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Executive Summary 
 

The Eastern Transportation Coalition (TETC) has performed validation of industry volume 
measures as part of its Transportation Data Marketplace (TDM).  Previous validation efforts 
include analyses conducted in collaboration with North Carolina Department of Transportation 
(DOT) and Georgia DOT in 2023 and 2024, respectively.  The current validation effort was 
executed in collaboration with the Massachusetts DOT, with data collection in 2025.  

Five TDM vendors – Bentley (HERE), INRIX, Iteris, StreetLight, and Replica – delivered volume 
data at five temporal aggregations: annual average daily traffic (AADT), average daily traffic 
(ADT), average hourly daily traffic (AHDT), daily volumes, and hourly volumes at over 1000 
evaluation locations across the state of Massachusetts. The first three – AADT, ADT, and AHDT, 
are aggregate planning-level volume products, while the final two -- daily and hourly volumes, 
focus on specific dates and times, and are oriented towards operational applications.    

The initial intent of this study was to characterize vendor performance across all five temporal 
aggregations, using metrics, statistical tests, and visualizations consistent with prior studies in 
GA and NC.  However, initial AADT-level analysis uncovered several data issues that warranted 
further investigation.  As such, the analysis was split across two reports: This report focuses 
exclusively on analysis at the AADT level, with other temporal aggregations saved for Part II. 

A key part of the AADT analysis includes applying USDOT’s updated statistical method for 
assessing the accuracy of non-traditional volume sources for AADT.  Compliance with this 
method serves as an important benchmark for states seeking to use probe-based volume 
products for federal reporting purposes. Prior reports included a variation of this method, but 
FHWA’s guidance on this topic has been updated within the last year and the validation team 
has improved the implementation of this method within its validation procedures.   

Initial analysis of AADT volume estimates revealed high errors and major outliers, which were 
unexpected based on vendor performance in prior validations.  As such, the validation team 
spent considerable effort tracking down the cause of these discrepancies – a process that 
uncovered several different sources of error (beyond just vendor inaccuracy).  These errors are 
important to understand because they can produce a disproportionate impact on resulting error 
metrics and distort apparent performance – including the FHWA statistical test.  Because some 
of the erroneous data was included in the calibration dataset, vendors were allowed to resubmit 
results, and all ‘suspect’ locations were excluded from the final analysis.  Several observations 
and takeaways emerged from the resulting evaluation: 

• Agency counters and deployment locations are more diverse in Massachusetts 
than in prior validations.  Like prior validation studies, Massachusetts primarily uses 
inductive loop counters for its core Continuous Count Station (CCS) network. However, 
several of these sites are deployed near merge/diverge points, which can add ambiguity 
around which lanes are actually counted.  Additionally, MassDOT has a sizeable 
inventory of intersection cameras deployed at signal-controlled intersections, intended 
primarily for traffic detection/control, but also used for counts. Relative to prior 
validations, the inclusion of cameras is the most notable difference, as it represents a 
new type of counting technology and deployment context.  

• Many sources of error and uncertainty can impact resulting accuracy measures, 
including several unrelated to vendor data quality.  Although some outliers are 
attributed to vendor estimation error, other sources of error were equally or more 
impactful to the results.  Examples of such errors encountered in this study include (I) 
miscoded site locations (a data entry issue in the DOT database), (II) ambiguity in 
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georeferencing, and (III) reference data error – none of which are reflective of vendor 
data quality.  

Issues associated with ambiguity in georeferencing/conflation are particularly 
challenging because both agency counts and vendor estimates may be correct within 
their geographic context but compare unfavorably due to incorrect or ambiguous 
georeferencing.  For this study, CATT Works Georeferencing Protocol (CWGP) location 
references were used by the validation team to communicate evaluation locations to 
vendors.  In certain complex locations (e.g., at merge/diverge points or arterial 
intersections with slip lanes), simply knowing the latitude, longitude, and direction of 
travel was not enough to interpret which lanes, or how many lanes were included in the 
counts. It is recommended that future validations include number of lanes in 
georeferencing as an added data quality check.   

• Camera counters at signalized intersections should be treated with caution.  In 
Massachusetts, cameras are used primarily for traffic control purposes and collect 
turning movement counts, from which directional volumes on each intersection leg can 
be derived.  Although many intersection sites appeared to produce reasonable segment 
volumes and the DOT generally trusts the outputs, the data quality is less validated than 
traditional, inductive loop sensors.  Generally, errors at camera locations were greater 
than those from inductive loop count sites. Whether these errors arise from fundamental 
technology issues or from the complex environment at intersections where Cameras are 
typically deployed -- or a combination of the two – is currently unknown.     

In this report, the validation team reports results both with and without camera counters 
included. Results from locations excluding Camera based technology are deemed most 
comparable to previous validation results from GA and NC. 

• Most vendors showed high accuracy after accounting for data issues, particularly 
when focusing on non-camera locations.  After removing the suspect data and 
processing vendors’ final submissions, four out of the five vendors produced directional 
volume estimates that generally matched reference AADT values, particularly when 
excluding camera locations.  Performance was evaluated under a variety of conditions – 
including across volume ranges and by functional road class (see Section 6 for full 
results).   

• Several vendors performed well on the FHWA statistical test, showing industry 
progression relative to last year’s study.  The validation team re-implemented the 
FHWA statistical tests for AADT volume accuracy based on updated guidance, focusing 
on bi-directional volumes.  For comparative purposes, last year’s results from Georga 
were regenerated with the same methodology to serve as a point of comparison.   

The FHWA test is particularly important for agencies seeking to use AADT volume 
estimates for Federal reporting purposes.  In last year’s Georgia study, two vendors 
were close to meeting the FHWA guidelines for bi-directional AADT values.  This year, 
when evaluating accuracy against continuous counters (but excluding camera locations), 
which is contextually comparable to prior studies, two vendors passed all components 
of the FHWA statistical test, with two others approaching (nearly passing) the 
benchmark.   

 

Ultimately, after accounting for the many sources of error, most vendor products do show strong 
agreement with reference counts – particularly when focusing on non-camera locations. While 
this is an encouraging result, the data issues themselves are a key part of the story.  Many of 
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the statistics used to evaluate vendors’ performance – either visualizations, error metrics, or the 
FHWA test – are highly sensitive to outliers.  Understanding the sources of uncertainty and 
learning to prevent or identify these issues early is critical for structuring future validation 
activities and fairly evaluating vendor products. 

Furthermore, the findings of this validation are additionally applicable not only to validation 
procedures, but also to any applications of outsourced volume data. The various types of errors 
and the sources identified in the validation effort would also be relevant for any application that 
required industry sourced data to be conflated to an agency base-map.  For this reason, 
Coalition members are encouraged to review the findings of this report not only with respect to 
accuracy of AADT estimates from vendors, but also to understand various error sources 
relevant to any application of outsourced vendor data.   
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1. Introduction 
 

Transportation data sold through the Eastern Transportation Coalition (TETC) Transportation 
Data Marketplace (TDM) is procured from private industry based on contract specifications. The 
intent of the Coalition’s validation program has evolved with respect to the original Vehicle 
Probe Project; during the first two phases of the Vehicle Probe Project (2008 to 2022), validation 
activities focused on ensuring that traffic data conform to the contractual standards of travel time 
and speed, which had highly defined specifications using prescribed methods and metrics.  The 
TDM, which became active in 2022, continues to validate travel time and speed using that 
protocol, but it also extends to five other core data sets.   

The methodology and format of the validation is flexible based on current industry practice and 
adjusts to the needs of the Coalition members as the market evolves and data needs expand, 
under the direction of the TDM Technical Advisory Committee (TAC). The TDM validation 
program includes both quantitative and qualitative analysis of datasets available through the 
marketplace as appropriate for each data type. The marketplace currently contains six core data 
items: Travel Time/Speed, Volume, Waypoint, Origin-Destination, Freight, and Conflation. The 
TDM also contains various ancillary products to complement and extend the core data products. 
As such, the validation team, under the guidance of the TETC Validation TAC, is beginning to 
establish standards and methods for effectively evaluating data quality and value for these 
various data sets. 

This validation report evaluates one of the core data products available in the TDM: 
Volume data, which was identified by the TAC as the highest priority for validation.   This report 
is the fourth Volume validation activity, and the third for which error measures are reported 
publicly. Prior reports provide useful context on how the volume validation process was 
developed and the most recent results:  TDM-VAL-01 (lit review/recommendations for 
structuring volume validation), TDM-VAL-02 (inaugural proof of concept activity), TDM-VAL-05 
(North Carolina study) and TDM-VAL-09 (Georgia study). The intent of this report is to provide 
insight into vendor accuracy for the different Volume products sold in TDM and show how 
performance has changed over the course of the past year. 

 

2. Data Vendors 
 
Five TDM vendors participated in the validation: Bentley (HERE), INRIX, Iteris, StreetLight, and 
Replica. The validation team set expectations for data submission consistent with RFP 
specifications, including using a specific georeferencing protocol (CATT Works Georeferencing 
Protocol, CWGP) to describe validation locations, and requested five volume data deliverables 
from the participating vendors.  These deliverables included: Annual Average Daily Traffic 
(AADT), Average Daily Traffic (ADT), Average Hourly Daily Traffic (AHDT), Daily Volume, and 
Hourly Volume. The Data Collection section below contains more information about each 
vendor’s submission.  Vendors are not explicitly identified in this report; vendor-specific results 
were shared verbally with the Coalition, but vendors are anonymously labeled A, B, C, D, and E 
in this report. 

 

 

 

https://tetcoalition.org/wp-content/uploads/2015/02/TDM-Val-1-Report-Volume-Nov2022.pdf
https://tetcoalition.org/wp-content/uploads/2015/02/TDM-Val-02-Report-FINAL-V2.4.pdf
https://tetcoalition.org/wp-content/uploads/2015/02/TDM-Val-05-Report-V5-.pdf
https://tetcoalition.org/wp-content/uploads/2025/05/TDM-Val-09-Report-20250506.pdf
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3. Geographic Scope 
 

Figure 1 shows the geographic scope of the volume study area, which encompasses 1044 
directional roadway locations across the entire state of Massachusetts.  These locations 
correspond to MassDOT count sites, including all continuous count sites, which collect traffic 
counts 24/7 for each day of the year, and a subset of short-term counters that were planned for 
May 2025 or were collected in 2024 (for AADT).  These evaluation locations capture all 
functional road classes, ranging from Interstate roadways (class 1) through local roads (class 7).  
Note that this report focuses on AADT exclusively, which includes 844 of the locations shown 
below (all except the 200 STC sites from May 2025, which will be included in a follow-up report).  

 

 

Figure 1 - Evaluation locations 
 

 

Table 1 shows the key attributes used to communicate volume evaluation locations to vendors 
via georeferencing protocol (CWGP). Each point location reference is defined by the 
latitude/longitude of the centerline of the road and its heading for a specific direction of travel.  
This means that a count station that reports traffic counts in two directions would correspond to 
two CWGP point location references, one for each direction of travel.  On divided highways, 
such as freeways, two distinct location references would represent the centerline of each set of 
lanes, along with two heading estimates approximately 180 degrees apart, one for each 
direction.  Note that heading is measured as degrees clockwise from North. 

 

Table 1 - CWGP attributes for volume validation points 

ID Location Heading Road Name Road Class 

P001 
-73.202088 

    42.485620 
7 

CHESHIRE ROAD 
 

3 

P002 
-73.202088 
   42.485615 

187 CHESHIRE ROAD 3 

 

https://tetcoalition.org/wp-content/uploads/2015/02/2021-ETC-TDM-CWGP_V1.10-FINAL.pdf
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Note, as a result of the findings of this validation, this report recommends that data used to 
communicate locations includes an additional field for the number of lanes and an indicator of 
lane type (e.g., mainline, ramp). Due to the ambiguity of complex intersections and interchanges 
with respect to the inclusion or exclusions of ramps and slip lanes, the ‘number of lanes’ 
parameter and corresponding lane type indicator would assist in precisely identifying the volume 
estimate requested.  This will be implemented in future validation efforts and is recommended in 
practice for any effort in which volume data from industry is conflated to an agency base map or 
linear referencing system. 

 

4. Data Description 

 

4.1 Reference Data 

Hourly traffic counts from validation locations – consisting of both continuous and short-term 
count sites – were obtained from Massachusetts DOT for May 2025, the primary study period.  
Additionally, MassDOT provided 12 months of historical count data (Jan-Dec 2024) at the 
continuous count sites, which were shared with vendors for model calibration purposes.  They 
also provided ‘factored’ AADT volumes (not the underlying count records) for a subset of short-
term counts collected during 2024.  Together the historical volumes from 2024 were used for 
assessing AADT.   Note that because hourly counts from 2024 were provided to vendors as 
calibration/training data (for the May 2025 primary study period), the 2024 AADT evaluation is 
not a ‘blind’ study. Nonetheless, the TAC indicated that this aggregation level was important to 
include as a validation exercise. 

The MassDOT count data was used to create five different reference datasets (corresponding to 
the vendors’ deliverables), summarized in Table 2. Note, however, that this report focuses on 
AADT, with other temporal aggregations covered in the follow-up Part II effort.   

 
Table 2 - Reference datasets used as the basis for evaluation. 
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Two categories of reference AADT data were obtained: (1) AADT values directly calculated by 
aggregating the hourly count records from 2024 at continuous count sites and (2) factored short-
term counts provided by MassDOT for short-term count sites. 

 

• AADT Calculated at Continuous Count Sites (CCS) 
 

First, hourly CCS counts were subject to MassDOT’s internal QC/QA process.  
Afterwards, CCS locations were filtered based on a 75% data availability requirement; 
only locations with at least 75% of hourly records present during the study period (2024) 
were used for analysis.  This rule was imposed for consistency with prior validations, and 
to prevent locations with a small amount of data from being used as representative 
‘ground truth’ averages over the year.   After applying this filter, 486 directional CCS 
locations were kept for analysis, with 131 omitted.  

After filtering, hourly counts were aggregated to AADT volumes using the method 
detailed on page 3-14 of the 2022 Traffic Monitoring Guide.  This approach first 
computes the Monthly Average Daily Traffic for each month and then takes a weighted 
average of all 12 months, taking into consideration the number of days in each month.  It 
produces identical results to a simple arithmetic average of total counts for each day in 
the year when there is no missing data.   

It should be emphasized that these AADT locations are all directional; there is one AADT 
volume provided per direction – regardless of whether a roadway is divided or undivided.  
This is consistent with how all other data aggregations are analyzed; however, it differs 
from how FHWA represents AADT (described later), which is generally bi-directional, 
meaning both directions of travel are included in an AADT value.   

Note1: During the course of the analysis, several additional ‘suspect’ data locations (that 
were originally included in the Reference dataset) were uncovered.  Understanding the 
nature of these suspect data points is central to this report. How suspect data points 
were identified and excluded will be discussed later in the report.  

 

• AADT from Factored Short-Term Counts  
 

Directional AADT estimates based on factored, short-term counts were provided by 
MassDOT; no processing was done by the TETC validation team.   

 

Figure 2 shows the distribution of 844 directional locations by (a) volume and (b) road class, 
with values reported separately for Continuous (blue) and Short-Term (orange) sites.  These 
figures highlight that CCS locations are distributed across a wider range of volumes than STC 
locations, which tend to be more concentrated at lower volumes.  Both site types have 
representation across most road classes, with about half of CCS locations on interstates (FRC 
1).  In this case, there are no sites classified as FRC 6 (minor collectors), but all other functional 
classes are represented. 
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Figure 2 – Distribution of AADT volumes across volume (left) and functional class (right). 

 

Count Location Classification  

In contrast to prior validations, MassDOT’s continuous count sites encompass multiple types of 
counters, which include: (1) traditional inductive loop counters on public roadways, (2) inductive 
loops on automated electronic tolling (AET) facilities, and (3) cameras, typically deployed at 
signalized intersections.  Note that both Traditional and AET count locations use inductive loop 
technology and thus are identical in many respects; however, toll counters are categorized 
separately here because they are sometimes deployed near merge/diverge points, which has 
the potential to add an additional source of ambiguity with respect to location and number of 
lanes, as will be demonstrated later.   

Relative to prior validations, the inclusion of cameras is the most notable difference, as it 
represents a new type of counting technology (i.e., counts automatically extracted from a video 
feed) and monitors traffic volumes at more complicated locations (multiple legs of intersection). 

Figure 3 summarizes the number of locations that fall into each of these CCS sub-categories, 
plus locations where AADT was obtained at short-term count sites.   Subsequent analysis in the 
Results section will investigate vendor performance at these different count site classifications.  

 

Figure 3 – Distribution of locations by counter classification 



 

TDM-VAL-11  12  
  

4.2 Vendor Data 

Each vendor was instructed to prepare five volume data deliverables corresponding to the data 
items listed in Table 2: AADT, ADT, AHDT, Daily, and Hourly volumes. Additionally, vendors 
were also asked to optionally provide “cross-validation” results – an estimate of their model 
performance based on internal training and testing routines. 

All five vendors actively engaged with the validation activity and delivered data within the 
specified timeframe and according to the specified data exchange format.  Table 3 summarizes 
the vendor submissions for each volume product and highlights that all vendors submitted 
AADT estimates – the subject of this report.  

 

Table 3 – Vendor Submission Summary 
 

 

 

Note 1: During the course of the study, several data anomalies were uncovered in the reference 
data (see Results section).  Because these issues also impacted the calibration data that was 
made available to vendors ahead of time, the validation team – in consultation with the TAC – 
allowed vendors to re-submit their volume products.  The results section will discuss this further 
and show performance for both data submittals. 

Note 2: Historical 2024 hourly counts at CCS locations were provided to vendors for May 2025 
model calibration purposes (for ADT, AHDT, Daily, and Hourly products).  As such, the 2024 
AADT analysis is not a truly ‘blind’ study, as the vendors had access to 2024 count information 
both from the provided calibration data as well as published through the FHWA TMAS system. 
However, Vendor E (which only submitted AADT data) noted that they did not use the 2024 
MassDOT calibration data when producing AADT volume estimates. Additionally, Vendors A-D 
submitted volume data for the May 2025 study period, so as a sanity check, each vendor’s 2024 
AADT performance was compared to May 2025. Data quality was found to be reasonably 
consistent across aggregations, indicating that 2024 AADT results are most likely representative 
of industry capability.  It is recommended that future validation activities try to prevent calibration 
data from aligning with the AADT study period.  
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5. Evaluation Methodology 
 

Vendor AADT submissions are compared to reference data (agency counts) through multiple 
approaches, including error metrics, FHWA’s statistical test for evaluating non-traditional volume 
sources, and visual inspection. Note that although these comparisons generally treat the agency 
count data as the ‘ground truth’, the reference source also has inherent uncertainty that should 
be acknowledged.  As such, major discrepancies were manually investigated and checked 
across multiple vendors.  

 

5.1 Error Metrics (Directional AADT) 

Table 4 summarizes the validation metrics used to quantify the discrepancy between the values 
reported by vendors and the ‘reference’ source.  Given a paired dataset, the error at each 
location is calculated as the difference between vendor and reference volumes and may be 
expressed in the same units as the reported volume (vehicles) or as a percentage of the 
reference volume (percent error, often abbreviated as PE).   

The mean and various percentiles of errors are calculated to communicate the central tendency 
and distribution (spread) of values across the dataset (or subset of the dataset), respectively.  
For example, the mean absolute percent error, referred to as MAPE, communicates the average 
absolute error expressed as a percentage of the reference volume, whereas a summary of 
absolute percent error (APE) percentiles communicates how much the values vary.   

In most cases, results are typically grouped by volume bin, road class, or another data 
characteristic of interest.  Percentage-based errors are sensitive to low volumes, so separating 
results by reference volume range can provide useful context for interpreting results.   
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Table 4:  Error metrics 

 

 

Given a set of n volume estimates (𝒀̂)  and corresponding reference volumes (𝒀), the resulting 
signed errors, (E) are used as the basis for calculating various error metrics. 
 

𝐄 =  {𝑒1, 𝑒2, … , 𝑒𝑛} = {(𝑦̂1 − 𝑦1), (𝑦̂2 − 𝑦2), … , (𝑦̂𝑛 − 𝑦𝑛)} 

Metric Formula Explanation & Notes 

Error Percentiles  P𝑋({𝑒1, 𝑒2, … , 𝑒𝑛}) 

The Xth percentile error represents the signed 
error value below which X% of observations 
lie (expressed as volume).  

• P50 is the median error (MdE) 

• P25  to P75   bracket middle 50% of 

observations 

Percent Error Percentiles P𝑋 (100 ∙ {
𝑒1

𝑦1
,
𝑒2

𝑦2
, … ,

𝑒𝑛

𝑦𝑛
}) 

Similar to Error Percentiles, but errors are 
expressed as a percentage of reference 
volume.    

• P50 is the median error (MdPE) 

 

Absolute Percent Error 
(APE) Percentiles  

P𝑋 (100 ∙ {|
𝑒1

𝑦1
| , |

𝑒2

𝑦2
| , … , | 

𝑒𝑛

𝑦𝑛
|}) 

 
Similar to Error Percentiles, but only the 
magnitude (not sign) of errors is considered, 
and errors are expressed as a percentage of 
reference volume.  All values are positive.  

• P50 is the median error (MdAPE) 

• P90 represents ‘tail risk’   

 

Mean Absolute Percent 
Error (MAPE) 

100

𝑛
∑ |

𝑒𝑖

𝑦𝑖
|

𝑛

𝑖=1
 

Avg. magnitude of error (as percent of 
reference volume) 

Normalized Root Mean 
Square Error (NRMSE) 100 ∙

√
1

𝑛
∑ 𝑒𝑖

2𝑛
𝑖=1

1

𝑛
∑ 𝑦𝑖

𝑛
𝑖=1

  

Expresses avg. magnitude of error (as 
percent of average reference volume) but 
penalizes large errors more than MAPE. 
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5.2 FHWA Method (Bi-Directional AADT) 

FHWA’s report, titled “Guidelines for Obtaining AADT Estimates from Non-Traditional Sources, 
Revised” (FHWA-HPL-23-018), outlines a framework for evaluating the quality of “Non-
Traditional” volume data sources (such as the probe-based volume estimates included in this 
study). The FHWA’s method includes a series of statistical tests that can be used to determine 
whether emerging probe-based volume estimates are suitable for Federal reporting purposes.  
Given agency interest in this particular use case, the validation team implemented this 
evaluation approach method to gain additional insight into vendor data quality.  One thing to 
note about the FHWA analysis method is that it was developed and intended to be implemented 
on bi-directional traffic.  As such, directional volumes were aggregated to bi-directional 
volumes at each reference location to create a bi-directional dataset for application of the 
FHWA method. 

Before describing the FHWA evaluation approach, it is first helpful to understand how agencies 
currently estimate AADT at locations where there are not permanent counters.  Aside from 
limited CCS sites where AADT can be computed directly, agencies typically estimate AADT by 
annualizing short duration counts.  This process – often referred to as “factoring”,  involves (1) 
grouping similar CCS sites (often by road type and traffic characteristics), (2) developing factors 
to summarize how each group’s counts vary by season and day-of-week, (3) assigning each 
short-term count location to the most similar factor group, and (4) multiplying daily counts by 
seasonality, day-of-week (and sometimes additional) factors to obtain estimates of annual 
average daily traffic. The FHWA’s guidelines for minimum accuracy of non-traditional sources 
are based on (referenced to) the accuracy of these short-term counts.   

 

Accuracy and Precision Limits associated with factored Short-Term Counts 

USDOT has previously benchmarked the accuracy and precision associated with the method of 
factoring 48-hour counts to annual averages (see Table 5 below).  The concept embedded in 
the FHWA guidelines is that if an agency wants to procure an AADT dataset (such as the 
vendor products included in this study), these products should be at least as accurate and 
precise as factored, short-term counts.  Thus, the FHWA statistical method involves calculating 
the accuracy and precision of vendor provided volume estimates to see if they compare 
favorably with the values associated with the ‘status quo’ short-term counter approach.  

Table 5 (copied directly from Table 14 on page 49 of the FHWA report) summarizes the 
accuracy and precision acceptance limits based on USDOT’s historical analysis of factored 48-
hour counts, reporting limits separately for four different volume bins.   

• Accuracy Limit #1: ‘Minimally 95% Probability, Traffic Count Error (TCE) Median 
Error Bias (%)’: This metric provides a near-worst-case interval (middle 95%) of sample 
Median TCE values expected from factored AADTs, given a sample of N sites.  At higher 
sample sizes the confidence interval becomes narrower, and the sample median more 
closely approximates the population median.  This accuracy metric is testing for bias 
(consistent over or under-estimation). 

• Accuracy Limit #2: ‘Minimally 95% Probability, MAPE Upper 95% Confidence 
Bound (CB) (%)’: This metric reports the near-worst case MAPE (95th percentile) that 
would be expected from factored AADTs given a sample of N sites.  At higher sample 
sizes this upper limit gets smaller, as large samples are less sensitive to being inflated 
by individual outliers. 

• Precision Limit: Minimally 95% Probability, 95% TCE Population Error Range (%)’: 



 

TDM-VAL-11  16  
  

The precision limit describes how spread out (i.e., middle 95%) the site errors are when 
assessing factored AADTs.  Unlike the accuracy limits above, this is a description of the 
underlying population of count site errors (not central tendency sample statistic like 
median PE and MAPE), so the limits do not depend on sample size.  However, note that 
the testing procedure (described later) does depend on sample size.  

 

The accuracy and precision limits as exhibited in Table 5 from the FHWA guidance were 
obtained (from previous USDOT studies) by analyzing a sub-sample of 48-hour counts obtained 
from CCS.  These sub-samples were treated as 48-hour short-term counts, factored 
appropriately, and then compared to the official AADT as derived from the full data set from their 
respective CCS.  These fundamental studies of sub-samples of 48-hour synthesized STC, 
formed the basis for accuracy expectations for non-traditional volume estimates.   

 

Table 5: Accuracy and Precision Limits from Factored Short-Term Counts (from FHWA report) 

 

 

Evaluating Accuracy and Precision of Vendor AADT Estimates 

The limits in Table 5 serve as the basis for assessing the accuracy and precision of vendor 
AADT estimates.  Evaluating accuracy is straightforward; Median TCE (i.e., Percentage Error) 
and MAPE are computed for each volume bin and compared to the limits provided in Table 5, 
resulting in a pass/fail designation for each bin. Note that this table only reports accuracy limits 
for specific sample sizes (N=25, N=50).  In practice, it is often useful to know the precise limits 
for sample sizes in between the values listed in the table.  In such cases it is acceptable to 
either interpolate between records in the table or use a set of equations provided by FHWA (see 
Table 14a in FHWA report), for the specified sample size.   
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The precision test is also straightforward to execute but relies on more sophisticated underlying 
statistical quality control theory.  To execute this test, the TCE (i.e., Percentage Error) is 
calculated for each record in the dataset and compared to the precision interval limit (last 
column in Table 5).  Each record is flagged as “in” or “out” of the precision interval limit, and the 
total number of observations that fall outside the limits are summed across the whole dataset (or 
subset to be included in the precision test).  This total is then compared to the number of 
allowable failures based on specified sampling plan, which should be determined ahead of time.  
If the number of observations that fall outside the precision limits is less than or equal to the 
allowable limit, the precision test passes, otherwise it fails.  This technique is often used in 
manufacturing to determine whether to accept or reject a production lot, based on inspecting a 
sample.   

At a high level, the sampling plan seeks to determine the number of ‘failures’ that can be 
considered acceptable, while balancing risk to both the agency (a potential consumer of the 
data) and vendor (the producer). A sampling plan requires two binomial equations to be solved 
simultaneously: 

1 − 𝛼 = ∑
𝑛!

𝑑! (𝑛 − 𝑑)!
𝑝1

𝑑(1 − 𝑝1)(𝑛−𝑑)

𝑐

𝑑=0

 

𝛽 = ∑
𝑛!

𝑑! (𝑛 − 𝑑)!
𝑝2

𝑑(1 − 𝑝2)(𝑛−𝑑)

𝑐

𝑑=0

 

• n: sample size 

• c: number of allowable failures (what we want to solve for) 

• p1: failure rate that is considered “good performance”.  Here failure rate is defined as the 
proportion of records that fall outside of precision intervals from Table 5. 

• p2: failure rate that is considered “bad performance”.  Here failure rate is defined as the 
proportion of records that fall outside of precision intervals from Table 5.   

• 𝛼: vendor risk (usually set to 0.05, or 5%).  This is the probability that the test fails even 
though the actual failure rate (proportion of records that fall outside precision intervals) is 
less than p1 (the threshold for “good performance”)  

• 𝛽: agency risk (usually set to 0.05, or 5%).  This is the probability that the passes even 
though the actual failure rate (proportion of records that fall outside precision intervals) is 
greater than p2 (the threshold for “bad performance”)  

Solving these equations is not trivial because some parameters – like sample size – are 
automatically determined based on the number of available validation locations and must be 
discrete values.  The value for c (number of failures) is what we want to solve for and must also 
be a discrete value.  Alpha and beta are often set to 0.05 (5%) to balance agency and vendor 
risk, which just leaves p1 and p2 (the definitions of “good” and “bad” failure rates, respectively).  
Evaluators are free to come up with sampling plans that satisfy these constraints; however, they 
must determine the value of c (number of failures) before running the precision test.  

To make things easier, FHWA has prepared a table of reasonable sampling plans – each of 
which uses alpha = 0.05 and beta = 0.05 and tries to pick p1 and p2 failure rates that are as fair 
as possible.  This is summarized in Table 6 below. For clarity, the validation team uses the 
sampling plan in Table 6 for our implementation of the FHWA method.  In cases where the 
sample size falls between observed records, we perform linear interpolation and round the value 
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of c (number of allowed failures) up to the nearest integer – giving the benefit of the doubt to the 
vendors. 

 

Table 6: Acceptance sampling plan for precision test (from FHWA report) 

 

 

With this information in mind, the FHWA test is conducted as follows: 

1. Create a paired dataset with reference and vendor volumes (bi-directional) and calculate 
Percentage Error (PE) for each record. 

2. Assign each record a volume bin based on reference volume value.   (Very low = 1-499, 
Low = 500-4,999, Medium = 5,000-54,999, High = 55,000+) 

3. Group records by volume bin.  For each bin: 

• Accuracy Test #1: Calculate Median PE (called TCE) across records and compare 
it to “Minimally 95% Probability Traffic Count Error (TCE) Median Error Bias (%)” limit.     

o If Median PE is within interval → Pass 
o If Median PE is outside interval → Fail 

 

• Accuracy Test #2: Calculate MAPE across records and compare it to “Minimally 95% 
Probability, MAPE Upper 95% CB (%)” limit.   

o If MAPE is less than or equal to limit → Pass 
o If MAPE exceeds the limit → Fail 

 

4. Precision Test: For each record in the full dataset (or subset of data to be included in 
precision test), compare the PE value to ‘Minimally 95% Probability, 95% TCE 
Population Error Range (%)’ and count the total observations outside the interval.  

o If number of ‘failures’ is less than or equal to limit from sampling plan → Pass 
o If number of ‘failures’ exceeds limit from sampling plan → Fail 

 

Changes to FHWA Test Implementation 

The implementation of the FHWA method in this report is slightly different than how it was 
executed in the prior reports.  The prior implementation was based on the best available 
information at the time, but the validation team’s understanding has evolved as FHWA has put 
out updated guidance.  The major changes are as follows: 

• Focus on bi-directional volumes.  The FHWA accuracy and precision limits were 
developed from prior USDOT research with total volume (rather than directional volume) 
in mind.  Additionally, a prior report from the FHWA pooled fund study indicated that total 
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volume should be used.   As such, although most of our volume validation focuses on 
directional volumes, we aggregate directional volumes by count site to evaluate total 
volume on each roadway. 

• (Slight) Update to accuracy limits.  To improve the accuracy limits, we now use 
equations provided by FHWA to specify the limit based on sample size.  This change is 
slightly more stringent, but better handles values between sample sizes reported in 
Table 5.  Impact of changes is minor. 

• Update to precision limits.  In the previous implementation, the validation team applied 
the precision test to each volume bin.  Although this is allowable, it results in many tests 
with small sample sizes. When sample sizes are small, the precisions limits typically 
allow for only 1 or 2 outliers (e.g., 1-2 outliers could cause a failure).  In the updated 
implementation, the precision limits are applied across multiple volume bins, that is the 
entire data set (or at least the part subject to evaluation).  This maximizes the sample 
size, making passing or failing less dependent on a single outlier.  Additionally, we made 
a slight improvement to how we choose the acceptable number of failures in the 
sampling plan. The impact of precision test changes was more significant than the 
accuracy test changes.  The most significant changes were aggregating (pooling) the 
data across volume bins to increase the sample size.  This updated implementation is 
fairer to vendors, as TDM validation studies typically have statistically small sample 
sizes when disaggregated to specific volume bins. 
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6. Results and Discussion 
 
The AADT results are presented below, beginning with analysis of directional volumes (Section 
6.1) and followed by an analysis of bi-directional volumes using FHWA’s statistical test (Section 
6.2).  As will be described in more detail in Section 6.1, initial analysis of directional volumes 
revealed high errors and major outliers, which were unexpected based on observed vendor 
performance in prior validations.  As such, the validation team spent considerable effort tracking 
down the cause of these discrepancies – a process that uncovered several different sources of 
error (beyond just vendor inaccuracy), including miscoded count locations, 
georeferencing/conflation issues, and errors in agency count data.  These errors are important 
to understand because they can have a disproportionate impact on resulting error metrics and 
distort apparent performance (including the FHWA statistical test in Section 6.2). Accordingly, 
Section 6.1 provides concrete examples and explanations for the different sources of error. 

This investigative process resulted in the validation team identifying a set of ‘suspect locations’ 
to be omitted from the analysis.  However, because historical counts at these locations were 
also provided to vendors for model calibration purposes, errors in the training data may have 
impacted vendors’ volume estimates.  To account for this possibility, vendors were given a list of 
suspect locations to omit from calibration procedures and provided the opportunity to re-submit 
volume estimates.  

The analysis also investigated performance at different types of agency counters (traditional 
inductive loop counters, counters on tolled facilities, and intersection cameras) and for different 
levels of road complexity.  This analysis found that camera counters were associated with 
higher errors (even beyond obvious outliers that were omitted from the analysis).  However, 
because cameras are typically deployed at more complex locations (typically signalized 
intersections), it is unclear whether this is due to the camera technology itself or the 
environment in which they are deployed, where it is difficult to know exactly which lanes are 
being counted, or a combination of the two. 

Many initial and intermediate results were produced to investigate errors and sources of 
uncertainty; however, for clarity, the majority of results presented in this report will focus on the 
final, resubmitted dataset. Due to the remaining questions about camera count locations, the 
final dataset is reported both with and without cameras included.  The non-camera CCS 
locations are expected to be most consistent with the validation locations from the prior 
validation activity in Georgia and North Carolina. 
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6.1 AADT (Directional) 

 

Preliminary Results 

The following preliminary results reflect performance prior to identifying various sources of error 
not attributable to vendor inaccuracy. 

Figure 4 plots vendor AADT volumes (y axis) against reference AADT values (x axis) for each 
vendor’s AADT estimates, focusing in particular on the 0-50k vehicle per day (vpd) volume 
range where approximately 85% of the data lies. The 45-degree dashed line represents points 
where there is zero error (i.e., estimates are equal to reference values). Data points above the 
line represent overestimates, and data points under the line reflect underestimates.  These plots 
are color-coded to show Continuous Count Sites (CCS) in blue and Short-Term Counters (STC) 
in red. These visual plots are useful to observe if any bias exists in the data (more data above or 
below the 45-degree line), the variance in the data, and prevalence of outliers. 

The presence of major outliers is the main takeaway from the plots of the Mass DOT 
Validation.  Two vendors show some systematic errors (Vendor A often underestimates across 
a range of volumes, while vendor C significantly overestimates on certain low-volume roads, 
especially STC); however, all vendors show sporadic individual points that disagree significantly 
– in some cases by thousands of vehicles per day.  

 

 

Figure 4: AADT scatterplot for vendors’ initial submissions 
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To quantify performance further, Figures 5-9 reflects the individual scatterplots for each vendor, 
with separate plots and summary metrics (median and mean APE) reported for CCS and STC. 
Accompanying boxplots summarize the distribution of errors in units of volume (vehicles).   

 

 

 

Figure 5: Vendor A scatter plots and error distribution for all CCS and STC locations 
 
 
 

 

Figure 6: Vendor B scatter plots and error distribution for all CCS and STC locations 
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Figure 7: Vendor C scatter plots and error distribution for all CCS and STC location 
 

 

Figure 8: Vendor D scatter plots and error distribution for all CCS and STC locations 
 

 
 

Figure 9: Vendor E scatter plots and error distribution for all CCS and STC locations 
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Common to all five vendors in the preliminary results were the prevalence of significant outliers, 
that is multiple data points that fall significantly far from the 45-degree dashed lined. These plots 
reinforce the discrepancies between vendor estimates and agency counts and show the impact 
that large outliers can have on error metrics. For example, consider vendor C in Figure 7 above.  
In the CCS plot, the majority of points are reasonably close to the ideal 45-degree line, resulting 
in a low median (typical’) APE value of 7.5%.  However, because there are a number of points 
with over 1000% error (when agency counts were very low and the vendor reported estimates 
around 20,000 vpd), the mean APE (i.e., MAPE) is over 100%.   

Because outliers can be quite impactful – both for the common statistics metrics reported above, 
and also in FHWA’s statistical tests -- the validation team determined that it was necessary to 
understand the source of these discrepancies to determine whether the issues were related to 
vendor estimates or other factors.  Note the high prevalence of outliers depicted in the previous 
charts differed substantially from validation results seen in Georgia 12 months prior.  Reasoning 
that overall industry performance would not decay over time, this added to the concern that 
additional issues were at play within the MassDOT data set.  

  

Outlier Investigation 

The validation team identified the most notable discrepancies between agency volume counts 
and vendor estimates for each vendor’s AADT product.  For each vendor, the most significant 
outliers (such as the top ten) were analyzed. The validation team double checked the agency 
counts (and subsequent aggregation process to obtain AADT), sought to understand the type of 
counter and its exact deployment location, and sanity checked vendor estimates.  Having data 
from 5 vendors proved useful for understanding whether outliers were associated with a single 
vendor or shared by many.  If excessive error at a specific count site was common from multiple 
vendors, it implied a potential problem with the reference data at that location.  It also proved 
useful to compare volumes from both directions of travel on the same roadway segment. This 
analysis focuses on AADT. Volume counts on opposing travel directions are usually balanced 
over a prolonged period.  Discrepancies between directional flows at the same location, for 
either agency counts or vendor estimates, flagged anomalies in the data.  Broadly speaking, the 
source of error for major outliers were categorized as follows: 

• Miscoded Site Location: Manual investigation of several high-error sites common to all 
vendors led to the discovery that a subset of locations had been miscoded in the DOT’s 
database system.  MassDOT discovered these location errors independent of the 
validation team’s investigation and updated the database after the validation activity had 
started. Because of this issue, vendor volume estimates were provided at different 
locations than the actual location of the CCS., often resulting in substantial differences in 
volume. In total, 39 sites (52 directional locations) were impacted – all of which were 
‘traditional’ inductive loop counters  

• Location Referencing / Conflation Errors.  Additionally, another set of errors were 
related to location referencing or conflation.  Recall that the validation team provided 
location references to each vendor to describe where they should report volume 
estimates. These location references (encoded in CATT Works Georeferencing Protocol) 
– which contain latitude, longitude, heading, road name, and road classification – did not 
always contain sufficient information to precisely identify where the agencies collected 
reference counts.   

Figure 10 below is one example. The image on the left shows EB and WB directions at a 
particular count site along I-90.  The latitude and longitude clearly distinguish EB from 
WB lanes, but there is some ambiguity about how many lanes should be included in the 
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WB traffic – the reason being that it is near an exit ramp, and is unclear what vendors 
should report (e.g., through lanes vs all lanes vs ramp lanes).  MassDOT provided loop 
assignment diagrams (right image) that clarified that the WB direction was including all 
lanes (through plus ramp), which differed from most vendors’ interpretation. 

Figure 10: Example of errors due to georeferencing/conflation. 

 

The validation team observed that ambiguous locations tended to be associated with 
more complex locations – typically signalized arterials (intersection cameras) and to a 
lesser extent, tolled facilities with entrance/exit ramps, like the example above. 
Traditional counters on highways were typically located in less complex locations, 
minimizing the probability of error.  See the subsection below called “Complexity 
Analysis” for further discussion on site complexity.  As a result of this discovery, it is 
recommended that geo-referencing for future validation also includes number of lanes 
and an indication of lane type (e.g., mainline, ramp, other).  

• Vendor Data Error.  In some cases, the source of the error was traced to vendors’ 
processes, which truly reflect inaccuracy in vendor data and should be included in the 
analysis.  To identify vendor errors, we focused on errors that were unique to a single 
vendor at a specific location. Differences in directional flow also contributed to identifying 
outliers that are attributed to vendor error. Although directional differences are to be 
expected during times of the day or days of the week, directional imbalances at an 
annual average scale often indicate an anomaly.  

• Reference Data Error.  Finally, some outliers were associated with errors in the agency 
count data.  We identified these errors by searching for locations where all (or most) 
vendors showed strong internal agreement but differed from the reference counts. At 
these locations, we then ran sanity checks on the reference data (e.g., checked for 
imbalanced directional AADT) and consulted with MassDOT staff who had a better 
understanding of local traffic patterns.  

Figure 11 shows one example in which all vendors disagreed with the reference counts 
on the North leg of the intersection.   Further investigation into the reference data 
showed that the Southbound AADT value was three times larger than the Northbound 
AADT.  This location was monitored by an intersection camera, whose primary purpose 
was to provide turning movement detection for traffic control.  The validation team pulled 
TMC reports and consulted with MassDOT to determine the source of the issue.  It 
turned out that the slip lane (outlined in the rectangle below, between the East and North 
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legs of the intersection) was occluded from the camera view (not needed for traffic 
control) – resulting in a substantial portion of total traffic being undercounted. 

 

 

Figure 11: Example of error in reference data due to occlusion in camera counter 

 

 

Performance by Counter Type 
 

Figures 12-14 visually depict performance across Traditional, Toll (AET), and Camera locations.  
Again, note that Traditional and Toll (AET) locations use the same detection method (inductive 
loops), with Cameras differing most significantly from the other two. In the interest of keeping 
the plots readable, this paper presents the results for just three of the five vendors to highlight 
performance across industry.  The validation team coded each scatter plot by color to flag 
‘suspect locations’ – a subset of the outliers that were deemed unrelated to vendor performance. 
These suspect locations will be omitted from the dataset in the final results; however, in this 
section the validation team includes the suspect data points in the plots and metrics.  These 
figures and corresponding metrics show consistently higher errors for Camera locations with 
respect to percentage errors.  Note that camera counters tend to be stationed at locations with 
lower volume, so the magnitude of the error will be lower although the percentage error is higher. 
In all three sets of plots across traditional, AET and camera location, many, if not most, of the 
large outliers were deemed not to be vendor error and are marked as ‘suspect’ as indicated by 
the red data point.  
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Figure 12: Scatter plots showing Traditional CCS locations for three vendors. 
 
 

 

Figure 13: Scatter plots showing AET CCS locations for three vendors. 
 

 

Figure 14: Scatter plots showing Camera CCS locations for three vendors. 
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Impact of Site Complexity 
 

The outlier review process suggested that many georeferencing/conflation issues were found in 
complex environments where it was more difficult to determine how the validation location 
should be assigned to the road network.  To test this theory, the validation team classified each 
of the CCS validation locations as low, medium, or high complexity based on the number of 
OpenStreetMap segments that could be reached within a 30m (~100ft) radius.   Figure 15 
summarizes the classification scheme and associated thresholds. 

 

Figure 15: Classification of CCS locations as low/med/high complexity. 

 

Figure 16 shows examples of low, medium, and high complexity locations.  Low complexity 
locations are typically simple to interpret (1-2 candidate segments, typically on interstates and 
similar facilities) with little to no ambiguity with respect to mapping of the location onto the 
appropriate roadway segment, while high complexity locations present many more challenges 
and are often found in urban environments.  The High complexity example in Figure 13 shows 
an intersection in an urban environment with 15 candidate segments within the specified radius. 
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Figure 16: Examples of low/med/high complexity. 

 

Figure 17 summarizes the number of locations that fall in each complexity bin for the three CCS 
counter types.  Traditional counters – which represent the greatest share -- are typically low 
complexity, Toll counters are split between low and medium complexity, and camera counters 
are generally associated with higher complexity.  Because cameras tend to be deployed in more 
complex environments, it is unclear whether lower accuracy at camera counters is due to the 
technology itself or related to their deployment context, or perhaps a combination of both.  

 

 

Figure 17: Distribution of low/med/high complexity locations by site type 

 

 

 



 

TDM-VAL-11  30  
  

One of the challenges with camera locations is that it is not always clear where the camera is 
measuring vehicle counts relative to the intersection.  Figure 18 shows an example of an 
intersection with camera deployment.  The orange dots show the location of count sites as 
reported in the DOT database system.  Note that these are not “traditional” count stations, but 
rather individual legs of an intersection treated as individual sites (with volumes derived from 
aggregated turning movement counts).  Consider the validation location represented by red dot 
on the South leg of the intersection, representing traffic flow in the SE direction (i.e., in the 
direction of the arrow).  The intent of the validation location is to capture this traffic flow, but it’s 
unclear whether the camera is truly counting traffic precisely where the red vector is placed or 
also including the slip lane from the West leg of the intersection.  If the intent was to capture all 
traffic from the intersection proceeding on this leg of the intersection, the locations would be set 
back farther from the intersection to more clearly communicate intent. However, it is not likely 
that the cameras at the intersection are placed and configured to capture the referenced slip 
lane if they were installed and configured primarily for traffic control purposes.  

 

 

Figure 18: Examples of challenges associated with intersection camera. 

 

 
Outlier Removal and Resubmission 
 
Based on the preliminary analysis and outlier investigation described above, the validation team 
omitted 72 directional locations from the analysis.  These locations encompassed the sites 
whose locations had been miscoded, locations with known errors in the reference data, and 
ambiguous locations where it was not obvious which lanes or facilities were being described.   

Note, however, that these suspect locations were included in the calibration data provided by 
the validation team to the vendors (and thus used to train vendor model estimates).  For this 
reason, vendors offered the opportunity to regenerate estimates and resubmit results.   The 
remainder of the results (see “Final Results” below, as well as Section 6.2) will focus on 
resubmitted volume estimates with the suspect locations removed.  
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Final Results 

The validation team generated final results from data sets resubmitted by vendors after 72 
locations were flagged and subsequently removed.  All but one vendor (Vendor B) re-submitted 
volume estimates.  For the vendor that did not re-submit, the suspect locations were simply 
removed from the original submission. 

The report details overall summary error metrics in Appendix A. The following subsections 
present highlights from these results.  Due to unresolved questions about the accuracy of 
camera count locations, this report summarizes final results with and without camera locations 
included.  The non-camera CCS locations are expected to be most consistent with evaluation 
locations from prior validation activities in GA and NC. 

  

Overall Performance (All Sites) 
Figure 19 plots vendor AADT volumes (y axis) against reference AADT values (x axis) for each 
vendor at all sites (including CCS Camera locations), focusing on the 0-50k vpd volume range 
where approximately 85% of the data lies.  The plots in Figure 19 show better performance than 
the preliminary results from Figure 4; more data points fall close to the ‘ideal’ 45-degree line, 
and there are fewer outliers, and vendors A and C have less systematic bias (although A still 
has a negative bias than in Figure 4, just to a lesser degree).   
 

 

Figure 19: Final scatter plots across all vendors 

 

Figures 20-24 show the individual scatterplots for each vendor, with separate plots and 
summary metrics (median and mean APE) reported for CCS and STC. Accompanying boxplots 
summarize the distribution of errors in units of volume (vehicles).   



 

TDM-VAL-11  32  
  

Figure 20: Final scatter plots and error distribution for Vendor A 

Figure 21: Final scatter plots and error distribution for Vendor B 
 

 

Figure 22: Final scatter plots and error distribution for Vendor C 
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Figure 23: Final scatter plots and error distribution for Vendor D 

 

 

Figure 24: Final scatter plots and error distribution for Vendor E 

 

The summary statistics (Median and Mean APE) from the final analysis indicate improved 
accuracy – particularly at CCS locations. Additionally, the two vendors with systematic biases in 
the preliminary analysis showed improvement; Vendor A still systematically underestimates 
volumes at CCS locations, but to a lesser degree, while Vendor C’s low-volume overestimation 
issue is no longer present.   

 
Performance by Volume Bin  
 
Figures 25 and 26 show the distribution of percent error for each vendor aggregated by volume 
bins. Figure 25 plots results for all CCS locations, and Figure 26 focuses on non-camera sites 
(Traditional and AET locations).  The volume bins were chosen based on FHWA’s volume bin 
definitions; FHWA bi-directional volume bins were divided in half to create a directional version 
of bin thresholds.   
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Each boxplot summarizes the distribution of error, with the box showing the middle 50% of data 
(ranging from the 1st to the 3rd quartiles – often referred to as the interquartile range), the 
vertical line in the middle of the box representing the median value (50th percentile) and red ‘X’s 
representing the mean value of the error distribution. The whiskers extending to the left of the 
25th percentile (Q1) and to the right of the 75th percentile (Q3) are an estimate of the 95th 
percentile limits (obtained by extending the 25th and 75th percentile by 1.5 times the inter-quartile 
range (Q3-Q1)).  Data points within the whiskers represent the estimated non-outlier range. 
Note that boxplots may not be reliable for scenarios with limited samples, so this report omits 
them when there are fewer than 20 observations.  In such cases, this report details only the 
mean and median values (black diamond and red ‘X’ markers, respectively).  For all volume 
bins, the validation team plots the individual data points (representing percent error at a specific 
location) as light blue points to give a visual indication of the distribution. 
 
Visual inspection of Figures 25 and 26 result in the following observations: 

• Vendor A consistently underestimates volume across volume ranges – whether or not 
camera locations are included (i.e., Fig 25 vs 26).  While the level of underestimation is 
better than the initial submission, there is still notable bias relative to the reference 
values. 

• Vendor B’s errors are typically within +/- 15%, but the sign of the error switches across 
volume bins when all locations are included (Fig 25).  However, when camera locations 
are excluded (Fig 26), the magnitude of Vendor B’s error decreases slightly and there is 
a slight tendency to overestimate.   

• Vendor C shows strong agreement across mid-to-high volume ranges (especially above 
5k vpd) and has very high errors in the lowest volume ranges when cameras are 
included (Fig 25).  If camera locations are excluded, the performance is improved and 
more consistent.    

• Vendor D shows high accuracy with minimal bias across all volume bins in Fig 25, and 
the magnitude of the errors drop even further when excluding cameras (Fig 26).  This 
dataset consistently matches the reference AADT values across all volume ranges. 

• Vendor E shows strong agreement across mid-to-high volume ranges, with a slight 
tendency to underestimate at lower volumes when all locations are considered (Fig 25).  
When cameras are excluded, performance improves.  

 

 
Performance by Road Class  
 
Figures 27 and 28 show the distribution of percent error for each vendor, aggregated by road 
class.  This is similar to Figures 25-26, but these plots focus on functional class rather than 
volume range.  Figure 27 shows results for all CCS locations, while Figure 28 focuses on non-
camera sites (Traditional and AET).   Although there is some overlap with the prior figures (i.e., 
FRC 1 locations generally correspond to high volume bins), it provides a slightly different 
perspective. 

In Figure 27, FRC 3 (Other Principal Arterials) stands out as having notable error/bias across all 
vendors when camara locations are included.  This bias largely disappears if camera locations 
are omitted. 
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Figure 25: Percent Error boxplots by volume bin (all CCS locations) 
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Figure 26: Percent Error boxplots by volume bin (CCS locations with cameras omitted) 
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Figure 27: Percent Error boxplots by functional roadway classification (CCS locations) 
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Figure 28: Percent Error boxplots by functional roadway classification (CCS locations with cameras omitted) 
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6.2 FHWA Test (Bi-Directional) 

 

As described in Section 5, the FHWA evaluation method establishes accuracy benchmarks for 
four volume ranges (“Very low”, “Low”, “Med”, and “High) plus an overall precision test for the 
full dataset. These benchmarks – developed by FHWA in a prior pooled fund study -- reflect the 
expected precision/accuracy of factoring 48-hour counts to AADT values. Conceptually, the 
FHWA minimum accuracy guidelines for non-traditional volume measures reflect the anticipated 
accuracy of short term counts relative to continuous counters.    

Before presenting the results, one caveat to be noted is related to the directionality of volumes.  
The Coalition volume validation methodology is based on directional traffic volumes.  
Regardless of facility type, each validation location refers to a single direction of travel on a 
specified roadway segment or location. All results presented thus far – and all volumes 
associated with all other temporal aggregations (ADT, AHDT, Daily, Hourly) are directional 
volumes.  In contrast, FHWA’s statistical method is based on bi-directional volumes, using the 
total volume associated from both directions of traffic flow at a count site.  As such, to ensure 
alignment with FHWA benchmarks, the validation team summed directional volumes at each 
site, both for reference and vendor datasets, to generate bidirectional results. 

Noting this caveat, Table 5 summarizes the results using bi-directional volumes for all CCS 
locations, while Table 6 summarizes the results for bi-directional volumes for non-camera CCS 
locations.  In both cases, 7 statistical tests are conducted: two accuracy metrics applied to three 
volume bins (low, medium, high), and one overall precision test.  Note that the “very low” 
volume bin was omitted due to insufficient observations in this volume range. Benchmark limits 
are also shown to provide context for how close each vendor’s results were to the pass/fail 
threshold.  A tally of the total number of tests passed is given to the right of the table.  

 

All CCS Locations 

Tables 5 depicts the result based on all CCS sites (including Camera sites). Results are 
presented for all three volume bins.  Note that the ‘Low’ volume bin has only 20 observations, 
while a minimum of 25 observations are recommended.  Three vendors passed at least 5 of the 
7 tests; Vendors D and E passed 6 of 7 tests (5/6 accuracy, 1/1 precision), with Vendor C 
passing 5 of 7 (4/6 accuracy, 1/1 precision). All failures from these three vendors occurred in the 
lowest volume bin where the majority of camera count sites exist.   Vendor B passed 4 of 7 tests 
(4/6 accuracy, 0/1 precision), with several outliers causing a failure on the precision test (limit = 
8, observed outliers = 16).  Vendor A didn’t pass any tests due to the issue with systematic 
underestimation. 
 

Traditional CCS and AET Locations Only 

Table 6 depicts the results if the Camera locations are removed from the data set.  Results are 
presented for all three volume bins, although the ‘Low’ volume bin has only 11 observations, 
while a minimum of 25 observations are recommended.  With camera CCS locations removed, 
Vendors D and E passed all 7 tests (6/6 accuracy, 1/1 precision), while Vendor C passed 6 
of 7 tests (5/6 accuracy, 1/1 precision) and Vendor B passed 5/7 (5/6 accuracy, 0/1 precision). 
Vendor A passed 1/7 (1/6 accuracy, 0/1 precision) again due to the systematic bias issues.  
These results, with Camera locations removed, are deemed to be most comparable to the 
methodology used in previous validations from GA and NC.   
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Table 5 – FHWA method results for bi-directional AADT (All CCS) 

 
 

Table 6 – FHWA method results for bi-directional AADT (CCS, cameras omitted) 
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Comparison with Prior Results 
 
The prior validation in Georgia assessed AADT accuracy/precision using a similar, but slightly 
different implementation of the FHWA statistical method as was used in this report (see Section 
5 for a description of the changes).  To make the results for Georgia comparable, the validation 
team revisited the Georgia datasets and calculated FHWA statistical tests for bi-directional 
volumes using the current implementation (i.e., consistent with Tables 5-6 above).  

Table 7 summarizes the bi-directional results based on CCS locations in Georgia for 2023 
AADTs. Note that there were no camera counters in Georgia, so these results are most 
comparable to Table 6 (non-camera CCS locations in Massachusetts). The results are fairly 
consistent across all four vendors, ranging from 4-6 of the 7 tests passed, with Vendor D 
leading with 6 of 7 tests passed.  Relative to these results in Georgia, we see that 4 of the 5 
vendors improved – in some cases significantly.  Vendor D has consistently passed the most 
tests in both validations (6/7 in GA, 7/7 in MA at non-camera locations), and the most notable 
increase came from Vendor E, which improved from 4/7 in GA to 7/7 in MA at non-camera 
locations. 

 
  

Table 7 – FHWA method results for bi-directional AADT in prior GA study 

 
These results show a consistent improvement in the industry with the ability of most vendors to 
meet or nearly meet the accuracy thresholds recommended by FHWA.  
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Conclusions 
 

This report explores the accuracy of AADT volume estimates derived from probe data, focusing 
specifically on products from five vendors who sell volume data in TETC’s transportation data 
marketplace.  The initial intent of this study was to characterize vendor performance across five 
different temporal aggregations, using metrics, statistical tests, and visualizations consistent 
with prior studies.  However, initial AADT accuracy analysis uncovered high errors and major 
outliers, which were unexpected based on prior vendor performance.  These errors warranted 
further investigation.  This exploration resulted in rich insights into the various sources of 
uncertainty when using outsource probe-based volume estimates.  For this reason, the 
MassDOT validation was separated into two reports.  This first report focuses on the various 
sources of error and reports exclusively on analysis at the AADT accuracy, once the suspect 
locations are removed.  The accuracy of other temporal aggregations will be reported in Part II.  
The following takeaways emerged from analysis of AADT data across vendors: 

• Agency counters and deployment locations are more diverse in Massachusetts 
than in prior validations.  Like prior validation studies, Massachusetts primarily uses 
inductive loop counters for its core Continuous Count Station (CCS) network. However, 
several of these sites are deployed near merge/diverge points, which can add ambiguity 
around which lanes are actually counted.  Additionally, MassDOT has a sizeable 
inventory of intersection cameras deployed at signal-controlled intersections, intended 
primarily for traffic detection/control, but also used for counts. Relative to prior 
validations, the inclusion of cameras is the most notable difference, as it represents a 
new type of counting technology and deployment context.  

• Many sources of error and uncertainty can impact resulting accuracy measures, 
including several unrelated to vendor data quality.  Although some outliers are 
attributed to vendor estimation error, other sources of error were equally or more 
impactful to the results.  Examples of such errors encountered in this study include (I) 
miscoded site locations (a data entry issue in the DOT database), (II) ambiguity in 
georeferencing, and (III) reference data error – none of which are reflective of vendor 
data quality.  

Issues associated with ambiguity in georeferencing/conflation are particularly 
challenging because both agency counts and vendor estimates may be correct within 
their geographic context but compare unfavorably due to incorrect or ambiguous 
georeferencing.  For this study, CATT Works Georeferencing Protocol (CWGP) location 
references were used by the validation team to communicate evaluation locations to 
vendors.  In certain complex locations (e.g., at merge/diverge points or arterial 
intersections with slip lanes), simply knowing the latitude, longitude, and direction of 
travel was not enough to interpret which lanes, or how many lanes were included in the 
counts. It is recommended that future validations include number of lanes in 
georeferencing as an added data quality check.   

• Camera counters at signalized intersections should be treated with caution.  In 
Massachusetts, cameras are used primarily for traffic control purposes and collect 
turning movement counts, from which directional volumes on each intersection leg can 
be derived.  Although many intersection sites appeared to produce reasonable segment 
volumes and the DOT generally trusts the outputs, the data quality is less validated than 
traditional, inductive loop sensors.  Generally, errors at camera locations were greater 
than those from inductive loop count sites. Whether these errors arise from fundamental 
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technology issues or from the complex environment at intersections where Cameras are 
typically deployed -- or a combination of the two – is currently unknown.     

In this report, the validation team reports results both with and without camera counters 
included. Results from locations excluding Camera based technology are deemed most 
comparable to previous validation results from GA and NC. 

• Most vendors showed high accuracy after accounting for data issues, particularly 
when focusing on non-camera locations.  After removing the suspect data and 
processing vendors’ final submissions, four out of the five vendors produced directional 
volume estimates that generally matched reference AADT values, particularly when 
excluding camera locations.  Performance was evaluated under a variety of conditions – 
including across volume ranges and by functional road class (see Section 6 for full 
results).   

• Several vendors performed well on the FHWA statistical test, showing industry 
progression relative to last year’s study.  The validation team re-implemented the 
FHWA statistical tests for AADT volume accuracy based on updated guidance, focusing 
on bi-directional volumes.  For comparative purposes, last year’s results from Georga 
were regenerated with the same methodology to serve as a point of comparison.   

The FHWA test is particularly important for agencies seeking to use AADT volume 
estimates for Federal reporting purposes.  In last year’s Georgia study, two vendors 
were close to meeting the FHWA guidelines for bi-directional AADT values.  This year, 
when evaluating accuracy against continuous counters (but excluding camera locations), 
which is contextually comparable to prior studies, two vendors passed all components 
of the FHWA statistical test, with two others approaching (nearly passing) the 
benchmark.   

 

After accounting for the ‘suspect’ location sites, most of the vendor products showed strong 
agreement with reference counts – especially at non-camera locations. This is encouraging and 
indicates that industry is continuing to mature, proving higher quality results.   

The validation experience in Massachusetts revealed that there can be several sources of error 
and beyond those related to vendor modeling/estimation.  It is critical to understand the different 
sources of error, such as ambiguity in georeferencing/conflation that correlate with network 
complexity, location error within an agency database, and varying accuracy of different types 
count technologies.  All of these are unrelated to quality of a vendors’ volume estimation 
processes. This is a critical finding, as these same types of errors will be factors in the use and 
application of industry sourced, probe-based data of any kind. 

 

Recommendations 
 
The validation team recommends the following with respect to the methodology of evaluating 
third-party volume estimates: 

• Continue base data collection with directional volume counts.  Even though the FHWA 
method is based on bi-directional counts, the relative agreement of bi-directional counts 
at the same location for higher temporal aggregations (AADT, ADT) can help flag 
anomalies in both agency and vendor data. 
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• Cross-check results across multiple vendors.  If the vendor data shows industry 
agreement, but disagrees with agency reference data, it tends to indicate an error 
source apart from vendor error. 

• Systematically evaluate the outliers in a data set (such as the top ten) to assess if 
additional error sources are present in the analysis. 

• Be mindful of the reference data count technology and context. Massachusetts 
introduced toll road counts and camera counts, both of which had performance 
peculiarities not previously encountered.  

• When communicating validation locations to vendors, include additional fields to 
communicate the number of lanes and an indicator of lane type (e.g., mainline, ramp) to 
clarify the request. 

• Apply FHWA Guidelines using bi-directional volume counts.  Apply FHWA precision 
metric to the entire data set (not volume bins), unless sample sizes are ample. 

Moving forward, the validation team will proceed with Part II of the analysis, focusing on the 
other temporal aggregations (ADT, AHDT, Daily, and Hourly volumes for May 2025) using the 
final submissions from the participating vendors.  These aggregations will automatically exclude 
the suspect locations identified in this analysis and continue to investigate the differential 
performance at camera count locations. 
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Appendix A: Directional AADT Metrics by Vendor 
 

The tables below summarize directional AADT error metrics for each vendor, broken out by 
scenario. Each vendor’s results are reported in two tables; the first uses all locations, while the 
second reports results with Camera counters omitted.  

The first table for each vendor initially reports results by Site Type (CCS vs STC), and then 
further breaks out CCS results by site classification (Traditional, AET, and Camera counters), 
Urban/Rural designation, AADT range, and road classification.  The second table for each 
vendor (Tables A.2, A.4, A.6, A.8) is similar but focuses on non-Camera locations. Each table 
reports the following information: 

o # Obs: Number of observations 

o P25, P50, P75 Error percentiles (vehicles): Summarizes the signed error in units of 
volume (vehicles).  P25/P50/P75 values correspond to summary percentiles that would be 
visually represented in a boxplot.  P50 is the median error, which communicates the typical 
bias.  A value of 0 indicates no bias, while negative values indicate underestimates and 
positive values indicate overestimates. 

o P50 Percent Error (%): Reports the median (i.e., 50th percentile) percentage error, 
expressed as a percentage.  Similar to the error percentiles above, a value of 0 indicates no 
bias, while negative values indicate underestimates and positive values indicate 
overestimates. 

o P50, P90, and Mean APE (%): Absolute Percentage Error (APE) expresses the magnitude 
of error in percentage terms.  Median (P50) APE shows ‘typical’ error, while P90 shows a 
reasonable “high risk” error (i.e,. 90% of errors are less than this value). Mean APE (i.e., 
MAPE) is also provided, as it is a commonly reported summary metric.  Comparing mean 
and median (P50) APE values can be useful for identifying the presence of outliers. 

o NRMSE:  Normalized Root Mean Square Error 
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Vendor A 

 
Table A.1: Vendor A Summary Metrics 

 

 

Table A.2: Vendor A Summary Metrics with Camera Counters Excluded 
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Vendor B 

 

Table A.3: Vendor B Summary Metrics 

 

 
Table A.4: Vendor B Summary Metrics with Camera Counters Excluded 
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Vendor C 

 

Table A.5: Vendor C Summary Metrics 

 

 

 

Table A.6: Vendor C Summary Metrics with Camera Counters Excluded 
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Vendor D 

 

Table A.7: Vendor D Summary Metrics 

 

 

 

Table A.8: Vendor D Summary Metrics with Camera Counters Excluded 
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Vendor E 

 

Table A.9: Vendor E Summary Metrics 

 

 

Table A.10: Vendor E Summary Metrics with Camera Counters Excluded 
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