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EXECUTIVE SUMMARY

Flood damage continues to increase in the United States, despite extensive flood
management efforts. To address the problem of increasng damage, accurate data are needed on
costs and vulnerability associated with flooding. Unfortunately, the available records of
historica flood damage do not provide the detailed information needed for policy evauation,
scientific andyd's, and disaster mitigation planning.

Thisstudy isareanayss of flood damage estimates collected by the Nationd Westher
Service (NWS) between 1925 and 2000. The NWS s the only organization that has maintained
along-term record of flood damage throughout the U.S. The NWS data are estimates of direct
physica damage due to flooding that results from rainfdl or snowmet. They are obtained from
diverse sources, compiled soon after each flood event, and not verified by comparison with
actud expenditures. Therefore, aprimary objective of the study was to examine the scope,
accuracy, and consstency of the NWS damage estimates to improve the data sets and offer
recommendations on how they can be gppropriately used and interpreted.

This report presents the following three data sets, which are so available on the World
Wide Web a www.flooddamagedata.org:

Estimated flood damage in the U.S. (1926-1979 and 1983-2000, by fiscdl year;

Estimated flood damage for each state in the U.S. (1955-1979, by calendar year, and
1983-2000, by fiscd year); and

Estimated flood damage, by river basin, for the U.S. (1933-1975, by caendar year).

We found that the NWS callection and processing of flood damage data were reasonably
congstent from 1934 to the present, except during the period 1976-1982. Data from NWSfiles
and other sources made it possible to reconstruct state and nationa flood damage estimates for
1976-1979. However, little data was collected during 1980-1982 and large errors were
discovered in estimates developed later for that period. Asaresult, the years 1980-1982 are
excluded from the reanalyzed data sets.

Evauation of the accuracy of the estimates led to the following conclusons:

1. Individual damage estimates for small floods or for local jurisdictions within a larger
flood area tend to be extremely inaccurate. When damage in adate is estimated to be lessthan
$50 million (in 1995 dollars), estimates from NWS and other sources frequently disagree by
more than afactor of two.

2. Damage estimates become more accurate at higher levels of aggregation. When
damage in adate is estimated to be greater than $500 million, disagreement between estimates
from NWS and other sources are rlaively smdl (40% or less). The rdlatively close agreement
between NWS and state estimatesin years with mgor damage is reassuring, since the most
codtly floods are of greatest concern and make up alarge proportion of total flood damage.



3. Floods causing moderate damage are occasionally omitted, or their damage greatly
underestimated, in the NWS data sets. Missng NWS estimates were discovered for floodsin
which the state daimed as much as $50 million damage.

In summary, the NWS flood damage estimates do not represent an accurate accounting of
actua cogts, nor do they include dl of the losses that might be attributable to flooding. Rether,
they are rough estimates of direct physicd damage to property, crops, and public infrastructure.
Edgtimates for individua flood events are often quite inaccurate, but when estimates from many
events are added together the errors become proportionately smdler.

At the nationd levd, these findings suggest that annua damage totas are reasonably
accurate because they are sums of damage estimates from many flood events. State annua
damage estimates are more problematic. Both frequency and magnitude of damage must be
conddered, because damaging floods do not occur every year in most states. Flood frequency
cannot be determined smply by the presence or absence of a damage estimate because reporting,
particularly for smdl floods, is unreligble.

Aggregation is akey to reducing estimation errors. To compare flood damages between
dtates, aggregate the damage estimates over many years and compare the sums. To compare
damage between years, aggregate yearly state damage estimates over multi-state regions. Even
when the estimates are highly aggregated, be aware that a subgstantial amount of varigbility is
caused by estimation errors and interpret the results accordingly.

When properly used, the reanadyzed NWS damage estimates can be a vauable tool to ad
researchers and decision makers in understanding the changing character of damaging floodsin
the United States. Users of the reanayzed data are advised to take the following precautions:

To compare flood damage over time, adjust for changes in population, wealth, or
development.

To compare damage in different geographica areas, control for differencesin population
and in the incidence of extreme westher events during the period of studly.

Use damage estimates for individud floods with caution, recognizing that estimation
erorsare large. Comparison of individud floods might be better done using nomind or
ordina damage levels. Look for quditative descriptions to compare the nature and
impacts of the damage.

Different agencies define “flood” and “flood damage’ somewhat differently. Check for
incompetibilities between data from different sources before seeking to combine sources
or aggregate data.

The NWS damage estimates are not reliable enough to be abasis for critical decisions,
such as setting flood insurance premiums or eva uating the cost- effectiveness of specific hazard
mitigation measures. Better damage data are needed to evauate the effectiveness of specific
mitigation measures designed to reduce flood losses.

Vi



LIST OF TABLES

Table 1-1. Sources of flood damage EHIMELES. .........cccerereririee e 3
Table 2-1. Published sources of flood damage estimates from the NWS and

US WEBLNES BUIEALL......couviieieiitieiieieeee ettt et e e e b sneene e 10
Table 2-2. Types of flood loss reported during €ach €ra. .........coovveieeeeiicce e 12
Table 3-1. Estimated US flood damage, by fisca year (OC=Sep)......vvveereeerererrereeereneeneneenenes 17

Table5-1. Cdifornia 1998 El Nifio disaster: Estimated and actua public
assstance codts, in thousands Of CUMTENE AOHAIS. ......eeeeeeee e 26

Table 5-2. Crosstabulation of flood damage estimates from the NWS and five
dates. Edimaesare in millions of dOIarS.........ccoeoeeieiiriieeeee e 32

Table 6-1. Comparison of damage estimates by state, 1995-1978 and 1983-1999.................. 47

Table 6-2. Levels of annud state flood damage in three states during al
years, 1955-1978 and 1983—1999. ........cccovreiririinese e 50

Table 7-1. Minnesota flood damage expenditures in mgjor flood years 1993
and 1997 (in MillioNS Of AOIIANS). ......c.eeiveeieiiece e e e 64

vii



LIST OF FIGURES

Figure5-1. Edimated flood damage in Cadifornia countiesin the 1998 El Nifio disadter,
compared with actual costs as of June 1, 2001
(@) Initidl daMAgE EFMELE ..o sre e 28
(b) Prliminary damage 8SSESSMENTL. .......ccveieeeereee et e et ae e sae e 29

Figure5-2. Comparison of National Wesather Service flood damage estimates with
estimates obtained from five dates:

(8) CAfOrNia, 19551977 .....ccceeereeiee ettt ettt re e ae e e sreeneesaee e 34

(b) CAifornia, 1978—1998 .........ccoeeieieiieeeeie ettt be e sse e 35

(C) Colorado, 1955—1998 ........ccoooiririeierierie ettt sb et nne e 36

(d) Michigan, 1975-1998 ........ccecririeieriesie ettt sa et b b nneas 37

(€) VIrginia, 1977—1998 .........cooiieieeiie ettt ettt s ss e st e be e anneenneas 38

(F) WISCONSIN, 1973—1993...... .ottt st n e nnenne s 39
Figure 5-3. Scatterplot of National Weather Service flood damage estimates versus

estimates obtained from five states, in millions of 1995 dollars..........ccocveeeieiciincieiene 41
Figure 6-1. Frequency digtributions of annud state flood damages (1995 dallars),

19551978 @nd 1983—1999. .......ceiieieiesierie ettt e erenneas 44
Figure 6-2. Statesranked by estimated tota damage during

19551978 @nd 1983—1999. .......ceriiieieriesie sttt renne s 46
Figure 6-3. Higoricd flood damage in states representing different levels of vulnerahility:

(@ High vulnerability, CAlIfOrNIa .........ccoiieiiiecece e 51

(b) Medium vulnerability, Alabama ... 52

(C) Low VUINErability, MEINE .......oouiieiiieiesiese et 53
Figure 7-1. Edimated annud flood damage in the United States, 1934-1999:

(@) Total floOd AAMBOE .....ocvereeiirieeieee e sre e 56

(b) Flood damage Per CAPITA .........ccceveeieeiiecie e ccie sttt 57

(c) Hood damage per million dollars of tangible wedlth. ...........cccoocvveiieiceeiecee e, 58
Figure 7-2. Statesranked based on total flood damage

(8) AUIMNG 1955-1978........ooeeeeecteete ettt b e ne e e reeneesnee e 60

() AUNG 19831999 ..ottt r e nenne s 61

Figure 7-3. States ranked based on average annua flood damage per capita,
1S 1 ot 1 1 TSR 62

viii



1. INTRODUCTION

A. Why We Need Historical Flood Damage Data

The National Wesether Service (NWS) estimates that flooding caused approximately $50
billion damage in the U.S. in the 1990s (NWS-HIC 2001). Although flood damage fluctuates
greetly from year to year, estimates indicate that there has been an increasing trend over the past
century (Pielke and Downton 2000).  Some have speculated that the trend isindicative of a
changein climate (e.g., Hamburger 1997), some blame population growth and development (e.g,
Kerwin and Verrengia 1997), others place the blame on federa policies (e.g., Coyle 1993), and
gl others suggest that the trend distracts from the larger success of the nation’ s flood policies
(e.g, Labaton 1993).

To understand increasing damage and assess implications for policy, decison makers
need to resolve the independent and interdependent influences of climate, population growth and
development, and policy on trends in damage. Increased flood damage due to changing climate
requires different policy actions than would damage increases due to implementation of flood
policies.

The available records of higtorica flood damage are inadequate for policy evauation,
scientific andys's, and disaster mitigation planning. There are no uniform guiddines for
estimating flood losses, and there is no central clearinghouse to collect, evauate, and report
flood damage. The datathat exist are rough approximations, compiled by the NWS from
damage estimates that are reported in many different ways. Moreover, most published
summaries of the damage estimates focus primarily on aggregate nationd damage totals.

Scientists need higtorical flood damage data at a variety of spatid scaesto andyze
variationsin flood damage and what contributes to them. For example, during El Nifio years,
southern California receives more precipitation than in the typical year. Conventiona wisdom
suggedts thet the increase in precipitation should result in an increase in damaging floods. I
Cdifornia s emergency planners knew thisto be the case, they could prepare for the floods that
come with El Nifio, possibly reducing damage. In this case, scientists looking for acausd
relationship would want to determine to what degree historical high damage yearsin southern
Cdifornia are associated with El Nifio events. This requires sub-state-level data sets, rather than
anational data set.

Socid scientists looking at the effect of policies designed to reduce flood damage aso
need access to historical data at regional and loca scales. Take the example of the Nationd
Flood Insurance Program, created in 1968 to “assist in reducing damage caused by floods’ (42
U.S.C. §4102 (c)(3)). Researchers evauating the program would like to isolate the effect of the
program from al other factorsinfluencing flood damage in particular areas. At the river basin or
community level, the effect of afederd policy implemented in 1968 might be isolated and
measured.

In sum, historical damage data are essentid for any study that seeks to understand the
role that climate, population growth and development, and policy play in determining trendsin
flood damage. Some studies might require data at the nationa level, and others a the state or
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locd level. Moreover, researchers need guidance to use the data effectively. Some data sets are
not accurate enough for certain types of andyss.

B. Sourcesof Historical Flood Damage Data

Idedlly, anationa database of historica flood damage should cover the entire country
over along time period, using consistent criteria and methods in dl times and places. Table1-1
compares possible sources of damage data. The National Weather Service is the only
organization that has maintained along-term and fairly comprehensive record of flood damage
throughout the U.S. Insurance company records include only insured property. Records of the
Federd Emergency Management Agency (FEMA) include only property that qualifies for
federd assistancein presdentidly declared disasters. Few State and loca governments maintain
damage records beyond those required by FEMA. Only in newspaper archives from cities and
towns across the nation might one find more complete reporting of historica flood damage.
Indeed, a newspaper archive could be the best source of information on flood damagein a
particular locale. But the parochial nature of such data makes aggregation problematic.

For long-term coverage of the entire nation, and of most states, the NWS data sets appear
to be the best available source of flood damage estimates. However, the scope, accuracy and
congstency of the data must be evaluated to determine how they can be agppropriately used and
interpreted.

C. Scope of the NWS Flood Damage Data

The NWS Hydrologic Information Center (NWS-HIC 2001) describes the data as “loss
estimates for significant flooding events,” providing estimates of “direct damages due to
flooding that results from rainfal and/or snowmelt.” However, key concepts such as “flood” and
“flood loss’ are defined differently by various agencies and researchers depending on their
objectives. Appropriate use of NWS damage data requires understanding of what isand is not
included.

Types of Flooding

Ward (1990) defines aflood broadly as*“abody of water which risesto overflow land
which isnot normaly submerged.” This definition coversriver and coadd flooding, rainwater
flooding on level surfaces and low-gradient dopes, flooding in shalow depressonswhich is
caused by water-tablerise, and flooding caused by the backing-up or overflow of artificid
drainage systems.

The NWS includes damage from most types of flooding listed above, but excludes ocean
floods caused by severe wind (storm surge) or tectonic activity (tsunami). These are excluded
because, dthough they result in water inundation, they are not hydrometeorologica events. In
addition, the NWS excludes damage that results from muddides because, though they are caused
by excess precipitation, they are consdered primarily a geologic hazard.



Table1-1. Sources of flood damage estimates.

Sour ce Timespan Spatial Scale Scope
National Wesather Serviceflood | 1925-present Nation Estimates of direct physical damage from
damage data sets State significant flooding events that result

Basin from rainfall or snowmelt
Insurance records 1969—present Nation Personal property claims made by
(National Flood Insurance Community individuals holding flood insurance
Program, private insurers)
Disaster assistance records 1992—present Nation Federal and state outlaysfor public
(Federal Emergency State assistance, individual assistance, and
Management Agency) temporary housing in presidentially
declared disasters

State and local government Varies State Varies
records
Newspaper archives Varies Community Varies




Definition of Loss, Damage, and Damage Estimates

Researchers specidizing in natural hazards have expressed a need for more complete
documentation of losses, including both direct and indirect costs associated with flooding (Mileti
1999; Nationd Research Council 1999; Heinz Center 2000). Direct costs are closdly connected
to aflood event and the resulting physical damage. In addition to immediate losses and repair
cogts they include short-term costs semming directly from the flood event, such as flood
fighting, temporary housing, and adminigtrative assstance. By contragt, indirect cosds are
incurred in an extended time period following aflood. They include loss of business and
persond income (including permanent loss of employment), reduction in property values,
increased insurance codts, loss of tax revenue, psychologicd trauma, and disturbance to
ecosystems. They tend to be more difficult to account for than direct costs (Heinz Center 2000).

The NWS describes its flood |oss data as estimates of “direct damages’ including, for
example, loss of property and crops and costs of repairing damaged buildings, roads, and
bridges. The NWS estimates have usualy been restricted to direct physical damage, a subset of
the losses generdly considered to be direct codts.

The dollar figures in the NWS damage data are estimates compiled soon after each flood
event, before the actua costs of repair and replacement can be known. They are not verified by
comparison with actua expenditures. The estimates are gathered from diverse sources, some
who use accurate estimation methods (e.g. insurance companies) and others who do not (e.g.
newspapers). Therefore, NWS damage data are best described, not as “loss data’, but as
“damage estimates.”

D. Purpose and Methods

Objectives of this sudy are (1) to assemble anationa database of historica flood damage
based on NWS damage estimates, making it as complete and consistent as possible; (2) to
describe what the estimates represent; (3) to evaluate the accuracy and consistency of the
estimates; and (4) to develop guideines for use of the data and make it widdly available to users.
Steps followed to achieve these objectives are described below.

1. Compilation of historical flood damage data sets.

The NWS Hydrologic Information Center (NWS-HIC) isresponsible for compiling and
archiving flood damage estimates collected from NWS fidd offices throughout the U.S. Its staff
members provided severa data sets and access to files and publications archived in thair office at
Silver Spring, Maryland. This report augments published NWS data with information from
NWS files and reports of other federal and state agencies. The following data sets are presented:

a Esimated flood damage in the United States (1926—1979 and 1983-2000, by fisca year);

b. Estimated flood damage for each state in the U.S. (1955-1979, by caendar year, and 1983—
2000, by fiscd year); and

c. Estimated flood damage, by river basin and drainage, for the U.S. (1933-1975, by caendar
year).



2. Review of data collection and reporting methods used by the NWS.

Ininterviews, gaff of NWS-HIC and two NWS field offices described their data and
recent data collection procedures. NWS-HIC documents and several editions of the NWS
Operations Manud provided additiona information on past and present procedures. This report
describes the nature of the damage estimates and provides a guide to their interpretation and use.

3. Evaluation of accuracy and consistency of the damage estimates.

This report criticaly examines criteria and methods used by the NWS in collecting past
and present damage estimates to identify likely sources of inaccuracy. To understand the
inaccuracy generdly inherent in damage estimation, the report uses gatistical comparison
methods to assess a Cdifornia data set containing both preliminary damage estimates and actud
cost information. Then it uses Smilar Satistica methods to compare NWS damage estimates
with independent estimates from State sources to evauate the variability in flood damage
edimates. Findly, it assesses the impacts of errors and omissions on aggregated damage
estimates.

4. Development of guidelines for use of the data.

Evauation results show substantia errorsin many of the damage estimates. Uncertainty
about the accuracy of the estimates implies that comparisons of flood damage estimates from
different flood events or different locations must be undertaken with caution. The report
presents examples that illustrate appropriate and inappropriate ways of usng the damage data
and suggests way's of reducing the impact of errors.

The data and an associated Users Guide are available on the World Wide Web, a
www.flooddamagedata.org.

E. Organization

This report is organized asfollows. Section 2 describes NWS procedures for obtaining
damage estimates and other sources used in compiling the reanalyzed data sets. Section 3
presents the reanalyzed data sets and explains how they were developed. Section 4 describes the
types of inaccuracy users should expect in the damage estimates. Section 5 compares damage
estimates from different sources and anayzes the accuracy of the estimates. Section 6 suggests
ways of dedling with data omissions and inconsistencies. Section 7 provides guidance for use
and interpretation of the reandyzed data, with examples and warnings, and concludes with
recommendations regarding future collection and dissemination of flood damage estimates.



2. SOURCESOF FLOOD DAMAGE ESTIMATES, 1926-2000

For nearly a century, the NWS and its predecessor, the U.S. Weather Bureau, have
collected flood damage estimates through a nationwide system of field offices. The qudity of
the flood damage estimates is uneven, depending on operationa condraints a particular fidd
offices and diverse sources of damage reports. Policies and procedures for collecting and
compiling the estimates have changed somewhat in the course of time.

A. Overview of Historical NWS Estimates

The NWS has published flood damage estimates amost annually since 1933. From 1933
to 1975, reporting units were defined by natural boundaries (river basins), which could be useful
for loca planning on issues such as water supply, agriculture, and flood control. 1n 1955, annua
summaries of damege by state were added. Consistent administration, methodology, and format
of the published reports suggest that these data form a reasonably homogeneous time series.

From 1976 through 1979, reduction of funding led to cutbacks in the compilation of flood
damage data. Data collection was consistent with prior years, but there appears to have been less
checking and updating of initid damage information. Publication of annua summaries ceased.

In 1980, compilation of flood damage estimates was discontinued entirely.

In 1983, Congress ordered the U.S. Army Corps of Engineers (USACE) to provide annual
reports of flood damage suffered in the U.S. The USACE contracted with the NWS to provide
the required data. NWS estimates of flood damage in each state have been published annudly
since 1983 by the USACE. The NWS Hydrologic Information Center (NWS-HIC) has gradudly
improved its procedures for compiling and checking the damage estimates.

Thelong-term congstency in collection of flood damage data results from its connection to
westher forecasting and storm warning operations of the NWS. Since at least 1950, reports on
severe sorms have been submitted regularly to NWS headquarters from field offices distributed
acrossthe U.S. The reports include descriptions of severe storms and associated deaths and
damage. Since 1959, these reports have been published monthly in a NOAA periodicd, Storm
Data, and have provided the initid information used in compiling flood damage estimates.
However, the fidd office reports are filed soon after the sorm events and receive only minimd
qudity control before publication, thus the damage estimates provided are preiminary and
incomplete. Staff at NWS headquarters perform considerable checking and follow-up to produce
fina flood damage estimates.

This brief overview highlights amgjor change in the purpose and formet of the flood
damage data. Before 1980, the NWS compiled damage estimates for meteorologicd and
hydrologica purposes, based on natura units such as watersheds. Annud estimates were
compiled by calendar year. Since 1983, the USACE and NWS have prepared flood damage
information for Congress, whose members focus on the state as a political unit. Estimates are
compiled by federd fiscd year.



B. Present Methods of Compiling Flood Damage Estimates

The staff of NWS-HIC willingly answered our questions about methods used in recent
years to collect and compile damage estimates. However, none had direct experience with the
methods used before 1989. They provided to us copies of their flood damage data sets and made
avalable dl of the materidsin thar higtorical archives, induding publications of federa
agencies, files containing flood reports submitted monthly by the NWSfidd offices, and notes
made by former staff who compiled the datainto annua reports.

The NWS operates gpproximately 120 field offices distributed acrossthe U.S. and its
territories. Each office provides weather and hydrological forecasts for an assigned area and
issues warnings during severe weather and flood events. Most offices have a Warning
Coordination Meteorologist (WCM) who issues storm and flood warnings in the forecast area.
The WCM is aso respongble for submitting monthly reports on severe sorm events to the
NWS, including deaths and estimates of damage to property and crops. The descriptions, degths,
and damage estimates are published monthly in Storm Data.

Compiling estimates of sorm damage isaminor part of the job, recaiving little attention
from many WCMs (Frank Richards, NWS-HIC, personad communication, 2/16/00). Field
offices differ greetly in the regularity and completeness of their damage reports. Their saff
obtain damage estimates from numerous loca sources, and cannot always know how those
estimates were made and what is included.

A meteorologist at NWS-HIC is responsible for collecting flood damage reports from dl of
the field offices and checking the damage estimates. NWS-HIC g&ff arein agood postion to
track damaging floods because they receive the first flood and flash flood warnings issued by dl
of the field offices and produce the daily National Flood Summary (NWS-HIC website under
Current Hooding). They aso receive monthly summaries of sgnificant hydrologica events
from thefidd offices. Hence the meteorologist is aware of most flooding events as they occur,
receives narrative descriptions monthly, and can check whether estimates are received for dl
severe floods.

Floods that gppear to involve less than $50,000 in damage are entered into the database but
generaly not checked for accuracy or completeness. When it gppears that damage could exceed
$50,000, and estimates are missing or seem unreasonable based on descriptions of weather and
flood conditions, other reports (e.g. news accounts), and prior experience in compiling damage
records, the meteorologist contacts the field office and asks for more information and better
edimates. In practice, it is often difficult to clearly separate the estimates of damage to property
and crops. Therefore, in recent years, NWS-HIC has combined the estimates of property and
crop damage into a single damage estimate.

In most cases, damage information is collected within three months after the flood event. It
ismogt difficult to get the information for large floods because atention in the field office is
focused on other more urgent tasks related to the event.

Higtorically, field office personnd obtained their damage estimates primarily from
newspapers (Paul Polger, NWS, pers. comm., 2/16/00). Today, however, they obtain estimates
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through a variety of contacts in their area such as emergency managers, insurance agents, and
local officids. Many offices adso subscribe to a newspaper service, which adlows the staff to
search for any story having to do with wesather.

Newspapers and emergency managers are the best sources of information, according to a
WCM in Boulder, Colorado (Robert Glancy, NWS, pers. comm., 8/24/01). If aflood has
received a presidentia disaster declaration, information can be obtained from damage
assessments by Federa Emergency Management Agency (FEMA) storm survey teams that travel
to the flood scene. Estimates of damage to insured property can be obtained from loca
insurance agents. However, the estimation process is not performed with rigorous attention to
accuracy. One WCM described using the following procedure: Since the largest insurer handles
about 25% of the insured property in the locd area, an estimate of insured losses is obtained by
getting a cost estimate from that insurer and multiplying by four (John Ogren, NWS, pers.
Comm., 8/29/01). A full survey of each damaged structure does not take place; instead, in many
cases asmplifying formulais used to estimate damage (John Ogren, pers. comm., 8/29/01).

Crop damage estimates are obtained from U.S. Department of Agriculture (USDA) agents
or from monthly “flash” reports that are compiled from clams that farmers make to USDA.
Damage is calculated based on expected return onthe crop: Average yield is multiplied by the
number of acres damaged, the estimated percentage of the crop lost, and the expected sale price
based on the market at the time of event (John Ogren, NWS, pers. comm., 8/29/01). Unlike
property damage, the estimates of crop damage rely on salf-reporting by farmers and permit
reports to be submitted up to 60 days after the event. After amagjor flood event market prices
often rise S0 thet, by the time of filing, the market price dlamed may be higher than the market
price at the time of the flood event.

Sorm Data’s compilers vary widdly in terms of training and expertise (Frank Richards,
pers. comm., 6/27/01). NWS provides operations manuals to its staff, which explain how to
collect and report flood damage. However, one compiler reports that he received most of his
training from previous employees who had experience with Sorm Data compilation. He was
referred to NWS manuals after he had been doing the job for some time (Frank Cooper, pers.
comm. 8/27/01).

Ingtructions for estimating damage have changed in successve versons of the NWS
Operations Manua. For example, the 1985 revised manuad required that damage estimates be
entered by checking off damage categories (though actua dollar amounts could be entered in the
narretive section of areport), and specified that damage below $5,000 could be omitted or
entered as zero. Furthermore, the manua stated, “Damage resulting from flash floods and floods
should be reported only if it isthe result of locd rainfdl but not if it isthe result of heavy rain
upstream, i.e., that which fell more than 24 to 48 hoursin advance of the flooding” (NWS 1985,
chap. 42, p. 14). In other words, NWS wished to collect damage estimates only for floods that
were the result of locdized precipitation. It is uncertain how widdy this rule was followed, but
it was diminated less than a decade later. 1n the 1994 revised manud, ingructions smply date,
“Damage resulting from flash floods and floods should be reported by each office in whose
county area of forecast reponsibility the damage was reported.” The 1994 revison o
eliminated the use of damage categories, specifying that damage estimates should be entered as
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actud dollar amounts, rounded to three sgnificant digits. The manud further advised, “Focus
attention on providing reasonable estimates of larger events (damages greater than $100,000)”
(NWS 1994, chap. 42, p. 10).

The field office procedures for collecting flood damage data have some notable strengths
and weaknesses. Damage estimators trained by their predecessors are likely to maintain
continuity in the data sets, because the training ensures that collection methodology does not
change from employee to employee. However, since the NWS operations manud is not always
used for guidance, employees may overlook changesin officid NWS data collection policies.

C. Sourcesof Historical NWS Estimates

The NWS and the U.S. Westher Bureau published flood reports regularly in five
publications from 1918 through 2001. Table 2-1 summarizes the time periods covered and the
information provided by each of these sources. In the early years, damage estimates were
published only after mgor flood events. Annud reporting of flood damage throughout the U.S.
commenced in 1933.

From 1934 to 1975, the River and Flood Service published monthly flood reports and
annua summaries of flood damege by river bagin, firg in The Monthly Weather Review and later
in Climatological Data National Summary. Two formats were consstently used for the annua
summaries, one during 1934-1947, the other during 1948-1975. Annua damage estimates by
state for calendar years 19551975, and monthly damage estimates for the nation during 1925—
1975, were caculated and published in later reports (NWS 1975, 1977).

The 1978 annud summary issue of Climatological Data National Summary announced
“Compilation of the Generd Summary of Nationd Flood Events and Flood Damage Statistics
has been ddlayed. These datawill be published later.” However publication of Climatological
Data National Summary ceased the following yesr.

For severa years after the demise of Climatological Data National Summary, the only
published NWS records of flood damage were those included in Storm Data monthly reports.
As noted above, these reports often were incomplete and received little checking. Until 1995,
most damage estimates were indicated by marking a damage category. (Difficulties of using
estimates based on the damage categories are discussed in Section 4.) Until the mid-1970s, the
cause of damage was often listed as “heavy rain”, rather than “flood”, even when flood damage
was mentioned in the description. Food descriptions gradudly became more detailed in the
1980s. In generd, the flood descriptions provide ample information about precipitation and river
flows, but only brief mention of damege.



Table2-1. Published sources of flood damage estimates from the NWS and U.S. Weather Bureau (WB).

Y ears of
Flood
Damage Spatial Time Periods
Publication Included | Aggregation | Summarized Information Provided

Report of the 1918 River basin Water year Describeslarge flood events. Occasionally gives

Chief of the 1933 (Oct — Sep) flood damage estimates for individual large events.

Weather (First national flood damage total reported in

Bureau (WB) 1934.)

Monthly 1933- River basin Calendar year | Annua summaries describe damage in major

Weather 1947 floods.

Review (WB, Tables give estimated damage for all major river

1934-1949) drainages.

Climatological | 1948- River basin Calendar year | Monthly summaries describe flood damage and

Data, National | 1977 deathsin “notable” flood events.

Summary Annual summariesthrough 1975 give tables of

(WB, NOAA, damage in major river drainages.

1950-1977) General summariesfor 1972 and 1975 also give
damage by state for each calendar year since 1955
and national flood damage and deaths by month
and year since 1925.

Storm Data 1959 County or — Monthly reports on storm events sometimes give

(WB, NOAA) | present multi-county brief descriptions of damage. Estimated damage to

area property and crops checked off on logarithmic
scale until 1994, reported in thousands of dollars
since 1995.

Annual Flood | 1983- State Federal fiscal Annual reports describe major flood events and

Damage present year (Oct — provide table of flood damages suffered, by state.

Report to Sep) Recent reports give 10-year summary tables of

Congress flood damage and deaths, by state.

(USACE)
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In 1983, when Congress asked the USACE for annual reports of flood damage suffered,
Storm Data was the only available nationwide source of damage estimates. Under contract to
USACE to provide estimates, NWS-HIC compiled the limited information available. Inthe
years that followed, methods of compiling and checking the estimates were established and
gradudly improved. These estimates are published annudly inthe U.S. Army Cor ps of
Engineers Annual Flood Damage Report to Congress (USACE 1983-2001).

In the USACE damage reports from 1983 to 1988, narrative descriptions of floods are quite
brief (Y210 ¥ page). Many dates have no damage estimate but an asterisk (*) indicates that
flooding occurred. The 1984 report explains that the table gives a summation of al mgor flood
events but that damage estimates are unavailable for minor flood events. After 1988, the
descriptions of flooding and flood damage are more detailed. Beginning in 1991, the asterisk is
no longer used and there are few zero entriesin the tables. 1t gppears that considerably more
record keeping and andysis has gone into damage reports since 1989.

Table 2-2 ligs the types of flood |oss reported in each of the above publications. From
1933 to 1977, estimates were divided into several categories, separated into property and
agriculturd damage, compiled by river basin, and presented by caendar year. 1n 1983, the loss
categories, spatia scae, and time period changed. Estimates were summarized by state and
fiscd year. 1n 1993, the digtinction between property and agriculturd damage was diminated.
Throughout the entire period, estimates focused on direct physica damage, though some data on
loss of business and wages were included before 1947. Little is known about the methods used
to compile and check the estimates prior to 1980. The published reports themselves show an
intent to include al parts of the United States and dl types of physica damage.

D. Additional Sources of Flood Damage Estimates

To compile and evauate a continuous time series of damage estimates, we supplemented
the NWS estimates with comparable data from other sources. Comparable estimates should
represent direct physical damage in sgnificant flood events. Extensive information would be
required to fill the 1976-1982 gap in the Sate and nationd estimates.  In addition, independent
estimates or cost information were needed to assess the accuracy of the estimates. Reports from
many sources were used to confirm damage estimates and to provide information about specific
floods.

Reports by Federal Agenciesand Task Forces

Severd federd agencies prepare reports after severe flood events, in order to study the
causes of particular floods and recommend improvements in systems of flood monitoring,
warning, or control. Some of these reports include descriptions of earlier floodsin the
community, and some provide damage estimates.
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Table2-2. Typesof flood lossreported during each era.

Reporting
Years Publications Types of Flood L oss Consistently Included
1933-1946 Monthly Weather Tangible property totally or partially destroyed
Review Prospective crops
Matured crops
Livestock and other movable farm property
Suspension of business, including wages of employees
1947 Monthly Weather Urban Property
Review Residential
Commercial
1948-1977 Climatological Data, Public
National Summary Rural Property
Crops
Livestock
Other
Other Property
Railroads, bridges, highways, etc.
Public utilities
Miscellaneous
Unclassified
1959-present Storm Data Property damage
Crop damage
1983-1992 Annual Flood Property damage
Damage Report to Agricultural losses
--------------- Congress
1993—present Damages suffered




Post-flood reports prepared by digtrict offices of the U.S. Army Corps of Engineers
(USACE) often providefairly detailed damage estimates that are more complete than NWS
edtimates because they are compiled many months after the flood event. The Tennessee Vdley
Authority (TVA) publishes pogt-flood reports, smilar to USACE reports, for areas of the
southeastern U.S. under itsjurisdiction. Pogt-flood reports from USGS, NOAA, and the U.S.
Westher Bureau usudly focus on hydrologica and meteorological conditions preceding and
during the flood event, with only brief mention of damage. If damage estimates are provided,
often they are obtained from the NWS or the USACE.

FEMA has appointed specia task forcesto study particular mgjor floods and recommend
mitigation measures (for example, Interagency Hazard Mitigation Teams for each state affected
by the 1993 Midwest flood). Their reports often contain damage estimates.

National Water Summary 1988-1989: Hydrologic Events and Floods and Droughts
(USGS 1991) provides historica flood informetion for al fifty states through 1989. In
particular, floods that are consdered mgor historica events for each state are listed, including
some damage estimates for individua floods.

State Reports

State government agencies occasiondly publish pogt-flood reports after particular flood
events. To obtain additiond, perhaps unpublished, information, we wrote to emergency
management agenciesin each state, asking them to provide information about historica flood
damage. Five states were able to provide long-term higtorica summaries of their damaging
floods, and these proved invauable for andyzing the accuracy of the NWS estimates (see
Section 5). Other states sent shorter-term information which provided useful examples.

Unpublished NWS Damage | nformation

The NWS-HIC daff provided copies of their state and national flood damage data sets.
These data sets included unpublished estimates for 1976-1982; however, the state and national
estimates were found to be incompatible, as described in Section 3. Staff members also gave us
access to the higtorical archives at their officein Slver Spring, MD.  Two sets of files proved
helpful in understlanding how damage estimates were compiled in the past, and were used to
supplement estimates for 1976-1982.

Monthly filesfor 1971-1995 contain the origind flood reports from field offices al over
the U.S,, in no particular order. (These were discontinued when dectronic submission of reports
began in 1996.) The reports often contain descriptions of damage, but only occasiondly provide
damage estimates. They do not provide a basis for computing tota damage by state or river
basin.

Y early files contain notes made by the people who compiled damage estimates, aswell as
news clippings and agency communications during the year. These are extremely hepful in
developing estimates for 1976-1979, as they contain preliminary annua damage estimates with
notes on when and where mgjor floods occurred.
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Articles on flash flood damage in 1978 and 1979, published in the journal Weatherwise
(Marrero 1979, 1980), were written by José Marrero who had been responsible for collecting the
flood damage data formerly published in Climatological Data, National Summary. These
articles provide many of our state damage estimates for those years.

E. Summary

The NWS effort to collect flood damage estimates has been remarkably consistent across
the nation and over long time periods, resulting in the only source of long-term nationd flood
damage information available in the United States. Similar procedures have been used to obtain
estimates from field offices throughout the country, at least since 1950 and perhaps longer.
Annua summaries were compiled using cons stent methodol ogies and published in uniform
formats during two extended periods, from 1933 through 1975, and from 1983 up to the present.

To create continuous time series of state and nationa damage estimates requires obtaining
competible estimates for the missing years, 1976-1982. It would also be desirable to base dl the
data on the same cdendar, ether fiscal years or caendar years. These tasks are addressed in
Section 3.

The accuracy of the damage estimates is uncertain. Methods used to obtain the estimates
suggest that they are often educated guesses. For many years they came primarily from
newspaper reports. Today, short cuts are often used to extrapolate from afew good sourcesto
make an eslimate for an entire community. Evaluation of the accuracy of the estimatesis
undertaken in Sections 4 and 5.
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3. DEVELOPMENT OF THE DATA SETS

The nationa data obtained from NWS consisted of annua total damage estimates for the
U.S,, including three territories: Puerto Rico (snce 1975), the Virgin Idands (snce mid-1980s),
and Guam (since 1994). The dtate data contained annual damage estimates for each state and, in
recent years, the three territories. In the nationa data, we subtracted estimates for the three
territories from the U.S. totals to creste a more uniform time series representing only the 50
states.

NWS estimates were spot-checked againgt those from other agencies. Estimates that
appeared to be extremely large or smal compared to published accounts of events were
examined especidly cdlosdly. Inindividud eventsthat recaived follow-up study by the USACE,
more accurate estimates were sometimes available. However, except during 1976-1982, there
exists no compelling reason to change the NWS estimates or defer to another agency’ s estimates.
Section 5 provides a quantitative assessment of uncertainty in the estimates and the implications
for ther effective use.

With afew important exceptions, the estimates presented as aresult of this project have
their originsin published NWS data. Obvious clerica errors have been corrected (see
Section 4).

A. Resolving the Data Gap, 1976-1982

To compile acomplete time series of annua estimates required finding additiond flood
damage estimates for the years 1976-1982. Asexplained in Section 2, NWS ceased publication
of annua flood damage summaries after 1975. Publication of comparable damage estimates did
not resume until 1983, when USA CE reports made damage estimates available again a the state
and nationd levels, but not at the river basin leve.

To make the state and national data sets as complete as possible, we focused on obtaining
and evauating estimates for 1976 through 1982. The NWS website (NWS-HIC 2001) included
previoudy unpublished nationa flood damage estimates for 1976-1982, and an NWS
gpreadsheet included unpublished state estimates for that period. However, the nationa
estimates and the state totd estimates differed by large margins. An old, undocumented NWS
computer printout tallied individua floods, by state, in the years 1976-1988, but we found it to
be filled with errors and inconsstencies.

Despite a curtallment of effort, the NWS continued to compile some damage estimates
during 1976-1979, which served as a starting point for our reconstruction attempts. We were
able to develop estimates for 1976-1979 based on information in the NWS files and reports from
other sources, as described in Appendix A.

Although we tried to reconstruct estimates for 1980-1982, there were not enough sources
of information, either from NWS or other agency publications, to provide estimates for those
years comparable to the data in the overdl dataset. Furthermore, there were some large
disparities between estimates found in the NWS-HIC archives for the period 1980-1982 and
damage estimates provided by gates, leading us to conclude that some of the damage estimates
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for thistime period are highly unrdiable (see Section 5). Therefore, estimates for 1980-1982 are
not included in the reandyzed data sets, and we judge that data published by NWS for this period
isof conagtently lower qudity than in other years.

A few generd comments can be made about 1980-1982. Flood damage descriptionsin
Sorm Data, which were sparse in previous years, became even rarer in 1980-1981. The
information that does exist for the period suggests that 1980 and 1981 were extremdly dry years
in most parts of the country, so flood damage was probably smal compared to other years
(Wagner 1982, USGS 1991, notesin NWSfiles). On the other hand, descriptionsin Storm Data
suggest that flood damage rose to ahigher leve in 1982, perhaps close to the average leve of
that time.

B. Annual National Flood Damage Estimates (1926-1979, 1983-2000)

Since flood damage estimates for 1983 through 2000 are available only for fiscd years
(October—Septembe), it is desirable to compile the entire nationa flood damage data set using
fiscd years. Fortunately, in its annud flood damage summary for 1975, Climatological Data
National Summary (NWS 1977, val. 13, p. 117) published national flood damage estimates by
month for the years 1925 to 1975. Therefore, we were able to caculate national annual damage
totals based on fiscal years for 19261979, creating a condstent form for the full nationd data
Set.

Table 3-1 shows annuad damage estimates for the United States, by fiscd year, in
millions of current dollars and in millions of inflation-adjusted 1995 dollars. Theimplicit price
deflator used to adjust for inflation is dso shown in the table.

C. Annual Flood Damage Estimatesfor the States (1955-1979, 1983-2000)

Annud damage estimates for each of the 50 gates are given in Appendix B. The
estimates for 1955 through 1975 are taken from Climatological Data National Summary (NWS
1977, vol. 13, p. 121), and are based on calendar years. Estimates for 1976-1979 are based on
our reanaysis of available data (described above), and are presented by calendar year to be
consgtent with the earlier data. The estimates for 1983-2000 are taken from Army Cor ps of
Engineers Annual Damage Report to Congress (1993, 2001), and are based on fiscal years
(October—September).

D. Annual Flood Damage Estimatesin River Basins (1933-1975)

The NWS and U.S. Wegther Bureau compiled annua damage estimates by river basin
from 1933 through 1975, publishing them firgt in the Monthly Weather Review (1933-1947) and
later in Climatological Data National Summary (1948-1975). To make these estimates
accessible to users, we organized them by large river drainagesin a uniform format for the full
time period.
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Table3-1. Estimated U.S. Flood Damage, by Fiscal Year (Oct—Sep).

Fi scal Damage I mplicit Damage
Year (MI1lions Price (MI1lions
Current Doll ars) Def | at or * 1995 Dol | ars)

1926 9. 243 — —
1927 315. 187 — —
1928 88. 155 — —
1929 61. 700 0.12854 480.
1930 25.832 0. 12385 209.
1931 2.070 0. 11091 19.
1932 10. 365 0. 09796 106.
1933 27. 366 0. 09541 287.
1934 18. 903 0. 10071 188.
1935 123. 327 0. 10265 1, 201.
1936 287. 137 0. 10377 2,767.
1937 433. 339 0.10815 4, 007.
1938 108. 970 0. 10499 1, 038.
1939 13. 861 0.10387 133.
1940 40. 067 0. 10530 381.
1941 26. 092 0.11244 232.
1942 91. 548 0.12120 755.
1943 220. 553 0.12773 1, 727.
1944 99. 789 0. 13058 764.
1945 159. 251 0. 13425 1, 186.
1946 68. 930 0. 15056 458.
1947 281. 321 0. 16667 1, 688.
1948 213.716 0.17615 1, 213.
1949 108. 586 0.17594 617.
1950 129. 903 0.17788 730.
1951 1,076. 687 0. 19072 5, 645.
1952 254. 190 0. 19368 1, 312.
1953 121. 752 0.19623 620.
1954 74.170 0.19817 374.
1955 784.672 0. 20163 3, 892.
1956 305. 573 0. 20846 1, 466.
1957 352. 145 0. 21539 1, 635.
1958 224.939 0. 22059 1, 020.
1959 121. 281 0.22304 544.
1960 111. 168 0.22620 491.
1961 147. 680 0.22875 646.
1962 86. 574 0. 23180 373.
1963 179. 496 0. 23445 766.
1964 194.512 0.23792 818.
1965 1,221. 903 0. 24241 5, 041.
1966 116. 645 0. 24934 468.
1967 291. 823 0. 25698 1, 136.
1968 443. 251 0. 26809 1, 653.
1969 889. 135 0.28124 3, 161.
1970 173.803 0.29623 587.
1971 323. 427 0.31111 1, 040.
1972 4,442.992 0. 32436 13, 698.
1973 1, 805. 284 0. 34251 5,271.
1974 692. 832 0. 37329 1, 856.
1975 1, 348. 834 0. 40805 3, 306.
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1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

* Source: U.S. Bureau of Economic Analysis, 2001.
— Dataunavailable, seetext for discussion.

1, 054. 790

988. 350
1, 028. 970
3, 626. 030

3,693.572
3, 540. 770

379. 303
5,939. 994
1,442. 349

214. 297
1, 080. 814
1, 636. 366
1, 698. 765

672. 635
16, 364. 710
1, 120. 149
5,110.714
6,121. 753
8,934.923
2,465. 048
5, 450. 375
1, 336. 744

PRPRPRPPRPPRPPOOO0OO0OO0OO0O0000000C0O0000O0

. 43119
. 45892
. 49164
. 53262
. 58145
. 63578
. 67533
. 70214
. 72824
. 75117
. 76769
. 79083
. 81764
. 84883
. 88186
. 91397
. 93619
. 95872
. 97870
. 00000
. 01937
. 03925
. 05199
. 06677
. 09113
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2, 446.
2, 154.
2,093.
6, 808.

5, 260.
4, 862.
505.
7,737.
1, 824.
262.
1, 273.
1, 856.
1, 8509.
718.
17, 069.
1, 145.
5, 111.
6, 005.
8, 597.
2, 343.
5, 109.
1, 225.



The basn-level damage estimates are available in spreadsheet form from our website,
www.flooddamagedata.org. Estimates are presented by calendar year. The grouping of basins
within drainages is somewhat different from that commonly used to define water resources
regions (e.g., U.S. Dept. of Commerce, 1978 Census of Agriculture) because, over the years, the
NWS sometimes changed its groupings. We developed uniform basin definitions for the full
time period by using the following organizationa system:

(1) Damages are grouped by drainage (e.g, St. Lawrence Drainage, Upper Mississppi, Great
Basin) darting in the eastern part of the United States and moving towards the west coadt,
and then dphabeticaly by individua or grouped river basn(s).

(2) Often, the NWS grouped individud rivers together in annud summaries. For example,
damage on the White and Wabash Rivers were usudly included together as one estimate.
If the published sources of flood data included damage for two river basins together in one
year, then data for these two (or more) rivers were added together for al other years. This
was the smplest way to produce a coherent data set that could be searched and produce
just onerow of datafor one river basin.

(3) In many of the years, damage on unnamed streams was included. If the publication did
not give a stream name, damage was included in arow for the drainage called “smdl
streams.”

(4) Sometimes the publications would include ariver and its smal tributaries together, by
saying “X River and tributaries” When damage was published in thisformat, it was
entered into the database under theriver itself. So, damage listed for some riversin some
years may include not just theriver, but its small tributaries (such as creeks).

(5) Creeks that were included separatdly in NWS publications from the rivers to which they
are tributaries were entered into the database separately. Creeks can be differentiated from
riversin the database because they are labeled “Cr.,” whereas rivers are entered with the
river name only. An exception to thisruleisfor rivers with Spanish names, such asthe
Rio Hondo and Rio Grande. Since users may want to search for “Rio Hondo” rather than
“Hondo,” “Rio” isincluded in the database.

(6) Userslooking for damage information on rivers with branches (such as North Platte, South
Platte, and Platte) should look for each of these branches. Insome cases, dl of the
branches of one stream are included together, and in some cases they are not.

(7) Severd of the streamsin the data set cross drainage boundaries. If thereisaquestion
about which drainage astream isin, auser should look in both drainages.

E. Useof the Damage Estimates

Users of these data sets should be aware thet there is uncertainty in the damage estimates,
with alikelihood of large errorsin some estimates. Types of inaccuracy are described in Section
4, and the magnitude of errorsis analyzed in Section 5. In congderation of uncertainty,
recommendations regarding appropriate uses of the data are offered in Sections6 and 7.
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4. SOURCES OF INACCURACY IN THE DAMAGE DATA

Sections 4 and 5 andyze the accuracy of flood damage data received from the NWS
Hydrologic Information Center. The godsareto (1) identify errors, inconsstencies, and
uncertainties in the estimates, and (2) assess the accuracy of the estimates. The analyses focus
on nationa and state annua damage estimates for the period 1955-1998.

Discussons with staff and comparison of the available materials revealed severa sources
of inaccuracy and inconsstency in the time series of higtorica damage estimates:

1. Clericd errors

2. Inconsstency in reporting over time
3. Low precison of reported estimates
4. Inadequate estimation methods

Each source of inaccuracy is described briefly below. Many of the clerica errorswere
correctable. Inconsstencies are inevitable in data collected over along time period; their
existence should be noted, but the effects are not measurable. Assessment of the inaccuracy
introduced by poor estimation methods is undertaken in Section 5.

A. Clerical Errors

These include mistakes in data entry, transcription, and labeling. Clericd errorswere
found and corrected, if possible, by comparing the data sets with published sources and materid
inthe archivefiles. Migtaken labdling included, for example, the statement that dl damages
were summed by fiscal year (Oct. — Sep.) when, in fact, the nationa data had been summed by
caendar year (Jan. — Dec.) through 1982.

B. Inconsistency in Reporting over Time

Published NWS reports of flood damage are uniform in format and content for extended
periods, leading usto assume that fairly consstent methods were used within the periods 1934—
1979 and 1983—present (see Section 2). However, collection of flood damage data was greetly
curtailed in 1980, then restarted in 1983 with a new purpose and less detailed reporting. Before
1980, the data were aggregated by river basin and caendar year with severd types of flood loss
itemized separately. After 1982, data were aggregated by state and fiscal year (Oct.—Sep.), at
first with digtinction between damage to property and crops, later with only the total of the two.
The difference in data collection between the two periods introduces errors when one attempts to
develop a uniform data series for the full timespan.

I nconsistency in spatial units

Flooding naturally occursin river basins, not necessarily bounded by individua states.
When rivers form the state lines or floods cross sate lines, assgning historical lossesto the
proper state is problematic. Our efforts to assemble estimates for 1976-1979 shed somelight on
the uncertaintiesinvolved. For example, the Wabash River risesin Indiang, but it forms a part of
the border between Indianaand Illinois. NWS records on floods in 1976 and 1977 did not
indicate how Wabash River flood damage should be divided between Indiana and Illinois;
therefore, we had to decide the alocation arbitrarily. Another exampleisthe Pearl River, which
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risesin Missssppi and flows through Louisiana. The NWS reported high flood lossesin 1979
in the Pearl River and adjoining basins, including parts of Alabama, but we could not accuratdy
assign the damage among the three Sates. It islikely that Smilar uncertainties existed when the
NWS converted 19551975 river basin damage estimates into state estimates. Thus, occasond
mistakes in assgning damage to particular states should be expected.

I nconsistency in time periods

NWS flood reports have usudly been filed monthly, but aggregation periods have changed.
Fiscd or calendar years are useful for accounting purposes, water years (which differ by
geographic location) are more meaningful for scientific purposes. For example, NWS use of
caendar years (through 1979) was problematic in aggregating data for locations dong the
Pecific coast. There, December — January is the pesk flood season, leading to uncertainty in
assigning damage to the correct year. (It gppears that the NWS resolved this by assigning dl the
damage from a particular flood season to the year in which the hydrologic flooding pesked.) The
present use of October — September fisca years corresponds well to water years acrossthe U.S,
since fewer floods occur in the autumn dry season.

I nconsistency in losses included

NWS policies on what kinds of losses to include have changed somewheat over the years.
Damage estimates published through 1975 focused primarily on damage to property and crops,
but included some indirect losses (loss of business and wages, 1934-1947; a“miscellaneous’
loss category, 1948-1975). Since 1975, estimates routingly collected for Storm Data have been
labelled only as property damage and crop damage. Present policy isto focus exclusively on
physica damage to property and crops (John Ogren, NWS, persona communication, 8/29/01).
However, the estimates come from diverse independent sources, so other types of damage could
be included occasiondly.

The NWS process of collecting damage data has aways focused more attention on larger
floods. Possible inconsgstencies related to the exclusion of floods involving low damage are
examined in Section 6.

It is sometimes impossible to separate damage by flood and other storm-related causes (e.g.
wind, hail, snow, or ice). Typicaly, the full amount has been labeled as flood damage if heavy
ran or river flows are consdered to be the primary cause. Thus, NWS flood damage estimates
are sometimes inflated by including other causes. Conversdly, flood damage may be omitted
when the mgor cause of damage iswind (hurricanes, tornadoes), snow, or ice. These
uncertainties have existed throughout the entire data series and sometimes lead to
incompdtibilities with data from other agencies.

C. Low Precision of Reported Estimates

The estimates have dways been collected from myriad sources, differing greatly in
precison and accuracy. Field office estimates sometimes include very precise figures, more
often they give only one or two significant digits. Aggregated sums give amideading
impression of greater precison. For example, separate estimates of $7 million, $400,000, and
$17,000 add to a more precise-looking annud estimate of $7,417,000 but the accuracy is limited
by thet of the largest etimate ($7 million, in this case).
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Even one-digit accuracy is not assured. Published reports sometimes disagree gregtly on
the amount of damage in a particular flood event. For example, shortly after the failure of the
Teton Dam in Idaho in 1976, damage estimates ranged from $400 million to $1 hillion
(Chadwick et d. 1976). In subsequent reports from severd agencies, the $1 billion estimate was
used repestedly with no further refinement (for example, USACE WalaWalla Didrict 1977). A
fina report on the Teton Dam failure (Eikenberry et d. 1980) gave the only specific figures: loss
of a$102.4 million project investment and over $315 million paid to more than 7,500 claimants.
This establishes aminimum loss of about $417 million, but only covers a portion of the totd
damage. In creating the reanalyzed data set, we chose to use the geometric mean of the
minimum and maximum estimates, producing a damage estimate of $650 million.

After NWS reports on flood damage were discontinued in 1980, Storm Data became the
primary source of flood damage estimates (see Section 2). From 1980 until about 1984, the
accuracy of available esimatesislimited by Storm Data reporting procedures. At that time,
NWS field offices reported damage estimates by checking categories on the following
logarithmic scae
Lessthan $50
$50 to $500
$500 to $5,000
$5,000 to $50,000
$50,000 to $500,000
$500,000 to $5 million
$5 million to $50 million
$50 million to $500 million
$500 million to $5 hillion
Such estimates indicated only the order of magnitude of the damage (e.g. roughly a $100,000
flood, a$1 million flood, a$10 million flood). Occasionaly, more specific damage estimates
wereincluded in narrétive descriptions of aflood event.

O©oo~NOoOUTh, WN PP

To add a st of these categoricd estimates, each category must be assigned a point value.
Proportiond errors are minimized by using the geometric mean of a category’ s end points. That
is, category k isfrom $0.5 x 10 to $5 x 10% (when k > 1), so the best estimateis

(2.5)%° x 10% = 1.58 x 10%.

However, the individual estimates could bein error by more than a factor of 3. For example, an
event with damage originaly estimated anywhere between $500,000 and $5 million would be

entered into the data set as damage of $1.58 million. Thisis about 3 times higher than an

estimate at the low end of the range, and about 1/3 of an estimate at the high end of the range.

Errors associated with these logarithmic categories are of concern primarily in the 1980—
1984 flood damage estimates. By 1985, it appears that NWS-HIC had ingdtituted some follow-up
checking and refinement of the estimates, at least for mgor floods. Use of logarithmic
categoriesin Storm Data was discontinued in 1995. Since then, one- or two-digit estimates have
been given in thousands or millions of dollars (e.g. $60K or $3.2M).
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D. Inadequate Estimation M ethods

Potentidly the most serious source of inaccuracy is the ad hoc gpproach to obtaining
damage estimates from each NWS field office (described in Section 2). The estimates are
collected by staff members who have little or no training in damage estimation and who rely on
diverse sources. Estimation methods used by their sources are unknown, and compl eteness of
coverage varies. Edtimates are usualy obtained within 2 months after aflood event and are not
compared by the NWS with records of actua damage.

I ncomplete reports and omissions

A date emergency management officid (Kay Phillips, Ohio Emergency Management
Agency, persond communication, 7/25/00) complains that the NWS calls her asking for a
damage estimate within afew weeks after adisaster. At that time, the extent of damageis
unknown and emergency managers are scurrying to respond to immediate needs. They have
some knowledge of lossesto individuds, but little knowledge of damage to infrastructure, which
makes up alarge part of total losses. Thus, in her opinion, early loss estimates tend to be much
too low in relation to fina tabulations.

An example of underestimation is the NWS damage estimate for California flooding
associated with Hurricane Kathleen in 1976. The NWS dataset (which had not been fully
updated because annua summaries were discontinued that year) gave a damage estimate of $42
million, whereas estimates in subsequent published reports (e.g., Montane 1999) are 3 to 4 times
higher.

Errors of omisson occur when asignificant flood event is overlooked entirely. For
example, flash floods in Cdiforniain July 1979 caused damage estimated at $26-50 million
(Montane 1999), but the NWS dataset reported no damage.

Potential biases

A substantid bias toward underestimation is expected due to incomplete reporting and
omission of some floods. However, we hypothesi ze that some damage estimates provided to the
NWS field offices might be biased upward if, for example, losses were exaggerated to improve
chances of getting Sate or federd assistance. Accuracy and biasin early damage estimates are
examined in Section 5.
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5. ACCURACY OF DAMAGE ESTIMATES

In generd, estimates of damage contain a high degree of uncertainty. Idedly, estimation
errors would be measured by systematically comparing estimates with actua costs, which often
are not known until long after aflood event. Unfortunately, actua cost data are seldom collected
in aform that can be compared with estimates made a the time of the flood. This section
examines the accuracy of flood damage estimates in two ways: (1) by comparing estimates with
actua cogtsin one large flood disaster, and (2) by comparing pairs of estimates from different
sources for many flood events.

A. Errorsin Early Damage Estimates

NWS flood damage estimates are usualy compiled within three months after aflood
event, long before the actua costs can be known. Until recently, even in serious disasters, actua
tota damage costs were not systematicaly compiled by any agency. There was no way of
checking the accuracy, or even the reasonableness, of most damage estimates.

In recent years, however, FEMA has systematically collected cost data for the programs
it administers— admittedly only afraction of total disaster costs. Beginning in 1992, FEMA
ingtituted a computerized system for recording and tracking applications for federd assstancein
presidentiadly declared disasters. State and county governments have gradualy developed the
cagpabilitiesto link to this sysem. The damage estimates submitted by locd officiadsto FEMA
probably represent the best available early estimates under disaster conditions. A team visits
each damage Ste to view the extent of losses and make preiminary estimates. Thus, in some
disasters and some jurisdictions, it is now possble to sysematicaly compare early damage
edimates with actua costs. Datafrom FEMA'’s Public Assstance Program are particularly
gppropriate for our purposes because alarge portion of the losses involve physical damage to
property. Public assistance covers damage to public facilities such as roads and bridges, schools,
government buildings, and nonprofit agencies.

In the aftermath of anaturd disaster, damage information is assembled according to
guidelines established by FEMA. The following stages are described by FEMA (1998) and
Michadl Sabbaghian' of the Cdifornia Office of Emergency Services (OES) (persona
communication 8/30/00).

(1) Initid Damage Estimate (IDE): Locd officids provide estimates of physica damage
based on early reports and descriptions, without necessarily vidting the damage Sites.

(2) Prdliminary Damage Assessment (PDA): A team including local, state, and FEMA
officids vigts the damage sites to do a“windshield estimate,” perhaps viewing the sites
from acar window or walking around. The PDA estimates are used to decide whether
federal assstanceis needed. If so, they are submitted to FEMA as part of the governor's
request for a presidentia disaster declaration.

"Michael Sabbaghian, Deputy Public Assistance Officer for the California OES, manages disaster recovery activities
for infrastructure and is responsible for grant management. He explained the process for estimating and recording
lossesin presidentially declared disasters. He also provided the damage estimates and cost data for the 1998
California El Nifio disaster, which isused in this section.
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(3) Damage Survey Report (DSR): Applicants submit requests for public assistance with
detailed worksheets estimating the cost of repairs. FEMA or the state perform inspections
(physicd surveys) for each large project and “ verify documentation on a portion of the
smal projects’ (FEMA 1998). The DSR isused to obligate federal and state disaster
assstance funds. The DSR obligations change as bids are received to accomplish the
repair work, and computer records are updated accordingly.

(4) Actud Codt: Find total costs when al projects are completed and the DSR is closed. For
large disasters, closure might not occur until 4 to 5 years after the disaster event.

Descriptions of the NWS procedures for obtaining flood damage estimates suggest thet,
in most cases, the estimates have been quditatively smilar to the IDE and certainly no better
than the PDA. Indeed, NWSfidd offices obtain some of their estimates from FEMA'’s survey
teams (Section 2). Only in the largest floods (notably, the widespread flooding of the upper
Missssppi bagn in 1993) have extensive efforts been made to update the damage estimates over
an extended period.

Therefore, to estimate the errorsin early damage estimates that can be expected under
good conditions (that is, from officias who have systematicdly viewed the damage), we use
FEMA records from arecent flood disaster as acase sudy. In February 1998, winter slorms
with heavy rains led to widespread flooding in Cdifornia. The president declared a mgjor
disaster in 41 counties, designated the “ 1998 Cdlifornia El Nifio” disaster (FEMA-1203-DR).
Table 5-1 shows the IDE and PDA estimates for each county under the public assistance
program. It aso shows the funds that had been obligated in the FEMA database as of June 1,
2001. Although the DSR has not been closed at the time of thiswriting, it is expected that nearly
al costs have been obligated; therefore we will tregt these figures as the “actua cogs”

The bottom line of Table 5-1 shows that totd public assstance costs in the state were
approximately $316 million. The PDA underestimated the totd costs by only 6% ($19 million).
Because no | DE was provided for severd counties, the total IDE of $240 million should be
compared with the totd actud cost of $279 million from the matching 33 table entries. On that
basis, the IDE underestimated total costs by about 14% ($39 million).

Edtimates for andler units (individua counties and the “ state agencies’ category) are
much less accurate, however. Errorsin the IDE are particularly large, ranging from
underestimation by $26 million (82%6) in Los Angeles County to overestimation by $20 million
(316%) in San Benito County. Inthe PDA, errors range from underestimation by $16 million
(52%) in the State agencies category to overestimation by $23 million (304%) in San Bernardino
County.
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Table5-1. California 1998 El Nifio Disaster: Estimated and actual public assistance costs, in thousands of
current dollars.

Act ual | DE PDA

Count y Cost Pr op. of Pr op. of
(By 6/1/01) Estimate Act ual Esti mat e Act ual

St at e Agenci es 30091 7129 0. 24 14497 0. 48
Al aneda 18471 12971 0.70 8176 0.44
Amador 258 235 0.91 176 0. 68
Butte 1726 665 0. 39 706 0.41
Cal aver as 131 - - - - 162 1.24
Col usa 4652 25000 5. 37 1829 0. 39
Contra Costa 5631 3885 0. 69 4760 0. 85
Del Norte 271 -- -- 461 1.70
Fresno 1701 820 0.48 1052 0.62
G enn 3802 21250 5.59 9884 2.60
Hunmbol dt 7748 1049 0.14 1753 0.23
Kern 12312 -- -- 10306 0. 84
Lake 1889 1395 0.74 3044 1.61
Los Angel es 31229 5660 0.18 35516 1.14
Mar i n 6449 3319 0.51 5447 0. 84
Mendoci no 2836 4259 1.50 3846 1.36
Mer ced 2327 490 0.21 734 0. 32
Mont er ey 26182 20181 0.77 11822 0. 45
Napa 468 720 1.54 448 0. 96
Or ange 12617 3992 0.32 16720 1.33
Ri versi de 3130 - - - - 5964 1.91
Sacrament o 2366 -~ -~ 3066 1.30
San Benito 6455 26870 4.16 10595 1.64
San Ber nardi no 7525 -- -- 30429 4.04
San Di ego 6977 - - - - 9180 1.32
San Franci sco 3859 12300 3.19 3703 0. 96
San Joaqui n 2657 655 0. 25 3155 1.19
San Luis Obispo 4006 772 0.19 4915 1.23
San Mat eo 21951 16110 0.73 26328 1.20
Sant a Barbara 15816 75 0. 00 12954 0.82
Santa Clara 13638 9846 0.72 13310 0.98
Santa Cruz 12459 13673 1.10 6320 0.51
Sol ano 3346 3628 1.08 8564 2.56
Sononma 11779 11180 0. 95 4127 0. 35
St ani sl aus 2122 - - - - 909 0. 43
Sutter 1039 1582 1.52 758 0.73
Tehama 881 20000 22.70 616 0.70
Trinity 1091 1970 1.81 975 0. 89
Tul are 2149 -- -- 919 0.43
Vent ur a 20391 3302 0.16 14350 0.70
Yol o 909 4321 4.75 4484 4.93
Yuba 592 196 0.33 249 0.42
Tot al 315929 239500 0. 86* 297204 0.94

* Proportion of actual cost ($279 million) of cases with an |DE
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Hgures 5-1(a,b) show scatterplots of (a) the IDE vs. actual costs and (b) the PDA vs.
actua costs. Logarithmic scaes are used on the axes to highlight proportiond differences
between estimates and actua costs. The solid diagond line represents perfect agreement. Data
points outside of the two dashed lines are cases in which the estimate differs from the actud
costs by more than afactor of two. Clearly the IDE isless accurate than the PDA: the points are
much more scattered. (Correlations between the logs of estimates and actua costsarer = 0.46
for the IDE and 0.88 for the PDA.)

Sincethe Initid Damage Estimates are based on rather superficid damage descriptions, it
is not surprising thet large errors are the norm: Over half of the IDEs (18 out of 33) are off by at
least afactor of two, and 13 of them are off by more than afactor of four. Asa percentage of
the actud cogts, the IDE errors can be enormous, ranging from a 99.5% underestimate in Santa
Barbara County to a 2170% overestimate in Tehama County. The Prdiminary Damage
Assessments are somewhat better, yet over one-third (15 out of 42) are off by at least afactor of
two and 3 of them are off by more than afactor of four. The PDA errorsrange from a77%
underestimate in Humboldt County to a 393% overestimate in Y olo County.

The population of some California counties exceeds that of many small states. So
edimation errorsin the larger counties are indicative of the error levels to be expected in many
sates. For example, Los Angdes County, with a 1990 population of 8.9 million, islarger than
42 of the states. Table 5-1 showsthat, in this disaster, the IDE underestimated actuad costs by
82%.

To check for systematic bias in these early damage estimates, we used a Satisticd paired-
comparison test. A systematic tendency to under estimate might be expected if some types of
damage cannot be observed without careful ingpection. On the other hand, we wondered if there
might be atendency for locd officids to over estimate damage in order to increase the chance of
being considered for federd aid. The IDE and PDA estimates were compared with actual costs,
asfollows

Let g = estimated damage, a = actud cost. We wish to test the null hypothesis that the
geometric mean of e/ = 1. Thisisequivaent to the hypothesisthat mean[log(e) - log(a)] = O.
We tested the hypothesistwice, firdt letting g represent the IDE vauesin Table 5-1 (N = 33),
then letting g represent the PDA vaues (N = 42). A t-test is appropriate, even in these amal
samples, because the sample vaues log(e) — log(a) are approximately normaly distributed.  For
the IDE, t =—1.27, and for the PDA, t = —1.10, neither of which is datidicdly sgnificant a a
95% confidence level. Though there may be a tendency to underestimate the amount of damage,
the biasis not Satitically sgnificant.

In summary, this example indicates that positive and negative estimation errors tend to
average out when estimates are highly aggregeted in alarge flood event (over $300 million
damage in 1998 dollars, in thiscase). Theinitia rough estimates (IDE) tended to underestimate
actual damage and the more careful PDA estimates were reasonably accurate. It shows,
however, that in smdler flood events ($30 million damage or lessin 1998 dallars), which
involve substantialy less aggregation, the errors can be extremely large. Half of the PDA
eslimates
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Flood Damage Estimates in California 1998 El Nino Disaster
(millions of dollars)

Initial Damage Estimate (IDE)
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Figure5-1. Estimated flood damage in California countiesin the 1998 El Nifio disaster,
compared with actual costsasof June 1, 2001: (@) Initial Damage Estimate.
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Flood Damage Estimates in California 1998 El Nino Disaster
(millions of dollars)

Preliminary Damage Assessment (PDA)
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Actual Costs, as of 6—1—01

Figure5-1, continued. (b) Preliminary Damage Assessment.
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were in error by more than afactor of 1.5; and hdf of the IDEs werein error by more than a
factor of 2 (with many off by more than afactor of 4).

Given the methods used by NWS field offices to obtain flood damage estimates (described
in Section 2), it is unlikely that the NWS estimates are much better than the IDEs examined here.
Thus, when an annud flood damage estimate for a stateis less than about $30 million, one
should not expect the NWS estimate to depict actua losses accurately. However, the above
andysis does not indicate systematic biasin the individua estimates, and errors tend to average
out when the estimates are summed.

From the above results, we conclude that aggregation of many damage estimatesin
floods that have caused high levels of damage ($300 million or more in 1998 dollars) provides
reasonably good estimates of tota damage. However, estimates a alow level of aggregation
($30 million or less) often arein error by factors of 2 or more. Such smal estimates should be
used with great caution: Direct comparisons of individual estimates are likely to be mideading.

B. Comparison of Damage Estimates from NWS and States

Appropriate data are not available for comparing NWS estimates with actua flood
damage costs. However, comparable estimates are available from independent state sourcesto
do an assessment of typica etimation variability.

Every state in the U.S. has an emergency management agency. In July 2000, we wrote to
the head of the emergency management agency in each state asking for historical data on flood
damagein their sate. The letter was followed by a phone cal to the appropriate administrator if
aresponse was not received within three weeks. Twenty-one states responded?, but many of
them could provide damage information only after 1990 and only related to losses covered by
FEMA. Five states either had published historica summaries of flood damage or were able to
compile flood damage estimates from their files covering a least 20 years which were based on
criteriasmilar to those used by the NWS.

(1) Cdifornia: A report (Montane 1999) describes disasters from 1950 through 1998
including for each disaster a brief description, generd location, estimated damage,
number of deaths, and whether a presidential disaster declaration wasissued. We
selected the disasters that involved flood, heavy rainfdl, or severe sormsfor this
comparison.

(2) Colorado: The gtate has formally collected flood data since 1937. A report (McLaughlin
Water Engineers, Ltd. 1998) summarizes flood history and provides damage estimates for
magjor floods since 1864.

(3) Michigan: A report (Michigan Dept. of State Police 1999) summarizes the 14 floods
during 19751998 that resulted in a disaster declaration by ether the governor or the
presdent. Damage estimates are given for al of the floods that received a presidentia
declaration and four that recelved only a gubernatoriad declaration.

(@) Virginia Damage estimatesin presidentialy-declared flood disasters during 1977-1999
were provided by Michadl Cline, State Coordinator of the Virginia Dept. of Emergency

%States that responded were AL, CA, CO, FL, GA, HI, IL, IN, LA, MA, MI, MN, MO, OH, OR, SC, TX, VA, WA,
WV, WY.
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Services (personal communication 2000).

(5) Wisconan: One report on the 1993 Midwest flood summarizes flood losses in Wisconsin
from 1973 through 1992 (FEMA 1993), and another report provides loss estimates for the
1993 flood (Wisconsin Dept. of Natural Resources 1993).

In the state reports, the loss estimates are provided for each mgor flood event, sometimes
with two or more events occurring in agiven year. To match the annua loss estimates provided
by NWS-HIC, we added up the flood losses in each state for each year, using caendar years
during 1955-1982 and fiscd years (Oct—Sep) during 1983-1998 to match the time periods used
inthe NWS estimates.®> Our comparison covers atotal of 155 yearsin the 5 states: 44 years each
in Cdiforniaand Colorado (1955-1998), 24 yearsin Michigan (1975-1998), 22 yearsin
Virginia (1977-1998), and 21 years in Wisconsin (1973-1993).

Of course, the State estimates are subject to the same types of error asthe NWS estimates
— neither isassumed a priori to be more accurate. Theintent of this section isto investigete
large discrepancies between estimates from different sources in order to understand how
estimates of the same event vary and to determine whether some floods are overlooked. 1n the
following andlys's, dl loss estimates are reported in inflationadjusted 1995 dollars.

When estimates are very low or missing

Table 5-2 provides a comparison of the estimates in al 155 years, with cases dong the
diagona (from upper-|eft to lower-right) showing the closest agreement. An obvious difference
between the NWS and date estimates is in the amount of missing data— aresult of different
purposes of the data. NWS flood loss estimates are collected every year, with rdatively smal
losses included; hence, estimates are missing or zero in only 28 years and are below $5 millionin
56 years. In contrast, the state reports focus on more serious floods, so years of relatively low
flood loss are not included. The states did not report losses in 91 cases, and included losses
below $5 millionin only 6 cases.* The threshold for reporting appears to be somewhat higher in
Cdifornia, where the lowest reported loss was $15 million.

We conclude that these five states do not attach great importance to floods that cause less
than $5 million in damage; therefore, annua losses below that threshold will be described as
“low” flood losses. Lumping the low and missing categories together, the NWS and states agree
that 78 (50%) of the 155 casesinvolved little or no flood damage. Disagreements arise,
however, when at least one estimate is above $5 million.

3Estimates for 1980-82 were included at this stage of the analysis. Californiaflood damagein Dec 1982 could be
attributed differently by the two sources because of the overlap in definition of calendar year 1982 and fiscal year
1983. The other four states did not report losses in Oct-Dec 1982.

“During 1955-98, Californiareported lossesin 26 years (59%), while Colorado reported lossesin only 13 years
(30%). The other three states reported losses in 33-41% of the years covered by their reports (8 yearsin Michigan, 9
yearsin Virginia, and 8 yearsin Wisconsin).
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Table5-2. Crosstabulation of flood damage estimates from the NWS and five states. Estimatesarein
millions of 1995 dollars.

NWS Egtimate
State Estimate Missing Est<5 S5<Est<50 50 < Est <500 500 < Est Total
(Low) (Moderate) (High) (Mgjor)

Missing 26 48 14 2 1 91

(59%)
Est<5 0 4 2 0 0 6
(Low) (4%)
5<Est<50 2 4 13 3 0 2
(Moderate) (14%)
50 < Est < 500 0 0 5 16 1 2
(High) (14%)
500 < Est 0 0 0 1 13 14
(Major) (9%)
Total 28 56 A 2 15 155

(18%) (36%) (22%) (14%) (10%)
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Disagreement #1. Sate estimate above $5 million, NWS estimate missing or low.
Cdifornia describes flood losses of $50 million in 1979 and $15 million in 1984, both yearsin
which the NWS provides no loss estimate. In addition, states claim moderate losses in four years
when the NWS esimate islow (< $5 million): Colorado 1969 and 1983 ($20 and $24 miillion,
respectively), Cdifornia 1972 ($29 million), and Virginia 1998 ($13 million). Because these
floods were cited as Sgnificant in the state reports, it seems likely that the damage was
considerably greater than the NWS estimates would indicate. The differences between estimates
range from afactor of 6 in the 1998 Virginia case to afactor of 169 in the 1983 Colorado case.

Out of 84 casesin which the NWS indicated flood losses were low or missing, 78 (93%)
were in reasonable agreement with the state reports; but 6 cases in which over $5 million damage
was claimed by a state were either overlooked entirely by the NWS or underestimated by alarge
factor.

Disagreement #2: NWS estimate above $5 million, state estimate missing or low. Thetop
row of Table 5-2 shows 17 cases, not mentioned in the state reports, in which the NWS indicates
flood losses over $5 million. In dl but one case, the NWS estimate is below $51 million. We
assume that some flood damage probably occurred, but the sate did not include it in their report.

Four of these cases are in Virginia and would have been omitted because they did not receive a
Presdentid disaster declaration. Excluding Virginia, the three largest NWS estimates are for
Cdifornia, where flood losses are generdly high and a $50 million loss might be considered
relatively unremarkable.

In one case, however, the NWS esimate is very high: $806 million in Michigan in 1981.
Thisis contradicted by Michigan's report (Michigan Dept. of State Police 1999), which ligts
eight floods since 1975 and describes the 1986 flood (with losses of about $400 million) asthe
most damaging, but makes no mention of aflood in 1981. This blatant error casts doubt on the
NWS estimates for 1980-1982, which were derived from broad damage categoriesin Siorm
Data, gpparently with little or no verification. (See dso Section 3 on 1980-1982 damage
esimates.)

Comparisons of estimates

For Cdifornia, Figures 5-2(a,b) show casesin which at least one estimate is greater than
$50 million. For the other states, Figures 5-2(c—f) show casesin which at least one eimate is
greater than $5 million. Visudly, the graphs are dominated by the mgor floods (over $500
million), where most of the disagreements appear to be rdatively smal (except for the erroneous
estimate we have dready noted for Michigan in 1981). At the moderate-to-high damage levels
($5-500 million), however, some differences are proportionately large. For example, estimates
differ by more than afactor of two in Cdiforniain 1965, 1973, 1976 and 1993, Colorado in 1984
and 1995, Michigan in 1982 and 1998, Virginiain 1979, 1984, 1992 and 1996, and Wisconsin in
1973, 1978, 1980 and 1986.
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Figure 5-2. Comparison of National Weather Service flood damage estimates with
estimates obtained from five states: (a) California, 1955-1977.
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Figure 5-2, continued. (b) California, 1978-1998.
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Figure 5-2, continued. (c) Colorado, 1955-1998.
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Figure 5-2, continued. (d) Michigan, 1975-1998.
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Figure 5-2, continued. (e) Virginia, 1977-1998.
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Figure 5-2, continued. (f) Wisconsin, 1973-1993.



Figure 5-3 is a scatterplot of al casesthat have estimates from both NWS and the state.
Logarithmic scales are used on the axes to highlight proportiond differences in the estimates.
The solid diagond line represents perfect agreement between the estimates. Data points outside
of the two dashed lines are cases in which the estimates differ by more than afactor of two.
Seventeen cases are above the upper dashed line, representing state estimates more than twice as
large asthe NWS estimate. Six cases are below the lower dashed line, with NWS estimates
more than twice as large as the state estimate.

The closest agreement between state and NWS estimates occurred in floods involving
magjor damage (over $500 million). At the other extreme, the largest proportiond disagreements
(cases farthest outside the dashed lines) occurred when both sources indicated that flood damage
was low or moderate (under $50 million).

From the standpoint of the NWS estimates, when the NWS damage estimate was.
(1) moderate ($5-50 million), then 55% of state estimates differed by afactor of 2 or more;
(2) high ($50-500 million), then 30% of Sate estimates differed by afactor of 2 or more;
(3) maor (over $500 million), then none of the differences exceeded a factor of 1.4.

There are many plausible explanations why agreement might improve astotd damage
increases. Fird, the crisis of amgor flood spurs studies by numerous agencies. Collection of
damage information is more likely to be systematic and complete in amgor flood thanina
gmdler one. Second, agencies are more likely to share information about mgjor floods (which
would lead to increased agreement, but does not guarantee greeter accuracy). In smaller floods,
on the other hand, collection of damage information islikdly to be haphazard and thereisless
interest in checking and correcting early damage estimates. Third, the damagein large floodsis
aggregated from many individual damage estimates so that random errors tend to cancel out.
Smadl floods involve less aggregation and, hence, rdatively larger errors.

C. Accuracy: Summary and Conclusons

The following conclusions are drawn from the andlysis of accuracy and consistency
presented in Sections 4 and 5.

1. The collection and processing of flood damage data by the NWS has been reasonably
consistent from 1934 to the present, except during the period 1976-1982. Errors are probably
somewhat larger in thefirst few years after data collection resumed in 1983.

Data from NWSfiles and other sources made it possible to reconstruct state and national
flood damage estimates for 1976-1979. However, little data was collected during 1980-1982
and large errors were discovered in estimates devel oped later for that period. Asaresult, the
years 19801982 have been excluded from the reandyzed data sets. Annua compilation of
damage estimates resumed in 1983, but depended mainly on information from Storm Datain the
fird few years. Particularly in 1983-1984, omissions are more likely and estimates probably
contain somewhat larger errors because of the use of damage categories.
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Figure5-3. Scatterplot of National Weather Service flood damage estimates ver sus
estimates obtained from five states, in millions of 1995 dollars.
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2. Individual damage estimates for small floods or for local jurisdictions within a larger
flood area tend to be extremely inaccurate.

It israre to have actua cost datato compare with damage estimates. The above analyss
of one large flood disaster indicates that, in cases where actud cogts are less than $30 million, a
large proportion of estimates are off by at least afactor of two and sometimes much more. When
damage in a gate is estimated to be less than $50 million, estimates from NWS and other sources
frequently disagree by more than a factor of two.

3. Damage estimates become more accurate at higher levels of aggregation. Thus NWS
estimates totaled over large geographic areas or many years are likely to be fairly reliable
(within about a 50% margin of error).

Errors tend to average out, aslong as the locd estimates are not systematicaly biased.
For example, the sum of estimates from many countiesin alarge flood area are found to be quite
closeto the actud total costs for the areaas awhole. When damage in a dtate is estimated to be
greater than $500 million, disagreement between estimates from NWS and other sources are
relatively smal (40% or less). Therelatively close agreement between NWS and state estimates
in years with mgor damage is reassuring, Snce the most costly floods are of greatest concern
and make up alarge proportion of tota flood damage.

4. Floods causing moderate damage are occasionally omitted, or their damage greatly
under estimated, in the NWS data sets.

When discrepancies between NWS and state estimates are large, most often the state
edimate is the higher one. Occasonaly, NWS estimates are missing for floods in which the
state claims as much as $50 million damage. Such omissons would have little effect on netiona
totd damage estimates. However, they might be important in anayses of damaging floods at the
date or river basin level. Researchers studying flood damage in states or river basins should be
aware that the NWS estimates occasionaly overlook some localy significant damage.
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6. DEALING WITH DATA OMISSIONS AND INCONSISTENCIES

Used appropriately, reanayzed NWS damage estimates can provide vauable information
about higtorical flood damagein the U.S. But users should be avare of the deficienciesin the
damage data sets and choose methods of analysis that guard againgt mideading results.
Omissons and inconsstencies are of particular concern if they introduce systematic biasesin the
damage estimates that might distort comparisons of flood damage between different time periods
or locations. This chapter examines frequency didtributions of state damage estimates to
evauate the impact of omissons and inconsistencies and to suggest appropriate methods of
andyds.

A. Frequency of Damaging Floods at the State L evel

Few gtates report flood damage every year; indeed, many states experience damaging
floods rather infrequently. In studying the flood damage history of a state or region, it is of
interest to know how often damaging floods occur. However, the lack of a damage estimate does
not necessarily imply zero flood damage because reporting of dollar damages, particularly in
amall flood events, is somewhat unreliable. To assure consistent comparisons across different
times and locations, it would be helpful to know what levels of damage have been reported fairly
conggently.

The NWS defines its flood damage data as “1oss estimates for sgnificant flooding events’
(NWS-HIC 2001). Hoodsthat cause desths or extensive damage have alway's received the most
attention, but the records do not indicate any forma criteria on which floods to include. When
smdl estimates are submitted, NWS-HIC has usudly included them in the damage totals. (An
exception occurred during 1993-1998, when loca damage estimates below $50,000 were not
entered in the flood damage database.) However, field office reports often mention damage
without providing dollar estimates. When pressed for a definition of which floods are
“dgnificant” enough that intensve efforts are made to obtain complete estimates, NWS-HIC
Director Frank Richards offered arough guiddine of &t least $1 million in losses (persond
communication, 6/27/01). This appliesto NWS practice since 1990, but earlier guiddines, if
used, are unknown.

Frequency digtributions of state flood damage estimates suggest that floods with total Sate
damage less than $100,000 (in 1995 dollars) have often gone unreported, and those under $1
million aso have sometimes been omitted. Figure 6-1 shows the ditribution of al state flood
damage estimates in recent years (1983-1999) and in an earlier period (1955-1978). Estimates
were missing nearly 30% of thetimein the earlier period, and only 16% of the time in recent
years. Thiscould imply ether fewer damaging floods or different reporting Sandardsin the
earlier period — perhaps both. Because the early period had a high frequency of flood damage
over $1 million, it isunlikely that the incidence of damage less than $1 million was as small as
the digtribution suggests. It islikely that lower level damages were not consistently reported
before 1980.



Frequency Distribution of Annual State Damages
During Two Periods

Percent of Years in Period

Sﬂ.
25 -
20
5

10

R

Missing To 0.1 0.1-1.0 1—=10 10—-100 100—1000 > 1000 (millions)
Period 195578 N 1983-—-99

Figure6-1. Frequency distributions of annual state flood damages (1995 dollars), 1955—
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For determining the frequency of damaging floods, we recommend establishing a threshold
above which damage estimates are expected to be provided consistently. In our analysis we have
chosen to use the frequency of inflation-adjusted state flood damage estimates above $1 million.

B. Magnitude of Damages

Individua states differ greatly, both in flood frequency and in the magnitude of damagein
a“typicd” flood event. Figure 6-2 shows, for each dtate, the estimated total damage during the
years 1955-1978 and 1983-1999, as well as the damage in the worst flood year. A few states
have had many mgor floods (e.g. Cdifornia, Texas). Many others have suffered most of their
totd damagein just one or two mgor flood events (including Pennsylvania and lowa, among the
worst in totd damage). Many states had no yearly damage greater than $500 million in this
period, and there are 10 states whose totd damage for the entire 41-year period isless than $500
million.

These state comparisons do not include 1979 damage estimates because some estimates for
that year are available only for large regions, not for individua states (see Section 3). Estimates
of 1979 damage are available for many sates, however, and are useful to illustrate how rankings
of states by total damage can differ depending on the time period covered. For example, 1979
flood damage in Texas was $3.76 billion — subgtantialy greater than in any of the years
included in Figure 6-2. Texas would move from 6" to 3" place in the rankings if 1979 were
included.

The frequency digtributions of flood damage in each state give another perspective on past
flood vulnerability. Table 6-1 shows how dates differ in both frequency and severity of
damaging floods during 1955-1978 and 1983-1999. The states are ordered by their median
annua flood damage based on al 41 years, including years with no reported damage. The
number of missing, very low (< $1 million) and relatively high (> $100 million) damage
estimates are shown to indicate both frequency and relative magnitudes of flood damage. Three
“higorical vulnerability categories’ can be loosdly defined to illudtrate the differences between
gates. (Although the worst flood, indicated by maximum damage, is shown for each Sate, it is
not congdered in defining historica categories.)

(1) Low vulnerability: Floods are relatively infrequent, and damage is less than about $2
million in the majority of years (1995$). Includes New England states, some mid-Atlantic
coastal states, low-population states in the arid west, plus Hawaii and Alaska. Damage rardly
exceeds $100 million. (Frequency distributions of flood damage in Maine and New Mexico are
surprisingly similar, despite their geographic differences))

(2) Medium vulnerability: Damaging floods occur in most years, and median damageisin
approximately the $2 — 8 million range (1995%). Includes most states in the southeast, the lower
Mississppi basin, and the Pacific northwest. Most of these states have few instances of flood
damage over $100 million. (Louisanais anotable exception.)

(3) High vulnerability: Damaging floods occur in most years, and damage exceeds about
$8 million in the majority of years (1995%). Includes states in the upper Mississippi, Missouri,
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Figure 6-2. Statesranked by estimated total damage during 1955-1978 and 1983-1999.



Table6-1. Comparison of Damage Estimates by State, 1955-1978 and 1983-1999. States are ordered by
increasing median damage. Missing estimates are treated as zero; all estimates are in millions of 1995

dollars.
Median
Damage Maximum Yearswith Yearswith Yearswith

State Region (al years) Damage* no estimate O<est#1.0 est > 100.

Rhode Island New England 0.00 143 33 5 1
Delaware 0.00 7 32 1 (0
M assachusetts New England 0.00 774 25 5 2
New Hampshire New England 0.00 56 23 g (0
Hawaii 0.00 44 23 2 (0
Connecticut New England 0.00 1881 pal g 2
\Vermont New England 0.00 1% 20 9 1
'Wyoming Arid West 0.05 53 17| 14 (0
Maine New England 0.06 77 20 3 0
New Jersey 0.06 749] 18 5 8
Alaska (29 yr) 0.07 383 14 4 1
Maryland & DC 0.14 681 15 14 1
Nevada Arid West 0.14 616 13 12 1
Michigan 0.21 528 17, 11 3
N. Dakota N. Central 041 3280 14 9 4
S. Dakota N. Central 0.5 796 10 13 4
Colorado Arid West 0.57 1866 11 10 4
S. Carolina 0.66 40| 5 18 0
New Mexico Arid West 0.73 A 16 6 0
Utah Arid West 0.84 712 7 14 2
Montana Arid West 104 229| 10 10 1
Idaho 121 1507 9 10 2
\Wisconsin 1.6] A3 11 8 4
Georgia Southeast 184 307 5 7 3
\Virginia 191 1042 9 9 g
Arizona Arid West 2.27 306 7] 9 4
Minnesota 240 1006 4 12 7

a7




Florida Southeast 248 410|| 6 5
N. Carolina 3.9 2919] 5 3
Oregon Pacific NW 4.04 3143 2 4
\Washington Pacific NW 4.32 363 5 3
L ouisiana Lower Miss. 5.60 3097 7] 10
Tennessee Southeast 6.01 193 2 1
Alabama Southeast 6.10 351 4 3
IArkansas Lower Miss. 6.87 712 2 4
M i ssi ssippi Lower Miss. 8.07 1157 1 4
\W. Virginia Ohio R. 8.60 782 1 5
Kansas Central 8.61 575 3 g
Oklahoma Central 8.97 1045 4 5
Pennsylvania 10.39 8590 3 g
Nebraska Upper Miss. 13.89 307 4 4
New Y ork 14.60 2305 7 g
[llinois Upper Miss. 15.31 2754 1 8
lowa Upper Miss. 17.18 5987 4 9
Kentucky Ohio R. 17.67 453 1 7
Indiana Ohio R. 1929 310| 0 3
Ohio Ohio R. 22.06 313 3 4
Missouri Upper Miss. 2542 3577 0 12
Cdifornia 45.64 2007 3 13
Texas 77.44 691 1 14

* Estimates of maximum damage can be misleading. For example, in Idaho the maximum was caused by failure of
the Teton Dam in 1976; the worst damage directly from precipitation and streamflow is estimated at $120 million.
In Texas, the maximum appears small but much greater damage occurred in ayear not covered by thistable ($3.76
billionin 1979).



and Ohio bagins, parts of the mid-Atlantic region, Cdiforniaand Texas. Flood damage over
$100 million occurs relaively frequently, especidly in Missouri, California, and Texas.

Perception of flood damage in a date is influenced by hitorical experience. A date's
median damage can be taken as the expectation of the flood damage threet in a*“typica” year, its
maximum dameage as the public view of a“mgor flood”. These categories are useful in
describing how gtate perspectives on flood damage might differ. Although some statesin each
category have experienced massive flood damage (over, say, $1 billion), such damage occurs
most frequently in the high vulnerability category.

One might expect that reporting of flood damage by NWSfidd offices would be
influenced by the flood history of an area. In low vulnerability states, floods causing over $1
million damage are notable events and seem unlikely to go unreported. Conversdly, in high
vulnerability states, damage of $5 million or more occurs frequently so smadler damages might
seem unremarkable and be easily ignored.

However, the analysisin Section 5 indicates that these expectations are fase. In
Cdifornia, ahigh vulnerability sate, the NWS often reports damage under $5 million, but no
NWS estimates were provided in two years when the state claimed substantial damage (1979 and
1984).> Likewisein Colorado, alow vulnerability state, damage of $24 million went virtualy
unreported in 1983 (the NWS estimate is $140,000). From these examples and othersin Section
5, we conclude that omissions of estimates in the $5 — 25 miillion range in the NWS data sets are
not sysematicaly related to the Sze of agtate or itstypica damage levd; rather, the omissions
can be consdered random incons stencies in data collection operations.

C. Implicationsfor Analysisof State Damages

Staestypica of the three vulnerability categories are shown in Figures 6-3(a—) and Table
6-2. Cdiforniarepresents the high vulnerability states, Alabama the medium vulnerability Sates,
and Maine the low vulnerability dates. In dl three states, damage totals for the full 41 year
period (Table 6-2) would be affected little by occasond omisson of damage under $1 million.
Indeed, Cdifornia and Alabamatotals would be affected little by afew $25 million omissions.
But in Maine, a $25 million flood is rdaively large, representing over 10% of totd damage. Its
omission could greetly influence the result of, say, acomparison of damages during two time
periods. Furthermore, since floodsin Maine involve reatively low damage thereisless
aggregation of damage estimates, therefore less tendency for errors to average out.

For low vulnerability regions, we recommend spatia aggregation to reduce the impact of
errorsand omissons.  Severd contiguous regiona groupings of states with smilar frequency
digributions are suggested in the second column of Table 6-1. For example, estimates of
damage in New England are expected to be more reliable than estimates of damagein Maine.
Other groupings might be gppropriate depending on the purpose of a particular andyss.

® The largest known omission— of $50 million damagein Californiain 1979 — occurred when NWS data
collection had been seriously curtailed. It has been corrected in the revised data sets that we provide.
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Table6-2. Levelsof annual state flood damage in three states, during all years, 1955-1978 and 1983-1999.

Annual State Flood

Flood Damage Estimates (Millions of 1995 dollars)

Cdifornia
(High Vulnerability)

Alabama
(Medium Vulnerability)

Maine
(Low Vulnerability)

Damage Level Sumof Damages Sum of Damages Sum of Damages

Over $1 hillion 3 50084 (47.4%) 0 — 0 —
$100— 1,000 million 10 48738 (46.1%) 3 601.86 (59.6%) 0 —
$10— 100 million 14 657.9 (6.2%) 13 332.89 (33.0%) 5 167.66 (72.3%)
$1— 10 million 7 224 (0.2%) 17 7281 (7.2%) 13 63.25 (27.3%)
$0.1— 1 million 2 11 (0.0%) 4 182 (0.2%) 2 0.81 (0.3%)
$0.1 million or less 2 01 (0.0%) 0 — 1 0.06 (0.0%)
Missing 3 — 4 — 20 —

Totals 41 10,563.7 (100.0%) 41 1,000.38 (100.0%) 41 231.78 (100.0%)
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Figure6-3. Historical flood damage in statesrepresenting different levels of vulnerability:
(@) High vulner ability, California.
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Figure 6-3, continued. (b) Medium vulnerability, Alabama.
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D. Recommendations

In summary, the following two procedures are recommended to reduce the impact of errors
and omissions in the NWS state damage estimates.

1. To determine the frequency of damaging floods in a Sate, establish athreshold above
which damage estimates are consistently provided and report the number of floods that have
exceeded the threshold. Our andlyss indicates that reporting of state flood damages grester than
$1 million (in 1995 dallars) has been reasonably consistent since 1955, dthough state damages
in the $1 — 50 million range prior to 1990 occasondly went unreported.

2. To reduce the impact of errors and omissons in the estimates, increase the level of
aggregation; this can be done either by (a) using total damages in a state or Sates over an
extended period of years, or (b) computing damages for multi- Sate regions rather than using
individud dates. Thisisespecialy important for satigtica andysis of low vulnerability Sates.



7. USE AND INTERPRETATION OF NWSFLOOD DAMAGE DATA

“Edtimate’ isthe key word for describing the NWS flood damage data. They do not
represent an accurate accounting of actual cogts, nor do they include al of the losses that might
be attributable to flooding. Rather, they are rough estimates of direct physical damage to
property, crops, and public infrastructure. Damage estimates for individual flood events are
often quite inaccurate, but as estimates from many events are added together the errors become
proportionately smdler.

These findings suggest that, at the nationd level, annua damage totds are reasonably
accurate because they are sums of damage estimates from many flood events. Flood damage
occurs every year, and the frequency distribution of nationa dameges during 1934-1999
approximates alog normal distribution. Therefore, the nationa data can be andyzed using
conventiona parametric gatigtics.

State annud damage estimates are more problematic. Both frequency and magnitude of
damage must be considered, because damaging floods do not occur every year in most states.
Hood frequency cannot be determined smply by the presence or absence of a damage estimate
because reporting, particularly for small floods, isunrdiable. (To estimate flood frequency, we
recommend establishing a threshold below which estimates are Smply classified as“low” or
“minimd”, asin Section 6.) Edtimates of the magnitude of annua damage are often highly
unrelidble. In many dates, mogt of the annua damage estimates are below $500 million (in
inflationadjusted 1995 dallars), therefore likely to contain proportionately large errors, as shown
in Section 5. Even when damage is greater than $500 million, estimates from different sources
have been found to disagree by as much as 40%.

Aggregation is one key to reducing estimation errors. To compare flood damages between
dates or river basins, it is advisable to aggregate the damage estimates over many years and
compare the sums. To compare damage between years, it is advisable to aggregate yearly sate
damage estimates over multi-state regions, or river basin damages over largeriver drainage
systems. Even when the estimates are highly aggregated, the user till needs to be aware that
some of the variahility is caused by error, and interpret the results accordingly.

A. Analyzing TrendsOver Time

There are saverd ways of looking at trends in flood damage. Economic damage results
from an interaction between flood waters and human activities in the flooded area, SO one must
consider changes in population and development. Figure 7-1 shows (a) U.S. totd flood damage,
(b) flood damage per capita, and (c) flood damage per million dollars of tangible wedth.® (All

®Flood damage per capitais computed by dividing the inflation-adjusted losses for each year by the estimated
population on July 1 of that year (www.census.gov). Flood damage per million dollars of tangible wealth uses the
net stock of fixed reproducible tangible wealth as estimated by the U.S. Dept. Of Commerce, Bureau of Economic
Analysis (www.bea.doc.gov) for December 31 of each year (depreciating stock carried over from prior years).
Thus, the flood damage per million dollars of tangible wealth reflects the proportion of the nation’ swealth in that
year lost due to floods. All three damage time series have log normal frequency distributions, therefore the
displayed trends are transformations of linear trends computed on the logarithm of the damage values.
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Figure 7-1. Estimated annual flood damagein the United States, 1934-1999:
(a) Total flood damage.
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Figure 7-1, continued. (b) Flood damage per capita.

57

all:hl

2000



$ Damage per Million $ Tangible Wealth

1500

1200

900

600

300

0

(c) U.S. Flood Damage per Unit Wealth, 1934—1998

M
)
i
e |I|
AN 1l I_l]hll 111||ﬂ|l AL
1930 1940 1950 1960 1970 1980 1990
Water Year
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edtimates are adjusted for inflation.) The three graphs give quite different pictures of how U.S.
flood damage has changed over time. Tota damage and per capita damage show Satidticaly
sgnificant increasing trends since 1934. On the other hand, damage per unit wealth has declined
dightly, athough the trend is not gatigticaly sgnificant (a= 0.05).

Caution #1: Inanalyzing flood damage over time, it isimportant to control for changesin
population, wealth, or development.

B. Comparing States

Comparing states on the basis of their historicd flood damage is complicated by the rarity
of extreme damage. In alimited time period of study, some states will have experienced alow-
probability flood event and otherswill not. Damage totals for the period depend greetly on afew
extreme events. Although aggregating state damage estimates over many years hel ps reduce
estimation errors, it does not account for differencesin the timing of severe damage. For
example, the incluson of datafor just one more year, 1979, would change the position of Texas
in the ranking of total damagesin Figure 6-2, moving it from 61" to 3" place (Section 6).

Figures 7-2(a, b) compare rankings of the states based on their total flood damage in two
periods, 1955-1978 and 1983-1999. Pennsylvania suffered the grestest damage in the earlier
period, but its rank dipsto 26™ in the later period. Iowamovesin the opposite direction, from
28" in the earlier period to first in the later period. In both states, asingle flood event determines
the firg-ranked status. A single year condtitutes the mgjority of damage in many other states, as
well. Differencesin the timing and location of extreme wegther events contribute to quite
different rankings during the two periods.

Population differences are dso an important factor when comparing dates. In Figure 7-3,
states are ranked according to their annua average damage per capita during 1983—-1999, giving
aquite different picture than the ranking by total damage in Figure 7-2(b). North Dakota moves
to the top, with awhopping $363 damage per person per year (mostly attributable to flooding in
1997), while Cdiforniadips to 25" place.

Caution #2: When comparing damage in different geographical areas, it isimportant to
control for differencesin population and in the incidence of extreme weather events during the
period of study.

C. Comparing Individual Flood Events

In comparing annud state estimates, we recommend coarse comparisons using broad
dameage categories, perhaps similar to those used in Section 5 (low, medium, high, mgjor).’
Uncertainty in the dollar estimates can make comparisons difficult, even in mgor floods where
esimates are highly aggregated. Some of the difficulties areillugtrated by the following
comparison of two years of mgjor flood damage (over $500 million) in Minnesotain the 1990s.

"For comparing floods at the county level, where damage estimates are extremely unreliable, damage categories can
be based on descriptive information instead of dollar estimates. This approach was used in astudy of floodingin
two lowa counties (Pielke et al. 2000).
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1993: Unusudly heavy rainfal from May through August over most of the state produced
widespread flooding that resulted in a presidentia disaster declaration for 57 of
Minnesota' s 87 counties, and an agricultural disaster declaration for an additiond eight
counties. The NWS estimated damage of $1.0 billion (in 1995 dollars).

1997: Heavy snow and ice followed by spring rains and rapid snowmedt led to severe flooding in
April and May. Damage was extengve in East Grand Forks and many smdler
communities. A presdentia disaster declaration was issued covering 58 Minnesota
counties. Additional sorms and flooding in June and July led to another disaster
declaration for 7 metropolitan area counties. The NWS estimated damage of $715
million (in 1995 dollars).

In which year was the damage more severe? The answer to this question depends upon
how “severe’ isdefined. The NWS estimates suggest that damage was substantialy grester in
1993. However, areport issued by the Minnesota Department of Public Safety leadsto the
opposite concluson. Table 7-1 shows actud costs reported in A Decade of Minnesota Disasters
(MDPS 2000). (We have excluded costs that are not associated with direct damage, such as
temporary housing, hazard mitigation, and economic injury dueto loss of business) FEMA
assstance programs, insurance, and SBA loans dl indicate that non-agricultura losses were
much higher in 1997 than in 1993. A representative of Minnesotal s Divison of Emergency
Management reinforced this conclusion, telling us that in 1997 entire Minnesota towns were
flooded, while in 1993 the main effects of the great Midwest flood occurred in states farther
south (Sherrill Neudahl, personal communication, 10/5/00).

Agricultural damage was greeter in 1993 than in 1997, however. The vaue of Minnesota's
find crop output in 1993 was 44% |ess than the average of the previous three years (USDA
2000). In contrast, final crop output in 1997 was equd to the average for the previous three
years, suggesting that the floods did little to diminish agricultural productivity thet year. Twice
as much money was awarded in FSA loans to Minnesotafarmersin 1993 asin 1997 (Table 7-1).

Lumping agriculturd and non-agriculturd losses into aSngle damage esimate is
problematic. Enormous discrepancies are found in historica estimates of agricultural damage
because of different perspectives on and methodologies for the measurement of losses. For
example, one officid publication estimated that Minnesotd s tota damage in the 1993 flood
exceeded $1.7 billion (MDPS 1994) — substantialy more than the NWS estimate. Of that, $1.5
billion was attributed to crop “losses’ based on the amount that crop production fell short of the
previous 4-year average. Thisisalossin expectation, perhaps, but not aloss of actua
investment.

This comparison does not lead us to challenge the NWS estimates for these two flood
years. Rather, it provides another reason for caution in interpreting and comparing damage
edimates. Given the error magnitudes found in Section 5, the difference of 40% in estimates for
the two yearsis not large enough to say with confidence that one year’ s economic damage was
worse than the other’s, only that there was mgjor damage in both years. Most Minnesotans would

63



Table7-1. Minnesota flood damage expendituresin major flood years 1993 and 1997 (in millions of 1995
dollars). Source: MDPS 2000.

1993 1997

Disaster costsitemized by Minnesota Dept. of Public Safety

Federal, state, and local government direct costs

associated with FEMA assistance programs*

(excluding temporary housing and hazard mitigation) 129.7 404.3

Insured losses (estimate) 73.0 154.0

Total direct damage costs (non-agricultural) 202.7 558.3
Small Business Administration loansto cover physical damage

SBA physical damageloans for homes and businesses 16.0 74.6
U.S. Dept. of Agricultureloansto farmers, year following disaster

Emergency loans through the Farm Service Agency 21.2 103

* FEMA-993-DR-MN in 1993; FEMA-1175-DR-MN and FEMA-1158-DR-MN in 1997.



probably consider the floods of 1997 to be much more severe than those of 1993, while farmers
might hold the opposite view.

Caution #3: Because of the large estimation errors found in the NWS data, estimates for
individual floods should be used with caution. For some purposes the comparison of individual
floods may be better done using nominal or ordinal data categorizations. For specific events,
detailed descriptions should be sought to compare the nature and impacts of the damage.

D. Possible Inconsistencies With Other Sources

The NWS defines flood damage more narrowly than many other agencies. Emergency
management agencies generaly include both river and coagtd flooding whenever water risesto
overflow land that is not normaly submerged. In contrast, the NWS estimates include only
flooding whose primary causeisranfal, snowmelt, or river flows, excluding flooding caused by
wind-driven waves associated with coastal storms or hurricanes. For example, FEMA records
show a Presidential disaster declaration of type “flood” for Massachusetts in February 1978, and
the USACE reports $520 million flood damage due to storm surge and huge waves (USACE
New England Division 1979; converted to 1995 dollars), but that damage is not included in NWS
flood damage estimates,

The NWS estimates do include floods caused by dam failure, however. Inthe NWS
record, Idaho’ s worst flood resulted from the failure in 1976 of the newly-constructed Teton
Dam, with damage esimatesin the $1 — 2.3 hillion range (in 1995 dollars). Idaho’s largest
estimated flood damage due to natura causes was much smdler: $120 million in 1997.

Caution #4: Different agencies define“ flood” and “ flood damage” somewhat differently.
Check for incompatibilities between data from different sources before seeking to combine
sources or aggregate data.

E. Usesof the Reanalyzed NWS Damage Estimates

With the precautions noted above, we conclude that the reanalyzed NWS flood damage
estimates can be avauable tool to aid researchers and decision makers in understanding the
changing character of damaging floods in the United States. Data sets of annua damage at
nationd, state, and river basin levels are available a www.flooddamagedata.org.

In climate research, these data can contribute to understanding the relationship between
dimatic influences and damaging floods. For example, they have been used to examine the
relationship of nationa and regiond flood damage with several measures of precipitation, in a
study that controlled for changes in population and wedlth (Pieke and Downton 2000). For
policy makers and emergency managers, the data provide a nationwide overview of flood
vulnerability and can be useful in evauating policies rdated to management of flood hazards.
For example, we have investigated the role of politicsin presidentid disaster declaration
decisons by comparing disaster declarations involving floods with estimated flood damage
(Downton and Pidke 2001).



F. Recommendationsfor Future Collection of Flood Damage Estimates

A series of naturd disastersin the 1990s, accompanied by skyrocketing costs of federa
disagter assistance, has prompted cdls for development of nationa databases to record losses
from past and current disasters (Mileti 1999, NRC 1999, Heinz Center 2000). The NWS damage
estimates are not reliable enough to be abasisfor certain decisions regarding flood policy, such
as setting specific flood insurance premiums or eva uating the codt- effectiveness of particular
hazard mitigation measures. Better damage data are needed to eva uate the effectiveness of
mitigation measures designed to reduce flood losses.

Substantia improvement of flood damage records in the U.S. would require additiona
funding and should have a clear purpose based on intended uses of thedata. A committee of the
National Research Council (NRC) points out that reliable loss data are critical for cost-effective
hazard mitigation and planning for future disaster response. The NRC (1999) report
recommends measures for developing a comprehensive and consistent database of |osses
resulting from natural disasters. Recommendations include:

(1) One agency of the federal government should be responsible for compiling the loss
data, working with states and locdities to collect the data. The Bureau of Economic Analyss
(BEA) within the Department of Commerce is suggested as the agency best-suited to the task.

(2) The data should focus on direct losses (lossin asset vaue), including losses that are not
reimbursed by insurance or disaster ald.

(3) A uniform framework should be used in reporting and compiling loss estimates,
classfied according to who initidly bears the loss (government, businesses, individuds, etc.) and
the type of loss (property, agricultural products, deaths and injuries, cleanup and response costs,
temporary housing, etc.). These loss estimates should be more complete and accurate than the
initia estimates made & the time of a disaster and should include events that may not qualify for
apresidentia disaster declaration.

(4) The database need not contain loss information for every event; rather, the objective
should be to compile data on disasters that cross some threshold. The definition of a“maor”
natura disaster for which loss data are to be compiled should be consistent with expectations for
how the data will be used.

Clearly, the NWS flood damage database does not provide the level of accuracy and detail
envisoned in the NRC recommendations, nor isit intended to do so. Nevertheess, the collection
of damage information in severe weather events by NWS field offices provides amodel, of sorts,
for naionwide collection of damage data. 1t is administered fairly uniformly throughout the
nation, collectsinformation on multiple natural hazards, focuses on direct losses including some
unreimbursed losses, and is not limited to declared disasters. Asthe NWSfidld offices collect
storm damage information, they are in agood pogition to identify weather events that appear to
meet whatever minimum criteriamight be established for loss data to be compiled.



In the absence of additiond funding, only minor improvements can be expected in the
NWS collection of flood damage estimates. The following modest changes are suggested to
improve accuracy, condstency, and usefulness.

(1) Clearly define the purposes of the damage estimates and what types of loss are to be
included.

(2) Provide uniform indructions to staff members responsible for compiling damage
edimates a al NWSfield offices. Ingtructions should include how to obtain damage estimates
and some training in damage estimation.

(3) It would be valuable to provide separate estimates of different types of loss, aswas
donein Climatic Data National Summary through 1975. At aminimum, distinguish on-farm
losses of agriculturd products from other property losses.

(4) It isreasonable to set alower limit below which loss estimates need not be reported,
such as $50,000 for asingle flood at the county level. The NWS-HIC practice of focusing
greatest atention on floods with damege greater than $1 million at the state level isaso
reasonable. These practices would save staff time and have little impact on total damage
estimates.
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ABBREVIATIONS

DSR — Damage Survey Report

FEMA — Federa Emergency Management Agency

IDE — Initid Damage Edimate

NOAA — Nationa Oceanic and Atmospheric Administration
NWS — Nationa Westher Service

NWS-HIC — Nationd Wegther Service, Hydrologic Information Center
OES - Cdifornia Governor’'s Office of Emergency Services
PDA — Preiminary Damage Assessment

TVA — Tennessee Vdley Authority

USACE — U.S. Army Corps of Engineers

USDA — U.S. Department of Agriculture

USGS - U.S. Geologica Survey

WCM — Warning Coordination Meteorologist
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Appendix A
COMPILATION OF DAMAGE ESTIMATES FOR 1976-1979

Monthly damage estimates by river basin in 1976 and 1977 were published in
Climatological Data National Summary. NWS staff prepared some 1978 and 1979 estimates
which were summarized in Weatherwise (Marrero 1979, 1980). We augmented these estimates
with unpublished information housed a NWS-HIC, including reports from regional NWS
offices, preliminary tabulation sheets, and notes made by NWS employees. Wherever possible,
we dso compared damage estimates from NWS-HIC files with reports on specific floods by
other agencies, including USACE, USGS, and NOAA. Fina estimates were chosen using the
following rules

* In order to change any estimates in the NWS tabulated data set, a published source had to

provide good reason to doubt the NWS estimates and the published source had to provide
more reliable estimates.

* There were instances when we had to choose between two or more estimates. In generd,

we chose published source estimates over NWS "grey” sources.

» Adterisks were added to the estimates wherever published sources indicated that a

damaging flood occurred but provided no estimates.

1976 Flood Damage Estimates
Reconstructed 1976 damage estimates by state and month are shown in Table A-1. Data
sources are as follows:
 September in Cdiforniais from the NOAA Cooperative Observer (NOAA 1976).
* July in Colorado is from a USGS/NOAA report (1979).
» May in Oklahoma s from areport concerning flood hazard mitigetion in Oklahoma
(Patton 1993).
* All other damage estimates are from NWS notes and summaries archived at NWS-HIC,
which had been compiled for publication in Climatological Data National Summary, but
had not been published.

1977 Flood Damage Estimates
Recongtructed 1977 damage estimates by state and month are shown in Table A-2. Data
sources are as follows:
 Thefollowing totas are from USACE reports. October in Arizona (USACE, Los Angeles
Didgtrict 1978) and December in Oregon and Washington (USACE, Portland District
1978).
» The estimate for aflood in Kansas City, Kansas and Kansas City, Missouri in September
of 1977 isfrom NOAA (1977) and USGS (1991) reports.
« 1977 damage totas for Tennesseg, Virginia, and West Virginia have been changed based
on information on April flooding in Appaachiafrom a TVA flood report (TVA 1978).
* All other damage estimates are from NWS notes and summaries archived at NWS-HIC.

1978 Flood Damage Estimates
Reconstructed 1978 damage estimates by state and month are shown in Table A-3. It was
more difficult to piece together the flood estimates for 1978 and 1979 than for 1976 and 1977.

73



Severd different sets of date-level esimates exist in the NWSfilesfor 1978, and in many cases
the estimates do not agree. Data sources are as follows:

* All estimatesfor Cdifornia are from the Cdifornia Office of Emergency Services
(Montane 1999).

* Mot of the entries represented by asterisks rather than damage figures are based on
information in Storm Data. In these cases it was gpparent that flooding had occurred, but
damage figures were not available.

* Thefollowing numbers are from USACE reports. March in Arizona (USACE, Los
Angdes Didrict 1979a); March in Ohio (USACE, Buffdo Didrict 1978); August in New
Mexico (USACE, Albuquerque Digtrict 1978); September in Arkansas (USACE, Little
Rock Digtrict 1978); September in Texas (USACE, Albuguerque Didtrict 19799);
December in Arizona (USACE, Los Angdles Digtrict 1979b and USACE, Los Angdles
Digtrict 1980); and December in New Mexico (USACE, Los Angeles Digtrict 1980).

* Montanaand Wyoming in May are from ajointly authored USGSNOAA paper (USGS
1984).

* The following estimates are from Marrero (1979): March in Nebraska and Indiana; April
in North Dakotaand Virginia; May in Louisanaand Texas, July in Alabama, Minnesota,
and Wisconain; August in Texas, and September in LouiSame.

 Thefollowing estimates are from Storm Data: May in Arkansas; July in Colorado;
August in Illinais, Indiana, and Maryland; and December in ldaho.

* All other estimates are from NWSfiles.

1979 Flood Damage Estimates

Reconstructed 1979 damage estimates by state and month are shown in Table A-4. Data
sources are listed below. Users of 1979 estimates should note that aflood in “New Jersey, New
Y ork, and southern New England” in January caused $62 million in damage (Marrero 1980).
This estimate could not be assigned to individua sates. Similarly, aflood in April in Louisang,
Mississippi, and Alabama caused $1 billion in damage that could not be assigned to individud
gates (Marrero 1980). These floods are included in the nationd tota for 1979, but not in the
date estimates.

 All estimatesfor Virginiaare from the sate emergency management office (Michad
Cline, persona communication 2000).

* The following estimates are from Marrero (1980): March in Indianaand lowa; April in
Texas, July in Texas, September in Maryland, Louisiana, and Texas, October in Kansas
and Horida; and November in Hawaii.

 Thefollowing are from USACE reports. March in Minnesota and North Dakota
(USACE, &. Paul Didtrict 1979) and Junein New Mexico (USACE, Albuquerque
Didtrict 1979b).

 Edimatesfrom Storm Data include: February in Arkansas, April in Arkansas, Horida,
Illinois, March in Floridaand New Y ork; May in South Dakota; June in Colorado; July in
Alabama, llinois, New York, and West Virginia; August in Minnesota, Utah, and West
Virginia; and September in Horida

* February in Hawaii is from USGS (1991).

e April in Ohio isfrom NWS notes.

* All other estimates are from NWSfiles.
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Table A-1. 1976 damage estimates (thousands of current dollars)

State
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii

Idaho

lllinois
Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Jan. Feb.

270

1,570
3,130

1,000
*

* 1,100
200

40

1,040 130
* 410

200

1,040 8,050

Mar. Apr.
4,610
* 1,450

*

550
160
110

*
860
* 790
2,840
810

2,120
2,420

*
2,940
*

*
2,670 16,990

May June
100
*
6,650
650,000
1,800
*
*
50
11,000
8,920
34,250
30
840 7,000
* 5,500
200 30,000
100

50,910 705,530

July

*

35,540

1,220

200

14,000

18,390

69,350

Aug.

7,100

2,500

500
9,000

2,500

21,600

Sep.

*

6,000

120,100

700

250

127,050

* indicates that a flood occurred, but damage figures are unavailable or under $30,000.
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Oct.

4,900

100

3,330

3,260

11,590

Dec. Total

4,710

0

6,000

0

120,100

35,540

7,100

0

* 0
30 8,130
270

650,000

3,370

3,680

160

1,330

0

0
3,360
4,900
1,000

790

2,840
810
50

200

500
38,020
9,120
2,420
40
52,640
1,170
440

40 11,210
5,500

200

33,390

0

* 0
0

2,500

3,260

0

100

70 1,014,850



Table A-2. 1977 damage estimates (thousands of dollars)

State Jan.
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida 140
Georgia
Hawaii

Idaho

Illinois

Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Total U.S. 140

Feb.

Mar. Apr.
610 3,490
130

1,520
240 1,350
* 830
450
100,000
48,040
4,190
*
*
* 2,780
2,500
610
4,540
*
370
*
* 80
21,000
2,000 250
2,710
242,500
50,000

19,050 471,140

May

200

750

2,880

12,000

100

15,930

June

*

6,350

140

6,490

July Aug.
340
28,500
* 500
750
* *
*
6,000
870
* *
460
80
720
330,020 *
*
*
260 40
*
331,690 36,850

Sep.
660
*

50

40,000

1,870
50,000

720

1,840

160

50

95,350

* indicates that a flood occurred, but damage figures are unavailable or under $30,000.

76

Oct.

15,250

1,840
3,690

3,760
500

100

1,400

26,540 176,770

Nov. Dec
*

2,570
1,640
3,270

1,000

95,880
*

52,000
10,690

20

24,800
5,490

500
21,090

Total
4,760
200
15,590
130
28,500
1,250
1,570

140
4,160

7,190
8,160
0

46,350
101,000
48,040
4,190
0

0

0
7,870
2,780
52,500
0

1,590
0

610
95,880
0
10,600
52,500
80

370
12,720
10,690
330,020
0

260

0
21,000
2,450
300
2,710
268,700
5,630
50,500
0

100

1,201,090



Table A-3. 1978 damage estimates (thousands of dollars)

State Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total
Alabama 1,000 * * * 2,000 3,000
Alaska * * 0
Arizona 7,100 33,100 * 8,000 83,160 131,360
Arkansas 200 23,700 23,900
California 6,130 * 117,800 300 124,230
Colorado * * 70 * 70
Connecticut * 0
Delaware 0
Florida 3,300 420 * 3,720
Georgia * 0
Hawaii 0
Idaho * * 60 60
lllinois * * 50 50
Indiana 35,000 3,000 * 960 38,960
lowa * 0
Kansas 0
Kentucky 100,000 100,000
Louisiana 100,000 * 45,000 145,000
Maine 0
Maryland * * 150 150
Massachusetts 0
Michigan * * * * 0
Minnesota 5,000 60,000 65,000
Mississippi * * * 0
Missouri 2,000 * * * 2,000
Montana 1,500 17,560 19,060
Nebraska 67,000 67,000
Nevada * 0
New Hampshire 900 900
New Jersey 12,220 * 2,500 * 14,720
New Mexico * * * 6,000 * 8,450 14,450
New York * * 0
North Carolina 0
North Dakota 13,000 * * 13,000
Ohio 1,520 * 1,520
Oklahoma * 0
Oregon * 0
Pennsylvania 6,630 * * * 6,630
Rhode Island 0
South Carolina 60 * * 60
South Dakota 250 250
Tennessee * 0
Texas 10 30,000 * 100,000 1,120 1,600 132,730
Utah 0
Vermont 0
Virginia * 10,000 10,000
Washington * 0
West Virginia 700 * * 2,200 2,900
Wisconsin 18,000 53,000 * 71,000
Wyoming 16,320 16,320
Total U.S. 24,920 12,640 254,420 24,510 164,080 26,900 117,070 109,910 70,120 0 9,600 193,870 1,008,040

* indicates that a flood occurred, but damage figures are unavailable or under $30,000.



Table A-4.

State
Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii

Idaho

Illinois
Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

LA, MS, AL
NY,NJ,CT,MA,RI

Total U.S.

Jan. Feb.
*
620
#
*
*
6,000
*
#
# *
# *
*
* *
#
*
*
62,000
62,000 6,620

Mar. Apr.
#
2,000
4,990 15,000
* *
* 32,000
15,000
2,000
#
10,140
#
*
*
*
3,920 *
20,100 *
60,000
*
*
* *
* 500,000
*
* *
1,000,000

56,150 1,609,000

May

*

49,000

49,000

1979 damage estimates (thousands of dollars)

June

25,900
50

3,210

*

29,160

July
500
*

250
1,000

14,850

*

750,000

7,800

2,000
*

776,400

Aug.

3,000

*

130

3,100

6,230

Sep.

1,000

8,000

69,000

*

750,000

*

828,000

* indicates that a flood occurred, but damage figures are unavailable or under $30,000.

# Damage estimate is included in an estimated total for several states.

78

Oct.

1,000

5,000

7,000

* 2,000,000
130

0

24,800

* 3,100
2,000

0

0

17,000

1,000,000
62,000
25,000

5,000 0 3,452,560



Appendix B

ESTIMATED FLOOD DAMAGE, BY STATE

Damage estimates are given in current dollars for the year in which the damage occurred.
To adjust for inflation, the estimates can be converted to 1995 dollars by dividing by the implicit
price deflator in Column 2 (U.S. Bureau of Economic Analysis 2001). Estimates are for caendar
years during 1955-1979, and for fiscal (or water) years during 1983-2000. For example,
fiscal/water year 1990 covers from October 1, 1989, through September 30, 1990.

An entry of zero indicates that no damage estimate was reported. It can be assumed that
actud flood damage was smadll, but it is quite possible that some damage occurred.

Data are unavailable for 1980-1982 and for Alaska before 1967.

7



Damagein Thousands of Current Dollars

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Deflator
0.20163
0.20846
0.21539
0.22059
0.22304
0.22620
0.22875
0.23180
0.23445
0.23792
0.24241
0.24934
0.25698
0.26809
0.28124
0.29623
0.31111
0.32436
0.34251
0.37329
0.40805
0.43119
0.45892
0.49164
0.53262
0.58145
0.63578
0.67533
0.70214
0.72824
0.75117
0.76769
0.79083
0.81764
0.84883
0.88186
0.91397
0.93619
0.95872
0.97870
1.00000
1.01937
1.03925
1.05199
1.06677
1.09113

AL
3,379
720
2,324
872

0

670
12,625
3,529
1,280
5,343
723
2,366
1,695
408

88
10,891
2,170
2,278
5,439
1,731
19,815
4,710
4,760
3,000
#

29,431
23,000
1,700

0

755
1,721
178
120,000
15,055
320

0
112,696
0

1,649
1,354
368,938
4,663
3,087

0
7,150
50

0
20,000
500
6,000
0

0
7,302
0
74,000
10,025
0
1,271
314

0

110

AZ

226

0

0

0

100

0

325
1,000
0

55
11,330
3,050
3,576
188

0
5,000
3,476
20,868
0

2,605
927
6,000
15,590
131,360
0

179,938
223,000
1,350
3,000

7

71
33,636
3,220
258
5,189
228,900
1,616
6,618
701

85

66
12,796
90

AR

61

255
27,938
6,202
3,090
580
3,503
91
2,500
598
143
5,055
1,497
21,099
3,411
639
2,549
1,780
129,579
8,746
21,387
0

130
23,900
2,620

500,000
5,000
19,823
2,240
15,045
12,612
2,320
143,056
12,006
909
2,680
2,024

0

205
12,874
2,045
1,777
2,773

# Damage estimate available for large region, but not for individual state.

CA
165,767
8,745
13
33,063
4

516

95
2,780
11,834
229,168
11,321
24,347
1,370

0
423,296
47,798
3,522
1,132
9,480
27,124
1,845
120,100
28,500
124,230
25,900

673,000
0

0

402,000
1,015
52,353
38,738
570

3,376
93,152
165,920
1,792
1,495,960
13,205
2,086,125
621,588
14,176
9,238

Cco
2,567
5,135
2,901

240

0

0

0

80

50

0
452,293
707

0

0

66
2,040
0

15
121,383
0

0
35,540
1,250
70

50

100
107,050
7,000
166

0

0

481
130
2,820
1,602
100
1,242
18,240
4,058
358,890
2,550
50,675
297

81,700

5,000

800

10

16
10,366

1,316

2,092
52
40
1,112
6,010

DE
117

[eNeoloNeoNeoNNoloNoNoloNoloNoloNolololoNoNoNoNe)



Damagein Thousands of Current Dollars

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Deflator
0.20163
0.20846
0.21539
0.22059
0.22304
0.22620
0.22875
0.23180
0.23445
0.23792
0.24241
0.24934
0.25698
0.26809
0.28124
0.29623
0.31111
0.32436
0.34251
0.37329
0.40805
0.43119
0.45892
0.49164
0.53262
0.58145
0.63578
0.67533
0.70214
0.72824
0.75117
0.76769
0.79083
0.81764
0.84883
0.88186
0.91397
0.93619
0.95872
0.97870
1.00000
1.01937
1.03925
1.05199
1.06677
1.09113

FL

105
1,891
0

0

150
12,047
317
1,481
0

426
144
548

95

46
2,858
145
476
41,206
2,282
23,050
15,839
0

140
3,720
21,990

0
200,000
30,000
7,275
645
50,350
2,109
500

0
41,938
2,080
182,605
18,536
158,001
49,707
431,311
60,080
499,080

GA

212
1,068
323

392
5,236

445
3,641

397
1,628

133
79
348
243
328
5,143
405
3,002
8,130
4,160

0
5,050
0

2,000
1,470
230
1,792
30,658
106,158
1,156
7,340
300,000
8,845
2,581
464
166,291
8,520
2,101

400

ID
1,371
6,222

20,896
3

500

0

939
8,112
2,766
11,704
4,184
0

792

0

111

38
1,187
355

0
36,118
378
650,000
0

60

0

2,200
1,000
0
2,005
17

0

178
113
2,574
224

0

0
2,096
49,400
125,060
1,005
1,297
85

# Damage estimate available for large region, but not for individual state.

81

102
1,026
1,206

17,970
1,506
7,503

11,553

891

513
3,044

30,564

577
2,629
2,576
9,095
9,124

462
5,927

258,704
75,068
20,598

3,370
7,190
50
32,250

202,500
7,992
11,500
104,705
150,000
102
1,600
71,045
19,834
189
2,640,140
32,606
27,240
107,585
4,295
2,380
3,666
3,113

IN
1,003
4,021

66,748
52,302
12,958
2,649
13,306
670
8,266
12,327
20
3,098
4,618
22,463
6,672
2,300
1,690
4,700
6,326
15,805
12,317
3,680
8,160
38,960
16,000

20,000
22,194
50,000
2,500
1,906
89

716
105,550
89,504
45,424
9,550
2,852
6,789
21,575
68,598
19,611
50,124
819

1A

51
1,543
7,508

128
7,612
9,389
6,778

70

240

32,462

904
4,416
1,650
6,233

977

684

13,262
12,724
56,367
7,300
160

2,000

0
600,550
50

45,307
16,755
0

7,286
351,401
195,703
50,800
5,740,000
9,124
3,498
165,265
3,680
168,101
111,221
14,877

KS
474

33
9,164
4,606
4,061
1,947
13,397
1,826
168
370
29,792
97
15,093
2,304
10,991
4,138
1,644
1,646
53,772
3,700
3,255
1,330
46,350

7,000

50,050
5,000
181,700
152,000

3,394
2,048
16,551
10,127
551,070
10,437
8,874
3,969
102
4,888
60,030
250



Damagein Thousands of Current Dollars

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Deflator
0.20163
0.20846
0.21539
0.22059
0.22304
0.22620
0.22875
0.23180
0.23445
0.23792
0.24241
0.24934
0.25698
0.26809
0.28124
0.29623
0.31111
0.32436
0.34251
0.37329
0.40805
0.43119
0.45892
0.49164
0.53262
0.58145
0.63578
0.67533
0.70214
0.72824
0.75117
0.76769
0.79083
0.81764
0.84883
0.88186
0.91397
0.93619
0.95872
0.97870
1.00000
1.01937
1.03925
1.05199
1.06677
1.09113

KY
6,629
568
55,233
3,817
2,480
3
12,969
16,885
36,917
35,476
1,044
1,671
17,583
6,036
8,075
707
6,099
15,841
10,491
5,218
26,302
0
101,000
100,000
0

100
180,236
460

25

68

250
27,445
5,664
9,034
46,870
4,980
2,544
17,673
21,323
470,915
16,639
506
17,631

LA

30

0
4,147
2,842
0

112
6,074
1,908
0

30

0

250

0
2,810
251
1,000
0

100
334,904
10,343
90,204
0
48,040
145,000
#

651,000
6,550
8,050

1,515,250
1,175
8,708

322,118

115,901

221,720
4,191
4,020

675
3,097,250
121
4,359
17,845
5,979
153

80

52

[eNel. JollololoNoNol NoloNoNe)

300

11,200
3,000

3,360
4,190

375
10,050
45
5,000
61,250
0
3,200
0
16,336
2,179
3,040
9,323
0
4,916
26,845
0
1,580
2,814

125
0
200
15

8,600
220,739
0

27,200
4,900

150
69,000

100
10,015
50

0

51

0
1,600
23

48

339

0
4,524
1,620
90,481
198
334
9,715
2,452

# Damage estimate available for large region, but not for individual state.

82

o
N
o
o

35,00

Iy
FOOOOOOOOOOOOOOOOOOo

1,00

0
50,560
0
21,500
47,480
0

0

50
9,716
176
160

0

0
2,663
75,024
13,510
250
206

530
240
54,358
790

80,000
405,000
15

206
180
627
6,133
355
1,600
6,236
2,900
26,690
325
18,190
325
25,430

MN

0

11
9,128
17

50

212
552
1,290
26

0
97,603
4,300
0
1,197
67,168
4,350
15
64,318
242
16,939
139,726
0
7,870
65,000
13,140

310
5,000
500
1,501
27,800
555
17,600
3,032
1,280
1,760
964,050
1,867
3,750
460
743,218
2,529
466
43,112

MS
3,132
1,270
2,693

13,826
280
744

15,918

1,982
19
3,152
1,931
2,706
1,192
6,269
1,900
3,586
12,431
10,248
226,885
27,827
70,990
2,840
2,780
0

#

812,600
6,050
2,000

651
6,380
39,420
3,635
21,805

313,359
1,010
4,480
1,352
1,092

200
32,774
3,498
1,769
408



Damagein Thousands of Current Dollars

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Deflator
0.20163
0.20846
0.21539
0.22059
0.22304
0.22620
0.22875
0.23180
0.23445
0.23792
0.24241
0.24934
0.25698
0.26809
0.28124
0.29623
0.31111
0.32436
0.34251
0.37329
0.40805
0.43119
0.45892
0.49164
0.53262
0.58145
0.63578
0.67533
0.70214
0.72824
0.75117
0.76769
0.79083
0.81764
0.84883
0.88186
0.91397
0.93619
0.95872
0.97870
1.00000
1.01937
1.03925
1.05199
1.06677
1.09113

MO
666
167

9,618
38,718
6,018
13,506
27,375
557
152
6,591
33,976
2,781
39,080
890
36,601
14,926
191
5,783
231,438
62,594
7,611
810
52,500
2,000
0

50,000
96,293
100
155,000
100,550
69
16,067
1,842
1,960
2,044
3,429,630
37,864
25,415
871

692
10,227
36,862
109,760

MT

63

317
33

1

82

57

0

147
148
54,389
253

0
2,947
0

388
581
412
595

0
4,217
24,123
50

0
19,060
0

0

663

0
38,674
0

0
2,194
1,758
10,743
1,403
6,720
3,392
510
2,243
2,874
3,001
184

30

NE
1,500
865
5,983
3,064
3,753
8,884
674
2,630
13,394
5,146
1,368
11,628
40,644
6,029
1,826
0
5,941
73
10,388
126

0

0
1,590
67,000
0

0
100,550
500
28,482
25,890
61
29,772
36,536
53,615
6,683
294,500
2,710
5,129
31,233
10,273
1,483
22,765
23,456

1,000
0

0
20,650
13

12

23

51

2
1,621
0

160
11,970
370
640,110
1,300
25,009
221

# Damage estimate available for large region, but not for individual state.

110
4,000
10,952
700
1,002
515

NJ
23,102

o

[cNeoNololoNoNoNoN o]

1,438
166,690
580

0
138,700
15,050
50,868
0
60,687
0
95,880
14,720
#

0
334,200
0

0
17,050
50
1,600

1
16,002
500

0

3,520

0
36,720
38,700
750
800,000
179,100

NM
1,066

o

6,613
251

0

577
500

0
14,450
3,210

6,000
23,000
24,000

10

3,378
1,187
1,567
32,264
210
2,000
954
1,285
380
713
3,980
160

NY
30,072
1,089
166

42
5,667
7,229
608

0
33,102
3,275

0

0

777

0

3,383
3,953
1,000
747,674
5,000

0
60,064
38,020
10,600
0

#

0
217,500
24,700
30,820
75,275
230
38,271
6,530
19,603
1,862
55,480
25,707
1,485
220,011
55,909
38,627
18,715
18,498



Damagein Thousands of Current Dollars

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Deflator
0.20163
0.20846
0.21539
0.22059
0.22304
0.22620
0.22875
0.23180
0.23445
0.23792
0.24241
0.24934
0.25698
0.26809
0.28124
0.29623
0.31111
0.32436
0.34251
0.37329
0.40805
0.43119
0.45892
0.49164
0.53262
0.58145
0.63578
0.67533
0.70214
0.72824
0.75117
0.76769
0.79083
0.81764
0.84883
0.88186
0.91397
0.93619
0.95872
0.97870
1.00000
1.01937
1.03925
1.05199
1.06677
1.09113

NC
625
831
788

3,201
506
100

1,400

0

0
15,816
88

198
1,168
0

1,338

2,326
965

10,772
39,004

1,028

7,932

9,120

52,500
0
0

470
40,000
50
1,990
20,461
0
21,072
1,075
2,694
12,927
1,400
2,032
26,596
42,119
17,994
16,135
3,117,160
7,605

5,192
9,700
0

0
37,436
13,832
1,266
537

0
8,291
154,715
2,420
80
13,000
20,100

o o1 o

315
4,943

0
16,000
0

32

0
413,600
58,552
44,366
220
3,408,298
2,583
100,355
191,177

OH
753
1,056
7
4,867
54,840
191
1,217
6,512
22,359
28,039
0
1,893
6,622
20,074
87,916
2,478
782
12,929
8,317
1,500
15,513
40

370
1,520
60,000

0
10,122
10,000
10,000
20,518

2
52,240
40,846
55,165
20,078
25,800
39,913
28,511
22,721
66,666

181,409
963
8,839

OK
977

0
35,665
169
8,907
2,638
2,483
792
413
798
2,508
12

3
3,021
762
5,212
23,166
12,006
38,119
29,083
300
52,640
12,720
0

0

0
268,000
15,030
802,250
22,250
3,437
2,121
40,650
90
10,871
44,720
166
3,275

0

155

262
9,578
11,691

# Damage estimate available for large region, but not for individual state.

OR
9,515
6,376

310
363

20

360
757
1,550
299
187,101
5,679
2,283
1,044
538
938
2,518
4,350
12,977
2,699
64,017
7,898
1,170
10,690
0

0

7,300
52,900
50
33,900
900

125

98
1,070
9,010
32
1,760

0
11,320
3,203,500
173,200
10
2,100
5,734

PA
141,381
7,199
1,048
3,582
21,109
3,072
612

15
5,397
16,938
0

705
7,251
421
3,310
365
20,899
2,786,294
5,935

0
270,600
440
330,020
6,630

0

75,500
100
71,540
28

62
7,106
792
8,342
1,805
440
16,194
10,385
494,862
3,136
1,103
27,642
27,476

RI
28,830

[eeolololoNoNoNoNoloNe)

©
o
o
o

o
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SC
74

0

60
680
122
72
369
97

89
1,809
268
140
579

0

625
52
295
69
7,674
78
1,477
11,210
260
60

0

1,110
100
3,070
31,771

370
677
11,871

17,920
6,228
28,169
668
1,105
4,044
75
2,885



Damagein Thousandsof Current Dollars

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Deflator
0.20163
0.20846
0.21539
0.22059
0.22304
0.22620
0.22875
0.23180
0.23445
0.23792
0.24241
0.24934
0.25698
0.26809
0.28124
0.29623
0.31111
0.32436
0.34251
0.37329
0.40805
0.43119
0.45892
0.49164
0.53262
0.58145
0.63578
0.67533
0.70214
0.72824
0.75117
0.76769
0.79083
0.81764
0.84883
0.88186
0.91397
0.93619
0.95872
0.97870
1.00000
1.01937
1.03925
1.05199
1.06677
1.09113

SD
11

10
3,969
0

0
3,417
1
3,030
0

0

740
470
1,125
123
31,898
19

0
165,086
0

268

0
5,500
0

250
49,000

0
206,015
55
6,665

3

0

16
3,000
2,934
3,460
763,380
20,399
12,270
360
100,541
50

619

0

TN
977
279

5,118
128

0

226
2,263
651
6,262
156
2,472
1,608
1,090
648
1,090
13,260
86
6,634
66,273
2,243
12,700
200
21,000
0

0

40,100
50,500
1,550
15,150
95
5,165
11,482
18,059
13,109
204
5,070
51,039
1,264
2,740
23,479
25,427
554
230

X
5,165
3,715

78,881
18,101
2,886
8,093
2,846
1,948

20

5,435
39,395
28,001
98,259
24,267
12,878

3,150
26,538
20,605

136,758
41,707
23,074
33,390
2,450
132,730
2,000,000

0
51,500
38,650
34,100

546,515
2,226
341,098
386,886
188,766
199,356
56,990
1,721
85,050
407,066
136,472
163,407
612,634
25,130

uT
226
210
169
10

281
1,272
64

70
1,746
1,577
453
1,260
237
222
1,033
358
2,270

212
300

130

500,000
50,500
0
479,000
250

0
15,403
56
6,005
24

160

0

1,500
312
10,100
4,485
1,314
679

# Damage estimate available for large region, but not for individual state.

S

2]
©
OQOOONOOOOOOWOOo

(o)
® O
[eNeoNe]

I
o o

66,466
200

2,710

0
51,600
0

0
10,500
0

50
15,657
19

2
7,550
1,502
5,150
5,123
170
23,805
1,036
1,845

VA
10,695

139

28

211
231

0

5,937

0

2

0

581

0
123,552
148
1,158
180,770
1,615
100
18,340
0
268,700
10,000
24,800

30
55,055
290
800,000
1,510

39,363
3,472
984
7,371

16,169
66,759
153,516
898
2,381
255,062
1,368

WA
1,165
6,472
1,664
50
4,914
0

130

0
1,013
11,817
1,012
592
1,910
611
2,722
380
3,908
21,029
0

21,318
42,289
2,500
5,630
0
3,100

16,943
1,500

0
20,351
30,150
11

320
58,770
227,634
176
2,080
160

250
370,060
54,675
3,120
2,371
488

5,187
3,185
11,052
1,170
709
370
3,455
5,914
17,624
4,169
49
1,868
14,235
47
5,996
297
1,653
37,974
3,359
10,375
5,913
3,260
50,500
2,900
2,000

0
229,000
1,050
600,000
125

1

1,010
8,930
908
5,791
620
5,397
8,595
224,172
18,391
35,506
363
11,003



Damagein Thousandsof Current Dollars

Deflator WiI WY
1955 0.20163 50 200
1956 0.20846 335 11
1957 0.21539 0 526
1958 0.22059 0 3
1959 0.22304 1,791 0
1960 0.22620 996 0
1961 0.22875 1,442 0
1962 0.23180 57 0
1963 0.23445 142 899
1964 0.23792 0 138
1965 0.24241 14,067 390
1966 0.24934 361 0
1967 0.25698 0 1,096
1968 0.26809 0 0
1969 0.28124 4,763 0
1970 0.29623 0 500
1971 0.31111 0 503
1972 0.32436 0 0
1973 0.34251 6,121 304
1974 0.37329 50 48
1975 0.40805 3,041 0
1976 0.43119 0 100
1977 0.45892 0 100
1978 0.49164 71,000 16,320
1979 0.53262 0 0
1980 0.58145
1981 0.63578
1982 0.67533
1983 0.70214 0 0
1984 0.72824 6,000 0
1985 0.75117 2,300 40,000
1986 0.76769 80,000 250
1987 0.79083 2,992 16
1988 0.81764 32 0
1989 0.84883 160 1,602
1990 0.88186 31,159 44
1991 0.91397 180 2,160
1992 0.93619 29,305 0
1993 0.95872 903,660 0
1994 0.97870 62,052 0
1995 1.00000 675 0
1996 1.01937 218,025 181
1997 1.03925 93,346 192
1998 1.05199 82,825 22
1999 1.06677 9,305 0
2000 1.09113 74,298 20

# Damage estimate available for large region, but not for individual state.



