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Exploratory Study of Spatial Variation in Car Insurance Premiums,
Traffic Volume and Vehicle Accidents'

Paul Ong
with Hyun-Gun Sung
July 18, 2003
Introduction:
Treffic accidents are inevitable, albeit undesirable, outcomes of vehicular travel.
They impose a heavy burden to individuas and society. The most obvious individua
costs are related to bodily harm, damaged property, and lost time. Even those not
involved bear acogt in terms of insurance premiums to offset the risks of driving. We
rely on the private market to establish the price for coverage, with state oversight to
address potentia problems of market concentration, imperfect information and mord
hazard. Thefairness of variationsin premiums hingesin part on the use of unbiased
actuary rates, but thisis a necessary but not sufficient condition. Differences are
guestionable when based on discrimination or when externdities are present.

One of the most controversa issuesis the accusation of “redlining,” a practice of

charging higher premiums for those residing in low-income, minority neighborhoods
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2. Minority neighborhoods are aso the same areas with rdatively few insurance offices.
For example, State Farm Mutud Insurance Company has no agentsin most of the zip
codesin centra and south-central Los Angeles, areas that have high concentrations of
welfare recipients (The Foundation for Taxpayer and Consumer Rights, 1999; Glionna,
1999).



According to one study of premiumsin Los Angeles, the rates for individuds with
identical coverage and driving histories can vary by nearly afactor of two, with the
highest cogsin the inner city and the lowest in affluent suburbs. (Ong, 2002) Over hdf
of the geographic variation in the rates can be explained by two factors, minoritiesas a
percent of the population and median income®

“Redlining,” however, may be due to underlying environmenta risk factors rather
than smple racid discrimination. (Harrington and Niehaus, 1998) Rates are higher in
some neighborhoods because the risks are higher. Thereis, however, amore
fundamenta question about how the population is distributed across the urban landscape.
A lack of affordable units outsde the inner city and housing discrimination congtrain
many low-income minorities to areas with a high traffic volume, much of it generated by
drivers from outside the neighborhoods. In other words, living in alow-income and
minority neighborhood exposes an individud to greater odds of being in an accident,
holding persona characterigtics and risk factors congtant. Although ahigher premium
may reflect ahigher cost of offering insurance in these areas, the burden fallson
everyone, even an individud with a decent driving record. A driver must bear an

externdity cost due purely to place of resdence.

3. Thisfinding is based on an OLS (ordinary least squares) regression with the average
insurance rate as the dependent variable. The independent variables are percent minority,
median household income (divided by 10,000) and the square of median income.
Demographic and income data come from the 1990 census. The estimated coefficients
and their t-value are

Rate= 1488 + 95* (% Minority) - 284* (Income) + 26.8* (Income Squared)
(16.72) (1.73) (7.80) (6.29)
Adj R-square = .52



For some, this cogt is not just related to higher premiums. When insuranceis
prohibitively high, some resdents drive without insurance, which places them and others
at great persond financid risk. (Berngtein, 1999) Others are forced to become transit
dependent, which limits their employment opportunities and access to services and
activities. (Ong and Houston, 2002; Ong and Miller, 2003) The inequdlity, then, isa
conseguence of the complex way acity is patidly structured.

The complexity of the problem requires careful andysis of the process generating
inequdity. This paper presents findings from an exploratory study. Part 1 examinesthe
rel ationship between insurance cogts and claims by zip-code areas in the urbanized area
of Los Angdes County, and the analyss indicates that premiums are closdly tied with
cdamraes. The highest premiums and claim rates tend to be in the downtown area, and
the lowest tend to be in the outlying areas. Part 2 examines traffic volume and accident
ratesin the City of Los Angdes. The andyssrevedsthat traffic levels are highest in the
downtown areaand lowest in the outlying areas, and this high volume generates higher
accident rates. The paper concludes with a discussion about the potentia implications for

low-income minority neighborhoods and recommendations for future research.

Part 1. Spatial Variation in Insurance Premiums
This section examines how insurance premiums vary across neighborhoods, and
the influence of insurance clams on the variation. Insurance data come from two sources.

Premiums were collected for the year 2000 from multiple quotes for each zip code. * To

4. The estimates are based on information provided by the following website:

http://www.real quote.com. Multiple quotes from different insurers were requested for each zip
code. To capture the “pure” geographic variation of insurance rates, we held the characteristic of
the “applicant” constant by using the same demographic profile for every zip code: a 25-year old



eiminae variations in premiums due to individud differences (coverage, type of car,
driving history), the quotes are for an identical hypothetica person. The spatid variation,
then, capturesthe “pure” differences associated with location. Premiums for basic
coverage for asingle mother with an older car and fair driving record range from $405 to
$1,275 per year, with amean of $875 and standard deviation of $183. The geographic
vaidion in premiumsis depicted in Figure 1. The highest rates arein the inner city, and

the lowest rates are in the outlying suburbs.

Figure 1: Average Insurance Rate
I Less than 800
800- 1,100
B More than 1,100
[ County of Los Angeles

employed single mother, who has been driving for seven years, had taken a driver training course,
and has one moving violation, but no accidents and is a non-smoker. She owns a 1990 Ford
Escort LX, 2-door hatchback with no anti-theft devices, no anti-lock brakes and no airbags, which
is parked on the street. She carries only the minimum insurance required ($15/30,000 bodily
liability, $5,000 property liability) with no deductibles. The insurance premium for each zip code
is the average of quotes from at least a half dozen companies. Premiums for basic coverage for a
single mother with an older car and fair driving record range from $679 to $1,275 per year, with a
mean of $975 and standard deviation of $177.



The insurance industry states that premiums are determine in part by territoria-
based risk as documented by historical claims. Data on insurance clams come from the
Cdifornia Department of Insurance, which provides statistics on the frequency and
severity of accidents by zip code for the period from 1988 to 1993. (Hunstad, 1996) The
data are reported for the location where a vehicleis garaged and not by the location of the
accident. Frequency rates are calculated as the number of clams divided by the number
of policies. Because the ratesfor different types of claims (property damage, medical,
callison, etc.) are highly collinear, this study uses one index, the bodily injury rate. The
geographic variation is depicted in Figure 2. The highest rates are in the inner city, and
the lowest rates are in the outlying suburbs, suggesting a high degree of correlation with

spatid patterns of insurance premiumsin Figure 1.

Figure 2: Bodily-Injury Claim Rate
I More than 35%
2.5% - 3.5%
I Lessthan 2.5%
[] County of Los Angeles




We use ordinary least squares (OLS) regressions to estimate the influence of
clam rates on premiums. Claims are reported per 100 palicies, and the average vaue
across zip code areasis 1.51, with a standard deviation of 0.66. A second variableis
included, which isthe sandard deviation of the quotes within each zip code. The average
value of that variable is 266, with a standard deviation of 57. This measures the relative
efficiency of theinsurance market in eech zip code. A highly functiond market is one
where full information and vigorous competition drive out opportunities for excess
profits, thus producing more uniform prices. Theresults are reported in Table 1. The
edimated coefficients are highly sgnificant and congstent with a priori expectations.
The modd explains over 90% of the variaion in average premiums across zip codes.
Dropping the second independent variables increases the Size of the estimated coefficient

for the bodily-injury dlam rate but does not significantly lower the adjusted r-square.

Table 1: Regresson Results

Dependent Vaiable: Average Premium

Modd 1 Modd 2
Coefficient P-vaue Coefficient P-Vdue
Congtant 107 <.0001 250 <.0001
Bodily-Injury Clam Rate 144  <.0001 239 <.0001
Standard Devition of quotes 1.47 <.0001 N/A
Number of zip codes 280 280
Adjusted R-Square 904 .823

The results are congstent with the contention thet the regulated private market
sets premiums that are congistent with historical claimsrates. It is dso consistent with the

argument that even good driversin the inner city face a higher cost due to place of



resdence. Recdl, the dependent varigble isfor an identical hypothetica driver, thus
there is no difference in coverage or driving higtory.

From a societd perspective, it isimportant to determine what leads to spetial
differencesin risk. One possible explanation isthat the bodily-injury rates are
systematicaly tied to vehicular accident rates within neighborhoods. Whilethisisa
plausible assertion given that a large percentage of accidents occur close to home, the
clam data are not reported by locations of accidents. Consequently, the findingsin this

section only infer this relationship.

Part 2: Vehicular Accidentsand Traffic Volume

The avallable data dlow usto examine spatid variationsin traffic volume and
accident rates in the City of Los Angeles, and an analysis of these two sets of data
provides ingghts into how risk varies across neighborhood types. Los Angeles City is
the sngle largest city in the Los Angeles metropalitan area and home to 3.7 million of the
region’s 9.5 million people counted in the 2000 census. Because of limited resources and
methodologica issues, the analysis uses only three zones: the downtown ares, the
adjacent inner-ring, and an outer ring that includes the more suburban and less densdly

populated areas. Figure 3 shows the City’ s boundaries and andlys's zones.



Figure 3: Los Angeles City and Analysis Zones

Accident data come from Los Angeles City Department of Transportation. The
data st contains information on type of accident by location, usualy by intersections.
The data set covers the years from 1993 to 1999. We are able to geocode nearly 96% of
the accidents. Traffic volume data come from California s Department of Transportation,
Traffic Operaions Divison. The data are reported as average daily traffic counts for

2000.° Because the LA City accident data covers only non-highway streets, traffic

5. A description of the datais posted at the department’ s web Site,
http://www.dot.ca.gov/hg/traffops/saferesr/trafdeta/2000a |.htm. “ Annud average daily
traffic is the total volume for the year divided by 365 days. The traffic count year isfrom
October 1<t through September 30th. Very few locations in Cdifornia are actudly
counted continuoudly. Traffic Counting is generdly performed by dectronic counting
ingdruments moved from location throughout the State in a program of continuous traffic
count sampling. The resulting counts are adjusted to an estimate of annud average dally
traffic by compensating for seasond influence, weekly variation and other varigbles
which may be present.”



volumeis tabulated only for local street segments® Counts of private vehiclesin

households come from the 2000 Decennid Census (Summary File 3).

Figure 4: Traffic Density Relative to City Average

2.5
3 Miles of Road Per Square Mile
2.0 Vehicle Miles Per Square Mile
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0.0 T T

Downtown Area Inner Ring Outer Ring

Figure 4 summarizes gatistics on traffic volume per square mile in the three zones
relative to the citywide averages. A vaue of 1 indicates aleved identicd to the citywide
average, avauelessthan 1 indicates alevel below the citywide average, and avaue
greater than 1 indicates aleve above the citywide average. The dtreet network is nearly
twice as dense in the downtown area, while the network dengty in the outer ring is below

the city average. The volume of traffic is even more unequaly distributed, with the

6. Including highways and freeways inflates the va ues of our measurements of traffic
density, but does not quditatively dter the findings regarding the spatid variations in
traffic volume and accident rates.



downtown area having over twice the number of vehicle miles per square mile. Higher
traffic level is not related to the number of vehicles owned by local resdents. Despite a
higher housing dengty in the downtown areg, the number of vehicles per square mileis
lower than in the inner ring, due in part to alower incomein the former area. The lower
vehicular dendity in the outer ring is due to the lower dengty of housing. When dl of the
datigtics are consdered together, the implication is that much of the traffic in the

downtown area comes from outside the area.

Figure 5: Accident Rates Relative to City Average
3.0
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Figure 5 summarizes the gatigtics on accident rates. Thefirgt bar in each group of
bars shows that the accident rate per vehicle mile increases with the density of traffic. In
other words, the odds of an accident occurring per vehicle mile in the downtown areais
over one and a hdf times higher than in the outer ring. Because traffic dengty is

consderably higher in the downtown area, the number of accidents per square mile is

10




over four times higher than in the outer ring. The geographic disparity in the number of
accidents per vehicle by place of resdenceis nearly aslarge. Of course, the satistics do
not mean that the number of accidents per neighborhood car is severd times higher in the
inner city than in the suburbs. Accidents involve both cars from a neighborhood and
from outsde. Despite thislimitation, the Statistics strongly suggest that the risk of having
an accident is higher in the downtown area. Locd residents spend a disproportionate
amount of their driving time on these dreets, so the odds are stacked againgt them.
Moreover, a portion of the additiond risk isimposed by traffic imported from e sawhere

in the region.

Concluding Remarks:

The above findings are cons stent with the fundamental hypothess that some of
the observed inequdity in insurance premiums among neighborhoodsis indirectly
generated as a consequence of the way acity is spatidly structured. Theinner city bears
adisproportionete share of traffic volume, which in turn increases exposure to the risk of
avehicular accident within this part of the urban landscape. Theinner city isdso the
place where claim rates are above average, which accounts for higher insurance
premiums, holding constant coverage and driving record. As mentioned earlier, we do
not have data to show that a disproportionate number of those claims by inner-city
residents are related to accidents in the inner city; nonetheless, thisis areasonable
inference given the findings from the ecologica andyds of traffic volume and accident
rates. The outer suburban areas have the opposite characteristics: lower than average

traffic volume, accident rates, clam rates and insurance premiums.
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Figure 6: Neighborhood by Poverty a

Low Income, Minority
In-Between

Non-poor, NHWhite

[ County of Los Angeles

The above spatid patterns coincide with the socioeconomic geography of Los
Angees, which isdepicted in Figure 6. Racid/ethnic and poverty data come from the
Summary File 3 for the 2000 census. Low-income, minority neighborhoods are defined
as census tracts where at least 30% of the population live in households with income
below the federd poverty line and at least 80% of the population are minority. Non-poor,
nor+minority neighborhoods are defined as census tracts where less than 10% of the
population live in households with income below the federa poverty line and at least
65% of the population is non-Hispanic white (NHW). The spatia patterns are very
digtinct, with low-income, minority neighborhoods heavily concentrated in the inner city

around the downtown area, and most of the non-poor, NHW neighborhoods located in the
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outlying suburbs. This concentric pattern coincides with the pattern depicted in previous
figures

The overlgpping insurance, traffic, accident and socioeconomic spatia patterns
have palicy implications. The findings support that assertion that insurance premiums
aretied to actuary rates, but the andysisis not sufficiently refined to test whether thereis
resdud discrimination in rate setting after controlling individua and contextud factors.
Discrimination, however, isonly one of the two factors that would bring variationsin
automobile insurance premiumsinto question. An equaly important policy issue ishow
our society should address the externdities created by imported traffic on the residents of
low-income, minority neighborhoods.  The findings point to aform of inequality deeply
embedded in the way metropolitan areas are sructured. This generates a burden of living
in low-income, minority communities, a burden that goes beyond the narrow findings of
the above analyss. A high cost of car ownership due to insurance cost forces many to
become transit dependent, which tends to isolate the residents from the rest of the region.’

Formulating specific policies requires additional research to better define the
complex spatid interactions involving insurance, claims, treffic, accidents and the
socioeconomic characterigtics of neighborhoods. While the findings from the exploratory
sudy are useful, the andysisisincomplete. The data are not consistent in terms of time
period and geographic coverage, and these limitations condrain the anadysisto smple
datistical and non-datistical assessments. The next logica step is developing and
implementing a full multivariate econometric mode that tests, separates and quantifies

the influence of various causd factors on outcomes at the neighborhood level. This

7. There are also associated environmental risks because greater traffic densty imposesa



requires assembling and updating the data sets, geocoding records using statisticaly-
based qudity controlsto eiminate spatia biases, and putting the data into common
geographic units. One of the key chdlengesis assembling linked information on
resdentia location and accident location, which would enable usto directly test how
traffic dengty affects accidents of local residents within their neighborhoods,
Communications with sate agencies indicate that the dataexist and may be available.
The subsequent step in the research is to develop and implement amultivariate
modd usng micro-leve (individud leved) longituding data with information on
resdentia |ocation and accident location. Thiswill enable us to determine more precisdy
the impact of loca environmenta factors (traffic volume and overdl accident rates) on ex
ante insurance premiums, the probability of experiencing an accident within and outsde
the neighborhood, and ex post insurance premiums. Conceptudly, this could be done if
the vehicles in accidents can be identified and linked to DMV data and insurance data,
which include information on where the vehicles are registered or garaged, claims, and
insurance rates. Because of confidentiality concerns, this research would require
considerable cooperation from state agencies and administrative procedures to ensure the
confidentidity of the data. Past research experience with Smilar adminigtrative data
indicates that conducting amicro-level project is doable but would be very costly and

difficult to implement.

hedth risk. (Gunier, et d., 2003)
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