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_ PROJECTED 1981 EXPOSURE ESTIMATES USING
-3 ITERATIVE PROPORTIONAL FITTING

Summary

1981 VMT estimates categorized by eight driver, vehicle, and environmental
variables are produced. These 1981 estimates are produced using analytical
methods developed in a previous report. The estimates are based on 1977
NPTS data (the latest year for which VMT data fully categorized by the
eight variables is available) and 1981 highway traffic and registration data
categorized by just a few variables. A discussion of the validity of the

estimates is given.

Data on exposure to highway traffic accidents classified by several variables, is
important for accident analysis. The National Personal Transportation Survey (NPTS)
provides data to estimate this multivariate exposure for the year 1977. A previous
report, Development of Multivariate Fatal Accident Involvement Rates for 1977
(Reference 1), gave estimates of exposure, developed from the 1977 NPTS data,
classified simultaneously by eight driver, vehicle and environmental variables into 576
categories. The variables and levels are listed in Table 1. The estimates were
smoothed using log-linear models (see Reference 2) to make them more accurate. Fatal
accident involvement rates were calculated for 1977 using the smoothed VMT estimates
from NPTS and smoothed fatal accident involvement estimates from 1977 FARS.

It is desirable to have VMT and fatal involvement rate estimates available for other
years, especially for more recent years. The purpose of this report is to develop
estimates of VMT which are classified into the 576 categories available from the 1977
NPTS data for a more recent year than 1977. A procedure which could be used to
estimate the VMT classified like the 1977 data is iterative proportional fitting or IPF
(See Reference 2). To use IPF, partially classified VMT data (marginal data) for the
year (1981) is needed. 1981 was chosen since it was the latest year for which all
marginal data was available. In addition, a "core" matrix is needed which is completely
classified data from a slightly different context. In this case, the 1977 fully classified
VMT matrix developed from NPTS will be used.
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-3 Table 1

Dimensions and Levels
of Multivariate Exposure Data
Dimensions Levels
Driver Age ~ LE-25
26-55
GE-56
Driver Sex Maie
Female
Vehicle Age LE 5
GE 6
Vehicle Weight LE 3000 lbs.
GT 3000 1bs.
Number of Occupants 1
GE 2
Time of Day Late Night
Rush Hour
Other
Land Use Urban
Rural
Season Summer
Winter



)

IPF provides estimates of fully classified VMT which are consistent with the partially
classified VM'I'? data used to update the 1977 VMT matrix. The more completely
classified the input data, the more confidently the results can be interpreted.
Similarly, the closer the "core" matrix is to the desired data, the more confidently the
updated can be interpreted. The 1977 VMT matrix is the best possible.

Margin Data

Three types of marginal (i.e., incompletely classified) data were available:

1. The driver age sex distribution estimated by driver registration data
available from References 3 and 4, Federal Highway publications.

2. The vehicle age size distribution estimated by vehicle registration data
available from R. L. Polk and Company data.

3. The urban/rural, winter/summer distribution of VMT estimated by Federal
Highway and available in Reference 5.

Since the given 1981 driver age/sex distribution was based on driver registration data
and not VMT data, it was used to estimate the 1981 age/sex VMT distribution as
follows: 1) The 1977 age/sex VMT distribution was found by calculating the age/sex
margin of the full 1977 VMT matrix (by summing over all other variables): 2) The 1977
VMT age/sex margin was scaled to 1981 age/sex margin by multiplying each cell by the
ratio of 1981 to 1977 driver registrations for that cell. The distribution of VMT by age
and sex of the driver in 1981 is thus determined by assuming that drivers in each group
did the same amount of driving (relative to each other group) in 1981 as in 1977. A
similar scaling procedure was used to develop an estimate of the distribution of 1981
VMT by car age and size based on the assumption that cars in a given age/size group
were driven (relative to other age/size groups) the same amount in 1981 as in 1977,

The given 1981 season, urban/rural, margin was already VMT. Nevertheless, the ratio
of this margin in 1981 to that in 1977 was used to scale the corresponding NPTS margin
in the same manner as in the case of the other two margins.*

*The decision to use the 1981 margin directly or to use the ratio of the 1981 and 1977
margins to scale the corresponding 1977 NPTS margin is somewhat arbitrary, but it is
suggested that the latter procedure, the one used, is more consistent.



The 1977 and 1981 data on numbers of lisenced drivers by age/sex, number of cars
registered by ’wiight and VMT by season and land use distributions are given in Tables 2,
3, and 4. These data were used in the process described above to develop margins.
However, the three margins had different VMT totals and had to be scaled to a common
total VMT. The total VMT to scale them to was obtained by multiplying the total VMT
in the 1977 VMT matrix by the ratio of Federal Highway estimated total passenger car
VMT for 1981 to that for 1977,

The Core Data
The 1977 VMT matrix which was used as the core in the IPF calculation is given in

Table 5. The 1977 VMT core matrix is the smoothed matrix in which the cell estimates
are based on the more parsiminous log-linear model of Reference 1.
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Licensed Drivers (in thousands) by Age and Sex for 1977 and 1981

Age

LE25
26-55
GE-56

Age

LE25
26-55
GE-56

Table 2

(Source: References 3 and 4)

1977

Sex
Male

18286.8
39684.6
16495.6

1981

Sex
Male

18119.8
42214.2
17554.0

Female

15822.8
35388.2
12443.0

Female

15994.0
38671.0
14523.0



)

g Table 3
VMT Season and Land Use (Summer = April - September, Winter = other)
for 1977 and 1981
(Source: Reference 5)

1977
Summer Winter
Urban 344015.08 322096.33
Rural 260100.3 215055.47
1981
Summer Winter
Urban 348691.46 326844.17
Rural 243275.42 213336.19



-8 Table 4

Registered Vehicles (in thousands) by Size and Age for 1977 and 1981
(Source: R. L. Polk and Company Data)

1977
WEIGHT
Age
LE3000 lbs. GT3000 lbs.
LESyears 17684.368 35906.622
GESyears 12572.839 33565.161
1981
WEIGHT
Age
LE3000 lbs. GT3000 Ibs.
LESyears 23480.432 27219.846
GESyears 18290.902 36475.252



Results .

.
Table 6 presents the fully classified 1981 VMT estimates developed from the margins
and core described above. It is very difficult to obtain an assessment of the accuracy
of the VMT estimates in Table 6 (standard errors for each cell in Table 5 are given in
Reference 2). The difficulty results from the aséumptions that go into the estimate:

1.  The distribution of the relative amount of driving per driver and per vehicle
by age and sex of driver and age and weight of vehicle is the same in 1981 as
in 1977,

2.  The higher order interactions in VMT hold constant between 1977 and 1981.
The need for this assumption is derived in Reference 3. Higher order
interactions are the interdependancies among cells which are not
represented in the margin data.

It is very difficult to estimate the degree to which these assumptions hold.
Nevertheless, some bounds on the lack of accuracy of these VMT estimates are possible.
To this end fatal involvement rates were constructed using the 1977 VMT matrix in
Table 5 as the denominator and the smoothed 1977 FARS fatal involvements (developed
in Reference 1) as the numerator. Likewise, 1981 fatal involvement rates were
calculated using 1981 FARS fatal involvements (smoothed by the same log-linear model
as the 1977 FARS) and 1981 VMT from Table 6. Since the overall average rates were
different and since different numbers of fatality records were dropped because of
missing information, the 1977 rates were multiplied by a constant factor (1.16) so that
the aggregate rate for 1977 equalled the aggregate rate for 1981, Thus, any differences
between the two tables are distributional and not due to differences in overall rates.
These two matrices of rates are given in Tables 7 and 8 for 1977 and 1981, respectively.

There is clearly a great deal of similarity between the rates in the two tables, but there
is also substantial disagreement in some cells.

Before analyzing further the discrepancies between the two tables, we should first

discuss why the tables should be similar and what are the causes for differences
between the tables.

A ———— . P o o -~



First, it is suggested that accident rates (in given categories) may be expected to be
more constant §over time than numbers of accidents (in the same given categories) or
the total VMT (in the given categories). Therefore, a certain agreement is expected
between the two tables. By this argument they should have approximately equal
entries.

Obviously, however, it is not to be expected that the rates should be exactly equal. The
reasons for differences can be divided into three main categories:

1. The assumption that fatal involvement rates in each category remain
constant is clearly false. There are shifts in the underlying processes
leading to the accidents that produce fundamental shifts in the accident
rates.

2. These data, like any, are "noisy". The fact that the accidents in any
cateogry are often rather small whole numbers which are subject to
statistical fluctuations gives rise to differences in rates from one year to
another.

3. The process of calculating the 1981 VMT from the 1977 VMT and the
marginal data involved assumptions and the degree to which these
assumptions do not hold gives rise to a lack of agreement between the two
rates.

Table 9 gives an idea of the magnitude of the discrepancies between Tables 7 and 8. In
each cell in Table 9 is the difference between the logarithms of the corresponding cells
in Tables 7 and 8 (or the logarithm of the ratio of the corresponding entries in Tables 7
and 8). In other words, tabulated in Table 9 is log ¢ (Rgy) - log ¢ (R77) where
Rg; = smoothed fatal involvements/smoothed VMT for each cell for the 1981 table
(Table 8) while R77 is similarly defined as the corresponding entry in Table 7. Note
that a small entry of .01 in Table 9 corresponds roughly to a 1.0 percent difference
between Tables 7 and 8. Thus, if .05 is the entry in Table 9, then the entry in Table 8 is
approximately 5 percent larger than the entry in Table 7.



To the extent that the entries in Table 9 are small it may be concluded safely that
both:* 3

1. The fatal involvement rates have not changed much from 1977 to 1981; and .
2.  The procedure for using IPF to estimate exposure for 1981 is valid.

Unfortunately, many of the entries in Table 9 are rather large in absolute value. A
comprehensive analysis of Table 9 is not justified; unambiguous conclusions are not
possible since discrepancies are due to a combination of two causes. Nevertheless,
there is one obvious pattern in this table which may be noted and some attempt may be
made to explain it. The columns representing older lighter cars seem to have a
preponderance of negative signs even though the table is overall fairly well balanced
with respect to positive and negative entries.** The proponderance of negative signs in
these columns suggests that the 1977 estimated fatality rates were larger than the 1981
estimated rates for thse categories. There are two possible explanations:

1.  The fatal involvement rates of older lighter cars decreased relative to other
- fatal involvment rates; or

2.  The relative amount of driving (VMT) per car for older lighter cars was
lessin 1981 than in 1977. (Reasoning: 1981 estimated rates are too
low -- suggesting estimated VMT is too high -- suggesting estimated VMT
per registered car too high -- suggesting VMT per car went down, while we
assumed it held the same.

That the fatal involvement rates for older lighter cars went down from 1977 to 1981
seems quite possible; reasons why the relative amount of driving per car for older,
lighter cars decreased seem somewhat harder to find. Either or both reasons for this
pattern in Table 9 may hold, however.

*0Of course, this would happen only if the noise is small too. The noise will be small for
some cells, namely those with large numbers of accidents and hence small relative
error.

**In particular, car weight and car age have rather large effects on the quantities.
That these two variables have the largest effect on the entries in Table 9 is
substantiated by log-linear models fit to the ratio of the fatality rates.
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CONCLUSIONS

i

This exercise investigates the feasibility of developing multivariate exposure data for.
1981 using 1977 multivariate exposure data and 1981 marginal data on registered
drivers, vehicles, and highway travel by land use (urban/rural). Although the 1981
estimates were obtained, it was not possible to show they were accurate by the limited
method employed here. This could simply be due to changes in fatal accident rates
from 1977 to 1981. When the 1982 NPTS data is ready, the accuracy of the 1981
estimates can be checked more conclusively. Alternatively, 1982 marginal data can be
used to obtain 1982 estimates of multivariate exposure and these compared to the
exposure estimates derived directly from the 1982 NPTS data. Only when the 1982
NPTS data is available can the accuracy of the method used here be conclusively
tested.
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