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ABSTRACT

Thispaper investigates whether trucking firmsthat haul hazardous materialsdiffer fromfirmswho
do not haul these goods. It employs a databaseof 75,000 federal gover nment safety auditsof United
States motor carriers. We find that hazardous materials firms are five times larger, in terms of
annual fleet miles, than non-hazardous materials haulers, and are more likely to be general
commodity carriers. Based on Poisson regression analysis, firmsthat carry hazardous materials
exclusively have an accident rate 11% higher than comparable firms that do not carry these
commodities, and a rate of fatalities and serious injuries that is 22% higher. Firms that carry
hazardous materials in combination withgeneral freight, havean accident rate that is 18% higher
and a fatality and injury rate that is 24% higher.

Among hazardousmaterialscarriers, accident ratesdeclinewithfirm size. Privatecarriersaresafer
than for-hire carriers. Haulers of gasesin packages and liquids in tanks have the highest accident
rates. Carriers of hazardous wastes have the lowest accident rates. Firms classified as
"unsatisfactory" in safety auditsby the federal government have an accident rate 50% worsethan
other firms, though these accidents do not result in a higher incidence of fatalities and injuries.

1. INTRODUCTION

This paper investigates whether the trucking firms that carry hazardous materiads differ from firmsthat do
not carry such goodsin terms of characterigtics, such as sze, and ther accident experience. The paper
contains two groups of analyses. The fird makes comparisons between carriers of hazardous and non-
hazardous materids to seeif their physica characteristics, accident experience, and compliance with safety



regulations differ. The second deds soldy with the hazardous materials carriers. We report on an
investigationthat isdesigned to establishwhether certain types of cargoes are morerisky, and whether firm
characteristics such as Sze, age and compliance with safety regulations influence accident rates.

The paper extends work that wasreported at a Northwestern University conference in 1991 (Moses and
Savage, 1991). Asaresult of the interest generated by that paper, the authors approached the Federa
Highway Adminigration (FHWA) to obtain a larger database. The FHWA made available their entire
record of motor carrier safety audits. Consequently in our present study we are able to expand the number
of observations from 13,000 firms, of which 2,000 carried hazardous materids, to 75,500 firms, of which
13,500 carry hazardous materials. Some of the results obtained withthe larger data set differ in non-trivia
ways from those of the first paper.

2. DATA SOURCES

The daafor the investigation are derived from the initid " Safety Review" audits of U.S. interstate motor
carriers that are mandated by the 1984 Motor Carrier Safety Act. In the course of these audits, data are
collected on firms physical characteristics, goods carried, accident record, and compliance with federal
motor carrier safety regulations. The dataare kept inthe FHWA'sMotor Carrier Management Information
System(MCMIS). We obtained the entire database for 92,529 firms that were audited between October
1986 and November 1991. We removed fromthe dataset Canadianand Mexican firms, bus companies,
and firmsthat did not operate any trucks. We then cleaned the data by removing obvious dataentry errors.
As a result we have a usedble dataset of 75,577 firms of which 13,498 (18%) indicated they carry
hazardous materids.

3. ANALYTICAL METHOD

In our andyses we adopt a type of regression technique based on the Poisson digtribution in preference
to the more common, ordinary least squares (OLS) approach. Professiona opinion suggests that the
Poissondidtribution offers severa distinct advantages when dedling with count data (Cameronand Trivedi,
1986; Hausman, Hal and Griliches, 1984). It has been applied to accident data for the arlines (Rose,
1990) and the shipping industry (McCullagh and Nelder, 1983).

In the Poisson formulationthe number of accidentsis the dependent variable, the explanatory variablesare
multiplicative and one takes the exponent of a coefficient in order to interpret it. Exposure to accidents,
interpreted as truck milesin our sudy, is one of the explanatory variables. This contrasgts with OLS style
regressions whichtypicaly have accident rates (accidents per mile) asthe dependent variable. The Poisson
regresson is by definition non-linear and fits an exponentia curve to data



As measures of goodness of fit, the percentage of variaion in the dependent varigble explained by the
regression and the log-likelihood gatistic are typicaly presented. The latter satistic isusudly compared to
the log-likelihood of aregresson with only a constant. However, because accidentsare heavily rdated to
exposure we fdt that the correct base would be a regression with a constant and the log of fleet miles.

A mgor advantage of the Poisson regression processis that it can dedl effectively with datasets where a
large proportion of the observations on the dependent variable, i.e. accidents, take the vaue zero. Previous
work, usng OLS andysis on truck accident rates, have experienced difficulty inthis regard (Cors et d.,
1984, 1988, 1989). The underlying Poissonnature of accident occurrence has a specific assumption that
the mean and the variance of the accident didribution are identica. This equivaence leads to
heteroscedadticity, a serious econometric problem in any OLS regression dbeit one that most satistica
packages can correct for. Corg et d. recognize this problem and try to cope with it by taking the natura
logarithm of accidents, the dependent variable. However, this creates asecond problem. Many firms have
zero accidentsin a given year and the logarithm of zero is undefined. Cors et d. add anarbitrary congtant
to the accident rate of each firm in an effort to avoid this second problem.

4. VARIABLESEMPLOYED

4.1 The Accident Experience of the Firm in the previous 365 Days

Accident data are notorioudy unreliable in the trucking industry. The widdy used nationd truck accident
database of the FHWA's Office of Motor Carriers is flawed because accidents are self-reported. It is
generdly believedthat there are serious incong stencies and under-reporting of damage-only accidents. Our
data come from questions asked directly of managersby inspectors, and therefore should bemorerdliable.
Inprevious analyses (Mosesand Savage, 1991, 1992) the accident measures used were the total accident
experience of firms, and the total number of faditiesand injuries. The FHWA ceased collecting these data
inaudits conducted after November 1, 1990 and turned instead to ameasure called "reportable accidents'.
Reportable accidents are defined as accidents involving afatdity, an injury, or more than gpproximeatey
US$5,000 in property damage.! We aso use the totd fatdities and injuries measure in our analyses, but
must thenlimit ourselvesto the audits conducted prior to November 1, 1990. We did this because wefdt
that carriers of particularly hazardous materials might be more scrupulous about keeping records of
property-damage-only accidents, but that record keeping of fatdity and injury data would be more
consistent across carriers.

It a correlation is calculated between reportable accidents and total accidents, using those inspections prior to
November 1, 1990, we find a correlation of 0.82. Analyses that we have conducted have reveal ed that by dealing with
reportable accidents exclusively weexcludealarge number of minor, damage-only accidents that result fromurban pick-
up and delivery operations.



4.2 ThelLog of Tota Heet Miles of the Firm in the Past Year

We use these data to capture both the amount of exposure to accidents and any firm size effects on
accident rates. Testing of the coefficient againgt 1 determineswhether accidents increase more or lessthan
proportionately with miles. Inclusonof thisvariable dlowsusto colloquidly refer to "accident rates’ when
interpreting the coefficients on other explanatory variables.

4.3 The Percent of Drivers Employed on Trips over 100 Miles

We hypothesized that firms whose primary work involves short distances, typicaly inurbanareas, would
have a different accident experience from firms whose operations primarily involve long distance service
on the Interstate Highway System, or rurd highways. Urban firms may be involved in a higher number of
accidents, but many of these will be minor property-damage-only accidents which are not included inthe
federa definitionof areportable accident. This variable cannot be expressed inlogarithms because several
firms report zero long distance drivers.

4.4 Private Carrier Status
We use adummy (0-1) variable to indicate if the firm isa private carrier rather than afor-hire carrier.

4.5 The Type of Goods Hauled

As part of the audit, firms complete a"census' form describing their operations. The census form lists 25
categories of non-hazardous goods and 21 sub-categories of hazardous goods from which the firm can
specify what cargoes they carry. They can classfy themselvesin as many categories as they wish.

The data only permit the determination of whether hazardous materids are carried or not. We cannot tell
what proportion of afirms business hazardous materiass represent, although we can tdl whether afirmis
a generd freight carrier. This dlows us to differentiate between carriers, such as bulk tank-truck firms,
whicharelikdy to be exdusvely hazardous materias haulersand other firms, especidly the large less-than-
truckload (LTL) operations, that may have a very small proportion of their ton-miles being hazardous
materids.

As has already been stated, firms indicate which of 21 categories of hazardous maerids they carry. In
addition, they indicate whether the commodity is carried intanksor packages or both. Packages seem to
be the most common way of moving most hazardous materials. We decided to consolidate the potential
42 categories, 21 hazardous materids and 2 kinds of packaging, into nine categories. The primary
moativation was to avoid callinearity. A correlationtable was used in deciding on the consolidations. After
the consolidations were carried out, we found that on average firms carried 1.6 of the 9 categories. The
nine groups appear below. The amagamations are shown in parentheses:



- Explosives (combination of categories explosves A, explosves B, explosives C, and blasting agents);

- Liquidsin tanks (flammable liquids, corrosives, oxidizers and combustible liquids);

- Liquidsin packages (flammable liquids, corrosves, oxidizers and combustible liquids);

- Gases in tanks (flammable gas, non-flammable gas);

- Gases in packages (flammable gas, non-flammable gas);

- Poisons (poison A, poison B);

- Radioactive materials,

- Hazardous wastes; and

- Other hazardous commodities (flammable solid, organic peroxide, irritating materid, "other regulated
materids’, etiologic agent, "hazardous substances’, and cryogenics).

4.6 ThelLog of the Years of Experience of the Firm

A difficulty in our investigation is that the data available to us are dates of incorporation rather than initia
year of operation. This restricted the anadlysis of this variable to the 91% of the hazardous materids firms
who areincorporated. It is, of course, true that many firms operated as a sole proprietorship or partnership
prior to incorporation. Other authors have tried to base age on the date that carriers were issued ther
operating rights by the Interstate Commerce Commission (ICC). However, this procedure also has a
weakness. Our datareved that there are corporate firms that operated for yearsprior to | CC certification.

4.7 Peaformancein the Federa Safety Audit

Federal and State ingpectors vigt the operating bases of firms and make assessments of carriers
compliance with federal safety regulations and safety management policies such as those governing
maintenance, driver hiring and traning. Theinspectorsexaminerecordsand interview management officids,
but do not actualy inspect any equipment or test drivers. The inspectors have a sandard list of 75
questions. They mark a pass or fal on each question, but can also append comments and supporting
documentation. The carrier isthenrated as satisfactory, conditiona or unsatisfactory based onthe answers
to the questions, and a weighting scheme that is not known to the public. Firms that appear to have
questionable safety practices, yet have not actudly violated federal regulaions are typically rated
conditiond pending further investigation.

The questionof the effectiveness of these audits has been addressed by the authors el sewhere (Moses and
Savage, 1992). For the purposes of this paper, we represent the audits by employing adummy varigble
to indicate firms that arerated unsatisfactory. Summary statistics indicate that satisfactory and conditiona
firms have broadly smilar accident rates, while those for unsatisfactory firms are much worse.



5. COMPARISON OF CARRIERS OF HAZARDOUS AND NON-HAZARDOUS
MATERIALS

5.1 Overdl Means
Mean vaues of various leading characteristics were caculated for the 13,498 carriers of hazardous

materids and 62,079 carriersof non-hazardous materids. Standard t-tests were conducted to see whether
the two groups are sgnificantly different. The results are shown in Tables 1. The leading conclusons are;

. Hazardous materids carriersarefive timeslarger thancarriers of non-hazardous materias interms
of flest mileage.
. Hazardous materids firms are 2% times more likely to be generd commodity carriers. This,

combined with the first concdluson, suggests that a large proportion of hazardous materids are
caried by the very large LTL firms.

. About two thirds of the firms that haul hazardous materids are private carriers. The proportion is
about the same for the non-hazardous commodity groups.

. Hazardous materids firms are 20% more likely to be incorporated.

. Based ongroup means, hazardous materids carriers have an accident rate 7% higher thanthat of
carriers of non-hazardous materids, and arate of fatadities and injuries that is 19% higher.

5.2 Multiple Regression Approach

One cannot draw strong conclusons on relative accident rates from smple comparisons of means. For
example, hazardous maerids firms are very large, and inearlier work we found thet large firms have lower
accident rates than amdl firms (Moses and Savage, 1992). A Poisson multiple regression approach is
therefore used.

The results for the regressions on reportable accidents, and totd fataities and injuries are shown in table
2. We do not concern oursalves with the interpretation of variables other than the dummy variables for
hazardous materias carriers a this point. The other varigbles are discussed at length in section 6 below,
which ded s with the hazardous materids carriers.

Carriage of hazardous materids isrepresented by two dummy variables. Thefird indicatesfirmswho carry
hazardous materids as wel as genera freight. The second dummy variable identifies firms that only
trangport hazardous materids, i.e. they do not also carry generd freight. There are approximately 3,000
firms in the firg category, and 10,500 in the second. Thus the regression dlows a comparison of the
accident rates of threekinds of firms 1) those that do not carry any hazardous materids, 2) those firms that
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carry hazardous materids aswel as generd freight; 3) those thet carry hazardous materidsexcusvdy. The
coefficients on the hazardous materid's dummy variables are interpreted below:

Effect of Dummy Variable on Accident Rates

Reportable Accidents Fatdities & Injuries
Hazardous Materids & +18.2% (t=10.21) +24.2% (t=10.61)
Generd Freight
Hazardous Materias Only +10.6% (t= 5.94) +21.5% (t= 9.07)

Wefind that firmsthat carry hazardous materids exdusvely have lower accident ratesthanthosethat carry
both genera freight and hazardous materials. However, the accident rates of firms that carry hazardous
materids, whether done or in combination with generd freight, are higher than the accident rates of those
that do not carry hazardous materias.

It might be argued that hazardous materids firms may be more scrupulous in recording accidents than
others. However, the fatdity and injury regression supportsthefindingof a higher accident rate. It is difficult
to accept the proposition of reporting biasfor this category of accidents. Moreover, further support for this
position comesfromthe government safety audits, which show that firmswho haul hazardous materids are
more likely to be deficient in reporting accidents than non-hazardous materids firms?

6. ANALYSISOF THE HAZARDOUSMATERIAL CARRIERS

We now turn our attention to the 13,498 firms that indicated they carry hazardous materids. Initidly we
classfy these firms by the specific hazardous cargoes they carry, and then compare the characteristics of
these various sub-groups. We thenuse amultiple regress onmodel to explain the accident rates of the sub-
groups. In this latter anayss we comment on the effect of firm sze, age and other characteristics, aswdll
as the impact of performance in the safety audit on accident experience.

6.1 Characteristics of Firms that Haul Different Hazardous Cargoes

In table 3 a comparison is made of the leading characteristics of the firmsthat haul the various hazardous
materids. The leading conclusons are:

2Question 394-3 of the federal safety audit asks if the firm complies with the reporting of accidents. 9.4% of firms
who haul hazardous materials, either exclusively or as part of a general freight business, are assessed a "no" to this
question, compared with 7.9% of non-hazardous materials firms. The difference is statistically significant with a't
statistic of 5.57. Previous work has reveal ed that as the proportion of non-compliance rises accident rates increase
(Moses and Savage, 1992).



. Tank truck companies are about athird of the Sze of the average hazardous materids firminterms
of fleet miles. Also, tank truck firms are more likely to be private carriers.

. Tank truck companies, and haulersof hazardous wastes are morelikdly to be specidized carriers,
and not carry generd freight.

. Haulers of hazardous wastes have a higher proportion of drivers on long trips compared withthe
average hazardous materids firm.3

. Radioactive, explosve and poisonous materids are hauled by the very largest carriers, with an
average Size two or more times the overal mean.

6.2 Multiple Regresson Approach

Poisson regression andyses of reportable accidents, and fatdities and injuries were conducted for the
13,498 hazardous materids carriers. Explanatory variables are firm sze measured by annua fleet miles;
the percentage of drivers on long distance trips, adummy varigble for private carriage; dummy variables
for the different categories of hazardous materids (excepting the "other" category); and a dummy variable
representing an unsatisfactory audit rating. The results are shown in table 4. The coefficients in these
regressions are reviewed below under two headings. firm characterigtics, and the commodity carried.

Conclusions on Firm Characteristics
. Accident rates decline with firm sze

The coefficient on tota fleet miles has a vaue sgnificantly less thanunity inbothregressons, meaning that
accidentsincrease lessthan proportionately withmiles, i.e. the rate of accidents declineswithsize. Infigure
1, the results are shown as an index. Thisindex isthe ratio of the predicted accident rate of a given Sze
group to that of the smalest group of firms in our study, namely those with fleet miles of 5,000 per year.
The results suggest that accident rates decline by about 23% when comparing afirmwith 1%2 million miles
with avery amdl firm. Firms with annud mileage of 5 million have accident rates 27% beow the very
gmdlest firms Therate of fatdities and injuries declines more dowly with Sze. Firms with annua mileage
of 5 million miles have fatality and injury rates about 17% below those of the very smdlest firms.

. Long distance operations are associated with higher accident rates.

30Officials at the FHWA offeran explanation forthis finding. The hazardous wastes industry is made up of local
and line-haul operators. The large hazardous wastes corporations perform the latter function, consolidating waste
collected by small local independent contractors. The federal government has poor or non-existent records on these
local operators.



Long distance operators, defined asfirmswhosedriversare dl involved intripsthat exceed 100 miles have
a total accident rate that is 22% higher than that of firms that are exdusvely involved in short distance
operations, and arate of fatditiesand injuriesthat is 53% higher. Thisresult is not surpriang. The measures
of accidents used in this andlyss indude only the most serious incidents. While one would expect that
congested urbanareas would have the highest number of accidents of dl kinds, most of the accidentsthat
do occur are minor in nature. The accidents onlong distance trips tend to be more serious and result in a
higher rate of accidents that involve fatdities and serious injuries, aswel as more property damage.

. Private carriers appear to have accident rates that are about 30% lower thanthose of comparable
for-hire carriers. Thisistrue for both reportable accidents, and fatalities and injuries.

. Reportable accident rates do not vary with firm age.

We d 0 decided to investigate the effect of firm age on accident performance, usng as our varigble the
number of years since incorporation. Unfortunately, 9% of the firms are not incorporated, and hence
regressionsinduding this variable are restricted to corporate firms. To save pace, the full regressons are
not shown. Inthe reportable accidents equation, the coefficient on the log of years of experience variable
was inggnificant taking the value -0.001 withat-gatigtic of 0.13. In the equation for fatalities and injuries,
the coefficient was poditive, 0.06, with at-gatistic of 4.45. The coefficent impliesthat afirmthat hasbeen
incorporated for thirty years hasan accident rate that is 22% greater thana newly incorporated firm. What
should be borne in mind in interpreting this counter-intuitive result is that the incluson of the experience
variable reduces the sze of the log of milescoefficient from0.973 t0 0.961. Apparently, the negative effect
of d9ze on the rate of fatalities and serious injuries is smdler in the equation that does not include the
experience variable. The positive age effect of afirmthat has beenincorporated for many yearsis bal anced
by a more pronounced negative Sze effect.

. Hrmswho arerated unsatisfactory ingovernment safety audits have reportable accident rates 53%
higher than firms rated conditiona or satisfactory, though these additiona accidents do not result
in ahigher incidence of fatdities and injuries.

This result may appear to be somewhat surprisng because the regression results for the ful sample of
75,577 firms, shown intable 2, suggest that unsatisfactory firms have both a90% higher rate of reportable
accidents and a 75% higher rate of fatdities and injuries compared with firms rated conditiona or
unsatisfactory. The implication of these resultsis that, ceteris paribus, the unsatisfactory firms who have
an inordinatdy high rate of fataities and injuries are primarily those who do not carry hazardous materias.

Conclusions on Hazardous Commodity Hauled

Wereport the percentage effect onaccident, and fatdity and injury, ratesthat are derived fromour multiple
regresson in table 5. Our mgor conclusons are:



. Carriersof gasesinpackages and liquids in tanks have the highest rates of accidents and fatdities
and injuries. They are 10% above that of carriers who do not haul commodities in these groups.

. Carriersof gasesin tanks have arate of fatdities and injuriesthat is no different fromcarrierstha
do not haul this commodity. However, the rate of reportable accidentsis 15% less. The difference
in the two percentages suggests that the carriers of this product type tend to have accidents that
involve high rates of persond injury and death.

. Carriers of radioactive materials gppear to have a high reportable accident rate, one that is 23%
above that of firms that do not carry commoditiesinthis group. However, it islikdy that thisfinding
isdue to scrupulous record keeping by thistype of carrier, because the rate of fatditiesand injuries
isnot sgnificantly different from that of other carriers.

. Haulersof hazardous wastes have considerably lower accident, and fatdity and injury, rates than
do other hazardous materids carriers. The difference is about 15%. As discussed earlier, the
database only covers line-haul operations of wastes. The data do not permit implications to be
drawn about the safety of operators who provide local collection of hazardous wastes.

7. CONCLUDING REMARKS

7.1 Comparisons with Non-hazardous Materias Carriers

. Hazardous materids carriersare five timeslarger than carriers of non-hazardous materids interms
of anual fleet miles. They are much more likely to be incorporated, and dso to be generd
commodity carriers.

. Hrmsthat carry hazardous materids excusively have anaccident rate 11% higher than comparable
firms that do not carry these commodities, and arate of fatalities and serious injuries that is 22%
higher. Firmsthat carry hazardous materiasin combination with generd freight, have an accident
rate that is 18% higher and afataity and injury rate that is 24% higher.

7.2 Comparisons between Carriers of Different Hazardous Materids

. Radioactive, explosve and poisonous materidsarehauled by the very largest carriers of hazardous
materids.
. Tank truck companies are about a third the Sze of the average hazardous commodity carrier in

terms of fleet miles.
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. Gases in packages and liquids in tanks are the most dangerous commodity groups in terms of

accident rates.

. Accidents involving gasesin tanks result in a higher than average incidence of persond injury and
death.

. Line-haul carriage of hazardous wastes has asgnificantly lower accident rate than carriers of other

hazardous materids.

. Among hazardous materids carriers, accident rates decline withfirmsize. Private carriersare 30%
safer than for-hire carriers.

. Carriersrated unsatisfactory in federa safety auditshave anaverage reportable accident rate that
is 50% higher than that of firms rated conditiond or satisfactory, though these accidents do not
result in a higher incidence of fatalities and injuries.
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Table 1: Comparison of carriers of hazardous and non-hazardous commodities

Number of Frms

Average Annua Heet Miles
Percent Private Carriers

Percent Generd Freight Firms
Percentage of Firms Incorporated
Average Y ears since Incorporation

Average Percent of Drivers
Employed on Trips over 100 Miles

Percent Rated Satisfactory
Percent Rated Conditional
Percent Rated Unsatisfactory

Reportable Accidents per
Million Miles

Fatdities and Injuries per
Million Miles!

Notes

! For audits conducted prior to November 1, 1990.

13

Hazardous Non-Hazardous t-Statistic
13,498 (18%) 62,079 (82%) --
1,823,200 342,000 24.17
64% 63% 2.19
22% 9% 34.70
91% 74% 56.15
21.6 19.3 13.27
60% 67% 15.15
66% 45% 46.26
28% 46% 41.36
5% 9% 18.19
0.67 0.63 2.61
0.49 0.41 447



Table 2: Multiple regresson incorporating hazardous materids variables

Dependent variable

Audit Dates

Observations

Proportion of Variaion Explained

Log-Likelihood

Log-likdihood(log of miles and congtant)

Explanatory variables (with t Satistics in parentheses)

Congant

Log of Tota Fleet Miles”

Percent of Drivers Employed on Trips

over 100 Miles

Dummy Varigble - Private Carrier

Dummy Variable - Generd Freight and
Hazardous Materids

Dummy Variable - Hazardous Materids Only

Dummy Varigble - Rated Unsatisfactory

Reportable
Accidents

All Audits
75,577
0.80

- 37,469
- 38,027

-13.719 (283.30)
0.963 (12.10)

0.017 (0.97)

-0.261 (17.02)

0.167 (10.21)

0.101 ( 5.94)

0.686 (27.44)

Fatdities
& Injuries

Before 11/1/90
62,532
0.66

- 27,374
- 27,751

-14.330 (229.70)
0.971 ( 7.48)

0.150 ( 6.51)

-0.317 (15.86)

0.217 (10.61)

0.195 ( 9.07)

0.546 (15.32)

' The coefficient on milesis compared againg 1 so as determine the effect of fleet miles on accident rate

per mile.
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Table 3: Comparison of firms hauling various hazardous cargoes (in descending order of average

fleet mileage)
% Long % Generd % Incorporation  Fleet
Commodity Digance  FHeght Private % Miles
Radioactive 64* 54* 30* 96* 22,100,000*
Explosives 62* 44* 51* 95* 10,100,000*
Poisons 63* 45* 43* 96* 8,600,000*
Hazardous Wastes 75* 13* 52* 93 5,100,000*
Other Hazardous Commodities 64 35* 54* o5* 4,100,000*
Gases in Packages 54* 27* 70* 93 3,900,000*
Liquidsin packages 63* 34* 57* 93 2,700,000*
Gasesin Tanks 51* 5* 75* 91* 1,400,000*
Liquidsin Tanks 54* 5* 73* 90* 1,100,000*
Average 60 27 61 93 3,600,000

Notes

* indicates Sgnificantly different fromaverage at 5% levd. The average used in determining the sgnificance
may be different from that shown in table 1 asfirms may carry severd commodities.
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Table 4: Multiple regresson andlyss of hazardous materids carriers

Dependent variable

Audit Dates

Observations

Proportion of Variaion Explained
Log-Likelihood

Log-likdihood(log of miles and congtant)

Explanatory variables (with t Satistics in parentheses)

Congant
Log of Tota Fleet Miles

Percent of Drivers Employed on Trips
over 100 Miles

Dummy Varigble - Private Carrier
Dummy Varigble - Explosves

Dummy Varigble - Liquidsin Tanks
Dummy Variable - Liquidsin Packages
Dummy Variable - Gasesin Tanks
Dummy Variable - Gases in Packages
Dummy Variable - Poisons

Dummy Variable - Radioactive
Dummy Variable - Hazardous Wastes

Dummy Varigble - Rated Unsatisfactory

™ The codfficient on milesis compared againg 1 so as determine the effect of fleet miles on accident rate

per mile.

Reportable
Accidents

All Audits

13,498

0.86

- 11,659

- 11,904

-13.680 (169.65)
0.954 ( 9.00)

0.204 ( 7.37)

- 0.294 (12.07)
0.015 ( 0.65)
0.071 ( 2.94)

-0.019 ( 0.77)

- 0.169 ( 4.23)
0.115 ( 5.54)
0.025 ( 1.07)
0.205 ( 7.60)

- 0.133 (5.34)

0.425 ( 8.29)

Fatdities
& Injuries

Before 11/1/90

11,732

0.74

- 9,547

-9,790

-14.393 (142.97)
0.973 (4.20)

0.423 (11.72)

- 0.409 (13.16)
0.011 ( 0.37)
0.086 (2.92)

- 0.015 ( 0.48)

- 0.038 (0.81)
0.099 ( 3.95)

- 0.002 ( 0.08)
0.033 (1.00)

- 0.178 ( 5.70)

0.002 ( 0.03)



Table5: Effect on accident rates of hauling specific hazardous commodities (in descending order
of effect on fatdities and injuries)

Predicted Percent Effect on

Reportable Fatdities

Accidents & Injuries
Gases in Packages +12.2%* +10.4%*
Liquidsin Tanks + 7.4%* + 9.0%*
Radioactive +22.8%* +3.4%
Explosves +1.5% +1.1%
Poisons +2.5% -0.2%
Liquidsin Packages -1.9% -1.5%
Gasesin Tanks -15.5%* -3.7%
Hazardous Wastes -12.5%* -16.3%*

Notes
* Indicates datigticaly sgnificant, from firms who do not carry this commaodity, at the 5% level.

! For audits conducted prior to November 1, 1990.
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