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ABSTRACT

Lightning-caused damage resulting in
insurance claims in three western states is
analyzed. Results are compiled from databases
maintained by the State Farm Fire and
Casualty Company. Most of the claims are
from personal accounts, while some are
commercial. When extrapolated from the
State Farm market share of 24-32% in these
states, 6755 claims for damage due to lightning
per year were filed in the three states. Three
quarters of the State Farm entries are from
Colorado. Half of the Colorado losses are from
the Denver Metropolitan area.

State Farm costs are $1.7 million each year
for the three states together. When losses are
extrapolated to the total market, about
$5,00,000 a year occur in Colorado and $650,000
a year each in Utah and Wyoming. More than
half of the Colorado personal insurance losses
occurred in the Denver area. Annual US totals
of 307,000 claims and $286,000,000 can be
extrapolated from the three-state sample,
assuming it to be representative of the entire
country. When an average deductible of $150 is
taken into account, the annual US total is
$332,000,000.

One lightning insurance claim is estimated
to occur in this region for every 52 to 57 cloud-to-
ground lightning flashes recorded by detection
networks.

The average value paid per claim is $916
for all three states and all types of claims.
Commercial claims average $1369 and personal
claims, $873. Of the total, 12% of the claims

iv

result in no payment by State Farm because
they are less than the deductible, 21% are
under $100, 57% are under $500, and 98% are
under $5000.

Nearly all lightning claims (94%) are from
May through September in the three states.
The monthly distribution is very similar in
Colorado to lightning damage reports in the
NOAA publication Storm Data.

Maps by county show that largest numbers
of claims are in counties with the largest
populations. However, the map patterns of
claim rate per population and the dollar loss
per claim are not the same as those shown by
the map of county population. A rate of 4.7
claims per 10,000 people applies to all of
Colorado, 1.4 for Utah, and 3.9 for Wyoming.
Differences are not attributable to differences
in lightning frequency, but may be due to type
and cost of housing and agricultural facilities,
the portion of dwellings that are apartments or
has buried utility lines, and additional
unknown factors that cannot be resolved with
this dataset.

Based on this study, the State Farm
dataset has 367 times as many claims as the
number of insurable damage reports in Storm
Data during the same years in Colorado, Utah,
and Wyoming. Annual lightning-caused losses
in Storm Data are given as $27,000,000 in recent
years for the United States, but losses of the
type insured by State Farm are more than 10
times that amount.



1. INTRODUCTION

The automation of many insurance claim
records makes it possible to examine specific
data on lightning claims in ways that have not
been previously explored. Additionally, recent
studies of the lightning threat to people and
property in Colorado have been made by Lépez
et al. (1993, 1994). Intercomparison of these
datasets allows a more complete and detailed
characterization of the lightning claim record

and comparison to meteorological
understanding than has been possible in the
past.

Both detailed and general information is
presented in this paper. Specific results in this
report by state, year, and county provide
detailed frequencies of those categories. When

possible, a simplified graph or diagram has

been developed from the tables.

Cloud-to-ground (CG) lightning flashes
cause a large number of reports of deaths,
injuries, and a significant amount of material
damage each year. Table 1 and Figure 1 show
the property damage due to meteorological
causes from recent annual summaries compiled
by the Warning and Forecast Branch of the
National Weather Service in Silver Spring,
Maryland. All of these statistics were
obtained from the NOAA publication Storm
Data. Lightning is a relatively small cause of
property damage according to these summaries.

Lightning accounted for 2.1% of all State
Farm insurance claims and 1.0% of losses in the
three states from 1989-1993. Both figures are
somewhat higher when large losses in Colo-
rado in 1990 and 1991 hailstorms are removed.

TapLe 1. Summary of 1990, 1991, and 1992 property damage costs from National
Weather Service annual summaries.

Weather

type 1990 1991 1992 Average
Hurricane 0 1164 33611 11592
Winter weather 621 514 28 775
Tormado 668 798 765 744
Extreme temperatures 1317 224 480 674
Drought 2 157 1780 646
River flood 1125 418 263 602
Other high wind 163 1564 4 590
Hail 716 412 533 554
Flash flood 625 429 428 494
Thunderstorm wind 425 294 266 328
Lightning 4 25 16 27
Other 319 24 140 21
Total 6022 6203 38354 16,860
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Frcure 1. 1991 weather-related property damage in the United States.



Table 1 is based on Storm Data, a monthly
NOAA publication that describes damaging
and severe weather during the year. Storm
Data includes deaths, injuries, and material
damage reports due to the phenomena in Table
1. Storm Data is available by subscription from
NOAA'’s National Environmental Satellite,
Data, and Information Service (NESDIS) in
Asheville, North Carolina. Reports in Storm
Data usually contain:
¢ Day, month, year

¢ Time of day

* State, county, and usually the closest city

¢ Type of casualty or damage

® Verbal description of the event

¢ Verbal description of the type of property

or other object that was impacted
¢ Age and gender of victims.

Lightning entries in Storm Data are
compiled primarily from newspaper reports
provided to the NWS by contracted clipping
services (Lopez et al. 1993). The services
review newspapers in an attempt to cover all
US counties for reported severe weather.
Clippings are provided to one or two NWS
stations per state - for Colorado it is Denver. In
a few cases, the state NWS office may obtain
reliable reports from the electronic media of
lightning events that are not in newspapers.
The information compiled by each NWS office
is sent to the National Climatic Data Center
(NCDC) in Asheville, where it is published
with similar information from other states in
Storm Data.

Storm Data has been shown by Mogil et al.
(1977) and Lépez et al. (1993) to underestimate
deaths and injuries from lightning. Lépez et al.
(1993) found:

* In a 12-year sample from Colorado, 78% of
the deaths were reported in Storm Data.

¢ Lightning-caused injuries are not reported
as often in Storm Data. A 4-year sample
from Colorado showed that 42% of the

injuries requiring an overnight stay in a

2. LIOHTNING DAMAQE REFORTS IN STORM DATA

hospital were not in Storm Data. A higher

percentage of injuries not needing an

overnight stay in a hospital is probably
unreported.

The underreporting of lightning casualties
has some unique features, especially for
injuries:

* Most cases affect only one person.

* Events may not be part of widespread
storms such as floods, tornadoes, or high
winds. National Weather Service staff are
well aware of, and issue watches and
warnings for such storms that pass through
their area of responsibility. For such
storms, they will either gather reports
from spotters and similar sources, or
directly perform a survey themselves. A
lightning event is likely not to be reported
in the same way.

¢ The event may be considered minor by those
with no lingering effects, and only a few
people may be made aware of the event.

¢ When the event is brought to the attention
of the media, the news may not survive the
assembly of the daily or weekly paper.

The problem is amplified for property
damage due to lightning. It is relatively
infrequent that the media report a house or
other object damaged by lightning unless there
is a casualty, there are multiple buildings or
objects struck in the same storm, or the case is
especially noteworthy such as a large dollar
loss.

For damage, Storm Data includes those
reports that were published in a newspaper and
supplied to the National Weather Service by
clipping services; some of the most serious
events may also be reported elsewhere.
However, there is no effective way for NOAA
staff assembling Storm Data to obtain
information on lightning cases that were never
reported to the police or fire agencies, involved
no injuries, and were not covered by any media.



Damage due to lightning during the last
three years (Table 1) is reported as $27 million
annually in the United States using Storm Data
methods.

Table 2 compares this amount with
information from a few publications that
identify lightning damage as being. much
greater than indicated by Storm Data. There
are other large sources of lightning-caused
economic losses, such as initiation of forest and
range fires, delays to construction and military
operations, damage to communications systems,
and other situations whose economic impacts
have not been documented in detail in the
meteorological literature.

In terms of buildings, lightning is reported
to ignite 8000 structures a year (Insight/
Reader’s Digest, April 1989). The Insurance
Information Institute reports that 18,000 homes
and 12,000 other buildings are struck by
lightning annually. For a region with moderate

3. OTHER LIGHTNING DAMAGE REPORTS

thunderstorm frequency and a flat residential

lot on a quarter acre of land, Uman (1986)

estimates the frequency of lightning strikes to a

house to be "statistically about once every 100

years. Saying the same thing another way, one

in every hundred houses is hit each year" (p.

22).

The numbers vary, but the essence of these
comparisons is: -
e Storm Data greatly underestimates

lightning damages.

» Estimates of the number and costs of
buildings impacted by lightning are highly
variable.

This report will provide specific
information on frequency and costs from a
limited sample of data from the western US
during several recent years using insurance
claims from a major insurer of residential
buildings.

TasLg 2. Samgle regrts of annual damage due to Ii&_&_\_ming in the United States. —

Costs Type of Location Information source
: damage Quoted by
General
$350 million All Us Insurance Information Institute
$200 million All uUs Kessler and White (1981)
$100 million All Us Henz & Pearl (1981)
$100 million All Us Whittow (1979)
Riebsame et al. (1986)
$ 72 million All Us Freedman (1990)
$ 27 million All Us NOAA Storm Data (1990-1992)
$ 17 million Moderate to severe us Lightning Protection Institute
Henz & Pearl (1979)
Utilities
$ 50-200 million All uUs Electric Power Research Institute
Newsletter
$ 3 million Service restoration Detroit Detroit Edison

Whitney and Asgeirsson (1991)




4. STATE FARM DATABASE

Lightning-caused damage that led to
insurance claims being filed and paid by State
Farm Fire and Casualty Company were
analyzed. The data from State Farm are
divided into two categories:

*Personal lines are policies issued to occupants
of homes, farms, apartments, and
condominiums. These policies include
contents of the house, such as television
sets, VCRs, microwaves, and stereo systems.

eCommercial lines are policies issued for
offices, mercantile stores, contractors,
hotels, motels, churches, apartments, and
condominium buildings:

Not included in the commercial group are
schools and universities, and warehouses,
refinery, manufacturing, agricultural, and
similar industrial facilities.

The share of homeowners' policies held by
State Farm is 26.6% in Colorado, 32.3% in
Wyoming, and 24.1% in Utah.

The data are divided into the following
four regions in the three states (Figure 2):

* Metropolitan Denver - the counties of
Adams, Arapahoe, Boulder, Denver,
Douglas, and Jefferson.

Colorado outside Metropolitan Denver.

Utah.

Wyoming.

Wyoming

Metro
Denver
Utah

Colorado

Ficure 2. Region of data on lightning claims.

Lightning damage for a claim is determined
by several methods, as summarized by Dye
(1995). It is difficult to separate a claim
resulting from lightning or electrical
disturbance from maintenance-related claims.
Dye categorizes the effects into two groups:
*Direct effects of lightning striking an object.

These are generally obvious, and

accompanied by burning of materials and

evidence of damage. Such effects may be
found on a building, television antenna, or
an outdoor air conditioning unit.

eIndirect effects where the flash hits
elsewhere, and its effects are transmitted
to another location. Most insurance claims,
according to Dye, are of this type.

Typically, the effects are transmitted

through power or telephone lines. The

flash may directly strike the lines or
something connected to them, or the effects
may result from a power surge induced by
lightning striking close to the lines. The
surge is dissipated by grounding at points
along the path of the surge as part of the
current splits from the main path. Such
effects include damage to television sets,

well pumps, and air conditioning units, or a

sudden failure of other appliances.
Dye (1995) lists the following questions for
the insurance adjuster to ask when invest-
igating a claim reported as due to lightning:
¢ Was there visible evidence of lightning
damage?
¢ Were fuses blown or circuit breakers
tripped?

¢ Were other electrical appliances also
damaged?

¢ Was there evidence of lightning damage to
the building?

¢ Was lightning reported in the immediate
area?

¢ Do National Weather Service records
confirm that lightning strikes were
observed or recorded in the area?

It should be noted that GeoMet Data
Services of Tucson, Arizona sells data on the
occurrence and time of lightning at a given
location from data recorded by their National
Lightning Detection Network.




5. NUMBER OF CLAIMS

Table 3 and Figures 3 and 4 show the number
of claims attributed to lightning in the Sate
Farm database from 1987-1991. Colorado has
the highest number of claims, followed by
Utah, then Wyoming. The annual rate is 1821
State Farm insurance claims due to lightning for
the three states combined. The combined
number of claims shows an increase for all three
states together during the period, but the trend
is less clear in individual states and years.

TasLe 3. Annual numbers of insurance claims paid
by State Farm attributed to lightning in three
western states from 1987-1991.

Year Colorado Utah  Wyoming  All

2000

1000

State Farm claims

g5 N S5

0 N L
1987 1988 1989 1990 1991

Ficure 3.  Combined annual number of lightning
claims in Colorado, Utah, and Wyoming
reported by State Farm Insurance.

1987 1085 234 187 1506
1988 1173 212 111 1496
1989 1339 262 163 1764
1990 1705 203 189 2097
1991 1598 339 306 2243
Average 1380 250 191 1821
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Ficure 4. Combined annual number of lightning claims in Colorado, Utah, and
Wyoming reported by State Farm Insurance.
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Table 4 and Figure 5 show more detail in order of 11:1. Also, there are somewhat more
the number of State Farm claims for Colorado. claims in the six Denver Metropolitan counties
The ratio of personal to commercial is on the than the rest of Colorado together.

TasLe4. Number of insurance claims from 1987 through 1991 due to lightning
in Colorado paid by State Farm.

Personal Commercial Total
Year Denver  Qutside Total
Metro. Denver

1987 551 455 1006 79 1085
1988 51 549 1090 83 1173
1989 609 628 1237 102 1339
1990 772 774 1546 159 1705
1991 720 713 1433 165 1598
Average 639 624 1263 118 1380
800
Denver Metro.
B Outside Denver
» 600 B Commercial
£
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(8]
€ 400
jUS
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200
oLl MEE . | N

1987 1988 1989 1990 1991

Ficure 5. Annual number of personal claims due to lightning in the Denver
area and the rest of Colorado compared to all Colorado commercial claims.



TabLe5. Number of Utah and Wyoming insurance claims from 1987 through 1991 due

to lightning paid by State Farm.

Utah Wyoming
Year Personal Commercial Total Personal Commercial Total
1987 220 14 234 171 16 187
1988 200 12 212 101 10 111
1989 247 15 262 146 17 163
1990 197 6 203 160 29 189
1991 312 27 339 265 41 306
Annualrate 236 15 250 159 23 191

Table 5 shows the annual numbers of
insurance claims due to lightning reported by
State Farm in Utah and Wyoming. The ratio of
personal to commercial claims is 16:1 in Utah
and 7:1 in Wyoming. Commercial claims vary
widely within each of these states, most likely
due to small sample sizes.

Extrapolation of State Farm claims in
Table 3 to the total coverage provided by all
insurers is made in Table 6 and Figure 6. Market
share percentages by state of State Farm
customers apply to homeowner's policies only,
but are applied to the total. The annual rate of
lightning claims in the three states increases
from 1821 for State Farm only to a total of 6755
claims for all insured policies.

TasLe 6. Extrapolated average annual number of
insurance claims from 1987-1991 due to
lightning in three western states for all
insurance carriers.

Colorado Utah Wyoming All

State Farm claims
(annual) 1380 250 191 1821

State Farm market share
(%) 26.6 32.3 24.1

Total insurance claims
(annual) 5188 774 793 6755

5000

B Actual

4000 B Extrapolated

3000

Claims

2000

1000

Colorado Utah

Ficure 6. Actual number of State Farm claims per
year, and extrapolated number of insurance
claims per year for all insurance carriers from
1987-1991 due to lightning in three western
states.

Wyoming



6. DOLLAR LOSSES

Table 7 and Figure 7 show dollar losses due
to lightning insurance claims from 1987-1991
over the three states. Over $8 million in losses
occurred during these years, an average of $1.7
million per year. Commercial losses are 14% of
personal losses. Metropolitan Denver had
$3,510,100 in personal losses, and Colorado
outside Denver had $2,314,400; commercial
losses were not available by region in Colorado.

Taste7. Dollar losses from insurance claims during
1987-1991 due to lightning in three western
states based on State Farm reports.

Extrapolated costs to all insurance carriers
are shown in Table 8 and Figure 8. An annual
total of $6,292,000 results from this
extrapolation for all three states combined.

TasLe 8. Extrapolated costs of lightning insurance
claims from 1987-1991 in three western states for
all insurance carriers.

Colorado  Utah  Wyoming Al

State Personal ~ Commercial All

Colorado $5,824,500 770,400 6,594,900
Utah 918,600 144,200 1,062,800
Wyoming 669,200 144,700 813,900
Total 7,412,300 1,059,300 8,471,600
Average 1,482,500 211,900 1,694,300

State Farm 1987-1991
$6,594,900 1,062,800 813,900 8,471,600

Market share
26.6% 32.3% 24.1%

Total claims 1987-1991
24,793,000 3,290,400 3,377,200 31,460,600

Annual rate

4,959,000 658,100 675,400 6,292,000

1.2

Personal

Il Commercial

08 i

0.4

State Farm losses in $ million

0.0 = mon
Colorado  Utah  Wyoming

Ficure 7. Total losses from lightning insurance
claims to State Farm from 1987-1991.
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Ficure 8. Actual losses from lightning insurance
claims to State Farm, and extrapolated losses
for all insurance carriers from 1987-1991 in three
western states.



The samples reported in the preceding
tables are from three states. The 1990
populations for Colorado (3,294,394), Utah
(1,722,850), and Wyoming (453,588) give a total
of 5,470,832. The 1990 US population was
248,709,873. The population in the three states
of this study, then, comprises 2.2% of the US
total.

When the claim and loss amounts from the
three states are applied on a national basis,
the result is 307,000 lightning-related claims
for a total of $286 million annually in paid
insurance due to lightning. These numbers
assume representativeness of the State Farm
data from the three states, and that lightning
frequencies are the same in the US as in the
three western states.

Tase 9. Annual national extrapolation of the
number of lightning claims and costs based on
1987-1991 in three western states for all
insurance carriers.

Colo.-Utah-Wyo.  United States

7. NATIONAL EXTRAPOLATION

Claims 6755
Losses $6,292,000

307,000
$286,000,000
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Another estimate of the national total of
lightning-related claims was provided by
GeoMet Data Services (GDS) that operates the
National Lightning Detection Network from
Tucson, Arizona (Bruning, 1994, personal
communication). Using the known number of
lightning-related insurance claims for several
insurance companies, an estimate was made of
450,000 annual lightning claims. However,
both the estimate from State Farm for the
three western states used in the present report,
and the GDS estimate based on several large
firms, are based on partial datasets. A full
accounting for the US from all insurance firms is
needed to make the numbers more precise.

Neither method includes lightning-caused
losses to objects and facilities in the following
categories; there are no doubt many others:
¢ Insured losses in other types of policies

than those typically issued by State Farm

for homeowners and smaller commercial
facilities.

* Situations where no insurance coverage is
purchased.

* Federal, state, and other governmental
losses that are self insured.

* Forest and range fire losses to timber and
other related infrastructure.

¢ Utility and other communication losses.

R




8. DEDUCTIBLES

The previous results do not take into account
the deductible amount of the loss that is paid
directly by the policyholder before the
insurance takes effect. To take deductibles into
account, the procedures outlined in Figure 9 are
followed. The State Farm data from the three
western states are the starting point. Results
from these states are used to apply to all
insurance carriers in these states and
nationally. Then, the total amount including
the deductibles is calculated.

Most policyholders at the time of the
database had deductibles on the order of $100
to 250; an amount of $150 was taken as typical.
Table 10 and Figure 10 show that in the three
western states, insurance claims paid by all
companies is over $6 million. Another $1
million was paid directly by the policyholders
for repairs or replacements before the insurance
coverage came into effect. For the entire United
States, the total expense of $286 million to the
insurance industry becomes $332 million when
the $46 million paid first by the policyholders
is included.

All Claims Costs with
State Ferm Deductibles
CO-UT-wY CO-UT-wY CO-UT-WY
All Claims Costs with
Deductibles
us Us

Ficure 9. Flow chart of calculations of all losses due
to lightning in US.
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TasLe 10.  Annual national extrapolation of the
number of lightning claims and costs based on
1987-1991 in three western states for all
insurance carriers. Deductibles are included.

Colo.-Utah-Wyo.  United States

Total claims 6755 307,000

$150 deductible per claim

$1,024,000 $ 46,000,000
Paid losses $6,292,000 $286,000,000
Total losses $7,316,000 $332,000,000

400

300

200

Losses in $ million

100

No deductibles With deductibles

Ficure 10. Annual costs of lightning claims for the US
before and after deductibles are included from
1987-1991 based on three western states.
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Comparisons can be made between insurance
claims and lightning frequency by two methods.

The first method uses the climatology of
cloud-to-ground lightning for 1983 in the
Denver region by Lépez and Holle (1986). The
study covered a somewhat larger area than the
Denver Metropolitan region used by State
Farm. However, not all lightning flashes were
detected in the area, and there were some
missing days in the dataset; these effects are in
opposite directions. The flashes in Lépez and

Holle (1986), then, are used without
adjustment. The comparison is as follows
(Table 11):

o A total of 123,663 flashes was detected
during June, July, and August of 1983 around
Denver (Lépez and Holle 1986).

* There were 639 State Farm lightning claims
per year in the Denver Metropolitan area
(Table 4) over 5 years.

e Extrapolating 639 claims to the total
market using the State Farm share of 26.6%
in Colorado, there were 2401 claims per
year in the Denver area from 1987 through
1991.

¢ Assume the amount of lightning flashes
that occurred each year is comparable.

The conclusion from this method is a rate of one

lightning-caused insurance claim for every 52

detected cloud-to-ground flashes in the Denver

Metropolitan area.

The other method uses the known frequency
of lightning across the United States as follows
(Table 11):

e The average number of cloud-to-ground
flashes detected from 1989-1993 for the
country was 17,566,214. This frequency was
compiled from data gathered by the
National Lightning Detection Network
(GeoMet Data Services 1994).

¢ The annual total of national insurance
claims was estimated in Table 9 as 307,000
based on the three-state sample.

The conclusion from this method is one

lightning-caused insurance claim for every 57

detected cloud-to-ground flashes in the US.

12

TasLe 11.

Number of cloud-to-ground lightning
flashes per insurance claim based on two
methods of estimation (see text).

Area Flashes Insurance Flashes
claims per claim

Metro. 123,663 2401 52

Denver

Us 17,566,214 307,000 57

Considering the disparity in sources of
data, these two methods give close values
(Table 11 and Figure 11). More reliable results
can be expected if insurance claims and flash
datasets were better matched in time and
space.

A similar calculation for dollar amounts
can be made. The total loss in Table 10 is $332
million per year for the US, including
deductibles, based on the State Farm sample in
the three western states. The number of flashes
is 17,566,214 per year in the US (above). Based
on these insurance claim and lightning flash
numbers, there is an insured loss of $18.86 for
each flash that strikes the country.

Flashes per claim
n w B
o o (@)

-
(@}

S S

Metro. Denver United States

Ficure 11.  Detected cloud-to-ground lightning
flashes per lightning insurance claim based on
two methods (see text).



10. LOSSES PER CLAIM

Distributions of amounts of lightning losses

per claim are shown in Tables 12-14 and Figures
12-16. The dataset starts in 1987 and continues
through June 1992. The first 6 months of 1992
were not used for annual and monthly means
since only a part of the year would be included

in those totals.

Amounts show what was

actually paid by State Farm; the deductible
amount paid first by the policyholder is not
included.

Results are the following:

12% of all claims was for $0. In these cases,
a claim for lightning damage was filed by
the policyholder, but the deductible
exceeded the costs, and resulted in no
payment by State Farm.

The next four categories have similar
frequencies of 16 to 19%. These categories of
$101-250; $251-500; $501-1000; and $1001-
2500 span increasing ranges of losses.

4% of the claims were between $2501 and
$5000.

A few claims were over $5000, and some
were still larger.

Personal claims were more frequent in the
$0-250 range (38%) than commercial (30%).
Commercial claims were more frequent in
the $2501-25,000 range (13%) than personal
(5%).

The largest personal loss was $334,538 in
Metropolitan Denver (August 1990).

The largest commercial loss was $83,755 in

* 10% of the claims was in the $1-100 range. Colorado (August 1989).

TasLe 12. Distribution by amount of personal, commercial, and all losses and
their percentages from lightning claims paid by State Farm in Colorado,

Utah, and Wzoming from 1987 throu&h June 1992.

Amount Personal Commercial All
of claim Claims % Claims % Claims %
$ 0- 0 1008 12 97 12 1105 12
1- 100 89 10 5 7 922 10
101- 250 1434 16 104 13 1538 16
251- 500 1684 19 156 19 1840 19
501- 1000 1668 19 154 19 1822 19
1001- 2500 1603 18 150 18 1753 18
2501- 5000 313 4 63 8 376 4
5001 - 10,000 78 1 22 3 100 1
10,001 - 25,000 27 - 14 2 41 -
25,001 - 100,000 7 - 2 - 9 -
100,001 - 250,000 3 - 0 0 3 -
250,001 - 500,000 1 - 0 0 1 -

13
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Ficure 12. Distribution by amount of all losses from lightning claims paid
by State Farm in Colorado, Utah, and Wyoming from 1987 through
June 1992.
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Ficure 13. Same as Figure 12 except divided into personal and commercial losses.
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TasLe 13. Same as Table 12 for Rersonal losses bX state.

Amount of per- Denver Metro. Other Colo. Utah Wyoming All
sonal claim Claims % Claims %  Claims % Claims % Claims %
$ 0- 0 511 15 294 9 107 9 9% 11 1008 12
1- 100 231 7 386 12 146 12 106 12 869 10
101- 250 457 14 593 18 238 20 146 17 1434 16
251- 500 568 17 699 21 250 21 167 19 1684 19
501- 1000 640 19 634 19 27 19 167 19 1668 19
1001- 2500 7207 21 5% 16 19 16 161 18 1603 18
2501- 5000 159 5 97 3 31 3 2% 3 313 4
5001 - 10,000 2 1 23 1 9 1 4 - 7B 1
10,001 - 25,000 2 - 8 - 7 1 0 0 27 -
25,001 - 100,000 3 - 2 - 2 - 0 o0 7 -
100,001 - 250,000 2 - 0 0 0 0 1 - 3 -
250,001 - 500,000 1 - 0 o 0 0 0 o0 1 -

TasLE 14. Same as Table 12 for commercial losses bz state.

Amount of com- _Colorado Utah Wyoming All
mercial claim Claims % Claims % Claims % Claims %
$ 0- 0 A 12 8 10 14 12 97 12
1- 100 42 7 5 6 6 5 5 7
101 - 250 8 13 8 10 16 13 104 13
251 - 500 123 20 18 23 15 13 15% 19
501- 1000 127 21 12 15 25 21 154 19
1001- 2500 113 18 16 21 21 18 150 18
2501- 5000 45 7 3 4 15 13 68 8
5001 - 10,000 11 2 5 6 6 5 2 3
10,001 - 25,000 11 2 2 3 1 1 14 2
25,001 - 100,000 1 - 1 1 0 0 -
100,001 - 250,000 0 0 0 0 0 0 0

250,001 - 500,000 0 0 0 0 0 0
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Personal losses in $

Commercial losses in $
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1-100 J
101-250 §
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100,001-250,000
250,001-500,000 . . l l
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Percent

Ficure 14. Same as Figure 12 except for personal losses divided by states.
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icure 15. Same as Figure 12 except for commercial losses divided by states.
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1-100
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Ficure 16. Same as Figure 12 except divided by claim categories in Colorado.

100

A shortened version of the results in Tables
12-14 is given in Table 15 and Figure 17. Here,
the cumulative amount of the losses is given by
a few main categories. It is clear that almost
half of all claims are less than $500, and more

(%]
than three quarters are under $1000. %
©
TasLe 15. Cumulative losses of all claims in Table E
12. A
=
Amount or less Claims % g
S
$ 0 1105 12 3
$ 100 2027 21
$ 500 5405 57
$1000 7227 76
0 1000 2000 3000 4000 5000
$2500 8980 94 Cumulative amount of losses in $
$5000 9356 98 Ficure 17. Cumulative amounts of losses from

Table 12.
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Average losses per claim are in Table 16

and Figures 18-20. The number of claims is
taken from Tables 12-14. Main results are as
follows:

TasLE 16.

The average amount for all types is $916
per claim.

Commercial claims average $1369 and
personal are $873.

For personal claims, the highest average
loss is $1071 in the Denver Metropolitan
area. Other states and the rest of Colorado
have smaller losses around $750. The
higher amount could reflect higher values
of homes in the Denver area.

Recall from the discussion of Tables 12-14
that one loss in the Denver area was over
$300,000. Removing this large value from
the sample lowers the Denver average by
about $100, but Denver still remains the
highest of the personal insurance
categories.

The highest commercial average is $2153 in
Utah, however samples for commercial
properties are small and therefore more
variable.

Average loss per lightning insurance
claim from 1987 through June 1992 according to
type and state.

State Amount Claims  Average
Personal

Denver $3,572,000 3333 $1071
Other Colo. 2,383,000 3272 728
Utah 961,000 1216 790
Wyoming 678,000 874 775
All personal 7,594,000 8695 873
Commercial

Colorado $ 793,000 618 $1283
Utah 168,000 78 2153
Wyoming 155,000 119 1307
All commercial 1,116,000 815 1369
All $8,710,000 9510 $ 916
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FiGcure 19.
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Ficure 18.-  Average loss per personal and

commercial insurance claim due to lightning
from 1987 to June 1992 in Colorado, Utah, and
Wyoming.
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Same as Figure 18 except for personal
claims only.
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Loss per commercial claim in $

0
Colorado Utah Wyoming

Ficure 20. Same as Figure 18 except for commercial

claims only.



11. MONTHLY DISTRIBUTIONS

The monthly distributions of claims for all
states combined and for each of the three states
are shown in Table 17 and Figures 21 and 22.
The percentages show clearly that lightning
losses are a summer phenomenon. There are,
however, some events in winter.

All three states have a dramatic increase
in lightning claims from April to May. Values
are highest during summer months until
September, when values are half of the August
number.

In Utah, there are fewer claims in June than
during May and July, and relatively fewer than
in Colorado and Wyoming. During June in

Utah, the following factors may give this

result:

e Traveling weather systems in the
westerlies are less frequent and intense in
June than in May, and

¢ Southwest flow associated with the
southwest monsoon has not yet begun in June.
In Wyoming, lightning claims start later

and end earlier than in the other two states.

Most of Wyoming is at a higher latitude and

altitude than Colorado and Utah, so it is

somewhat cooler in spring and fall, and
thunderstorms are concentrated in fewer summer
months.

TasLe 17. Monthly numbers and percentages of State Farm claims due to lightning in

Colorado, Utah, and Wzoming from 1987-1991.

Month Colorado Utah Wyoming All
Claims % Claims % Claims % Claims %
January 21 - 16 1 1 - 38 -
February 20 - 13 1 1 - K -
March 66 1 5 4 11 1 130 1
April 188 3 47 4 21 2 256 3
May 7 12 164 13 145 15 1105 12
June 1455 21 138 11 234 24 1827 20
July 1718 25 259 21 253 26 2230 24
August 1725 25 41 27 22 21 2268 25
September 763 11 141 11 75 8 979 11
October 110 2 48 4 7 1 165 2
November 25 - 16 1 4 - 45 -
December 13 - 14 1 2 - 29 -
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Ficure 21. Monthly distribution of all claims due to lightning in Colorado, Utah, and Wyoming combined.

The monthly distributions of personal
claims in the Denver Metropolitan area and
the rest of Colorado, as well as commercial
claims over all of Colorado are in Table 18 and
Figure 23. There is a somewhat higher
concentration of claims in May and June in the

Denver Metropolitan area than in the rest of
the state. This difference could be attributed to
a maximum in strong thunderstorms that occurs
along the Front Range cities of the Denver area
from late May to the middle of June.

30
Colorado

20 I B Utah
g Wyoming
o
o

10

0

J F M A M
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J A S 0) N D

Ficure 22. Monthly distributions of claims due to lightning by state in Colorado, Utah, and Wyoming.



Insurance claims in Tables 17 and 18 can be
compared with an independent source of
monthly frequencies in Colorado. Lépez et al.
(1994) compiled the monthly distribution of 331
Colorado Storm Data damage reports from 1950
through 1991. Table 19 and Figure 24 show very
similar percentages of cases by month from the
two datasets.

However, lightning victims were clustered
more sharply from June through August than
were the damage reports in Lépez et al. (1994)
using Storm Data. Especially notable was that
Storm Data had only 3% of the deaths and 2%
of the injuries during September, while Storm
Data had 8% damage and insurance claims are
11% in September. In addition, both insurance
claims and damage reports had a 2% frequency
during October, but there was only one death
and no injuries out of 402 casualties in Storm
Data.

The situation may be that people are more
involved in outdoor recreation during the
primary three summer months, while damage
reports are more representative of actual
lightning activity.

TasLe 19. Left: Monthly Colorado percentages of
1987-1991 lightning insurance claims. Right:
Monthly Colorado percentages of 1950-1991
lightning damage reports in Storm Data (Lopez
et al. 1994).

Month Claims Storm Data
January : 0
February - 0
March 1 1
April 3 2
May 12 12
June 21 21
July 25 31
August 25 23
September 11 8
October 2 2
November - 1
December - 0

30
[ Claims
g3 Storm Data
1=
[¢]
(&)
o
o
J F M A M
Ficure 24.
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Claims: Monthly Colorado State Farm insurance claims due to lightning from 1987-1991.

Storm Data: Monthly Colorado property damage reporis from 1950-1991 (Lépez et al. 1994).

22



12. CLAIMS BY COLORADO COUNTIES

The geographical distribution of lightning
claims will be described by county in Colorado,
Utah, and Wyoming in this and the next two
sections. Information was not available in the
State Farm database by city.

Figure 25 shows counties and major cities in
Colorado. Starting in the northern part of the
state, many of the people live in the cities from
Fort Collins, through Boulder and Denver, to
cities and counties surrounding Denver, and
southward to Colorado Springs and Pueblo
(Table 20 and Figure 26). The City and County
of Denver are coincident. Largest cities
surrounding Denver are Arvada, Aurora,
Westminster, and Wheat Ridge; there are
additional smaller communities and populous
unincorporated portions of the counties
containing these cities.

Claims and losses due to lightning per
county are in Table 20 and in year-by-year
detail in Table 21. The largest number of
claims is in El Paso county, which includes
Colorado Springs. Next largest in claims are
Jefferson and Arapahoe counties adjacent to

Denver. Two counties, Hinsdale and San Juan,
had no claims during the five years; both had a
1990 population of under 1,000 people. Table 21
shows that a county with a large number of
claims in one year has a large number in all
years, and the reverse for small numbers of
yearly claims.

The maps of county population and the
number of claims in Figures 26 and 27 are
similar. However, the maps of the highest
rate of claims per population (Figure 28) and of
loss per claim (Figure 29) show very different
patterns. These issues are pursued further in
graphical form in Figures 30-32.

The data for claims by county are for a
slightly different period, 1989-1993, than the
earlier years in the preceding analyses. The
average loss for the county claim dataset was
$713 compared to $916 for the years in Section
11. Datasets vary because 1987 and 1988 claims
used earlier in the report were no longer
available when the county databases were
accessed.

Moffat

Rio Blanco

Garfield

Sedg-
wick
Philips

Yuma

Cheyenne

Kiowa

Prowers

Baca

Ficure 25. Colorado counties and major cities. Continental Divide shown by thick dashed line.
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Ficure 26._ Population by county in Colorado during 1990.

Population

B > 100,000

B 50,000 - 100,000
25,000 - 50,000
0 < 25,000

State Farm
claims per year
W >50

B os5-49
115-24

O o-14

Ficure 27. Number of State Farm lightning claims by county in Colorado per year from 1989-1993.
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Ficure 28. Number of Staté Farm lightning claims per 10,000 people per year by county in
Colorado from 1989-1993.
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Ficure 29. Amount of loss per State Farm lighining claim by county in Colorado from 1989-1993.
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Claims are graphed against the population
of each county in Figure 30. The most populous
counties generally have more claims, and the
least populous counties have fewer claims.

This coincidence is also shown in the maps of .

Figures 26 and 27. Ranges of both population
and claims in Table 20 exceed two orders of
magnitude.

But there is a much different result when
population is plotted by rate of claims per
10,000 people (Figure 31). Most rates are in a
vertical band around the Colorado average of
4.7 claims per 10,000 people (Table 20).
However, the map in Figure 28 showed that
the highest claim rates were away from the
most populous regions when compared to the
population map of Figure 26. In Figure 31, the
least populated counties are found on the lowest
portion of the graph along the abscissa. High
rates occur when sample size is small and the
natural variability by only a few claims can
raise the rate to large values. However, the
high rates may not be entirely due to the small
sample size. In Figure 28, a concentration of
high rates extends from north to south through
the middle of Colorado along the highest
mountains near the Continental Divide (Figure
25). This region was identified by Lépez and
Holle (1986) to have more lightning than areas
on the plains to the north and east. Lépez et al.
(1994) also found a higher rate of lightning
casualties per population and area in these
counties in the high mountains. To identify the
impact of more flashes on claim rates in this
region, the number of flashes on a county by
county basis should be found; this is beyond the

scope of the present study.
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! . .
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Annual State Famm claims

Ficure 30. County population for Colorado plotted
against annual number of State Farm lightning
claims from 1989-1993.
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Ficure 31. Same as Figure 30 for annual number of

Colorado State Farm lightning claims per 10,000
people.

When loss per claim is plotted against
population (Figure 32), there is a vertical band
for all sizes of county populations around the
Colorado average of $713 (Table 20). The
highest average losses are scattered across the
state (Figure 29) with no obvious organization.
Figure 32 shows that the highest losses are in
the less populous counties. Since one large loss
can quickly raise the average in a county with
few claims, little meaning should be attributed
to the higher average losses in small counties.
Factors that can affect the average loss include
differences among counties in housing costs,
amount of buried utility lines, proportion of
multi-family housing, vulnerability of
structures to lightning, extent and type of agri-
cultural facilities, and many other factors not
identifiable with the dataset. In this region
for State Farm commercial claims, center-pivot
irrigation systems are expensive and suscept-
ible to lightning. Also, only the average can be
calculated; the median may be better when
dealing with a few large losses but few claims.
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Ficure 32. Same as Figure 30 for annual dollar loss
per Colorado State Farm lightning claim.



TasLe 20. 1990 population, average annual State Farm insurance claims and losses, and claims per population by

. county in Colorado due to li ing from 1989-1993. Personal and commercial losses combined.
County 1990 _ Annual Claims County 1990 _Annual  Claims
population Claims $Loss per 10,000 population Claims $ Loss per 10,000
people people
Adams 265038 50 654 19 Lake 6,007 4 897 6.7
Alamosa 13,617 6 72 44 La Plata 32,284 18 720 56
Arapahoe 391,511 149 791 38 Larimer 186,136 102 614 55
Archuleta 5,345 6 523 112 Las Animas 13,765 8 565 5.8
Baca - 4,556 11 1022 24.1 Lincoln 4,529 1 972 22
Bent 5,048 4 297 79 Logan 17,567 16 733 9.1
Boulder 225339 88 937 39 Mesa 93,145 14 381 15
Chaffee 12,684 2 488 16 Mineral 558 02 434 36
Cheyenne 2,397 2 484 83
Clear Creek 7,619 8 924 105 i{{(c;i{t:;uma ié:g;; 1: g 2:2
Conejos 7,453 4 609 54 Montrose 24,423 3 353 12
Costilla 3,190 2 731 6.3 Morgan 21,939 18 607 82
Crowley 3,946 02 1999 05 Otero 20,185 14 533 6.9
Custer 1,926 3 534 156 Ouray 2,295 1 862 43
Delta 20,980 7 719 33 Park 7174 29 779 404
Denver 467610 70 551 15 Phillips 4,189 7 620 16.7
Dolores 1,504 2 139 13.3 Pitkin 12,661 3 904 24
Douglas 60,391 60 1002 99 Prowers 13347 13 714 9.7
Eagle 21,928 3 913 14 Pueblo 123061 62 587 50
Elbert 9646 15 7P 156 Rio Blanco 5972 2 1278 33
El Paso 397,014 250 645 63 Rio Grande 10,770 6 465 56
Fremont 32273 20 779 62 Routt 14,088 7 491 50
Garfield 29,974 9 390 30 Saguache 4,619 1 569 22
Gilpin 3,070 8 561 26.1 San Juan 745 0 0 0
Grand 7,966 7 678 88 San Miguel 3,653 1 831 27
Gunnison 10,273 3 483 29 Sedgwick 2,690 1 514 37
Hinsdale 467 0 0 0 Summit 2,881 8 759 27.8
Huerfano 6,009 3 607 50 Teller 12468 20 493 160
Jackson 1605 3 512 187 Washington 4812 2 604 42
Jefferson 438430 210 760 48 Weld 131,821 48 730 36
Kiowa 1,688 5 476 29.6 Yuma 8,954 6 567 6.7
Kit Carson 7140 10 535 140

3,294,394 1544 713 47
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TapLe2l. Year to year variation from 1989-1993 by county in Colorado of State Farm insurance claims and

losses due to ligtning. Personal and commercial losses are combined.

County 1989 1990 1991 1992 1993
Claims $ Loss Claims $ Loss Claims $ Loss Claims $ Loss Claims $ Loss

Adams 59 40285 66 33283 57 40563 43 28725 27 21986
Alamosa 7 7007 6 2785 3 218 11 4111 5 8634

Arapahoe 136 92430 175 171,118 153 129,797 156 106,704 123 87785
Archuleta 5 2024 5 6091 13 10665 7 2266 3 2305
Baca 5 10046 8 8447 16 12981 15 16109 13 10678
Bent 1 275 0 0 1 0 7 425 9 4650
Boulder 84 141,218 107 83871 8 55135 90 82427 74 47682
Chaffee 4 2342 2 579 2 763 4 2174 0 0
Cheyenne 1 105 1 768 1 0 2 1823 3 1175
ClearCreek 8 11351 10 7849 7 5813 10 7322 6 5531
Conejos 5 3543 2 505 4 3084 3 1185 5 3255
Costilla 1 723 2 1322 1 1475 3 1909 1 416
Crowley 0 0 0 0 0 0 1 199 0 0
Custer 0 0 5 2289 6 3257 3 1718 1 741
Delta 5 2762 11 6678 4 1793 9 9474 7 5177
Denver 52 41568 8 53557 107 67810 65 44003 42 24261
Dolores 2 4001 1 899 1 3881 0 0 4 1849
Douglas 56 49347 78 73270 52 71610 62 55492 53 51764
Eagle 0 0 3 518 3 5394 5 228 3 4594
Elbert 10 7129 21 20583 10 7191 11 10506 12 12243
El Paso 253 116,037 279 164,137 288 157406 254 198,002 177 171,768
Fremont 18 7047 21 8491 20 6725 28 10936 10 4594
Garfield 6 1509 7 3666 9 3261 15 11886 8 4907
Gilpin 7 3482 9 8867 7 2458 8 4841 8 6781
Grand 3 1476 7 949 11 792 10 5078 5 1918
Gunnison 5 1993 3 4161 0 0 6 2461 1 809
Hinsdale 0 0 0 0 0 0 0 0 0 0
Huerfano 2 727 2 704 4 1362 2 1299 4 4410
Jackson 2 680 3 3155 5 1573 1 0 2 1249
Jefferson 201 146,078 247 165725 263 171578 197 157,228 144 158,449
Kiowa 6 3379 3 1108 5 1509 4 1883 8 4491
Kit Carson 5 2984 6 403 15 7065 10 4455 14 11835
Lake 4 2103 5 4681 2 1150 3 3616 4 4589
La Plata 10 7281 16 13380 21 15654 15 9258 25 17033
Larimer 107 61845 141 101,881 79 47971 121 70205 62 31092
Las Animas 2 547 3 1814 6 2952 15 5593 14 11709
Lincoln 1 258 2 2658 0 0 0 0 0 0
Logan 17 11058 19 9415 17 11446 18 20752 11 7451
Mesa 9 3133 12 7306 14 13030 14 3601 19 9280
Mineral 0 0 1 434 0 0 0 0 0 0
Moffat 2 654 5 2122 6 2148 5 2104 3 3392
Montezuma 11 34231 19 16423 18 9061 18 10682 15 5561
Montrose 1 35 5 1799 6 1767 2 701 3 1699
Morgan 18 10831 20 15307 6 3451 24 15069 25 11219
Otero 10 5079 8 4304 14 4277 18 8067 19 15038
Ouray 1 1729 1 417 1 926 1 813 1 1284



Park 18 14201 21 18163 30 17240 42 31234 34 32115
Phillips 3 1173 5 4096 6 3063 10 5113 11 8250
Pitkin 4 8126 4 2118 3 2622 3 195 3 2314
Prowers 12 7164 8 4792 8 4266 18 17458 20 13460
Pueblo 41 17148 66 53634 68 29039 91 49605 43 31994
Rio Blanco 1 8254 1 134 3 4649 4 1143 3 1162
RioGrande 6 2337 5 1219 4 924 10 5062 6 4866
Routt 4 1814 1 342 7 2325 13 5949 12 7749
Saguache 1 968 1 31 1 129 1 250 3 2322
San Juan 0 0 0 0 0 0 0 0 0 0
SanMiguel 1 149 4 3458 1 1727 1 486 0 0
Sedgwick 0 0 1 0 1 55 1 0 1 2000
Summit 7 8151 17 6776 2 1095 11 5762 2 7801
Teller 15 6102 16 9042 25 11149 30 14141 14 8843
Washington 1 0 0 0 4 2844 2 100 4 3698
Weld 49 30168 62 50130 3 29061 5 26629 45 40631
Yuma 2 1430 6 3220 10 5167 3 2569 9 4633
Claims 1307 1652 1550 1586 1182

Losses $ 947517 $1,175,154 $1,013479 $1,094,877 $ 957,125

29




13. CLAIMS BY UTAH COUNTIES

The same county-scale analyses were
performed for Utah as in the previous section
for Colorado. The major concentration of
population in Utah is along the eastern shore of
Great Salt Lake from Logan on the north,
through Ogden to Salt Lake City, and Orem
and Provo on the south, as well as many smaller
communities (Figures 33 and 34). The Utah
population is 52% of that in Colorado. Tables
22 and 23 show the average and yearly numbers
of claims and losses by county.

The claims in Utah (Figure 35) are
clustered in the most populous counties as in
Colorado. Highest rates of claims per 10,000
people (Figure 36) are away from population
centers as in Colorado. The patterns of the
highest losses per claim by Utah county

(Figure 37) are also not coincident with
population or claim rate, the same as in
Colorado.

The rate of claims per 10,000 people in
Utah is 1.4 (Table 22) compared to 4.7 for

Colorado (Table 20). The lower rate is not
clearly due to a much lower lightning frequency
in Utah compared to Colorado, since Reap
(1986) for 1983-1984 and Orville (1994) for 1989-
1991 showed no significant differences between
flash densities over these states. Better
understanding could result if the number of
flashes on a county by county basis were
directly compared between these two states, as
mentioned for Colorado. Differences could also
be due to factors described earlier for Colorado.

Mllard Emory Gand
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Ficure 33. Utah counties and largest cities. Great Salt Lake indicated by hatching.
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Ficure 35. Number of State Farm lightning claims by county in Utah per year from 1989-1993.
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Ficure 36. Number of State Farm lightning claims per 10,000 people per year by county in Utah from 1989-1993.
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Ficure 37. Amount of loss per State Farm lightning claim by county in Utah from 1989-1993.
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The graphs of county variability for Utah 800000
(Figures 38-40) show the same concepts as for X u
Colorado (Figures 30-32). The 5 counties in 600000
Utah with the largest number of people have 5 i
the highest numbers of claims (Figure 38), as in g 400000 F
Colorado. 2 |
The highest rates of the number of claims . -
per Utah county population (Figure 39) and the ‘
highest losses per claim (Figure 40) were again o (o = _
in the counties with the smaller numbers of 0 10 20 30
people. State Farm claims/10,000 people
Ficure 39. Same as Figure 38 for annual Utah State
Farm lightning claims per 10,000 people.
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Ficure 38.  County population for Utah plotted Loss per claim in 3

against annual number of State Farm lightning
claims from 1989-1993.

Ficure 40. Same as Figure 38 for annual dollar loss
per Utah State Farm lightning claim.

TasLe 22. 1990 population, average annual claims and losses, and claims per population by county in Utah of State
Farm insurance due to lightning from 1989-1993. Personal and commercial losses combined.

County 1990 Annual Claims Eounty 1990 Annual Claims

population Claims $Loss per 10,000 population Claims $ Loss per 10,000

people people
Beaver 4,765 9 692 189 Piute 1,277 1 494 78
Box Elder 36,485 10 764 2.7 Rich 1,725 1 221 5.8
Cache 70,183 22 573 3.1 Salt Lake 725,956 57 804 79
Carbon 20,228 6 844 3.0 San Juan 12,621 1 382 0.8
Daggett 690 02 2799 29 Sanpete 16,259 9 617 55
Davis 187,941 16 697 09 Seiiar 15,431 5 523 32
Duchesne 12645 4 BHM 92 Summit 15518 7 1663 45
Emery 10382 2 872 19 Tooele’ 26,601 2 499 09
Garfield 3,980 2 522 5.0 Uintah 22211 5 668 09
Grand 6,620 2 624 3.0 Utah 263,590 33 784 13
Iron 20,789 7 434 34 Wasatch 10,089 6 808 5.9
Juab 5817 1 823 1.7 Washington 48,560 8 717 1.6
Kane 5,169 4 663 7.7 Wayne 2,177 6 856 27.6
Millard 11,333 2 630 1.8 Weber 158,330 18 745 1.1
Morgan 5,528 1 779 18
1,722,850 242 740 14
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TaBLE23. Year to year variation from 1989-1993 by county in Utah of State Farm insurance claims and

losses due to li§htnin§. Personal and commercial losses are combined.

County 1989 1990 1991 1992 1993
Claims $ Loss Claims $ Loss Claims $ Loss Claims $ Loss Claims $ Loss

Beaver 5 2590 7. 5206 21 13227 7 7161 4 2273
Box Elder 12 5675 9 4577 18 10899 6 2589 5 714
Cache 15 2835 17 3586 39 23674 18 12506 19 19274
Carbon 10 4334 4 2550 3 328 4 2444 10 16505
Daggett 0 0 0 0 0 0 0 0 1 2799
Davis 25 10078 13 8465 21 24358 7 4762 15 8764
Duchesne 7 4981 4 1201 3 2153 5 4881 3 4471
Emery 2 287 3 2544 2 1484 1 2665 0 0
Garfield 4 1885 0 0 3 2247 1 46 0 0
Grand 0 0 1 238 3 2608 0 0 5 2768
Iron 6 2159 11 1686 3 1324 13 7194 3 3275
Juab 3 2515 0 0 0 0 0 0 3 2421
Kane 2 6248 3 245 7 3229 5 2404 2 476
Millard 2 1495 0 0 3 656 3 1040 4 4364
Morgan 1 1437 1 604 0 5813 1 295 0 0
Piute 1 81 0 0 1 0 1 676 2 1059
Rich 0 0 1 50 2 653 0 0 0 0
Salt Lake 60 48021 32 28077 78 613 38 29105 76 62039
San Juan 0 0 2 805 2 61126 0 0 1 905
Sanpete 5 2265 8 4374 10 8814 13 4454 7 6642
Sevier 3 1166 5 1655 7 3968 4 3897 4 1348
Summit 2 1289 7 3751 7 9378 10 15170 9 28601
Tooele 2 1892 1 1056 4 1442 1 54 3 1048
Uintah 3 1799 3 2245 1 2047 1 187 4 1744
Utah 36 21014 37 16948 34 20130 20 39257 40 33519
Wasatch 9 7838 2 3361 9 5748 7 2983 2 3488
Washington 10 5157 11 10639 5 2775 3 2064 9 6609
Wayne 3 1511 2 84 20 19124 5 4208 0 0
Weber 16 24025 15 11457 24 15826 10 8328 24 6712
Claims 244 199 330 184 255

Losses $162,578 $116,142 $238,032 $158,368 $221,820
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CLAIMS BY WYOMING COUNTIES

The same county-by-county analyses were
made for Wyoming as for Colorado and Utah.
The major concentration of population in
Wyoming is in the southeast (Cheyenne and
Laramie) and central (Casper), as shown in
Figures 41 and 42. The population of Wyoming
is 14% as large as Colorado. Tables 24 and 25
show the average and yearly numbers of claims
and losses by county.

Claims in Wyoming (Figure 43) do not
exceed the 50 per year value that was found in
some Colorado and Utah counties. The highest
rates of Wyoming claims per 10,000 people
(Figure 44) are away from the population
centers as in Colorado and Utah. The highest
losses per claim by county in Wyoming (Figure

45) are not coincident with population or claim
rate, as in the other two states.

The rate of claims per 10,000 people in
Wyoming is 3.9 (Table 24), almost the same as
the 4.7 for Colorado (Table 20). However, a
lower lightning frequency is shown for
Wyoming compared to Colorado by Reap (1986)

and Orville (1994). Yet Utah had a lower
claim rate than Colorado despite the flash

* frequency maps being similar for the states. As

mentioned earlier for Colorado, these
differences are difficult to reconcile without
flash data by county, and are apparently due to
other factors that cannot be identified with the
present dataset.

Park Big HMW Campbell Crook
N
Washakie Weston
Natrona Converse Niobrara
Casper
u Platte | Goshen
-ttt . Abany
Lincoin EERERET — _'-
----- - 1 "
Uinta Sweetwater Cabon  °. r Laramie *Cheyenne

Ficure 41. Wyoming counties and largest cities. Continental Divide shown by thick dashed line.
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Ficure 42. Population by county in Wyoming in 1990.
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Ficure 43. Number of State Farm lightning claims by county in Wyoming per year from 1989-1993.
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Ficure 44. Number of State Farm lightning claims per 10,000 people per year by county in
Wyoming from 1989-1993.
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Ficure 45. Amount of loss per State Farm lightning claim by county in Wyoming from 1989-1993.
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County by county variability of claims in
Wyoming (data in Tables 24-25) shows the - =
same concepts as Colorado and Utah. The 3
counties with the largest populations have the
highest numbers of claims (Figure 46), but the
spread appears less since there are no counties
in Wyoming with more than 100,000 people, as

:

Population
1
[ ]

there are in Colorado and Utah.
The highest rates of claims per Wyoming
county population (Figure 47) and losses per

:

0

':'1.:;

1 .

0

10

20

claim (Figure ‘48) were again in counties with State Farm claims/10,000 people
lesser population.

Ficure 47. Same as Figure 46 for annual number of

Wyoming State Farm lightning claims per

10,000 people.
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Ficure 46. County population for Wyoming plotted

against annual number of State Farm lightning
claims from 1989-1993.

Ficure 48. Same as Figure 46 for annual dollar loss
" per Wyoming State Farm lightning claim.

TasLE 24. 1990 population, average annual claims and losses, and claims per population by county in Wyoming of
State Farm insurance due to lightning from 1989-1993. Personal and commercial losses combined.

County 1990 Annual Claims County o 1990 Annual Claims

population Claims $Loss  per 10,000 population Claims $Loss per 10,000

people people
Albany 30,797 11 828 36 Natrona 61,226 24 564 39
Big Horn 10,525 2 539 19 Niobrara 2,499 4 452 16.0
Campbell 29,370 12 907 41 Park 23,178 9 673 39
Carbon 16,659 2 341 12 Platte 8,145 5 486 6.1
Converse 11,128 10 444 89 Sheridan 23,562 16 1529 6.8
Crook 5,294 3 669 57 Sublette 4,843 2 468 41
Fremont 33,662 5 565 15 Sweetwater 38,823 22 783 5.7
Goshen 12,373 6 474 48 Teton 11,172 3 853 2.7
Hot Springs 4,809 2 826 42 Ulinita 18,705 5 624 27
Johnson g ¥ e L4 Washakie 8388 3 1440 36
Laramie 73,142 33 702 45 Weston 6,518 3 577 46

Lincoln 12,625 4 1104 32

453588 195 747 3.9
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TapLe25. Year to year variation from 1989-1993 by county in Wyoming of State Farm insurance claims and

losses due to liﬁ&tning. Personal and commercial losses are combined.

County 1989 1990 1991 1992 1993
Claims $ Loss Claims $ Loss Claims $ Loss Claims $ Loss Claims $ Loss

Albany 7 2460 9 5510 23 19754 14 9179 4 7811
Big Horn 1 638 0 0 3 1809 5 2404 0 0
Campbell 19 22844 12 9844 13 8471 3 2814 15 12246
Carbon 2 631 1 115 3 235 1 34 3 2508
Converse 3 1193 6 2377 14 3528 18 8760 9 6329
Crook 4 7978 6 1041 4 860 1 177 1 650
Fremont 6 3214 11 7133 3 1558 3 1158 2 1070
Goshen 4 3332 5 1246 10 4140 6 2390 7 4068
HotSprings 1 550 0 0 3 2680 3 2132 1 1244
Johnson 1 292 7 4088 9 5571 8 1897 8 5220
Laramie 35 20646 35 26935 59 40184 19 18689 18 10065
Lincoln 3 650 1 419 7 7189 5 5822 6 10209
Natrona 17 11121 29 11869 40 19989 17 13925 18 11324
Niobrara 1 0 7 4411 2 309 5 1760 7 3473
Park 0 0 12 6410 19 16277 9 4763 6 3519
Platte 5 1345 3 1420 9 6870 6 3280 4 197
Sheridan 18 12868 11 2555 18 6248 14 11617 20 90582
Sublette 1 120 1 0 5 1992 3 2207 1 834
Sweetwater 18 17362 7 15507 46 24972 18 19127 20 8381
Teton 2 647 1 958 2 1577 2 4106 9 6354
Uinta 2 1009 5 5459 6 2485 4 1494 8 5161
Washakie 3 1844 . 1 5894 0 0 4 7370 5 3612
Weston 1 125 4 1466 1 55 7 4680 1 1748
Claims 154 174 299 175 173

Losses $110,870 $114,655 $176,753 $129,784 $196,607
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15. CLAIMS COMPARETO STORM DATA

Does the number of claims change each year
in the same way as the number of casualties or
damage reports in Storm Data? This question
was answered with three comparisons.

The first comparison is on a statewide scale
between yearly insurance claims in Table 3 and
the number of lightning victims from annual
summaries in Storm Data. There were no
Wyoming lightning victims in Storm Data
during the period. There is not a close
relationship for Colorado and Utah within a
single state and a single year, according to
Tables 26-27 and Figure 49. An individual point
in Figure 49 is one value for a state for a year.
Both the numbers of claims and casualties are
larger in Colorado (upper right cluster of Figure
49) than during a Utah year (lower left
cluster). The number of claims in a year is a
larger, more constant number than is the number
of casualties during a single year. In Colorado
for example, 1990 had the smallest number of
casualties but the highest number of claims in
the 5-year period.

The second comparison between yearly
insurance claims and the number of damage
reports in Storm Data for each state (Tables 28-
30) has similar results. Results for all three
states combined are in Table 31 and Figure 50.
Storm Data was used to find the number of
property-related damage reports that could
have resulted in a personal or commercial
insurance claim. The criteria to determine
whether damage could have been insured by
State Farm were in section 4.

The third comparison is on a county scale
between average annual insurance claims in
Table 20 with the total number of Colorado
lightning-caused deaths, injuries, and damage
reports from 1950-1991 in Storm Data (Lopez et
al. 1994). The numbers in Table 32 were not
adjusted for population changes through the
period. There is a general trend that large
numbers of claims in a county from 1989-1993 are
related to large numbers of casualties and
damage reports over the 42-year Storm Data
period of record. Claims are somewhat better
related to casualties than damage reports
(Figure 51). The result could be interpreted
that lightning deaths and injuries are reported
more consistently than damage in Storm Data.
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TasLe 26. Annual Colorado lightning insurance
claims compared to lightning deaths and

in!'uries combined in Storm Data.

Year Claims  Storm Data Ratio
victims
1987 4079 25 163
1988 410 30 147
1989 5034 2 229
1990 6410 15 427
1991 6008 26 231
Average 5188 24 220
TasLe 27. Same as Table 26 for Utah.
Year Claims  Storm Data Ratio
: victims
1987 724 4 181
1988 656 5 131
1989 811 3 270
1990 629 2 314
1991 1050 7 150
Average 774 4 184
40
T
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Ficure 49. Number of annual Colorade or Utah
lightning insurance claims plotted against 1987-
1991 casualties from Storm Data.



TasLe 28. Annual Colorado lightning insurance

claims and damage reports in Storm Data.

Year State Farm  Storm Data Ratio
claims reports
1987 4079 16 255:1
1988 4410 19 232:1
1989 5034 22 229:1
1990 6410 13 493:1
1991 6008 6 1001:1
Average 5188 15.2 , 3411
TasLe 29. Same as Table 28 for Utah.
Year State Farm  Storm Data Ratio
claims reports
1987 724 2 362:1
1988 656 3 219:1
1989 811 2 406:1
1990 629 0 -
1991 1050 4 262:1
Average 774 22 352:1

TasLE 30. Same as Table 28 for Wzominé.

Year  State Farm = Storm Data Ratio
claims reports
1987 776 2 388:1
1988 461 5 92:1
1989 676 0 -
1990 784 2 392:1
1991 1269 0 -
Average 793 - 18 610:1

TasLe 31. Same as Table 28 for all 3 states to§ether.

Year State Farm = Storm Data Ratio
claims reports
1987 5679 20 279:1
1988 56527 27 205:1
1989 6521 24 272:1
1990 7823 15 522:1
1991 8327 6 1388:1
Average 6755 18.4 367:1
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Ficure 50. Number of annual Colorado, Utah, or

Storm Data reports (1950-1991) by county

Wyoming lightning insurance claims plotted
against 1987-1991 damage reports from Storm
Data.

80 A Storm Data damage reports
4+ Storm Data casualties +
60 -
+
40k A
+
+, .
A
A
20 A
+
A +i A
+
At
0 L

200 300
Average annual State Farm claims by county

Ficure 51. Annual claims and reports due to
lightning by county in Colorado. Abscissa:
State Farm claims from 1989-1993. Ordinate:

Storm Data casualties and damage reports

from 1950-1991 (Lépez et al. 1994).




Note in Tables 28-31 that ratios range from
341 insurance claims to one Storm Data damage
report in Colorado to 610:1 in Wyoming. The
overall ratio is 367 claims per Storm Data
report (Table 31). An entry in Storm Data often
has two characteristics:
¢ More expensive damage to a home, such as

tens of thousands of dollars, than the

average value of $873 for a State Farm
personal claim (Table 16).

® A clustering of several homes in one report
is more likely to be reported in a newspaper
account than a single home with minimal
damage (Section 2 and Lépez et al. 1993).

TasLe 32. Colorado lightning claims and reports due to lightning by county. Left: Average annual State Farm
claims from 1989-1993. Right: Total number of Storm Data casualties and damage reports from 1950-1991

(Lépez et al. 1994).

County Annual State Storm Data casualties County Annual State Storm Data casualties

Farm claims & damage reports Farm claims & damage reports
Adams 50 20 Lake 4 0
Alamosa 6 0 La Plata 18 5
Arapahoe 149 38 Larimer 102 43
Archuleta 6 1 Las Animas 8 3
Baca 11 0 Lincoln 1 5
Bent 4 6 Logan 16 12
Boulder 88 51 Mesa 14 13
Chaffee 2 8 Mineral 02 1
Cheyenne 2 0 Moffat 4 1
Clear Creek 8 5 Montezuma 16 7
Conejos 4 2 Montrose 3 5
Costilla 2 2 Morgan 18 16
Crowley 02 5 Otero 14 4
Custer 3 0 Ouray 1 1
Delta 7 8 Park 29 5
Denver 70 M Phillips 7 3
Dolores 2 1 Pitkin 3 2
Douglas 60 18 Prowers 13 3
Eagle 3 1 Pueblo 62 19
Elbert 15 3 Rio Blanco 2 2
El Paso 250 126 Rio Grande 6 6 .
‘Fremont 20 7 Routt 7 9
Garfield 9 5 Saguache 1 7
Gilpin 8 3 San Juan 0 2
Grand 7 6 San Miguel 1 1
Gunnison 3 4 Sedgwick 1 2
Hinsdale 0 0 Summit 8 10
Huerfano 3 2 Teller 20 4
Jackson 3 1 Washington 2 8
Jefferson 210 49 Weld 48 36
Kiowa 5 0 Yuma 6 7
Kit Carson 10 2
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16. SUMMARY AND CONCLUSIONS

This paper has summarized State Farm
lightning-caused insurance claims in Colorado,
Utah, and Wyoming for several years. Annual
and monthly totals were derived for each state
for personal and commercial policyholders, and
maps of the claims were developed.

A total of 1821 State Farm claims per year
was found from 1987-1991 for the three states
combined. This figure extrapolates to 6755
claims from all companies when the State Farm
market share is taken into account. Colorado
accounted for three quarters of the claims; Utah
and Wyoming split the rest.

Annual losses were found to be about
$5,000,000 a year in Colorado, and $650,000 a
year each in Utah and Wyoming when State
Farm amounts are extrapolated to the total
market share.

Amounts per claim averaged $916; personal
losses averaged $873, and commercial losses
averaged $1369. The largest single loss was
$334,000, but 12% of the claims resulted in no
payment made by State Farm.

A national estimate of the insurance risk
from lightning was based on the three-state
dataset by assuming that the population and
lightning risk are representative of the whole
country. The extrapolated totals for the United
States are 307,000 lightning claims and a total

High wind
Hurricane |
Tornado
Winter
Flash flood
River flood
Hail
Lightning
Tstorm wind |
Extreme temp.
Drought
Other | i

cost of $332,000,000 when a $150 deductible is
taken into account.
The impact of this amount is shown in

Figure 52. Here, data from Figure 1 are
unchanged except that $332 million is graphed
for lightning from US insurance losses
identified in this report instead of the $25
million in Storm Data for 1991. Lightning then
has losses of the same order of magnitude as
many more weather hazards. This insurance
loss is only one of many sources of lightning-
caused damage. Several other economic sectors,
such as forestry and utilities, have losses that
equal or exceed the insured costs documented
here.

The number of flashes per claim ranges from
52 to 57 depending on several assumptions that
can be made with available cloud-to-ground
flash data in Colorado.

Claims occurred mainly in summer months;
94% were from May to September. Compared to
Colorado, Utah claims had a lull in June
between the spring storms and the southwest
monsoon. Wyoming claims started later and
ended earlier than Colorado due to the shorter
warm season. Monthly distributions of claims
were similar to property damage reports in the
NOAA publication Storm Data.

" | " —l

0 500

1000 1500

Losses in $ million

Ficure 52. 1991 weather-related property damage in the United States, as in Figure 1, except
showing $332 million for lightning insurance claims found in this report.
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Maps of claims by county for the three
states showed that largest numbers were
always in counties with the largest
populations. However, the map patterns of the
claim rate per population and the dollar loss
per claim were not the same as the population
map; both tended toward large numbers in
counties with less population where the
natural variability of a few claims can
significantly impact the rates. Nevertheless,
the claim rate per population in Colorado is
somewhat greater along the highest mountains
where more lightning and larger casualty rates
have been reported in other studies.

A rate of 4.7 claims per 10,000 people
applied to all of Colorado, 1.4 for Utah, and 3.9
for Wyoming. These differences were not
attributable to known differences in lightning
frequency. Other factors are important, such as
type and cost of housing and agricultural
facilities, the portion of dwellings that are
apartments or has buried utility lines, and

other unknown influences that could not be
resolved with this dataset.

The State Farm dataset had 367 times as
many claims as the number of insurable damage
reports during the same years and states in
Storm Data. The US losses in Storm Data from
1990, 1991, and 1992 were reported as
$27,000,000 a year, but the personal and
commercial losses alone of the type insured by
State Farm were extrapolated to be more than
10 times that amount.

It would be very useful to have a dataset
for the entire country from all insurance
providers that is similar to the State Farm
information from the three western states.
Better understanding could then result of the
distributions of claims and costs than could be
obtained with these three states. Also,
relationships could be extended and improved
of claims with time and place of cloud-to-
ground lightning activity, and with other
measures of lightning-related damage and
casualties.
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NATIONAL SEVERE STORMS LABORATORY

The NSSL Technical Memoranda, beginning at No. 28, continue the sequence established by the U.S.
Weather Bureau National Severe Storms Project, Kansas C1ty, Missouri. Numbers 1-22 were designated NSSP
Reports. Numbers 23-27 were NSSL Reports, and 24-27 appeared as subseries of Weather Bureau Technical
Notes. These reports are available from the National Technical Information Service, Operations Division,
springfield, Virginia 22151, a microfiche version for $4.00 or a hard copy, cost depending upon the’
number of pages. NTIS numbers are given below in parenthesis.

No. 1 National Severe Storms Project Objectives and Basic Design. Staff, NSSP. March 1961. 16 p.
(PB-168207)

No. 2 The Development of Aircraft Investigations of Squall Lines from 1956-1960. Brent B. Goddard.
34 p. (PB-168208)

No. 3 Instability Lines and Their Environments as Shown by Aircraft Soundings and Quasi-Horizontal
Traverses. Dansey T. Williams, February 1962. 15 p. (PD-168209)

No. 4 On the Mechanics of the Tornado. J. R. Fulks. February 1962. 33 p. (PD-168210)

No. 5 A Summary of Field Operations and Data Collection by the National Severe Storms Project in
Spring 1961. Jean T. Lee. March 1962. 47 p. (PB 165095)

No. 6 Index to the NSSP Surface Network. Tetsuya Fujita. April 1962. 32 p. (PB-168212)

No. 7 The Vertical Structure of Three Dry Lines as Revealed by Aircraft Traverses. E. L. McGuire.
April 1962. 10 p. (PB-168213)

No. 8 Radar Observations of a Tornado Thunderstorm in Vert1cal Section. Ralph J. Donaldson, Jr.
April 1962. 21 p. (PB-174859) '

No. 9 Dynamics of Severe Convective Storms. Chester W. Newton. July 1962. 44 p. (PB-163319)

No. 10 Some Measured Characteristics of Severe Storms Turbulence. Roy Steiner and Richard H. Rhyne.
July 1962. 17 p. (N62-16401)

No. 11 A Report of the Kinematic Properties of Certain Small-Scale Systems. Dansey T. Williams.
October 1962. 22 p. (PB-168216)

No. 12 Analysis of the Severe Weather Factor in Automatic Control of Air Route Traffic.
W. Boynton Beckwith. December 1962. 67 p. (PB-168217)

No. 13 500-Kc./Sec. Sferics Studies in Severe Storms. Douglas A. Kohl and John E. Miller.
April 1963. 36 p. (PB-168218)

No. 14 Field Operations of the National Severe Storms Project in Spring 1962. L. D. Sanders.
May 1963. 71 p. (PB-168219)

No. 15 Penetrations of Thunderstorms by an Aircraft Flying at Supersonic Speeds. G. P. Roys. :
Radar Photographs and Gust Loads in Three Storms of 1961 Rough Rider. Paul W. J. Schumacher.
May 1963. 19 p. (PB-168220)

No. 16 Analysis of Selected Aircraft Data from NSSP Operations, 1962. Tetsuya Fujita. May 1963. 29
p. (PB-168221)

No. 17  Analysis Mﬁthods for Sma]l~$cale Surface Network Data. Dansey T. Williams. August 1963. 20 p.
(PB-168222

No. 18 The Thunderstorm Wake of May 4, 1961. Dansey T. Williams. August 1963. 233 p. (PB-168223)

No. 19 Measurements by Aircraft of'Condensed Water in Great Plains Thunderstorms. George P. Roys and
Edwin Kessler. July 1966. 17 p. (PB-173048)

No. 20 Field Operations of the Natfonal Severe Storms Project in Spring 1963. J. T. Lee,
L. D. Sanders, and D. T. Williams. January 1964. 68 p. (PB-168224)

No. 21 On the Motion and Predictability of Convective Systems as Related to the Upper Winds in a Case
of Small Turning of Wind with Height. James C. Fankhauser. January 1964. 36 p. (PB 168225)

No. 22 Movement and Development Patterns of Convective Storms and %orecasting the Probability of Storm
?assage gt)a,siven Location, Chester W. Newton and James C. Fankhauser. January 1964. 53 p.
PB-168226 )
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Purposes and Programs of the National Severe Storms Laboratory, Norman, Oklahoma.
Edwin Kessler. December 1964. 17 p. (PB-166675)

Papers on Weather Radar, Atmospheric Turbulence, Sferics and Data Processing. NSSL Staff,
August 1965. 139 p. (AD-621586) ,

A Comparison of Kinematically Computed Precipitation with Observed Convective Rainfall.
James C. Fankhauser. September 1965. 28 p. (PB-168445)

Probing Air Motion by Doppler Analysis of Radar Clear Air Returns. Roger M. Lhermitte.
May 1966. 37 p. (PB-170636) :

Statistical Properties of Radar Echo Patterns and the Radar Echo Process. Larry Armijo.
May 1966. The Role of the Kutta-Joukowski Force in Cloud Systems with Circulation.
J. L. Goldman. May 1966. 34 p. (PB-170756)

Movement and Predictability of Radar Echoes. James Warren Wilson. November 1966. 30 p.
(PB-173972)

Notes on Thunderstorm Motions, Heights, and Circulations. T. W. Harrold, W. T. Roach, and
Kenneth E. Wilk. November 1966. 51 p. (AD-644899)

Turbulence in Clear Air Near Thunderstorms. Anne Burns, Terence W. Harrold, Jack Burnham, and
Clifford S. Spavins. December 1966. 20 p. (PB-173992)

Study of a Left-Moving Thunderstorm of 23 April 1964, George R. Hammond. April 1967. 75 p.
(PB-174681)

Thunderstorm Circulations and Turbulence Studies from Aircraft and Radar Data. James C.
Fankhauser and J. T. Lee, April 1967. 32 p. (PB-174860)

On the Continuity of Water Substance. Edwin Kessler. April 1967. 125 p. (PB-175840)

Note on Probing Balloon Motion by Doppler Radar. Robért M. Lhermitte. July 1967. 14 p.
(PB-175930)

A Theory for the Determination of Wind and Precipitation Velocities with Doppler Radars.
Larry Armijo. August 1967. 20 p. (PB-176376)
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