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NO'l'ICBa the projHt tt.at ia the aubject of thia report wu approved 
by the Governing Board of the Rational Research COuncil, vboae .. ~ra 
are drawn from the Councils of the National Acad.-r of Sciences, tbe 
Rational Academy of Bngineering, and the Institute of Medicine. '!be 
members of the Co•ittee responsible for the report were cho.en for 
their apecial competence• and with regard for appropriate balance. 

Thia report has been reviewed by a group other than the authors 
according to procedures approved by a a.port Review Ca..ittee 
consisting of aembera of the National Acaday of &ciencea, the National 
Academy of Engineering, and the Institute of Medicine. 

The NATIONAL RESEARCH COUNCIL was eatabliahed by the .. tional 
Academy of Sciences in 1916 to associate the broad co.munity of science 
and technology with ~e Academy's purpose of furthering knowledge and 
of advising the federal governMnt. The Council operates in accordance 
with general policies determined by the Academy under the authority of 
ita congressional charter of 1863, which establishes the Academy as a 
private, nonprofit, aelf-governing membership corporation. '!'he Council 
has become the principal operating agency of both the National Academy 
of Sciences and the National Academy of Engineering in the conduct of 
their services to the government, the public, and the scientific and 
engineering communities. It is administered jointly by both Acadeaiea 
and the Institute of Medicine. The National Academy of Engineering and 
the Institute of Medicine were established in 1964 and 1970, respec­
tively, under the charter of the National Academy of Sciences. 

The COMMISSION ON SOCIOTECHNICAL SYSTEMS is one of the major ~ 
ponenta of the National Research Council and has general responsibility 
for and cognizance over those progru areas concerned with physical, 
technological, and industrial ayate• that are or uy be deployed in 
the public or private sector to serve societal needs. 

The ADVISORY BOARD ON THE BUILT ENVIRO~T is that unit of the 
CoDIIIIisaion on Sociotechnical Syate• with primary responsibility for 
fostering the development and application of technology and policy to 
serve societal needs in the built environment. 

This report was prepared under Contract Nos. 4827 and DIW-1-4588 
between the National Academy of Sciences and the Federal Emergency 
Management Agency. 

Inquiries concerning this report should be directed to the EXecutive 
Director, Advisory Board on the Built Environment, National Research 
council, 2101 Constitution Avenue, N.W., Washington, D.C. 20418. 
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The Committee o~ Plood Inaurance Studiea Reaearcb of the .. tional 
Research Council's Adviaory Board on the Built BnvironJDent reviewed the 
operation of the National Flood Insurance Program. It concluded that 
considerable progress baa been aade but that there exist uny opera­
tional concerns related to the need for a (1) continuation of flood 
insurance atudies and aapping in areas not yet atudied, (2) reatudy of 
areas previously atudied, (3) imprOYed flood inaurance atudy products, 
and (4) more economical and efficient methoda for the preparation of 
flood insurance studies and restudies. Specific recoaaendationa are 
made, and the technical and acientific adequacy and legal defensibility 
of currently used and potentially useful methods for conducting flood 
insurance studies and restudiea are aaseaaed. 
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i· 

l. .1 Backgrounc5 

Chapter 1 
INTRODUCTION 

The National Flood Insurance Act of 1968 (aa amenc5ec5) chargec5 the 
u.s. Department of Housing anc5 Urban Development (BUD) to promote the 
public welfare by provic5ing insurance protection against flood, both 
riverine anc5 coastal, anc5 mudalide losses. As a conc5ition for aubai­
dizec5 insurance protection, local communities are requirec5 to c5evelop 
and ac5opt aound land-use practices that minimize exposure of property 
to floods. The Secretary of BUD c5elegated responsibility for admin­
istration of the National Flood Insurance Program (NFIP) to the Federal 
Insurance Administration (PIA), which must ic5entify flood-prone areas 
anc5 establish risk zones for an estimatec5 20,400 communities throughout 
the nation. 

The Flood Protection Act of 1973 c5irected the Secretary of BUD to 
accelerate the identification of risk zones in flood-prone anc5 
audslic5e-prone areas in orc5er to make known the degree of hazarc5 within 
each zone at the earliest possible date. As currently conductec5, these 
studies generally result in quality information, but each one requires 
about two years to complete and coats about 877,600. * The adverse 
impact of this costly and time-consuming process ia consic5erable. A 
community c5oes not have all the information it neec5s to plan and ac5opt 
other than minimum floodplain-management regulations until a PIS ia 
COIIIpleted anc5 it remains in the emergency portion of the NFIP, which 
provides lower flood insurance coverage limits than the regular program 
anc5 requires a substantial fec5eral aubsic5y for insurance premiums. In 
adc5i tion, PISs are used in the c5evelopment of floodplain-manage•nt 
plans that can affect property values, tax revenuea, anc5 a host of 

* If technical evaluation contractor (TEC) time anc5 costa are 
incluc5ed, the average cost is S93,600 (excluding the substantial costa 
of printing, c5iatribution, and coat aodificationa) and the average 
ti•, about four yeara. 

1 
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related issues. Because of this potential effect, the plana, and the 
PISs on )fhich they are based, are aometimes aubject to attack and 
c ri ticiam. 

It was to address these problea that the BUD Office of Policy 
Development and Research (PDR) initiated a ujor reaearch project to 
develop, test, and demonstrate leaa coatly, faster, and technically 
authoritative methods of performing initial PISa and flood inaurance 
restudies (FIRs). This project wu limited to the riverine aapecta of 
flooding. The magnitude and national impact of the NFIP are auch that 
the results of this research must reflect coordinated input from all 
the involved agencies and professions and be widely accepted by theae 
groups. Thus, BUD requested that the National Academy of SCiencea, 
through its Advisory Board on the Built Environment (ABBE) ,• provide 
the Office of PDR with advice and guidance concerning the HFIP reaearch 
•to ensure that the broadest possible range of acientific, technical, 
legal, and community:viewpointa [would be) available as input to the 
research in a timely manner and to provide for the objective aaaesa .. nt 
of the research results in terms of BUD and community needa and 
national implications.• After the atudy began the Academy was informed 
that the contract had been transferred to the Federal Emergency Manage­
ment Agency (FEMA) and, although the contract waa not IIOdified to 
reflect this change, FEMA will be referred to as the aponsor in the 
remainder of this report. 

1.2 Scope of the Study 

A committee composed of experts in hydrology, bydraulica, atatia­
tics, modeling, water-resources and land planning, floodplain aanage­
ment, photogrammetry, finance and insurance, and the legal implication• 
of flood insurance studies was appointed to conduct the atudy (aee 
appendix B for biographical sketches of committee meni>era) and wu 
charged with seven tasks that paralleled teaks to be perfor-.4 by 
FEMA's research contractor, Anderson-Nichola and Company, Inc. (ANCo). 
Specifically, the committee was tot 

1. Review and advise on the FIS research work plan developed by 
FEMA's research contractor. 

2. Advise and assist FEMA in identifying the critical and ainimum 
federal, state, and local information needs that must be accommodated 
in PIS techniques and products if the NFIP and community floodplain­
management programs are to succeed. 

3. Advise concerning the FEMA research contractor'• analyaia of 
PIS and FIR methods that may reduce time and costs and improve 
effectiveness. 

4. Advise concerning the PIS and PIR methods choaen for field 
testing and evaluation and the user' a manual developed for these 
aethoda by FEMA'a research contractor and advise and assiat PEMA in 
developing the criteria and plan for field testing and evaluation. 

*Formerly the Building Research Advisory Board (BRAB). 
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5. Convene a workshop of recognized experta and interested and 
affected parties prior to the final selection of Mthoda and proced~e• 
for fielf. testing and evaluation to asaeaa and critique the cboicea 
aade and the testing and evaluation plan. 

6. Review the testing and evaluation reaulta and the revised 
uaer•a .anual developed by PBMA'a research contractor and aaaeaa their 
iapact on the validity and uaefulneaa of the •thoda. 

7. Review the final research report prepared by PIMA • a research 
contractor to determine whether the imprOYed .. thoda for PISa and PIRa 
are technically and scientifically sound, Met the critical and aint.ua 
information needs of the HFIP and communities, and are legally defen­
sible. 

The CCIIIIIIittee waa required to prepare thr" interia reporta (one 
on taak 1, one on tasks 2 and 3, and ane on taak 4) and a final report 
presenting ita conClusions concerning "whether the imprOYed [flood 
insurance study and restudy] methods are technically and scientifically 
acceptable, meet critical and minimwn National Flood Insurance and 
community needs, and are legally defensible. • Early in the study, 
however, the committee was informed that FEMA intended to terminate 
ANCo's work after the first three of aix tasks were completed (i.e., 
after ANOo had analyzed FEMA and community needs that should be met by 
the NFIP, evaluated the methods currently used in the HFIP to identify 
flood-risk zones in riverine areas, and identified promising alterna­
tive methods and procedures for performing various work elements of 
FISa).* This decision effectively modified both the committee's scope 
of work by eliminating tasks 4, 5, and 6 and the contract reporting 
requirements by eliminating the interim report on taak 4. 

1.3 Conduct of the Study 

The committee reviewed ANCo's work plan (Final Project work Plana 
ImprOYed Methods for Performing Flood Insurance Studies and Restudies, 
February 16, 1979) and transmitted an interim letter report presenting 
ita assessment in December 1979. During the course of the ANCo 
research, the committee met on a number of occasions with ANCo ataffr 
reviewed preliminary reports on specific areas of concernJ and offered 
suggestions concerning, among other things, various approaches to 
conduct of the research, the types and depth of information and data 
to be collected, methods of data analysis, and potential utilization 
of the research results. 

* The tasks eliminated were the formulation of specific methods 
and approaches for conducting FISs and FIRs that would increase their 
coat-effectivenss and usefulness and preparation of a user 'a manual, 
testing and evaluation of the new methods and procedures proposed in 
the user's manual, and preparation for a final report identifying the 
recommended methods and approaches for imprOYing PISs and FIRs. 
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In late August 1980, the comaittee received the ANCo draft report 
on ita wqt"k (Promising Methoda and Procedure• for Perforaing Riverine 
Plood Insprance Restudies, July 31, 1980). It reviewed that report and 
preaented ita detailed aaaessMnt in teru of general com.enta, ueer 
needs, technical considerationa, and legal conaiderationa in an interta 
letter report transmitted in April 1981. The co.mittee then continued 
ita deliberations and drafted thia final report. 

1.4 Organization of the Report 

The committee's concluaions and recommendations are au.mariaed in 
chapter 2. Chapter 3 documents the establishMnt and operation of the 
NFIP to date and is included to provide the general reader with a bia­
torical frame of reference. Chapters 4 through 8 present the auppcct 
for and elaborate on.the committee'• conclusions and recommendationa • . . . 
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Chapter 2 
SUMMARY OF CONCLUSIONS AND RBCOIMENDATIONS 

Responsibility for identifying and Mpping the nation's riverine 
and coastal flood haz•rd-areas rests with the National Plood Insurance 
Program and involves one of the most ambitious engineering and aapping 
efforts in the nation's history. To date, PISs have been initiated for 
approximately 10,000 c0111111unities and approxiutely 7,100 have been 
completed. About 7,000 communities now participate (some without 
detailed studies) in the regular portion of the NFIP in which local 
management and regulation of flood-hazard areas are mandatory. The 
communities in the regular NFIP account for the entire portion of 
flood-hazard-area residents who are eligible for full levels of 
insurance coverage under the NPIP. 

Despite the progress cited above, the program presents .any 
operating concerns. The demand for flood insurance restudies ia grow­
ing due to land-use or other changes that affect the previously deter­
mined flood levels and study boundaries. Program coats have acceler­
ated and program managers are seeking more coat-effective methods of 
preparing FISs and FIRs. Recent Executive Orders, both progrUIIDatic 
and reorganizational, present the possible need to expand the functions 
to be served by the PIS and FIR process. C01111ittee observations ud 
conclusions relating to these and associated issues are sWIIIDarbed 
below and discussed in detail in the several chapters of the report. 

2.1 Plood Insurance Studies and Restudies 

Present flood insurance studies are intended to serve two aajor 
purposesa Purpose 1 requires identification of areas and zoning within 
those areas subject to the 100-year flood (base flood) wherein flood 
insurance aust be purchased if property owners are to qualify for 
federal and federally related financial assistance. The critical and 
ainimum needs of purpose 1 are adequately fulfilled by present PIS 
procedures. Purpose 2 requires delineation of the floodway and flood­
way fringe wherein floodplain-management measures must be implemented. 
'!'be floodway ia the regular channel of the stream plus any adjacent 
areas that must be kept free of encroachment in order that the 
100-year flood can continue to be carried without substantial increase 
in height. The floodway fringe ia the remainder of the 100-year (base 

5 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


6 

flood) floodplain and ia subjected to leas stringent regulation. In 
many instances technical delineation of the boundary between the 
floodway; and floodway fringe is difficult and ~tly. Study coeta 
could be :reduced -end .ore effective floodplain •nageMnt could be 
achieved if the floodway delineation were dropped and the aore 
atr lngent floodplain-management regulations extended to the entire 
100-year floodplain. 

The effectiveness of the floodplain-management efforts also would 
be enhanced if the current practice of limiting FISs to individual and 
municipal boundaries was modified. Specifically, future PISs and PIRa 
should utilize a regional approach to the maximum extent feasible and 
multicommunlty aaps should be prepared when two or 110re cc:lalunitiea 
share jurisdiction OYer a common floodplain. 

FISs could be designed to serve additional needs ranging frca 
technical assistance for local floodplain-management efforts to 
numerous aspects of: .the integrated multihazard management responsi­
bility now assigned to FEMA. The exact nature of these needs can and 
should vary appreciably from community to community. The FIS proceaa 
should be flexible enough to go beyond the mlnllllum requirements of the 
NFIP in response to needs developed by the community but in accord with 
some basic cost-sharing guidelines. The most direct way to achieve the 
latter would be for FEMA to articulate a new program concept atate .. nt 
that explicitly identifies the responsibilities of federal and non­
federal entities. 

2.2 Hydrologic and Hydraulic Considerations 

The hydrologic and hydraulic methodologies presently used in the 
preparation of a PIS are technically adequate and legally defensible 
in that they reflect generally accepted engineering practice. However, 
the cost-effectiveness of this portion of the FIS process could be 
improved in selected situations. 

Under present procedures hydraulic analysis costa five times as 
much as the hydrologic analysts, yet, sensitivity analysis indicates 
that the hydrologic determination of flow rate is the most significant 
input factor contributing to total elevation error. Accordingly, 
efforts to seek undue refinement in costly field and office hydraulic 
studies may constitute a waste of resources in the absence of adequate 
hydrologic analysis. More emphasis on hydrologic analyala and leas 
emphasis on hydraulic refinements often would be appropriate. 
Moreover, hydrologic analysis performed on a river-basin or regional 
basis would enhance both the consistency and cost-effectiveness of 
multlcommunity studies. 

Additional economies appear possible if study guidelines prOYided 
for aore flexibility in selecting the level of analytical detail 
required. The present interpretation that essentially only one level 
of detail is acceptable for establishing flood elevations can be 
demonstrably in error if consideration is given to the adequacy of 
available data and the nature of the flood threat posed. 

The growing demand for FIRs necessarily focuses attention on the 
need to have access to background data developed in the preparation of 
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the initial !'IS. The coat-effectiveness of the FIR effol't will be 
enhanced significantly if steps ue taken to pl'event the lo.s Ol' 
physical teterioratlon of the !'IS data. 

2.3 Maeping TechnologY and Dissemination 

Mapping methods currently used in the !'IS pl'ocess are technically 
and scientifically adequate and legally defensible. 

Program cost-effectiveness would be iaproved if the FIS study 
guidelines and specifications clarified the conditicns for which the 
vertical error tolerance of ~.5 foot is required. Cost-effectiveness 
also would be improved if the guidelines provided for greater flexi­
bility in choice of aethods used to present results, including digital 
data bases and the use of photographs. 

I'EMA should experiment with and, where shown to be cost effective, 
adopt new surveying· ·.and positioning syste•. The latter include 
inertial positioning, satellite Doppler, analytical photogrU~~Detry, 
and, possibly, airborne profiling of terrain systems. These 
aethodologies have potential for use both in the !'IS process and in 
other disaster-related programs. 

2.4 Judicial Review of FISs 

The courts generally will uphold •good faith efforts• to aanage 
floodplains based on the best available information. The presumption 
of validity of local legislative actions is applied to the floodplain­
aanagement regulations as to other land-use regulations under the 
police power of the state. Although most judicial opinions on flood­
plain regulations have involved evidence of recent, damaging flooding, 
it appears that the courts will uphold regulations based on 100-year­
floodplain esti11ates that include areas outside the •floodplain of 
record. • 

Courts are sympathetic to the administrative problems posed by the 
coat and c011plexity of preparing detailed FISs and floodplain mapa. 
Aa in other areas of regulation involving technical measurements, 
coUI'ts are willing to apply a principle of administrative necessity to 
uphold regulations based on studies appropriate in detail and cost to 
the degree of flood potential in the community and to the resources 
available. These judicial recognitions indicate that simplified and 
less expensive technical methods would be acceptable if applied for 
valid administrative reasons and if provision for variance in the event 
of outright mistake or hardship is ensured. 

2.5 Problem-Oriented Research Needs 

I'EMA should establish a standing committee of experts to advise 
concerning technical issues on an as-needed basis and to assist in the 
formulation of problem-oriented research efforts. Several examples of 
the latter are cited in chapter 8 under the headings of technical 
issues, intergovernmental issues, and financial ·issues. 
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Chapter 3 

lfBE NATIONAL FLOOD INSURANCE PJOGRAM 

3.1 Intent of the Framers 

Given the lack of private insurance coverage against flood losses, 
public consideration of the possible need for a national flood insur­
ance program began in the early 1950s. In 1956 Congress adopted a 
national flood insurance act but subsequently abandoned it. Efforts 
to revive the concept began in the early 1960s and a directive in the 
Southeastern Hurricane Disaster Relief Act of 1965 charged BUD to pre­
pare a feasibility study on flood insurance. At about the same ti .. , 
the Bureau of the Budget commissioned a special tuk force to review 
all aspects of national flood policy. The results of these activities 
were submitted to Congress in late 1966, and the establishment of a 
national flood insurance program wu reconnended but with important 
qualifications. 

The report on the BUD effort, Insurance and Other Programs for 
Financial Assistance to Flood Victims (U.S. Senate 1966), recommended 
establishment of a dual-purpose national flood insurance program to 
spread the coats of financial assistance* to flood victims among all 
occupants of flood-hazard areas and to help prevent unwise use of land 
where flood damages would increase in the future. The report stressed 
the importance of limiting future growth in floodplains by using actu­
arial rates to charge floodplain occupants a premium consistent with 
the risk inherent in their location and by providing •incentives for 
state and local governments to practice viae management of flood-prone 
areas. • Application of these approaches (actuarial rates and flood­
plain management), according to the report, would require detailed and 
accurate studies of hydrologic risk within each flood-hazard area. 
Discussed at some length in the report is the relationship between the 
statistical probability of flooding at a particular site and the 

• sowever, the report admitted that rates might have to be subsi-
dized by the federal government for existing buildings in order to 
attract widespread participation. 

9 
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dollar cost of average annual flood damage. A determination of thia 
relationship vas considered to be crucial in both the setting of 

I 

actuarial . rates ud the adoption of floodplain-manag .. nt Maaurea. 
'l'hua, detailed flood-risk mapping of all areas where flood insurance 
would be offered vas envisioned. 

'l'he report on the Bureau of the Budget effort, A Unified National 
Program for Managing Plood Losses (U.s. Bouse of Representatives 1966) , 
considered the feasibility of flood insurance as one of aany possible 
public adjustments to floods. '!'his report vas even aore cautious 
regarding the danger of unwarranted floodplain encroachment than the 
report on the BUD effort: 

A flood insurance program is a tool that should be used 
expertly or not at all. Incorrectly applied, it could 
exacerbate t~e whole problem of flood losses.... It would 
not be impr*r to subsidize flood loss insurance for 
existing property. That aight be done, provided owners of 
submarginal development were precluded from rebuilding 
destroyed or obsolete structures on the floodplain. Bow­
ever, to the extent that insurance were used to subsidize 
new capital investment, it would aggravate flood damages 
and constitute gross public irresponsibility. 

It also identified floodplain management as critical to a national 
flood insurance program: 

Planning and coordinating the development of the flood 
plain is required as part of any significant effort to 
break the pattern being fostered by present federal poli­
cies concerning flood damage prevention, namely the con­
tinuing sequence of losses, protection, and 110re losses. 
This requires leadership of the federal government in a 
fashion that will gain effective participation by tbe state 
and local governments. Although the federal agencies can 
exercise direct control over federal installations in the 
flood plain, the far greater number of decisions affecting 
new development are made by private individuals and cor­
porations within the limits set by state and local plana 
and regulations. 

'1'h is theme vas repeated by Robert c. Wood, Undersecretary of 
Housing and Orban Development, at committee bearings on the proposed 
program (u.s. Bouse of Representatives 1967)a 

It would not be logical as a matter of public policy to 
permit insurance to be made available in localities which 
did not, on their own initiative or on the initiative of 
state or local authorities, take whatever steps would be 
appropriate to assure that their citizens would not 
unknowingly acquire and develop property where it is 
subject to known flood hazards. 
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3.2 Statutory Authority 

!'he;&atlonal Plood Insurance Act of 1968 reflects the intent of tbe 
fraaera ~o incoc~ate floodplain aanagement and actuarial rates into 
the national progr•. With respect to inaurance rates, aection 1307 
author be a the Secretary of BUJ) to •undertake and carry out auch 
studies and investigations ••• aa aay be necessary to eati•te ••• riak 
premium rates for flood inaurance ••• baaed on consideration of the riak 
involved and accepted actuarial principles •••• • Section 1308 bowe.er, 
authorizes the charging of rates lesa than actuarial -where necessary.• 
According to the legislative history, Congress intended that ratea •be 
reasonable and ••• encourage persona to purchase flood insurance.• !'bia 
bas led to the establishment of a dual rate procedure involving subsi­
dized rates for •existing construction• in the floodplain befoce a 
certain cutoff date and actuarial rates for new construction or •aub­
stantial improvement8• made after the cutoff date. Significantly, the 
cutoff date between •existing• and •new• construction ia related to 
publication of the PIS for each COIIIIIIUnity. This policy ia justified 
on the ground that actuarial rates cannot be calculated until a PIS is 
prepared. However, in practice this has extended, almost indefinitely 
in aome cases, the definition of •existing construction• ao that aucb 
development in floodplains since the advent of the NFIP has qualified 
for subsidized insurance rates. 

As for floodplain management, section 1360 of the Act authorbes 
the Secretary of BUD to •identify and publish information with reapect 
to all flood-prone areas, including coastal areas located in the United 
States, which have special flood hazards, within five years follow­
ing ••• tbis Act, and establish flood-riak zones in all auch areas ••• 
within fifteen yeara following aucb date. • This aection led to the 
development of a two-stage program involving the preparation of flood­
hazard boundary mapa (FHBMs) for all identified flood-prone com.unitiea 
(approximately 20,400) firat and then the preparation of detailed PISa 
and flood insurance rate mapa (PIRMs). (The second stage now ia under 
way.) 

Section 1361 of the Act authorize& the establishment of •criteria 
for land management and use• in floodplains and directs the Secretary 
of BUD (now the Director of FD1A) a 

••• to carry out studies and investigations ••• with respect 
to the adequacy of state and local meaaurea in flood-prone 
areas as to land management and use, flood control, flood 
zoning and flood damage prevention, and ••• develop compre­
hensive criteria designed to encourage, where necessary, 
the adoption of adequate state and local measures which, 
to the maxiaum extent feasible, will ••• constrict the 
development of land which is exposed to flood damage where 
appropriate, guide the development of proposed construction 
away from locations which are threatened by flood hazards, 
assist in reducing damage caused by floods, and otherwise 
improve the long-range land management and use of flood­
prone areas, and ••• provide any necessary technical 
assistance to state, interstate, and local governmental 
agencies, to encourage the application of aucb criteria 
and the adoption and enforcement of auch measures. 
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It is highly significant that the preparation of floodplain Mpe 
and studies (section 1360) is treated separately fro. floodplain aan­
age•nt <•ection 1361). Congress obviously intended that floodplain 
aanage111ent should be pursued regardless of the status of detailed PIS., 
therefore, it appears that the task of pra.oting floodplain aanag ... nt 
need not be tied to the time schedule or priorities of the aapping and 
FIS progrD. 

3.3 Mid-course Corrections 

The first year of the NFIP was not encouraging, only four coaauni­
ties entered the progrD and only twenty policies were sold. '.l'Wo 
obstacles to effective imple~~entation of the program were identified. 
First, aany communities did not have detailed flood insurance studies 
or floodplain maps on which to base regulations. Second, aany ca. 
munities were unwilling to adopt floodplain regulations voluntarily due 
to concern about limiting investment and hindering growth of the local 
tax base. These two obstacles were addressed in subsequent legislation 
in 1969 and 1973. 

3.3.1 Emergency Program 

Congress amended the National Flood Insurance Act in 1969 to 
temporarily waive the requirement for application of actuarial ratesa 

••• for the purpose of providing flood insurance coverage 
at the earliest possible time, the Secretary ••• shall pro­
vide insurance coverage without regard to any estimated 
risk premium rates which would otherwise be determined 
under section 1307. 

Th 1a authority established the emergency phase of the NFIP that pre> 
vides for communities to participate in the program with application 
of only minimum floodplain-management criteria, pending completion of 
their flood insurance studies and rate maps, and for property owners 
in those communities to purchase limited flood insurance coverage. A 
community need acknowledge on1y that it has a flood problem and agree 
to enforce ainimum flood-mitigation policies. Similarly, actuarial 
rates are not applicable even for new construction since they cannot 
be determined in the absence of a flood insurance rate map, and a 
limited level of coverage is provided for any structure at rates 
subsidized by the federal government. 

Although it is true that actuarial rates cannot be applied if there 
are no PISs on which to base them, there appears to have been no need 
to excuse communities from adopting comprehensive floodplain-management 
regulations when floodplain maps and data were available from sources 
other than the PIA. Thus, the emergency progrD phase of the NFIP 
appears to have reversed the initial intent of Congress and tended to 
ignore the warnings in the reports on the BUD and Bureau of the Budget 
studies (u.s. Senate 1966, u.s. Bouse of Representatives 1966) that 
development in floodplains not be encouraged. 
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3.3.2 Flood Disaster Protection Act of 1973 

Majorr flooding in 1972 (resulting fro. Hurricane Agnes and tha 
Jtapid City flub flood) brought to Ccngraasional attention tba fact 
that flood insurance still was not wic!aly in affect. AccordiDgly, tha 
Flood Disaater Protection Act of 1973 placed tha MPIP on a new footing. 
It required flood insurance to be obtained by any property owner in an 
identified flood-hazard area u a condition to receiving any federal 
or federally related financial assistance for purchue or develop.ant 
of auch property and denied disaster aesistanca by any federal agency 
in co.aaunities not participating in RPIP. 'lbia reduced tr ... ndoualy 
the aarketability of flood-prone property in communities not partici­
pating in the RPIP and of property in a participating community for 
which the owner did not purchase the flood insurance. 

A tremendous inQraase in NFIP activity (Table 1) resulted. !he 
number of participatiog communities increased from about 2,200 at tha 
and of n 1973 to al.Jioat 17 ,ooo by Novellber 1980. '!be nUIIIber of 
policies in effect increased froa about 275,000 to al.JDoet 2 aillion 
while total coverage increased fro. $4.6 billion to 885 billion by 
December 1980 and to over 1100 billion as of NOvember 1981. 

The areal diversification of this riek coverage, however, is far 
from uniform. A8 shown in Figure 1, almost 40 percent of the policies 
are concentrated in the low coastal areas in the southeastern section 
of the country that include only 0.4 percent of the participating 
c0111111un i tie a • 

The Flood Disaster Protection Act of 1973 thus generated a vast 
increase in the insurance activity of the program. Moat of this 
coverage, however, has been issued at subsidized rates under tha 
emergency program. A8 of April 23, · 1980, out of approximately 1.8 
aillion policies, only 50,500 were baaed on actuarial rates. 'lbia 
reflects, in part, the slow pace of completion of the FISa on which 
such rates can be bued. As of March 1981, there were over 230,335 
policies written at actuarial rates baaed on elevation and average riak 
zone rates. 

3.3.3 Reclassification and Technical Assistance 

Under the Carter Administration, the NFIP's resources were ref~ 
cused to concentrate on the needs of the aoat flood-prone communities. 
A reclassification of a large number of communities was proposed that 
would limit FIS efforts to only seriously flood-prone communities and 
that would concentrate floodplain-management technical assistance 
efforts on these COIIIIlunitiea (Jimenez 1979). The process for accc.­
pliahing this wu set forth in a memorandum fro. the Director of PBMA 
(Macy 1980). States were to recommend for reclassification communitiaa 
having aintmal flood hazard or development in floodplains. Flood 
insurance then would be made available in those communities at regular 
program levels of coverage but at a rate applicable to •unnumbered A 
zones• (equivalent to the emergency phase flat rate of S0.25 per 1100 
valuation). The intent of this proposed policy was to release ataff 
and funda for the provision of i~proved technical assistance on flood­
plain management to communities with greater flood potential. Although 
varioua nonfederal interests have objected to this change in policy, 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


TABLE I N•tlon•l Flood Insurance Program, 1971-80 

P,..l UIIIS Loss P•.,..nts 
Year ($1000)_ ($1000) 

Flsul 

1971 

1972 -

1973 

197' 

1975 

1976 

1977 

197&! 

C•1end•r 

1978 

1979 

1980 

$ 6,3,1 

7,003 

15,315 

25,777 

~.950 

57.52' 

83.783 

,0,235 

99,,56 

117,069 

NA 

$ 251 

2,500 

15,007 

36,638 

26,235 

81.359 

59,190 

50,887 

135,568 

,82,375 

NA 

P•rtlclp•tlng 
Connunltles 

158 

637 

2,271 

,,090 

9,625 

1,,502 

15,585 
+ 16,000-

+ 16,ooo-

16,,8eb 

16,957c 

Policies In Effect 

75.86' 

95,123 

272,1tlt8 

385,1t78·> 

539,888 

793.779 

I. I •I II I on 

I .2 .il 11 lon 

I.] •llllon 

I .6 •I II lon 

2 •I" lon+ 

NOTE: Based on d•t• provided by FEMA. NA me•ns the lnfor•tlon was not •v•ll•ble. 

~u I y I - Decetftber 31 , I 977 

~s of July 11, 1979. This figure Includes 3,381 cOMMUnities In the regu1•r progr•• 
•nd 13,107 In the emergency progr•m. 

~s of Mov.-ber 15. 1980. Including 5.571 In the regu1er progr .. end 11.386 In the 
..araencv orogrem. 

Cover•ge 
($billion) 

$1.1 

'.s 
,.6 
8., 

13.7 

22.7 

33.6 

37.1 

NA 

60 

85 

. -, 

... .. 
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FIGURE 1 150 top ranking communities In the NFIP plotted by policy count. In the~ •re•s 
described In detail, 73 communities, which represent only 0.~ percent of tot•l 
communities In the NFIP, have 2,000 or more policies each; the total number of 
policies In these areas Is 679,500, which represents 38 percent of total NFIP 
policies. 
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it appears likely that acme reclassification will occur. Nevertheleaa, 
the need for FISs of some communities will r ... in and leas costly and 
less time~aUIIing procedures still will be required. . -
3.4 Current Status of the NFIP 

'Jtle NFIP clearly is in a state of rapid growth and flux. !be total 
nUJIIber of participating CCIIIDUnitiea baa leveled off at about 17,100, 
but the ratio between regular and emergency progru co.~unitiea is 
changing rapidly. Aa noted above, the nUIIIber of policies and total 
insurance coverage atood at 2 •illion and S85 billion, respectively, 
in December 1980, with a prospect of continued rapid growth. In 1979, 
revenue to the NFIP in the fora of flood insurance preaiUII8 reached 
Sll7 million and loss payments totaled S482 aillion (Table 1) or aore 
than half of the total NFIP insurance payments made through that year. 

Progress in the Preparation of FISa is shown in Table 2. By late 
1981, 9,852 studies (excluding studies concerned with wave heights) bad 
been initiated, and 7,093 completed. The communities studied include 
a substantial proportion of local govern.nt units with serious flood 
problems and population at risk. Total federal expenditures for the 
preparation of FISs have amounted to about f500,000,000 over the life 
of the NFIP. Of mounting concern to FD1A is the rising average coat 
per study (and per community) which now stands at about f77 ,600* or 
almost three times the cost in 1978. The problem of rising study costa 
and the need to study communities of comparatively smaller flood damage 
potential has prompted FEMA to seek more coat-effective methods of pre­
paring legally defensible FISs. 
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Committee on Banking and Currency, Subcommittee on Housing, 
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*Aa noted in Chapter 1, if technical evaluation contractor time 
and costa are included, the average coat is S93,600 (excluding 
printing, distribution, and coat modifications). 
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TABLE 2 Flood Insurance Studle$: Number and Cost 1969~81 

NUIIIber of ---Regufar Prog-ram~-
Studies Number Communities a 

Fiscal Year Initiated Conpleted with Elevations-

1969-7' 1,61' 5lt3 

1975 1,156 sso!- 0 

1976 (TQ) 2,320 5lt1 Sit 

1977 '·'7" 1,088 569 

1978 2,123 896 1,069 

1979 791 1,,13 860 

1980 295 1,379 1,3,9 

1981 79 1,226 1,1t30 
TOTAL 9,852 7,093 5,87,.!!. 

NOTE: Based on data provided by the Federal 
E•rgency Management Agency, Novetnber 1981. 

a =n 1969·75. 
~Includes effective FIRMs suspended and nonparticipating cOMMUnities. 

., 

FIS 
~---- ------.--..----, 

App rop r.l at I on FIS 
($ m111lon) Average Cost 

38.5 

lt6.2 ,,,BoO 
93.6 37.700 .... ..... 

• 75.0 27,,00 

85.0 27,300 

85.0 39.700 

58.9 59,600 

,8., 77,600 
530.6. 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


i · 

Chapter 4 
FLOOD INSOJWJCE S'l'UDIES AND RESTODIES 

The FIS and floodplain upping progra baa proceeded in two pbuea. 
The first phase involved the preparation of flood-hazard boundary aapa 
(FHBMa) that identify· approxiutely those portions of each co111111unity 
which may experience flooding. The ujor purpose of these preliminary 
mapa vas to indicate which property within a COIIIIIIunity should be 
covered by flood insurance. Following enactment of the Disaster Pro­
tection Act of 1973, the FBBMa were used to identify the property that 
auat be covered by insurance aa a condition for approval of federal or 
federally related financing. 'l'beae initial mapa did not supply data 
adequate for comprehensive floodplain management or for the establish­
ment of insurance rates, and in the mid-1970a the FIA focused moat of 
ita efforts on the preparation of flood insurance studies. 

4.1 FIS Products 

A FIS consists of a text and two kinds of mapaz the flood 
insurance rate up (FIRM) and the flood boundary floodway (FBFW) map. 
'!'be FIRM ia the only official map identifying the regulatory base 
floodplain and elevations and ia the only map prepared when no floodway 
ia established. In addition to use in floodplain management, it ia 
used by lenders to determine whether a property ia in the floodplain 
and whether the mandatory flood insurance purchase requirement ia to 
apply and by insurance agents to determine the rate zone of a property. 
'1'h e FBFW map ia used primarily by the community as the bas 1a of ita 
floodplain-management program. The engineering work used to determine 
the hydrology and hydraulics ia the same for both aapa but there are 
differences in the way the data are displayed. 

4.1.1 1'he FIRM 

Development of a FIRM starts with determination of flood elevations 
and tbe eatabliah•nt of flood-hazard factors (FHFB). The FBF ia uaed 
to determine the flood-insurance zone classification and ia, in fact, 
the device that correlates flood-risk information with insurance rates. 
!be FBI' for a reach ia the average weighted difference between the 
10-year and the 100-year floodwater surface elevations expressed to tbe 
nearest 0.5 foot and ia presented as a three-digit code (e.g., if the 
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average difference between the 10- and 100-year floods is 0.4 foot, the 
PHP is 0051 for a 0.8-foot difference, the PBP is 010 and for a 4.0-, 
foot diff,rence, t.be PBP is 040). When the difference between the 10-
and 100-year elevations is greater than 10 feet, the accuracy of the 
PBF is to the nearest foot. 

After the PBPs have been determined for all reaches, the entire 
study area is divided into flood insurance aones in accordance with the 
FBF determination. The zonal designations currently utilized are as 
follows a 

zone Symbol 

A 

Al-A30 

AB 

AO 

A99 

v 

Vl-V30 

B 
D 
M 
N 
p 

c 

Category 

Area of special flood hazards and without bue 
flood elevations determined. 
Area of special flood hazards with bue flood 
elevations. Zones are assigned according to PBPa. 
Area of special flood hazards that have shallow 
flood depths (frOil 1 to 3 feet) where base flood 
elevations are only slowly varying and can be 
established readily. Base flood elevations are 
shown on the FIRM. 
Area of special flood hazards that have shallow 
flood depths (from 1 to 3 feet) due to sheet flow. 
Base flood depths are shown on the FIRM. 
Area of special flood hazards where progress on a 
protection system (e.g., dikes, dams, levees) is 
deemed sufficient to consider it complete for 
insurance rating purposes. 
Coastal high hazard area, with velocity, that is 
inundated by tidal floods. Base flood elevations 
have not yet been determined. 
Coastal high hazard area, with velocity, that is 
inundated by tidal floods. Zones are assigned 
according to PHP8. 
Area of moderate flood hazards. 
Area of undetermined but possible flood hazards. 
Area of special mudslide hazards. 
Area of moderate mudslide hazards. 
Area of undetermined but possible mudslide hazards. 
Area of minimal mudslide hazards. 

The zone designation and the elevation corresponding to the bue 
flood (or 100-year flood) are presented on the FIRM. Only those areas 
within a community's land-use jurisdiction are displayed on the aap. 
All streets within an identified special flood-hazard area and acme 
major streets outside the area are named, but it baa not been general 
practice to label other public facilities. 

!be legend of the FIRM gives a brief explanation of the zones, a 
key to the symbols used, the map scale, and a summary of previous aap 
dates and reasons for previous map revision. ~ statement advises that 
the up is intended to be used for insurance purposes and that addi­
tional information is available from insurance agents or NFIP toll­
free numbers. 
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4.1.2 The FBPW Map 

IJ'he ~rw •ap is not aandated by the Rational Plood Inaurance ACt 
and ia developed only in tboae caaea when a regulatory floodvay ia 
developed. A key concept of floodplain ~~anageMnt is the need to 
balance the future gain fro. floodplain develop.ent againat tbe 
increase in flood hazard that would accoapany develos-nt. !'be •u 
used the concept of a regulated floodway aa a tool to aaaiat local 
COIIIJDunitiea in this aspect of floodplain ~~anageMnt. Iapl-ntation 
of tbia concept requires diviaion of tbe 100-year-flood area into a 
f loodway and a floodway fringe. The floodway ia the regular channel 
of the stream plus any adjacent floodplain areaa that 111uat be kept free 
of encroachment in order that the 100-year flood can continue to be 
carried without substantial increase in height. The aaximu. increaae 
allowed by the PIA ~· 1 foot unless hazardous velocities are produced 
with aoae lesser constriction. SOllie state and local provisions are 
aore stringent. EncrbachMnt outside the 100-year floodplain noraally 
is not regulated. 

The FB!W map identifies the areal extent of the floodway and 
floodway fringe areas. The locations of selected cross sections and 
map scales also are shown. The legend identifies the symbols used and 
advises the user to refer to the FIRM for identification of flood­
hazard areas that were not studied by detailed aethoda. 

4.1.3 The PIS Report 

A PIS report typically is divided as followsz 

1. Introduction-'l'his section identifies the study purpose, tbe 
variety of agencies consulted in the developnent of the data, tbe 
authority under which the study was done, and the nDe of tbe 
contractor who performed the study. 

2. Area Studied--'l'his section identifies the reaches of atr•­
atudied by detailed and approximate Mthoda and presents coaaunity 
descriptions containing physiographic and climatic information and a 
brief summary of flood problems and existing flood-protection aeasures. 

3. Engineering Methods--This section describes in detail the aeth­
odologies used to determine the hydrologic and hydraulic parameters. 
For the hydrologic analyses, the resulting discharges are presented in 
tabular form. The hydraulic analyses establish flood elevations or 
profiles for the reaches studied in detail. A data table identifiea 
base floodwater surface elevations, effects of floodway delineation on 
the base floodwater surface elevation, and the physical parameters of 
width, aection area, and Man velocity of the delineated floodway. 
Data are entered in the table on the basis of croea-aection location. 
These aame locations are located on the profile so that the user easily 
can refer from the table to the profile (and vice versa) when aaking 
site-specific decisions as part of the floodplain-management regulatory 
process. 

4. Floodplain-Management Applications--This section discusses the 
relationship between the various floodplain delineations and their 
regulatory implications. More restrictive state standarda, if any, 
also are identified. 
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5. Insurance Applications-This section discusses the techniques 
used to zelate the flood-hazard inforMtion to insurance aone and 
rating dat.. -

6. Other Studies--This section references other published data 
sources (e.g., u.s. Geological Survey quadrangles, Cccps of Bngin .. rs 
floodplain infor•tion reports, and other PIS.) used by the atudy 
contractor and discusses the coordination process used to ensure 
consistent technical evaluation. 

7. Location of Dat~-!bis section tells the user how the survey, 
hydrologic, hydraulic, and other pertinent data used in the atudy but 
not necessarily published can be obtained. 

8. References and Bibliography-This section presents a COIIIplete 
listing of all maps, published studies, and other reports used by the 
contractor in the development of the PIS • 

.. .. 
When the contractor has completed a preliminary draft of the PIS 

report, a public meeting, referred to as the final meeting, is 
scheduled by the regional F!MA staff to present the results to the 
community. (The contractor may have had an intermediate meeting with 
community and FEMA representatives in those states where certain 
technical standards, particularly the allowable rise for floodway 
encroachment, are more restrictive than the federal requirement.) At 
this meeting, representatives of PEMA, the contractor, and, in some 
cases, the state review the results of the study and discuss its 
implications in terms of insurance-purchase requirements and 
floodplain-management regulations. 

Shortly after this final meeting, the proposed base flood elev~ 
tiona are published in the Federal Register and the community enters 
the 90-day appeals period. During this time the community, or indi­
viduals who so desire, may present technical data to refute the 
proposed base flood elevation. It must be emphasized that this right 
of appeal is established by statute and applies only to base flood 
elevations and not to the delineation of flood-hazard areas based on 
approximate methods. It also should be noted that appeals of the 
elevation can be entertained at any time in the future when they are 
supported by adequate technical evidence and certain administrative 
procedures are followed. 

When the 90-day appeals period is over, any appeals made are con­
sidered and any revisions required are •ade accordingly. The proof 
draft of the study report than is sent to the community with a •letter 
of final determination• advising it that the study and maps will beccaa 
effective in 6 months and that to convert to the regular phase of the 
NFIP and, thus, make additional insurance coverage available to co•­
munity residents, it will be necessary to enact floodplain-management 
regulations •eting the minimUDI federal standards. The final base 
flood elevation and conversion data also are published in the Federal 
Register. When the community has 90 days left in the conversion 
period, a follow-up letter reminding it of the requirement to adopt 
adequate regulations and of the consequences of failing to do so is 
sent. When 30 days are left in the conversion period, the community 
is aent final notification of the requirements for converting to the 
regular phase and is told that it will be suspended if it fails to act. 
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Thia notice alao 1a published in the Federal Resister. On the oonvar­
aion data, the cc..unity either converts to tba regular pbua if it baa 
adopted -•~itabla regulations or ia auapendad froa the progr•· 

I 

4.2 Critical and Miniaum Heads 

Identification of critical and •inlaua federal, a tate, and local 
information needs (i.e., those needs that .ust be accc•odated by Md 
reflected in PIS techniques and product• if the IIPIP and ~ity 
floodplain-management prograu are to aucceed) ia ccaplex given the 
degree to which the NPIP affect• the flood-hazar~itigation activitiea 
of federal, state, COIIIIIIunity, and private-sector groups. 'lbua, cca­
plate identification of these needs raquir.. a review of the purpoa .. 
of a PIS. 

'!'he National Fl.ood Insurance Act (u AMnded) aets forth tvo 
separate but functi~nally interdependent objectivasa the .. rkatlng of 
flood insurance an~ the implementation of floodplain aanag ... nt. 
Floodplain management, the more complex objective, includes regulation 
of development in the floodplain. 

'l'he effects of the NFIP ware extended greatly in 1977 by Executive 
Order 11988, •Floodplain Management. • The order directs all federal 
agencies to avoid actions in floodplains unless there is no practical 
alternative and directs federal agencies to utilize the NPIP criteria 
for identification of floodplains. ibis order has been supplemented 
by the u.s. Water Resources Council 1978 report on t.plaaentation of 
Executive Order 11988 and by the Council's (1979) prasidantally 
endorsed report on a unified national program for floodplain unaga­
aent. 'l'he Executive Order and these reports have extended NFIP affects 
to other federal programs in that the Executive Order guidelines argue 
that any •critical actions• (i.e., those actions that, in the event of 
flooding, would result in catastrophic losses of lives and property) 
should be taken outside the 500-year floodplain as defined by the NPIP. 
Thus, the role of the NFIP has been expanded significantly beyond that 
of providing insurance and floodplain management for private iapl ... ne­
tation. 

The potential for further expansion of the NFIP's role arose when 
PEMA was created to establish integrated multihazard management and the 
PIA was transferred to it. Also transferred to FEMA were the Federal 
Preparedness Agency (FPA) with responsibilities for federal flood 
warning, evacuation, and •itigation planning and the Federal Disaster 
Assistance Administration (FDAA) with responsibilities related to poet­
disaster assistance. The question necessarily arises as to whether cc 
not the costly and detailed studies of the floodplain performed for the 
PIA progran~ need to be broadened further to aCCOIIIIDodate these other 
PBMA responsibilitiea. 

On July 10, 1980, the Office of Management and Budget (OMB) iaaued 
a directive on nonstructural flood-protection measures and flood 
disaster recovery. On December 15, 1980, an interagency agreement wu 
aigned that defined the procedure to be followed to accompliah the 
element• of the directive and established hazard-mitigation ta... 'l'ha 
isplication of these actions for PISs and FIRs is that the federal 
establishment will be placing greater emphasis on technical assistance 
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and coordination IUIIOng floodplain unagera. Accordingly, nMA la 
attempting to review the uny needa that could be aerved by tbe PIS 
proceaa. : 

Appendix A preaenta infor .. tion prepared by AROo (1980) that pco­
videa ao.e indication of the potential breadth of thia queaticn. 
undoubtedly a PIS procedure could be developed that would aerve all the 
needs listed but, as ANCo (1980) correctly concluded, practical budge­
tary considerations would aake it impossible •to aatiafy every desire 
of every potential PIS user.• A procedure that would reflect practical 
budgetary considerations aa well aa the infor .. tion of potential uaera 
would be a coat-sharing •chaniam whereby uaera would pay for tbe 
collection of additional data during the conduct of a PIS. 

4.2.1 Insurance Marketing 

'l'he primary users of a PIS are those involved with the direct. 
application of the insurance-marketing aspect of the NFIP. For various 
reasons the preparation and dissemination of PISs, despite a aubatan­
tial federal investment, have incurred much criticism. The criticism• 
moat frequently expressed by state and local users, not all of which 
are shared by the committee aa subsequent discussion will indicate, 
include the following: 

1. PISs are difficult to read and apply in practice. They involve 
the use of symbols and codes that require apecial training in order to 
understand and apply. 

2. PISs are not readily available to the general public. They 
normally involve aultiple sheets and this makes it difficult to post 
them in public places. They are graphically difficult to duplicate 
through photo copying. They are not distributed to property owners. 

3. PISs are too restricted geographically. They are prepared on 
a strict community-by-community basis. This ignores the relationship 
between communities that share a floodplain or face each other acra.a 
a stream. 

4. PISs are not technically accurate. They frequently are baaed 
on inadequate hydrologic and hydraulic data. The aethodology for 
translating auch data into estimated flood-hazard areas frequently . ia 
challenged. 

s. FISa do not provide enough information. For instance, they do 
not identify the location of critical public facilities or of atruc­
turea that should be relocated. In abort, they do not supply enough 
data for comprehensive land-use management in the floodplain. 

'l'he c011111ittee concurs with cr iticiaa 1, 2, and 3 and recommends 
that FDIA take appropriate atepa to illprove the legibility, acceaa, and 
geographic acope aspects of PISs. It disagrees with cr iticiaa 4 in 
that it believes the methodology to be technically accurate, however, 
it recommends that FEMA review more closely the work of the atudy con­
tractor• to ensure proper execution. Criticiam·S ia principally con­
cerned with the floodplain-management objectives of the program, and 
the committee believes it to be invalid because, aa previously noted, 
it would be iapoasible to satisfy every desire of every potential uaer. 
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On the baaia of ita review, the co.ittee believe• that the ainiaua 
and critical needs for tbe inaurance-sarketing aapecta of tbe IIPIP 
neceaaarily includ! the followinga 

1. 
2. 
3. 

tiona. 

Delineation of tbe 10-, 100-, and 500-year-flood profilea. 
Delineation of the 100- and 500-year floodplaina. 
Delineation of rate zone• and cocreaponding baae flood el.va-

4. Develop~~ent of a Mthodology for relating the baae flood 
elevation and the type of atructure to a rate achedule. 

5. Determination of the atructural type of property. 
6. Determination of the first-floor elevation of a atructure. 
7. Enactment of adequate local floodplain-aanageMnt ordinance•. 

Current PIS proc,.Surea provide for all but itua 5 and 6. At tbe 
preaent time, reaponaibility for determining individual atructure 
elevation and/or structure type reata with the property owner and tbe 
insurance agent, and the committee aeea no reason to recamaend a 
change. The CCIIIIIIIittee notes, however, that the enactment of a local 
floodplain-management ordinance doea not enaure ita forceful imple .. n­
tation. In fact, there is significant indication that local implemen­
tation of floodplain-management programs ia often far from comprehen­
sive. 

4.2.2 Floodplain Management and Technical Assistance 

The National Flood Insurance Act, Executive Order 11988, and the 
OMB all direct PEMA to provide technical assistance on floodplain man­
agement. The Act requires that technical assistance be provided to 
thoae communitiea that adopt the NPIP regulatory atandarda1 the Execu­
tive Order atatea that federal agencies are aubject to the aame atan­
darda of the NFIP aa participating communitiea1 and the OMB directive 
underacorea the importance of an integrated federal, atate, and local 
approach to COIIIprehenaive flood-damage-reduction programs in both the 
pre- and post-flood contexts. Inherent in thia emphasis on technical 
aaaiatance ia the realization that the aucceaa of floodplain aanagement 
hinges on the ability (both technically and politically) of local unite 
of government to adopt and enforce the requirements necessary to reduce 
future flood duage. Thus, the ultimate aucceaa of the nation'• 
floodplain-management policies and programs will be a function of local 
intereata and capabilitiea. 

A1 though PDIA • a resources (fiscal and personnel) are not adequate 
to ... t completely floodplain-management and technical asaiatance 
needa, .any of these needs could be Mt but are not because of admin­
iatrative choices that have been made regarding the development and 
preaentation of data. For example, an adequate flood-warning plan for 
a community would require hydrologic data for the entire contributing 
waterahed but, at the present time, a typical PIS report presents only 
the hydrology for the area tributary to the reach within tbe 
cc..unity'a boundariea. In the pre-flood context, atage hydrograph 
data (telling how long the water can be expected to be at flood atage 
for the regulatory or aome other frequency flood) needed by local 
official& to make decision• regarding floodproofing of critical public 
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facilitie~ are not pceaented in a PIS re~t although they very likely 
were developed by the study contractor. Similarly, the use of aaps aa 
a public 8ducational tool in identifying potential flood-haaard areas 
has been prevented by administrative decisions concerning the content 
and graphics of PIS reports. 

Thus, the present PIS report for•t could be significantly ~cwed 
for the purposes of technical assistance and floodplain aanagement. 
It is essential to reassess the guidelines and specifications for PI&a 
(PIA 1979), floodplain-management regulations, and other a4ainistrative 
procedures (e.g., concerning distribution of studies and aaps, and 
storage and retrieval of technical backup data) in an effort to revise 
the PIS report format, and the content as well if such is indicated, 
so that the reports will become better tools for all floodplain 
managers. The range of need, however, varies widely aaong coamunities. 
As noted above and .ln the previous section, budgetary and personnel 
limitations preclude PEMA from satisfying all local needs and the needs 
of all potential PIS users atr ictly through federal resources, and 
state and local governments should be called on to share the coat of 
particular elements of importance to them. 

In addition, although the usefulness of PISs can be increased in a 
number of ways, several general policy issues are involved and should 
be considered. The following examples are presented only to illustrate 
the issues: 

1. Flood s i tuationa create special emergency needs. Var ioua 
transportation routes are blocked by different levels of flooding, and 
vital public services in the floodplain (e.g., electrical substations, 
transportation centers, and sewer, water, gas and communication 
utilities) can be affected. Similarly, institutional structures aucb 
as nursing homes, hospitals, clinics, and prisons create special emer­
gency needs if located in a floodplain. Requirements of eMrgency 
plana to counteract these problema range from locating emergency water­
treatment and power-generating facilities to finding temporary shelter 
for evacuees or storage apace for movable property such as car dealer 
inventor iea. The policy issue to be resolved requires determination 
of the extent to which PISs should include evaluation of these emer­
gency preparedness efforts and of the extent to which local communities 
should be required to incorporate the flood aspects of these consider­
ations in their disaster planning efforts as a condition for partici­
pation in the subsidised insurance program. 

2. Public acceptance and understanding of flood risk is important 
to acceptance and implementation of an effective floodplain-management 
program. Prominent markers displayed at equally prominent locations 
and depicting the elevation of historic and/or simulated flood levels 
are fundamental to this understanding. The broad distribution of basic 
city street mapa that at least identify the approximate location of 
flood-hazard zones and that include a note indicating where aore 
precise information can be examined also leads to public appreciation 
of the issue. In this context, a policy decision must be aade con­
cerning which needs should be filled by FEMA in the course of conduct­
ing a PIS and which should be filled by the community as part of the 
eligibility requirements for NPIP participation. 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


27 

3. 'l'he mitigation of future flood loaHa ia an iaportant public 
policy goal. Pre-planning for the diaaster-recovery atagea ia 
~rtant ~o the effective operation of diaaater-relief functiona. In 
tbe caae of flood -diaastera, critical queationa ariae concerning when 
a given atructure, private or public, abould be r...:wed, elevated, and/ 
or floodproofed rather than routinely rehabilitated and whether there 
are related consideration& (e.g., waterfront rehabilitation). Pre­
cUaaater planning obvioualy ahould influence tbeae efforta, but a 
policy determination auat be aade concerning whether PIMA aboul.d 
atteapt to fill thia role in the develop~~ent of a PIS or whether an 
ongoing disaater-planning effort ahould be part of tbe nonfederal 
eligibility requirement& for co.munity participation in the KPIP. 

In aummary, truly effective floodplain aanagement can be achieved 
only when all levela of govern.nt are co.itted to the taak. I'BMA 
needs to establiah procedures wherein PISa can be designed to go beyond 
the needs of the NFIP· jn responae to needs articulated by the co..unity 
but in accord with aome baaic cost-aharing guidelinea. 'l'he .a.t direct 
way to achieve thia would be for FEMA to articulate a new prograa con­
cept atatement addreasing the broad policy iasues aa well aa apecific 
technical isauea. The iasues raiaed during the diacuasion of 
floodplain-management uaer needs indicate that the concept atatement 
needs to incorporate the following elementaa 

1. A atatement of the flood insurance program, insurance market­
ing, and floodplain-management reaults desired by the years 2000, 1990, 
1985, 1983, and 1982 expresaed in terme of the nature and coverage of 
high-hazard properties and the nature and level of floodplain manage­
ment, 

2. A broad strategy for achieving these results including defini­
tion of the responsibilities of each of the partiea involved in tbe 
program, and 

3. A atatement of the questiona to be answered by explicit policy 
and procedural guidance. Without auch a atatement it ia likely that 
•odification of the PIS process will be incremental and not coat­
effective. 

The coaaittee believes that thorough examination of the policy 
queationa raiaed by the committee may well lead to ~e effective ful­
fillment of the overall FEMA mission as well aa to a more responaible 
role for nonfederal entity participation in the NFIP and that prepara­
tion of aucb a program concept statement ahould receive the higheat 
pr lor 1 ty. In doing ao, FEMA ahould ensure that a Mchan lam ia 
developed to provide for conaideration of as broad a range of view­
pointe as possible. 

4.3 The Need for a Basin-wide or Regional Perspective 

PISa currently are conducted and publiahed on the basta of indi­
vidual government unita--municipalitiea, counties, or other entitiea. 
Thia ia totally at variance with the physical geography of the United 
Statea. Governmental and physical unita aeldom coincide and aunicipal 
boundariea ahift frequently. The committee devoted aucb discuaaion to 
this conflict and concluded that PISs, and especially their hydrologi­
cal element&, should reflect a basin-wide or regional perspective. the 
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following section presents a case history of the operation of the PIS 
process i~ a small watershed in Florida with multiple political juris­
dictions •. · The .ori general probl ... of intergovern.ental frag.entation 
and the need for basin-wide analysis then are discussed. 

4.3.1 The Pinellas County Experience 

Pinellas County, Florida, is the kind of ~unity for which the 
NPIP exiata. It is a rapidly urbanizing area subject to both coastal 
and riverine flooding. In the riverine parts of the county there is a 
recent history of severe flooding with a clear trend toward increasing 
frequency as urbanization progresses. !he county population increased 
from 568,000 in 1970 to an estimated 791,000 in 1978. !'be overall 
riverine problem encompasses 52 watersheds and 24 political jurisdic-
tions. · 

A large part of the current development is in unincorporated areas. 
The existing drainage system was subject to severe stress by 1978, and 
the county elected at that time to undertake a planning study for each 
drainage basin to develop a consistent set of drainage criteria. Three 
consulting firms contracted to provide the required services. 

Prior to initiation of the oounty study, NPIP studies had been 
begun in several communities. It would seem logical that cmaon 
objectives and tasks would mandate a close liaison between the oounty'a 
consultants and the NPIP consultants, but when the county's consultant& 
sought to discover what was being done in the NFIP studies, they could 
not obtain the information. 

The first task in the county's study was the development of a uni­
form set of hydrologic assumptions and data to be used throughout the 
county. This was done to place the county's plan on a consistent 
technical footing. In addition, hydraulic calculations were carried 
out on a basin-wide basis. This procedure completely eliminated 
problems of reconciliation of technical results because the methodology 
of the study was fundamentally consistent. 

The county formed a steering committee ccmposed of representatives 
of each consulting firm and several county departments. Its purpose 
was to ensure uniformity in presentation and to select certain study 
parameters. For example, it was decided that storm runoff associated 
with the 5-, 10-, 25-, so-, and 100-year atoru should be analysed. 
The group also coordinated study efforts with the various jurisdictions 
in the county. It permitted each consulting firm to use its own 
modeling approach, reasoning correctly that familiarity and experience 
with a technique, combined with sound professional judgment, was ~re 
important than the specific computer program used. However, each fira 
was required to validate its model with measured field data. 

one area in the county, Joe's Creek Basin, is a good example of the 
study. Joe's Creek Basin is over 14 square miles in area (Figure 2) 
and includes some 30 miles of. channels and major outfall& in the basin. 
file cities of St. Petersburg·, Kenneth City, and Pinellas Park lie all 
or partly in the basin. The Pinellas Park Water Management District 
is responsible for some drainage facilities in the basin, and there are 
large unincorporated areas. The need for a coordinated drainage pro­
gram is evident. 
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The county's study of Joe's Creek Basin began in November 1978 and 
was completed in December 1979 at a total coet of about t70,000. !be 
study included location of the flood elevations f~ each of the atccaa 
listed ab~e. It .also contained a detailed evaluation of aix alterna­
tive plana for flood abatement and reca~~~~ended •20.6 ailllon in capital 
improv ... nta. At the present ti•, about tl.6 aillion of tbe• 
improvements have been built. Obviously, the county's study vent wll 
beyond the scope of a NFIP study even though it included all el ... nta 
of the NFIP study. 

Pour contracts for NPIP restudies in the Joe's Creek Basin bave 
been awarded--one for each political unit in the basin. Since they are 
based on political subdivisions, they include acme areas outside tbe 
basin. The initial studies began in the early 1970s, and the current 
projects are the second or third round of restudies. These began in 
mid-1978, and as of April 1981, none had been released by PDtA even 
though most of the t'chnical work was completed. The total estiaated 
cost of the four studies is between 852,000 and •95,000. County per­
sonnel have indicated that no contacts have been initiated by NPIP 
contractors to obtain the results of the county's study. The status 
of reconciliation between the NFIP study areas is unknown. 

The conclusions seem to be that NFIP studies are aore costly than 
the county's study, that they take longer to complete, and that they 
are not well coordinated within a basin. This situation and others 
like it provide the basis for much of the criticism of the NPIP. 

This case history highlights three major deficiences in the WIS 
process: 

1. Failure to take advantage of existing or ongoing flood studies 
by other units of government. 

2. Conduct of studies of individual muncipalities rather than of 
logical groups of communities (e.g., those sharing a small watershed 
or a floodplain), which results in multiple studies for the same area 
at much greater cost. 

3. Delay in completion of studies, which defers the effective date 
of a community's adoption of floodplain-management regulations and its 
entry into the regular program. 

4.3.2 Intergovernmental Considerations 

The foregoing example highlights the fact that program coat and 
program timeliness are not solely functions of technical aethodology. 
Equally important are the geographic orientation and the infrastructure 
or project organizational arrangements. This is especially true where 
intergovernmental considerations are a aajor issue. 

The nation's floodplains reflect a mosaic of private and public 
jurisdictions that differ in geographic scale and legal authority while 
collectively sharing the benefits and burdens of being located next to 
water. These jurisdictions differ widely in their objectives, poli­
cies, and actions concerning floodplains, but each generally attempts 

. to pranote its own interests, often without regard for neighboring 
jurisdictions. Nevertheless, the very nature of rivers and atreus 
dictates that the action or nonaction of one authority may affect 
neighboring areas for better or for worse. There are two readily 
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identifiable situations in vhicb aultigovernmental conflict aay arise. 
Ute first involves rivera serving u political boundaries and the 
second, .r!vera and atreus flowing acro.a political boundaries froa CDe 
juriadic~ion int6 another. 

Mo.t inland streams of any significance serve as boundaries between 
jurisdictions. At the international scale, the D'aited States faces 
Canada acroaa rivera in Maine, New York, Michigan, and Minnesota, an4 
it facea Mexico acroaa the Rio Grande. Porty-one states are bordered 
in part by inland rivera or lakea. !'he total length of 1Dteratate 
river boundaries ia eatiuted at about 12,000 allea (excluding 
aeandera). Rivera that bound states neceaaarily also border aaaller 
unite of juriadiction--countiea, special districts, aunicipalitiea, and 
private property holdings. Ulia role of inland streams aa boundaries 
can cause croaa-atreu conflicts between jurisdictions. 11bere flooda 
are concerned, one j~riadiction aay permit improper ·~~ater drain­
age, filling, diking,· or other forme of encroachJDent that may increue 
flooding in jur iadictiona across the atreaa. Such an alteration of 
flood patterns may wreak havoc if one 00111111unity baa developed on or 
near the floodplain on ita aide, aaauaing from past flooding patterns 
that it will not be engulfed. 

StreUlS that flow through political jurisdictions also can cause 
conflicts--these of an upstream-downstream nature. A aajor problea of 
this type in small watersheds ia upstream development, which normally 
raises flood levels downatreu. Another form of upstreu-downatreaa 
conflict is the •bottleneck• (i.e., if jurisdictions on opposite aides 
of a stream both obstruct their floodplains through levees or other 
aeana, the resulting constriction causes backwater for areas 
immediately upatreu). 

~e effects of multigovernmental fragmentation in floodplains are 
cumulative. MOat watercourses of any significance involve both croaa­
atream and upstream-downstream conflicts. The cumulative effects of 
specific actions, however, are not always obvioua because a flood aay 
not occur for years. The multigovernmental implications of flooding 
too often are seen only in the aftermath of a flood. Certainly not all 
flood damage can be blamed on the actions of neighboring areas but, 
just as certainly, even the moat responsible floodplain-management unit 
ia to some extent at the mercy of its neighbors. Ultimately, there ia 
a need for multigovernmental arrangements to promote mutually respon­
sible and enforceable floodplain-management policies. 

Floodplain management is just one of aany public concerns that 
transcend political boundaries. Much baa been written about tecbniquea 
for •intergovernmental coordination.• (See particularly reports of the 
Advisory Coaaniaaion on Intergovernmental Relations.) Much of tbia 
literature, however, deals with •vertical• relationships among federal, 
state, and local entities. Although that dimension is important to 
floodplain management, the emphasis here ia on ~orizontal• cooperation 
among adjoining units of government--thus, the use here of the tera 
~ultigovernmental coordination.• Techniques to be considered include 
interstate compacta, comprehensive river-basin planning, statewide 
regulations, county, special district, and irt.tergovernmental agree­
aenta, extraterritorial powers, and litigation. 
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The organization and implementation of PI&a auat take into account 
the aultl1Jovernaental realitiea of a given area. 11bere aultigovern­
aental iaaues are- important, hydrologic atudiea abould be undertak• 
regionally (on a watershed baaia if poaaible) and abould DOt be liaited 
to a aingle juriadiction. Siailarly, tbe deterainatlon of floochray 
di•nsions ahould be baaed on analyaia of the entire floochray, and 
aulticommunity maps ahould be prepared for groupe of co.aunitiea that 
abare jurisdiction over a common floodplain. 

In particular, the co.ittee believea 110at atrongly that future 
PISs and WIRs should be baaed on a regional analyais. uae of a 
regional or watershed baais for analyaia will yield aeveral benefita. 
With respect to mapping, data-base costs will be reduced and the con­
aiatency and accuracy of the resulta will be iaproved. In adcUtion, a 
change of community boundaries will not require remapping or added 
mapping. Further, c.egional hydrologic analyals will reduce C08t and 
increase consistency,.and the gain in consistency will generate further 
reductions in cost by reducing the need for justification of boundariea 
between communities and for restudiea. 

4.4 References 

Anderson-Nichols and Company, Inc., Promising Methods and Procedure• 
for Performing Riverine Flood Insurance Restudies, ANCo, 1980. 

Flood Insurance Administration, Flood Insurance Study Guidelines and 
Specifications for Study Contractors, u.s. Department of Bouaing 
and Urban Development, Washington, D.C., 1979. 
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Chapter 5 

HYDROLOGIC AND HYDRAULIC CONSIDERA'l'IOIJS 

The committee baa concluded that the hydrologic and hydraulic 
Mthodologiea currently used in the preparation of a WIS are techni­
cally adequate and legally defensible in that they reflect generally 
accepted engineering practice. 'l'he committee believes, however, that 
l"EMA could improve the coat-effectiveness of the overall WIS proceaa 
by: 

1. Allocating llOre resources to hydrologic than to hydraulic 
studies, 

2. Providing for more flexibility in the level of detail required, 
3. Modifying field data requirementa, 
4. Developing improved methods for the atorage and preservation 

of PIS background data, 
s. Refining or discarding the •regulatory floodway• concept, and 
6. Developing regional study methods. 

5.1 Allocation of Coat Among PIS Components 

The existing l"IS aethodology ia quite standardized by the general­
ized Plood Insurance Study Guidelines and Specifications for StudY Con­
tractors (PIA 1979). The first atep in the study process involves 
dividing the streams in a community into reaches and deciding which are 
to be studied by detailed methods and approximate methods and which are 
not to be studied at all. This subjective decision is made by PEMA in 
consultation with co•unity representatives, the state coordinating 
agency, and the study contractor. Once this assignment is aade, the 
contractor •a activities are defined narrowly by the aforementioned 
guidelines. 

ANCo (1980) reviewed coat data for numerous completed PIS contracts 
and presented the following average breakdown of coat by study compo­
nent• 
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ComPC?I!ent 

R•connaissance 
Approximate 
Aerial survey 
Land survey 
Hydrology 
Hydraulics 
Profile concurrence 
work map materials 
work map preparation 
Report preparation 
Other 

Total 
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Average Percent of WIS Ca.t 

3.4 
3.5 

19.6 
19.3 

6.2 
18.7 

2.6 
1.5 
7.7 
7.8 

....L1 
100.0 

Although the titles oY most of these components are .ore or less self­
explanatory, a few brief comments are appropriate. The reconnaisaance 
task involves both historical review and present field identification 
of key hydrologic and hydraulic considerations. The so-called approx­
imate component ia really a verification and updating (mocSification) 
of the initial FHBM. The •other• category relates primarily to coor­
dination activities--especially in reconciling hydraulic findinga and 
in presenting of results. 

It ia uaeful to recognize that there are really three major tasks 
served by the eleven components liated abcwe. Theae are hydrologic 
analysis, hydraulic analysia, and the presentation of results. '!be 
hydrologic analysis involvea determining the magnitude of the rate of 
flow expected at selected frequencies of occurrence. The hydraulic 
analysis involves determining the flow elevation associated with the 
flow rates established in the hydrologic analysia. !'be presentation 
of resulta involvea preparing the written explanation (report) and 
graphical material (maps and profiles) utilized to convey the result& 
of the analysea. Table 3 preaenta a subjective but reasonable subal­
location to these three tasks of the ANCo data. In round nwnbera, 
theae auballocationa indicate that ·hydrologic analysis accounts for 10 
percent of the current cost of a PIS, that hydraulic analysis account& 
for 50 percent, and that presentation of results accounts for 40 
percent. 

ANCo (1980) also explored the sensitivity of study results to 
errors in input data. Thia analysia indicated that the discharge 
variable (i.e., the hydrologic determination of flow rate) is the most 
aignificant input factor contributing to total elevation erroc. More­
over, the selection of the Manning •n• values used in the hydraulic 
calculations was the aecond .oat important or significant factor in 
contributing to total error. These findings imply that, in many cases, 
past atudy costs could have been reduced without significant loss of 
accuracy if fewer surveys of channel cross sections were used. Alter­
natively, ~e emphasis on hydrologic analysis and improved guideline& 
for aelection of channel roughness coefficients, while reducing the 
number of surveyed field cross sections, might have resulted in either 
more accurate results or lower total costs at no significant sacrifice 
in the accuracy of profile determinations. Whether theae aame 
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!'ABLE 3 Diatribution of eo.ta Aaaociated with the Conduct of I'IS• 

. ' 
Percent ,.rce~~t A11ocatell P.,..t A11ocatell h,._tAIIeutM 
.t Toul .. llr4ro1oelc • 11r4,..11c .. Pruenutl• 

It !!!!x Co Ill,! D Mft t Fli Cost AMIJ!II an.•e•• ef .... ltl 

leCOMelllence , .. 1.7 1.7 
Approxl•u J.J 1.0 a.s 
Aarlel 1uney ''·' ••• • •• 
Unci lurve~ .,., IS •• , .. 
llrclro I OfY 6.2 6.2 
llrclreull cs 11.7 11.7 
Profile concurrence ••• .., 
WDrk .., •terlels .,.s I.S 
WDrk .., preperetlon . 7.7 7-7 
leport 7.1 7.1 
Other ...J.:.Z.. .J.:.!... ....L1.. ..!L 

Tote I 100.0 '·' SJ.I JI.O 

generalization• can be applied to future efforta, many of which will 
be ~evote~ to reat~y aa contraate~ to initial atudy, ia an iaaue 
~eaerving of careful conai~eration. 

5.2 Flexibility in Analytical Approach 

Too little attention baa been given to the importance of the 
initial aubjective ju~gmenta whereby atreama are ~ivi~e~ into reachea 
to be atu~ied by ~etaile~ Mth~• or approximate Mth~a. One aajor 
problem ariaea becauae the FIS gui~elinea (FIA 1979) give conai~erable 
attention to the •th~a of analyaia for thoae areas aelected for 
~etaile~ atu~y an~ almoat no attention to the aethoda of analyaia for 
thoae area• aelected for approximate atu~y. 

The committee believe• that the preaent ~iviaion into approxi .. te 
an~ ~etailed ia too rigi~. "!'be implication of thia ~iviaion, an~ the 
interpretation to ~ate, ia that only one level of analytical ~etail ia 
acceptable for eatabliahing fl~ elevationa. ~ia ia ~emonatrably in 
error if conai~eration ia given to the a~equacy of available ~ta and 
the nature of the fl~ threat posed, both of which vary aubatantially 
from place to place. The point to be ma~e ia that a apectrum of level 
of ~etail required ahoul~ be provi~ed for in the FIS gui~elinea. !he 
choice of level of analytical ~etail required in a apecific caae ahould 
be ma~e by PEMA on the baaia of cost-effectivenesa criteria. 

One factor in the ~etermination of level of effort for a atudy 
ahoul~ be a aenaitivity analyaia. Sucb an analyaia nee~ not be per­
forme~ for each at~y, generalize~ reaulta coul~ be ~evelopec! into a 
aet of gui~elinea. Such an analyaia ahoul~ relate relative coata to 
the aensitivity of accuracy of at~y reaulta to vork element uncertain­
tiea. Por example, for fl~ inaurance purpoaea, aenaitivity of atudy 
reaulta ia meaaure~ in ter• of fl~ boun~ariea and ~elineation of 
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flood insurance rates. The necessary data are available for aucb an 
approach ~o determination of study detail. PD4A should develop or bave 
developed' for it a procedure baaed on ooat-effectiveneaa criteria for 
the choic* of levei of study on a reach and coa.unity baaia. 

In short, the COIIIlittee believes that approxillate aethoda or leaa 
detailed methods are appropriate for certain areas and that thoae lea• 
detailed methods can be used to develop data sufficient to determine 
actuarial rates. At present, areas chosen for atudy by approxi .. te 
Mthods are designated as unnumbered A zones and assigned a unifora, 
subsidized premium. The decision as to level of effort to be expended 
may be correct, baaed on the fact that such areas often are relatively 
undevelopedJ however, subsidized rates encourage development, which .. y 
be an undesirable consequence of the floodplain-mapping program. 

An example of where flexibility in methods of analysis could be of 
benefit is provided by those several thousand COIIIIIIunitiea being oon­
s idered for accelerated conversion frCIII the emergency program to the 
regular program. The aim is commendable, but a simplified procedure 
should be developed that would yield studies with an accuracy auf­
ficient for and commensurate with the communities concerned. It alao 
would accelerate conversion of smaller communities, provide a basis for 
actuarial rates, and reduce costs for those studies. A procedure for 
implementing such an approach would be to: 

~. Set criteria based on population at risk or property at risk 
and have such criteria reviewed at the state level. Modification• 
could be made on a state-by-state basis with concurrence of the ap~o­
priate state officials. 

2. Apply the criteria and select the communities to be studied 
using the revised procedures. 

3. Establish a revised set of guidelines for studies of such ~ 
munities. A candidate set might be to allow use of u.s. Geological 
Survey (USGS) regional flood-frequency studies for determination of 
flood discharges, allow use of presently available USGS topographic 
mapa or other presently available more detailed mapar and allow use of 
normal depth calculations for flood-profile delineation. The use of 
normal depth calculations would involve having the slope determined 
from a topographic map by distance between contour linea crossing the 
channel, having cross sections picked frCIII contour crossing points plus 
interpolated elevation for main channel crossing, and using generalized 
values for Manning'• coefficients (e.g., sand channels, 0.02r flat 
channels, not sand, 0.035r steep channels, not sand, 0.04Sr or BOlle 
more refined breakdown that can be based on available office informa­
tion). 

4. Allow case-by-case appeal to refine the limits. 

5.3 Field Data Requirements 

The committee recognizes the need for field data to support the 
analytical portion of a FIS and believes that they should be factored 
into all modeling work when available or obtainable at reasonable coat. 
Nevertheless, the committee also believes that in many cases too large 
a fraction of the FIS budget has been spent on field data collection. 
This not only wastes valuable dollars but also can result in invalid 
computer runs. 
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Step-backwater Mthoda, aucb aa the BBC-2 .odel, can be ewer­
determined by too aany data. !he flow conditions that actually exiat 
in a ccae.lex system cannot be treated exactly with a .odel aucb aa 
BBC-2. A~teJ~Pting. to put too aany croaa aectiona, particularly fr ... 
quent constrictions, in the .odel can result in a solution that ia 
hydraulically invalid. In some caaea leas frequent croaa sections will 
give a aolution that ia a better approxillation of hydraulic reality. 
!bus, the co..ittee believes that PBMA ahould rewrite ita requir-nta 
for croaa-aection data to reflect the capabilitiea of the .odela uaed. 

'l'tle PIS guidelines alao should be reviaed to recognize that the 
complete execution of a coaputer .odel does not guarantee valid 
reaulta. Proper guidelines could reduce field data require•nta with­
out reducing accuracy. !'he ANCo analysis (1980) indicated that it 
would be cost-effective to shift study efforta from hydraulic to hydro­
logic taaka, and this applies to field data aa well aa analytic 
activities. · • 

There are times When the approach using step-backwater •tboda ia 
not the best one. The COIIIIIittee discussion of legal defensibility 
iaauea (see chapter 7) concludes that the principle of administrative 
necessity permita the use of aiiiPllfied Mthoda of analysis. !'here are 
times when the use of normal depth croaa sections, for example, can 
produce results aa accurate aa step-backwater Mthoda or, if not aa 
accurate, sufficiently accurate for a specific situation. In caaea of 
this nature, the requisite field programs ahould reflect the level of 
sophistication of the analytic aethoda. 

Sometimes it will be useful to use an approach more sophisticated 
than step-backwater methods. Such was the case in the Pinellas County 
example where the thrust of the study into flood-abatement alternatives 
•andated the use of dynamic hydraulic models. When this type of 
approach is used, field data requirements change. Models of this claaa 
~ be calibrated against measured hydrographa. '!'bus, the program 
requires more flow data but not more cross-section data. 

To summarize, present PIS field data requirements are too rigid and 
often are misinterpreted by study contractors. In general, too auch 
effort ia spent on cross-section data and too little attention ia given 
to the particular analytic requirements of the individual case. Some 
flexibility in the approach used will prove to be coat-effective. 

5.4 Data Storage 

PISs generate considerable demographic and physical data describing 
communities, streams, and floodplain topography. Compilation of these 
data accounts for a significant portion of PIS costa. Model output 
yields another large block of data concerning the atreamflowa and 
resultant flood elevations. PIS reports generally do not include theae 
data, but PIS contractors are required to keep the data for five yeara 
following study completion, unless PEMA asks for them earlier, and then 
to aubmi t them to PDtA. unfortunately, however, no standards exist for 
the way in which the data are to be stored during the five-year reten­
tion period and PIMA appears to have no formal system for their storage 
and retrieval. In addition, many studies were completed about five 
years ago and the data generated may be lost unless PDlA takes acme 
action to preserve them. '!'be shift in emphasis from original atudiea 
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to restudies will require that these data be available, and the oo.t 
to the nation of gathering these again would be t..enae. Ule ~it tee 
therefor.-: reco.~eqda that PIMA establish a central repoait«y for all 
data generated in FI&a. !!lis will require tbe develo~t of a focaal 
filing and retrieval ayatem. Ulia system probably abould not be cca­
puter basedr what is needed 1a a simple storage ayat• that VUl enable 
FDtA personnel or subsequent study contractors to euily retrieve and 
reproduce the final results of every study. PIMA alao should develop 
new data storage atandarda for all data that study contractors are 
required to aubait. These standards should be structured to PEevent 
the loss or physical deterioration of PIS data and to provide for con­
sistency in data format. With respect to studies already cc.pleted, 
FDtA should initiate an iDDediate effort to prevent tbe loaa or 
physical deterioration of the data and should arrange to collect tbe 
material from study c~ntractora if it has not already done ao. 

5.5 The Regulatory Floodway 

The concept of the regulatory floodway has been selected by the 
committee to demonstrate the uneven integration of the technical, 
regulatory, and insurance aspects of the NFIP. !'he floodway 1a that 
portion of the floodplain that must be kept open to paaa the amount of 
water that would be discharged in the 100-year-flood event. !'he 
remaining portion of the floodplain, the floodway fringe 1a the area 
in which development is allowed if certain •int.um elevation and con­
struction standards are met. The separation of the floodplain into 
floodway and floodway fringe is determined by an encroachaent analyaia. 
The extent of land designated for development or the limit of the 
floodway fringe is fixed by the amount that the water will be allowed 
to rise. Federal regulation establishes 1 foot aa that limit. 

Floodplain regulations •uat ensure that new construction in the 
floodway is severely restricted so that flood stages are not increased. 
Existing development becomes a nonconforming use and, if damaged by any 
cause to an extent greater than 50 percent of ita value, cannot be 
rebuilt •aa was• but must be rebuilt in conformance with the regula­
tiona. For the floodway fringe, new development and substantial 
improvements must be done in accordance with the provision of minimum 
first-floor elevation being the base flood elevation (the elevation of 
the 100-year flood). Unfortunately, the specific elevation ia the 
unencroached elevation. Thus, the technical standards assume develop­
ment in the floodplain that will cause the base flood elevation to be 
1 foot higher but the regulations specifying first-floor elevation for 
new development do not account for this 1 foot rise. !'he technical 
standards also assume that bridges, culverts, and other construction 
• tay open during the flood flow and do not consider the fact that 
debris or ice jams can clog these structures and raise flood stages 
appreciably. Given that such clogging can and does occur, many states 
and local governments add •freeboard• to their first-floor elevation 
requirements but there is no comparable requirement in the federal 
regulations. 

Locating floodways on the ground may be a problem. Where the 
floodway alignment follows a definite physical feature such aa a road, 
the boundary ia readily ascertained. When this ia not the case, there 
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ia not sufficient infor .. tion in the PIS to locate the floodway bOun­
dary. Local authorities eati .. te the boundaries by scaling fr011 the 
•ap, iniP,ecting the site, or ueing aa.e other Mana. More detaile4 
data def'ining the location of the floodway are developed during the 
study but are not presently included in PIS reporta despite the fact 
that they would be of great value for floodplain -.nage-.nt. Back­
ground data are not presented in the study and experience bu abOWD 
that they are very difficult to obtain because PIMA baa not established 
a data storage and retrieval syate•. 

Structures in the floodplain of a participating ~unity can be 
indea.tified for flood damage by the purchase of flood insurance. !'be 
location of a structure with respect to the floodvay baa no bearing on 
insurability. If the structure ia in the floodvay and ia severely 
damaged, ita future insurability will be affected only if the ~unity 
properly enforces i~a ordinance and denies the rebuilding per•it. It 
ia possible that the-community •ight iaaue the permit and the building 
could be rehabilitated, reinsured, and flooded again in a future flood. 
Str let enforceMnt of ordinance provisions after a flood disaster ia 
politically difficult. Quantified data concerning violations of this 
type are not available because there has not been adequate .onitocing 
of community compliance. 'l'he PIA has been hesitant to suspend COIIIIIluni­
ties for not properly enforcing their ordinances but it could refuse 
to insure structures built or rehabilitated in violation of the ordi­
nances. The PIA baa the power to provide strong incentives for local 
coapliance (including suspension, refusal to reinsure, and uae of flood 
insurance policy mcney to relocate the property or floodproof it in 
accordance with ordinance provisions), but the application of these 
incentives has been uneven or nonexistent. 

Determination of the floodway increases the cost of the study. 
There is some question aa to whether anything really ia gained by 
establishment of a regulatory floodway or whether the program would be 
more soundly baaed if floodway regulations were extended to the entire 
100-year floodplain with opportunity for flexibility to alleviate 
hardship. The committee favors elimination of the floodway and appli­
cation of reatr ictive floodplain-managment regulations to the entire 
100-year zone. 

5.6 Regional Study Methods 

Regional analysis would be enhanced if a standard hydrologic Mthoc! 
were used for deter•ination of floods of the various frequencies. Such 
a •ethoc! •ight include the following: 

1. Adoption of USGS regional flood-frequency atudiea on a re~t­
by-report basta, which will provide for a consistent level of product 
quality control. If a particular regional study were considered inade­
quate because of inadequate quality of work or because it wu out of 
date, new analyses could be -perfor .. d by PEMA or commissioned by PBMA 
to be done by the USGS or a private contractor. 

2. Uae of u.s. Water Resources Council (WRC) guidelines for gauged 
aitea. Applicability of results should be cUscusaed, however, and 
alternative analyses allowed where justified (e.g., for a basin where 
anow Mlt and summer thunderstorms cause a •ixed distribution of annual 
flood peaks) • 
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3. Adoption and iaauance of criteria for cc.bining station data 
with regipnal analyses. 

4. A~lowance .of deviations frca the adopted procedures only vitb 
justification. All requests for deviations should receive an indepen­
dent review before allowance. 

Although this procedure aay seem rigid, it illustrates that guidelines 
for regional analysis that provide for consistent quality control can 
be adopted. 'lbus, the co.ittee reCOiaenda that this or a aiiDilar 
procedure be adopted for regional hydrologic analyaia. 
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Chapter & 
MAPPING '1'BCBNOLOG! AND DISSIIIDM'ION 

6.1 Technical Adequaey of Existing Methods 

The •thods usee!· to date for FIS mapping generally have been 
technically and scientifically acceptable and legally defensible 
because they have been intended for use by only one community and bave 
employed standard procedures that have stood the teat of time. Their 
ability to meet critical and minimum NFIP and community needs is .ore 
open to question because these needs extend beyond the immediate geo­
graphical area of a community covered by a particular FIS. The probl .. 
relates to floodplain management, disaster assistance and recovery, 
emergency planning, and other FEMA functions. SoM of these functions 
are discussed elsewhere in this report in relation to problema that 
arise when one considers the entire region or watershed that might be 
affected by a major storm. Thus, it is appropriate that any modifica­
tion of existing mapping methods also be based on the possibility of 
wider applicability to other FEMA functions. 

'l'be FIS guidelines (FIA 1979) specify that when adequate (5-foot 
contour interval) topographic maps do not exist, an equivalent accuracy 
normally should be obtained using aerial photogranDetric methods to 
delineate the elevation and boundary of the 100-year floodplain. under 
these circumstances, elevations of valley and channel cross sections 
above water normally are determined to within +1 foot. The elevations 
of the boundary contours are therefore accurate to within 2 feet up to 
one-half a contour interval when a topographic map is used, and this 
baa been adequate for FIS hydrology and hydraulics. EVen though the 
third-order surveys needed for vertical photogrammetric control have 
an accuracy on the order of 0.3 foot, this does not ~~~ean that the 
resulting channel cross sections and boundaries have this accuracy. 

When topographic mapa are not available and photogrammetric means 
of determining cross sections are inappropriate, the FIS guidelines 
(FIA 1979) require trigonometric or differential leveling field surveys 
with vertical error tolerances of ~0.5 foot across the 100-year flood­
plain. The basis of this requirement is vague but it appears to 
reflect what normally can be achieved if one is willing to pay for it. 
rurther, it is not clear whether this 0.5-foot requirement is for 
accuracy, relative to some datum, or for the precision (repeatability) 
required for the instruments used. This requirement appears to be mucb 
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more restrictive, and more expensive, than that when pbotogr-tric 
methods are used. The ca.ittee beliwea that the actual interpreta­
tion of this PIS requireMnt leaves roc. for aiaunderatancUng an4 
results in· unnecea .. ry expense. 

In addition, the committee does not believe that other PBMA func­
tions have a require•nt for 0. 5-foot elevation accuracy for topography 
or that regional or river-basin studies will require aucb accuracy for 
flood prediction. The only reasonable requirement for 0.5-foot elwa­
tion accuracy or elevation differences would be associated with estab­
lishing insurance rates, particularly in developed areu. In this 
case, the requirement would seem to be for a determination of the 
relative height of the first floor of a structure with respect to the 
base flood elevation. Even though flood predictability involves aD 
uncertainty of perhaps a few feet, this variation can be translated 
into risk and probability that the flood will exceed aoae given value. 
Insurance rates then .. pan be assessed accordingly if the elevation of 
the property is well defined to an accuracy of 0.5 foot relative to the 
base flood elevation. Any grosser accuracy may be difficult to admin­
ister because the areal extent of flooding increases significantly. 
However, the committee notes that there ia little or no quality control 
to assure that property elevations are determined with the accuracy 
needed to conform to the insurance premium charged. Normal homeowner 
property surveys do not involve elevation determination. LOcal deter­
mination of elevations may be from a •p, comparison with similar 
structures, and other methods that may result in a preaium too low to 
be sound financially. Thus, the committee believes that some relaxa­
tion of the 0.5-foot elevation accuracy for cross sections ia in order 
but that a 0.5-foot elevation accuracy determination ia needed for all 
property covered by the NFIP. This would suggest the use of rapid and 
efficient photogrammetric and inertial methods to achieve coat and tiae 
savings, particularly if the elevation accuracy required for cross 
sections is on the order of 1 or 2 feet. !'bia also would facilitate 
the use of available USGS mapa and other existing maps and would reduce 
the coat of new maps. 

The committee also believes that an economical means of quality 
control ia needed. Inertial positioning methods are suitable for the 
quality control component in the insurance program. A demonstration 
experiment may be necessary to establish costa and time, operational 
procedures, and other factors. 

Identifying property elevations also will assist in resolving 
intercommunity problema and in establishing flood-insurance and 
floodplain-management programs for an entire region or watershed. The 
advantage of having all conanunitiea along the same river on the sue 
topographic base baa been recognized by both the committee and ANCo 
(1980). 

The committee further believes that the requirements for additional 
surveys for photogrammetric mapping control should not increase and may 
decrease if modern methods are used. It believes that the overall 
costa for channel cross sections needed for regional hydrology and 
hydraulic analysis should decrease when photogrammetric •thoda are 
aubsti tuted for conventional field surveys. !'be previous discussion 
of hydrology and hydraulics suggests that the PIS guidelines (PIA 1979) 
should be revised to allow the use of significantly fewer channel cross 
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sectiona. This would reault in a reduction in local accuracy require­
aenta for elevatlona and would allow use of aore econcaical aurveying 
•thodaT .sc.e of theae are easily extended to entire regiona -.cS river 
buina •. '!be inertial ayateM would be ideal for deteraining tbe alope 
of an entire river bed, thereby rU~CWlng diaoontinuitiea that c.n occur 
between adjacent co.munitiea when the river-baaln or regional a~oach 
to hydrology and hydraulic• ia not uaed. lfbia ahould enhance the 
credibility of the PIS proceaa and aasiat in the aasign-.nt of .ore 
equitable inaurance premiums. 

Finally, the comaittee believe• that the ns guideline• (PIA 1979) 
should be revised to provide for greater flexibility in the Mtho4s 
uaed to preaent reaulta. Alternative• include the uae of digital data 
buea or photographs. By reducing the nUIIber of aap presentationa, 
FEMA could reduce the nUIIber of surveys neceaaary for aap control. In 
addition, the altern.ative Mthoda of preaentation would provide data 
uaeful throughout !1!JIA• Implementation could be at the federal or 
regional level or lower and could build on concepta developed at the 
prototype Map Information Facility (MIF), which now baa been closed. 

Communities in the eaergency program are required to •obtain and 
reasonably utilize exiating data• relative to floodprcofing and eleva­
tiona of atructures, but this requirement is not enforced conaiatently. 
It was noted earlier that Congreaa mandated floodplain manageMnt 
independently of the preparation of FISsr therefore, the lack of such 
atudiea ahould not be allowed to aerve aa an illlpedi•nt to iaple•nta­
tion of floodplain-manageMnt criteria when floodplain •P• and data 
are available from aourcea other than PEMA. 

Since 1960, the u.s. Ar~ Corpa of Engineer• baa prepared 
floodplain-information reports that include floodplain aaps and eleva­
tion profile• for acme 4 ,ooo communities. The u.s. Geological Survey 
(USGS) baa prepared aapa of •approximate flood hazard areaa• for 11,000 
topographic quadrangles. Although leas detailed than the Corps repor:ta 
or NFIP FISa and lacking elevations, the USGS maps provide minimum data 
for many communitiea. In addition, other federal agenciea including 
the Tenneaaee Valley Authority, the Soil Conservation Service, and the 
Bureau of Reclamation aa well aa atate and local authoritiea have pre­
pared floodplain mapa of greater or lesser detail for many areaa of the 
United Statea. Although these upa have been available, they have not 
been uaed to the extent possible and deairable in iJIIplementing the 
floodplain~agement goals of the NFIP. 

6.2 Technical Adequacy of Modified and New Methoda 

To properly aaaeaa .edified and new methoda for mapping that might 
reduce coata or save time, particularly for regional or river-baain 
atudiea, only those aelected new aethoda deemed acceptable by profea­
aional land aurveyora should be considered. Otherwise, the Mthoda 
might not be legally defenaible when teated in court. '!be typea of 
aurveying and mapping Mthoda that would ~K>St likely be accepted are 
re110te (satellite) senaing, photogrammetric data basea, and apinoffs 
froa the nation'• apace program auch as aatellite doppler and inertial 
positioning aysteu. It also is expected that hybrid aysteu COIIbinlng 
new and traditional methods will be developed. A representative syatea 
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in the latter category would be the airborne ~ofiling of terrain 
ayat• (API'S) now under develop.ent by the OSGS. 

!'be -tional Research Council' a eo..ittee on Geodeay (1180) baa 
identified a national need for aurveya that will better build a .odern 
cadutre, a system for identifying the location of real ~operty. Saae 
of this property would be subject to the NPIP and floodplain unage­
aentJ therefore, any new mapping methods used for PIS. should co.ple­
ment and supplement those for the cadastre. 

Development of the elevation information needed to uaeaa insurance 
premiUJI8 1a an area that would benefit frc:. interagency coordination 
since other PEMA functions need mapa and current position information 
for use in planning and eMrgency operations. Digital data aay be 
sufficient to .. et all these needs, and new digitally ociented survey­
ing and positioning methods (e.g., inertial and satellite Doppler 
positioning systems, · ~nalytic photogrU~~Detry as ellbodied in the ana­
lytical photogrammetric positioning system, and, possibly, the APTS) 
have potential for use in disaster planning, assistance, and recovery. 
The committee believes that any new methods adopted for use in PISs, 
the NFIP, and floodplain management, in addition to being ccmpatible 
with those used for building a IIOdern cadastre and a digital carto­
graphic data bank, should have PEMA-wide applicability so that the same 
equipment and methods can be used in other PEMA emergency functions. 

The committee also believes that it would be beneficial for PIMA 
to establish external advisory groups of experts reflecting all of 
PEMA' a interests to assist in the development of detailed plana for 
assessing new methods and taking advantage of new technology when it 
can save time and reduce costs in future PISs. It is especially 
illportant to deterlline expected coats, particularly since so little 
information has been released. All final decisions concerning adoption 
of any new method should be based on cost-effectiveness. 

6.2.1 Jemote (Satellite) Sensing 

There has been intense research activity in the area of remote 
sensing since the first earth resources technology satellite was 
launched by NASA, and there are many published reports of the results 
of this research that suggest techniques for practical application of 
the technology. An extensive review of the literature and the 
references suggested by the American Society of Photogrammetry (which 
includes remote sensing) reveals little of value to the NPIP. Image 
resolution is ao limited that only general flood boundaries can be 
determined with an accuracy of 0.1 to o.s km horizontally on the ground 
using LANDSAT imagery. This information llay be useful in floodplain 
management, but it must be remembered that vertical elevation inforM­
tion is not available fr01n the syat•. It is conceivable that during 
the next decade the Space Shuttle might make possible apace photography 
offering coverage and resolution that will perllit elevation deteraina­
tion, but this approach may be expensive compared to other .. thoda 
available to P!MA. overall, the committee believes that satellite 
remote sensing, although of some value for regional synoptic studies, 
holds little ~omiae for the NFIP. 
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6.2.2 Photogrammetric Data Baaea 

For ~ tilla _the DepartMnt of Defenae bu been uaiD9 a pbotogr~ 
•tric tecbnique, an analytical photogr .... tric positioning ayatea 
(APPS), for recovering position and elevation inforutiora ora potential 
targets that can be identified end related to a photograph, and several 
APPS equipment aodela auitable for uae by tbe public are ~rcially 
available. !be u.s. Flab and Wildlife Service alao baa uaed an UPS 
to inventory wetlands (Brooka and •iedzwiadek 1180), and ita experience 
would be valuable to I'!MA because the aue tecbniquea could be used for 
docuaenting flood-prone areas and risk aonea. Ulia aigbt belp to 
combine floodplain-control procedure• with wetland .anag..ent. 

A photogrammetric data baae ia a set of bigh-reaolution atereo 
photograph• covering an entire region, aucb aa a river buin, at a 
acale that allowa th' uaer to obtain the accuracy r~uired for position 
and elevation data. ·'!he photograph• beccme human-readable, when viewed 
in atereo in an APPS inatrument, and feature• of intereat can be 
identified easily by an operator with only a few houra of training. 
The photograph• also are machine-readable in that position coordinates 
of photographic illlagea can be aeaaured and transforMd into digital 
ground coordinate• by an aasociated computer and printed out within 
aeconda. Copiea of the ••e photographs can aerve aa a up for uae in 
the field. Tbua, an APPS provides a type of digital data bank with 
on-call •aurvey information• available at the desk top. 

Thia type of photogruaetric data bue would be of value in the 
NFIP and also would fill many other FEMA needa for planning, emergency 
operationa, and other activitiea where reasonable accuracy and apeed 
are illlportant. To build a photogra.metric data baae that aight serve 
NPIP and floodplain-management needs, large-acale photographs will be 
needed together with aurveys for ground control. Fortunately, econom­
ical methoda are available that would make the ayatem coat-effective. 
satellite Doppler and inertial poaitioning systell8 could be used for 
the required firat- and aecond-order control with the balance obtained 
by photogrammetric methods. 

6.2.3 Modern Positioning Methoda for Control Surveya 

l'or economic reasons, the additional survey control needed for 
regional and waterahed PISs probably ahould be accompliahed uaing 
•odern poaitioning •thoda. Those that are .,.t likely to becoM 
acceptable to the aurveying profesaion are aatellite Doppler poaition­
ing for higheat order control when it does not exist and inertial 
positioning to extend thia control to the point at which photogru­
•etric methods auffice (Davia et al. 1981). 

Several inertial positioning aystell8 are COIIIIIlercially available 
(Schwarz 1171). Poaitioning accuraey can be leaa than 1 meter in three 
di•naiona and careful operation of aelected aysteDIS can provide 
accuracy down to 15 em (Hadfield 1980). Inertial positioning ayate .. 
(IPS.) can be uaed on the ground or in the air to determine profile•, 
atream alopea, and the position and elevation of any point of intereat 
to the NFIP very quickly (within houra). Real-time position data of 
alightly leaa accuracy alao are available and ahould be of conaiderable 
intereat to PEMA for ita emergency operations function• (Kurtz 1181). 
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An IPS is capable of deteraining the first-floor elevation and up 
position iof every structure in a cm.unity ratber rapidly and .ore 
accurately than tf a up were uaed. An IPS oc.bines gyroscopes, 
accelerometers, and coaputera to deteraine the distance traveled froa 
some known starting point and relative location thereto. 'lbua, curr•t 
position information is available and could be used to uke a up while 
in transit or to guide the ayatea to aa.e coordin•te of interest. '!be 
latter capability has value in search and reacue operations. An IPS 
also could be just what is needed to aonitor quality oontrol of 
insurance premiums set by local agents by deteraining what the actual 
difference is between random structures and the base flood elevation. 

EVen though maps will still be needed for planning and control, a 
combination of satellite Doppler, inertial, and pbotogrammetric .. thods 
is considered to be the best way to .. et PIMA needs for position data 
over the next few yeo~:s. 'l'he output is digital and can be entered into 
a digital cartographic data bank. Although an IPS can Met J'BMA 
requirements for 15-cm elevations, relaxed F!MA requirements would aake 
the use of an IPS even more attractive, particularly if it were used 
in conjunction with other modern systeM. Significant cost and tlae 
savings are possible if projects are well planned. FEMA could use an 
external advisory group to prepare a de110nstration, should it be 
tiMly. 

6.2.4 Airborne Profiling of Terrain System (APTS) 

The APTS, the ultimate hybrid system suitable for use in FISa and 
the NFIP, is in the process of development and is not expected to be 
available for several years should it prove to be technically adequate 
and cost-effective (Chapman and Starr 1979). The design requirement 
is for a 0.5-foot elevation accuracy in a profiling mode and it should 
operate more rapidly than an IPS. It may overcome some of the limita­
tions of photogrammetric cross sections in selected areas because it 
uses a combination of inertial, laser ranging, photogrammetric, and 
other methods and determines positions from the air. The availability, 
while in flight, of elevation and position data would be of value 
throughout FEMA, but the APTS may not be able to accomplish this real­
time function because of the computation required. 

The APTS still will require the use of ground control surveys for 
which Doppler or inertial methods uy be used. Thus, any FEMA initia­
tive with respect to these aystema would not be lost should the APTS 
be adopted later. Although the coat and time savings from use of the 
APTS remain to be determined, ita possibilities are attractive, and the 
committee believes its development should be continued. 

6.3 Relative Cost COnsiderations 

'!'he coats for photogrammetric surveys and control by satellite 
Doppler can be ascertained for a particular task by a variety of aeans 
because there is extensive experience in the surveying and aapping 
profession. 'l'he coats for the APTS cannot be estimated reliably at 
this time while the system is under development. The potential of IPS& 
is so great within PEMA that special effort should be made to establish 
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co.ta for their use in quality control as well as in regional ec river­
basin studies. 

If i~.can be deterained that higher pr .. iua. need to be charged in 
certain areas as jhe result of quality control surveys, PBMA .tgbt be 
able to justify the purchase of one or .ore IPSa for use in the .,IP 
and to support other PBMA functions. Coat could range free 1500 ,ooo 
to fl,OOO,OOO, but other agencies in the United States and Canada have 
found purchase attractive. An option would be to lease the equi~t 
for use in the PIS and floodplain-aanag ... nt progr... !be Corpe of 
Engineers baa done this and found it to be co.t-effective (Caapbell 
1980, Davia et al. 1981). 

The coat of a photogr .... tric positioning ayat• ia an order of 
.. gni tude leas if the photography is available. SUch a syatea could 
be configured for a region for leas than fl,OO,OOO and could be of great 
value to PEMA during emergencies. It ia likely that PBMA could obtain 
the necessary photographs and control frcm another agency through a 
suitable interagency agreement. A suitable school for training 
operators already exists within the Defense Mapping Agency. 

Both the photogrammetric and inertial positioning concepts were 
developed for uae in large regions but can be adapted for use within 
cities where higher accuracy ia needed. The specific cost for such an 
application would have to be deterained by experilllent and demonstra­
tion. The Defense Mapping Agency has experience with these systeM and 
should be consulted. 

With respect to the inertial positioning system, the corpe of 
Engineers has observed (U.S. Army Engineer Topographic Laboratories 
1979) that •the system appears to have broad applications Corpe-wide 
for conducting var ioua civil works studies including flood insurance 
studies. • Williua (1977) has stated the position of the Defense 
Mapping Agency as follows& 

Within my own Defense Mapping Agency (DMA), requirement. for 
the installation of enormous amounts of high-quality .. pping 
control over areas aa large as Pennsylvania are being aet with 
a two-man team operating an inertial navigation •black box• 
that we have installed in a Chevrolet Blazer and christened the 
IPS, for Inertial Positioning Syatell8.... It also can be 
operated in helicopters. Surveys at these speeds can bring 
huge savings in time and coat in control surveys for mapping 
areas where such systems can be applied ••• [and] .. Y provide a 
powerful tool for surveyors in determining relatively precise 
terrain information needed for such applications as floodplain 
mapping and river valley development surveys •••• 

The acceptability and usefulness of IPSa have been reported by 
several professional land surveyors (Cole 1980, Griffin 1977, Maddox 
1980, Treftz 1981). Generally these surveyors have found IPSa to be 
technically and scientifically adequate and cost-effective for large, 
well-planned jobs. The legal defensibility of the IPS, were it to be 
tested in the courta, would appear to have support from respected 
aembera of the profession. 

The question of coats is perhaps the only obstacle to wider adop­
tion of IPSa. However, Table 4 shows that they have been especially 
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TABLE ~ Reported Costs of Inertial Surveying Systems 

Location 

Boone County, Missouri~ 
(floodplain management) 

Prairie Mapplngb 
Alberta, Canada-

Washington County, Oregon ~ 
(flood Insurance study) 

Area 

300m2 

75.000 km2 
~45 stations 

200 111 2 

555 stre• 
crossings 

E levatlon 
Accuracy 

30 em 

15 em 
:t 15 ppm 

:t 8 em 

Cost 

$69,000 
2 men 
I vehicle 
~ days ,: · 

$877/statlon 
7 weeks 
2 men 1 

Less than 
Is conventional 

a =eased on data f~ U.S. Army Engineers Topographic Laboratories 1979. 
b . 
=eased on data from Carriere et al. 1977 and Babbage 1977 • 
.£eased on data fr0111 Campbell 198o. 

Cost by Conventional 
Surveys 

$107,000 
6 men 
~ vehicles 
6 weeks 

$1700/statlon 
18 weeks 
12men 

Conventional 

. ~, 

.. 
CD 
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coat-effective and have saved a significant amount of tiae wben uaecS 
in well-planned surveya over extensive areaa. 

In oqncluaicn, costa, legal defensibility, and technical and 
scientific adequacy do not appear to inhibit the serious consideration 
of IPS. and other syataa discussed in this section. '!'be SU9gestions 
offered here should be implemented by PIMA, with guidance fro. an 
external group of experts, for the purpose of saving tiae and coat for 
future PISs and expanding their usefulness elsewhere within PIMA. 

6. 4 Role of Mapping in PD4A 

!'he CCIIIIIittee COIIIDenda PEMA for ita efforts to date in fostering 
the preparation and dissemination of flood insurance mapa and studies. 
Since the advent of the NFIP in 1968, approximately 19,000 flood hazard 
boundary mapa have ~en prepared and distributed indicating approxi .. te 
flood-hazard areas wt~in specific communities. Approximately 10,000 
detailed PISs have been initiated and 7,100 completed. In the aggre­
gate, this constitutes one of the greatest geographic information 
efforts in u.s. history. 

In light of rising costa for each additional study, however, it is 
ti .. ly and appropriate for PEMA to review ita floodplain-mapping pro­
gram at this time. A substantial portion of population and inveat.ent 
at risk is covered by flood insurance studies and •pa prepared to 
date. Communities remaining to be studied have lower flood-dauge 
potentialr therefore, the moat expensive and detailed flood studies .. Y 
not be justified. Furthermore, the legal analysis of the ANCo report 
(1980) indicates that the moat sophisticated form of PIS may not be 
legally required as a prerequisite to minimum floodplain-manage•nt 
regulations (see chapter 7). Nonetheless, the demand for aapa will not 
abate. One of the advantages of mapa is that planners can work on 
them. If floodplain-management efforts are to be strengthened, Mpa 
will be needed, and the committee believes that the actual demand for 
.. pa will increase manyfold. 

The committee also believes there is need for auxiliary data on 
property elevation in order to improve the risk determinations used in 
setting insurance premiums. At present, flood insurance mapa do not 
provide three-dimensional coordinates of a property, but such informa­
tion likely would be widely used if it were available. For example, 
the relative height of a property above the base flood elevation is 
what determines the premium rate, but this information presently is not 
included on flood insurance aapa and a local determination of first­
floor elevations is required. Por new property, this information can 
be obtained easily when the property survey usually required by lenders 
is performed. Por older properties, however, a resurvey is required 
and likely would coat a property owner at least SSO and in many situa­
tions considerably aore. Thus, for older property it is easier for an 
agent and an owner to •agree• on what the elevation should be for entry 
into the rate tables. It is unlikely that such agreements result in 
higher premiuaa and there is a high probability that an inadequate 
premium will be determined, to the detr iJDent of the NFIP for years 
afterward. 

One option would be to establish quantitative elevations on a one­
tiae basis using existing equipment, large-scale photographs of recent 
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vintage, and well-established methods of analytical photogr-uy. 
Prom the _photographs the photo interpreter can identify what appears 
to be th•. first f]..oor of the structure, aa might be indicated by a 
atair landing or stoop. !'be photogr-.triat can Muure the coordin­
ates of this point on a stereo pair of photographs and can calculate 
the elevation of the first floor. Much of this work can be seat­
automated. Por example, the APPS IV ayatem already ia in extensive uae 
for similar purposes by the Depart:Mnt of Defense and for wetland 
mapping by the Fish and Wildlife Service. Elevations for a residence 
could be determined in about 30 seconds using thia aystea were photo­
graphs available and the concept implemented. 

Another option would be to rent inertial surveying syat- for a 
one-time determination of first-floor elevations for an entire 
community. Such equipment has been available and in use for aome tt.e 
by the Department of Defense, the Bureau of Land Management, the USGS, 
and others. For POO use, it is visualized that one would drive 
through the community with the system and visit each house in the 
manner of the mailman. Both horizontal and position information to an 
accuracy of 0.5 foot can be obtained aa rapidly aa a person can move 
from one house to the next. Coordinate information ao obtained could 
be transformed and integrated into a data base to supplement and check 
the information obtained from Census mapa and other sources (e.g., the 
photogrammetric alternative in cases where the first-floor elevation 
could not be determined from the imagery). 

With either option PEMA still will need to require three­
dimensional survey information for new property in order to aaintain 
the expanded data base, and this information would be of immense value 
in floodplain-management efforts and, to some extent, in eMrgency 
planning efforts. !'bus, serious consideration should be given to 
establishing a reporting requirement for such information for all new 
property development in risk areas. Again, this would increase the 
coat-effectiveness of the expanded operation and increase the 
usefulness of the digital storage concept. 

The two options suggested would be easy to teat on an experimental 
basis. It could be that the costs would be offset by gains to the 
other PEMA functions (e.g., emergency planning and preparedness and 
disaster assistance and recovery). If results prove both promising and 
financially feasible, the proven alternative then might be used for a 
one-time update of any other currently existing data base. Later such 
a system could be replicated, decentralized, and implemented in each 
nMA region to better support emergency operations and to indirectly 
increase the cost-effectiveness of the effort. 

Such an approach raises several related issues that PEMA management 
may wish to explore. The primary issue relates to the overall aapping 
needs of PEMA. !'be above comments have indicated that there ia no 
reason to consider NPIP mapping needs in isolation of other PBMA needa. 

A related issue concerns the coordination of FEMA mapping activi­
t lea with other federal mapping functions. '!'be National Research 
Council's Committee on Geodesy (1981) has recently addressed issues of 
governmental organization in the mapping area. It is expected that the 
USGS will receive lead agency responsibility as a result of this 
report. FEMA (PIA) does not appear to have utilized USGS aapping 
aervicea in any extensive way. !'be committee believes such cooperation 
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ia vital and .. Y lead to reduced ooatsr it at le .. t will at.plify aoae 
aspects of the distribution and maintenance probl•• 

;. 
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Chapter 7 
JtJDICIAL REVIBII OP PIS PJODUC'IS 

Management of coJatal and riverine flood-prone areas through state 
and local regulation la a comparatively recent phenomenon in the United 
States. !he widespread adoption of comprehensive land-use zoning fol­
lowing the 1926 u.s. Suprae Court decision of Ambler Realty CaDP!J!Y 
v. Village of Euclid (272 u.s. 365, 1926, u.s. Supreme Court) did not 
involve restraints on the private develop!lent of floodplains. As 
recently aa 1955, an authoritative study (HOyt and Langbein) of flood 
problema stateda 

Flood zoning, like almost all that is virtuous, bas great 
verbal support, but almost nothing baa been done about it. 
A few local governments bave restricted the use of low-lying 
lands, but not enough for ua to point to any substantial 
aJIIOUnt of experience or any great degree of progress. 

In 1959, a seminal law review article by Allison Dunham, •Flood Control 
Via the Police Power,• was unable to cite a single major floodplain­
zoning decision aa of that year. 

The long delay in the emergence of floodplain regulation uy be 
explained by three factors. Firat, Congress in the Flood Control Act 
of 1936 and ita successors declared that tbe federal government would 
be a party to the construction of flood-control works. To date, ~e 
than flO billion has been spent in the task of taming tbe rivera 
through flood-control reservoirs, levees and dikes, channelization, and 
other structural means. Most of this work was perforMd at federal 
expense with involvement by states and local governments confined to 
the provision of easements and r ighta-of-way on locally or ientec! 
projects. The ilapresaion became widespread that flood probleu were 
being solvec! and that no further action of a regulatory nature was 
required. Even where the u.s. ArJDY Corps of Bngineera required state 
or local •assurances• that downstream floodplains would be regulatec! 
to prevent encroachment, aucb assurances have not been widely enforcecS. 

A second factor in the slow acceptance of floodplain regulation wu 
uncertainty concerning the constitutionality of such aeaaures. It waa 
widely believec! tbat courts would uphold only restrictions baaecS on 
precise and unassailable engineering studies. Por example, two leading 
hydrologists (Leopold and Maddock 1954) wrotea 
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Zoning to restrict the use of floodplain land is ••• oc.pli­
cated. 'l'tle degree and frequency of hazard vary so greatly 
that the delineation of aonea to which a given restriction 
will apply should be based on careful study of individual 
areas, using appropriate engineering inforution on flood 
frequency and flood heights. 

In the absence of such studies in 8108t cc.aunitiea, it is scarcely 
surprising that, as the authors noted, •few such laws have been written 
and tested in the courts.• Although the iJDportance of a reasonable 
basis for any kind of regulation is indisputable, it is perhaps ironic 
that judicial decisions in other areas of zoning c0111110nly were sus­
tained on the most speculative or questionable planning assumptions. 
Where loss of life and property were directly at stake, it was widely 
believed that a higher. burden of proof lay with the CCIIIIDunity. 

A third reason for the long delay in the adoption of floodplain 
zoning has been the tendency for communities to avoid politically 
unpopular measures of this kind. Apart fr0111 their hazard potential, 
floodplains afford level building sites close to transportation systems 
that follow river valleys. Even where development has little relation 
to the river it adjoins, floodplains are popular locations for shopping 
centers, industrial parks, and even housing developments. 

The inevitable price of this widespread encroachment on floodplains 
has been ever-increasing flood losses. Despite the expenditure of more 
than SlO billion on federal flood-control works, average annual flcod 
damages have been rising consistently since 1936 to a currently eati­
llated total of S3.8 billion per year. The loss of lives has decreased 
in major river valleys due to the combined effect of improved flood­
warning systems and structural systems but is considered to be a ujor 
concern in areas subject to flash flood or coastal hurricane (White and 
Baas 1975). 

Following a series of devastating floods in the 1950s and early 
1960s, the nation began to re-examine the flood-damage issue. The 
influential report of the Task Force on Federal Flood Control Policy 
(U.S. House of Representatives 1966) recommended numerous changes in 
the national approach to floods. Although admitting that structural 
measures still were needed in certain areas, the report stressed the 
need for improved use of nonstructural aeasures including floodplain 
regulations, flood insurance, and relocation of occupants from flood­
hazard areas. 'l'tlis report was forwarded to Congress by President 
Lyndon Johnson concurrently with the issuance of Executive Order 11296, 
which ordered all federal agencies to consider the flood impacts of 
their actions. In 1968 Congress established the NFIP, which ude 
floodplain regulation an integral component of federal policy for the 
first tt.e. 

Fortunately, by this time a firm legal basis for the regulation of 
floodplains was finally in the process of development. NO decision by 
the u.s. Supreme Court has directly addressed the question of flood­
plain aoning. However, in the 1962 decision of Hempstead v. Goldblatt 
(369 u.s. 590) involving the regulation of gravel quarries within a 
residential area, the Court enunciated a general teat for the 
iapoaition of public authority to abate hazardous situations& 
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!'o justify the state in ••• interposing ita autbocity in 
~ehalf of the public, it mast appear, first, that the 
interests _of tbe public ••• require such interference and, 
second, that the •an• are reasonably necessary for the 
accc.pliabMnt of the purpose and not unduly oppressive upon 
individuals. 

'lbe Court vent on to re-affira its traditional view that the le9iala­
tive deteraination will be upheld unless clearly arbitrary and 
capricious. 

In the absence of further guidance frcm the Supr ... Court, the 
evolution of le9al doctrine with respect to flood hazards baa occurred 
largely in the state courts, with a scattering of federal decisions. 
!be case law in this area aay be roughly divided into two categ~iesa 
those cases that .directly deal with flood hazard ~ .!!• either 
riverine or coastal~, and those cases that address state and local 
wetlands regulations in which flooding is an incidental consideration. 
Both groups of cases involve common questions as to the •taking issue• 
as well as .. ttera of technical delimitation and administration. Bacb 
group will be reviewed below. 

7.1 Judicial Recognition of Flood Hazards 

In the surprisingly few cases that directly raise the issue, courts 
have been allloat unanimously willing to give explicit recognition to 
the threat of flood hazards as a proper object of public regulation. 
In a 1930 New Hampshire case, American Land Co. v. City of Keene (41 
Fed. 2d 484), a federal Court of Appeals stated the issue in terms of 
conaUJDer protection. Where the purchaser of a flood-prone site froa 
the City of Keene objected to the subsequent imposition of floodplain 
restrictions on his use of the land, the court upheld the restraints 
as a •proper exercise of the city's policy power in order to protect 
possible purchasers [from] being victimized, as the plaintiff vas vic­
tiaized by the city itself.• Protection of the unwary buyer or tenant 
was cited by Dunham (1959) as a proper ground for public intervention 
along with the avoidance of public rescue costa and protection of down­
stream interests from the risk of greater flooding due to individual 
encroachmenta. 

Restrictions imposed following a flood disaster to mitigate future 
losses were viewed favorably by the Connecticut Supreme Court in 1958, 
vartelas v. Water Resources CoJIIIIission (153 A. 2d 822). The case 
involved an •encroachment line• established by the state that prcbi­
bited all reconstruction within a specified distance of the Naugatuck 
River. Upon challenge by a property owner who retained only 60 square 
feet outaide of the encroachment line, the court declareda 

Reasonable regulation of the size and area of buildings and 
of the type of 11aterial used in them and the method of con­
struction baa long been recognized as legally proper •••• Tbe 
loss of human life and the destruction of property wrought 
by the floods in August 1955 justified the legislature in 
conferring upon the colllllisaion broad powers to adopt pre­
ventive .. aaurea against their repetition. !be trial court 
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found that the encroacbMnt linea as established by the 
co~iasion _extend for several milea along the Raugatuck 
River, accord with sound engineering principles and statu­
tory requirements, and were designed to reduce buard to 
life and property in the event of recurring floods. 

!'be problem of structures erected in violation of applicable 
encroachment line restrictions vas confronted by the Iowa Supr ... Court 
in 1968, Iowa Natural Resources Council v. Van lee (158 N.W. 2d 111). 
The court strongly endorsed the constitutionality 2!L ~ of such 
restrictions declaringa 

A river uncontrolled may at flood a tate become a devil, a 
destroyer of ~ife and property, a disrupter of transpecta­
tion and comme~ce vital to the state and ita citizens. 

But the court refused to order the reacwal of certain levees con­
structed by the defendant subsequent to the enactment of state flood­
plain restrictions. Instead it merely required the filing of an 
application for a permit. A strong dissent argued that a mandatory 
injunction for removal should be issued on the ground that such 
unauthorized encroachment amounts to •public nuisance. • (A contrasting 
view was expressed in a 1971 Florida coastal wetlands caH, u.s. v. 
Joseph G. Moretti, Inc. (331 P. Supp. 151, (S. D. Pla.)), in which a 
u.s. District Court ordered immediate remo9al of fill illegally placed 
in a Florida bay.) 

Regulation of flood-prone areas at the local level appeared with 
increasing frequency after 1960. Perhaps the strongest judicial 
decision upholding such municipal restrictions vas the 1972 Massa­
chusetts opinion in Turnpike Realty Co. v. ~ of Dedham (284 N.B. 2d 
8 91). Dedham in 1963 had amended its zoning by-laws and zoning map to 
establish a •floodplain district• that included moat of the plaintiff's 
land in a •1ow swampy area• bordering the Charles River. Within the 
floodplain, the use of land was limited to ~land, grassland, vet­
land, agricultural, horticultural, or recreational• purposes. Citing 
the 1959 Dunham law review article and other authorities, the court 
stated a 

The general necessity of floodplain zoning to reduce the 
damage to life and property caused by flooding ia 
unquestionable. 

In response to plaintiff's challenge that the ordinance deprived hill 
of any reasonable use of hia land, the court replieda 

We are unable to conclude, even though the judge found that 
there vas a substantial diminution in the value of 
petitioner's land, that the decrease vas such as to render 
it an unconstitutional deprivation of i~ property. 

At the municipal level, conflicting motives and objectivea may 
confuse the floodplain-management situation. In Turnpike Realty, the 
ordinance listed among its purposes, in addition to the protection of 
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public bealth and safety frc. flOO.S., tbe conaervatiCift of •natural 
condi ti~, wildlife, and open apace a for the ecSucatiOD, recreatiOD, 
and general welfare of tbe public. • !be court acSIIittecS tbat aucb 
objective• WOUld not support tbe Ordinance in their OWD rigbt but that 
tbey are •rely incidental to the ordinance which ia •ful.ly aupportec! 
by other valid considerations of public welfare. • !be court diatin­
guiabec! a 1963 Mew Jersey cue, Morris County Land eo. v. ParaiPP!ft)"­
!roy Billa !Wf• (193 A.2d 232), in which a aunicipal wetlands restric­
tion waa invalidated on the grounda that it served aerely environaental 
or conservation goals, not the alleviation of flood basarda. 

7.2 Evidence of Flooding 

Clearly an iaportant factor in the willingness of the Maaaacbuaetta 
court to approve Dedhp'a ordinance waa evidence of actual and frequent 
flooding of the aite'tn question. Teatt.ony of an •expert hydrologist• 
stated that a 

Petitioner '• land •will have water on it ranging anywhere 
from practically nothing up to ••• 3 feet of water annually.• 
Be further testified that once the flow in the Charles River 
exceeds 1280 cubic feet a second (the corresponding stage 
of] which is equivalent to the approximate elevation of the 
petitioner'• land ••• (the] latter will be flooded. The flow 
of the Char lea River ••• exceeded that level in 1936, 1938, 
1955, and 1968. Barrows stated that he personally went to 
the petitioner's land in March 1968 and observed that it was 
covered with •approximately 4 to 5 feet of water.• 

When flooding ia recent and notor ioua, courts uy take judicial 
notice aa in the Vartelas caae. But when the hazard is leas obvious, 
expert teatiJDOny of the kind used in TUrnpike Realty normally ia 
involved. Given such assistance, courts are willing to auatain 
measures of unusual kind or severity. The California Supreme court in 
1953, McCarthy v. City of Manhatten Beach (264 P.2d 932), upheld a 
•unicipal ordinance creating a •beach recreation district• with tbe 
benefit of testimony that the plaintiff's land on the Pacific shoreline 
waa subject to inundation during heavy atorma. A California Appellate 
Court in 1972, TUrner v. County of Del Norte (App., 101 Cal. Jptr. 93), 
upheld ·an absolute prohibition of residential or commercial structures 
in a floodplain upon proof that the site had been flooded four tiaea 
a ince 1927. (The soning in question waa adoptee! in 1965 u a prer~ 
quiaite to the approval of a flood-control project to be constructed 
by the o.s. Army Corps of Engineer a.) The New Jersey Supreme Court in 
a 1966 decision, SPiegle v. Borough of Beach Haven (218 A.2d 129) , 
sustained a total ban on construction of homes seaward of a aunicipally 
eatabliahec! •building line. • The court rested ita judgment oru 

Onrebuttec! proof that it would be unsafe to construct houaea 
oceanward of the building line ••• because of the possibility 
that they would be destroyed during a severe aton~-tbe 
result which occurred during the storm of March 1962. 
Additionally, defendants admitted proof that there was great 
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pefil to life and health arising through the likely deatruc­
ti~ of at(eeta, sewer, water and 9U .. ina, and electric 
power lines in the proscribed area 1n an ordinary atoca. 

In what •uat be regarded aa one of the 1108t quotable exaaplea of 
explicit judicial recognition of flood hazards, the Mew Jersey court 
concluded: 

Such regulation prescribed only such conduct as 9ood 
husbandry would dictate that plaintiffs should themselves 
impose on the uae of their own lands. 

When proof to the contrary ia offered, nuely that no flooding baa 
been known to occur . on the site in question, judicial tolerance of 
floodplain regulations ia 110re problematic. A Michigan Court of 
Appeals in 1971, Sturdy Homes, Inc. v. Township of Redford (186 w. w. 
2d 43), invalidated the application of an ordinance to property wherea 

It ia uncontested that the plaintiff's land baa never 
flooded and ia separated from the flood area by a shallow 
ditch which plaintiff baa prepared to repair, clean, and 
line with concrete. 

The court, however, upheld the constitutionality of the ordinance aa 
it applied to actual flood-hazard areas. 

7.3 FISs as Basis for Regulation 

The obvious question arises as to how courts will deal with floo4-
plain zoning when it applies to land that baa not been flooded within 
record but that lies within the reach of a flood of eatiJNted proba­
bility (e.g., the 100-year flood). This forcefully poaea the iaaue aa 
to the weight to be given to FISs aa evidence of the potential for 
flooding. Unlike the situation involving recent and notorious flooding 
or risk of flooding easily verified by an expert witness, extr ... 
weight ia given to FISs if used as a baaia for regulation and other 
hazard-mitigation •••urea. What level of reliability ia required for 
a FIS if it ia to be legally defensible when it identifies aa flood­
prone, areas that have not recently, or ever, been flooded? 

Technical uncertainty ia an obstacle to any progra11 of public 
regulation but not necesaar ily an insurmountable obstacle. As early 
aa 1926, the o.s. Supreme Court in the Ambler Realty decision 
concluded a 

'l'he inclusion of a reasonable •argin, to insure effective 
enforcement, will not put upon a law, otherwise valid, the 
stamp of invalidity. Such lava may also find their justi­
fication in the fact that, in sane fields, the bad fades 
into the good by such insensible degrees that the two are 
not capable of being readily distinguished and separated in 
terms of legislation. 
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Regulation of laneS, air, anc! water necessarily involve •tncluaion of a 
reaaonabl~ -.rgin• to overcome inadequate c!ata anc! t.perfect criteria 
for establishing b9unc!ariea between the per.taaible ancS tbe forbi5deft. 

PIS. involve technical uncertainty at llafty levelaa hyc!rologic, 
byc!raulic, survey, and .. pping. Brrora inber•t in earlier atagea of 
analysis are compounded by subsequent levels of cc.putation. Mapping 
alone involves the representation of c!ata, no .. tter bow reliable, on 
baae Npa of usually inadequate scale. Q\certainty thua abouncSa in tbe 
PIS proceaa (Dingman anc! Platt 1977). 

One response to this problea ia to place greater legal weight on 
tbe hydrologic anc! hydraulic c!ata inc!epenc!ently of their representation 
on Npe. Thus, flood elevations ancS profiles often are regarded aa 
aore legally defensible than Npe by which these vertical elaenta are 
converted into horiaontal surrogates. 

Another approach. ia to recognise the inevitability of technical 
uncertainty and to extend a strong presumption of validity to regula­
tory aeasures baaed on conscientious, if not the 1108t sophisticated, 
aethoda and procedures. Bracken and Baru studied this issue in detail 
for PEMA (under subcontract to ANCo) and ita findings (unpublished 
report to FEMA, July 31, 1980) are quoted at some length belowa 

A number of regulatory and benefits programs other than the 
NFIP are atmilarly baaed on the gathering of c!ata. In such 
cases, the courts have not hesitated to approve findings 
.ade in such programs that fail to take into account every 
detail of each individual's particular circumatancea. 
Indeed, one can hardly imagine a FIS that •cannot be criti­
cized aa omitting some item of information.• Typically, in 
evaluating auch a criticism, a court will rely heavily on 
the burden on the agency and ita limited resources and will 
refuse to conclude that Congress intended the agency to 
shoulder impossible burdens. Further, if satisfied that the 
agency complied fully with required procedures and exercised 
its discretion aa to accuracy/cost iaauea reasonably, the 
court ia more likely to affirm the agency c!eciaion. Thus, 
it can be concluded, with respect to the NPIP, that it was 
not the intention of Congress to force FEMA to gather such 
precise and detailed data in the pursuit of correctness in 
each PIS that administrative practicality and overall 
program accomplishment are sacrificed. [Emphasis added.) 

Trade-offa between coat and accuracy in data collection are 
aade in aany other agencies aa well. 'ltle courts have fr~ 
quently used a •rule of reason • to determine whether tbe 
trade-off ia one which ia (1) sanctioned by the enabling 
statute, anc! (2) a reasonable action towards the achievement 
of the relevant statutory objective. Por example, in 
Environmental Defense · Fund v. Costle, the federal district 
court found that the Environmental Protection Agency's 
decision to base ita findings on river-basin salinity (for 
the Colorado river basin) and ita subsequent regulatory 
determinations on readings taken at but three locationa in 
a vast, interstate river basin met standards of rationality 
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and vaa not arbitrary or capricioua. !he court refused to 
r uJe that a aore expensive and accurate •uur-nt ayatea 
vu. legally -cequired. 

'!'be issue of tempering statutory ~~andatea with consider~ 
tiona of acJIDiniatrative necessity vas recently considered 
by the D.C. Circuit Court of Appeals in Alabaaa Power co. 
v. Coetle, a case involving challenges to the Bnviron.ental 
Protection Agency's regulations on the prevention of signi­
ficant deterioration of air quality. !he court conceded 
that administratively created exeaptiona to statutory 
caamands are not to be favored and cannot be approved if 
they are inconsistent with the clear intent of the relevant 
statute. Nevertheless, the court atateda •considerations 
of adminiatra~ive necessity aay be a buia for finding 
implied authority for an acSministrative approach not 
explicitly provided in the statute. 'ltle relevance of such 
considerations to the regulatory process haa long been 
recognized. Courts frequently uphold streamlined agency 
approaches or procedures where the conventional course, 
typically case-by-case determinations, would, aa a practical 
utter, prevent the agency from carrying out the aiasion 
assigned to it by Congreaa.• 

The court thus acknowledged the principle that an agency 
official should not be required •to do an impossibility.• A 
federal district court has elaborated on this point sc.e­
whatl •so long as a good faith effort appears to have been 
made to supply available information, and no information 
material to the choices of management options ••• has been 
withheld, the ••• finding should be upheld. • Nevertheless, 
the Alabama Lower Court refused to accept blindly agency 
claims of impossibility, concluding that it must scrutinize 
such claiiDS carefully to assure that more than •re 
administrative inconvenience is being asserted. 

As long aa perfect accuracy and certainty are not economi­
cally feasible and indeed impossible to achieve in a PIS, 
it ia permissible for FEMA to base ita program implemen~ 
tion on a •rule of reason• aa to ita resource commitments 
for the conduct of studies and to focus on providing data 
for an entire c0111111unity simultaneously at reasonable coat. 
Therefore, the decision to undertake restudies or to adopt 
new .. thode should continue to be based on FEMA concern over 
ita ability to maintain the total cost of data collection 
at a reasonable · level and ita need to furnish data 
sufficient to lead to legally defensible approximations. 

Another source of uncertainty in flood insurance atudiea ia 
analytical uncertainty and limitations. Given a high 
variability in the adequacy of available data fro11 streaa 
to streu, various analytic techniques are often required 
and this necessarily introduces differential coata and 
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accuracies. 'lbua, the •teneY abould adopt a tr..Se-of f 
proceaa that enda at the point at which the baae flood 
eat.iaatea -.nd elevation• fall within an acceptable 
engineering level of tolerance. 

'!be queation of whether a aingle nu.ber (or elevation) can 
be the bub of regulation when, becauae of unavoidable 
technical uncertainty only a range of nUIIIbera can be 
aupported by the atudiea underlying the regulation, bu been 
considered a nUIIIber of tilea by court• in other contexte. 
In E. I. DuPont de W..Oura • co. v. Train, for example, the 
u.s. Surpr•e Court anawered thia question in the affiraa­
tive when it wu poaed in the context of BPA'a induatrial 
effluent limitation regulationa. Thereafter, in !!yerhauaer 
co. v. Coatle,. the D.c. Circuit Court undertook to aet a 
atandard for reviewing a regulatory limitation. The court 
noted the proble• of •technological and scientific 
uncertainty• that must be overcome aa well as poaaible in 
conducting auch an analyaia. The court then quoted ita own 
earlier atatementa •Where exiating aethodology or research 
in a new area of regulation is deficient, the agency 
necessarily enjoya [a) broad discretion to attempt to 
formulate a aolution to the beat of its ability on the 
basis of available inforaation.• [Citation• omitted.) 

7.4 Revision in Light of New Data 

No matter what level of technical detail waa involved in the 
initial preparation of a PIS, basic concepta of fairnesa and equity 
auggeat that •apa and regulation• should be revised and updated aa new 
data becaae available. The leading flood-related caae on thia point 
wu a 1974 Maryland decision, A. B. Smith Sand and Gravel Co. v. 
Department of Water Resource• (313 A. 2d 820), which held that when a 
public authority bases its floodplain regulation• on computer simula­
tion, such estimatea •uat be updated in light of actual aubsequent 
flood experience. The case involved water-pollution regulations 
adopted by the State of Maryland in 1970 that restricted the operation 
of gravel quarriea within a designed SO-year floodplain. After Hurri­
cane Agnea in 1972, the operator of a gravel quarry brought auit to 
challenge the conatitutionality of the reatriction 2!!.. ~ and ita 
application to hia property. The court austained the overall validity 
of the measure but agreed that the department'• estimate of the 50-year 
floodplain ahould be revised in light of recent experiences 

The Court ia aware that the data from which the department'• 
computation• were made was derived from ator• occurring 
over the put 40 years, but not Agnea. It ia felt that the 
i~~~~ediate data resulting from the retention of the Agnes 
water• forma a more enlightened baaia for the determination 
of the floodplain of Indian Creek. 

i'he plaintiff introduced testiJDOny that Agnes waa 1.4 timea greater 
tban a SO-year flood at his property. 'l'tlia would indicate a reduction 
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in the a;lze of the 50-year floodplain we tboutb plaintiff'• land 
apparentlll was inUAdated by Agnea. '!'be court rejected an arg~t by 
the stat .. that a broader area should be regulated in the expectation 
of future development in the watershed upetreu froa the plaintiff'• 
land. 

In a 1979 case, Roberta v. BUD (473 P. Supp. 52, 11. D. lliaa.), 
directly involving NFIP flood elevation& it waa held that PIS. auat be 
baaed on past or hiatoric flood data. However, projected elevationa 
must be reviaed if and when aubaequently CODpleted flood-control wocka 
influence potential flood levelaa 

The crux of the caae ia whether the floodplain deaignation 
was rendered inaccurate by the failure of the federal 
officials to . take into account potential changea in the 
'l'ombigbee Rivei in connection with the construction of the 
lock and dam ••• the channelling, widening and dredging ••• and 
the construction of a new four-lane bridge. 

The record shows that these points were conaidered by the ••• 
officiala ••• but absent any biatorical data ••• they were not 
taken into account.... (These plana) do not conatitute paat 
knowledge or information that the flood elevations proposed 
••• are scientifically or technically incorrect.... (T]bis 
historical information ••• is required ••• in order to uke a 
necessary abowing that the ••• official& have acted in an 
arbitrary and capricious manner •••• 

Upon the completion of (these proposed project&) ••• it aay 
well be that certain areas presently included in the flood­
way should be removed therefrom becauae of altered condi­
tions. '!'be City of Aberdeen bas the word of (F!MA) that if 
aucb changes justify alterations to the pertinent flood­
plain, necessary action will be taken ••• indeed, 
the ••• regulations ••• require that where ••• baae flood elev~ 
tiona ••• increase or decrease ••• from physical changes ••• the 
Administrator is directed to accumulate additional technical 
data ••• 24 C.F.R. 1915 ••• so that flood conditione, riaka, 
permanent rates and floodplain management requirements will 
be baaed on current data.... (The) regulation• provide a 
remedy, should historical data prove to be inaccurate or 
otherwise aialeading, to correct whatever injury uy have 
resulted from the original determination. 

7.5 Moratoria on Pending Plood Studies or Projecta 

Some aunicipalities that experience frequent flooding impoae a 
temporary aoratorium on the issuance of building permits pending com­
pletion of flood studies or structural flood-control project&. As in 
cases involving overloaded sewer syste•, courta are inclined to be 
tolerant of moratoria that are reasonable in purpose and duration. Por 
example, in a 1973 case, Cappture Realty Corp. v. Board of Adjustment 
of the Borough of Elmwood Park (313 A. 2d 624), the New Jersey Superior 
court auatained a aoratorium on development in the floodplain of the 
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Paaaaic River that bad been iD effect for two years pending ca.pletion 
of flood-pontrol plana and adoption of perMDent floodplain aoniDg. 
Although tile baD 1~ question vaa tiiPO"ed pendin9 co.pletlon of a flood­
control enginHring project (channel atraigbtening), the court cited 
vi th favor decisions where 110ratoria were upbeld to allow tiaa to 
coaplete flood atudiea and aoning& 

'ftle enactment of iDteria ordinances baa been upheld u a 
recogniaed and logical addition to ccaprebenaive municipal 
planning during periods required to create or reviae 
comprehensive aoning plana. (Citations oaitted.) 

In 1975, a Rev Jersey Appeals Court, in Cappture Realty Corp. v. Board 
of Adjustment of the Borough of Bl.Jawood Park (336 A. 2d 30) (aee also 
New Jersey Builders· . Association v. Town of Ocean [319 A. 2d 255, 
1974)), upheld continuation of the same ban but cautioned that ita 
patience waa not ltmitleaaa 

The line between the exercise of the police and aoning 
powers on the one band, and a taking on the other, although 
not precise aay be found in the not too distant future to 
have been transgressed aa to plaintiff • a property, unleaa 
(the municipality] acta with sane degree of expedition to 
canplete the proposed project or to terminate the 
•orator ium. 

7.6 Appeals Concerning FIS Determinations 

The National Flood Insurance Act provides a detailed appeal proceaa 
to protect the rights of property owners and COIIIIIUnitiea against 
inaccuracy in flood insurance atudiea. This protection addresses flood 
elevations in particular. Following mandatory publication of proposed 
flood elevation determinations, a period of 90 days is allowed for 
appeals by the community property owners or lessees. However, the 
scope of appeals ia limiteda 

The sole baaia for aucb appeals shall be the poaaesaion of 
knowledge or information indicating that the elevations 
being propoaed ••• are scientificallY or technicallY 
incorrect, and the aole relief which aball be granted ••• ia 
a modification of tbe ••• proposed deteraination accordingly. 

(According to Bracken and Baram, the strict provisions of the Act are 
augmented by the Administrative Procedure Act that applies to all 
federal agency determinations of this kind.) 

!be question naturally follows as to whether it ia sufficient to 
abow that the proposed elevations are likely to be •scientifically or 
technically incorrect• and therefore unreliable or whether •better• 
data auat be provided by the appellant aa a substitute for FEMA'a pco­
poaed elevations. In other words, can the community or property owner 
simply call attention to flaws in nMA'a data and procedures or auat 
they go to the expense of providing 110re reliable data? Who bears the 
burden of pcoof? Barlier discussion of technical uncertainty, bowever, 
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strongly Juggests that agency fincUnga are to prevail unleas proven 
inaccurat, by other 1a0re detailed studies. !be •re challenge of 
•technical uncertainty• would not in itself be grounds fcc reciaion. 

The cOIIIllittee ia aware that PillA resolves .,.t appeala of ns 
deterllinations through consultations with the appellant oc:.aunlties. 
Although it favors the prompt and inexpensive disposition of disputes 
through such expedients, it observes that when appeals are prolific, 
there may be need for restudy of the co..unity, reach, or watershed in 
question. 
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8.1 Technical Issues 

Chapter 8 
RESEARCH BIDS 

The committee believes that the nature of the HFIP with its flood­
insurance and floodplain-management goals is such that specific tecb­
n ical issues exist and will continue to arise. '!bus, it reco~~~~ends 
that FEMA establish a problem-oriented research program that will ~o­
vide for a continuing working group of experts reflecting all PEMA 
interests to assist in identifying specific problems as they arise, 
developing a scope for required research, and .onitoring the research. 
Several examples are presented below to illustrate the types of ~ob­
lems that will benefit from such treatment. What they have in common 
is that they are narrow in scope, require specific answers, and are 
directly and ianediately applicable to the PIMA program. TO achieve 
results, however, the research efforts must be closely IM)ftitored. 

Several engineering aspects of the FIS process require attentiona 

1. !be impact of the Water Resources Council decision to adopt and 
r ecoDDend the log-Pearson Type III (LP-III) distribution for unifora 
flood frequency analysis for streamflow records requires assessment. 
'l'bis will involve determining& the theoretical and historical bases 
for the use of the LP-III distribution in flood frequency analysisr the 
statistical characteristics of the LP-IIIr the impact of the concept 
of separation on use of the LP-III and, in turn, on PIA policy, par­
ticularly in terms of the financial integrity of the NPIPr whether LP­
III estimates are biased when flood peaks are from a single underlying 
distribution, when flood peaks result from a aixture of distributions, 
or when used in subsequent regional analysesr whether there is a sound 
basis for PEMA to accept or to reject the LP-III as a standard distri­
bution, and what P!MA should reCOIIIIIIend to the Council concerning uae 
of flood frequency distributions. 

2. An assessment of how the results of the Water Resources council 
ccmparative study of rainfall-runoff models can be applied to PliCA 
progrus is needed. !'his will involve sWIIIIIarbing the results of the 
.adel coaparison, analyzing the study, its aims, its achievements, and 
its shortcomings, ranking model performance by accuracy, consistency, 
and reproducibility, and determining whether any models are clearly 

65 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


66 

dominant over any other a (i.e., whether any one .odel definitely ca 
~ conaid,red inferior or superior). 

3. ~· aethod 1or better allocating effort in the perforance of 
FISa ia needed. !bia will involve critical review of the literature 
on the relation of accuracy of FIS reault:a (flood stages, flood boun­
daries, flood insurance sonea, and flood insurance rates) to accuracy 
of inputaJ critical review of the literature on the relation of ~t 
to accuracy for input data for FISaJ develolll*\t of a JDOdel for the 
study of FIS cost-effectiveness, and conduct of sensitivity analyaea 
on the model developed that atreaa the model over the range of vari­
ables developed. 

8. 2 Intergovernmental Issue a 

Similar examples . can be presented for the nonengineering aspects 
of the FIS process: ·: 

1. With respect to floodplain JDanagement, for exuple, coat­
sharing must be addressed. There ia need to explore how coat-sharing 
can be used to further the objectives of NFIP-related activities, which 
NFIP activities directly or indirectly benefit nonfederal entities 
(e.g., the use by community emergency planners of information collected 
as part of or supplemental to FISe)J how benefits derived by various 
parties can be quantified, what impact would result from the use of 
federal funds as incentives (e.g., Section 1362 acquisition funding 
could be used to reward communities aggressively enforcing floodplain­
soning regulations) or as subsidies (e.g., in the actuarial aa opposed 
to the subsidized insurance rate&)J and what administrative or legis­
lative actions related to cost-sharing are needed to improve the coat­
effectiveness of the NFIP. 

In the longterm, the relative significance of the iapact this pro­
gram will have on flood-damage mitigation will be directly related to 
the effectiveness of the local floodplain-management efforts. LOcal 
units are required presently to enact certain floodplain-management 
ordinances in order to qualify for participation in the program. Bow­
ever, there is no real reward system which encourages continuing local 
diligence for this task. Procedures emplQ7ed by insurers in the pre­
vention of loaa by fire seem particularly pertinent to possible under­
writing and rating concepts for flood insurance. For example, fire 
insurance rates in an individual city are a function of the adequacy 
of the community's water supply and firefighting systems. Conceivably 
flood insurance rates, subsidized or actuarial, should be aade a 
function of the adequacy of a community's floodplain-management 
program. The issue deserves research attention. 

8.3 Financial Issues 

!'be overall financial health of the NFIP ia of major concern to 
FDQ and leads to consideration of questions concerning the adequacy 
of the rate structure, the areal diversification of risk. These 
subjects are closely related to the floodplain-management and coat­
sharing iaauea raised above and appear to offer some opportunity for 
effective research as followsa 
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1. The PIA recently announced an increase in iMurance ratea. 
Agency ac;tion on thia utter appears to have been influenced by a 
review it'. conducted of the 28-.cntb period between January 1978 •d 
April 1180. i'he indicated average annual operating deficit buec! on 
the review period atatiatica, uauaing tbey apply to the n\Diber of 
policies now in effect, would exceed $312 aillion. Indeed, for all of 
PY 1979 earned premiUIIUI are reported to be 1117 million with incurred 
loaaes of $482 •illion, a 412 percent loaa ratio. Por PY 1181, $575 
million of PEMA' a budget baa been allocated to the Rational nood 
Insurance Pund. 'l'bis appears to anticipate a 350 to 400 percent loaa 
ratio. Research effort directed toward this iaaue should provide for 
sufficient examination of the general damage-probability relationships 
and present policy diatribution to permit a reasonable appraisal of 
the average annual damage to be sustained by insurance aone. 'l'tlia 
appraisal should be .. carried far enough and be baaed on aufficient 
sample size to aaabre that whatever rate structure ia proposed 
adequately meets the requirements of tbe National Plood Insurance Act. 

2. Pigure 1 indicates that a very high percentage of the dollars 
at riak in this program are concentrated in four aajor aetropolitan 
areas. This necessarily leads to questions concerning potential 
pcoblems which could arise from the indicated lack of a real diversifi­
cation of the risk. Specifically, the impact of this iaaue on the 
poaaible probability distribution of the annual claims to be incurred 
by the NFIP needs to be explore<!. 'l'hia question is worthy of research 
and should be a logical next step upon completion of the prior itea. 

3. There appears to be ample reason to examine the long-range 
financial consequences associated witb continued subsidization of 
flood-prone properties. "!be NFIP obviously incurs a high degree of 
subsidization. Subsidy maintained in perpetuity would appear to dis­
criminate unduly against those who do not own flood-prone property. 
'l'hia would appear to be ample reason to research alternative policies 
for the eventual phasing out of the subsidized portion of the program. 
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Appendix A 
RIVERIRB PLOOD IHPORM'l'IOII .. DS 

(from Anderaon-Nichola and Coapany, Inc., 
Proaiai!"!i Methoda and Procedure• for 
Performing Riverine Plood Inaurance 

aeatucUea, 1980) 

69 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


i 

.. 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


I .I I =• j ~-

. l! r: ~~ 

I •• - II II -I 

.. 
0 

' 
&. 
-=e 

I s• _,. .. 
·~ 0 -== ! l.l 

~ -

1 
~ I I ~ 

71 

• ••••• 
• .!- jt I iiiii j! _t - -----~1 !} != !!!!! 

ill I I II I' ll IIIII 

• 
I J 

" .. 
I 1 -• 1 c • ! - ; 3 .. -.!. • - ] 1 u .. 
-.: .I ! i: ... 

I -I 
" 'i 
Is 
• -I .. 
-.: • 

I 

J 
r 
'Z& 
~-I! .,. 

• -
I 
I 
-; .. 

~ • 
•t 
J)! 
1'=' ill • 

.tl .. 
1! 
u -u ,_ .. 
-'jl. 
e~i i'W 

.. 
ttJ 
• .! !I! 

-~· i I ,. 
- I-S .. e - .. 1 .. 
li;:l 
~l. 

iii 
I. I • • ... .,.. 

I - I• I i -
11 -1 & 

' ' ! II II J' 
I -j 

j·~ .! 1 

n ll ~ 
-- -- 'I ............. 

I I I 
i~ I 
•s -I '!;: -=-= .. -I ~ ... 

~I Ia= -•r -· .:; 
~ ··1 IIIQ. C 
.. I\ .• ~ 

1-·· -· -.:'5 
j I !'i 

r 
l .. 
1 
i: 

..... .e-"' 
ili!l .. 
0 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


User lroup ..... Ty,e of .. t• .. t ....... .. livery IIMI• 

•ttONI W..ther .... tl• floN Hydrologic •nd Cross Met Ions lltltl ... · .. t• OR 
S.rvl~ ,,.diction hydr•ullc Input DlscMrges ...-tic t.,. or 

and output Hydr•ullc cMr•c- punch c.rd . - , 
terlstlcs Meps 

Flood bound•rln 
Fl•sh flood •r ... 

SIA, Agr. llsnter relief; ldantlflc•tlon of Flood ....._..rle.,! ...,S I 

St•ll. and IIIPI-.t £.0. Ma•rd .,.. Flood eleJ•tlon.!. Meps or profiles 
ConMrv. S.rv. II,.. and .. ,., Flooci~My~ · • . "-PS 
scs. u.s. Flood velocities ...... 
Forestry S.rv. Erosion erMS ...,. 

IPA, IIUD, DOl, Construction trants; ldantlflc.tlon of :::: ::j:r!::i ...,. 
DOC I DOA I DO£ IIIPI-'t £.0 ... ,. haa•rd •re• _.or proflln 

and ll!t90 Fl~.- "-Ps 
Flood velocities ...... 
Erosion •rMs ...,. 

Oepart-t of .. sl .. of stre• crvsslnts ldentlflc.tlon of Flood ....._..rlet! 
.... ...,. N 

Transport•tlon .... ., ....... Flood eleJ•tlons!- ...... 
FICIOMys- ...,s 

FHL lank loltrd, ._ •rtpta lnsur~ ldantlflc.tlan of Flood boun.t.rlet! _.of I"~ 
VA, FHA haz•rd .,... and Flood elav•tlon.!. Maps or,1rofll .. 

detrae of risk 
Flodue.,..t 

or Ml 

_.or "':i 
lnsur~ r•t• aonn Maps or Ml 
First floor alavetlons t•ln or-

All feder•l IIIPI_,t £.0 ... ,. and Identification of :::::::::r~ ...,s or"':( 
...,.cles ll!t90; CIIIIIPIIan~ wl th ..... , ... ,. . . _.or Ml 

I£PA 
FIC~GMJ.!. Maps or 111rl Critical subareas 
Critical anvl,_t•l ...,. 

e .... s 

St•te ...,.cles T•chnlcel nslst~; ,.,.It ·Identification of Flood ..._.rln! ...,. 
proc:asslnt; A_,S project haa•rd .,.. Flood elawtlons!- ...,. or,,.,.,. 
ravlw; st,.... crvsslnt . Futwa dewal~t ... urd ...,. 
desl .. ; tllsnter pre- .,... 
,. ...... s •rnlftl, avec.-- llevetlon reference ...,. 
tla., ,..,... ... and ..-Its 
recovery; IIIIHI-... plann• 

'"' 
Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


73 

! " I 1 • .. .. c .. • ! - I .. 3 .. 
0 I. - 1 ! .. .,. 

j - ! .. ;: "' 

J 

I 

~~ I • s! .. 
j ~ -

.. 
0 

~! 
3• 

·~ -· ..... 
j.! 

• ,fl 
.! ,.,. 
~ =. , 
~~-· 1 I ·I ·-;:J& & .• 
!Z! ~~ t 
~~~ ... ~-... • e e i& .. Jl-:;!lfi 

• .. 
1! • ... 
ec --.. -· 
J~ 

'11.,'11. r 
a~ a -'• . .. 

Iiiii I I I! I jj 

! ~ " t • I -.. • - ! I 3 
0 -.. ] j ~ • .! "' 

• 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


I ... 
) ~ 11 ·I-= o-• .;Ji ....... 
& .l&i:i: 

. "' .. c 
& l ... .. 
; 1 
~ i: 

J 
: 

1! .s I ec-__ ,. .. . 
• -~a; 
J !.! 

s 
! .. -.. .. • -3 -j 

74 

I -M .. ••• ~~ -1· .. -- .. ---..... 
,._ ~ =1• I ti•! .... 
j 1~~-

I 

i! -.e 
= • I 

J .. 
~ 

t 
I 
] 
I -
J 
1: 
c': 
i: 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


. . • f . 

Appendix B 
BIOGRAPHICAL SltB'1'CBBS OP CCHII'l"l'BB IU!MBBRS 

75 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


. -
'· 

Copyright © National Academy of Sciences. All rights reserved.

Improving the Flood Insurance Study Process
http://www.nap.edu/catalog.php?record_id=19484

http://www.nap.edu/catalog.php?record_id=19484


77 

PATRICIA A. BLOC»>GREN, Senior Bydrologiat, Diviaion of watera 1 

Minnef"ota Departaent of Natural Reaourcea, St. Paul. 118. Bl~• 
baa worked witli the Departaent aince 1973. Ber aaj~ reaponaibili­
tiea bave included aerving aa State Coordinator for tbe IIPIP, 
Hazard Mitigation Coordinator f~ flood diautera, and Cbairperaon 
of the Aaaociation of State Plood Plain Managera. Sbe received a 
B.s. fro. ft. Lewia College and a M.s. in geology froa COl~edo 
State Univeraity. Sbe bu done additional graduate work and 
reaearch at the Univeraity of Minneaota. 

DAVID R. laWDY 1 Surface Water Program Manager 1 Northern IJ'ecbnical 
Servicea, Newport Beach, California. Before uauaing bia ~eaen t 
poaition, Mr. Dawdy waa asaociated with D-• and Moore, Betbeada, 
Maryland, and ae(ved with tbe u.s. Geological Survey for 25 yeua. 
Be is a apecialfat in aur face water hydrology .odeling and bu 
taught and lectured on the aubject botb in tbe United Statea and 
abroad. He ia a member of the Allerican SOCiety of Civil BnginHra, 
tbe American Geophysical Union, and the International Association 
of Hydrological Sciences. Mr. Dawdy received a B.A. in biatory 
from Trinity College and a M.S. in atatiatica froa Stanf~d 
university. 

BOWARD c. KUNREUTHER, Chairman, Department of Decision Sciences, 
Wharton School, University of Pennsylvania, Philadelphia. Dr. 
Kunreuther baa been Professor of decision aciancea aince 1975 and 
tbe Department Chairman aince 1977. Bia teaching and research 
interests are primarily operation• management and aanagerial eco­
nomics. Since 1980 he has bean at the International Institute for 
Applied Systems Analysia (IIASA), where he hu bean tbe Taak Leader 
of the Jtiak Group. Be bas served with the Disaater Study lfuk 
Force of the Office of Emergency Preparednaaa, with tbe National 
Science Poundation on the Natural Bazarda Reaearcb Project, and aa 
a aellber of the NRC Committee on SOCioacona.ic Bffecta of Barth­
quake Predictions. Be earned hia A.B. at Bate a College and bia 
Ph.D. in Economics at the Massachusetta Institute of ~chnology. 

MAURICE K. KURTZ, Jr., Associate Professor, Departllent of Civil 
Engineering, Plorida Institute of Technology, Melbourne. Dr. Kurtz 
currently ia responsible for advanced Mthods of aurvaying and 
aapping and graphica. Be formerly aerved as deputy director and 
director of the Nuclear Cratering Group at Lawrence Liver-.ora 
Laboratory, Director of the Defense Mapping school, and direct~ 
of tbe Army Engineers Topographic Laboratories. Dr. Kurtz alao 
baa taught, written, and lectured widely and worked aa a oonaultant 
in the ueaa of remote sensing, hologr .... try, and floodplain aap­
ping. Be received his B.s. fro. the u.s. Military, M.S. fro. tbe 
Univeraity of Illinois, and Ph.D. froa Purdue Univeraity. 

Rtrl'HEitPORD B. PLATT, Associate Professor, Geography and Planning Law, 
University of Maasachusetta, Amherat. Dr. Platt formerly aerved 
aa Assistant Director and Staff Attorney for tbe Open Landa Proj­
ect. Be ia a member of the American Bar Association, the Illinoia 
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Bar, and the Association of Allerican Geograpbera. Be received bia 
B.s.;in political acience fraa Yale univeraity and J.D. aD4 Pb.D. 
in geography f~oa the univeraity of Chicago. 

ROBER't P. SHUBINSII, Vice President and Regional Manager, Water 
Resources Division, Camp, Dreaaer and Melee, Inc., Annandale 1 

Virginia. Before bia death in January 1982, Dr. Sbubinaki bad 
worked with Curp, Dreaaer and Melee for 20 yeara on a variety of 
water resource management projecta and atora drainage, pollution 
control, and flood control preble•. Be had worked on projects for 
NASA, and done atudiea of Pour Mile Run, the Chesapeake Bay, and 
the Deleware and Pota~ac river estuaries. Be waa a dipla~ate of 
the American Society of Environmental Bngin•ra, the •tiona! 
Society of Professional Bngineera, and the Water Pollution Control 
Federation. Be ~~ceived a M.S. in civil engineering fraa Texaa &ill 
University and a Ph.D. in civil engineering from the univeraity of 
California. 

ROBERT L. SMITH, Deane Ackera Professor of Civil Bngin•ring, 
University of Kansas, Lawrence. Professor Smith, a apecialiat in 
engineering hydrology, water resources planning and water policy, 
assumed bia present position in 1970. Be formerly aerved aa 
Executive Director of the Iowa Natural Resources Council, Executive 
Secretary and Chief Engineer of the lansaa Water Reaourcea Board, 
Parker Professor of Water Resources and Chairman of the depart.ent 
of Civil Engineering at the University of lanau, and Technical 
Assistant in the Office of Science and Technology. Be received a 
B.s.c.E. and a M.S. in hydraulics from the University of Iowa and 
waa elected a member of the National Academy of Engineering in 
1975. 

w. D. SWIFT, Vice President, Property Claim Services, American 
Insurance Association, New York, New York. Mr. Swift baa held hia 
present position since 1970 and baa been associated with the fir• 
aince 1959. Be formerly worked as Superintendent of Pire and 
Allied Claima for the Hartford Pire Insurance Company and aa 
Secretary of the North British and Mercantile Insurance Group. 
Mr. Swift ia the author of publica tiona on insurance adjustments 
and holds a law degree from John Marshall Law School. 

PRANK B. THOMAS, Acting Director, water Resources Council, washington, 
D.C. Since 1975 Dr. Thomas baa held various policy positions with 
the Council and baa been responsible for various floodplain, and 
water reaource aanagement activitiea. Formerly be aerved on the 
geography faculty and aa a department chairman at SOuthern Illinoia 
University, and aa department chairman at Georgia State Univeraity. 
In 1977 he aerved aa the u.s. representative to the United Nations 
work group that prepared documentation for the UN Conference on 
water. Be received a B.s. from the University of Illinois and a 
Ph.D. from Northweatern University. 
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