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Motor Carrier Industry Profile:
L inkages Between Financial and Safety Perfor mance Among
Carriersin Major Industry Segments

Executive Summary

The central focus of thisreport isto investigate the relationship between acarrier’s
safety performance and its financial performance, controlling for major descriptive features
of carriers (i.e., Size, revenues, ton-miles, average load, average haul, etc.) Theimportant
guestion is whether financial performance of afirm has an impact on carrier safety
performance. Do carriers with financial problems have a safety performance record that
differs significantly from that of carriers without these same problems?

In order to address these issues, researchers from the Supply Chain Management
Center within the Robert H. Smith School of Business matched the DOT numbers of carriers
in the SafeStat database with those in the Annual Report database from the American
Trucking Associations. There are approximately 700 carriers with a matched data set
covering both complete safety data as well as complete financial data. This study reports on
the linkage between safety and financia performance for carriers with both SafeStat and
Annual Report data. While the data set represents only a small fraction of the total number
of carriersin the universe, it includes, nonetheless, most of the industry’ slargest carriers.

Among al carriersin the linked database, 656 had CRs in the 18-month period prior
to the construction of the database (September 2000). Of these carriers, 553 received a
satisfactory review, while 103 received either an unsatisfactory (7) or a conditional (96)
rating. According to the results, carriers with satisfactory CRs are larger than those carriers

with non-satisfactory CRs on the following size dimensions: power units, operating



revenues, total ton-miles, and average load. However, the observed differences in means
between the groups are not statistically significant due to the large standard deviationsin
these measures for both carrier groups.

Turning to the crucia financial variables, study results find some statistically
significant linkages. Indeed, among the carriers with a satisfactory rating, the average
operating ratio (operating expenses/operating revenues) is 0.97, while the comparable figure
among the carriers with a non-satisfactory rating is 1.04. Thisdifferenceis statistically
significant. On a second financial measure, return on assets, the carriers with recent
satisfactory results averaged a five percent return on assets, while the carriers with non-
satisfactory results had a negative two percent return on assets. This differenceisalso
statistically significant. These results do provide evidence of important linkages between
poor safety performance (non-satisfactory review) and poor financial performance (high
operating ratio and negative return on assets).

The results examining the relationship between the operating ratio for all the carriers
in the database (those with and without recent CRs) and their safety performance (measured
by individual driver, vehicle, crash, safety management variables) showed no statistically
significant results. The hypothesized finding that carriers with poorer financial results
(higher operating ratios) would have poorer safety performance did not materialize among all
the carriers combined. The correlation scores were quite low, in general. Thereis, asa
result, little connection between individual safety performance measures (covering driver,
vehicle, and crashes) and carrier operating ratio for all carriers combined.

The results examining the relationship between return on assets of al carriers

combined and their safety performance on individual variables showed that all the correlation



coefficients had all the expected signsindicating that carriers with higher returns on assets
had stronger safety performance. However, with several exceptions, the coefficients were
not generally statistically significant. The exceptions involved the relationship between
returns on assets and crash rates as well as returns on assets and a carrier’ s enforcement
history record. The correlation coefficient between returns on assets and crash rate indicates
that higher crash rates are associated with lower returns on assets. The correlation
coefficient between returns on assets and enforcement severity indicates that carriers with
more enforcement actions have lower returns on assets.

A final component of the analysis provides an examination between various safety
performance measures and several operating characteristics: average load, average haul, and
driver wages as a percentage of operating expenses. There are several statistically significant
results. Carriers with better driver safety performance have larger average loads and shorter
average lengths of haul than do carriers with worse driver safety performance. Furthermore,
thereisa statistically significant negative correlation between driver wages as a percent of
operating expenses and measures of vehicle and driver safety performance. Asaresult,
carriers using a higher percentage of their operating expenses to pay wages have better driver
and vehicle safety performance scores than do carriers with alower percentage of their

operating expenses devoted to driver wages.



1. Introduction

The Supply Chain Management Center of the Robert H. Smith School of Business
has been involved in amulti-year assessment of the safety performance of the major
segments of the motor carrier industry. A major component of thisinvestigation has
included a comprehensive review of data collected in SafeStat by the Volpe National
Transportation Systems Center. The SafeStat data provide a multi-dimensional profile of the
safety performance of carriers of al sizesin all maor industry segments. Carrier safety
performance in the following areas is included in the database: roadside inspections, carrier
reviews (CRs), enforcement actions, crashes, driver moving violations, and hazardous
materialsincidents. All of acarrier’s actionsin these areas are recorded in the carrier’s
SafeStat data. Summary measures dealing with carrier performance include the following
areas: Driver Safety Evaluation Area (DRSEA), Vehicle Safety Evaluation Area (VSEA),
Safety Management Safety Evaluation Area (SMSEA), and Accident Safety Evaluation Area
(ACSEA). Detailed measures to support each of these major areas are recorded in the
database as well.

The central focus of this report isto investigate the relationship between a carrier’s
safety performance and its financial performance, controlling for major descriptive features
of carriers (i.e., Size, revenues, ton-miles, average load, average haul, etc.) The central
guestion is whether financial performance of afirm has an impact on carrier safety
performance. Do carriers with financial problems have a safety performance record that
differs significantly from that of carriers without these same problems? Since major
regulatory reformsin the industry in 1980, this has been an important question. While the

subject has been of interest to investigators, systematic research into the issue has been



hampered by the lack of available data. This current investigation is made possible asa
result of the SafeStat data matched to financial performance datafor some of the larger
carriersin theindustry. Researchers matched the DOT numbers of carriersin the SafeStat
database with those in the Annual Report database from the American Trucking
Associations. There are approximately 700 carriers with a matched data set covering both
complete safety data as well as complete financial data. This study reports on the linkage
between safety and financial performance for carriers with both SafeStat and Annual Report
data. While the data set represents only a small fraction of the total number of carriersin the
universe, it includes, nonetheless, most of the industry’ s largest carriers.

Results of the analysis will be helpful for safety auditors of the Federal Motor Carrier
Safety Administration whose efforts are directed at reducing crashes and improving highway
safety. To the extent that safety performance is linked to financia performance, auditors can
use dipsin financial performance as a cause for concern and need for greater diligencein
safety auditing. The results of this investigation should be helpful in providing the needed
insights to guide policy actions.

The remainder of this report will present study results of the linkage between safety
and financial performance while controlling for anumber of descriptive variables. The
initial section will focus on al carriersincluded in the database. Subsequent sections will
concentrate on the larger industry segments. The discussion will compare on both
descriptive and financial variables carriers recently assessed as satisfactory during the CR
process with those rated as non-satisfactory. Subsequently, the emphasis will be on a series
of safety performance measures and their correlation with financial performance and

descriptive characteristics.



2. M ethodol ogy

Each section is divided into two parts. Initialy, the focusis acomparison between
carriers with an overall satisfactory carrier review (CR) and carriers receiving an
unsatisfactory or conditional review. These two groups of carriers are compared on both a
series of descriptive variables as well as on a series of financia performance variables.
Researchers employed standard ANOV A (analysis of variance) to determine the statistical
significance of observed differencesin means between the two groups of carriers. The
following discussion compares means between carriers with satisfactory CRs and those with
non-satisfactory results and reports the statistical significance of the observed differences.

The second part presents the correlation analysis between both financial and
descriptive variables and a series of detailed safety performance variables to determine
relationships between the variable sets. Initially, the summary safety performance measures
for SafeStat in the areas of driver (DRSEA), vehicle (VHSEA), and accident (ACSEA) were
correlated with carrier operating ratio (operating expenses/operating revenues). The
expected sign would be positive to indicate that higher safety evaluation scores (and worse
safety performance) are positively correlated with higher operating ratios (and poorer
financial performance). During the CR, investigators examine specific carrier performance
attributes. These include: the carrier’ s recordable crash/accident rate, its driver safety review
measure (DRM), its safety management review measure (SMRM), and its enforcement
severity measure (ESM). The DRM and the SMRM are based on acute and critical
violations found during a CR in the respective areas of driver regulations and safety
management regulations. Higher values for both the DRM and the SMRM indicate a greater

instance of violations and hence poorer safety performance. The ESM is based on closed



enforcement cases stemming from a CR. Again, higher values of the measure are associated
with poorer safety performance.
3. All Carriers, All Segments

Theinitial section provides an analysis of all carriersin the database, regardless of
the industry segment represented. Since all carriers must have detailed financial data for
inclusion, the carriers examined in this analysis are large, for-hire carriers.

3.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among all carriersin the linked database, 656 had CRs in the

18-month period prior to the construction of the database (September 2000). Of these
carriers, 553 received a satisfactory review, while 103 received either an unsatisfactory (7) or
aconditional (96) rating. Table 1 presents results of the ANOV A comparing the carriers
with satisfactory CRs and those with non-satisfactory results on a number of descriptive
control variables. According to the results, carriers with satisfactory CRs are larger than
those carriers with non-satisfactory CRs on the following size dimensions. power units,
operating revenues, total ton-miles, and average load. However, the observed differencesin
means between the groups are not statistically significant due to the large standard deviations
in these measures for both carrier groups.

Carriers with satisfactory CRs have on average 255 power unitsin their fleets
compared with an average fleet size of 106 for carriers with either conditional or
unsatisfactory CRs. The carriers with satisfactory reviews average $44.6 million in annual
revenues compared to only $17.0 million among the carriers with non-satisfactory reviews.
The carriers with satisfactory reviews average 301.4 million ton-miles with average |oads of

16.98 tons. Among the carriers with non-satisfactory reviews, these numbers are 188.9



million ton-miles and 7.89 tons. However, carriers with non-satisfactory reviews do have
average lengths of haul that exceed the average for carriers with satisfactory reviews (763
versus 570 miles, respectively).

Interestingly, the carriers with satisfactory reviews have an average driver wage of
$34,870. This compares with an average wage of $31,506 for carriers with non-satisfactory
reviews, although the difference is not statistically significant. However, carriers with
satisfactory reviews devote 16 percent of their operating expenses to wages. The comparable
percentages are 16 percent for the carriers without positive reviews.

. Financial Variables. Turning to the crucial financial variables, study results find some

statistically significant linkages. Indeed, among the carriers with a satisfactory rating, the
average operating ratio (operating expenses/operating revenues) is 0.97, while the
comparable figure among the carriers with a non-satisfactory rating is 1.04. This difference
is statistically significant at the 0.04 level of significance (F score = 2.89). On a second
financial measure, return on assets, the carriers with recent satisfactory results, averaged a
five percent return on assets, while the carriers with non-satisfactory results had a negative
two percent return on assets. Thisdifferenceis also statistically significant at the 0.08 level
of significance (F score = 2.30). These results do provide evidence of important linkages
between poor safety performance (non-satisfactory review) and poor financial performance
(high operating ratio and negative return on assets).

3.2 Correlation Analysis: Linkages Between Financial/Descriptive M easures and Safety

Performance
Table 2 presents the results of the correlation analysis for all carriers combined. The

key financial variables to correlate with safety performance are operating ratio and return on



assets. The key descriptive measures are the following: total operating revenues, total ton-
miles, average load, average length of haul, and wages as a percent of operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

for al the carriers combined and their safety performance showed no statistically significant
results. The hypothesized finding that carriers with poorer financial results (higher operating
ratios) would have poorer safety performance did not materialize among al the carriers
combined. The correlation scores were quite low, in general, and only modestly positive for
the ACSEA (0.032). Thereis, asaresult, little connection between overall safety
performance measures (covering driver, vehicle, and accidents) and carrier operating ratio
for all carriers combined.

Theresultsin Table 2, suggest no statistically significant connections between DRM,
SMRM, and ESM and the operating ratio. Infact, the correlation values are extremely low
for DRM and SMRM and only alittle larger (0.035) and positive for ESM. The correlation
coefficient for the recordable crash rate is also very low and statistically insignificant. There
appearsto be little support for the hypothesis that among all carriers combined safety
performance is correlated with financial performance in a positive manner.

. Return on Assets. The results examining the relationship between return on assets of

all carriers combined and their safety performance showed only two statistically significant
results at the 0.10 level or greater. While the correlation coefficients had all the expected
signsindicating that all carriers combined with higher returns on assets had stronger safety
performance, the coefficients were not generally statistically significant.

The summary safety performance measures dealing with vehicle, driver, and crashes

were al negatively correlated with returns on assets. This suggests that higher values of the

10



safety evaluation scores and poorer performance were associated with lower returns on
assets. The correlation coefficient between the ACSEA and returns on assets equaled -.064
and reached a significance level of .097. Concerning the detailed CR measures, the
correlation coefficients linking DRM, SMRM, and ESM with returns on assets are all
negative, but none was statistically significant at the .10 level.
. Carrier Size. It ishypothesized that the size of all carriers combined is positively
correlated with safety performance. However, only one of the correlation coefficients
linking size variables with safety performance is statistically significant, although many have
signs suggesting a linkage between larger size and improved safety performance. Examining
the overall safety performance measures in SafeStat for vehicle and driver, these measures
are negatively correlated with total operating revenues with the DRSEA having a statistically
significant (at the .003 level) coefficient. This suggests, of course, that higher firm
revenues, among all carriers combined, are associated with lower driver and vehicle safety
evaluation scores and better safety performance. The linkage between VHSEA and total ton-
milesis likewise negative, but not statistically significant. The accident summary measure is
positively correlated with revenues and ton-miles, suggesting that higher accident safety
evaluation scores are associated with higher revenues and ton-miles. Again, however, the
results are not statistically significant.

On the detailed measures from the CR, the expectation is that the measures would
have negative correlation with the size variables to suggest that lower values of the CR
measures and better safety performance is associated with larger size. Indeed, the driver

review measures and the safety management review measure are both negatively correlated

11



with revenues and ton-miles, respectively, although the coefficients are not statistically
significant.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics. average load, average haul, and driver wages as a percentage of operating
expenses. As shown in the correlation results, there are several statistically significant
correlation coefficients at the .05 level or better. In particular, there is a significant negative
correlation between DRSEA and average load (0.08), which suggests that lower DRSEA
scores are associated with larger average loads. Furthermore, the relationship between
DRSEA score and average haul is both statistically significant (at the .001 level) and
positive. Carriers with higher DRSEA scores and worse driver performance have longer haul
lengths. Furthermore, there is a statistically significant negative correlation between driver
wages as a percent of operating expenses and VHSEA and DRSEA among all carriers
combined. Thus, those carriers using more of their operating expenses to pay wages can
expect lower VHSEA and DRSEA scores.
4, General Freight—Truckload

Theinitial component of this section compares general freight TL carriers with an
overall satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory
or conditional review.

4.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the genera freight truckload carriers, 298 had

satisfactory CRsin the 18 month period prior to the construction of the database (September

2000), while 64 had non-satisfactory reviews. Of the 64 with non-satisfactory reviews, 60

12



were conditional reviews and 4 were unsatisfactory. Table 3 provides results of the
ANOVA comparing the carriers with satisfactory CRs and those with non-satisfactory results
on anumber of descriptive control variables. According to these results, general freight TL
carriers with satisfactory CRs are larger than those carriers with non-satisfactory CRs on the
following size dimensions. power units, operating revenues, total ton-miles, and average
load. However, the observed differencesin means between the groups are not statistically
significant due to the large standard deviations in these measures among both carrier groups.

General freight TL carriers with satisfactory CRs have on average 241 power units
compared with an average fleet size of 121 for general freight TL carriers with either
conditional or unsatisfactory CRs. The carriers with satisfactory reviews averaged $37.2
million in annual revenues compared to only $19.5 million among the carriers with non-
satisfactory reviews. The carriers with satisfactory reviews average 319.7 million ton-miles
with an average load of 14.2 tons. Among the carriers with non-satisfactory reviews, these
averages are 71.6 million and 9.1 tons, respectively. However, carriers with non-satisfactory
reviews do have average lengths of haul that exceed the average for carriers with satisfactory
reviews (946.5 versus 728.3 miles, respectively).

Driver wages between the two general freight TL carrier groups are not significantly
different. The general freight TL carriers with satisfactory reviews have average driver
wages equal to $30,982, while the comparable figure among carriers without satisfactory
reviewsis $30,772. In addition, carriers with positive CRs devote 31 percent of their
operating expenses to driver wages, while the comparable figure among carriers with non-

satisfactory reviewsis 29 percent.
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. Financial Variables. Focusing on the important financial variables, study results find

some statistically significant linkages. Indeed, among the general freight TL carrierswith a
satisfactory rating, the average operating ratio (operating expenses/operating revenues) is
0.97, while the comparable figure among the carriers with a non-satisfactory rating is 1.07.
This differenceis statistically significant at the .07 level (F score =2.39). On a second
financial measure, return on assets, the general freight TL carriers with arecent satisfactory
result, averaged a 6 percent return on assets, while the carriers with a non-satisfactory result
had a negative 6 percent return on assets. This difference, however, is not statistically
significant. These results do provide evidence of important linkages between poor safety
performance (non-satisfactory review) and poor financial performance (high operating ratio
and negative return on assets).

4.2 Correlation Analysis: Linkages Between Financial/Descriptive M easures and Safety

Performance
Table 4 presents the results of the correlation analysis for the general freight TL
carriers. The key financial variablesto correlate with safety performance are operating ratio
and return on assets. The key descriptive measures of interest are the following: total
operating revenues, total ton-miles, average load, average length of haul, and wages as a
percent of operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the general freight TL carriers and their safety performance showed no statistically
significant results. The hypothesized finding that carriers with poorer financial results
(higher operating ratios) would have poorer safety performance results did not materialize

among the general freight TL carriers.

14



Initialy, the summary safety performance measures for SafeStat in the areas of driver
(DRSEA), vehicle (VHSEA), and accident (ACSEA) were correlated with carrier operating
ratio. The expected sign would be positive to indicate that higher safety evaluation scores
(and worse safety performance) are positively correlated with higher operating ratios (and
poorer financial performance). The correlation scores are quite low and only positive for the
ACSEA (0.05). Thereis, therefore, little connection between overall safety performance
measures (covering driver, vehicle, and accidents) and carrier operating ratio for the general
freight TL carriers.

Asresultsin Table 4 denote, al three measures, DRM, SMRM, and ESM are
positively correlated with operating ratio. This suggests that higher values of these measures
and poorer safety performance are, indeed, correlated with higher operating ratios and poorer
financial performance. Y et, the correlation coefficients are low with the highest being 0.064
between DRM and operating ratios and none are statistically significant. The recordable
crash ratesfor TL carriers, based on data gathered during a CR, are positively correlated
(.152) with operating ratio. This coefficient is not statistically significant at the 10 percent
significance level.

. Return on Assets. The results examining the relationship between return on assets of

the general freight TL carriers and their safety performance showed only one statistically
significant result at the .10 level or greater. While the correlation coefficients had al the
expected signsindicating that general freight TL carriers with higher returns on assets had
stronger safety performance, the coefficients were not generally statistically significant. The
summary safety performance measures dealing with vehicle, driver, and accidents were all

negatively correlated with return on assets. This suggests that higher values of the safety
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evaluation scores and poorer performance were associated with lower returns on assets. The
correlation coefficient between the ACSEA and return on assets equaled -.09 and reached a
significance level of 0.08.

Concerning the detailed CR measures, the correlation coefficients linking DRM,
SMRM, and ESM with return on assets are all negative, but not statistically significant. The
coefficient between the general freight TL carrier’s recordable crash rate and return on assets
is-.123, significant at the .20 level and well below the level of statistical significance.

. Carrier Size. Itishypothesized that the size of general freight TL carriersis
positively correlated with safety performance. However, none of the correlation coefficients
linking size variables with safety performance are statistically significant, although many
have signs suggesting a linkage between larger size and improved safety performance.
Examining the overall safety performance measures in SafeStat for vehicle and driver, these
measures are negatively correlated with revenue and ton-miles. This suggests that increases
in total firm revenues and ton-miles are associated with lower vehicle and driver safety
evaluation scores and better safety performance. The results are not, however, statistically
significant. In contrast, the accident summary measure is positively correlated with revenues
and ton-miles denoting that higher accident safety evaluation scores are associated with
higher revenues and ton-miles. Again, however, the results are not statistically significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the safety
management review measure and the enforcement safety measure are both negatively

correlated with revenues and ton-miles, respectively. Once again, the finding that greater
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safety performance is associated with larger size is tempered by the lack of statistical
significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics. average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the general freight TL carriers,
especially with respect to driver issues. As shown in the correlation results, there are several
statistically significant correlation coefficients at the .10 level or better. In particular, thereis
astatistically significant correlation coefficient of .156 between average haul and DRSEA.
This suggests that as average length of haul increases so to does the DRSEA score.
Furthermore, among the general freight TL carriers, thereis astatistically significant
negative correlation between driver wages as a percent of operating expenses and the
VHSEA and the DRSEA. Thus, for these variables, it islikely that companies using more of
their operating expenses to pay wages can expect lower driver, vehicle and accident safety
evaluation scores. In the case of the DRSEA and the VHSEA correlation coefficients, they
are statistically significant at the .001 level. A final result of interest is the negative
correlation coefficient (significant at the .107 level) between the driver review measure and
the percent of operating expenses spent on driver wages. Carriers devoting a higher
percentage of their operating expenses to driver wages can expect to have lower driver

review scores during aCR.
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5. Tank Truck Carriers

The initial component of this section compares tank truck carriers with an overall
satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory or
conditional review.

5.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the tank truck carriers, 162 had satisfactory CRsin

the 18 month period prior to the construction of the database (September 2000), while 21 had
non-satisfactory reviews. Of the 21 with non-satisfactory reviews, all were conditional
reviews and O were unsatisfactory. Table 5 provides results of the ANOVA comparing the
carriers with satisfactory CRs and those with non-satisfactory results on a number of
descriptive control variables. According to these results, tank truck carriers with satisfactory
CRs are larger than those carriers with non-satisfactory CRs on the following size
dimensions. power units, operating revenues, total ton-miles, and average load. However,
the observed differences in means between the groups are not statistically significant due to
the large standard deviations in these measures among both carrier groups.

Tank truck carriers with satisfactory CRs have on average 399 power units compared
with an average fleet size of 218 for tank truck carriers with conditional CRs. The carriers
with satisfactory reviews averaged $74.2 million in annual revenues compared to only $15.8
million among the carriers with non-satisfactory reviews. The carriers with satisfactory
reviews average 479.9 million ton-miles with an average load of 27.3 tons. Among the

carriers with non-satisfactory reviews, these averages are 88.6 million and 11.3 tons,
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respectively. Carriers with satisfactory reviews have average lengths of haul that exceed the
average for carriers with un-satisfactory reviews (538.3 versus 228.4 miles, respectively).

Driver wages between the two tank truck carrier groups are not significantly
different. Thetank truck carriers with satisfactory reviews have average driver wages equal
to $34,144 while the comparable figure among carriers without satisfactory reviewsis
$32,820. In addition, carriers with positive CRs devote 36 percent of their operating
expenses to driver wages, while the comparable figure among carriers with non-satisfactory
reviewsis 34 percent.

. Financial Variables. Focusing on the important financial variables, study results find

some statistically significant linkages. Indeed, among the tank truck carriers with a
satisfactory rating, the average operating ratio (operating expenses/operating revenues) is
0.97, while the comparable figure among the carriers with a non-satisfactory rating is 1.25.
Thisdifferenceis statistically significant at the 0.01 level (F score = 4.40).

On a second financial measure, return on assets, the tank truck carriers with a recent
satisfactory result averaged a5 percent return on assets, while the carriers with a non-
satisfactory result had a negative 18 percent return on assets. This difference, however, is
not statistically significant. These results do provide evidence of important linkages between
poor safety performance (non-satisfactory review) and poor financial performance (high
operating ratio and negative return on assets).

5.2 Correlation Analysis: Linkages Between Financial/Descriptive M easures and Safety

Performance
Table 6 presents the results of the correlation analysis for the tank truck carriers. The

key financial variables to correlate with safety performance are operating ratio and return on
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assets. The key descriptive measures of interest are the following: total operating revenues,
total ton-miles, average load, average length of haul, and wages as a percent of operating
expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the tank truck carriers and their safety performance showed no statistically significant
results. The hypothesized finding that carriers with poorer financial results (higher operating
ratios) would have poorer safety performance results did not materialize among the tank
truck carriers.

Initially, the summary safety performance measures for SafeStat in the areas of driver
(DRSEA), vehicle (VHSEA), and accident (ACSEA) were correlated with carrier operating
ratio. The expected sign would be positive to indicate that higher safety evaluation scores
(and worse safety performance) are positively correlated with higher operating ratios (and
poorer financial performance). The correlation scores are quite low and only positive for the
ACSEA (0.08). Thereis, therefore, little connection between overall safety performance
measures (covering driver, vehicle, and accidents) and carrier operating ratio for the tank
truck carriers.

Asresultsin Table 6 denote, all three measures, DRM, SMRM, and ESM are
positively correlated with operating ratio. This suggests that higher values of these measures
and poorer safety performance are, indeed, correlated with higher operating ratios and poorer
financial performance. Y et, the correlation coefficients are low with the highest being 0.073
between SMRM and operating ratios and none are statistically significant. The recordable
crash rates for tank truck carriers, based on data gathered during a CR, are negatively

correlated (-0.176) with operating ratio. This coefficient is not statistically significant.
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. Return on Assets. The results examining the relationship between return on assets of

the tank truck carriers and their safety performance showed only one statistically significant
result at the .10 level or greater. While all but one of the correlation coefficients had the
expected signsindicating that tank truck carriers with higher returns on assets had stronger
safety performance, the coefficients were not generally statistically significant. The
summary safety performance measures dealing with vehicle, driver, and accidents were all
negatively correlated with return on assets. This suggests that higher values of the safety
evaluation scores and poorer performance were associated with lower returns on assets.

Concerning the detailed CR measures, the correlation coefficients linking DRM,
SMRM, and ESM with return on assets are all negative, but not statisticaly significant. The
coefficient between the tank truck carrier’s recordable crash rate and return on assetsis 0.27,
significant at the 0.073 level indicating some statistical significance. However, this direction
of correlation is counter to the hypothesized direction. It indicates that higher returns on
assets are associated with higher rates of recordable crashes.

Carrier Size. It ishypothesized that the size of tank truck carriersis positively
correlated with safety performance. However, none of the correlation coefficients linking
size variables with safety performance are statistically significant, although many have signs
suggesting alinkage between larger size and improved safety performance.

Examining the overall safety performance measures in SafeStat for vehicle, driver
and accident, these measures are negatively correlated with revenue and ton-miles (except
for vehicle with revenue and ton-miles). This suggests that increases in total firm revenues
and ton-miles are associated with lower driver and accident safety eval uation scores and

better safety performance. The results are not, however, statistically significant. On the
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detailed measures emanating from a CR, the expectation is that the CR measures would have
negative correlation coefficients to suggest that lower values of these measures and better
safety performance is associated with larger size. Indeed, the safety management review
measure and the enforcement severity measure are both negatively correlated with revenues
and ton-miles, respectively. Once again, the finding that greater safety performanceis
associated with larger sizeis tempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics: average load, average haul, and driver wages as a percentage of operating
expenses. As shown in the correlation results, there are two statistically significant
correlation coefficients at the .10 level or better. In particular, thereis astatistically
significant correlation coefficient of —0.134 between average load and DRSEA. This
suggests that as the average load increases, the DRSEA score decreases. Furthermore,
among the tank truck carriers, thereis a statistically significant negative correlation between
driver wages as a percent of operating expenses and the DRSEA. Thus, for these variables, it
islikely that companies using more of their operating expenses to pay wages can expect
lower driver and vehicle safety evaluation scores. In the case of the DRSEA correlation
coefficient, it is statistically significant at the .001 level.
6. Building Materials

The initial component of this section compares building material carriers with an
overall satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory

or conditional review.
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6.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the building materials carriers, 115 had satisfactory

CRsin the 18 month period prior to the construction of the database (September 2000), while
28 had non-satisfactory reviews. Of the 28 with non-satisfactory reviews, 27 were
conditional reviews and 1 was unsatisfactory. Table 7 provides results of the ANOVA
comparing the carriers with satisfactory CRs and those with non-satisfactory results on a
number of descriptive control variables. According to these results, building materials
carriers with satisfactory CRs are larger than those carriers with non-satisfactory CRs on the
following size dimensions. power units, operating revenues, total ton-miles, and average
load. However, the observed differencesin means between the groups are not statistically
significant due to the large standard deviations in these measures among both carrier groups.

Building materials carriers with satisfactory CRs have on average 418 power units
compared with an average fleet size of 93 for building materials carriers with either
conditional or unsatisfactory CRs. The carriers with satisfactory reviews averaged $30.1
million in annual revenues compared to only $11.9 million among the carriers with non-
satisfactory reviews. The carriers with satisfactory reviews average 515.7 million ton-miles
with an average load of 15.7 tons. Among the carriers with non-satisfactory reviews, these
averages are 59.3 million and 10.9 tons, respectively. However, carriers with non-
satisfactory reviews do have average lengths of haul that exceed the average for carriers with
satisfactory reviews (1,026.7 versus 709.4 miles, respectively).

Driver wages between the two building materials carrier groups are significantly
different. The building materials carriers with satisfactory reviews have average driver

wages equal to $32,891, while the comparable figure among carriers without satisfactory
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reviewsis $32,985. However, carriers with positive CRs devote 32 percent of their operating
expenses to driver wages, while the comparable figure among carriers with non-satisfactory

reviewsis 33 percent.

. Financial Variables. Focusing on the important financial variables, study results find
no statistically significant linkages. Indeed, among the building materials carriers with a
satisfactory rating, the average operating ratio (operating expenses/operating revenues) is
0.98, while the comparable figure among the carriers with a non-satisfactory rating is 0.99.
This difference is not statistically significant. On a second financial measure, return on
assets, the building materials carriers with a recent satisfactory result, averaged a 5 percent
return on assets, while the carriers with a non-satisfactory result had a 3 percent return on
assets. Thisdifferenceisaso not statistically significant. These results do not provide
evidence of important linkages between poor safety performance (non-satisfactory review)
and poor financial performance (high operating ratio and negative return on assets).

6.2 Correlation Analysis: Linkages Between Financial/Descriptive M easures and Safety

Performance
Table 8 presents the results of the correlation analysis for the building materials
carriers. The key financial variables to correlate with safety performance are operating ratio
and return on assets. The key descriptive measures of interest are the following: total
operating revenues, total ton-miles, average load, average length of haul, and wages as a
percent of operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the building materials carriers and their safety performance showed no statistically

significant results. The hypothesized finding that carriers with poorer financial results
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(higher operating ratios) would have poorer safety performance results did not materialize
among the building materials carriers. Initially, the summary safety performance measures
for SafeStat in the areas of driver (DRSEA), vehicle (VHSEA), and accident (ACSEA) were
correlated with carrier operating ratio. The expected sign would be positive to indicate that
higher safety evaluation scores (and worse safety performance) are positively correlated with
higher operating ratios (and poorer financial performance). The correlation scores are low
and only positive for the VHSEA (0.05). Thereis, therefore, little connection between
overall safety performance measures (covering driver, vehicle, and accidents) and carrier
operating ratio for the building materials carriers.

Asresultsin Table 8 denote, all three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small, and only SMRM is positive
(0.036). Thissuggests that higher values of this measure and poorer safety performance are
correlated with higher operating ratios and poorer financial performance. However, the
correlation coefficients are low and none are statistically significant. The recordable crash
rates for building materials carriers, based on data gathered during a CR, are not correlated
(0.0) with operating ratio.

Return on Assets The results examining the relationship between return on assets

of the building materials carriers and their safety performance showed only one statistically
significant result at the 0.05 level or greater. While the correlation coefficients had the
expected signs indicating that building materials carriers with higher returns on assets had
stronger safety performance, the coefficients were not generally statistically significant.
The summary safety performance measures dealing with vehicle and accidents were

negatively correlated with return on assets. This suggests that higher values of the safety
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evaluation scores and poorer performance were associated with lower returns on assets. The
correlation coefficients are al relatively low and statistically insignificant. Concerning the
detailed CR measures, the correlation coefficients linking DRM, SMRM, and ESM with
return on assets are all negative, but not statistically significant. The coefficient between the
building materials carrier’ s recordable crash rate and return on assets is -0.334, significant at
the 0.05 level. This coefficient indicates that lower crash rates are associated with higher
returns on assets.

. Carrier Size. Itishypothesized that the size of building materials carriersis
positively correlated with safety performance. However, none of the correlation coefficients
linking size variables with safety performance are statistically significant, although many
have signs suggesting a linkage between larger size and improved safety performance.
Examining the overall safety performance measures in SafeStat for vehicle, driver and
accident, these measures are negatively correlated with revenue and ton-miles. This suggests
that increases in total firm revenues and ton-miles are associated with lower vehicle, driver,
and accident safety evaluation scores and better safety performance. The results are not,
however, statistically significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the safety
management review measure and the enforcement safety measure are both negatively
correlated with revenues and ton-miles, respectively. Once again, the finding that greater
safety performance is associated with larger size is tempered by the lack of statistical

significance.
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. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics. average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the building materials carriers,
especially with respect to driver issues. Asshown in the correlation results, there are few
results that are statistically significant. The positive correlation between average length of
haul and vehicle, driver, and safety evaluation scores, suggests that as average length of haul
increases so too do the safety evaluation scores, reflecting poorer safety performance.

Furthermore, among the building materials carriers, there is a statistically significant
negative correlation between driver wages as a percent of operating expenses and the
DRSEA. Thus, for thisvariable, it islikely that companies using more of their operating
expenses to pay wages can expect lower driver and vehicle safety evaluation scores. In the
case of the DRSEA correlation coefficient (-0.301), they are statistically significant at the
.001 level. A final result of interest is the positive correlation coefficient (significant at the
0.054 level) between the enforcement severity measure and the percent of operating expenses
spent on driver wages. Carriers devoting a higher percentage of their operating expenses to
driver wages can expect to have higher enforcement severity measure scores during a CR—
an indication of poorer safety performance .
7. Refrigerated Carriers

Theinitial component of this section compares refrigerated carriers with an overall
satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory or

conditional review.

27



7.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the refrigerated carriers, 98 had satisfactory CRsin

the 18 month period prior to the construction of the database (September 2000), while 32 had
non-satisfactory reviews. Of the 32 with non-satisfactory reviews, 30 were conditional
reviews and 2 were unsatisfactory. Table 9 provides results of the ANOV A comparing the
carriers with satisfactory CRs and those with non-satisfactory results on a number of
descriptive control variables. According to these results, refrigerated carriers with
satisfactory CRs are larger than those carriers with non-satisfactory CRs on the following
size dimensions: power units, operating revenues, total ton-miles, and average load.
However, the observed differences in means between the groups are not statistically
significant due to the large standard deviations in these measures among both carrier groups.

Refrigerated carriers with satisfactory CRs have on average 281 power units
compared with an average fleet size of 161 for refrigerated carriers with either conditional or
unsatisfactory CRs. The carriers with satisfactory reviews averaged $46.3 million in annual
revenues compared to only $13.0 million among the carriers with non-satisfactory reviews.
The carriers with satisfactory reviews average 330.6 million ton-miles with an average load
of 16.9 tons. Among the carriers with non-satisfactory reviews, these averages are 89.9
million and 8.6 tons, respectively. However, carriers with non-satisfactory reviews do have
average lengths of haul that exceed the average for carriers with satisfactory reviews (826.9
versus 801.3 miles, respectively).

Driver wages between the two refrigerated carrier groups are significantly different.
The refrigerated carriers with satisfactory reviews have average driver wages equal to

$30,866, while the comparable figure among carriers without satisfactory reviewsis $31,964.
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However, carriers with positive CRs devote 30 percent of their operating expenses to driver
wages, while the comparabl e figure among carriers with non-satisfactory reviewsis 27

percent.

. Financial Variables. Focusing on the important financial variables, study results did
not find statistically significant linkages for refrigerated carriers. Indeed, among the
refrigerated carriers with a satisfactory rating, the average operating ratio (operating
expenses/operating revenues) is 0.97, while the comparable figure among the carriers with a
non-satisfactory rating is 1.17. Thisdifference is not statistically significant. On a second
financial measure, return on assets, the refrigerated carriers with arecent satisfactory result
averaged a 7 percent return on assets, while the carriers with a non-satisfactory result had a
negative 15 percent return on assets. Thisdifferenceisaso not statistically significant.

7.2 Correlation Anaysis: Linkages Between Financial/Descriptive Measures and Safety

Performance
Table 10 presents the results of the correlation analysis for the refrigerated carriers.
The key financial variablesto correlate with safety performance are operating ratio and
return on assets. The key descriptive measures of interest are the following: total operating
revenues, total ton-miles, average load, average length of haul, and wages as a percent of
operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the refrigerated carriers and their safety performance showed no statistically significant
results. The hypothesized finding that carriers with poorer financial results (higher operating
ratios) would have poorer safety performance results did not materialize among the

refrigerated carriers. Initially, the summary safety performance measures for SafeStat in the
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areas of driver (DRSEA), vehicle (VHSEA), and accident (ACSEA) were correlated with
carrier operating ratio. The expected sign would be positive to indicate that higher safety
evaluation scores (and worse safety performance) are positively correlated with higher
operating ratios (and poorer financial performance). However, the correlation scores are low
and only positive for the ACSEA (0.105). Thereis, therefore, little connection between
overall safety performance measures (covering driver, vehicle, and accidents) and carrier
operating ratio for the refrigerated carriers.

Asresultsin Table 10 denote, all three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small, yet positive, suggesting that
higher values of this measure and poorer safety performance are correlated with higher
operating ratios and poorer financial performance. However, the correlation coefficients are
relatively low and none are statistically significant. The recordable crash rates for
refrigerated carriers, based on data gathered during a CR, are positively correlated; however,
this coefficient is aso not statistically significant.

. Return on Assets. The results examining the relationship between return on assets of

the refrigerated carriers and their safety performance showed no statistically significant
results at the 0.05 level or greater. While the correlation coefficients had the expected signs
indicating that refrigerated carriers with higher returns on assets had stronger safety
performance, the coefficients were not generally statistically significant. The summary
safety performance measures dealing with vehicle, and accidents were negatively correlated
with return on assets. This suggests that higher values of the safety evaluation scores and
poorer performance were associated with lower returns on assets. The correlation

coefficients are all relatively low and statistically insignificant. Concerning the detailed CR
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measures, the correlation coefficients linking DRM, SMRM, and ESM with return on assets
are all negative, but not statistically significant.

. Carrier Size. Itishypothesized that the size of refrigerated carriersis positively
correlated with safety performance. However, none of the correlation coefficients linking
size variables with safety performance are statistically significant, although many have signs
suggesting alinkage between larger size and improved safety performance. Examining the
overall safety performance measures in SafeStat for vehicle, driver and accident, these
measures are negatively correlated with revenue and ton-miles (except for ACSEA and total
ton-miles). This suggests that increases in total firm revenues and ton-miles are associated
with lower vehicle, driver, and accident safety evaluation scores and better safety
performance. The results are not, however, statistically significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the review
measures are either close to zero or negatively correlated with revenues and ton-miles,
respectively. Once again, the finding that greater safety performance is associated with
larger size istempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics. average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the refrigerated carriers, especially
with respect to driver issues. As shown in the correlation results, there are a few results that

are statistically significant. Thereisasignificant negative correlation (-0.256 with 0.02
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significance level) between average length of haul and vehicle safety evaluation scores,
suggesting that as average length of haul increases, scores decrease reflecting improved
safety performance.

Furthermore, among the refrigerated carriers, there is a statistically significant
negative correlation between driver wages as a percent of operating expenses and the
VHSEA and DRSEA. Thusfor these variables, it is likely that companies using more of
their operating expenses to pay wages can expect lower driver and vehicle safety evaluation
scores. In the case of the DRSEA correlation coefficient (-0.223), it is statistically
significant at the .009 level.

8. Bulk Carriers

Theinitial component of this section compares bulk carriers with an overall
satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory or
conditional review.

8.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the bulk carriers, 110 had satisfactory CRsin the 18

month period prior to the construction of the database (September 2000), while 20 had non-
satisfactory reviews. Of the 20 with non-satisfactory reviews, 20 were conditional reviews
and 0 were unsatisfactory. Table 11 provides results of the ANOV A comparing the carriers
with satisfactory CRs and those with non-satisfactory results on a number of descriptive
control variables. According to these results, bulk carriers with satisfactory CRs are larger
than those carriers with non-satisfactory CRs on the following size dimensions. power units,
operating revenues, total ton-miles, and average load. However, the observed differencesin

means between operating ratios in satisfactory and unsatisfactory carriersisthe only
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statistically significant means comparison. The means comparisons between descriptive
variables are statistically insignificant due to the large standard deviations in these measures.

Bulk carriers with satisfactory CRs have on average 241 power units compared with
an average fleet size of 217 for bulk carriers with either conditional or unsatisfactory CRs.
The carriers with satisfactory reviews averaged $37.5 million in annual revenues compared
to only $14.1 million among the carriers with non-satisfactory reviews. The carriers with
satisfactory reviews average 258.9 million ton-miles with an average load of 15.4 tons.
Among the carriers with non-satisfactory reviews, these averages are 87.8 million and 8.1
tons, respectively. Carriers with satisfactory reviews also have average lengths of haul that
exceed the average for carriers with non-satisfactory reviews (471.8 versus 284.4 miles,
respectively).

Driver wages between the two bulk carrier groups are significantly different. The
bulk carriers with satisfactory reviews have average driver wages equal to $32,636, while the
comparable figure among carriers without satisfactory reviewsis $30,706. However, carriers
with positive CRs devote 33 percent of their operating expenses to driver wages, while the
comparable figure among carriers with non-satisfactory reviewsis 35 percent.

. Financial Variables. Focusing on the important financial variables, study results find

some statistically significant linkages. Indeed, anong the bulk carriers with a satisfactory
rating, the average operating ratio (operating expenses/operating revenues) is 0.96, while the
comparable figure among the carriers with a non-satisfactory rating is 1.27. This difference
is statistically significant to the 0.03 level. On a second financial measure, return on assets,
the bulk carriersreceiving arecent satisfactory score averaged a 6 percent return on assets,

while the carriers with a non-satisfactory result had a negative 21 percent return on assets.
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This difference is not statistically significant. These results do provide evidence of important
linkages between poor safety performance (non-satisfactory review) and poor financia
performance (high operating ratio and negative return on assets).

8.2 Correlation Analysis: Linkages Between Financial/Descriptive M easures and Safety

Performance
Table 12 presents the results of the correlation analysis for the bulk carriers. The key
financia variablesto correlate with safety performance are operating ratio and return on
assets. The key descriptive measures of interest are the following: total operating revenues,
total ton-miles, average load, average length of haul, and wages as a percent of operating
expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the bulk carriers and their safety performance showed no statistically significant results.
The hypothesized finding that carriers with poorer financial results (higher operating ratios)
would have poorer safety performance results did not materialize among the bulk carriers.
Initially, the summary safety performance measures for SafeStat in the areas of driver
(DRSEA), vehicle (VHSEA), and accident (ACSEA) were correlated with carrier operating
ratio. The expected sign would be positive to indicate that higher safety evaluation scores
(and worse safety performance) are positively correlated with higher operating ratios (and
poorer financial performance). However, the correlation scores are low and only positive for
the ACSEA (0.108). Thereis, therefore, little connection between overall safety
performance measures (covering driver, vehicle, and accidents) and carrier operating ratio

for the bulk carriers.



Asresultsin Table 12 denote, al three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small, and positive for only SMRM,
suggesting that higher values of this measure and poorer safety performance are slightly
correlated with higher operating ratios and poorer financial performance. However, the
correlation coefficients are relatively low and none are statistically significant. The
recordable crash rates for bulk carriers, based on data gathered during a CR, are positively
correlated; however, this coefficient is also small and not statistically significant.

. Return on Assets. The results examining the relationship between return on assets of

the bulk carriers and their safety performance showed no statistically significant results.
While the correlation coefficients had the expected signs indicating that bulk carriers with
higher returns on assets had stronger safety performance, the coefficients were small and not
statistically significant.

The summary safety performance measures dealing with vehicle, and accidents were
negatively correlated with return on assets. This suggests that higher values of the safety
evaluation scores and poorer performance were associated with lower returns on assets. The
correlation coefficients are al relatively low and statistically insignificant. Concerning the
detailed CR measures, the correlation coefficients linking DRM, SMRM, and ESM with
return on assets are all negative, but not statistically significant.

. Carrier Size. It ishypothesized that the size of bulk carriersis positively correlated
with safety performance. However, none of the correlation coefficients linking size variables
with safety performance are statistically significant, although many have signs suggesting a
linkage between larger size and improved safety performance. Examining the overall safety

performance measures in SafeStat for vehicle, driver and accident, these measures are
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negatively correlated with revenue and ton-miles (except for small positive correlations
between DRSEA/ACSEA and total ton-miles). This suggests that increasesin total firm
revenues and ton-miles are associated with lower vehicle, driver, and accident safety
evaluation scores and better safety performance. The results are not, however, statistically
significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the review
measures are either close to zero or negatively correlated with revenues and ton-miles,
respectively. Once again, the finding that greater safety performance is associated with
larger size istempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics. average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the bulk carriers, especially with
respect to driver issues. Asshown in the correlation results, there are afew results that are
statistically significant. Thereisasignificant positive correlation (0.245 with 0.031
significance level) between average length of haul and driver safety evaluation scores,
suggesting that as average length of haul increases, scores increase reflecting poorer safety
performance.

Furthermore, among the bulk carriers, there is a statistically significant negative
correlation between driver wages as a percent of operating expenses and the DRSEA. Thus

for these variables, it islikely that companies using more of their operating expenses to pay
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wages can expect lower driver safety evaluation scores. In the case of the DRSEA
correlation coefficient (-0.238), it is statistically significant at the 0.006 level.
9. Combined Farm Products

Theinitial component of this section compares combined farm products carriers with
an overall satisfactory carrier review (CR) and those in that segment receiving an
unsatisfactory or conditional review.

9.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the combined farm products carriers, 164 had

satisfactory CRsin the 18 month period prior to the construction of the database (September
2000), while 48 had non-satisfactory reviews. Of the 48 with non-satisfactory reviews, 45
were conditional reviews and 3 were unsatisfactory. Table 13 provides results of the
ANOVA comparing the carriers with satisfactory CRs and those with non-satisfactory results
on anumber of descriptive control variables. According to these results, combined farm
products carriers with satisfactory CRs are larger than those carriers with non-satisfactory
CRson the following size dimensions. power units, operating revenues, total ton-miles, and
average load. However, the observed differences in means between gross revenue in
satisfactory and unsatisfactory carriersisthe only statistically significant comparison. The
means comparisons between other descriptive variables are statistically insignificant due to
the large standard deviations in these measures.

Combined farm product carriers with satisfactory CRs have on average 202 power
units compared with an average fleet size of 134 for combined farm products carriers with
either conditional or unsatisfactory CRs. The carriers with satisfactory reviews averaged

$31.9 million in annual revenues compared to only $11.8 million among the carriers with
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non-satisfactory reviews. The carriers with satisfactory reviews average 219.9 million ton-
miles with an average load of 14.9 tons. Among the carriers with non-satisfactory reviews,
these averages are 90.8 million and 10.7 tons, respectively. However, carriers with non-
satisfactory reviews have average lengths of haul that exceed the average for carriers with
satisfactory reviews (814 versus 732 miles, respectively).

Driver wages between the two combined farm products carrier groups are
significantly different. The combined farm products carriers with satisfactory reviews have
average driver wages equal to $32,510, while the comparable figure among carriers without
satisfactory reviewsis $29,850. However, carriers with positive CRs devote 30 percent of
their operating expenses to driver wages, while the comparable figure among carriers with
non-satisfactory reviewsis 27 percent.

. Financial Variables. Focusing on the important financial variables, the study results

find some distinctive yet statistically insignificant linkages. Indeed, among the combined
farm products carriers with a satisfactory rating, the average operating ratio (operating
expenses/operating revenues) is 0.97, while the comparable figure among the carriers with a
non-satisfactory rating is 1.11. Thisdifferenceis statistically insignificant. On a second
financial measure, return on assets, the combined farm products carriers receiving a recent
satisfactory score averaged a5 percent return on assets, while the carriers with a non-
satisfactory result had a negative 8 percent return on assets. Thisdifferenceisalso not

statistically significant.
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9.2 Correlation Analysis: Linkages Between Financial/Descriptive Measures and Safety

Performance
Table 14 presents the results of the correlation analysis for the combined farm
products carriers. The key financial variables to correlate with safety performance are
operating ratio and return on assets. The key descriptive measures of interest are the
following: total operating revenues, total ton-miles, average load, average length of haul,
and wages as a percent of operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the combined farm products carriers and their safety performance showed no statistically
significant results. The hypothesized finding that carriers with poorer financial results
(higher operating ratios) would have poorer safety performance results did not materialize
among the combined farm products carriers. Initially, the summary safety performance
measures for SafeStat in the areas of driver (DRSEA), vehicle (VHSEA), and accident
(ACSEA) were correlated with carrier operating ratio. The expected sign would be positive
to indicate that higher safety evaluation scores (and worse safety performance) are positively
correlated with higher operating ratios (and poorer financial performance). However, the
correlation scores are low and only positive for the ACSEA (0.09). Thereis, therefore, little
connection between overall safety performance measures (covering driver, vehicle, and
accidents) and carrier operating ratio for the combined farm products carriers.

Asresultsin Table 14 denote, al three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small, and negative for only ESM,
suggesting that higher values of this measure and poorer safety performance are slightly

correlated with higher operating ratios and poorer financial performance. However, the
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correlation coefficients are relatively low and none are statistically significant. The
recordable crash rates for combined farm products carriers, based on data gathered during a
CR, are positively correlated; however, this coefficient is also small and not statistically
significant.

. Return on Assets. The results examining the relationship between return on assets of

the combined farm products carriers and their safety performance showed few statistically
significant results. While the correlation coefficients had the expected signs indicating that
combined farm products carriers with higher returns on assets had stronger safety
performance, the coefficients were small and not statistically significant. Only the ACSEA
was negatively correlated with ROA (-0.13) at the 0.056 significance level.

The summary safety performance measures dealing with vehicle, driver and accidents
were negatively correlated with return on assets. This suggests that higher values of the
safety evaluation scores and poorer performance were associated with lower returns on
assets. Concerning the detailed CR measures, the correlation coefficients linking DRM,
SMRM, and ESM with return on assets are all negative, but small and not statistically
significant.

. Carrier Size. Itishypothesized that the size of combined farm products carriersis
positively correlated with safety performance. However, none of the correlation coefficients
linking size variables with safety performance are statistically significant, although many
have signs suggesting a linkage between larger size and improved safety performance.
Examining the overall safety performance measuresin SafeStat for vehicle, driver and
accident, these measures are negatively correlated with revenue and ton-miles (except for

small positive correlations between ACSEA and total ton-miles). This suggests that
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increases in total firm revenues and ton-miles are associated with lower vehicle, driver, and
accident safety evaluation scores and better safety performance. The results are not,
however, statistically significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the review
measures are either close to zero or negatively correlated with revenues and ton-miles,
respectively. Once again, the finding that greater safety performance is associated with
larger sizeistempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics: average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the combined farm products carriers,
especially with respect to driver issues. Asshown in the correlation results, there are few
results that are statistically significant. However, there is a significant negative correlation
(-0.133 at 0.057 significance level) between average load (tons) and driver safety evaluation
scores, suggesting that as average loads increase, scores decrease and safety performance
improves. Furthermore, among the combined farm products carriers, there is a statistically
significant negative correlation between driver wages as a percent of operating expenses and
the DRSEA. Thusfor these variables, it islikely that companies using more of their
operating expenses to pay wages can expect lower driver safety evaluation scores. Inthe
case of the DRSEA correlation coefficient (-0.186), it is statistically significant at the 0.006

level.

41



10. Produce

The initial component of this section compares produce carriers with an overall
satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory or
conditional review.

10.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the produce carriers, 90 had satisfactory CRsin the 18

month period prior to the construction of the database (September 2000), while 33 had non-
satisfactory reviews. Of the 33 with non-satisfactory reviews, 30 were conditional reviews
and 3 were unsatisfactory. Table 15 provides results of the ANOV A comparing the carriers
with satisfactory CRs and those with non-satisfactory results on a number of descriptive
control variables. According to these results, produce carriers with satisfactory CRs are
larger than those carriers with non-satisfactory CRs on the following size dimensions. power
units, operating revenues, total ton-miles, and average load. However, the observed
differences in means between groups are statistically insignificant due to the large standard
deviationsin these measures.

Produce carriers with satisfactory CRs have on average 262 power units compared
with an average fleet size of 163 for produce carriers with either conditional or unsatisfactory
CRs. The carriers with satisfactory reviews averaged $44.8 million in annual revenues
compared to only $13.4 million among the carriers with non-satisfactory reviews. The
carriers with satisfactory reviews average 261.9 million ton-miles with an average load of
16.7 tons. Among the carriers with non-satisfactory reviews, these averages are 90.7 million

and 9.2 tons, respectively. However, carriers with non-satisfactory reviews have average
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lengths of haul that exceed the average for carriers with satisfactory reviews (968.3 versus
785.1 miles, respectively).

Driver wages between the two produce carrier groups are significantly different. The
produce carriers with satisfactory reviews have average driver wages equal to $30,711, while
the comparabl e figure among carriers without satisfactory reviewsis $30,702. However,
carriers with positive CRs devote 29 percent of their operating expenses to driver wages,
while the comparable figure among carriers with non-satisfactory reviewsis 25 percent.

. Financial Variables. Focusing on the important financial variables, the study results

find some distinctive yet statistically insignificant linkages. Indeed, among the produce
carriers with a satisfactory rating, the average operating ratio (operating expenses/operating
revenues) is 0.97, while the comparable figure among the carriers with a non-satisfactory
rating is 1.15. Thisdifferenceisstatistically insignificant. On a second financial measure,
return on assets, the produce carriers receiving arecent satisfactory score averaged a7
percent return on assets, while the carriers with a non-satisfactory result had a negative 14
percent return on assets. Thisdifferenceisalso not statistically significant. These results do
indicate a linkage between poor safety performance (non-satisfactory review) and poor
financia performance (high operating ratio and negative return on assets), but the results
were not statistically valid.

10.2 Correlation Analysis: Linkages Between Financial/Descriptive Measures and Safety

Performance
Table 16 presents the results of the correlation analysis for the produce carriers. The
key financial variablesto correlate with safety performance are operating ratio and return on

assets. The key descriptive measures of interest are the following: total operating revenues,
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total ton-miles, average load, average length of haul, and wages as a percent of operating
expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the produce carriers and their safety performance showed no statistically significant
results. The hypothesized finding that carriers with poorer financial results (higher operating
ratios) would have poorer safety performance results did not materialize among the produce
carriers. Initially, the summary safety performance measures for SafeStat in the areas of
driver (DRSEA), vehicle (VHSEA), and accident (ACSEA) were correlated with carrier
operating ratio. The expected sign would be positive to indicate that higher safety evaluation
scores (and worse safety performance) are positively correlated with higher operating ratios
(and poorer financial performance). However, the correlation scores are low and only
positive for the ACSEA (0.105). Thereis, therefore, little connection between overall safety
performance measures (covering driver, vehicle, and accidents) and carrier operating ratio
for the produce carriers.

Asresultsin Table 16 denote, all three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small and positive, suggesting that
higher values of this measure and poorer safety performance are correlated with higher
operating ratios and poorer financial performance. However, the correlation coefficients are
relatively small and none are statistically significant. The recordable crash rates for produce
carriers, based on data gathered during a CR, are positively correlated (0.24); however, this
coefficient is also small and not statistically significant.

. Return on Assets. The results examining the relationship between return on assets of

the produce carriers and their safety performance showed few statistically significant results.



While the correlation coefficients had the expected signs indicating that produce carriers with
higher returns on assets had stronger safety performance, the coefficients were small and not
statistically significant. Only the ACSEA was negatively correlated with ROA (-0.15) at the
0.094 significance level.

The summary safety performance measures dealing with vehicle, driver and accidents
were negatively correlated with return on assets. This suggests that higher values of the
safety evaluation scores and poorer performance were associated with lower returns on
assets. Concerning the detailed CR measures, the correlation coefficients linking DRM,
SMRM, and ESM with return on assets are all negative, but small and not statistically
significant.

. Carrier Size. Itishypothesized that the size of produce carriersis positively
correlated with safety performance. However, none of the correlation coefficients linking
size variables with safety performance are statistically significant, although many have signs
suggesting alinkage between larger size and improved safety performance. Examining the
overall safety performance measures in SafeStat for vehicle, driver and accident, these
measures are negatively correlated with revenue and ton-miles (except for small positive
correlations between ACSEA and total ton-miles). This suggests that increasesin total firm
revenues and ton-miles are associated with lower vehicle, driver, and accident safety
evaluation scores and better safety performance. The results are not, however, statistically
significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these

measures and better safety performance is associated with larger size. Indeed, the review
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measures are either close to zero or negatively correlated with revenues and ton-miles,
respectively. Once again, the finding that greater safety performance is associated with

larger size istempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an
examination between various safety performance measures and several operating
characteristics: average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the produce carriers, especially with
respect to driver issues. Asshown in the correlation results, there are few results that are
statistically significant. However, among the produce carriers, there is a statistically
significant negative correlation between driver wages as a percent of operating expenses and
the DRSEA and VHSEA. Thusfor these variables, it is likely that companies using more of
their operating expenses to pay wages can expect lower driver and vehicle safety evaluation
scores. In the case of the DRSEA correlation coefficient (-0.203), it is statistically
significant at the 0.022 level. Similarly, there is a negative correlation (-0.267) at 0.002
significance level for the VHSEA.
11. Large Machinery

Theinitial component of this section compares large machinery carriers with an
overall satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory
or conditional review.

11.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the large machinery carriers, 79 had satisfactory CRs

in the 18 month period prior to the construction of the database (September 2000), while 16

had non-satisfactory reviews. Of the 16 with non-satisfactory reviews, 14 were conditional
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reviews and 2 were unsatisfactory. Table 17 provides results of the ANOVA comparing the
carriers with satisfactory CRs and those with non-satisfactory results on a number of
descriptive control variables. According to these results, large machinery carriers with
satisfactory CRs are larger than those carriers with non-satisfactory CRs on the following
size dimensions. power units, operating revenues, total ton-miles, and average load.
However, the observed differences in means between groups are statistically insignificant
due to the large standard deviations in these measures.

Large machinery carriers with satisfactory CRs have on average 368 power units
compared with an average fleet size of 105 for large machinery carriers with either
conditional or unsatisfactory CRs. The carriers with satisfactory reviews averaged $65.3
million in annual revenues compared to only $13.9 million among the carriers with non-
satisfactory reviews. The carriers with satisfactory reviews average 433.3 million ton-miles
with an average load of 17.6 tons. Among the carriers with non-satisfactory reviews, these
averages are 50.9 million and 10.4 tons, respectively. Carrierswith satisfactory reviews have
average lengths of haul that exceed the average for carriers with non-satisfactory reviews
(730.2 versus 489.7 miles, respectively).

Driver wages between the two large machinery carrier groups are significantly
different. The large machinery carriers with satisfactory reviews have average driver wages
equal to $32,816, while the comparable figure among carriers without satisfactory reviewsis
$29,934. However, carriers with positive CRs devote 33 percent of their operating expenses
to driver wages, while the comparable figure among carriers with non-satisfactory reviewsis

35 percent.
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. Financial Variables. Focusing on the important financial variables, the study results

find some distinctive yet statistically insignificant linkages. Indeed, among the large
machinery carriers with a satisfactory rating, the average operating ratio (operating
expenses/operating revenues) is 0.97, while the comparable figure among the carriers with a
non-satisfactory rating is0.99. Thisdifferenceis statistically insignificant. On a second
financial measure, return on assets, the large machinery carriers receiving a recent
satisfactory score averaged a 4 percent return on assets, while the carriers with a non-
satisfactory result had a 0 percent return on assets. This difference is also not statistically
significant. These results indicate linkages between poor safety performance (non-
satisfactory review) and poor financia performance (high operating ratio and negative return
on assets), but the results were not statistically valid.

11.2 Correlation Analysis: Linkages Between Financial/Descriptive Measures and Safety

Performance
Table 18 presents the results of the correlation analysis for the large machinery
carriers. The key financial variablesto correlate with safety performance are operating ratio
and return on assets. The key descriptive measures of interest are the following: tota
operating revenues, total ton-miles, average load, average length of haul, and wages as a
percent of operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the large machinery carriers and their safety performance showed little statistically
significant results. The hypothesized finding that carriers with poorer financial results
(higher operating ratios) would have poorer safety performance results did not materialize

among the large machinery carriers. Initially, the summary safety performance measures for

48



SafeStat in the areas of driver (DRSEA), vehicle (VHSEA), and accident (ACSEA) were
correlated with carrier operating ratio. The expected sign would be positive to indicate that
higher safety evaluation scores (and worse safety performance) are positively correlated with
higher operating ratios (and poorer financial performance). However, the correlation scores
arelow and only positive for the VHSEA (0.144). Thereis, therefore, little connection
between overall safety performance measures (covering driver, vehicle, and accidents) and
carrier operating ratio for the large machinery carriers.

Asresultsin Table 18 denote, all three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small and negative, suggesting that
higher values of this measure and poorer safety performance are correlated with lower
operating ratios and stronger financial performance. However, the correlation coefficients
arerelatively small and none are statistically significant. The recordable crash rates for large
machinery carriers, based on data gathered during a CR, are negatively correlated (-0.357)
with operating ratio and are statistically significant (0.042 level of significance). Thiswould
indicate that higher crash rates are associated with lower operating ratios—counter to
expectations.

. Return on Assets. The results examining the relationship between return on assets of

the large machinery carriers and their safety performance showed few statistically significant
results. The correlation coefficients did not have the expected signs, therefore suggesting
that large machinery carriers with higher returns on assets had worse safety performance.
However, the coefficients were very small and not statistically significant.

The summary safety performance measures dealing with vehicle, driver and accidents

were negatively and positively correlated with return on assets. The ESM measureis
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negatively correlated with ROA (-0.119). These results are mixed; however, one would
expect that higher values of the safety performance scores and poorer performance would be
associated with lower returns on assets. Concerning the detailed CR measures, the
correlation coefficients were small and not statistically significant.

. Carrier Size. It ishypothesized that the size of large machinery carriersis positively
correlated with safety performance. However, none of the correlation coefficients linking
size variables with safety performance are statistically significant, although many have signs
suggesting alinkage between larger size and improved safety performance. Examining the
overall safety performance measures in SafeStat for driver and accident, these measures are
negatively correlated with revenue and ton-miles. This suggests that increasesin total firm
revenues and ton-miles are associated with lower driver and accident safety evaluation scores
and better safety performance. However, the results are not statistically significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the review
measures (DRM, SMRM) are negatively correlated with revenues and ton-miles. The
positive correlation results for ESM suggest that larger size leads to worse safety
performance. Once again, the finding that greater safety performance is associated with
larger sizeistempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics: average load, average haul, and driver wages as a percentage of operating

expenses. There are some very interesting results for the large machinery carriers, especially
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with respect to driver issues. As shown in the correlation results, there are few results that
are statistically significant. However, thereis asignificant positive correlation (0.204 at
0.046 significance level) between average load (tons) and vehicle safety evaluation scores.
This suggests that as average |oads increases, scores increase and safety performance
worsens.

Among the large machinery carriers, there is a statistically significant negative
correlation between driver wages as a percent of operating expenses and the DRSEA and
VHSEA. Thusfor these variables, it islikely that companies using more of their operating
expenses to pay wages can expect lower driver and vehicle safety evaluation scores. Inthe
case of the DRSEA correlation coefficient (-0.36), it is statistically significant at the 0.001
level. Similarly, thereisanegative correlation (-0.23) at 0.022 significance level for the
VHSEA.

12. General Freight-LTL

The initial component of this section compares general freight LTL carrierswith an
overall satisfactory carrier review (CR) and those in that segment receiving an unsatisfactory
or conditional review.

12.1 Means Comparison: Satisfactory vs. Non-Satisfactory Carriers

. Descriptive Variables. Among the general freight LTL carriers, 74 had satisfactory

CRsin the 18 month period prior to the construction of the database (September 2000), while
13 had non-satisfactory reviews. Of the 13 with non-satisfactory reviews, 11 were
conditional reviews and 2 were unsatisfactory. Table 19 provides results of the ANOVA
comparing the carriers with satisfactory CRs and those with non-satisfactory results on a

number of descriptive control variables. According to these results, general freight LTL

51



carriers with satisfactory CRs are larger than those carriers with non-satisfactory CRs on the
following size dimensions. power units, operating revenues, total ton-miles, and average
load. However, the observed differences in means between groups are statistically
insignificant due to the large standard deviations in these measures.

Large machinery carriers with satisfactory CRs have on average 520 power units
compared with an average fleet size of 88 for general freight LTL carriers with either
conditional or unsatisfactory CRs. The carriers with satisfactory reviews averaged $122.8
million in annual revenues compared to only $16.0 million among the carriers with non-
satisfactory reviews. The carriers with satisfactory reviews average 333.9 million ton-miles
with an average load of 32.1 tons. Among the carriers with non-satisfactory reviews, these
averages are 19.6 million and 5.6 tons, respectively. However, carriers with non-satisfactory
reviews have average lengths of haul that exceed the average for carriers with satisfactory
reviews (515.8 versus 337.8 miles, respectively).

Driver wages between the two general freight LTL carrier groups are significantly
different. The general freight LTL carriers with satisfactory reviews have average driver
wages equal to $40,247, while the comparable figure among carriers without satisfactory
reviewsis $30,144—a difference statistically significant at the .05 level of confidence.
Indeed, the LTL carriers with positive CRs devote 49 percent of their operating expenses to
driver wages, while the comparable figure among carriers with non-satisfactory reviewsis 43
percent. The observed differences in means between groups with respect to the percent of

operating expenses dedicated to driver wagesis statistically significant to 0.05 level.

. Financial Variables. Focusing on the important financial variables, the study results

find some distinctive yet statistically insignificant linkages. 1ndeed, among the general
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freight LTL carriers with a satisfactory rating, the average operating ratio (operating
expenses/operating revenues) is 0.98, while the comparable figure among the carriers with a
non-satisfactory rating isalso 0.98. Thisdifferenceis statistically insignificant. On a second
financial measure, return on assets, the general freight LTL carriersreceiving a recent
satisfactory score averaged a 3 percent return on assets, while the carriers with anon-
satisfactory result had a5 percent return on assets. Thisdifferenceisalso not statistically
significant. These results do not provide evidence of important linkages between poor safety
performance (non-satisfactory review) and poor financial performance (high operating ratio
and negative return on assets).

12.2 Correlation Analysis: Linkages Between Financial/Descriptive M easures and Safety

Performance
Table 20 presents the results of the correlation analysis for the general freight LTL
carriers. The key financial variables to correlate with safety performance are operating ratio
and return on assets. The key descriptive measures of interest are the following: total
operating revenues, total ton-miles, average load, average length of haul, and wages as a
percent of operating expenses.

. Operating Ratio. The results examining the relationship between the operating ratio

of the general freight LTL carriers and their safety performance showed little statistically
significant results. The hypothesized finding that carriers with poorer financial results
(higher operating ratios) would have poorer safety performance results did not materialize
among the general freight LTL carriers. Initialy, the summary safety performance measures
for SafeStat in the areas of driver (DRSEA), vehicle (VHSEA), and accident (ACSEA) were

correlated with carrier operating ratio. The expected sign would be positive to indicate that
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higher safety evaluation scores (and worse safety performance) are positively correlated with
higher operating ratios (and poorer financial performance). Only VHSEA is strongly
correlated with operating ratio (0.287), and is statistically significant to the 0.006 level.
However, the other safety evaluation scores are low and negative for the ACSEA (-0.14).
Therefore, there is only a connection between overall safety performance measures (covering
vehicle) and carrier operating ratio for the general freight LTL carriers.

Asresultsin Table 20 denote, all three measures, DRM, SMRM, and ESM are not
closely correlated with operating ratio. Correlations are small and negative, suggesting that
higher values of this measure and poorer safety performance are correlated with lower
operating ratios and stronger financial performance. However, the correlation coefficients
arerelatively small and none are statistically significant. The recordable crash rates for
general freight LTL carriers, based on data gathered during a CR, are negatively correlated (-
0.369) and are statistically insignificant.

. Return on Assets. The results examining the relationship between return on assets of

the general freight LTL carriers and their safety performance showed few statistically
significant results. The correlation coefficients did have the expected signs, therefore
suggesting that general freight LTL carriers with higher returns on assets had better safety
performance. Specifically, the VHSEA evaluation score was negatively correlated (-0.232)
to firm's ROA at the 0.029 level of significance. The summary safety performance measures
dealing with vehicle, driver and accidents were negatively correlated with return on assets.
These results suggest that higher values of the safety performance scores and poorer
performance are associated with lower returns on assets. Concerning the detailed CR

measures, the correlation coefficients were statistically insignificant.



. Carrier Size. Itishypothesized that the size of general freight LTL carriersis
positively correlated with safety performance. However, none of the correlation coefficients
linking size variables with safety performance are statistically significant, although many
have signs suggesting a linkage between larger size and improved safety performance.
Examining the overall safety performance measuresin SafeStat for driver and accident, these
measures are negatively correlated with revenue and ton-miles. This suggests that increases
in total firm revenues and ton-miles are associated with lower driver and accident safety
evaluation scores and better safety performance. However, the results are not statistically
significant.

On the detailed measures emanating from a CR, the expectation is that the CR
measures would have negative correlation coefficients to suggest that lower values of these
measures and better safety performance is associated with larger size. Indeed, the review
measures (DRM, SMRM, ESM) are negatively correlated with revenues and ton-miles.
Once again, the finding that greater safety performance is associated with larger sizeis
tempered by the lack of statistical significance.

. Operating Characteristics. A final component of the analysis provides an

examination between various safety performance measures and several operating
characteristics: average load, average haul, and driver wages as a percentage of operating
expenses. There are some very interesting results for the general freight LTL carriers,
especially with respect to driver issues. Asshown in the correlation results, there are afew
results that are statistically significant. Thereisasignificant positive correlation (0.29 at

0.024 significance level) between average length of haul (miles) and driver safety evaluation
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scores. This suggests that as average lengths of haul increase, scores increase and saf ety
performance worsens.

Among the general freight LTL carriers, thereis a statistically significant negative
correlation between driver wages as a percent of operating expenses and the DRSEA. Thus
for thisvariable, it islikely that companies using more of their operating expenses to pay
wages can expect lower driver safety evaluation scores. In the case of the DRSEA
correlation coefficient (-0.312), it is statistically significant at the 0.003 level.

13. Summary Remarks

Among al the carriers combined, those with satisfactory CRs (conducted in the 18
month time period prior to the database construction) compared with those receiving a non-
satisfactory result are larger on average (power units, operating revenues, total ton-miles, and
average load). However, these mean differences are not statistically significant dueto large
within-group standard deviations. Interestingly, in most segments, those with satisfactory
CRs devote a higher percentage of their operating expenses to driver wages than do carriers
without positive reviews.

With respect to financial variables within the segments studied, carriers with
satisfactory CRs have significantly lower operating ratios and higher returns on assets than
do their counterparts with unsatisfactory or conditional reviews. However, the correlation
analysis provides little additional support for the link between financial performance and
overall summary safety performance measures from SafeStat. Some detailed CR indicators
within SafeStat do provide evidence that higher levels of acute and critical violationsin

driver and safety management reviews are positively correlated with operating ratios and
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negatively correlated with returns on assets, as anticipated. Y et, these results do not meet the
test of statistical significance.

With respect to control variables, there is a statistically significant indication that
carriers devoting a higher portion of their expenses to driver wages have stronger driver and
vehicle safety performance than do carriers with alower percentage of operating expenses
devoted to wages.

The following sections comment on specific results for each carrier segment studied:

. All Carriers Combined. There are only two significant correlation coefficients. one

indicating that a carrier’ s ACSEA is negatively related to ROA and a second suggesting a
negative link between ESM and return on assets—i.e., lower levels of violations are
associated with higher asset returns.

With respect to control variables, there is a significant negative correlation between
the percent of a carrier’ s expenses devoted to wages and its VHSEA and DRSEA scores.
There are also significant negative correlations between a carrier’s gross revenues and its
DRSEA score and its average load in tons. Lastly, there is a significant positive relationship
between acarrier’s DRSEA score and its average length of haul in miles.

. Genera Freight---TL. With respect to the control variables, there are several

interesting significant results. There isa significant negative correlation between the percent
of acarrier’s expenses devoted to driver wages and its VHSEA and DRSEA, indicating that a
higher portion of expenses devoted to driver wages will be associated with lower VHSEA
and DRSEA scores, denoting better safety performance.

. Tank. With respect to the control variables, there are several interesting significant

results. Thereisasignificant negative correlation between the percent of acarrier’s
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expenses devoted to driver wages and its DRSEA, indicating that a higher portion of
expenses devoted to driver wages will be associated with lower DRSEA scores, denoting

better safety performance.

. Building Materials. With respect to the control variables, there are several interesting
significant results. Thereis asignificant negative correlation between the percent of a
carrier’ s expenses devoted to driver wages and its DRSEA, indicating that a higher portion of
expenses devoted to driver wages will be associated with lower DRSEA scores, denoting
better safety performance. Thereis aso a significant negative correlation between a carrier’s
return on assets and its recordabl e accident rate, which indicates that carriers with alower
return on its assets had higher accident rates.

. Refrigerated. With respect to the control variables, there are several interesting
significant results. Thereisasignificant negative correlation between the percent of a
carrier’ s expenses devoted to driver wages and its DRSEA, indicating that a higher portion of
expenses devoted to driver wages will be associated with lower DRSEA scores, denoting
better safety performance. Thereis aso asignificant negative correlation between the
average length of haul (miles) and VHSEA, suggesting that as the average length of haul
increases, the VHSEA score decreases signifying better safety performance. Lastly, we
found a significant negative correlation between a carrier’ s gross revenues and its recordable
accident rate, indicating that as a carrier’ s gross revenues increased, its accident rate
decreased.

. Bulk. With respect to the control variables, there are several interesting significant
results. Thereisasignificant negative correlation between the percent of acarrier’s

expenses devoted to driver wages and its DRSEA, indicating that a higher portion of
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expenses devoted to driver wages will be associated with lower DRSEA scores, denoting
better safety performance. Thereisaso asignificant correlation between the average length
of haul (miles) and DRSEA, suggesting that as the average length of haul increases, the
DRSEA score increases signifying poorer safety performance.

. Combined Farm Products. With respect to the control variables, there are severa

interesting significant results. There is a significant negative correlation between the percent
of acarrier’ s expenses devoted to driver wages and its DRSEA, indicating that a higher
portion of expenses devoted to driver wages will be associated with lower DRSEA scores,
denoting better safety performance. Thereisalso asignificant correlation between the
average load (tons) and DRSEA, suggesting that as the average load increases, the DRSEA
score decreases and safety performance improves.

. Produce. With respect to the control variables, there are several interesting
significant results. Thereisasignificant negative correlation between the percent of a
carrier’ s expenses devoted to driver wages and its DRSEA and VHSEA, indicating that a
higher portion of expenses devoted to driver wages will be associated with lower DRSEA
and VHSEA scores, denoting better safety performance.

. Large Machinery. With respect to the control variables, there are several interesting

significant results. Thereisasignificant negative correlation between the percent of a
carrier’ s expenses devoted to driver wages and its DRSEA and VHSEA, indicating that a
higher portion of expenses devoted to driver wages will be associated with lower DRSEA
and VHSEA scores, denoting better safety performance. In addition, there is a significant
positive correlation between average load (tons) and vehicle safety evaluation scores. This

suggests that as average |oads increases, scores increase and safety performance worsens.
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. General Freight LTL. With respect to financia variables, the general freight LTL

carriers with satisfactory CRs have the same operating ratios and lower returns on assets than
do their counterparts with unsatisfactory or conditional reviews. With respect to the control
variables, there are several interesting significant results. Thereisasignificant negative
correlation between the percent of acarrier’ s expenses devoted to driver wages and its
DRSEA, indicating that a higher portion of expenses devoted to driver wages will be
associated with lower DRSEA scores, denoting better safety performance. In addition, there
isasignificant positive correlation between average length of haul (miles) and driver safety
evaluation scores. This suggests that as average length of hauls increase, scores increase and
safety performance worsens. Also, we found a significant positive relationship between a
carrier’ s operating ratio and its VHSEA score, indicating that as financial performance
declines (and operating ratios increase), vehicle operating performance declines (and
VHSEA scoresincrease). Lastly, we found a significant negative relationship between a
carrier’ sreturn on assets and its VHSEA score, indicating that as financial performance
declines (vialower return on assets), vehicle operating performance declines (via higher

VHSEA scores).
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