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Executive Summary 
 

The Kentucky Transportation Cabinet annually collects Average Annual Daily Traffic 

(AADT) data at over 200 locations along the Interstate System.  Historically, data has 

been collected at these sites using either permanent traffic counting equipment or portable 

equipment which counted for a 48-hr sample. In some instances, traffic loops have been 

installed to facilitate the traffic data collection, however, the installation and maintenance 

of these loops can prove to be costly.  To potentially reduce the number of actual traffic 

counts collected along the interstate, a method to factor adjacent traffic count locations 

from index counts collected on an annual basis has been proposed.  This process utilized 

the current permanent stations along with other stations identified as Index Stations to 

calculate the AADT at the Estimated from Index (EFI) stations.  This report provides a 

summary of the process which was developed and a measure of the potential accuracy of 

the predicted traffic volumes.  After review by the Study Advisory Committee, it was 

determined that at the present time the procedure would not be implemented into the 

current traffic count program. 

 



Introduction 
The Kentucky Transportation Cabinet currently collects annual traffic volumes at over 

200 locations along the Interstate System.  With increasing traffic volumes it is becoming 

more difficult to collect traffic count data using the conventional portable data collection 

equipment.  In some instances, traffic loops have been installed to facilitate the traffic 

data collection, however, the installation and maintenance of these loops can prove to be 

costly.  To potentially reduce the number of actual traffic counts collected along the 

interstates, a method to factor adjacent locations from index counts collected on an 

annual basis has been proposed.  This procedure has been outlined by a report prepared 

by the Division of Multimodal Programs (1).  It is the goal of this research project to 

evaluate the feasibility of this procedure and to determine what long term effects may be 

realized on the traffic count program. 

 
Background 

The Cabinet utilized the concept of control stations (stations counted for seven days at 

least twice per year) for several years.  The historical purpose of these stations was been 

to provide high quality data that is more accurate than a traditional 48-hour count, but 

easier to obtain than permanent continuous data.   

 

 The concept of Index Stations was proposed to follow a similar scenario.  Specific 

stations were to be selected along a corridor (such as I-75) which best represent the traffic 

level of several adjacent count stations.  These Index Stations would include all 

permanent count stations and other stations which may have pavement loop detectors 

installed and have been historically stable.  These Index Stations would be counted on an 

annual basis and then used to determine the traffic volume of adjacent stations.  It is 

anticipated that the relationship between the index stations and the adjacent stations 

would be developed from historical data.  It was also proposed that some means of 

QC/QA of future factored counts would also be necessary.  This may be accomplished by 

using short term visual counts or counts by other emerging technologies. 
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 It is anticipated that expanding and strengthening the control station concept into 

the Index Station procedure would be beneficial to the Cabinet.  The use of these types of 

stations would optimize the investment in permanent count stations and stations where 

loop detectors may be installed.  In addition, this process would reduce the number of 

actual interstate counts which would be required on an annual basis, allowing for more 

efficient use of resources.   

 

Interstate Traffic Counting Procedure 

Traffic count stations have been established along the Interstate Highway System, with 

each station generally representing a roadway section which contains a consistent traffic 

volume.  These stations historically were counted on an annual basis.  These counts have 

been obtained by several different methodologies, including permanent stations that are 

identified as Automatic Traffic Recorder (ATR) stations, 24 to 48-hour portable traffic 

counts (using portable data collection and pneumatic tubes), estimation from adjacent 

stations, or potentially from short duration counts (less than 8 hours).  In some instances, 

traffic may have been counted in a single direction and then doubled to determine the 

overall Average Annual Daily Traffic (AADT) for a particular traffic section.   

  

 At each of the ATR stations, permanent traffic loops and in some instances axle 

sensors are installed along with permanent data collection equipment.  Other count 

stations are typically counted for a short duration using either pneumatic tubes, or in-

place loops which are connected to a portable data collector.   

 

 The concept of Index Stations came from work that was done by both the 

Division of Multi-Modal Programs and Division of Planning in their historical use of 

control stations. This concept was expected to provide a means to collect higher quality 

data than normally be expected from a typical traffic count.  They were typically of 

longer duration (7 days) instead of a typical 48-hour portable count, but they were more 

economical than a continuous counting station.  Each of these stations typically included 

traffic loops installed in the pavement, which provide better, more consistent data to be 



 3

collected.  In a report prepared by the Transportation Cabinet (2), it was proposed that 

these control stations be expanded to provide even more benefits as follows:  

• Optimize the investment in permanent counting sensors such as loops 

• Optimize the personnel resources, a fully expanded system would allow many 

dangerous high volume locations to be factored with control station growth 

factors. 

 

Selection of Index Stations  

Traffic count stations to be selected as Index Stations were to be either a permanent ATR 

stations which provided continuous traffic counting, or other stations along the corridor 

which have traffic loops installed.  These stations were also required to have a minimum 

of 10 years of historical data.  These stations were then used to determine the AADT of 

the remaining traffic count stations (Estimated from Index, EFI) along the corridor.  

Typically a minimum of four Index Stations were used to calculate the EFI station traffic 

volume, one of which was required to be a permanent ATR site, while the others were the 

closest adjacent stations. 

 

 The traffic volumes determined for the EFI stations would be based on the annual 

traffic counts of the Index Stations.  To help reduce the inherent variability due to 

seasonal variations of traffic, it was determined that the Index Stations should be counted 

in the fall and/or spring of each year.  During this time, the seasonal adjustment factor 

necessary to determine the AADT used in the analysis would be very small.   

  

AADT Estimation for EFI Stations 

Several methodologies were evaluated to calculate the AADT of the EFI stations from 

the Index Stations which were actually counted.  The first methodology used a simple 

ratio between the historical AADT of the EFI stations and selected Index Stations.  

However it was observed that there was variability in the resulting predicted AADT of 

the EFI station depending on which Index Stations were used.  There was also variation 

in the predicted AADT associated with which year of data was utilized.  Based on this 
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information, it was determined that an efficient methodology was needed which could 

include multiple Index Stations and utilize significant historical data.   

 

 After review of the historical traffic counts from many stations similar to the data 

given in Figure 1 it was determined that some type of smoothing technique may be 

necessary before the development of the count estimation process.   
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Figure 1.  Typical Interstate Traffic Count History. 

 

It may be seen from this Figure 1 that there is some year to year variability as great as 10 

to 20 percent from the previous year.  This variability may be due to a variety of factors 

associated with seasonal, day of the week, or axle factor variations or other unexplained 

anomalies in the collected data.  In an effort to minimize the variability, a technique was 

developed to minimize the effects of the large year to year variations, by smoothing each 

individual year’s data by the data from the surrounding years. This smoothing technique 

utilizes weights for various years as follows: 
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Smoothed AADTcurrent yr  = 0.4 x AADTcurrent yr + 0.2 x (AADTyr-1 + AADTyr+1) + 0.1 x (AADTyr-2 

+ AADTyr+2) 

 

An example of this smoothed technique for the data in Figure 1 is given in Figure 2. 
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Figure 2. Example of Data Smoothing Technique 

 

 It may be seen from these results that the smoothing technique reduces the 

influence of the AADT spike in a given year and provides data which is more consistent 

and therefore more appropriate to develop the Index Station/EFI Station relationships.  

This type of smoothing was conducted on all historical data of both Index Stations and 

EFI stations to be used in the analysis. 

 

EFI Estimation Process Overview 

To accomplish the goal of using multiple Index Stations and historical data, the technique 

of multiple linear regressions was utilized.  Multiple linear regression is a statistical 

technique for determining the linear relationship between one dependent variable (EFI 

Stations) and two or more independent variables (Index Stations).  This regression is 
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accomplished by fitting the historical data of an EFI stations with a “least squares” model 

which has the general form as follows: 

 

 

 

 EFI Station Predicted ADT = C1 x I1 + C2 x I2 + C3 x I3 + C4 x I4 + C5 x I5 + C6 

 

 Where:   C1, C2, C3, C4, C5 and C6 are regression coefficients 

 

   I1, I2, I3, I4, and I5 are the AADT of the Index Stations assigned  

                                                        to a particular EFI Station. 

 

This regression analysis was conducted for each EFI station using Microsoft Excel.  A 

typical result for a specific station is given in Figure 3.  It may be seen from this figure 

that the agreement with the historical data is excellent, the R2 for this analysis was 0.99. 

which would indicate that the analysis procedure fits the historical data very well and 

should be adequate to predict future EFI station AADT as well.  The R2 values found for 

the other EFI multiple regressions were generally greater than 0.85 which would indicate 

good agreement between the prediction models and the actual historical data. 
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Figure 3.  Example of Multiple Linear Regression Results. 

 

Analysis of Prediction Accuracy 

To evaluate the potential accuracy of this methodology, historical data from 1985 through 

1994 was used to calculate the regression coefficients for the EFI stations along I-75.  

These regression coefficients were used along with the appropriate Index Stations to 

predict AADT for the EFI stations from 1995 through 1999.  These results were then 

compared to the actual AADT measured at the EFI stations for these years.  A summary 

graph which shows actual versus predicted AADT is given in Figure 4. 
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 Predicted ADT 1995 - 1999 (Model 1985 - 1994)
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Figure 4. Comparison of Actual verses Predicted AADT,  

 

This figure illustrates good agreement between the actual and predicted AADT.  It should 

be noted that a portion of these data points were predicted five years beyond the last year 

of data used in the development of the regression analysis.  In addition, the Index Station 

AADT used was from the standard historical data which, with the exception of the 

permanent stations was only collected from a 48-hour portable count.  It is anticipated 

that by counting the non-permanent Index Stations as proposed (7-days Spring/Fall), 

better accuracy will be achieved.  

 

 To further evaluate the actual accuracy of the predicted AADT, the difference 

between the actual and predicted AADT given in Figure 4 was calculated.  These results 

are summarized in a cumulative distribution plot in Figure 5. 
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Comparison of Residual Distribution, Model Data 1985 - 1994
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Figure 5.  Summary of Residual of Predicted Values. 

 

It may be seen from this figure that approximately 80% of the results were within +/- 

20% of the actual value.  This would indicate the process appears to work very well in 

prediction of the EFI station AADT.  These errors of +/- 20% were deemed to be 

acceptable and comparable to what has been seen due to variation in between years on 

interstate facilities.  This type of variation was observed in the historical data, indicating 

variations of more than 20% from one year to the next.  The sources of these differences 

may be attributed to many different factors, such as variation in the AADT of the Index 

Stations used to predict data for 1995 – 1999, variation in the actual counts used as 

comparison, or simply inaccuracies of the perdition models.  
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EFI Count Spreadsheets 

To facilitate the utilization of this process, Excel spreadsheets were developed for each 

Interstate corridor.  These spreadsheets were designed to allow the user to input the 

AADT of the Index stations each year and automatically calculate the EFI stations based 

on the multiple regression analysis.  An example of one of the spreadsheets is given in 

Figure 6. 

 

Figure 6.  EFI Spreadsheet, I-24  

 

In the EFI spreadsheet, both the Index Station and the EFI station labels are in the 

following format: 

 

 County Number – Station Number – Beginning Milepoint, such as 73-D13-2.958, 

  County 73 

  Station Number D13 

  Beginning Milepoint 2.958. 

 

The top portion of the spreadsheet provides an area to input the actual AADT for each 

Index Station, the lower left portion provides the predicted AADT for the EFI stations for 

each year of analysis.  The lower right side of the spreadsheet provides the regression 

coefficients for the multiple regressions used to predict each EFI station.  The 

spreadsheets for all Interstate corridors are given in Appendix A.   

 

I-24 Index Station Summary

Index Stations 1999 2000 2001 2002   EST.  2003
73-I20-0 29,200 26,900 27,200 27,300 27,200
73-I21-6.387 35,500 38,400 35,600 37,700 36,200
72-P51-30.721 25,200 24,100 24,500 24,400 25,900
72-I22-41.603 15,200 16,000 15,500 16,200 16,100
24-I23-72.757 14,000 17,000 15,000 16,500 15,600
24-I24-88.785 25,700 27,700 32,100 28,600 35,300

Actual Estimated Station Regression Coefficients
Estimated Station 1999 Predicted ADT Predicted ADT Predicted ADT Predicted ADT Index Stations

2000 2001 2002 2003 Intercept 73-I20-0 73-I21-6.387 70-P51-30.721 72-I22-41.603 24-I23-72.757 24-I24-88.785
73-D13-2.958 29,400 33,450 30,811 32,816 30,087 4,200 0.6295 0.8824 -0.8949
73-C67-4.328 39,200 36,433 38,149 37,362 39,062 3,706 1.0346 -0.3852 0.8169
73-006-11.035 27,900 31,330 30,958 31,327 33,531 -333 -0.7765 0.2941 1.7119
79-850-17.32 26,400 25,097 25,778 25,506 27,258 244 0.0613 -0.0806 1.0913
79-044-24.941 28,700 30,281 29,840 30,196 33,387 -3,176 -1.3898 0.3489 2.3836
79-049-26.558 25,600 28,905 28,430 29,519 30,014 -5,750 -0.1536 0.3139 2.0617
72-756-39.505 22,400 24,751 22,860 24,370 23,126 1,871 0.5654 -0.2351 0.4271
72-054-44.693 15,100 14,931 14,140 15,230 14,423 -513 0.2919 1.2202 -0.3122 -0.2096
111-046-57.389 15,600 13,504 13,289 13,813 13,704 -693 0.9996 0.3230 -0.4124 -0.2906
111-043-65.349 13,500 13,324 14,347 13,854 15,044 2,527 0.1094 0.8400 -0.4762 0.1017
24-328-85.633 24,800 25,916 27,321 26,449 28,922 4,812 -0.1424 0.8960 -0.0616 0.4060
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 It may be seen that these coefficients may be either positive or negative and have 

varying magnitudes.  It should be noted that one cannot interpret any single coefficient 

alone.  In multiple regressions it is the interactions of each of these coefficients which are 

used in the predictive equation.  In some cases these coefficients may not seem intuitive 

to the user since these coefficients on an individual basis represent the relationships 

between one independent variable and the dependent variable, when all other independent 

variables are held at some constant value.  Therefore interpretation must be in terms of 

the model as a whole and not individual independent variables. 

 

Summary and Conclusions 

Based on the analysis of the historical relationships between the selected Index Stations 

and the EFI stations, a procedure was developed based on multiple linear regression 

which would allow the prediction of the EFI AADT for future years on the interstate 

highways in Kentucky.  The accuracy of the procedure was illustrated to be acceptable 

for predicting at least 5 years into the future, with 80% of the data being within 20% of 

the actual measured AADT.  This concept was also evaluated for parkways across the 

state, but it was determined that the variability of some of the historical data along with 

the ease of obtaining parkway traffic counts made this concept impractical. 

 

 After careful review by the Study Advisory Committee, it was determined that the 

concept appeared to be a viable option and could be a useful tool in the normal traffic 

count program of the Transportation Cabinet. However, it was determined that at the 

present time it would not be included in the normal count program, due to some 

additional technologies for counting high volume facilities and the ability of the Cabinet 

to install additional traffic loops along the interstates. 

 

 Based on these results, the annual check/calibration procedure which would be 

necessary for the continued use of this concept, was not completed.  Additional research 

may be necessary in the future to recalibrate the regression models contained in this 

report and to outline the check/calibration procedure, if it is to be implemented. 
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Appendix A (EFI Count Spreadsheets) 
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