying data gaps follows an exponential increase. 

 The difference between averages of the different data gaps (50th percentile) does 

not highlight the effect of larger data gaps to produce outlier values more 
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frequently. Examining the 80th and 90th percentile values reveals more 

information regarding the effect of larger data gaps. 

4.4. IMPACT OF TIME OF YEAR ON AVERAGE ABSOLUTE PERCENT ERROR 

This section details the analysis of the impact of the month of the year in which the data 

gaps began on the accuracy of AADT estimates at permanent count stations. This 

section first illustrates temporal traffic variations at several stations as well as including 

the temporal variations in absolute error at those stations. The complete analysis of all 

stations is also provided in this section for all the data gaps including one, two, and three 

entire month data gaps, which are shown separately at the end of this section. 

4.4.1. Temporal Variations of Data Gaps 

Figure 19 shows the daily volumes over the period of one year at two separate stations 

included in the analysis. These graphs show typical temporal variations of traffic over an 

entire year to illustrate the extent that traffic can vary from month to month. Traffic 

volume is shown as a percentage of the AADT at the respective station. On the 

subsequent page, Figure 20 shows the same graphs as well as the absolute percent 

error for a four consecutive week data gap over the course of the year at that specific 

station. The two stations shown, along with characteristics of that station are shown in 

Table 6. Station 14 had a standard deviation of 15% the AADT suggesting a low 

variation while station 94 had a standard deviation of 52% the AADT suggesting a high 

variation in the daily volumes. 

Table 6 - Stations Analysed for Temporal Variations 

Station Year AADT TPG 
4 Week Data Gap 

Absolute Error 

14 2012 3670 4 0.29% 

94 2012 930 6 0.99% 

 



65 
 

 

 

 

Figure 19 - Temporal Traffic Variations 
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Figure 20 - Temporal Traffic and Average Absolute Error Variations 
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Figure 19 & Figure 20 reveal the following: 

 Traffic volumes at station 14 remain relatively constant throughout the year with 

no large volume spikes. Station 94 traffic volumes fluctuate strongly throughout 

the year and experiences large spikes in volume. 

 Station 94 volume increases steadily in early 2012 until the summer months 

when there is a spike in traffic volume before decreasing from September until 

the end of the calendar year. 

 Both stations show a rise in % AADT in the summer months to varying 

magnitudes. 

 The average absolute error at station 14 remains relatively steady throughout the 

year with few outliers. 

 The average absolute error at station 94 fluctuates consistently alongside spikes 

in traffic volumes during the summer months. During the other months, spikes 

can be seen in January, February, and November that do not coincide with 

spikes in daily volumes. 

 Both station 14 and station 94 exhibit spikes when the data gap begins at the 

start of a new month, however this spike is much more prominent with station 94. 

These data gaps most closely resemble the entire month data gap examined in 

the following section. As seen previously in section 4.2, the entire month data 

gap exhibits a higher average absolute error than compared to four continuous 

weeks. 

 Station 94’s February peak occurring when the four week data gap beings on 

February 2nd represents the highest percentage error. This suggests that data 

gaps that start at the beginning of a month possibly produce higher errors. 
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To examine a broader impact of the time of year on the error of AADT estimates, each 

station was analysed to determine the average absolute error for each month of the 

year. Results were grouped into the month in which the data gap began regardless of 

how many days of the data gap are in fact in that month. To isolate the temporal 

variations of each data gap two graphs were created. 

Figure 21 shows the results from the one, two, and three week data gaps for all stations 

highlighting a relatively consistent average absolute percent error from month to month. 

Most notably, the three week data gap has a spike in December which is almost double 

the error of any other month for all three data gaps shown. The data available for the 

three week data gap in December is limited to 550 AADT estimates compared to the 

normal 1500 AADT estimates available for other months, increasing its susceptibility to 

outliers that caused this spike in error. December also has the largest increase in error 

between the one and two week data gaps. 

 

Figure 21 - Average Absolute Error by Month for 1, 2, 3 Week Data Gaps 
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The analysis of the four, eight and twelve week data gaps provided more variance 

between the data gaps in terms of average absolute error for each month. Figure 22 

provides the results of the analysis. For data gaps of eight and twelve weeks, no data is 

available for December for either month and no data is available for November for the 

twelve week data gap. 

 

Figure 22 - Average Absolute Error by Month for 4, 8, 12 Week Data Gaps 

Figure 22 shows that: 

 The four week data gap remains relatively consistent across the months of the 

year, similar to the data gaps shown in Figure 21. 

 The eight and twelve week data gaps show more pronounced variations between 
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 Both the eight and twelve week data gaps show their largest errors during the 

summer months as well as in January. 
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 The difference between the eight and twelve week data gaps is most pronounced 

during April, May, June, and July. 

 Spring and fall months (March/April and September/October) show the smallest 

error. 

The temporal variations across data gaps show peak periods for average absolute 

percent error during the summer months as well as in January. Between data gaps, an 

increase in average absolute error was observed consistently during all months however 

the extent of the change in average absolute error varied depending on the month. The 

month of May showed the highest increase between the eight and twelve week data 

gaps, showing a 165% increase; the month of April had a 155% increase. The largest 

increase from all the data gaps was the increase from four to eight weeks during the 

month of June, a 350% increase in average absolute percent error. 

4.4.2. Temporal Variations of Entire Month Data Gaps 

This section isolates the analysis of the temporal variations for the data gaps of one, 

two, and three entire months. These data gaps were analysed separately from the 

previous section to highlight the impact of missing certain months of the year. 

Figure 23 shows the traffic volumes illustrated in the previous section for stations 14 and 

94 but shows the data in monthly average daily volume bins. The use of monthly bins 

allows for a more evident pattern to be seen and reduces the appearance of outlier 

average absolute error values from AADT estimates. Figure 24 similarly shows stations 

14 and 94 however with the average absolute error of one entire month missing shown 

as well. 
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Figure 23 – Temporal Traffic Variations (Monthly Bins) 
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Figure 24 - Temporal Traffic and Average Absolute Error Variations (Monthly Bins) 
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Figure 23 & Figure 24 show that: 

 Similar to the data from station 14 in the previous section, the monthly volumes 

remain relatively constant regardless of the month of the year with only a small 

increase during the summer months. 

 Also similar to the data from the previous section, station 94 shows a large peak 

during the summer months while also having months with daily volumes 

approximately half of the AADT at station 94. 

 The average absolute error at station 14 remains relatively constant with an 

average of 0.8% and maximum and minimum values of 1.27% and 0.31%, 

respectively. 

 The average absolute error at station 14 rises above 1% only for the summer 

months (June, July, and August) and the winter months of January and February. 

 The error at station 94 contrasts the error at station 14 and does not remain 

relatively constant. Error values range from 0.93% to 6.41% with an average 

error of 3.42% however six of the months had an average error within 0.5% of 

the average error (3.42%). 

 Station 94’s average absolute error peaked in the summer months of July and 

August, but had smaller peaks in January/February and December with low 

values in the months in between, specifically April, May, September, and 

October. 

 Both station 14 and 94 have similar temporal variations for traffic volumes and 

average absolute percent error except during the winter months when volumes 

decrease and error increases. 

Similar to the previous section, an analysis of a data gap of an entire month as well as 

data gaps of two and three entire months were conducted for each station and the 
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results were averaged for each month to develop an understanding of the impact of the 

month of year of error of AADT estimates. The results are shown in Figure 25 for all 

three data gaps for each month of the year. Data for the two month data gap is 

unavailable for December and the three month data gap does not have data for 

November or December as the last data gap analysed was for October through to 

December. The numerical data for each of the three data gaps is shown underneath the 

graph. 

 

Data 
Gap 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

One 
Month 

2% 1.5% 1.2% 0.7% 0.6% 1.4% 2.4% 2.5% 1.1% 0.6% 1% 1.5% 

Two 
Months 

3.9% 2.9% 2.1% 0.9% 2.1% 4.2% 5.3% 3.8% 1.5% 1.2% 2.8%  

Three 
Months 

5.8% 4.1% 1.9% 1.9% 5.1% 7.6% 7.1% 4.6% 1.5% 2.8%   
 

Figure 25 - Average Absolute Error by Month for One, Two, Three Month Data Gaps 

Figure 25 shows that: 
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 All three datasets follow a similar temporal trend consisting of peaks during the 

summer months of June and July as well as during January. Additionally, low 

values were observed from September to December as well as March to May 

with the exception of May being a low period for the three month data gap. 

 The largest difference for a single month between the one and two month data 

gaps occurred over the month of May, where there was a 233% increase in 

average error between the one and two month data gaps. 

 Similarly, the largest difference between the two and three month data gaps 

occur in the month of May, however the increase is 146% between two and three 

month data gaps. 

 The lowest difference between the two and three month data gaps is -8% in 

March, where the error associated with missing the months of March, April, and 

May is lower than the error associated with missing only March and April.  

 Similarly, the difference between the two and three month data gaps in 

September is only 2.2%. 

 The average increase in error from a two month to three month data gap is over 

60% while the average increase in error between a one month and two month 

data gap is 109%, showing that the average absolute percent error more than 

doubles on average between having a single month of missing data and having 

two consecutive months of missing data. 

The effect of missing one entire month is especially of interest for this analysis as the 

data obtained from each station is binned by month both in data retrieval and 

analysis by MHTIS. Due to this, the presence of an entire missing month can be 

common, and currently would result in the station being unable to produce an AADT 

estimate for that year. Due to the use of the control site for short term count 



76 
 

expansion, the absence of an AADT estimate from a permanent count station also 

affects the ability to obtain an ADT value for the short term count stations paired to 

that respective station. Figure 26 shows the results of the analysis on the temporal 

variation of a data gap of one entire month, separated by month. 

 

Figure 26 - Average Absolute Percent Error by Month for a One Month Data Gap 

Figure 26 shows the following: 

 On average, stations missing the months of April, May, or October would not 

produce an AADT estimate with a relatively high error. 

 Conversely, if a station is missing January, July, or August, the resulting error 

would, on average, be relatively high. 

 The average error associated with July and August is four times greater than the 

error associated with the months of May and October. 

 The average error of missing an entire month is 1.4%, with only the months of 

January, July, and August significantly above average. 
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The temporal variations for the previously discussed data gaps of one, two, and three 

entire months show similar patterns. All three data gaps had peaks during the summer 

months, as well as during January. Low values for error were observed for all three data 

gaps during the months in between summer and winter including March, April, 

September, and October. Similar to the results from the previous section, as the data 

gap increased in size, the error increased as well with the exception of increasing the 

data gap from two to three months for data gaps beginning in March. Overall, the month 

in which the missing data occurred can be seen to have both a positive or negative 

effect on the overall average absolute percent error of an AADT estimate, depending on 

the month. 

4.5. IMPACT OF AADT ON AVERAGE ABSOLUTE PERCENT ERROR 

This sections presents the analysis and findings from examining the impact of traffic 

volume along a roadway on average absolute percent error of AADT estimates. The 

following figure shows the relationship between AADT and average absolute percent 

error. Each station used in the analysis is shown on the graph with the AADT at that 

station and the average absolute percent error for a four week data gap being used as 

coordinates. The graph is skewed along the x-axis due to the presence of several high 

volume sites, however 80% of stations have an AADT below 5000 vehicles per day. The 

maximum AADT in the sample is 24240 vehicles per day. All data gaps analysed 

showed similar data patterns. 
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Figure 27 - Average Absolute Percent Error by AADT for a Four Week Data Gap 

Figure 27 shows: 

 There is no linear relationship between the AADT at a station and the average 

absolute percent error of an AADT estimate. 

 Lower volume stations appear more susceptible to having stations with higher 

average absolute error. 

 The presence of relatively high average absolute error decreases as AADT 

increases in this sample. 

 There are 16 of the 50 stations above the average error for a four week data gap 

of 0.55%. 12 of these 16 stations above the average have an AADT below 2000. 

Similarly, for a data gap of eight weeks, only 15 stations are above the average of 1.47% 

error, 11 of which have an AADT less than 2000. Overall, no trend exists between AADT 

and average absolute percent error, however, it can be seen in the sample of stations 

used for the analysis that lower volume stations have a higher likelihood of having above 

average error relative to medium and higher volume stations. 
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4.6. IMPACT OF TRAFFIC PATTERN GROUPS ON ABSOLUTE PERCENT ERROR 

This section examines the impact of a station’s traffic pattern group on the average 

absolute percent error of an AADT estimate. Traffic pattern groups are created to join 

stations that experience similar patterns in traffic volumes for hour of day, day of week, 

and month of year. The month of year traffic pattern among different traffic pattern 

groups is the only one of the three patterns examined in this research. Figure 28 shows 

the average absolute percent error for a one month data gap by month for each traffic 

pattern group represented in the stations used for the analysis. Table 7 provides a 

breakdown of which stations are assigned into each traffic pattern group. Traffic pattern 

group three is the only traffic pattern group not represented in the analysis. 

Table 7 - List of Stations within each Traffic Pattern Group 

TPG Stations 

1 9 (x2), 20 (x2), 47, 89, 95 

2 10, 11, 40 (x2), 43, 55, 58 (x2), 60, 66, 83 (x2), 84, 88, 91 (x2) 

3 N/A 

4 14, 21, 28, 32, 53, 56 (x2), 67, 68, 92, 94, 97 

5 78, 96 

6 94, 97 

7 72, 73, 82, 98 

- 19, 22, 23, 29, 30, 31, 93 

(x2) denotes data was available for 2012 and 2013  
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Figure 28 - Temporal Variation of Average Absolute Error by TPG 

* TPG 6 is on a different vertical scale than all other TPGs 

The previous figure illustrates how stations within a traffic pattern group range in the 

average absolute error associated with a month of the year missing. Each data point 

shown represents the average absolute percent error when the month on the x-axis was 

removed from the AADT estimation. Intuitively, if stations are grouped together based off 

of traffic patterns, the results of removing a specific month should produce similar 

variation in error from month to month across all stations within the traffic pattern group. 

According to MHTIS, similar seasonal variations are present between TPG4 & TPG1 

due to low seasonal variations, TPG6 & TPG3 due to a very high summer peak, and 

TPG7 &TPG5 due to a high summer peak [2]. Key findings from the previous figure are: 

 TPG1, TPG2, and TPG4 show the lowest error across all stations within all three 

traffic pattern groups, as well as consistent month to month variation across all 

stations, similar to the limited season variation in traffic volumes. 

 TPG5, TPG6, TPG7 all show similar month to month variation in error, peaking 

during July and August and experiencing lowest average absolute percent error 
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when the months of May and October are removed. A high summer peak 

coincides with a similar high summer peak in overall traffic volume. 

 The stations within TPG6 show the highest average absolute error, resulting in a 

modified scale different from the scale applied to the other TPGs included in the 

dataset. 

 TPG5, TPG6, and TPG7, despite having a limited number of stations included in 

this research, display similar trends of average absolute percent error within each 

traffic pattern group. 

 Traffic pattern groups with low to moderate seasonal variations (TPG1, TPG2, 

TPG4) show smaller average absolute error overall than traffic pattern groups 

with high seasonal variations (TPG5, TPG6, TPG7). 

Overall, the previous figure illustrates that different traffic pattern groups experience 

different variations in error. Therefore, all six traffic pattern groups included in the 

stations used for the analysis were examined to compare variations in error across all 

data gaps. The traffic pattern groups are compared for each data gap, to see the 

changing effect of varying data gaps across each traffic pattern group. Figure 29 

provides the results of the average error across each traffic pattern group for one, two, 

and three week data gaps. 
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Figure 29 - Average Absolute Error by Traffic Pattern Group for One, Two, Three Week Data Gaps 

Figure 29 shows that: 

 TPG6 has the lowest average error for a one week data gap (0.16%) but the 

highest average error for a three week data gap (0.44%). 

 TPG2 experiences only minor change between the three data gaps, increasing 

8% and 11% between one and two week and two and three week data gaps. 

 Conversely, TPG6 increases 82% in error from a one week to two week data gap 

and 50% from a two to three week data gap. 

 All traffic pattern groups have low error for each of the data gaps shown. 

Similarly, Figure 30 provides the results of the analysis of data gaps of four, eight, and 

twelve weeks across all traffic pattern groups. 
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Figure 30 - Average Absolute Error by Traffic Pattern Group for Four, Eight, Twelve Week Data Gaps 

Figure 30 reveals the following: 

 All traffic pattern groups have a similar average absolute percent error for a four 

week data gap (within .05% except for TPG6 which is within 0.15%). 

 All traffic pattern groups except TPG6 are similar for eight and twelve week data 

gaps (within 0.6% and 1.2%, respectively). 

 TPG6 has an average absolute percent error that is almost 50% higher than the 

next highest error (TPG7) for both an eight and twelve week data gap. 

 The average absolute percent error for a two week data gap for TPG6 is equal to 

the average error for a three week data gap for all other traffic pattern groups. 

The results the previous two graphs show that overall, the average error for each traffic 

pattern group is similar for the longer data gaps aside from TPG6 which experiences 

much higher errors than all other traffic pattern groups. 
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4.7. IMPLICATIONS FOR PERMANENT COUNTERS IN MANITOBA 

Currently, permanent count stations in Manitoba require traffic data for at least one day 

of traffic data for each day of the week in each month of the year to be able to produce a 

sufficiently accurate AADT estimate. Factors such as traffic variability, time of year, and 

the traffic pattern group do not currently affect whether or not a station can produce an 

AADT estimate in Manitoba. 

The results of the analysis of permanent count stations provided insight into factors that 

affect the amount of data required for an AADT estimate at a permanent count station. 

When examining future permanent count stations, characteristics such as traffic 

variability and time of year where a data gap occurs can provide an approximation of the 

resulting error and allow historical data from the station being analysed to be used for 

deciding if the accuracy of the AADT estimate warrants rejection. 

The analysis showed that a uniform requirement for data gap duration does not affect 

each station equally, and more influence should be given to other factors. This research 

showed that the introduction of context sensitive decisions using individual station data 

allows for a more accurate understanding of error resulting from varying data gaps. This 

research equips future members of the Manitoba Highway Traffic Information System 

with information on some of the different factors affecting AADT estimates and allows for 

permanent count station data to be used or rejected, depending on the factors analysed 

in this chapter.  
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5. ANALYSIS OF SHORT TERM COUNTS 

This chapter provides the results of the analysis of AADT estimates produced with 

varying count durations and includes comparisons of the different count durations used 

to expand short term counts. Additional factors aside from the count duration were 

explored to provide more insight into potential factors affecting the accuracy AADT 

estimates. This included separate analyses of the impact of the month and day of week 

the counts occurred, as well as site characteristics such as the traffic pattern group and 

AADT of the site. In analysing 40 stations, this analysis produced over 50,000 AADT 

estimates. The results of the analysis of all count durations, as well as the additional 

relationships examined, are shown in this chapter. 

5.1. COUNT DURATIONS ANALYSED 

The analysis of this research utilized four different short term count durations to examine 

the changing effect of the duration of a short term count on error associated with AADT 

estimates. Count durations of one, two, three, and seven days were analysed for each 

station included in the dataset. 

Using one of the current methods for short term count expansion in Manitoba, each of 

the four different count durations were analysed to best understand the influence of 

different durations on AADT estimates. The method used in this research required the 

use of all other permanent count stations within a traffic pattern group to develop an 

AADT estimate for each short term count. Stations without a traffic pattern group were 

excluded from the analysis due to the requirement of using other stations within the 

traffic pattern group for short term count expansion. This resulted in ten stations being 

excluded from the analysis of the 50 available stations utilized for the previous analysis 

from 2012 and 2013. AADT estimates were determined using the direct ratio method, 
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which is used in both of Manitoba’s current short term count methods. Primarily, 

Manitoba uses the direct ratio method to pair a station with a site that exhibits similar 

traffic patterns. This site is referred to as a control site and is a reference site that 

provides data for a full year. This method uses the assumption that all sites within a 

traffic pattern group exhibit similar enough traffic variations that comparing the data from 

the short term count to data from the control site over the same time period can produce 

a factor. Low average errors in this analysis would confirm the assignment of stations 

into traffic pattern groups. This factor is then applied to the short term count thus giving 

an AADT estimate for the short term count location. The second method used in 

Manitoba, and the one used for this research involves using the direct ratio method for 

every station within the traffic pattern group, not just a single control site. The results 

from each AADT estimate are then averaged producing an AADT estimate that is not 

based on one site, but rather many sites within a traffic pattern group. In Manitoba, 

seven traffic pattern groups currently exist, six of which are included in this analysis. The 

effect of traffic pattern groups are detailed later in this analysis. 

5.2. ACCURACY OF VARYING COUNT DURATIONS 

To obtain an initial understanding of the error associated with each of the four count 

durations, the overall accuracy was calculated for all stations analysed in this section. 

The results were averaged for each count duration to provide insight into the 

approximate error associated with each count duration. Figure 31 shows the results of 

the analysis of one, two, three, and seven day count durations. 
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1 Day 2 Day 3 Day 7 Day 

Average Absolute Percent Error (%) 10.73% 9.39% 8.56% 7.13% 
 

Figure 31 - Average Absolute Percent Error by Count Duration 

Figure 31 illustrates a negatively associated relationship between count duration and 

average absolute percent error. Increasing the count duration of a short term count 

reduces the error of the AADT estimate on average. The relationship between count 

duration and average absolute percent error shows a small decline of approximately 

10% between each of the four count durations. However, the difference between each 

count duration is not uniform, as moving from a three day count to seven day count 

results in four extra days of counting. To better understand the difference between count 

durations, and to compare them using a metric more indicative of actual benefit realized 

when moving from one count duration to the next, the incremental change was 

calculated and expressed as a rate of percent change per additional day of counting. 

The results are shown in Table 8. 
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Table 8 - Incremental Change in Average Absolute Percent Error 

 1 to 2 Days 2 to 3 Days 3 to 7 Days 

Incremental Change -12.46% -8.85% -16.67% 

Change per Day -12.46% -8.85% -4.17% 

As seen in Table 8, comparing incremental change as a rate instead of an overall 

change shows the benefit of adding an additional day to the short term count drops 

consistently from a one day count to a seven day count. The benefit between and three 

day count and seven day count was assumed to be uniform per additional count day. 

Using the incremental change, it appears that the maximum increase in accuracy is 

realized when performing a two day count as opposed to a one day count. As traffic 

monitoring programs require large amounts of resources, each jurisdiction must find a 

balance between desired accuracy and available resources. Presenting the efficiency of 

each count duration compared to the next shortest count duration illustrates the 

efficiency of extending the short term count duration. 

5.3. PRECISION OF VARYING COUNT DURATIONS 

In addition to understanding the average error associated with each count duration, the 

consistency, or precision, of the error was also analysed to develop an understanding for 

how likely varying magnitudes of error are with the four count durations analysed in this 

research. The results of the analysis on the precision of AADT estimates for each count 

duration is shown in the following figure as a cumulative distribution function.  
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Figure 32 - Precision for One, Two, Three, and Seven Day Count Durations 

Figure 32 shows: 

 Increasing the count duration decreases the magnitude of outlier values for 

AADT estimates. The 99th percentile value for a one day count is approximately 

80% higher than that of a seven day count 

 As the percentile for error increases, the gaps between average absolute percent 

errors all four count durations grow larger. 

 The 90th percentile average absolute percent error of a one day count is 60% 

higher than that of a seven day count and 30% higher than that of a three day 

count. 

 Increasing count duration decreases the likelihood of having large outlier values 

and provides relatively more precise AADT estimates by using more data from 

the short term count location. 
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5.4. IMPACT OF TIME OF YEAR ON AVERAGE ABSOLUTE PERCENT ERROR 

This section details the analysis of the impact of the month in which the short term count 

occurs on the average absolute percent error of the AADT estimates produced. This 

section firsts illustrates how temporal variations in traffic throughout the year compared 

to temporal variations of average absolute percent error at stations with high and low 

variable traffic volumes. Further in this section, a graph comparing the errors associated 

with counts in each month for all four count durations are shown and the error 

associated with months with a traffic monitoring program’s typical count season (May 

through October) are compared to the months outside the typical count season. 

5.4.1. Temporal Variations of Error and Traffic Volume 

To examine the temporal variations in error, two separate stations were analysed 

representing a traffic site with high variation and another traffic site with low variation. 

The two sites chosen, stations 14 and 94 are similarly shown in the analysis of 

permanent count stations as they resemble the stations with the lowest and highest 

standard deviations of traffic volume, respectively. Figure 33 shows these two stations 

daily volumes over the time period of one year. Also included for each station is the error 

associated with a two day count conducted on each day of the year, shown in orange. 

The key findings from these two figures are described following the figure. The 

characteristics of the two stations are provided in the subsequent table. 

Table 9 - Stations Analysed for Temporal Variations 

Station Year AADT TPG 
2 Day Average 
Absolute Error 

14 2012 3670 4 6.15% 

94 2012 930 6 10.03% 
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Figure 33 - Temporal Traffic and Absolute Percent Error Variations 
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Figure 33 shows: 

 Station 14 shows a more constant error, with fewer spikes in error from two day 

short term counts 

 Station 94 shows peaks in error corresponding to similar peaks in traffic volume 

during the summer months. 

 Station 14 has two days (November 10th/11th) with daily volumes of almost half of 

the AADT of 3670 resulting in a large spike in the error from the two day counts 

that include those days. 

 The average error for station 94 (10.03%) for a two day count is 63% higher than 

the average error for station 14 (6.15%). 

 Aside from spikes in error corresponding to spikes in traffic volumes during the 

summer at station 94 the error seems to be highest during the winter months. 

 Similarly, station 14 shows a constant error throughout the year but the spikes in 

error predominantly occur during the winter months. 

 The error for both stations seem lower during the typical count season for short 

term counts (May through October) compared to the months outside the typical 

count season. 

5.4.2. Temporal Variations of Error in Short Term Counts 

To examine further the extent of the difference in average absolute error of AADT 

estimates by month, each station was analysed for all four count durations. The 

difference in average error between the typical count season of May through October 

and the other months was also compared using the results of the analysis. The results 

were averaged by month for all stations and shown in Figure 34.  
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1 Day 11.9% 13.1% 12.1% 9.4% 8.4% 9.4% 10.1% 9.7% 10.3% 9.8% 12.8% 11.8% 

2 Days 10.7% 11.6% 10.3% 7.9% 7.3% 8.5% 9.0% 9.2% 8.6% 8.4% 10.8% 10.6% 

3 Days 10.0% 10.8% 9.4% 7.1% 6.6% 7.8% 8.2% 8.8% 7.4% 7.3% 9.5% 9.9% 

7 Days 9.4% 10.4% 7.6% 5.7% 5.1% 6.1% 7.4% 8.2% 4.7% 5.2% 7.4% 8.7% 
 

Figure 34 - Average Absolute Percent Error by Month 

Figure 34 reveals the following: 

 Average absolute percent error is lowest for all count durations during the month 

of May with the exception of the seven day count duration, which has the lowest 

average error in September. 

 Similarly, the average error for all count durations is highest during the month of 

February. 

 The month of August has the least difference between all count durations with an 

18% decrease in error between a one day and seven day count duration. The 

average decrease in error for all months is 56% from a one day to seven day 

count. 
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 September has the highest difference between all count durations as the error 

decrease 118% from a one day count to a seven day count. 

 Similar to the error variation in permanent count stations, the months of April, 

May, September, and October exhibit the lowest average errors. 

 The average difference between the months used for short term counts in 

Manitoba (May through October) and the months not used (November through 

April) is 25% higher for months outside the typical count season for all count 

durations. 

The most apparent pattern seen in the previous figure shows that there is a significant 

difference between the months of April through October, which show a lower average 

error and the months between November and March, which consistently show a higher 

average error. The average error for months within the typical count season (May 

through October) and outside are shown in Table 10. The table shows the average error 

for months within Manitoba’s short term count season and the average error for months 

excluded. Also included in the following table is the percent difference between the 

average error of the months within the count period and the months outside the count 

period. The table shows a consistent increase in average error during the months 

outside the typical count season with a maximum percent difference occurring for the 

seven day count duration. 

Table 10 - Average Error by Month and Percent Difference 

 
1 Day 2 Days 3 Days 7 Days 

May - Oct 9.63% 8.50% 7.69% 6.12% 

Nov - Apr 11.86% 10.31% 9.45% 8.18% 

Percent 
Difference 

23% 21% 23% 34% 

 



95 
 

5.5. IMPACT OF DAY OF WEEK ON AVERAGE ABSOLUTE PERCENT ERROR 

This section presents the results and findings of the analysis of the impact that the day 

of week in which a short term count is conducted has on the error of the AADT estimate. 

Count durations of one, two, three days were analysed separately for all stations for data 

within the months of May through October. Further analyses will present results for these 

months to provide a more accurate representation of the influence of additional factors 

during months when short term counts will be conducted. 

The following figure presents the average error for all stations for each day of the week 

for count durations of one, two, and three days. For the count durations of two and three 

days, the day shown on the horizontal axis represents the start day of the count. For 

example, two day counts shown for “Tuesday” refer to a two day count conducted on 

Tuesday and Wednesday whereas a three day count would also include Thursday in 

addition to Tuesday and Wednesday. 

 

Figure 35 - Average Absolute Percent Error by Day of Week 
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Figure 35 shows: 

 Tuesday, Wednesday, and Thursday are the ideal start days for a one, two, and 

three day count. The error for all three count durations remains relatively 

consistent across all three of the days. 

 Weekends produce higher error across all three count durations in comparison to 

weekdays. 

 The most consistent day of the week across all three count durations was 

Thursday. Each of the three count durations have average errors within one 

percent of each other. 

 The least consistent day of the week across all three count durations was 

Sunday. The average error of a one day count is double the error for a three day 

count beginning Sunday and 50% higher than a two day count. 

 The highest average error is associated with a one day count on Sunday (15%). 

Similarly, the highest average error for a two day count occurs on counts taken 

from Saturday to Sunday (12.86%). The highest average error for a three day 

count occurs on counts taken from Friday to Sunday (10.1%). 

 One day counts produce the highest error of the three count durations for five of 

the seven days of the week. However, two day counts produce the highest error 

when beginning on a Saturday and three day counts produce the highest error 

for counts beginning on a Friday. 

 Three day counts are within 20% of each other for each day of the week with the 

exception of counts beginning Fridays and Saturdays (60% difference). 

5.6. IMPACT OF AADT ON AVERAGE ABSOLUTE PERCENT ERROR 

This section presents the analysis and results from examining the influence of traffic 

volume at a short term count site on the average absolute percent error of AADT 
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estimates for all count durations. Similar to the analysis of the relationship between error 

at permanent count stations and traffic volume, the following figure illustrates the 

relationship between average absolute percent error for a two day traffic count and the 

AADT at that specific site. The stations are skewed away from the vertical axis due to a 

large percentage (80%) having an AADT below the first major gridline (5000 vehicles / 

day) on the horizontal axis. Each of the other three count durations exhibited similar 

trends to that of a two day count. 

 

Figure 36 - Average Absolute Percent Error by AADT for a Two Day Count 

Figure 36 reveals that: 

 No linear relationship between AADT and percent error exists. Stations with an 

average daily volume below 5000 vehicles show both high and low relative 

errors. 

 Stations with an AADT above 5000 do not exceed 10% error, suggesting higher 

volume sites are less susceptible to having high errors than low volume sites. 
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 Thirty percent of sites below 5000 vehicles per day have average absolute 

percent errors above 10%. The average error for a two day count across all 

stations is 9.4% 

Overall, no relationship is apparent between the daily volume of a site and the average 

absolute percent error for any of the four count durations used in the short term count 

analysis. However, it can be seen that lower volume sites (5000 AADT or less) in the 

sample were susceptible to above average errors compared to higher volume sites, 

where only one of ten sites with an AADT above 5000 had an above average error. That 

site had an average absolute percent error less than 2% higher than the average for a 

two day count. 

5.7. IMPACT OF TRAFFIC PATTERN GROUP ON AVERAGE ABSOLUTE PERCENT 

ERROR 

This section examines the impact of the traffic pattern group used to expand a short term 

count to an AADT estimate. This section illustrates the average absolute percent error 

by month for all stations within each respective traffic pattern group before comparing 

the error associated with the stations within each traffic pattern group. Also included is 

an analysis on the influence the number of stations within each traffic pattern group used 

for the AADT estimate. 

Figure 37 illustrates the monthly variation in average absolute percent error for all 

stations within each traffic pattern group for a two day count. All traffic pattern groups are 

shown on the previous figure on a uniform scale for comparative purposes. The error 

associated with a two day count within each traffic pattern group maintains consistency, 

with minimal exceptions aside from two stations in traffic pattern group four. 
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Figure 37 - Temporal Variation of Average Absolute Error by TPG 

The key findings from Figure 37 are: 

 TPG1, TPG4, and TPG5 show the lowest and most consistent error across 

varying months with the exception of station 56 (2012 & 2013) within TPG4. 

 TPG5 and TPG6 are the least represented within the sample with two stations 

within each traffic pattern group. 

 Large seasonal variations are uncommon across the general trend of all traffic 

pattern groups. 
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Overall, the previous figure illustrated that average absolute percent error and variation 

in error vary between traffic pattern groups and an analysis into the error associated with 

each traffic pattern group may provide additional insight into factors affecting AADT 

estimates from short term counts. Figure 38 presents a portion of these findings 

highlighting the average error for each count duration at all six of the traffic pattern 

groups represented within the sample used for analysis. 

 

Figure 38 - Average Absolute Percent Error by Traffic Pattern Group 

Figure 38 shows that: 

 TPG5 shows the most consistent error for all count durations with an overall 

decrease in error of 8% between a one day count and seven day count. 

 Conversely, TPG2 shows the highest variability across count durations with an 

overall decrease in error of 82% from a one day count to a seven day count. 

 TPG1 produced the lowest average error for all four count durations, whereas 

TPG6 produced the highest average error for all count durations. 
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5.8. IMPLICATIONS FOR SHORT TERM COUNTS IN MANITOBA 

Currently in Manitoba, short term counts are conducted for two 48 hour periods between 

the months of May through October at each location. The results of the analysis 

described in this chapter showed the influence of count duration and time of year as well 

as factors not currently accounted for in Manitoba’s traffic monitoring program. These 

factors include the day of week in which the counts are conducted, the traffic pattern 

group each count location belongs to and the historical AADT at each count location. 

The results of the analysis of short term counts provided insight into factors that affect 

the AADT estimates including factors that were previously not considered when 

analysing short term counts. When examining future short term counts, characteristics 

such as the day of week and time of year can influence the accuracy of AADT estimates. 

The research showed counts taken between April and October and counts that did not 

include any weekend data produced lower average error. The analysis also showed that 

traffic pattern groups affect short term count expansion and should be considered when 

analysing AADT estimates. The influence of traffic pattern groups was found to be an 

important factor when examining the accuracy of short term count expansion as traffic 

pattern groups such as TPG1 (commuter) were found to produce steady errors in 

relation to less specific traffic pattern groups such as TPG6 and TPG7. This research 

equips future members of the Manitoba Highway Traffic Information System with 

information on some of the different factors affecting AADT estimates and allows for 

short term counts to be used or rejected, depending on the factors analysed in this 

chapter.   
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6. CONCLUSION 

This chapter summarizes the key findings from the research and also presents 

recommendations for future research. 

6.1.  KEY CONCLUSIONS 

This research developed and applied a methodology to analyse the impact of missing 

data from continuous counters on the accuracy of AADT estimates and the impact of the 

count duration of short term counts on the accuracy of AADT estimates. The research 

analysed permanent count stations in Manitoba using existing AADT estimation methods 

to best understand the influence of count duration and missing data. The results 

obtained through this research provide Manitoba with quantified accuracy of varying 

durations of short term counts and AADT estimates from permanent count stations with 

varying amounts of missing data. Average absolute percent error was used to report 

accuracy of each count duration and data gap to allow for stations to be compared to 

one another. 

6.1.1. Key Findings from Analysis of Missing Data 

The analysis of permanent count stations determined the effect of varying data gaps as 

well as additional factors that influence error associated with missing data. Data gaps of 

one, two, three, four, eight, and twelve weeks were analysed in addition to examining 

missing one, two, or three entire months. The key findings from the analysis of the 

impact of missing data on AADT estimates are: 

 The average absolute percent error for the data gaps analysed increases as the 

amount of missing data increases. The average rate of increase per additional 

week of missing data is 25%. This means that for every additional week of 

missing data, the error increases 25%. The error for data gaps of four, eight, and 
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twelve weeks is 0.55%, 1.47%, and 2.66% respectively. This shows that the 

increase in error between four, eight and twelve week data gaps is non-linear. 

 Comparing the four, eight, and twelve week data gaps with the one, two, and 

three entire month data gaps shows that missing entire months yields 

consistently higher error compared to missing a similar duration in consecutive 

weeks. For example, the error associated with missing the month of March was 

compared to the error associated with missing March 15th to April 12th. The 

increase in error is 160% (four weeks and one month), 73% (eight weeks and 

two months), and 44% (twelve weeks and three months). 

 The variability of traffic volume was examined for each permanent count station 

in terms of standard deviation. The station with the highest variability in traffic 

volume had an average absolute error 240% higher than the station with the 

lowest variability in traffic volume. This illustrates that large variations in traffic 

volume can affect error associated with missing data. 

 When missing one entire month of data, the error was lowest for the months of 

March, April, September, and October. The error peaked during the summer 

months of June, July, and August as well as during January. 

 TPG6 (recreational) produced, on average, the highest error between all seven 

traffic pattern groups. However, TPG3 was not represented in the analysis. 

There are several implications from the key findings from the analysis of missing data for 

traffic monitoring in Manitoba. The difference in error observed between stations with a 

high standard deviation and stations with a low standard deviation shows that when 

examining the quality of the data from a permanent counting station, the traffic variability 

should be used to determine the effect of the missing data on the accuracy of the AADT 

estimate. Also, the month in which the data is missing was determined to be important 
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when examining the impact of missing data on AADT estimates in Manitoba. In addition 

to traffic variability and the month in which data is missing, the traffic pattern group the 

station is assigned also provides insight into the accuracy of AADT estimates. 

6.1.2. Key Findings from Analysis of Short Term Count Duration 

The analysis of short term counts determined the effect of the duration of the count in 

addition to exploring the effect of additional factors such as the time of year and the 

traffic pattern group. Short term count durations of one, two, three, and seven days were 

analysed to quantify the error associated with each count duration. The key findings from 

this analysis are: 

 The average absolute percent error for the count durations analysed decreases 

as the count duration increases. The average absolute percent errors are 

10.73%, 9.39%, 8.56%, and 7.13% for durations of one, two, three, and seven 

days, respectively. This means that, on average, longer count durations reduce 

the error of AADT estimates. 

 The incremental reduction in error decreases with each additional day for a short 

term count. The largest change in error occurred between a one and two day 

count (-12.5%). The average reduction in error for each additional day after a 

three day count was a third of the reduction in error between a one and two day 

count. 

 As the count duration increases, the precision of the AADT estimates increases, 

resulting in a lower probability for large error values. 

 The permanent count station with the highest variability in traffic volume had an 

error 63% higher than the station with the lowest variability in traffic volume. This 

illustrates the effect of traffic volume variation on accuracy of short term counts. 
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 Short term counts in Manitoba are conducted between May and October. The 

average error for short term counts conducted during the months outside of May 

through October was found to be 25% higher than the average error for the 

months within the typical count season. 

 The months of April, May, September, and October have the lowest average 

error of all months. 

 Conducting a one, two, or three day count on either Tuesday, Wednesday, or 

Thursday produces the lowest average error for all days of the week. Conversely, 

counts that include data from Saturdays and Sundays produce the highest error. 

 Similar to the analysis of permanent count stations, stations within TPG6 have 

the highest average error of all traffic pattern groups analysed in this research. 

There are several implications from the key findings from the analysis of count duration 

for traffic monitoring in Manitoba. The longer count durations correspond to lower error 

for AADT estimates, however the incremental benefit of increasing the count duration 

decreases with each additional day added. Manitoba currently conducts short term 

counts from May through October, however the months of April, May, September, and 

October showed the lowest average error for short term counts. Similarly to the analysis 

of permanent count stations, traffic variability and the traffic pattern group both influence 

the accuracy of AADT estimates for short term counts. Conducting short term counts 

between Tuesday and Thursday results in the lowest average error. 

6.2. RECOMMENDATIONS FOR FUTURE RESEARCH 

This research has identified the following opportunities for future research in the analysis 

of AADT estimates: 
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 The data gaps analysed in this research were all examined as consecutive days, 

however multiple data gaps are commonly present throughout a year at 

permanent counting stations. Due to the data availability of permanent count 

stations in Manitoba, future studies can easily access the same datasets to 

perform comparative studies to the findings from this research. Future research 

could potentially explore the impact of multiple data gaps in a single year of 

varying lengths on error of the AADT estimate. 

 Historical data is kept in the Manitoba Highway Traffic Information System 

database, providing the opportunity to utilize the historical data for future 

forecasting. Similarly, future research could examine the potential of using 

historical data at a permanent count station to provide an estimate of the 

approximate traffic volumes occurring during varying data gaps. The research 

could explore the use of the direct ratio method used for short term counts and 

apply a similar methodology to relating current year traffic data with historical 

traffic data from the station with a data gap. 

 Manitoba’s existing short term count expansion method differs from the method 

recommended by the Federal Highway Administration. Manitoba cannot currently 

utilize the FHWA method due to a lack of created expansion factors required for 

the equation. Therefore, future research could explore the creation of the 

required factors for the FHWA method in Manitoba, using existing traffic pattern 

groups. Once the factors have been developed, the results of this research could 

be compared to a similar analysis of short term counts in Manitoba using the 

FHWA factor method. The key findings from this study could lead to the 

implementation of a new short term count expansion method in Manitoba. 
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 Other existing short term count expansion methods were described in the 

literature review section of this research and are used to varying degrees across 

North America. Alternative expansion methods’ feasibility in Manitoba could be 

examined including the potential use of video turning movement counts as short 

term traffic volume counts. This research was explored by the Illinois Department 

of Transportation and could provide Manitoba with more short term count 

locations in a given year, depending on the associated error. 

 Currently, Manitoba’s short term count program utilizes two 48 hour counts at 

each count location to obtain an ADT value. This research examined varying 

short term count durations but did not analyse two counts at different periods in 

the year for one location. Future research could examine the effect of more than 

one short term count at a location and compare the findings to the error 

determined through this research.  
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Figure 39 - Traffic Pattern Group 1 [2] 

8.  APPENDIX A 

Appendix A provides the descriptions of Manitoba’s seven existing traffic pattern groups 

including hour of day, day of week, and month of year characteristics. All figures and 

descriptions were obtained through the Manitoba Highway Traffic Information System 

annual report “2013 Traffic on Manitoba Highways” and are used with permission.  

8.1.  TRAFFIC PATTERN GROUP 1 

TPG1 sites are located on routes near the major urban centers of Winnipeg and 

Brandon. They are characterized by: 

 High morning and afternoon peaks on weekdays. 

 Steady weekday traffic with a moderate Friday peak and lower weekend traffic. 

 Low seasonal variations. 

 

 

 

 

 

 

 

8.2.  TRAFFIC PATTERN GROUP 2 

TPG2 sites are located on routes that are not adjacent to population centers and that 

serve longer-trip purposes. They are characterized by: 
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 Steady traffic that increases and decreases throughout the day on weekdays and 

weekends. 

 Steady weekday traffic with a moderate Friday peak and lower weekend traffic, 

similar to TPG1. 

 Moderate seasonal variations. 

 

 

 

 

 

 

 

8.3.  TRAFFIC PATTERN GROUP 3 

TPG3 sites are similar to TPG2 sites, but are on routes that serve longer-trip purposes 

leading to recreational destinations. They are characterized by: 

 Weekday afternoon peaks that are higher than weekday morning peaks. 

 Weekday traffic that is lower than weekend traffic with high Friday and Sunday 

peaks. 

 A very high summer peak. 
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Figure 40 - Traffic Pattern Group 2 [2] 
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Figure 41 - Traffic Pattern Group 3 [2] 

8.4.  TRAFFIC PATTERN GROUP 4 

TPG4 sites are located on routes that lie adjacent to rural population centers such as 

Dauphin, Morden, and Swan River. They are characterized by: 

 Weekday afternoon peaks that are higher than weekday morning peaks. 

 Steady weekday traffic with a moderate Friday peak and lower weekend traffic, 

similar to TPG1. 

 Low seasonal variations, similar to TPG1. 
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Figure 42 - Traffic Pattern Group 4 [2] 

8.5.  TRAFFIC PATTERN GROUP 5 

TPG5 sites are located on routes that lie adjacent to population centers and also lead to 

recreational destinations. They are characterized by: 

 Weekday afternoon peaks that are higher than weekday morning peaks (similar 

to TPG4) and a steady increase in weekend traffic throughout the day. 

 Steady weekday traffic with moderate Friday and Sunday peaks. 

 A high summer peak. 
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Figure 43 - Traffic Pattern Group 5 [2] 

8.6.  TRAFFIC PATTERN GROUP 6 

TPG6 sites are located on routes that mainly connect to recreational destinations such 

as Whiteshell Provincial Park and Riding Mountain National Park. They are 

characterized by: 

 Very high daytime weekend traffic volumes compared to daytime weekday traffic 

volumes. 

 Weekday traffic lower than weekend traffic with high Friday and Sunday peaks, 

similar to TPG3. 

 A very high summer peak, similar to TPG3. 
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Figure 44 - Traffic Pattern Group 6 [2] 

8.7.  TRAFFIC PATTERN GROUP 7 

TPG7 sites are located on routes that are located in northern Manitoba (Region 5, north 

of the intersection of PTH 6 and PTH 60). These routes carry some commuter traffic and 

connect to recreational destinations. TPG7 sites are characterized by:  

 Weekday afternoon peaks that are higher than weekday morning peaks, similar 

to TPG4. 

 Steady weekday traffic with a moderate Friday peak and lower weekend traffic, 

similar to TPG1. 

 High summer peak, similar to TPG5. 
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Figure 45 - Traffic Pattern Group 7 [2] 
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