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EXECUTIVE SUMMARY I

INTRODUCTION

Flood warning and preparedness, largely a non-
federal concern, in one of the measures now receiving
increased attention pursuant to Section 73 of Public
Law 93-251, the Water Resources Development Act of
1974. Until recently, the federal role was largely
limited to modest involvement of NWS. The consideration
and use of warning n peprnes.atnaie-i.
being hampered by lack of knowledge of the legal,
institutional and other managerial aspects of their
implementation and operation.

The investigation of the implementation aspects of
f lood warning and prepare-dness alternatives on which - e-
this report is based was undertaken pursuant to
Contract DACW 72-78-C-0011 between the U.S. Army Insti-
tute for Water Resources and the Joint venture of H.
James Owen, Consulting Engineer, and Wendell Asso-
ciates. The objectives of the investigation were to
shed light on -the policy and procedural considerations
related to planning, implementation and operation of
flood warning and preparedness alternatives and to
suggest implementation approaches.i The scope of investigation did not permit analysis
of every issue which might arise in connection with a
flood warning and preparedness alternative through some
combination of causes of flooding, mixture of govern-
mental and private participants, and approaches to
warning and preparedness. The issues addressed are
those related to the types of cases most likely to
arise in practice. Whenever possible, issues have been
treated in generic terms to facilitate application of
the findings to questions which arise in specific
situations.

The reader is cautioned that the report is not
intended to take the place of a legal analysis for any
specific case. Many of the issues of law which are
addressed have not been settled by legislative and
judicial action and variations exist from place to
place even where relevant law has been made. Much of
the same sort of qualification applies to the portions
of the report, dealing with financial arrangements,
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assurances and other matters. -Comments -on -policy about
• 4 these and other aspects remain- only suggestive until

specific policies are established by competent authori-
ties.I
ELEMENTS OF FLOOD WARNINC AND PREPAREDNESS ALTERNATIVES

The concepts involved. in a typical flood warning
and preparedness system are straightforward. Rainfall
amounts or stream levels upstream of an area are
. ....... measue and t-he- information- :is.--used--.to-- p-red-t-wheher - - -- ---

a flood is about to occur, when it will arrive and ýhow
severe it will be. Based on the advance warning, pre-
planned steps are taken to: 1) ensure the safety of
persons in the threatened area; 2) protect public and
private property; and 3) reduce other types of flood

7, losses.

The components normally required for a flood
warning system and preparedness plan include the flood
recognition system, warning plan, preparedness plan and .
maintenance plan. Each of these may have several
elements, depending on the type and sophistication of
alternative appropriate to a particular case.

Flood Recognition System

The, flood recognition system includes the collec-
tion of the basic data and information and some
analytical procedure to make the flood prediction. A
variety of ways exist for carrying out both the data
collection and analysis steps. One simple approach is
use of an upstream water level sensor which triggers an
alarm when some 1,,e-set water level is exceeded. This
combines, data collection and analysis into one unit.
However, this sort of system furnishes only a minimal

.I amount of information. It provides no clue to the rate
of rise of flood waters or to the ultimate height which
they will reach.

The more common approach is to rely for data
collect 4 on on a network of volunteer observers or gages
of a type which either report automatically by radio or
can be accessed by telephone, or some combination of
observers and automated gages. The means of communicat-
ing data vary but usually make use of either telephone,
radio or messengers.

-2-
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Processing of collected data and information may j,be as simple as using a chart or table to estimate
flood severity based on rainfall measurement. At theopposite end of the spectrum, analysis may include useSof computerized mathematical models to take into"account a variety of physical conditions, integration
of local and regional climatic data, and interpretation
of radar and satellite imagery.

Warning Plan

-7 The two key considerations in a warning plan arethe procedures for issuing warnings and the means of
warning dissemination. Procedures for issuing anddisseminating warnings must identify who is to bewarned at each stage of predicted flooding, whether or

7. not there is to be confirmation that the warning
message has been received and understood, and to whom
the recipient is to relay the warning.

Difficulties arise in establishing warning --procedures due to the unpredictable nature of storms I-

and floods. Soecific warnings issued early in apotential flooc' episode risk being substantially inerror and causing either' a gross overreaction or an .4unwarrented sense of security on the part of thosewarned. Delaying the issuance of warnings until themagnitude and timing of an impending flood are knownprecisely may leave little time for affected persons toreact before flooding begins. Where enough time is
available, this problem can sometimes he overcome bystaging warnings with early alerts going only to local
officials, emergency services agencies and other
selected recipients.

The steps of distributing flood warnings toprimary recipients such as local officials, radio and
television stations, and emergency services agencies
and the means by which they disseminate .varnings to thegeneral public are dominated by consideration of themeans of communications to be used. Both reliability
and thoroughness is required.

I Preparedness Plan

Preparedness plans, like warning systems, must betailored to the needs of the case at hand. Depending on

-3-
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what is required, they may include provisions for
evacuation of endangered areas, traffic control,
curtailment or other special management of utility
services, protection of. property, flood fighting and
numerous other activities. Sub-plans for each of these
and other purposes may be constructed in a variety of
ways.

-Maintenance Plan

Like a dam or levee, a flood warning and prepared-
ness system -requires continu ng attention if it is to
function properly. Maintenance must include periodic
updating of the procedures and plan, testing of
equipment' and at least some minimal education and t
information efforts. The extensiveness, and nature of
the maintenance plan and the frequency of conducting
maintenance activities depends on what the plan
includes.

Combination Plan --

While systems for flood recognition or for warning
systems and preparedness can be developed separately,
integrated programs are the most practicable. Merewarnigs. can be, disseminated with the expectation that
each recipient will use the information as best he or
she can. However, if a system is to be a workable flood

plain management alternative to flood control works or
a genuine supplement to them and other flood plain
management adjustments such as insurance and- regula-
tion, it must include the arrangements for. bo-th warning
and effective response.

S!-NEED FOR COOPERATIVE ACTION

• I Warning systems and preparedness plans are often
* in stand-by status for long periods. Creation of full

"time organizations for their administration and opera-
tion and assembly of the special resources required for
their functioning is therefore usually found to be
impractical. This favors distribution of responsibili-
ties to organizations already in being which possess
the requisite skills, authorities and resources.

i -4-



Implementation and operation of warning and
preparedness alternatives almost always calls for the
cooperation of several parties. Few types of govern- 2
mental units have the range of authorities and,

operating capabilities to carry out a comnplete program
although cities and counties come close to doing so, ¶4 especially in the case of fairly simple plans for a
small watershed. However, it is more usual for programs
to require the partiLcipation of a variety of local
agencies and volunteer organizations, andoat least some
reliance on information from the National Weather
Service.

PAST PRACTICE

The National Weather Service (NWS), Tennessee
Valley Authority (TVA) and Corps of Engineers have all
engaged to some extent in the development of fplood
warning and precaredness alternatcves. However, the
type and extent of involvement which has been provided
by the agencies varies greatly.

NWS participation focusses on the arrangements for
collection and analysis of data. Procedures for
issuance and dissemination of warnings and development
of a. preparedness plan are left largely to the discre-
tion of local interests. Technical assistance in
planning includes analysis of the flood problem, advice
on selecting approaches to flood recognition and
analysis, and development of analytical tools.
Financial assistance from the agency is limited to
provision of inexpensive items such as plastic rain
gages for use by observers and contribution of some
services in installing and calibrating equipment. Aside orj
from assisting with acquistion and installation of
equipmenk, NWS's role in implementation of the warning
system and preparedness plan is limited to training of
local observers and forecasters. The degree of NWS - -

participation in operation and maintenance of 'Local -l

flood warning systems varies from zero to performance
of the analysis and prediction steps. The agency
requires only minimal assurances from non-federal
interests in return for the assistance it provides.

The Tennessee Valley Authority has been involved
substantially only in one warning and preparedness
program. In that case, for the City of Gatlinbure g TN,

patiiptin n peatonan minennc-o5-ca
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TVA has followed a course of action somewhat similar to
the NWS approach with respect to planning. Responsui.-4
bility for planning of the alternative is divided with
TVA providing detailed design of the flood recognition
system and the city and private interests providing for
development of the warning procedures. and preparedness
plan. However, TVA's approach differs significantly
from that of the NWS with respect to financial
assistance. TVA is providing 90 percent of the first
costs of an automated and computerized system for data
collection and analysis and 50 ptr'cent of the operation
and maintenance costs for the first 10 years -following
implementation of the system. Whereas NWS frequently
provides assistance to non-federal interests in equip-
ment acquisition and installation, TVA is providing
only specificatiors and the city of Gatlinburg is
responsible for satisfactory acquisition and installa-
tion of the necessary hardware. TVA assumes no
operational role in the warning system and plan other
than providing assistance in liaison between other
federal agencies and the city. With respect to
assurances, TVA's approach is much more specific than
that of NWS. The formal agreement between the agency
and the city includes numerous requir'ements aimed at
assuring competent design of the preparedness plan and
proper operation of the warning 'system. The agreement
provides for TVA's recovery of the equipment during the
first ten years if local operations 'are not in
accordance with its terms.

The Corps principal involvement in warning and
preparedness has been. its participation in development
of an evacuation plan for Barbourville, KY. That plann-
ing effort was a coordinated undertaking of the Corps,
city of Barbourville and the several other organiza-
tions and interests. All of the first and ,continuing
costs for implementation of the plan are to be borne by
non-federal interests. No assurances were required by
the Corps in return for its assistance in planning.
However, this example is of limited value as a
precedent in connection with Section 73 because the
Corpai assistance was provided under the Flood Plain
Managem~ent Services Program. The 4technical and finan-
cial assistance provided might well differ in the case
of an alternative resulting from an 'authorized study of
a local protection project.

-6-



These inconsistencies of approach reflect the
capabilities and interests of the several agencies.
Move importantly, they .point up the fact that broad

guidance is lacking and su&'s ~mr considerationI
of federal roles and functiors is needed.

POLICY CONSIDER~ATIONS

Planninig of warning and preparedness alternatives
raises 1ss%:cs which require resolution before the
alternative is put into practice. Dealing effectively
wi th these issues require's consideration of certain
basic matters affecting policy. Chief am~ong these are
financial capability, technical capability, and the
impact of technical problems.

Financial Capability

The costs for implementing and operating warning
and preparedness alternatives vary greatly according to
the type and sophistication of systems which are
employed. The costs are also of a variety of kinds.
Some are one time initial costs, such as for equipment,
while some are periodic over the life of the syntem and
still others may not be encountered until a flood
occurs and the plan is put into action. The costs also
vary in how they can be met, Some can be met through
services of particular participants while others c,,!,.i be
met through a cash outlay from any available source.
The variation in the timing, size and other character-
istics of specific costs add considerably to the
complexity of cost apportionment as does the fact that
various units of government have differing sources and
amounts of financial resources at their disposal.

the federal government is constrained with respect
to how its financial contribution can be made for flood
warning and preparedness alternatives. Section 73(b) of
Public Law 93-251 does establish a basis for federal
cost sharing where there is a pre-authorization study
or small project. However, the past policy of the
Congress in the case of the traditional types of local
flood control projects has been to emphasize the
federal role in the initial steps of implementation and
leave to non-federal interests the continuing and



future costs of operation and maintenance. There is
good reab-'n to apply this same approach in the case of
warning and preparedness alternatives because of thea
federal government's lack 9f ability to provide th'i
continual on-site services needed in the operational
stage and the convenience of avoiding interminable
payments to non-federal interests for conductingA
operations and maintenance. However, restricting
federal financial contributions to the tradX"4nnr-l
pattern adds to the complexity of cost apportionment in
accord with Section 73(b) because some warning and
preparedness alternatives may have almost negligible

It first-costs.

States have relatively large financial capabili-
ties and most or all of them could afford a fair share
of the cost of implementing and operating flood warning
and preparedness measures. Moreover, state legislatures
can deal with cost apportionment by earmarking
revenues, legislating the assignment of costs, creating
new sub-state units of government to carry ovut certain
functions and in other ways. However, state legisla-
tures have seldom assumed all of the non-federal costs
for flood loss reduction projects. Most follow a policy <
like that of the Congress with regard to emphasizing
participation in initial costs.

Local governments vary greatl~y in their financial
capability. They also differ in the ways their parent
states have enabled them to raise revenue. However,
they also have the greatest flexibility in tailoring
the distribution of a financial burden in desired ways.
Their constraints on financing are most likely to
concern authority to spend funds for certain purpcses
or to assume the risk of liability. Also, local
governments generally find it more convenient to

J provide services in lieu of cash and to defer in-
vestments in projects until after state and federal

funds are committed.

Some costs associated with warning and prepared- I
ness alternatives can fall on private parties as, for
example, the cost of radios or other special equipment
needed to receive warnings. The great difference in the

71 financial capability of individuals makes it important
for planners to carefully assess the design of the
warning system and preparedness plan with regard to its

A
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requirements for private investment. A requirement for
too large an investment on the part of private parties
may amount to discrimination in the distribution of
bene f its.

Technical Capabilities

Success in the planning, implementatiL-. and opera-
tion of flood warning and preparedness alternatives
requires that the associated responsibilities be I. .

Sassigned to those with adequate expertise, skills andorganizational resources to carry them out. The sever.al
levels of government and the private sector have widely
varying technical capabilities.

Federal and/or state agencies are best able in
most cases to support and provide the specialized
expertise required for analysis of the flood hazard,
design of equipment systems and for addressing other
technical aspects of planning. they can also deal
efficiently with some things common tr implementation
like specific&tion and acquisition of equipment and
development of model ordinances. Federal and state
agencies also have a limited capability to assist after
implementation through super'•isory inspections and
provision of technical assistAnce in making any modifi-
cations to the plan which are nee.ied over time.

Bur, federal and state agencies cannot provide the
A detailed knowledge of local needs and resources

required for planning. They can not integrate warning
and preparedness procedures with other ongoing activi-
ties or adopt the plan. Neither can they provide day-
to-day operations, carry out frequent testing of
" equipmen, or assure timely and reliable execution of
the preparedness plan when a flood threatens.

The allocation of responsibilities in a particular
case would pose few difficulties if these types of
technical capabilities were the only facts to be
considered. However, the pattern which evolves must
also satisfy the cost sharing provisions of Section 73
"and fit with the availability of adequate legal authori-
ties and financial capabilities. Arranging effective

i allocations of responsibilities and costs which ,meet
all of these and other constraints may become a three
dimensional jigsaw puzzle. Complex arrangements may be
required for its satisfactory solution.

-9-



Technical Problems

Some purely technical problems also have implica-
tions for federal policy regarding I~mplementation of
flood warning and prepa,-edness alternatives. One of the
more important problems of this type is the unrelia-
bility of meteorological forecasting.

It is difficult to forecast weather accurately f' r
a narticular small area using only local data. False
alarms may result in liabilities stemming from closing
of businesses, evacuation of hospitals and other
preparedness actions if they result in costs, -injuries
or deaths. In view of this risk, it appears that almost
every flood warning system ought to take advantage of
the NWS weather forecasting system to suipplement localI
efforts. It provides types of useful information which
are beyond the capability of local systems to collect.

LEGAL CONSIDERATIONS

The chief 'considerations of a legal nature which
affect federal policy about implementation of flood
warning and preparedness alternatives relate to
adequacy of the legal authority of potential partici-
pants, liability, and the forging of commitments to
participate in the plan.

f Adequacy of Legal Authority

The distribution of responsibilities for planning,
implementatio~n, and operation must give due regard for

tthe legal authority each party has at its disposal.
S Generally these authorities are contained in statutes.

However, the specificity and nature of authorities
given may vary.

Several federal agencies are well equipped with
authorities necessary to participate in planning of
flood warning and preparedness alternatives. The
gene.al authority to undertake flood loss reduction
programs could be construed to authorize the necessary
planning or provision of technical assistance to com-
munities in such planning. Section 73also provides
relevant authority, especially when matched with an



appropriation specifically for a flood loss reduction
project. In addition, agencies have available programs
like the Corps' Flood Plain Management Services Program
which offer flexible av nues for providing planning
assistance to communities.

Implementation and operation of warning and
preparedness alternatives require authorities that are
different from those required for planning. Some
general authorities of the needed type exist. NWS, for
example, has considerable authority for an -.perational
role in flood recognition and warning - but genet-ally
considers itls a-uthority to be limited in the arei, of
preparedness. On the other hand, the Federal Emergency
Management Agency has specific mandates with regard to
op-ations related to preparedness and recovery. In
addition, even agencies concerned with housing,
transportation and other ar;as could probably find
authority to participate in cases in which their
interests were affected. But on the whole, authority of
federal agencies to parti-ipate in implementation and
operation is most likely to stem from a specific
project or program for which the agetacy has responsi-
bility.

States undoubtedly have the authority to ,develop
and admininster flocod warning and preparedness systems.
However, specific projramp require a basis through
enactments of t'e state legislature. Individual
examination of the o•ituation in a particular state j
necessary to determine whether adequate delegations of
pcwer have been m~de.

Agencies of generat purpose units of locai governments
derive their powers from their charters and often from
specific acts of the legislatu-c. Exercise of their
powers is subject tfo direction of their local leg5sisa-
tive bodies. While the view in times past has been that
general purpose units of lcal government held only the
powers expresaly conferred on them, increasing numbers
of jurisdictions now hold that they may engage in
activities normally within the sphere of local govern-
ment unless restricted from doing so by their charters
or state statutes. The view that prevails in a particu-
lar location needs to be determined on a case by casej basis.

-11-
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Liability

The conduct of almost any activity can result in
injury or damage which might give rise to liability.
Operation of flood warning systems and execution of
preparedness plans are not much different in this
respect &rnm operation of other types of flood damage
reduction measures or activities aimed at other
objectives, However, flood warning and preparedness
systems are usually brought into play under stressful
conditions e.nd there has been limited development of
specific law' and precedent about the liabilities
attendant to their use. For thewe reaions, concern
about the potential severity of liabilities has
sometimes been expressed. Since law and precedent is
largoly lacking, an appraisal of the risk of liability
must rely on general rules of law.

Governments acting within the scope of their
authorities have no liability for any injury or damage
which may be inflicted, so long as their sovereign
immunity has not been waived. However, the federal
government and most states h.ve "consent statutes"
which do waive at least a part of their sovereign
immunity. Cities, counties, and special purpose
districts are not sovereign in their own right and have
only such immunity from suits as their parent state
provides them. In most cases, state statutes have made
local governments subject to suit on virtually the same
oasis as private entities. If this situation exists,
participation in a warning and preparedness program
will subjict the government to liability on the same

-.; basis as tor its other activities.

But not every fault gives rise to liability. In
order for. liability to exist there must have first been
|a duty of performance, forebearance or protection.
Where no duty exists, there is no responsibility for:| ~what may occur and thus no liablity. Second, the

conduct omitted or improperly performed must be the
,-t proximate cause of the injury or loss. Third, where

several causes contribute to a particular injury or
damage the plaintiff must prove that the defendant's
act or ommission was substantially enough associated
with the harm to merit the assessment of liability. And
fourth, the injured party must have relied on the
performance of whatever duty was owed. Only the matter

-12-
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of the existance of a duty can be analyzed productively
in the ibstract. Determination of proximate cause,
correlative liability and reliance rests upon the
circumstances of each particular case.

One way of approaching the determination of4
whether a duty exists is to question whether conduct of
the activity in question is obligatory or permissive.
If obligatory, failure of the government to furnish it
or faulty -erformance would give rise to liability. If
the activities are permissive, the failure to perform
or faulty performance gives rise to no liability for
the reason that no-oehs ih towexpect anything
in the first place. The obligatory duty to perform
could arise in a number of ways including constitu-
tional charge, er~ctment of an appropriate statute, or
trAditional practice. No very good case can be made

- that any of these ways have resulted in -waking warning
and preparedness an obligatory activity of government..

A secornd approach to determining the existence of
a duty is to ask whether the activity at point is
governmental or proprietary in nature. The former are
those traditionally performed by governments and not
readily susceptible of performance by private enter-
prise. Proprietary functions are those which are or
could be perfor"med by private enterprise. The rule is
that goveivnments may be liable for fault in performance
of proprietary activities because private entities
would be liable under like conditions.

There is also a well established legal considera-
tion that holds that even though a good samaritan may
have had no obligation to begin with, any good deed
undertaken must be peformed with reasonable care.
Application of this rule would argue for governmental
liability in cases of faulty performance of the warning

L and preparedness function. On the other side, one court
has held that if the warnings are addressed to the
general public there is no liability even if there is
negligence and damage resulting from reliance on the
information. The reasoning in the latter case is that a
warning addressed to the world in general is not
necessarily given in response to an obligation to
anyone in particular.

Consideration of these several points reveals the
confused state of the law regarding warning and
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preparedness whic~h exists at the present time and the
impossibility of saying with certainty what courts and
legislatures might do in particular instancest However,
it appears that with regard to preparedness programs,
there could be little or no controversy as to their
status as a governmental function. This in probably
true also for the warning functions Moreover, warning
and preparedness are probably also permissive in
nature, except where state statute han made them
otherwise. The upshot of this is that the risk of
liability is relatively small.

If it is assumed that warning -and preparedness are

the sorts of activities for which liability might be
assessed, then whatever risks of liability accompany
particioation in a warning and preparedness program
must be considered in light of those which exist in the
absence of such a program. There are points which argue
for having warning and prepartdness program*s

It is well established that owners and operators
of facilities frequented by large groups of people or
the general public owe their patrons or employees
reasonable care aimed at protecting their safsety A
good warning system will often discharge enough of the
duty owed to potential flood victims so that the risk
of liability is largely relieved. This is important to
a wide range of private, commercial and industrial
property owners as well as to governments in their role as owners
and operators of facilities.

Some types of institutions need more than just
warning to relieve the risk of liability in the event
of a flood. For example, schools and hospitals have
special responsibilities because the persons in their
care are presumed less able than the general population
to care for themselves for one reason or another.
Utility services such as f or gas and electricty also
face unusual problems. Either continuation of service
or imprudent curtailment of service during a flood may
lead to damages and injury giving rise to liabilities.
In these and other cases, both warning and preparedness
may prove essential to relieve the risk of liability.
It appears that populations will increasingly expect
na demand warning of flood conditions and appropriate

preparedness. Accordingly, the fact that local govern-
ments enjoy little sovereign immunity makes it clear

-14-
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A that they will be increasingly liable for failure toI: provide good programs where warning and preparedness in
found to be a suitable' technique for protection or loss

reduction.

On balance between these several diverse interpre-
tations of the law, it is clear that the greatest risk
of~ liability stems from half-hearted efforts which
mislead the public into reliance and then fail to
achieve their objec~tives.

Commitments to ParticipDate

Because warning and preparedness alternatives
generally require the participation of several

K entities, it is important to assure that each of the
planned actions are performed in a timely and appro-
priate fashion. Several means are available for this
purpose including contracts, memorandums of understand-
ing, and joint powers agreements. The decision as to
which should be used in a particular case depends in
large part on the parties involved and the anticipated
means of enforcement. Contracts are most appropriate

where enforcement is through the courts while memoranda
of understandng generally depend for enforcement on
a dministrative action. In any event, the key point is

It should be noted that the usefulness of these
several types of agreements is limited. Contracts and'Iother specific arrangements are best suited to
establishing responsibility for ongoing activities such
as equipment maintenance or providing the framework

~1 within which private parties pro-vide equipment and
services on short notice. They are less suited for
assuring that critical response actions will be taken
since any enforcement would be after the flood had
occurred. The enforcement action would only serve to
confirm the breakdown in the warning and preparedness
system.

One means of dealing with the above limitation on
the usefulness of agreements is the possibility of
using them to shift or place liability and thereby
increase the participants motivation to perform
properly.

-15-



APPROACHES TO IMPLEMENTATION . .

Numerous issues are involved in distributing the-

functions and responsibilities associated with. flood
warning and preparedness alternatives among federal- and
non-federal participants. Chief among. these. are. the
ones related to planning, financing, implementation and
operation, commitments to implement, and assurances.

Planning

-One- issue concernIng planning:;., relates to the - -

extent of involvement of nan-federal interests. It
appears that their involvement should be greater than
is usually the case for planning of traditional types
of flood control projects for several reasons. First,
design of warning and preparedness alternatives depends
in part on understanding of local organizational
arrangements, past experience in local emergency
operations and other factors for which federal agencies
can claim no special expertise. Second, what is
required in operation and maintenance of a warning and
preparedness plan is different than for structures and
requires participants to accept the plan and be well
motivated 'to make it successful. Extensive participa-

"7 • tion in planning facilitates accomplishing this. And
third, flood warning and,,preparedness alternatives must
mesh with other ongoing non-federal activities and
local participation is necessary to achieve this.

Joint planning of flood warning and preparedness
alternatives would be preferable but few institutional

Sarrangements exist which permit truly joint
federal/non-federal planning efforts. The nearest
practicable approach is coordinated planning in which
each party, is assigned certain tasks. Non-federal
planning responsibilities might include provision of
readily available information, conduct of certain
inventories, and participation in decision-making. Some
of the types of readily available information which
would commonly be needed are those concerning existing
emergency plans and procedures, existing hydrologic and

other data collection systems operated by non-federal
interests, available resources of equipment and
personnel, existing mass wav.ning systems, existing
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communications capabilities, and utility and transpor-
tatio ytm ii I n Ve nto r ies --h-i _ch .'m i g-t- be- 1use ful
incudethos toidetf demiographic And- socioeconomic

characteristics of the area -to be protected tO- locateP
and describe critical facilties, to Ldentify special
warning participants and to ascertain the availability
and suitability-of such things as- e vacuation* destina-
tions. The non-federal decision-making role would
likely include participation with the federal govern-
ment in selecting the general type of flood'recognition V:

system and means of warning and almost unilateral
decision as to procedures for, plan adoption and such

--t-hings --as- -se-lect-i-Oon .o--tfte -Ilol rty---t-o-be-in cha-rge___
of operations.

This type of division would then leave to the
federal planners the hydrologic, hydraulic and other
analyses of the flood hazard, identification of-
alternative concepts foi warning and preparedness,
leadership in detailed development of the various

4 subplans and cooperation with non-feieral interests in
the development of acceptable implementing arrangements.A *A second planning issue con"erns the level of
detail of plans to be produced. Detailed planning is to
be prefered for several reasons. Section 73 of Public
Law 93-251 and the Principles and Standards require
comparable consideration to be given to all measures.
Compliance with those requirements necessitates
relatively full investigation of each alternative. The

A %Edetail in which planning is done also effects the
-I Mpotential success of the plan when called into use.

Faulty planning may result in liabilities.* In addition,
A generalized broad scale planning does not afford .much

opportunity for intended participants to make a
realistic assessment of their capability to fill
assigned roles. Also of course, too little detail in
planning may not generate the confidence necessary to
secure approval of the completed plan by local
officials and legislative bodies.

These needs for detail conflict with the frequent
desire of those responsible for operation and mainten-
ance to have flexibility in plan execution.
Fortunately, this can be easily resolved by presenting-I only critical aspects as a formal part of the plan.
Noncritical details such as lists of materials,
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personnel requirements and the specifics of operational
procedures can -be -presented a~s desirable l-evels of
performance to be provided at the discretion of those
managing emergency responsee

Financing

The division of costs between federal and
non-federal parties for implementation and operation of
flood warning' and preparedness alternatives is settled
relati-vely well-- in terms of--amount---by -the p-rov-i-sions of
Section 73(b), subject* to some interpretation of what
constitutes the "project" cost to be divided. The key
remaining issues related to finance concern the
specific types of activities for which each party is to i
bear the expenses and the mechanics for implementing
the divis-ion of financial responsibilities.

Division among parties of the costs for flood
warning and preparedness alternatives cannot be related
directly to the pattern in use for the traditional
types of flood control projects because the balance
between first and continuing costs is considerably
different in most cases. In addition, the division is
constrained by considerations of workability, particu-
larly. with regard to state and local governments'
preferences for deferment of investments and provision
of services in lieu of cash. Local governments and, to
an extent state governments, are better equipped to
assume costs for testing and maintenance of equipment,
public information and other continuing activities,
day-to-day monitoring of weather conditions, and
coordination of local operations.

There are two major approaches to cost sharing
which might be taken. First, non-federal interests
might be assigned responsibility for' some fixed set of
implementation and operation actions. This approach is
similar to that employed for traditional flood control
measures. Since the fixed division of responsibilities
would seldom produce a cost apportionment precisely in
accord with Section 73(b), suu~plemental payments one
way or another would be necessary to achieve that

27 objective. A second approach to attaining proper propor-
tioning of costs is to assign non-federal participants
full responsibility for implementation and operation,

-17-
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offset by a payment from the federal government to
non-federal interests.

Implementation and Operation

Responsibility for implementation and operation of
traditional types of local flood control measures are
distributed such that the federal government provides
all implementation except for land rights, bridge
adjustments and a f ew .other matters. Non-federal
interests then operate and maintain the cdmpleted

*~~~~ project and the federal role a htsaei iie
to inspection and review of periodic reports. The issue
which arises with respect to flood warning and prepared-
ness alternatives is whether that same pattern 'of
allocating responsibilities can or should prevP41l.

It is important to-note that the sorts of actions
required to implement a warning and preparedness
alternative are very different than those required to - -

implement a levee or flood -wall. Acquisition of land
rights and construction are minor in the case of' most
flood warning and preparedness alternatives. Limitation
of the local role to the same items as for traditional
projects would result in almost total federal responsi-
bility for implementation since hardware normally
constitutes a major cost. The opposite possibility is
to assign all implementation responsibilities to the
non-federal interests. However, this would probably
discourage local interests from selecting that approach.

It should also be recognized that the major
responsibilities in implementation of a flood warning
and preparedness alternative concern organizational
arrangements, agreements between parties, adoption of
the plan, recruitment and training of participants,
*development of detailed procedures and other items of
that type. Many of these are responsibilities which the
federal government cannot or at least is not very well

equipped to discharge.

The intermediate path which seems preferable is to
divide implementation responsibilities on the basis of
somie relatively uniform assignment of tasks to federal
and non-federal intevests. This best parallels past
policy and enables best use of federal and non-federal
technical capabilities and legal aut-horities. It also
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allows some opportunities to match the pattern of
responsibilities to the division of costs.

The situation with regard to division of opera-
p tional responsibilities fo"- a warning and preparedness

plan is somewhat les3 troublesome than that for
implementation. The approach with traditional flood
control measures has been *to turn over full responsi-
bility for operation to non-federal interests and this
works well for warning and preparedness alternatives.
In fact, it would be difficult to assign responsibili-
ties otherwise given the operational advantages of
being on-site in operation of the warning system and
the need for timely action in executing preparedness
plans. The exceptions to this are the need for warning
systems to rely to some extent on the nationwide
weather forecasting system of the National Weather
Service and the need in operating some sophisticated
systems for technical capability not available locally.

Commitments to Implement and Operate

The crux of any system- is the assurance that it
wi'l work despite variations in participant's capabili-
ties and the stress they place on fulfilling promises
made when the system was conceived. It is i.mpossible to
assure that mistakes won't be made or equipment won't
malfunction but the risks of poor performance-or non-
performance can be reduced through strong and clear
commitments by the implementors and operators to
performance of their specific roles.

The creation of the plan implies a certain level
of commitment. It describes what steps are to be taken.

: who is to do what, and provides for coordination of the
many required actions. The preparation and adoption of I
the plan is testimony on the part of those who develop
and adopt it that they belive it possible to prevent
"losses through the system they adopt. The fact that the
plan exists and describes the conduct desired on the
part of various parties may impel people to proceed in
accordance with it. The degree that this is so depends
Iin part on the extent to which all of the important
participants nave participated in plan development and
understand the importance of their role. The role of
contracts and other agreements in strengthening commit-
ments to participation has been mentioned earlier.

-20-

M T __T: Or ION



The plan can also be made into law to enhance its
binding character. This has the advantage of committing I
private as well as public parties to observe evacuation
orders, traffic controls and other emergency procedures
making up the plan. It also provides a legal basis for
imposing the greater obligations on private interests
which may be necessary during a time of emergency.

'Aasurances

Despite efforts to commit participants, flood
warnings and prepavedness alternatives carry the same
dangers of inadequate implementation and operation as
do other types of programs. Loss of interest, changes
in local policies and priorities or any of a number of
other things can result in provision of less than the
intended protection.

Not every detail of operation and maintenance of a
flood warning and preparedness alternative could be
prescribed nor would that inflexibility be desirable.
However, it might be desirable to require localt interests to control land use in both flood plain and
upland areas, and carry out information and education
activities. Assurances would also be appropriate with
regard to mainten 'ance of equipment, any necessary

* - -inspections and inventories,,training of personnel, and
other items of t~hat sort.

Two avenues are generally open to create and
enforce such assurances. The first, direct federal
regulation, is not very applicable. Federal flood
control programs depend on the constitutional authority
of Congress over interstate and foreign commerce. That
basis is not very applicable to flood warning and
preparedness. The second approach might be to use
contracts which legally bind the parties to perform.
But as noted earlier, action to enforce a contract for
emergency services is likely to occur after the damage
has been done. Even if contracts or other arrangements

u-I provided for recovering equipment in the case of poor
performance, the recovery imposes little penalty on
non-federal interests since their lack of performance
is likely to reflect their lack of much further
interest in the program.
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Absent the means to make performance a legally
enforceable obligation in a way that in useful , the
beat assurance may be the careful appraisal of the
intensity of interest exhibited by the non-federal
participants. If they are strongly enough motivated,
federal investment may be a good risk. Strong emphasis
needs to be' placed on information' and 'education to
generate the support underlying the staying power of
the program.

GENERAL FINDINGS4

The following seven findings constitute general
observations concerning important matters underlying
the more specific conclusions and recommendations which
follow them.

1. Governmental Interest
A federal, state and local governmental interest

exists in flood warning and preparedness alternatives
for four reasons, namely:

A. Relationship to overall resource management; I

B. Reduction of flood losses;

C. Avoidance of future costs for flood plain
management; and

D. Complementarity with other goals.

2. Guarding Against Liability
Schools, hospitals and certain other types of

public and private organizations and facilities have
special responsibilities to protect persons in their
care or on their premises. Deaths, injuries and proper-
ty damage which result from flooding can give rise to
legal liabilities. Adequate warning of impending floods
can be an effective guard against the finding of
liability in some cases.

The risk of liability arising in connection with
operation of a warning system is small in comparison to
the risk of liability in the absence of a system.

'7 3. Implementation Requirements
The actions required for implementation and opera-

- Ltion of flood warning and preparedness altbrnatives can
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vary greatly .ecause of differences in the areas which'
they are to serve, their specific objectives,

p _. approaches toward achieving those objectives and other
factors.

4. Implementation Costs
The principal costs for implementing and operating

flood warning and preparedness alternatives are those
related to equipment, materials and supplies, modifica-
tion of utility systems and other facilities, labor
associated with monitoring of weather conditions and
conduct of public information programs, execution of

e preparedness plan, and costs implicit in the assump-
tion of liabilities.

5. Complexity of Implementation Arrangements
Development of arrangements for implementation of

* flood warning and preparedness alternatives requires I
the integrated consideration of the technical ard
financial capabilities and the legal authorities of
federa± and non-federal participants, relevant law on
cost sharing, and factors affecting practical worka-
biJ -. Ideal arrangements which fit all of the
co ý. -aints and meet all of the requirements in a
simý and effective fashion are not readily available.
Only ajor points of such arrangements can be settled
for uAiform application. The details of implementation
arrangements must be individually designed for each
case. Sr cessful design will prove challenging.

6. Lack of Analogy to Structural Measures
F )d warning and preparedness alternatives differ

from traditional flood control works in several ways
important to the development of implementation arrange-
ments. The distribution of costs between planning,
implementation and operation are significantly
different as are the lack of need for significant
amounts of land acquisition, the important role of
interorganizational arrangements, and intermittent
nature of operations. These differences make itI
impossible to follow closely the framework for implemen-
tation arrangements set forth in Section 3 of the 1936
Flood Control Act (Public Law 74-738).

7. Non-Federal Participation
The participation of local governments and the

private sector is far more important in the planning
and implementation of flood warning and preparedness
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alternatives than is the case for traditional types of
flood control measures. Federal agencies lack legal
authority to undertake all aspects of implementation
and cannot efficiently conduct planning on a unilateral
basis. Local governments normally have most or all of
the legal authorities required for development and
conduct of warning and preparedness programs.

CONCLUSIONS AND RECOMMENDATIONS

1. CONSISTENCY IN-PAST FEDERAL PRACTICE

Conclusion
Future federal involvement in flood warning

and preparedness alternatives on a widespread basis
will be limited because federal agencies are presently
pursuing divergent paths with respect to the nature and
extent of federal participation in the planning,
financing, implementation, operation and maintenance of
such measures.

Recommendation No. 1
The National Weather Service, Corps of

Engineers, Soil Conservation Service and Tennessee
Valley Authority should each issue guidance describing
the nature and extent of assistance to be provided by
the agency in planning, implementation and operation of
flood warning and preparedness alternatives. Such
guidance should describe:

A. Range of planning tasks which will be
U partially or wholly carried out by

agency staff;

B. Purposes and amounts of financial assis-
tance to be provie ed and cost sharing
arrangements;

C. Whether and to what extent implementa-
tion responsibilities will be assumed by
the agency;

D. Whether and to what extent operational
responsibilities will be assumed by the
agency; and
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E. Assurances to be required of non-federa.-
interests as a condition of federal
assistance.

The guidance should recognize that in the absense
of a r.ýudy resolution, at least the Corps of Engineers
has i.o responsibility except to provide technical
assistance in planning to non-federal interests.

Recommendation No. 2
The development and issuance of guidance by the

several agencies should be coordinated to avoid the
development of conflicting federal roles and policy.

2. LACK OF ATTENTION TO IMPLEMENTATION ARRANGEMENTS

Conclusion
Past federal practice in development of flood

warning and preparedness alternatives exhibits little
attention to the design of effective implementation
arrangements or to the evaluation of those arrangements
which have been used.

Recommendation No. 3
Regardless of the federal role in implementa-

tion and operation, a portion of the effort devoted by
federal agencies to planning or evaluation of flood
warning and preparedness alternatives should be spent
for investigation of implementation arrangements.

Recommendation No. 4 i
Guidance pursuant to Recommendation No. 1(A)

should provide for analysis of the technical and
financial capability and legal authority of agencies
and organizations expected to participate in planning
to assure their ability to do so.

3. ALLOCATION OF RESPONSIBILITY FOR PLANNING

Conclusion
Guidance is needed which sets forth the roles

of federal and non-federal participants in planning and
evaluation of flood warning and preparedness alterna-
tives with due regard for efficiency and their
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respective technical capabilities. The guidance should
recognize that federal participation may not always be
essential.

Recommendation No. S.
Guidance pursuant to Recommendation No. 1 should

stress the need for joint planning by federal and
non-federal participants where available irnstitutional
arrangements permit that approach. Fully coordinated
planning should be required where Joint planning is
impractical.

Recommendation No. 6.
Guidance pursuant to Recommendation No. 1 should

focus federal agency efforts in planning of flood warn-
inag and preparedness alternatives o6n:.

A. Hydrologic, hydraulic, economic, environmen-
tal, engineering and other technical analyses
of the f lood hazard and needs of the area to
be served; 1

B. Formulation of alternative concepts for warn-
ing and preparedness;

C. Design, evaluation and specification of theI
technical aspects of data collection systems
and equipment, communications systems and
equipment, data analysis and flood prediction
procedures, and similar component parts of the
alternative;

D. Identification of resources needed and other
requirements for successful implementation and
operation of the alternative; and

E. Provision of assistance to non-federal
interest,,; in developing implementation arrange-
ments.

4.ALLOCATION OF RESPONSIBILITY FOR IMPLEMENTATION

Conclusion
Guidace is needed which sets forth the roles

of f ederal and non-federal participants in implementa-
tion of flood warning and preparedness alternatives

Vwith due regard for their respective legal authorities
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and their technical and financial capabilities. The
guidance should recognize that federal participation is
not always essential.

Recommendation No. 7.
Guidance pursuant to Recommendatiord No. 1 should

specify the basic responsibilities to be assumed by
federal agencies in implementation of authorized flood
warning and preparedness alternatives including but not
limited to:

*A. Specification, acquisition and installation of
equipment and materials for data collection
and analysis, warning dissemination, and other
related purposes;

B. Initial training of participants;

C. Development ar4 provision of educational and
informational materials; and

D. Provision of technical assistance in ordinance
preparation, hearings and information meetings.

ALLOCATION OF RESPONSIBILITY FOR OPERATION

Conclusion
Guidance is needed which sets forth the roles

of federal and non-federal participants in operation of
flood warning and preparedness alternatives with due
regard for practicality, effectiveness and their
respective legal authority. Typically, federal agencies
would have no local role.

Recommendation No. 8.
Guidance pursuant to Recommendation No. 1 should

emphasize assignment of responsibility to local, non-
federal interests for operation of the flood warning
system and execution of the preparedness plan excepting:

A. Inclusion wherever possible of arrangements
for local warning systems to take advantage of
the weather forecasting program of the
National Weather Service; and

B. Operation by the National Weather Service of
data collection and analysis systems where the
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complexity of the system or other aspects of
operation exceed the technical capability of
local interests.

6. ALLOCATION OF MAINTFNANCE RESPONSIBILITY

Conclusion
Guidance is needed which sets forth the roles

of federal and non-federal participants in maintenance
of authorized flood warning and preparedness alterna-
tives with due regard for their respective legal
authorities and technical capabilities and for protec-
tion of the federal government's investment in planning
and implementation.

Recommendation No. 9.
Guidance pursuant. to Recommendation No. I should ,

emphasize assignment to non-federal interests of respon-
sibility for maintenance of flood warning systems and
flood preparedness plans excepting:

A. Annual inspections to assure readiness;

B. Provision of technical assistance in modifying
the warning system or plan after implementa-
tion;

C. Approval of any substantive modifications to

the warning system or plan;

D. Participation in and/or observation of drills,
training exercises and other periodidc efforts
to practice operations pursuant to the plan;
and

E. Review and evaluation of post-flood reports on
operations of the warning system and prepared-
ness plan for purposes of practice or in
response to actual or perceived flood threats.

7. POTENTIAL FOR DISCRIMINATORY BENEFITS

Conclusion
Selection of approaches taken in the tech-

nical aspects of flood warning and preparedness
alternatives and in the design of implementation
arrangements may result in inequitable distribution of
benefits among intended beneficiaries.
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Recommendation No. 10.
Guidance pursuant to Recommendation No. 1 should

stress careful analysis of warning and preparedness
alternatives and the arrangements for their implementa-
tion and operation to assure all persons intended to be
served by the measore receive equitable benefits regard-
less of economic status, location) ph~sical handicaps
or other reasons.

8. LACK OF DEFINITIVE LAW

Conclusion
Little case and statutory law exists to guide

consideration of the legal aspects of implementing and
operating flood warning and preparedness alternatives;
action is needed to establish a f'undation for the
consistent interpretation of general principles of law
which are relevant.

Recommendation No. 11.

In order to resolve some of the uncertainties
which now exist, it should be made clear by state law
that public agencies with assigned responsibilities are
.liable for neglect, omission or unprofessional perfor-
mance in giving warnings, but :3r.at considerable
latitude is to be accorded in the light of the
necessity for them to exercise discretion and judgment
in disseminating warnings.

9. NEED FOR DETAILED LEGAL ANALYSIS

Conclusion
Generalized analysis of legal aspects is

inadequate as a basis for design of implementation
arrangements for flood warning and ,ireparedness
alternatives. Each set of arrangements must be tailored
to local conditions.

Recommendation No. 12.

Design of implementation arrangements for flood
warning and preparedness arrangements ought to include
detailed review of the proposed arrangements by local
legal counsel.
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Recommendation No. 13.

An appropriate agency. of the federal government
ought to prepare a state by state summary which identi-
fies major aspects of law relevant to- each -state

A. Sovereign immunity;

B. Authority of municipal corporations to own
property out-side -thei-r- boundaries';-- -

C. Authority to order evacuation pursuant to a
preparedness plan.

10. PLACEMENT OF LIABILITY

Conclusion
Concern for liability "is likely to be an

obstacle to acceptance of flood Warning and prepared- 1.
ness alternatives notwithstanding the moderate nature
of the risk, in part because the parties to which it!attaches may be uncertain.

ofth rsk i prtbeaseth prtestowhc it

Recommendation No. 14.

Implementation arrangements should make u~se of
contracts as required to specify placement of liability
to the detail possible.

11. PLAN ENFORCEMENT

Conclusion

One of the major obstacles to effective
operation of a warning system and execution of a pre-
paredness plan is the possibility of parties not acting
in accord with the plan.

Recommendation No. 15.

Implementation arrangements should include provi-
sions for making the plan into law through an
appropriate ordinance.
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1-1 CHAPTER 1

4 .INTRODUCTION

Flood losses constitute one of the more serious
national problems of resource management. Average

S1 annual damages are'' variously estimated to be about

$1.0-3.0 billion and continuing to rise. Approxi-
mately 185 flood related deaths 2 are reported annuallyj by the National Climatic Center. About seven percent
of the -United-States--some---209---thouszn4 -- square.

.. miles--is subject :to flooding. Flood loss reduction
is a major responsibility of the federal government and
accounts for the expenditure of large sums of money
with further large amounts dedicated to mitigation of
flood impacts through relief, rehabilitation and other
programs..

National flood loss reduction programs in the last
decade have departed from the previous almost exclusivereliance on dams, levees and other structures to

impound or ot-herwise control high flows. Recent policy
and program initiatives have increasingly stressed use
of all available measures for reducing losses.
Development of A Unified National Program for Flood
Plain Management expresses the federal executive
branch's current support for consideration of all types
of measures. Congress, through Section 73 of the Water j

1 "Guidelines for Implementing Executive Order
i1 11988,1" Federal Register, U.S. Water Resources Council,

Vol. 43, No. 29, Friday, February 10, 1978.

2 H. Michael Mogil, John C. Monroe and Herbert S.
Groper, The National Weather Service's Flash Flood
Warning and Disaster Preparedness Programs, Second
Conference on Hydrometeorology, October 25-27, 1977.

U.S. Department of Agriculture, National Inven-
tory of Soil and Water Conservation Needs, 1967.

4
U.S. Water Resources Council, A Unified

National Program for Flood Plain Management, July 1976.



Resources Development Act of 1974, Public Law 93-251,both formalized and extended the growing federal 4
commitment to measures reducing susceptibility to and 1
impact of losses for general application to all federal
flood ontrol efforts. Flood warning and preparedness
planning is one of 'the several measures now receiving

• - increased attention. Others include acquisition of
properties located on flood plains, flood insurance,
various means of controlling or directing land use, and
design techniques for new structures and modifications
of existing structures to increase resistance to damage
and/or increase the height of flooding at which
damages .occur.

Development of the knowledge and procedures
necessary for full and routine use of these diverse
approaches to flood loss reduction has not progressed
uniformly. Economic, engineering, social, environ-:• ~mental, legal, hydrologic and other aspects have been

studied in widely varying degrees. The extensiveness
of each measure's application generally reflects the
adequacy of the present state-of-the-art. Land use
control measures featuring regulation of flood plain
lands is an approach relatively well understood in
terms of its legal and hydrologic aspects and mechan-
isms for implementation. Consequently, it has been
widely employed. In contrast, regulation of land use
to prevent flood problems due to urbanization of upland
areas is not so well understood with respect to its

* engineering, hydrologic and other aspec-;s, thus it is
used less often.

Providing the full consideration of all flood los. I
reduction techniques incumbent on federal agencies and
encouraged on the part of state and local agencies
requires that comparable knowledge of the technical,
managerial, and other facets of each type of measure be
available to planners, decision-makers and the general
public. Less than equivalent understanding of each
measure invites bias in the plan selection process and
commitment to unworkable plans.

Dams, levees, channel enlargements and other
measures which reduce flood losses through control of
flood waters have been used for many years. Well
developed procedures exist for analysis and planning
and technology is highly refined. Compared to measures

1-2
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for flood control, those aimed at reducing suscepti-
bility to losses or their impacts are, for the most
part, ill defined. It is not to be expected that the
state-of-the-art for all flood loss reduction measures
can be quickly brought to some uniformly and satisfac-
torily high level. Far too much is involved. Re-
search, experimentation in use, and experience over
significant time periods will be required to developX

the concepts, analytical tools and other technologies,
sort out appropriate governmental roles, fully insti-
tutionalize approaches and judge the efficacy of each
measure. 'i

One area generally in need of study is implementa-
tion of flood warning and preparedness alternatives.
Knowledge and capability concerning the technical 3
design and installation of equipment for warning " -
systems has far outrun understanding of the legal,
financial, institutional and other management consider-
ations. Unless problems related to these important
aspects are identified and dealt with, a beneficial
alternative may often go unused.

STUDY OBJECTIVES

The study has had two overall objectives. The
first is to shed light on both the policy . and
procedural considerations related to planning, implemen-
tation, and operation of flood loss reduction
alternatives employing flood warning and preparedness
planning. The second is to suggest implementation
approaches for federal agencies, state and local govern-
ments and, to the extent appropriate, private entities.

More specifically, the study is to assist consider-
ation of this type of alternative through:

I Identification and description of
the management aspects of planning,
designing, implementing, and operat-
ing flood warning and preparedness
planning alternatives which need to
be considered as policies and pro-
cedures are developed including, but A

not limited to:

1-3
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A. Legal issues;

_41 B. Institutional arrange-
ments; and

C. Mechanisms for implementa-
tion;

2. Investigation and evaluation of the
legal, institutional and other
issues which are identified; and

3. Discussion of policies and ap-
proaches to planning and implemnenta-
tion of cooperative programs of
flood warning and preparedness
planning including: .i

A. Patterns of federal-state-
local- private cooperation
and participation;'

B. Identification and analy-
sis of responsibilities
and types of liability
which each cooperating
entity would likely incur
under each pattern; and

C. Comparison of the distribu-
tion of resporsibilities
and liabilities under
approaches which include
flood warning and prepared-
ness planning with methods
in which this flood loss
reduction technique is not
used.

It also has been recognized that other broader
purposes would be served to the extent these objectives
were achieved including: a) supporting implementation
of Section 73, The Unified 7lational Program for Flood
Plain Management, and various other national and agency
policy directives; b) encouraging a uniform approach to
the planning and implementation of flood warning and

1-4
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preparedness alternatives by all concerned federal
agencies; and c) promoting effective intergovernmental
cooperation in planning and implementation.

'• SCOPE OF STUDY

.The types of flood warning systems and the content
of flood preparedness plans which can be designed are
highly variable. So too are the types of legal and
institutional questions which -m-ight be posed about
their implementation and operation. This plus dif-
ferences in the several causes of flooding and in the
mixture of governimental levels and private interests
which might be included in a particular case give rise I.
to an almost infinite number of variations in the
management aspects of flood warning and preparedness
planning alternatives. Identification of all of the
isaues in a single effort is patently impossible, let
alone their analysis and the suggestion of solutions.

What the study provides is a sampling in which

some types of flooding, some mixtures of governmental
and private interests and some types of warning systems
and preparedness plans are examined. For example, both
flash floods and slower rising floods along rivers are
considered, while flooding along seashores and lake-
shores from storm surges is not. Several types of
flood recognition systems are considered as well as
preparedness plans which provide only for personal
safety and for the added element of damage reduction.
Attention has been given to local, special purpose,
state, regional and federal governments and to inter-
state situations but not to implementation of warning
systems of an international nature.

The sampling of conditions, purposes and partici-
pants have ueen selected to reflect the types of cases
most likely to arise in practice and to surface those
issues having the most substance and widest applica-
tion. Wherever possible, issues have been treated in
generic terms to facilitate application of the analy-
ses, conclusions and recommendations to questions which
may arise in specific situations.

Li,
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Identification of issues and development of sug- A.
gestions for dealing with them is carried out based
largely on the investigators' experience and identifica- -

tion of problems by analytical methods. Others
involved in planning warning systems and developing I
preparedness plans were consulted and a search was made
for relevant literature. A case studyhas been employed
to demonstrate the recommendations.

INTENDED USE OF REPORT

The report is intended to be of use to all those
responsible for or having an interest in use of flood
warning systems and prepareiness plans. Emphasis is
placed on meeting the needs 3f water resources planners
to formulate, propose and describe the management
aspects of flood warning and p'eparedness alternatives.

Planners and others can use the report in se"eral
ways. The report provides a brief summary of the compo-
nents of warning systems and preparedness plans. While
not intended as a technical guide, the report may be
useful in early conception of an overall approach. The
summary of components and the identification of issues
can assist planners in identifying needs for informa-
tion and data, allocating effort and funds for study
and determining the types of detailed investigations
which are required for the case at hand. The analysis

I of implementation issues provides at least a partial
basis for identifying the range of participants who
ought to be involved in the planning process and their
potential roles in ultimately implementing a warning
and preparedness alternative. There is also discussion
of the federal interest in flood warning and prepared-
ness planning which may be useful to the planner inaddressing cost sharing and allocation of operational
"responsibilities. Those who would use the report for
these several purposes are cautioned to read the whole
report. The complexity of the subject matter makes it
particularly easy to incorrectly use materials taken
out of context.

Others interested in facilitating use of warning
and preparedness alternatives through policy develop-
ment, legislation and in other ways will find the

I
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report as useful for the questions it raises as for the
answers it provides. A large number of questions were
identified during the study which could be answered
most easily through new policy development or creation
"of statutory law.

Local, state and other officials and private
parties considering assumption of responsibilties for
implementation and operation of a flood warning and
preparedness alternative , could use the report as at
least a starting point for appraising the liabilities
attendant to such action. The--report is, of course,
not intended to take the place of a legal analysis for
any specific case.

All of those who consider using the information I
contained in the report should be cautioned that the
legal analyses are of differing authoritativeness
because there is great variation in the degree to which
the several issues considered have been definitively
settled by judicial and legislative action. It is

- possible in some cases to state with certainty what
rule applies or to draw on some precedent for guidance..
However, there has been a long standing tendency to
avoid specific resolution of difficult questions of
disaster law, pt-ticularly when they involve matters of
liability. r1 hope- has been that people will do
whatever seems necessary in time of emergency and that .
everything will work out for the best. The reader
should carefully note the analyses of issues for

-': descriptions of assumptions and other qualifications of
the findings.

i .
OVERVIEW OF THE REPORT

Chapter 2 or' th, zport provides a brief general
discussion n _.,d , reduction and major approaches
employed fo tnat purpose. Flood warning and prepared-
ness is discussed and several typ•es of flood warning
systems and preparedness plans are des.ribed. The
chapter raises no issues and poses. no questions. It is
included only to provi, Mnough background information
for those not already -miliar with warning and pre-
paredness measures to read the remainder of the report
with some understanding of their application.

1-7
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V Chapter 3 of the report describes the approaches
employed at present or in the recent past in planning
and/or implementing flood warning and preparedness M
alternatives by the National Weather Service, Corps of
Engineers and Tennessee Valley Authority.

Chapter 4 introduces and discusses several basic [
policy issues relating to the general concept of
warning and preparedness alternatives. The intent of L
the chapter is to provide a broad background against
which more detailed questions of policy can be subse-
quently discussed. k

Chapter 5 of the report lays a legal foundation
for consideration of questions concerning implementa-
tion of warning and preparedness alternatives. Hypo-
thetical cases are described to aid in illustration of
situations which might be encountered and alternative
solutions are described wherever possible.

Chapter 6 brings together the technical, policy
and legal considerations into a discussion of implemen-
tation approaches.

Chapter 7 presents a case study. The physical and
institutional setting is described along with a poten-
tial warning and preparedness alternative. An analysis
of the situation is provided and alternative approaches
to several aspects of implementation are evaluated.
Based on the evaluation, a recommendation is made
regarding the approach to implementation most likely to

- . •be effective.

"Chapter 8 draws 'on the remainder of the report to
present conclusions and recommendations.

A categorized bibliography follows the main body
of the report. It comprises a listing of materials
examined by the investigators during the course of the
study. It is recommended to readers interested in
flood warning and preparedness. However, users should
be advised that few of the included publications shed
much light on the type of management issues addressed
by the study.

1-8
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STUDY METHODOLOGY

Identification of issues related to planning. and
implementation of flood warning and preparedness
altern~atives was approached in four steps. It was
begun by noting those obvious questions which might be
asked about any flood loss reduction program or govern-
mental activity. This listing was extended by adding
those issues specific to warning and preparedness al-
ternatives with which the invest igators were personally
familiar through practice and those which could be
surmised to occur under reasonably predictable condi-
tions.

Following the initial effort of issue identifica-
tion, a review of the literature was undertaken using a
dual approach. The first was to locate, collect an(.
survey a large body of articles, reports and planning
guidance materials related to flood warning and pre-
paredness planning with a view toward gleaning from
them such issues as might have been identified and
described by others either purposefully or as an
incidental part of work performed for another purpose.
The second approach was to search specifically through
the legal literature for treatment of relevant topics.

The th~ird approach to identification of issues was
through scenario development. Combinations of various

* type's of warning systems, preparedness plans, govern-
mental structure and other factors have been postulated
and examined. Actions necessary to implement theI warning systems and preparedness plans have been identi-
fied in detail and considered as to what issues might
be related to their performance.

Assistance from others with relevant experience
was sought following preliminary identification of
issues in; the foregoing three ways. Numerous inter-
views were conducted with federal agencies' legal
counsels, administrators and planners. During these
interviews, comments were solicited to modify the state-
ment of the issues, identify additional issues andsuggst ow isue shold e aproahed

suges ho isue soul b aproche.9



The methodology for analysis of the issues was
less straightforward because of its nature. With the
questions in hand, analysis proceeded using existing
statutory and case law) analogy to existing law where
nothing directly applicable was available, and the

4 investigators' intezrpretation of what the law ought to
be when even analogies were unavailable.
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CHAPTER 2

FLOOD LOSS REDUCTION

Floods and the reduction of losses which resulted j
i ~from them were not. of much governmental concern prior"

to 1917. Until that time the only major legislation
! relating to flood lontrol provided for drainage of
certain swamp lands and for establishment of the
SMississippi River Commission with responsibility for
flood control and navigation on the lower Mississippi

Rive, Te Fderl gvermen an stteswere absorbed
Sprincipally in canal building and improvement of rivers
and harbors for navigation, reclamation of the West's
arid lands, and public water supply.

4 iInterest in flood control increased after severe
floods in 1915 and 1916. In 1917, Congress assigned
responsibility to the Corps of Engineers for planning
and cairying out flood control works on the Mississippi
River. Following this came a series of individually
authorized federal flood control studies and projects
by the Corps of Engineers and other federal agencies.
The increasing interest and experience in flood control
culminated in the 1936 Flood Control Act which
initiated a national flood control program and assigned
"jurisdiction over federal flood control studies aid
improvements on waterways to the Corps of Engineers. W

Successive legislation expanded the Corps of Engineers'
role and created other agencies with responsibilities.
for pursuing various aspects of flood control.

State legislatures gradually took an active
interest in flood control, and began instituting flood
loss reduction activities as well as enabling cities,.
counties, and a wide variety of special purpose dis-
tricts both to cooperate with federal agencies in flood

Economic Research Service, U.S. DepArtment of
Agriculture, A History of Federal Water Resources Pro-

V, .grams, 1800-1960. June 1970.

239 Stat. 950.

*i 3 49 Stat. 1570, 33 U.S.G.



control programs and carry out local projects. The

governmental agencies involved in flood control are nowIF
numerous* They have a significant impact on the daily
lives of many citizens.

APPROACHES TO FLOOD LOSS REDUCTION

Early procedures for reducing -flood losses empha-
sized use of levees and dredging to increase, the
carrying capacities of streams and diversions to route
damaging flows aw:ry from developed areas. Study of the
use of impoundments by 4the Corps was authorized in the
1928 Flood Control Act and reservoirs quickly became
an important part of the program for reducing floods.
These several techniques have remained the principal
tools in...the federal government's attack on flood
problems.

other approaches have gradually been incorporated
or suggested for inclusion in the national flood loss
reduction programs. Conservation and land treatment to
reduce runoff while conserving soil became important
after experience with the dustbowl -of the 1930's. At
about the same time, the first suggestions were made
that there ought to be a program through which indi-
viduals might obtain insurance for flood losses and
that use of flood plains ought to be limited. Relief4
efforts for floods and other. types of disasters became

institutionalized in various programs including pre-I
paredness planning for mitigation of hardships caused
by and following floods. The several flood control and
loss reduction techniques were complemented by the
National Weather Service's program for prediction andI
warning of flood occurrences.

Reliance on new programs came slowly. The
approach employing dams, levees and other works toI ~control or impound flood waters predominated into the
1960's. However, it became apparent in that period
that annual flood losses were continuing to increase

despite the large investments for control works andI that increased employment of other measures was also

4Sec. 10, 45 Stat.,534, 538.
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needed. A 1965 report by a presidential task force
recommended a comprehensive national program, federal
assistance in flood preparedness planning, establish-
ment of la-d use controls and expanded use of other
techniques.? In 1974, Congress mandated the full
consideration of all techniques in any federal project
involving flood control. The Executive Branch
followed suit slightly later with adoption of The
Unified National Program for Flood Plain Management

- --- which called for a multifaceted approach to reducing
flood losses.

In May of 1977, President Carter issued an execu-
tive order on flood plain management which attempts to
reduce flood hazards and protect flood plains frm
unwise development by federal projects and programs.
That was followed by a water policy message urging
imprgved flood protection through nonstructural measu-
res.

The present day efforts at flood loss reduction
are generally conceived as being part of an overall
program of flood plain management and are divided into
the three approaches of modification of floods, includ-
ing flood control; reducing susceptibility to flooding;
and reducing its impact. The idividual methods com-
prising these approaches include:

Task Force on Federal Flood Control Policy, A
Unified National Program for Managing Flood Losses.
House Document No. 465. 89th Congress, 2nd SessTon.
Washington, DC. 1965.

6 Section 73 of the Water Resources Development

Act of 1973, Public Law 93-251.

President James E. Carter. Executive Order
11988. The White House, Washington, DC. May 23, 1977.

8 President James E. Carter. Water Policy

Message. The White House, Washington, DC. June 6,
19797.

Task Force on Federal Flood Control Policy. P
cit.
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1. Measures for* controlling floods: T

A. Dams and reservoirs; I
B. Dikes, levees and flood

walls;

C. Channel alterations;

D. High flow diversions; . 4

E'. Land treatment measures; I
and

F. On-site detention measures;

2. Measures to reduce susceptibility toflooding:

A. Land use (flood plain)
regulation;

B. Zoning, subdivision, build-
ing

code, housing code, sani-
tary and well code, and
other regulations;

C. Design and location of
services and utilities;

D. Land rights acquisition
and open space use;

E. Redevelopment and renewal;
C. Permanent evacuation; •

G. Floodproofing;

H. Flood forecasting and warn-
ing systems;

I. Disaster preparedness and
R response planning; and

J. Flood fighting;

2-4
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3. Measures to reduce the impact -of -
flooding:

A. Provision of information
and education; 4

B. Flood insurance;

C. Tax adjustments; and
D. Post-flood relief and ._

.recovery aid.

INTERPRETATIOIAND LEGISLATIVE HISTORY
OF SECTION 73-,

As already indicated, Section 73 of the Water IIResources Development Act of 1974 sets a requirementthat federal agencies consider nonstructural measuresalong with structural solutions to flood loss reductionor control. However, the statute does not attempt to Lprescribe the steps or elements of such consideration.Further, the Act provides that the non-federal cost ofa nonstructural measure will, not exceed 20 percent ofthe project cost. What stL ,s, activities or procure-ments are to be included in the definition of "project"for purposes of calculating the exact cost distributionare not enumerated or defined. Accordingly, applica-tion of Section 73 to particular situations andinstances requires interpretation in addition to theplain and obvious meaning of the words.

By the words it used, Co ress conveyed instruc-tions to the federal agencies. When the words do notspeak fully for themselves, other evidence must be

10 See 119 Cong. Rec. 299405, 32879, 33696,33875, 33905, 34197 and 120 Cong. Rec. 70,85, 282, 294,303, 325, 700, 2890, 3277, 3834, 3896, 4341, 6512.
"11 "The Committee believes very strongly in the

value of this section and expects that its full poten-tial will be explored by those Federal Agencies in-volved in the formulation of flood control projects andplans under this new authority." Congressman Clausen
120 Cong. Rec. 3280.
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adduced as to what Congress intended to direct or

require. So far as it goes, the legislative history of
Section 73 is the first resort beyond the actual
language of the provision. Nevertheless, the point of
departure is the statute. It reads:

Sec. 73 (a) In the survey, planning, or
design by any Federal agency of any pro-
ject involving flood protection, con-
sideration shall be given to nonstruc-
tural- alternatives to prevent or reduce
flood damages including, but not limited
to, floodproofing of structures; flood
plain regulation; acquisition of flood
plain lands for recreational, fish and
wildlife, and other public purposes; and
relocation with a view toward formulat-
ing the most economically, socially and
environmentally acceptable means of
reducing or preventing flood damages.
(b) Where a nonstructural alternative
is recommended, non-Federal participa-
tion shall be comparable to the value of
lands, easements, and rights-of-way
which would have been required of non-
Federal interests under section 3 of the
Act of June 27, 1936 (Public Law
Numbered 738, Seventy-fourth Congress),
for structural protection measures, but
in no event shall exceed 20 percentum of
the project costs.

SAn initial inquiry is whether nonstructural
measures include warning and preparedness. Some of the
methods of this type are enumerated in subsection (a)
of the statute, but it will be observed that warning
and preparedness are not specifically mentioned. On
the other hand, the enumeration is proceeded by thephrase "including but not limited to." This means that

the enumeration is not intended to be a complete speci-
fication of all the measures which qualify as nonstruc-
tural and that are to be considered pursuant to the

* Section.

A warning system is clearly designed to give
persons the opportunity to guard themselves against
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injury and property loss from inundation. While it may
involve the use of equipment such as gages, communica-
tions devices, and even computerized data processing

systems, measures such as dams, floodwalls, or similar
public works are not included in the means of providing
the protection made possible by a warning. Conse-
quently, warning systems are clearly nonstructural
measures coming within the meaning of the catchall
phrase "including but not limited to.'"

A similar interpretation is appropriate for pre-
paredness. This may consist of evacuation plans, stock-
piling of disaster supplies, traffic control measures
to be taken at times when floods are actually occurring
or imminent and in a subsequent recovery period, or a
comprehensive plan and implementation system to cover
the foregoing and many additional actions useful in
developing readiness for meeting flood emergencies.
Since such items are not dependent upon and may exist
in the absence of engineering works, preparedness con-
sists of one or more nonstructural measures and so is
included within the scope of Section 73.

The legislative history of Section 73 contains
relatively little that cannot be gleaned from an exami-
nation of the actual language of the Act. Comment on
the floor alluded to the value of nonstructural
measures in connfftion with environmental preservation
and improvement. As compared with construction of
flood flow retention works, these techniques do not
alter environmental conditions. Rather, they seek to
conform land uses and human a:tivities to existing
patterns of inundation and to rely upon acconmodation
instead of control as a means of reducing danger and
losses.

This environmental comparison does make it clear
that the several nonstructural methods are to be con-
sidered along with construction of control works
whenever a possible flood control project is under
investigation and analysis. At the very least, the
legislative history indicates that the approqches that
do not require physical works should be compared with
those that do in order to ascertain which method or

12 119 Cong. Rec. 33877
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combination of methods TII be best from the point of
view of the environment.

In judging the place to be accorded to legislative
history in this instance, it should also be observed
that Section 73 is a brief provision in a long. bil1
which included specific authorizations of many pro-
jects. Most of the attention of the individual
members, the committees, and the Congress as a whole
was on these other provisions which traditionally are
regarded as bread and butter items by influential
interests in congressional districts and 'in the country 4
as a whole. Accordingly, the absence of a great amount
of debate or explanation for Section 73 should not be
regarded as strange. Rather, it should be assumed that
the obvious merit of considering, and employing where
appropriate, measures having easily understood protec-
tive values was not thought to require elaboration.
Nor is it surprising that only a very few of the
specific authorizations in the bill were expressly for
nonstructural measures.

There is no discussion of the 80-20 cost sharing
ratio between federal and non-federal interests set
forth in subsection (b). A Corns report on the Prairie
de Chien project authorized by Section 2 of the 1974
Act asserts that an 80 percent federal and 20 percent .
non-federal sharing of costs is what experience shows
to be the general situation in flood control construc-
tion projects, but the evidence in support of such a
finding is not presented in the form of data either
there or in the legislative history. This rationale
for the 80-20 formula just mentioned may or may not'I represent the understanding of Congress at the time the
law was enacted.

Finally, it should be observed that although the
division of costs is usually thought of in terms of anr 80-20 formula, the statutory language does not make it
so hard and fast. The non-federal share is to be
roughly equivalent to what such interests would provide
on a project for control works, with a maximum 20
percent figure. Consequently, Congress has made it pos-
sible for the federal government to contribute more
than 80 percent of project cost (however defined) in

13 Ibid.
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. 1some cases. In fact, if on a particular project a
proper analogy to non-federal cost items on control
works produces a responsibility for less than 20

"p percent, the meaning of subsection (b) is that the
federal contribution should be more than 80 percent. j
Nevertheless, it needs to be remembered that Section 73
(b) is only an authorization. Of itself, it provides
no money from which the Corps or any other federal
agency can pay for particular projects or programs.

FLOOD WARNING AND PREPAREDNESS !

Flood warning and preparedness systems are but one
of many presently recognized approaches to reduction of
flood losses. This approach is increasing rapidly in
importance for a variety of reasons, not the least of I
which are concern for catastrophic flood losses, finan-
cial costs and adverse environmental impacts.

Traditional flood control measures are usually
constrained by economics to protection against modest
levels of flooding. Except in the cases of spillways
for dams and protection of unusually valuable property,
most projects have been and are being designed to
protect against the 100 year or standard project flood
or against some intermediate level determined by analy-,
sis of costs and benefits. The modest protection
provided by many control works installed under this
practice is illustrated by the fact that 127 presi-
dentially-declared flood disasters in the last five
years have resulted from floods greater than the 100

14year flood. In the event of catastrophic levels of
flooding, less than adequate flood control works may

I provide some reduction in flood severity or, if they

41 fail under the unanticipated conditions, they may
"heighten the severity of flooding, and drastically
increase loss of both life and property. Potential for
catastrophic losses is increasing as development in-
creases on the flood plains and in the uplands.

:••" 1414 Office of Technology Assessment, Congress of

the United States. Issues and Options in Flood Hazard
Management. (Draft) Washington, DC. June 1978
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Flood warning and preparedness alternatives have
some features which lend themselves to use in situa-
tions with the potential for catastrophic losses even
though the same economic constraints are applied in
their development as for control measures. Flood
recognition systems largely function irrespective of
the level of floding as do communications arrangements
and organizational plans. Evacuation processes can be
expanded to encompass larger areas and proceditres for
public information, plan maintenance and other activi-
ties comprising such alternatives are insensitive to
the level of flooding so far as any substantive- cost: is
concerned. Warning and preparedness systems therefore
are particularly useful protection against high levels
of flooding whether used alone, as a supplement to
flood control works or in conjunction with other non-
structural measures.

Warning and preparedness alternatives have many of
the same advantages in comparison to some other
measures which reduce susceptibility to or impact of
losses that they do in comparison to flood control
measures in the event of catastrophic levels of flood-
ing. Floodproofing is limited both by physical and eco-j
nomic considerations. Land use control techniques,
whether based on regulatory or compensatory approaches
are usually employed in areas subject to the 100 year
flood or less and commonly exempt certain developments
to achieve political acceptability. With the excep-
tions of flood fighting, provision of education and
information, and provision of post-flood relief and
recovery, warning and preparedness stands alone in its
applicability to conditions of catastrophic flooding.

The direct, secondary and social costs of warning
and preparedness alternatives are modest compared to
those for most flood control works. Whereas the cost
for dams, levees, floodwalls and other measures of that
ilk is commonly in the millions of dollars, the cost
f or implementation of warning and preparedness systems
is more likely to be in the thousands or tens of
thousands. Implementation of warning and preparedness
alternatives removes little or no land from use, dis-
rupts no transportation corridors, and does not inter-
fere with commerce during installation. Such alterna-
tives may, in fact, provide substantial secondary

2-10

OWM~_ - Y



I7
benefits through their provision of a core around which

other emergency services and plans can be arranged.

Environmental impacts of flood control measures i
are generally thought to be adverse in diverse ways
which have been well publicized. To the contrary,
warning and preparedness alternatives have few if any
discernable environmental impacts. The., involve no
noise or increase in traffic during installation,,
disrupt no wildlife habitat and have little impact on
aesthetics.

In addition to the foregoing, warning and prepared-
ness alternatives have numerous other advantages relat-
i.ng to low energy requirements, low operational costs,
and inherent flexibility in their original design and
susceptibility to future modification to-meet changing
conditions.

In view of their advantages, warning systems -and
preparedness plans might -have been employed on a wide-
spread basis in the past but this has not been the
case. Their use has been limited in part by the
diffusion of related responsibilities among several fed-
eral agencies. Responsibility for the meteorological
aspects of predicting severe weather and hydrologic
prediction of runoff and flood stages has been and is
the responsibility of the National Weather Service.
However, until recently, NWS has put little emphasis on
how communities and individuals prepare to make effec-
tive use of what flood warnings were provided. The

DefnseCivil Preparedness A~gency encouraged communi-
ties to undertake preparedness planning but focused on
preparation for war related disasters. Flood prepared-
ness was usually considered in planning supported by
the Defense Civil Preparedness Agency only as one of
several types of disasters addressed by an "all
hazards" plan. Preparedness planning by the Federal
Disaster Assistance Administration has tended to empha-
size planning for recovery from disasters as opposed to
their mitigation. Programs of agencies charged
specifically with flood control responsibilities like
the Corps, Soil Conservation Service and Tennessee
Valley Authority lacked both the meteorological and

j ~preparedness planning aspect~s to foster development of
warning and pre paredness allternatives.
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As a result of this fragmentation of responsi-
bility, warning and preparedness did not come into

sharp focus as a flood loss reduction measure until the
early seventies. Since then, the situation has changed
rapidly. The NWS is now actively assisting communities
in preparedness planning. Communities are also
encouraged by the National Flood Insurance Program
regulations to consider warning and preparedness
programs and flood control agencies are beginni-ng to
formulate. warning and preparedness alternatives as. part
of their flood control planning efforts.

TYPES OF FLOOD WARNING SYSTEMS

A flood warning Sysm in its most basic form
consists of three elements including:

1. A flood recognition element provid-
ing some means to identify an
impending flood and estimate its
time of arrival and severity;

2. A warning issuance element provid-
ing procedures for decision-making
regarding whether warnings should
be issued, to whom, when, and what
message content should be released;
and

3. A warning dissemination element
which deals with the means, pro-
cedures and techniques of distribut-
ing warnings to the public and to
various types of special recipients
such as local officials, emergency
service agencies and persons or
organizations requiring unusual
amounts of time to take protective
action.

The boundaries between these three elements are
somewhat flexible and depend upon the details of how

15 Owen H. J. Guide for Flood and Flash Flood
Preparedness Planning. Prepared for the U.S. Depart-I ment of Commerce, National Weather Service May 1977.
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the warning system is designed. For example, conduct
of the several element s often overlaps in time with

opertio oftheflod recognition system continuing
throughout a flood as a basis for issuance and dis-
semination of successive warnings. Similarly, dissemi-
nation of warnings to some special recipients such as
local officials and emergency service agencies may take
place while issuance of a warning to the general public
is still being considered.

Each of the three elements in a flood warning
system can be constructed in diverse ways according to
the available resources and -the level of performance
which the system is to provide. The principal varia-
tions involve the extent to which the flood-recognition
element depends on information provided by the NWS or
obtained at the local level. Three general categories
of warning systems have evolved called watch/warn,
self-help, and flash flood alarm.

Flood Recognition Element

Watch/warn systems. take their name from the NWS
terminology for flood and other severe weather announce-
ments. "Flood watches" are issued for areas when
meteorologic 'al conditions are such that flooding could
result. "Flood warnings" are issued when flooding is
imminent or has begun. Watch/warn type systems rely
upon the NWS announcements as a means of recognizing

Eflood threats. Since NWS distributes such announce-
ments to news media, this type of warning system
combines flood recognition with parts of the warning
issuance and dissemination steps. Communities may
supplement the customary service from NWS by sýubscrib-
ing to a teletype service, purchasing special radios or
making other arrangements to improve and assure watch
and warning messages are received.

Watch/Warn systems for flood recognition are the
least expensive for most communities. However, the
accuracy and detail available using this approach
varies greatly with location. Bath the accuracy of
flood predictions and the length of time available
between the warning and the onset of flooding increase
when applied to large streams or river systems and when
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_ the communities warned are a considerable distance
downstream. Watch/ warning systems are of limited
value for warning in headwater areas and along small
streams where floods may result from local rains
undetected by the ?NWS system of widely scattered
precipitation gages.

Self-help systems supplement information available
from the NWS by providing for the local collection of
information on precipitation and stream level and for
local prediction of flood severity. The data collec-
tion component of self-help systems can vary from a few
observers who provide information on rainfall in their
vicinity to sophisticated automatic gaging networks
costing many thousands of dollars. The flood predic-
tion component may similarly vary from use of a simple
chart relating rainfall to flood severity to computer-
ized forecasting employing complex mathematical models.

Flash flood alarm systems are based on use of a
water level sensor located at some suitable upstream
point. Set to trip at some preselected water level,
the sensor activates a signal device at a location

attended on a 24 hour basis.

Warning Issuance Element

The warning issuance element is primarily one of
procedure. The matters involved are decisions as to
whether a warning should be issued based on the
information available from whatever flood recognition
system is used, the proper content of any warning
messages which are issued, and the audience to whom
each warning should be directed. RespIiosibility for
the decision-making forming this element may vary from
a single individual to a chain of command requiring
several approvals. Those involved may include police,
fire, civil defense and other local officials as well
as representatives of state and federal agencies.

A large part of the warning issuance element may
be left to the NWS if a community employs a watch/warn
flood recognition system. NWS staff will decide when
warnings are appropriate and telephone or otherwise
contact local officials and release warning messages
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for radio and television distribution. Radio and tele-
vision stations, local officials and others then make
their own decisions on wider distribution of the warn-
ings.Wt ef-ep sses oa fiil r

With selfhelp systms, loca offcial ar
generally in possession of considerable advance warning
and can observe the onset and progress of rains likelyf
to cause floods. The time which is available with this
type of flood recognition system enables designing the
warning issuance element in a more. refined way.
Release of warnings can be carefully staged from alert-

ing of emergency services through evacuation ofendanered reas
Flash flood alarm systems are usually employed

when warning times are short. The warning issuance
element of systems employing flash flood alarms is
normally correspondingly simple. When the alarm rings,
verification of upstream flooding is made and dissemina-
tion of warnings begun immediately.

Warning Dissemination Element

Warning dissemination encompasses the delivery of
*warning messages to their intended audience. The

technique used to communicate the warning depends on
the nature of the message, available means of communi-
cation, time of day, type of intended recipient and
other factors. Radio, television, sirens and other

means are frequently used. In some cases warnings may
be delivered door to door to insure the message content
is received and understood.

Dissemination of warnings may be relatively simple
in situations where time is short. As warning time
lengthens, dissemination may include delivery of a
series of messages of increasing accuracy and speci-
ficity. Dissemination may also differentiate between
audiences and provide warnings to some at an earlier
stage than for others, including very early alerts to
police, fire and other emergency service agencies which
are not released at all to the general public.
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Flood Warning System Design Problems

Design of a flood warning system in general terms
is not 'difficult. Examination of the physical setting
of an area, severity of the flood problem and availa-
bility of financial'and other resources can lead rather
quickly to identification of the type(s) of warning
system applicable to and useful for the area. Designs
frequently combine several flood recognition tech-
niques and provide redundancy in dissemination
procedures to minimize false alarms and other types of
poor performance.

The more troublesome problems involve trade-offs
between length of warning time and reliability. Warn-
ings of an impending flood can be made with a high
assurance that a flood will in fact occur if announce- -,

ment is delayed until precipitation sufficient to cause
flooding has already fallen or until immediately up-
stream areas are flooded. However, the time then
remaining for dissemination of the warning and for
protective, action is limited to that required for rain-
fall to flow overland to the watercourse and/or the s
flood to travel downstream. The amount of time can be
lengthened by issuing warnings based in part on precipi-
tation already received and in part on precipitation
expected on the basis of radar data, satellite imagery,
rainfall in adjacent areas and other less sure infor-
mation. Warnings made in anticipation of precipitation
obviously have some probability of proving false. A
similar problem arises in deciding when the public
should be alerted. Choices can arise as to using
"sirens or otherwise alerting the public in the night or
waiting until daylight hours. The decision again
affects the remaining time for action which is afforded
the public.

f TYPES OF PREPAREDNESS PLANS

Preparedness plans are distinguished by the number
and types of elements they contain. The most basic
plans provide only for evacuation and rescue. Increas-
ingly fuller plans may include elements devoted to
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damage reduction, recovery, public ltnformation, plan
implementation and plan maintenance. Each of these

-t elements may. in turn be divided into numerous separate

activities.

Evacuation and Rescue Element

As may be appropriate to a particular case, the4 evacuation and rescue element may provide for request-
ing or ordering the evacuation of appropriate areas,

* -4 provision of shelter and care for evacuees, traffic
control, transportation assistance and other actions to

-tsafeguard lives. It may also include provision of
4 security for evacuated areas, rescue of those who
4 refuse to evacuate or become isolated, and provision of

medical care for the injured.

Community-wide plans for- evacuation and rescue may
need to be supplemented in some cases by specific plans
for individual large structures such as factories and
hotels (site-specific plans).

{ Damage Reduction Element

The damage reduction element of preparedness plans

is particularly important because it provides the bene-
fits needed to justify investment in the warning system
and preparedness plan. Several types of damage reduc-

- tion actions may be included such as conduct of flood
fighting, temporary relocation or elevgtion of
property, protection of vital records and documents,

- and debris management. Where appropriate, damage reduc-
tion may include special management of utilitiesi to
either maintain service or intentionally curtail it in
areas abouat to be inundated. Special efforts may also
be made to disperse fire and other equipment as protec-
tion against loss of routes crossing bridges or low
areas.

As in the case of the evacuation element, specific
plans &For individual structures may be necessary.

16Ibid.
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Among other things, such plans might provide for imple- -_

mentation of flood proofing measures and flooding of
basements to prevent collapse.

Recovery Element

The ease of recovery depends in part on the
st verity and duration of the flooding experienced. It
also depends on the size --of the port:ion -of the- corm-
munity and its resources which were not affected and ;a-
are available as a base for carrying out the recovery
element. The ease and rapidity of recovery also
depends on how well the community has prepared for the
task. The recovery element of preparedness plans.
generally applies to the immediate post-flood period.
It therefore pertains to such things as care for
survivors, injured and dead; maintenance of public
health; return of utility services to operation; clear-
ance of debris; and rehabilitation or destruction of
damagen structures. It may go further and include
specific arrangements for securing and coordinating
assistance from various federal, state and other
sources.

Public Information Element

The public information element of preparedness
plans concerns two levels of activity. The first is
generalized education and information activities to
create a general awareness of the flood hazard, the
existance of the warning system and like matters. The
second level of information concerns that. relevant to
the immediate period of a flood. This may include
advance preparation of warning messages, development of
instructions of various typcs and development of
arrangements for distributing information.

Plan Implementation Element

SPreparedness plans are largely creatures of admini-
strative and organizational arrangements. Implementa-
tion of the plan requires attention to numerous aspects
which build relationships between the several parties
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involved. Among others, these include allocation of
responsibilities for operation of the warning system
and execution of the preparedness plan, coordination of
activities, mutual aid pacts between communities, and
negotiation of contracts for use of equipment and

.J personnel. Provision also may be made for adoption of
the plan officially by the local government. How
needed site-specific plans will be encouraged or
required and identification of the authorities to carry
out the actions comprising the plan should be included.

Plan Maintenance Element

Flood warning systems and flood preparedness plans
require attention if they are to function properly.
The plan maintenance element provides for this neces
sary attention. Maintenance activities may include
routine updating of information such as telephone
numbers and names and/or more thorough analysis of the
situation to determine if one or another part of the

F warning system or preparedness plan has become obso-
lete. Maintenance also involves testing and care of
equipment and practice of procedures to insure partici-
pants can perform their assigned roles.

COSTS FOR WARNING AND PREPAREDNESS ALTERNATIVES

Several types of costs are involved in implement-
ing and operating warning and preparedness alternatives
including:

9 Purchase and installation of hard-
ware for monitoring, data collec-
tion and processing, and communica-
tions;

Expenses for modification of
utility systems and facilities to
enable efficient execution of the
plan;
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- Purchase of equipment and materials
needed to execute each element of
the preparedness plan such as water
rescue and flood fighting equip-
ment;

- Ongoing labor charges for monitor-
ing., maintenance of the prepared-
ness plan and equipment, and for a
continuing public, information pro-
gram;

- Costs associated with activation of
the flood warning system, issuance
of warnings, and expenses of execut-
ing the preparedness plan; and

- Costs in the form of liabilities
associated with implementation and
operation of the alternative.

The overall cost of a particular warning and pre-
paredness alternative is highly variable and depends on
a number of considerations. Some of the factors which
usually have an important influence on costs are type
of flood recognition system selected, need for mass
warning systems, requirement for development of site-
specific preparedness plans, and the thoroughness of
actions to be taken when a flood threatens. However,
any number of other things could prove a dominate cost
factor in a given case.

Hardware costs are practically nil for a flood
recognition system using observers with small plastic
rain gages who telephone rainfall information to some
central location. At the opposite end of the spectrum,
equipment costs for a flood recognition system might be
in the range of $50,000 for a moderately sized water-
shed if automatic monitoring of precipitation and
computerized forecasting of runoff is used. In between
these extremes are systems which add reliance on warn-

* ing issued by the National Weather Service, mix auto-
mated and manual procedures, or depend on stream level
sensors. Flood recognition systems which incorporate
several approaches or serve larger areas can, of
course, cost much more.

E
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Communications gear is not usually a major item

since police, fire, public works and other agencies
usually have well developed communications systems.
Typical expenses for warning system purposes are those 4
for tone activated VHF weather radios ($40-100), radio
relay stations ($5,OOO-15,OOO) and perhaps leased tele-Iphone lines. The total communications cost depends, of
course, on what exists and the remaining needs.

Costs of modification of structures and utility

systems may involve large expenditures up to several
* {7percent of the value of the structure if permanent

flood proo ýng is considered as a part of the prepared-

ness plan. On the other hand such costs may amount

only to. installation of a few valves at appropriate lo- I
cations on gas lines to enable curtailment of service
to selected areas. In the latter case, the associated
cost may be a few thousand dollars or less. Contin-
gency f lood proofing may involve even iless in the way
of costs.

17 Purchase of equipment and materials necessary toexct h rprdespa ol evr lgti
the case of larger communities which have large and

diverse resources of equipment readily available. For

smaller communities, the cost could be significant. I
The types of items needed might include: boats, motors,
and other associated equipment for water rescue; stock-
piles of sandbags, dry sand and small hand tools; hand
held radios; stocks of food; and a wide range of other
items. The quantities of such items which a community
must set aside in a safe area also depends on the
portion of the community vulnerable to flooding. Even

relatively large communities may prove to be short ofI usable resources if the entire area is flooded. Con-
versely, small communities may get along fairly well so
long as the area flooded is limited and most community
resources are left intact.

17 Johnson, William K. Physical and Economic

Feasibility of Nonstructural Flood Plain Management
Measures. The Hydrologic Engiheering Center, U.S.Ary
Corps of Engineers. Davis, CA March 1978. Am
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The continuing costs associated with operation of J Z
the flood recognition system and maintenance of the
preparedness plan are comparatively small. They
include those for periodic servicing of equipment,

t coordination between participants, updating and prac-
tice of the plan and whatever effort is required for
maintaining surveillance of flood conditions.
Altogether, these costs may be only a few thousand
dollars a year for even a fairly sophisticated warning
system and preparedness plan. As important perhaps as
their small size is the fact that these types of costs

- are almost entirely labor and can often be absorbed
easily within budgets for ongoing activities.

Review of the literature does not reveal that any
analysis has been made of the costs of actually execut-
ing a preparedness plan. However, they can be expected
to be substantial. Whether they ought to be included
in economic analysis of a warning and preparedness
alternative is not clear. A good basis may exist for
saying that costs for carrying out emergency measures
are a normal part of fire, police, public works and
other governmental agencies' expected expenditures and
that they were not incurred just because a plan of
action was adopted. On the other hand, identification
of all costs may be important with respect to implemen-
tation of Section 73(b) of Public Law 93-251.

INTERGOVERNMENTAL NATURE OF WARNING
AND PREPAREDNESS ALTFRNATIVES

No single agency or governmental level regularly
carries out a complete and comprehensive program offlood warning and flood preparedness planning nor does
it seem likely that any might do so in the foreseeable
future. Federal and state agencies lack local operat-ing capability and so are prevented from unilaterally
carrying out certain portions of a warning and prepared-
ness alternative except in the case of public lands and
reservations. Communities come closest to being able to
develop and implement all parts of a warning system and
preparedness plan, especially in the case of fairly
simple plans for small watersheds. However, in most
cases, even the smallest communities' warning systems
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-- *'place some reliance on the weather information regu-
larly made available from the National Weather Service

and preparedness plans usually depend on county

teer organizations and assistance from rqgional, state,f
or federal entities. An appreciation of the major re-
asons which compel the distribution of functions among
several parties is important in considering what
entities ought to be involved in planning and ought to
be assigned implementing and operating responsibilities.

One important key to the intergovernmental nature
of w~arning and preparedness alternatives is that,
unlike most other programs, their operation is intermit-
tent. Capability to be fully functional at any, time
and on -,hort notice must be maintained. However, for
all but relatively brief and often infrequent periods,
there may be little need in some areas for more than
simply monitoring weather c~onditions. Thus the system
is largely in stand-by status. This means that re-'
liance must be placed on performance of operational
responsibilities by agencies which have other missions
that produce or can be adapted to the capabilities and

resources required for the warning-preparedness system.

For example, reference has been made to the need V
to maintain a twenty-four hours a day capability to
receive flood related information. This task could be
performed by a special office and communications
system. However, if such an approach were taken, those
resources would be idle or nearly so most of the time.
Yet it would be necessary to bear their cost on a' full-
time basis.

The more practical method and the one normally
chosen is to lodge the responsibility for the communica-
tions function with police, public works, fire or
another 'department which normally maintains a twenty-
four hours a day operational status for the performance
of its principal mission. While emergency service
agencies (formally civil defense and disaster agencies)
have established some communications systems entirely
to serve their own purposes, it is more common, and in
most instances more effective, for flood warning and
preparedness systems to rely to the greatest extent

possible on equipment, facilities and personnel already
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maintained for other regularly established and financed
functions. In that way, the benefits of an organiza-
tion in being can be obtained.

Dissemination of flood information and of warnings'
is also characteristically more than a single agency
activity. The National Weather Service regularly
informs community and county officials and news media
of severe weather, flood watches and flood warnings
with the_ expectation that each recipient will in turn
spread the word to others including the general public.
Development of a warning and preparedness alternative
normally has as one of its principal objectives the
improvement of this warning dissemination process to4
ensure all potentially affected parties are provided I
important information on a timely basis. Means of dis-
semination may include use of civil defense siren
systems and other mass warning devices, announcements
by public address systems of police and fire vehicles
or helicopters, ringing of church bells, use of ham and
citizens band radios and others. More complete plans
may include several of these techniques to provide
redundency as a guard against incomplete warning and to

provide the repetitive reinforcement of warnings which
stimulates response. Introduction of each of these I
means increases the number of governmental and private
interests involved in the process of warning dissemina-
tion.

The design, implementation and execution of the
preparedness plan component of a warning and prepared-
ness alternative likewise involves multiple interests
from two or even all three levels of government and can
include the private sector as well. Funds for prepared-
ness planning and some technical assistance have been
available from the federal government and, in some
cases, fro~m states. Funding for personnel and equip-
ment can come in varying proportions from local govern-
ments, but also from the federal government, the states
and sometimes from the private sector. Well rounded
preparedness plans will include provisions for such
things as hospital and utility services, traffic

* control, protection of vital records and other actions.
Schools or other public and private buildings may be
used to house evacuees and volunteer organizations are
usually enlisted to provide at least minimal services.
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Aid in recovery is normally sought from a variety of
federal, state and local governmental sources. Depend-
ing on the details of state and local government
organization, public or private ownership of such
things as utilities and hospitals, and proliferation of
special purpose districts, plans with such features
require the coordinated participation of many public
and private entities.

- The upshot of the matter is that none but the most
rudimentary warning system, and no thorough community
level preparedness plan can be developed or operated

Swithout the cooperative and coordinated activities of
several governmental agencies and levels and at least
some kinds of private entities. This entails an
obvious problem since the necessary coalescing of ef-
forts in planning and actual performance is not
achieved spontaneously or even by informal means alone.

It requires negotiations among the participants, agree-
ment on the roles of each, development of a program for
the coordinated participation of all, operational
coordination, and commitments binding enough so that
each participant and the general public may rely on the
pieces fitting together to afford the desired protec-
tion.

I
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CHAPTER3

EXAMPLES OF' PAST PRACTICE

Analyzing the legal, financial and other mana-
gerial aspects of implementing flood warning and
preparedness alternatives would be eased considerably
if large numbers of such systems had been implemented
alone or as part of some overall strategy and some
record of experience was thereby available. Even if
the alternatives demonstrated a variety of conflicting

approaches, the experiences ass -ociated with- each couldbe examined to appraise what advantages one or anotherapproach might have and to identify particularly good
examples for emulation. Unfortunately, there is no
instance of a comprehensive flood warning and prepared-
ness system which has been planned and implemented as a
federal project measure, at least so far as is known to
the investigators. The closest examples include the
ongoing program of the NWS to assist communities in
establishing flood warning systems, a flood emergency
evacuation plan developed by the Corps for Barbour-
ville, Kentucky, and a warning and preparedness system
being developed by TVA and the city of Gatlinburg,
Tennessee.

The intent of this chapter is to describe the
approaches taken by the NWS, Corps and TVA to date with
regard to the matters of planning, finance, implementa-
tion, operation and other topics discussed in succeed-
ing chapters.

NWS PROGRAMS

* The NWS has for many years encouraged the estab-
lishment of flood warning systems by communities
located in areas subject to flash flooding. Their
activities along this line are performed under continu-
ing program authorities and include distribution of
promotional literature, consultation with non-federal
officials, participation in framework and river basin
planning programs, conduct of demonstrations, and



assistance to communities.1' 2  NWS also maintains an
international system for collecting meteorological data
and is the principal source of weather forecasts in the
United States.

Planning

NWS does not usually provide a full range of
services related to planning of flood warning and pre-
paredness systems. Its mission is generally viewed as
"encompassing flood recognition, ending at the point of
"receipt of the warning at some central site within the
threatened community. Development of a response plan
for issuance of warnings and their dissemination to the
public is left to the community aside from what
announcements NWS may provide by weather radio or
release to public radio and television stations
serving the affected area. Development of a prepared-
ness plan is an optional local activity. '4

For the portions of a flood warning and prepared-
ness system with which it customarily concerns itself,
NWS planning is of the more detailed variety with
respect to analysis of the flood hazard and techniques
for interpretation of data. Planning of non-technical
aspects is usually done in close coordination withS~local interests.

Financing

Financial assistance provided by NWS to communi-
ties is limited and usually consists of provision of
inexpensive itemrs Quch as plastic rain gages for obser-

vers and furnishing of certain specialized services.

115 USc 313.

i2
2 7 USC 450b

3 WS Form E-42 Memorandum of Understanding for
Flash Flood Alarm System.

WS Form E-43 Memorandum of Understanding for
Flash Flood Warning System.
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The nervices rendered such as installation and calibra-
tion of equipment and training probably exceed the
value of equipment donated by NWS in most cases.
Agency policy requires expensive pieces of equipment
such as flash flood alarms to be paid for by non- I
federal interests. It should be noted, however, that
the types of systems generally installed by communities
with assistance by NWS are relatively inexpensive and
thus do not raise many questions of financial capa-
bility or distribution of costs.

Efforts to date by the NWS to encourage and
facilitate the implementation of flood warning systems
and preparedness plans have not included consideration
of the 20 percent limit on the cost to non-federal
participants for nonstructural measures which is estab-
lished by Section 73. There has been no contribution
of federal funds to non-federal interests to offset
higher local costs and hence no problem of calculating
or apportioning a federal reimbursement. Non-federal
interests have been required to bear whatever costs
were associated with the preparedness plan and allowed

L to do so in whatever way they wished.

Implementation

Implementation of the types of flood recognition
systems the NWS is involved with in most communities is
fairly uncomplicated. If a self-help system is to be
installed, the principal implementation steps are to
employ or obtain the volunteered services of observers
in suitable locations, train the observers, and train
the person(s) designated to perform the interpretation
of data and issue warnings. NWS normally performs the
parts of implementation related to training. If a flash
flood alarm is employed in the warning system, imple-
mentation involves procuring and installing the alarm,
connecting it to a signaling device at the desired
location and providing suitable connections to power
and telephoiie lines if long distance transmission of
the signal is required. NWS assists in procurement and

M installation of equipment. Non-federal interests must
"provide for all other implementation requirements
including furnishing of any necessary lands, easements
and rights-of-way.
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Operation

Flood warning systems establLshed by the NWS in
conjunction with local governments depend almost ex-
clusively on non-federal operation. In most such
systems, the only federal role is provision by NWS of
their regular weather forecasts and flood predictions.
Monitoring of flash flood alarms or collection of pre-
cipitation and/or stream stage data, interpretation of
data, and issuance or dissemination of warnings are all
carried out by non-federal interests. There are a few
exceptions to this pattern. One is the NWS role in
dissemination of flood warnings through mass media.
Another is the operation of some highly sophisticated
computerized systems such as one being planned for
Stevens Creek Watershed in Santa Clara County,
California, in cooperation with Ihe California-Nevada
River Forecast Center of the NWS. The Stevens Creek
flood warning system will provide automatic forwarding
of local data to the River Forecast Center for entry
into the national data processing system and for inter-
pretation by NWS through use of rainfall-runoff models
for the Stevens Creek Watershed. However, even though
the federal government participates much more closely
in operation of that warning system and in other
similar systems, decision-making, issuance of warnings
and warning dissemination largely remain a non-federal
responsibility.

Assurances

Local governments participating with NWS in estab-
lishment of flash flood warning systems must agree to
recruit and manage a network of volunteer- observers,
develop the local procedures for issuing warnings,
designate a person to be trained in forecasting and
establish a community communication and actio% center
for receiving and disseminating information. For
systems built around flash flood alarms, the local

5 Owen, H. James. Stevens Creek Flood Warning
and Preparedness Plan Prepared for the Santa Clara
Valley Water District. San Jose, CA. 1979.

6 WS Form E-43 Ibid.
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government must also agree to arrange and pay for
necessary power and telephone lines, provide for con-
tinuous monitoring of the alarm on a 24 hour basis,
develop a resporse plan, and implement the response
plan when needed.

TENNESSEE VALLEY AUTHORITY AT GATLINBURG, TENNESSEE

An agreement exists between TVA and the city of
Gatlinburg, Tennessee, to develop 8 and implement a flood
warning and preparedness system. This effort is of
particular interest because it is somewhat more like a
"project" than is the ongoing program of the NWS. It
should be recognized, however, that TVA water resources
development and flood control programs allow great
flexibility. In the case of Gatlinburg, TVA's partici-
pation resembles that which might be provided by the
Corps under it's Flood Plain Management Services pro-
gram.

The city of Gatlinburg, Tennessee, is the gateway
city to the western side of the Smokey Mountains
National Park, one of the most heavily used facilities
in the National -Park System. The population of the city
is only a few thousand, but tourists swell the popula-
tion to upwards of 20,000 on many summer weekends. The
principal economic activity of the community is hous-
ing, feeding, and providing other services to park
visitors.

The city sits astride the channel of the West Fork
of the Little Pigeon River. Several large structures,
including multi- story motels, have outer walls which
form one side of the channel. At least one motel is
located on a low lying island in the channel. Through-
out the length of the city, the stream is narrow and
frequently spanned by small slabs of concrete at low
elevations which serve as footbridges. The valley is
also narrow and defined in some places by almost verti-
cal rock walls.

77
WS Form E-42 Ibid.

8 Agreement between Gatlinburg, Tennessee and

Tennessee Valley Authority for Development of Flood
Warning and Evacuation System. 24 June 1976.
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Flash flooding is a serious problem in the Gatlin-
burg area. A relatively minor flood in 1935 rose 10
feet in 15 minutes as the result of a thunderstorm over .
only about a third of the drainage area above the .
city. The only warning of the impending flood was a
roaring noise from the direction of the park. Higher
floods are reported to have occurred in the9 past and
far more severe floods are certainly possible.

The high concentration of persons in Gatlinburg
and the potential for flash flooding poses a severe A
problem. The problem is worsened by the large number
of visitors usually in the community who are unfamiliar
with the flood potential, the difficulties of dissemi- .
nating warnings and obtaining' a positive response among
overnight guests, limited routes for escape, and the
quickness with which floods can occur. According to
TVA, "A 100 year frequency flood at Gatlinburg could be
expected to rise 4 feet over the level reacy.d by the
1966 flood and could cause over 100 deaths.fl A 500rn ld i a iyear frequency flood would rise an additional 2 feet.....

and could result in the loss of over 500 lives."

TVA has investigated the situation at Gatlinburg
for a number of years. Attention has been given to a
variety of structural and nonstructural measures.
Upstream impoundments have been ruled out because of
the environmental impact of their location within the
park. Flood walls were considered undesirable because
the extreme height required would effectively partition
the city and because of their adverse environmental

* impact. Permanent relocation of flood plain develop-
ments was unacceptable to local interests. Faced with
these several constraints, TVA undertook consideration
of whether a warning and evacuation plan could be
developed successfully for the area. Further discus-
sion with Gatlinburg officials led to execution of the

9 Tennessee Valley Authority. Floods on West
Fork, Little Pigeon River: Gatlinburg, Tennessee. June
1958.

* 10
Tennessee Valley Authority. Flood Forecasting

and Evacuation Plan for Gatlinburg, Tennessee (undated).

Tennessee Valley Authority. Ibid.
12

Owen, H. J. Evaluation of Warning and Evacua-
tion Planning for Gatlinburg, Tennessee. Prepared for
the Tennessee Valley Authority. September 1975.
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agreement between the city and TVA to develop a demon-
stration project to test the effectiveness of using
advanced flood warning devices and evacuation pro-
cedures. The agreement was executed on June .24, 1976.

The warning component of the system to be implemen-
ted at Gatl.inburg includes a number of radio operated, it
self-reporting rain gages located in the park area and
a data processing and runoff px'ediction system using a
mini-computer to be located in Gatlinburg. The evacua-
tion plan is to consist of both an overall plan for the
city's actions in preparing for and during flood emer-
gencies and site-specific plans for each commercial
establishment located in the flood plain. The site-
specific plans are to deal with arrangements for
receipt of flood warnings and issuance of specific
evacuation instructions to occupants. The agreement
also provides for' certain taira ,g r.xr' I.•,- •. fc.r
maintenaiicr. of the equipment.

Planning

Responsibility for planning of the Gatlinburg
system is divided between TVA, the city and private
interests. TVA is providing detailed design of the
flood recognition system including specification of

Sequipment. However, the preparedness planning portion
of the alternative was investigated by TVA only to the
point of determining that a useful flood preparedness
plan could be developed. Actual development of the
preparedness plan was left entirely to non-federal
interests. The agreement between the city and TVA does
not spell out any required level of detail or content ._f
for the overall preparedness plan and only names the
subject matter which site-specific warning and prepared-
ness plans are to address. However, TVA reserves the
right to terminate the agreement and recover certain
equipment if a satisfactory system is not developed.

Financing

The agreement for the Gatlinburg system spells out
cost sharing arrangements. Non-federal interests are to
bear 10 percent of the first cost of obtai-ing and
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installing equipment and software required for the
F •flood recognition system, 100 percent of the cost of

developing an overall community-wide evacuation plan
and site-specific systems for warning and evacuation,
50 percent of the major costs for operation and mainten-
ance of the system in the first 10 years, and 100
percent of operation and maintenance costs after the

- tenth year of operation.

In one respect, TVA's approach to distribution of
costs for the Gatlinburg system is specific. The
agreement between the city and TVA specifies that the
city, of Gatlinburg, not just non-federal interests,
will bear particular costs. Also worth note ; the
Gatlinburg approach provides reimbursement of costs
only to governmental participants. However, in another
respect the agreement is not specific. For example,
TVA did not concern itself with the distribution of the
non-federal costs for the site-specific warning and
preparedness systems. The city is only to "require"

those things of "...commercial establishments located
wholly or partially within flood hazard areas..." It
is left to non-federal interests whether the city or
another non-federal agency shall assist financially in
private parties' compliance with the requirement.

Two points with regard to the Gatlinburg situation
should be noted. First, the cost sharing arrangements
finally evolved were part of the agreement for joint
implementation of the project. As such, the specific
arrangements perhaps reflect more what ..worked out in
one particular case than a general policy approach.
TVA might have been equally suited if the State of
Tennessee, the County or a special purpose district had
assumed the costs which the city agreed to bear.
Second, it is not evident that the apportionment. of
costs produces the 80-20 split of costs specified for
nonstructural measures by Section 73 nor that the
apportionment was based on the land-related costs of an
alternative structural project.

Implementat ion

The agreement between the city of Gatlinburg and
TVA provides a fairly crisp division of responsibility
for implementation. TVA is to provide plans and speci-
fications of gages and data processing devices. The
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city is to carry out the actual purchase and installa-
tion of equipment, obtain all necessary permits and 4
approvals such as assignment of radio frequencies,
establish an operator training program, develop an
overall prepparedness plan, and require the development
of site-specific warning and evacuation plans. The
basis for division of implementation responsibility
appears to have been allocation to the city of primary -i
responsibility for all parts of the plan except the
planning and specification of hardware. If specifica-
tion of hardware is considered planning rather than
implementation, TVA's approach in Gatlinburg is to
assign all implementation responsibility to non-federal
interests excepting general review and approval of the
system which finally evolves. 1

Operation

Operation of the flood warning system is specified
in the implementation agreement as a city responsi-
bility. In particular, the city is obligated to|"
provide qualified operators to staff the forecast
center, to issue and disseminate flood forecasts, and [
to issue evacuation notices. The city is also required
to provide space and utilities for continuing operation
of the forecasting center. The only ongoing opera-
tional role specified in the agreement for TVA is
provision of assistance to the city in maintain: ig
liaison with National Park Service, National Weather
Service, other federal agencies and civil defense
agencies.•

Assurances

The agreement between TVA and Gatlinburg seeks to
assure the perfor rinee of the city through a "carrot
and stick" approaki. Expensive equipment is to remain
the property if the city after a period of ten years.
However, during the ten year period, TVA has the
privilege of retrieving the equipment if a system
satisfactory to both the city and TVA is not achieved
on a timely basis and satisfactorily maintained.

J11
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CORPS OF ENGINEERS AT BARBOURVILLE, KENTUCKY

The city of Barbourville is located in southwest
Kentucky at the confluence of the Cumberland River and
Richland Creek. The population of the city is about
3,500. Economic activity in the community is primarily
retail trade and manufacturing of apparel, textiles,
leather, lumber, machinery, and metal products. Union
College, located at Barbourville, has about 90o0
students and is also an important part of the city's
economy.

Floods in the area are frequent and floods far
larger than any known of in the pas~t 'can occur. A
local flood protection project was authorized by the
1950 Flood Control Act. The project, consisting (if a
3.5 mile long levee, was constructed in 1959 by the

Nashville District, Corps of Engineers. The levee
provides protection against floods up to approximately
the 100 year event. Several, floods which have occurred
between 1946 and 1974 either would have or did come
close to overtopping the levee, some by a matter of
inches. A standard project flood would overtop the
levee by about 8 feet. In the event of overtopping,
the leveed area will fill rapidly with water, creating
a very hazardous situation for anyone remaining within
the area.

Pursuant to a request by the city of Barbourville,
the Corps participated in development of a flood
emergency evacuation plan. Planning began in 1975.
The Corps' participation was provided under the 'Flood
Plain Management Services program and Emergency Ser-
vicps program. The j9mpleted plan was approved by the
city iii January 1 976.~

The plan provides for evacuation, when flooding
appears likely, of approximately 2,500 persons who
reside wfrthin the leveed area of the city. Leadership
of the evacuation effort is to be furnished by a
trained volunteer group serving on the Emergency Operat-
ing Center Staff. The plan is staged with defined sets
of actions to be taken at each of several degrees of

13 U.S. Army Corps of Engineers, Nashville Dis-

trict, et al. A Report on Flood Emergency Evacuation
for Barbourville, Kentucky. September 1976.
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threat. It also divides the city ,into zones, each with
designated evacuation routes and assigned destinations.
Hospital arid nursing home patients' are accorded

special assistance. With regard to warning, the Bar-
bourville plan only notes the existing self-help system
operated in conjunction with the 'NWS and areas of
possible improvement. -

Development of the Barbourville plan was a coopera-
tive effort between the Corps, city and numerous other
agencies. However, the Corps provided the bulk -of the
effort to formulate the basic concepts and prepare, the
plan document. The city furnished financial support
for a portion of the planning performed under contract.
For those topics which the plan addresses, considerable

detail is provided. Evacuation routes are 'identified,F shelters specified, duties for individual staff of the
Emergency Operating Center are stated and stages of the
plan are well defined. The plan considers traffic
density, traffic control, evacuation rules, and
security arrangements. Shelter information included in
the plan addresses accommodations, administrati on, food
and health services and other aspects. The plan also
treats public education, dissemination of warnings,
general operating procedures and updating of the plan.
Parts of the plan are specific to the point of identify-
ing which street closures are to be barricaded and
which controlled by police, number of police to be
stationed at each traffic control point, etc. The plan
does not contain any disclaimer concerning variation in
its execution from the details presented.

Financing

First costs associated with implementation of the
Barbourville plan were estimated to be $4,000, all of
which were to be borne by non-federal interests.
Annual costs were estimated to be $1,000, also to be

borne by non-federal interests.

The evacuatioii plan does not specify distribution
of non- federal costs but rather provides a "suggested
cost sharing plan" for distribution of the financial
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burden among the city of BarbourviIle, Knox County and
the Commonwealth of Kentucky.. It should be noted in
this regard ý-that the evacuation plan was- developed

Sunder the Flood Plain Management Services program where
emphasis is on non-federal implementation. Development
of the same plan as part of a survey investigation .
might have resulted in more attention- to the specifics -

offered to. the city--for. whateve use it saw" fi , no
formal implementing-agreement like that between TVA and
Gatlinburg was necessary. As with many of the flood
warning. systems.- developed by communities in conjunction I-
with the National Weather Service, overall costs were-
too small to raise- any significant concern over imple- .mentation policy.

Implementation

Implementation steps for the Barbourville evacua-
tion plan included furnishing and equipping an emer-
gency operating center, conduct of a public relations
effort, purchase of various badges, signs and decals,
and completion of steps to formalize and adopt the
plan. The latter included adoption by the city of
Barbourville of an ordinance providing a legal frame-
work for the plan and providing necessary authorities
for designated personnel, action by Knox County to make
facilities and equipment available for execution of the

* -~ plan, approval of parts or all of the plan by various
"r federal and state agencies, and establishment of mutual

.1 aid agreements with various entities. Accomplishment
of all these implementing actions was primarily the
responsibility of the city of Barbourville. While the

'* -plan did not require very complex or difficult imple-
menting actions, the approach taken in a more complex

& case or one that arose from an authorized study might
well differ.

Assurances

The Barbourville evacuation plan resulted from
technical assistance rendered to the city by the Corps
under the Flood Plain Management Services program.
Therefore, no assurances were required of the community.
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INCONSIStENCY IN APPROACtIES
"'h 0 s ~ e nu e n e n ai nlnnnn• i n u lnI ... D

These inrstances do not show A cofi t
approach to participation in flood warning and prepared-
ness system development and operation. One explanation
may be that each agency and each program has its own
capabilities and constraints .. .. ..more...

ind-if c-- t--e' t-h---til -r stwlxs-t f~~~t~y
noted that compreh6ensive warning and preparedness
systems have not really been extensively used as major
tools for flood loss reduction. It has not been
.customary to -consider- them -as-. a--standard -met-hod --Iike.
the construction of impoundments- nor even- zoning
restrictions. Consequently, there' has been little
thinking through of roles and functions.

S- o
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CHAPTER 4

POLICY CONSIDERATIONS . ....... " .4

Congress directed in Section 73 of Public Law
93-251 that planning for purposes of flood loss'
reduction should consider a broad array of measures.
Warning and preparedness .alternatives--fit this context.

-However- -not-- to .. be -- expcted----t htwarni-g -w nd.
preparedness -will1 pl-ay -a lar-ge ol in ýevr caseo
that it will even, be suitable for use in all situa-
tions. Planners must decide the applicability and
potential usefulness . of . warning.. and preparedness...
systems in each case based on -c-onsideration of
economic, hydrologic, -engi-neering,_ envir-onmental . and
"social factors; preferences of the concerned non-
federal interests; and prospects for successful
implementation.

:- Consideration of these and other matters in a
.•1=

fashion which is suffilciently realistic and thorough to
support selection of warning and preparedness as a part
of the preferred alternative requires an understanding ...

of the types of issues which will arise and have to be
solved in putting that measure into use. Appraisal of
those issues and their intricacies and formulation of
judgements on whether and under what conditions flood V
warning systems and preparedness plans could or should
be developed and operated at particular sites requires
the planner to have a body of relevant legal and
institutional knowledge.

This chapter deals generically with some important
policy considerations pertinent to planning, implementa-
tion and operation of warning and preparedness
alternatives. Chapter 5 provides similar treatment of
important legal considerations. Together, they are
intended to provide certain background information
useful both for reviewing the analysis of issues
presented in Chapter 6 and for analyzing other issues
which may arise in practice.

The policy related matters dealt with in this
chapter include:
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1. Interest of f6ederal, state and,
local governments and the private
s ctor in the implementation and
operation of warning and prepared-
ness systems;

2. Financial capability... of govern-
2 mientaal ---.leve .a. nd-t.... ..... . ..private

seetor _to_._ support ..... planniin., i mple-
mentation and operation of warning.
and preparedness alternatives;

3 Relative technical capab-liities- -of
governmental -and ýprivate -serrs.t 0 t

plan, implement and operate warning
and preparedness alternatives;

4. Unresolved problems of a technical
.... nature which have policy implica-

tions;

5. Motivation of governments and the
o A. •private sector to create and main-

tain interest in warning and pre-
paredness alternatives. 4

GOVERNMENTAL AND PRIVATE INTEREST

Each governmental entity will ascertain the sup-
port Which it will give to a proposed flood warning and
preparedness alternative based, in part, on how that

_!7A measure would serve its interests. Differences in the
degree of support are to be expected. What is vitally
important to one level of government may be of only
minimal interest to another. Variations in interest
are also to be expected between state governments and
between local governments. Each state and each com-
munity comprises a unique context for determination of
how and to what extent its interests will be benefitted
by a , flood warning and preparedness program. The
private sector, including individuals and various types
of business and other organizations will also support
or contest proposals for flood warning and preparedness
systems in part according to how each party perceives
the systems' effect on furthering its interest.
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While all of the Variations attendant, to the
diver..sei...:,nterests of the public and privat1e sectors
-. anna:oV:be addressed, some bases for a •general terest

on the part of each level of government and the private
sector can -be identified. This insight can be helpful
as backgroubd information in identifying a pattern- for
ali ocat ih•gt•e responsibilities associated-with-itiple-

-alIt nati'y '.Thisistajifpo~rtant 'becaue ~te assi gnment
of a role' to a particular level of government or to an
entity of the private sector which requires more cost
and effort than is-.-warr-ented- by --its:-- perceived -interest-in the- results is likel to a sei error Succeam--- .

:f s use of: wn and -p-reparedness- me-aSures rests
upon each participant carrying out its assigned role.

Governmental Interest

There are at least four reasons for governmental
interest in warning and preparedness alternatives in-
cluding:

1. The relationship to overall re-
source managoment;

2. Reduction of flood losses;

3. Avoidance of future costs for flood
control works; and

4. Complementarity with various goals
other than flood loss reduction.

A governmental interest exists with respect to
warning and preparedness alternatives if only because
they involve the Nation's water and land resources.
Water and land, ioarticularly the fertile lands of the
flood plains, are two of the important resources from
which our national wealth is derived. However,
interest on this account at the federal level is of the
most general sort and might be satisfied by simply
assuring that warning and preparedness alternatives did
not permanently diminish either the resources or their
productivity. States could reasonably be expected to
have a somewhat similar interest although reduced in
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geographic scope and oriented -to more limmediate "conh-
cerns. On .the other hand, local governmen-s- might beexpected to have an acute interest in the way water

resources are managed in their vicinity. ,Whether flood W
problems are addressed wi th a warning and preparedness
alternative, multi-purpose dam and reservoir, levee,
land acquisition program or another technique may make
a great difference in future community development, the
type and extent of damages- prevented and.._.the--availa-

.. .bi-.it_ watersupp-y---- --recreat-o-in oan •ther water':--: " - ............. rela~ted goods and seevicess •

Warning and preparedness alternatives are also of
interest to all governmental levels -because they offer
a way to reduce flood damages. This is of-obvious
importance to local governments. 6Tothe extent that
warning and preparedness alternatives would prevent
damages in excess of their costs, there is also a
national benefit in their use since the federal govern-
ment eventually bears a significant share of flood
losses through programs for repair, rehabilitation,
disaster assistance and other purposes. States also
maintain such programs and would similarly benefit by
reduced flood losses. The exact degree of interest -3
which exists on the part of each governmental level for
this reason depends somewhat on the size of flood loss

*being considered. The general practice in governments'
absorption of flood losses is for each governmental
level, beginning with the lowest, to deal with the
problem to the limit of its resources. State aid is
provided only when local resources are exceeded and
federal aid only after state resources are depleted.
Therefore, local governments would have an interest in
all cases while the state and federal interest in
reduction of losses becomes progressively greater for

"j •floods of more serious proportions.

Reduction of flood losses by warning and prepared-
ness alternatives may also stave off or delay the need
for costly flood control works, thus increasing theeconomic reasons for an interest on the part of federal

and local governments since those entities provide most
of the financing for structural measures. While this
is probably the strongest reason for the federal
interest, local interest on this account might be miti-I gated due to preference for the more comprehensive
prevention of damages that can be achieved with large
flood control works.
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Each level of government has goals other than the
reduction: of flood losses. The federal governmenL) for
example, is concerned with long range management of
resources with a view toward combining optimum develop-
ment with protection of th• environment, social well-
being and other purposes. State and local govern-
ments are likewise concerned with a variety of goals
which) .whi-! Apehaps--o-:rogressive-ly----shoter---in-e-- "-

* lesser scope and more specificity than those of the
V- federal government, nevertheless are broader than just

reduction of flood losses. The salient characteristics
of flood warning and preparedness alternatives such as
absence of environmental impact, low financial cost and

P..-. protection against -catastrophic flooding may sometimes
fit better with those other goals than do dams or other
traditional approaches to flood loss reduction. Some
situations probably exist in which each level of govern-
ment has an interesst in warning and preparedness
alternatives for this reason.

For all of the foregoing and other reasons which
could be set forth, an interest of varying degrees .
exists at all levels of government in the use of flood _7
Warning and preparedness alternatives. However, these
types of arguments provide no insight as to what
lengths each government's agencies could or should go
to see such alternatives employed on a widespread " .

basis. Some further information pertinent to this
point can be gleaned from examination of activities
already underway by various federal agencies and rele-
vant legislation and policies.

Prediction and warning of floods has been a statu-
tory responsibility of the NWS and its predecessors
since 1871. Warnings include both announcements of
river stages at over 2,300 points and wide distribution
of meteorological forecasts. NWS has also actively
"promoted the development of community level flood warn-
ing systems and has recently begun to encourage com-
munity development of flood and flash flood prepareg-
ness plans to take full advantage of early warnings.

1 U.S. Water Resources Council. A Unified
National Program for Flood Plain Management'. Washing-
ton, DC. July 1976.

2 2 U.S. Water Resources Council. Principles and

Standards for Planning Water and Related Land Re-
sources. F.R. September 10, 1973.

National Weather Service, U.S. Department of
Commerce. Operations of the National Weather Service.
January 1977.
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Sizable appropriations for these purposes indicate a
substantial federal interest and evidence the view of
the legislative and executive branches that the federal
government can or should encourage at least the.. warning
system portion of warning and preparedness alternatives.

Two other federal agencies have been actively
engaged in encouraging and supporting warning and
preparedness planning including that for floods. . The
-...Def-ense- V --vil --Preparedneis---- Agency--has--r-se-vealz--ears-.. ... . -
provided technical leade-ship- and financi-a suppodt fo.
preparedness planning at the community level. While
the agency is oriented heavily toward war related
disasters, flood and-other types of natural -hazards can
be dealt with through the mechanism of "all purpose"
disaster plans if communities elect to do so.

The Federal Disaster Assistance Administration has
been specifically directed to encourage state and local
preparedness planning for disasters, including floods.
The Disaster Relief Act of 1974, Public Law 93-288,
declares that:

It is the intent of the Congress, by
this Act, to provide ai orderly and con-
tinuing means of assistance by the
Federal Government to State and local
governments in carrying out their re-
sponsibilities to alleviate the suffer-
ing and damage whiz'h result from (dis-
asters) by... encouragi ng the development
of comprehensive disaster preparedness
and assistance plans, programs, capa-
bilities, and organizations by the
States and by local governments...

The Act also establishes a grant program without
matching requirements to support state and local dis-
aster preparedness planning. Importantly, the Presi-
dent is required by the Act to:

... provide technical assistance to the
States in developing comprehensive plans
and practicable programs for preparation
against disasters, including hazard re-
duction, avoidance, and mitiga-
tion;...and direct appropriate Federal
agencies to provide technical assistance
to State and local governments to
insure that timely and effective
disaster warning is provided.
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These programs and ei.irectives demonstrate that the
interest of' the federal government is served by doing
many of the, types of things which would be iLnvoV'ed inA
planning and carrying out warning and preparedness
alternatives for flood loss reduction.

The notion that a federal and state§ abt re r; -j

~istsrnie~~~ioo4Yw-&rn-kn-g- -&a- p-rep aredn -a trr --

ti-ys isr-ibfre And refinhe d-. by 0_~l~~dNtoa
Program for Flood Plain Management. That policy state-
ment sets forth a conceptual framework for a national
effort includ-ing--fl-ood -loss -reduction- and--recommends- . -

federal and state actions _for- a -continuing- program--of-- . .
coordination, education, r:technical---leadttrshi-pF)- forecast-
ing and provision of cost sharing which would "facili-

.- tate a desirable mix of structural and nonstructural
approaches to flood hazard adjustments." It also
states as general principles that flood loss reduction
must be viewed within the larger context of flood plain - .
management and that flood plain manag.ament is an area
in which the federal government has a fundamentalinterest. t-

Somewhat less can be said about state governments'
interest in warning and preparedness alternatives
through examination of ongoing programs and legisla-
tion. Warning and preparedness planning concepts have
been considered mostly at the federal and local levels
and state programs are not well developed. However,
all states have an agency or office assigned responsi-
bility for disaster planning, provision of emergency

- -services and like responsibilities. In most cases,
these agencies view the encouragement of local prepared-
ness planning and provision of technical assistance for
that purpose as one of their key objectives. Some
states, California as an example, also invest consider-
able funds in providing forecasting of floods and dis-
semination of flood warnings to supplement services
available from the NWS.

Private Interest

SIndividuals and organizations in the private
sector have an interest in the use of warning and
preparedness alternatives for at least two reasons,
including provision of personal security and reduction
of economic losses.

4-7



..... .. . .f

ItI

Concern for death or injury of one's self and
family is, of course, a basic interest of individuals.
To the extent that warning and preparedness alterna-

"tives can provide for safety from floods, that alone is
ample reason for persons in flood prone areas to favor 1
such. systems and provide a measure of support fcr their
implementation. This reason is less valid for business 4
and other organizations which may have an abstract con-
cern for life and health but which lack any personal
involvement.

:Reduction: of economic losses f-rom floods -is a far 4 .
broade'r basis for interest in warning and preparedness

systems' by both individuals and many types of private
organizations. In addition to those living in the
flood pl'ain, individuals and organizations owning '
property there, providing services to floodplain resi-
dents or involved in other ways have a stake in minimiz-
ing damage and disruption of commerce. In some caases,
this interest may be spurred by concern for more than
just the immediate losses of a single flood. A record
of repeated flood losses may lower property val4"es,
"discourage visitors at resorts, result in increas,et
taxes to provide relief or protection, or in other wl..ýs
cause long-term adverse economic effects.

St

FINANCIAL CAPABILITY 4%

Implementation and operation of warning and pre-
paredness alternatives entail certain costs. The
nature and general range of those costs were summarized
in the preceeding chapter. While the aggregate costs
for implementing and operating a warning and prepared-
ness alternative are generally less than those for
alternatives employing dams, levees, land acquisition
and most other flood loss reduction techniques, they
are nevertheless significant. The capability of pro-
posed participants in such alternatives to bear the
associated costs is therefore important if a realistic
assignment of responsibilities is to be made.

The adequacy of a participant's financial capa-
bility is obviously related to the amount of dollars
which are available or can be made available either in
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ready funds or in the form of services. Financial.
capability also depends to an extent on the manner inA
which funds can be raised and the authority to expend
funds for the needed purposes. It may also depend in
certain cases on the degree to which the means Pavail-
able for' raising funds can distribute the financial
burden in an equitable way, usually considered to mean
-their relative degrees of benefit.

j' .It is worth note that the costs associated with
implementation and.. operation of* a flood warning and
preparedness alternative are of a variety of types.
"Costs for equipment require cash. are basically one-
time costs, and must be available at the time of
implementation. Some other costs, such as those for I
maintenance of equipment, do not occr until the warn-
ing and preparedness system has bee-. in use for some
time and can be met either through services or an
outlay of funds when they do arise. Still others, such
as the cost for practice df the preparedness plan can
be met only through services and, moreover, the ser-
vices must be provided by certain participants. The
costs for each element of a warning and preparedness
alternative such as flood recognition or warning dis-
semination also vary in size, adding considerably to
the complexity and flexibility of cost apportionment.

- -. Federal Government

It must be recognized that the extent of federal
costs will always be of concern to the Congress and the
Executive Branch. However, the federal government is in

S a position to shoulder the federal share of. warning and
preparedness project costs in instances where it
believes the approach to be an appropriate one. The
80-20 formula was apparently included in Section 73 on

1 ii:the ground that it represents an approximation of the
cost sharing proportions for structural works. If a
warning and preparedness system is relatively less
expensive than a construction alternative, the federal
government should find it financially attractive in
many instances.

--- Making funds available in particular instances
should not present any special problems. For projects,
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of the cost of implementing and operating a particular 4

flood warning and preparedness system or even a number
of such systems if they chose to do so.

While it is unlikely that any state would have to
resort to debt to finance its share of costs for a
particular warning and preparedness alternative, that
prospect does raise a point of interest with regard to
both state and lo.cal government. One means of circum-"".Venting constitutional limitations on debt used in many
states is issuance of revenue bonds.- Courts ihmnahy

* states have found debts so created to be outside tha
meaning of constitutional provisions controlling debt.

* This raises a question whether the warnings*and other
outputs of, a warning and preparedness system could be

L construed as vendible goods .which might-support repay-
V ment of borrowing based on future revenue. Pursuit of

this question entails a large and complex set of legal
and policy questions. However, where lifesaving is
concerned, policy would clearly be in favor of serving
all beneficiaries on an equal basis without any charges
for those who could not afford them.

State legislatures have considerable capability to
facilitate the apportionment of costs for programs in
desired Patterns by earmarking parts or all of specific
revenues for particular purposes, enacting legislation

4L assigning responsibility for certain costs among exist-
ing or newly created sub-state units of government or
"individually authorizing expenditures from general
revenues for selected programs and projects.. States

have employed this capability in various ways in
furthering traditional flood loss reduction measures.
Some have ongoing programs to share costs of particular
types with other non-federal interests, others provide
loan programs to help local governments meet non-
federal costs and still others provide funds to assist
in projects on a case by case basis. The most preva-
lent approaches are probably those which either estab-
lish a revolving loan fund against which local project
sponsors can draw o- which furnish assistance in
purchase of lands required of non-federal interests.

4 Hoggan, Daniel H. Ltate and Local Capability

to Share Financial Responsibility of Water Development
with the Federal Government. Washington, DC. 1971.

4-11



In any event, state legislatures have seldom made com-
mitments to assume all of the non-federal responsibili-
ties and'have usually followed a policy sim4.lar to that
of Congress with regard to bearing costs of a continu-
ing nature.

Local Governments

Local governments differ greatly from federal and
state governments and from one another in severalaspects of their financial capability. Obviously some
communities -ae wea-lthi er--than--her-sT--one compares

their tax base, reserves and sources of revenue to
their extant obligations. They also differ in the
means which the parent state has furnished them for
raising revenue and the purposes for which expenditures
can be made.

Some communities, especially the very small, may
have difficulty in rai.sing substantial amounts of
money. Those which do have funds available may be
reluctant to place priority on spendiJig for flood warn-
ing and preparedness systems. The fact that the [
benefits of warning and preparedness systems, as with

most other flood loss reduction measures, are expected
to occur sometime in the future detracts from the
urgency with which they are viewed by local governments
with severely limited resources.

Local governments have perhaps the greatest flexi-
bility of ail levels of government in tailoring the
distribution of a financial burden in desired ways.
The possibilities exist for taxation on a county-wide.• or city-wide basis, creation of various special purpose

- districts, and other techniques not so readily avail-
able to federal and state governments and agencies. The
"major impediment. in local financial capability may well
be the authority to expend funds in some of the ways
needed to implement and operate warning and prepared-
ness alternatives. Among others, these may include
expenditures for securing land outside the government
entity's jurisdiction, contribution toward systems to
be operated by one entity for the service of several,
and assumption of the risk for liability.IA
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Local governments are generally able from a practi-
cal standpoint to promise And provide much more in the
way of services than in cash outlays. Similarly, it is
usually easier in a political sense for local govern-m
nients, to p~articipate in multi -governmental projects iie
the state and federal governments make initial invest-
ments, thus deferring local input of funds or services
un~til some future time. These two tendencies fit well
with the need identified earlier for local participants
to provide certain services connected with operation
and maintenance.

Private Sector

Flood warning and preparedness alternatives
developed as part- of authorized- flood loss reduction
projects are usually conceived as public systems for
the benef it of both the public and private sectors.
Nevertheless, a portion of the cost can fall on private
parties. Major private costs are probably limited to
the development of any site-specific warning and pre-
paredness plans which might he required for certain
structures. Howevera they could also include costs
associated with floodproofing if that were integral to
the response plan, modification of structures and
utility or other systems to facilitate propfr e ern
operation, and changes in operational procedures.
Publicly provided services from a warning system could
also terminate at the point of making a suitable an-
notincement, leaving to interested parties the costs of
rovoiding whatever equipment and arrangements are

necessary for assuring receipt of the announcement.
This latter approach is the one generally followed by
the NWS with respect to its warning program. Radii and
television stations, local governments, schools,
businesses and individuals must either subscribe to the
weather teletype, purchase radios or otherwise arrange
to receive warnings. Where public warning systems go
further and provide warnings to individuals, it is
usually through some type of mass warning system.

The financial capability of private sector enti-
ties runs the gamut from largt corporations to poverty
stricken individuals. Presumably, the individual with
little resources has as mttch right to share In the
benefits of a public warning systeo as does the rich
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7 •individual or the wealthy corporation. the apportion-
ment of costs either made deliberately or inherent in
the design of the warning system and preparedness plan
can cause a de facto discrimination in the distribution
of benefits if differences in financial capability are
not considered.

The problem of distributing costs among the pri-
vate sector is eased to an extent by the fact that
major costs tend to be related to the ownership of
property. Less economically -well-off individuals do
not own the types of structures for which site-specific
warning and evacuation plans might be required. Neither
are they generally concerned with the costs of interfer-
ing with existing operating procedures of businesses or
factories. For purposes of life saving, purchase of an
inexpensive radio may be adequate or dependence may be
placed wholl.y on the use of publicly provided mass
warning systems.

TECHNICAL CAPABILITIES

Whatever pattern evolves in allocation of responsi-
bility for planning, implementing and operating flood
warning and preparedness alternatives must take into
consideration the relative technical capability of
participants. Assignments of responsibility which
require particular capabilities not readily available
to the assignee are likely to be inefficient at best
and may result in complete or incorrect performance,
leading to possible failure of the warning system and
preparedness plan to realize its intended purpose.

Technical capability to carry out scme part of
planning, implementing or operating a warning and pre-
paredness plan implies the need for both the expertise
or skills to do whatever task is assigned and the
organizational resources and ability to carry it out.
A meteorologist in private practice may, for example,
be expert in interpretation of meteorological informa-
tion to predict precipitation from storms but lack the
radar, communications and other equipment necessary to
.g-ther the data on which such predictions are based.
Similar]y, a community public works department may have
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all of the equipment and personnel necessary to carry
out a flood fighting effort but lack knowledge on how

it should be done.

No one level of government can be said in a
generic sense to be inherently more technically capable
than another to plan, implement and operate a warning
and preparedness system. Far too many types of exper-
t ise and capabilities are required in a system of even
moderate complexity and the variation between the capa-
bilities of various governmental entities is too great. I
Some special purpose districts or cities, for example,
have technical capabilities in some aspects of water
resources planning which exceed those of some statesV
while others are literally devoid of independent exper-
tise. The same type of variation exists in the private
sector between various organizations and individuals
with r~espect to technical capability to carry out parts
of the system for which they might be left responsible.

In any given situation, it might be relatively
easy to identify the respective technical capabilities
of potential governmental participants in a warning and
preparedness scheme and to determine which could best
perform each part of the required work if other con-V
si*derations were ignored. Howevur, there are things to
be taken into account which complicate the matter such3
as Compliance with cost sharing arrangements and the
need for development of a uniform federal role.

PlaniF
Planning of warning and preparedness systems

requires analysis of the flood hazard in relevant
terms, understanding of the various types of approaches
which dii~ht be employed, familiarity with available
equipment and knowledge of pertinent engineering,
social, legal and other aspects. These types of re-
quirements suggest th&'c planning could be done best by
those specializing ir such matters. It would be rela-
tively clear if thise were the only significant aspects
of planning that, from the standpoint of technical
capability, federal and/or state agencies ought to
perform the planning since they could support and
justify maintaining such specialists on staff far
better than could local governments. But planning
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embodies additional requirements as well. Among
others, these include a need for detailed knowledge of
the area at risk, familiarity with existkng procedures
and preparedness plans of various local agencies and
organizations, and information on the availability of
local resources of equipment and personnel. Numerous
questions may also arise in planning for which local
preference is the deciding factor, such as whether one
type or another of a mass warning system is most
desirable, or for which local guidance is essential,
such as procedures for adoption of the completed plan.
All of these latter requirements suggest that local
governments ought to be deeply involved in planning
because they have the needed expertise for certain
aspects of the effort.

Planning also requires information from the pri-
vate sector. Design of warning systems should proceed
with some awareness of those who have special needs of
some type and evacuation planning should take into
consideration any needs for assistance on the part of
invalids, the elderly and others. Privately owned
heavy equipment is frequently depended on in planning
rescue or damage reduction activities and non-govern-
mental organizations are generally assigned responsi-
bility for feeding, clothing and other care of
evacuees. Provision of information about or planning
of -uch services all Fall within the special technical
capability of the private sector.

Implementation

Implementation of a warning and preparedness
system may be fairly simple if a watch/warn type of
flood recognition system is used and if the prepared-
ness plan provides only for evacuation. The action
required to implement an alternative of that type may
only amount to purchase of some suitable radios, sub-
scription to the NWS weather teletype service, distribu-
tion of some general information to the public on how
evacuation is to be carried out when a flood threatens,
and adoption of the plan by appropriate local authori-
ties. Implementation poses no great problems in this
type of situation and the respective roles of federal
and local governments and the private sictor can be
visualized in a number of ways which might be effective.I)
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I More complex warning systems and more complete

Apreparedness plans present a diffeeent case. They may
involve large amounts of expensive equipment, require
more extensive actions on the part of private parties,
call for stockpiling of equipment and supplies, and I I
depend on numerous intra-and inter-governmental agree-
ments for operation. Implementation becomes a much
more complex matter in this event with concern for
property acquisition procedures, adoption of incentives
or ordinances to influence private party actions, and
interagency negotiation. More complex warning -and -pre-u-
paredness systems also require the same implementation
steps as do simpler plans such as equipment installa-
tion, distribution of information to the public and
formal adoption of the plan.

The federal government has or can effectively
develop some types of expertise in those types of
things which are common to many warning systems such as
specification, acquisition and installation of equip-
ment; specification and acquisition of certain types of
supplies; and development of model ordinances. These
technical capabilities may overlap to various extents
with those of state and local government but are
generally beyond what is really available in the
private sector. The special technical capabilities of
local governments lie in adoption of the plan, negotia-
tion of intra-and inter-governmental agreements and
like activities which again are largely beyond the
private sector. Special capabilities of the private
sector include making any required modifications of
building or systems and acquiring such equipment as may
be necessary for receiving wvarnings and carrying out
the planned response. Combination of the technical
capabilities of the private and governmental sectors
may be required for such things as development of
site-specific warning and preparedness arrangements for
private properties.

Operation and Maintenance

7. Operation of a warning and preparedness system
requires monitoring of weather messages or conditions,
periodic distribution of information to the public if
that is a part of the plan, and execution of the

ý tjjwarning and preparedness steps if a flood occurs.
Maintenance involves testing and care of equipment,
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per-iodic. checking of stockpiled equipment and supplies,
updating of various agreements and list-., periodic
review of the plan to insure its viability, and
practice or training in carrying out selected parts of
the plan.

The federal government has only a limited tech-
nical ability to assist in operation and maintenance
activities. It cannot act for the local government in
renewing agreements and, of course, -cannot practice- the
plan for local participants. While its performance
might not be efficient, the federal government could
assume responsibility for monitoring local weathez, con-
ditions, checking stockpiles and testing equipment.
However, these types of activities could best be per-
formed by local agencies% Perhaps an appropriate
federal role in operation and maintenance from the
standpoint of technical capability is to serve as a
supervisor to see that operation and maintenance is
properly carried out and to act as a technical resource
in the event updating of the p'an requires its modifica-
tion.

Local governments have most or all of the tech-
nical capabilities necessary to conduct operation and
maintenance of a warning and preparedness system. Once
the system is installed, little is required in the way
of expertise except for repair of complex equipment and
design of practice activities. The primary requirement
is for 24 hour availability and periodic attention to
routine testing, information distribution and like
matters which can be easily provided or performed by

I. local governments.

TECHNICAL PROBLEMS

The state-of-the-art of flood warning and prepared-
ness has advanced considerably but numerous technical

*problems still exist. Some of them have implications
for policy related to planning, implementation and
operation of warning and preparedness systems. Two
important problems of this type are the unreliability
of meteorological forecastinig and prediction of the
social response to warnings.
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Unreliability of Metuorological Forecasting

Advance warning of floods and execution of protec-
tive actions would he simple matters if precipitation
could be accurately predicted many hours before its
occurrence. However, this capability does not exist
and predictions have a prospect for being in error,
even on a short term basis.

"The normal means of reflecting this uncertainty is
"to use staging of warnings and response actions, based
to the extent possible on rainfall actually -ereceived.
Where watersheds are sufficiently large and travel
times sufficiently long, this approach may prove wholly
adequate. However, in some cases, travel times may be
so short or necessary response actions so time consum-
ing that such an approach is not fully effective. In -
those cases, it is necessary to begin warning and
response actions based on expected rainfall as deter-
mined from long range forecasting, synoptic data,
satellite imagery and other predictive or analytical
devices. Warnings issued and actions taken on that
type of information may prove to have been unneeded if

the expected rainfall does not occur. Aside from the
expense and inconvenience of a false alarm, erroneously
putting a preparedness plan into action may incur
damages of one type or another. Business enterprises I
might be closed, basements flooded to stabilize the
structure, or hospitals evacuated. All of these and a
multitude of other types of actions could result in
economic losses, injury or death, giving rise to
liabilities.

The NWS has available to it an extensive system
for data collection and sophisticated equipment and
procedures for interpreting that data in terms of
weather forecasts. For states and local governments to
attempt duplication of such a system would be wasteful
and to ignore it would be foolish. From a policy
standpoint, it appears that the NWS system ought to be
relied on to some extent by almost every flood warning
system.

Uncertainty of Social Response

It would be highly desirable for all parties in
areas subject to flooding to be knowledgeable of the
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risk, maintain an awareness of weather conditions,
understand fully all warnings and be prepared to take
appropriate a.tion. Unfortunately, this is not
generally the case. Many persons in areas subject to
dangerous levels of flooding are either totally unaware
of the possibility of flooding, or refuse to believe
L.istorical levels could be exceeded. Even with aSsignificant public infortmation effort, it is to be

expected tha. many persoos will not fully comprehend
warnings or heed them or know the types of action to be
taken in various circumstances.

Much of the literature concerning flood warning
and preparedness is authored by sociologists and a
large part. of that deals with the matter. of response to
warnings. Researchers and wr1iters on this topic seem
agreed that reaching the general public with warnings
and generating the desired response is difficult. The
principal suggestions which they make are to provide
reinforcement of warpings and specific instructions on
the proper response.

AUTHORIZATION VS. APPROPRIATION

A situation which should be borne in mind is that
Section 73 is not an appropriation measure. Some .
federal agencies have takeii the position that they have
no funds available for various aspects of work on
nonstructural measures. For example, the Soil Conserva-
tion Service currently indicates recognition of the
Section 73 policy but feels itself able to do planning
in connection with a warning and preparedness system
only if the undertaking is financed by a non-federal
sponsor. Purchase of equipment is not an eligible
project cost.

On the other hand, the National Weather Service
has interpreted its funded program obligations so that

McLuckie, Benjamin F. The Warning System in
'" IDisaster Situations: A Selective Analysis. Disaster

Research Center Report Series No. 9. Department of
Sociology, Disaster Research Center. The Ohio State
University. Columbus, OH. July 1970.

4-20

4-, •-,- ..... - z....



they can include making both technical assistance and
some equipment available. In addition, NWS provides
much of the data on'which warnings are based.

The Corps is in A less uncertain situation, at
least so far as its authorized projects are concerned.
If study of warning and preparedness is expressly in-
cluded in a study or project authorization, funds
clearly can be spent on such an activity-as well as on
any other constituting part of the project. Further,
if the mandate of Section 73 is construed to require
examination ... of nonstructural alternatives in the
development of flood control and loss reduction pro-
jects generally, it follows that funds made available
for the project should be spent in part for this
purpose.

MOTIVATION

A warning and preparedness system is not like a
piece of machinery. Some of the components are gages
and other pieces of mechanical equipment for which
reliability and effectiveness can be assessed on a
technological basis. However, the human ingredient in
warning and preparedness is crucial. Whether offic-
ials, private individuals and the general public will
make the commitments identified in the plan and carry
them out with diligence and skill is an essential
inquiry. Resolving this question in specific situa-
tions is vital. Good plans are prescriptions of how
flood hazards can be reduced by issuance of timely
warnings and the taking of appropriately responsive ac-
tions. It may seem overly lacking in confidence to ask
how people can be motivated to do what the plan says,
but experience shows this to be a real step in the
development and maintenance process and fully as impor-
tant as the acquisition of equipment, the drawing of an
organization chart, and the commitment of such funds as
may be necessary.

Of course, it also is true that desire and determi-
nation must be present in order to produce a dam or"flood wall. Technically justified projects have

floundered because of lack of enthusiasm and staying
power to initiate or persevere in the study, authoriza-

1 tion and appropriations process. Normally, the
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necessary drive must come largely from the local
interests which are to be directly benefitted.efr
However,.. it is not .. generally thought to be a major
concern whether, once a sound structure is.. built, it
will be permitted to receive the flood flows it was
designed to hold. Perhaps failure to give .explicit .
con'iideration to questions such as this is 'an error.
Particularly in multipurpose projects, maintenance of
proper reservoir levels is not a cut and dried-affair. L

It can be affected by judgments and by interest con-
flicts among recreationists,. environmentalists, propo-
nents: 'of increased water -supply- and irrigation -_ re-
serves, power interests, and others. Nevertheless,.
flood control works are continuously visible objects
with highly tangible contributions to the daily lives
and :activities of important groups of people. Conse-'
quently, -it is a fairly safe presumption that they .wil-l
not be ignored. As rising concern over dam 'safety
demonstrates, impoundments may or may not be adequately
maintained, but they are almost certain to be used,
once brought into being.

Warning and preparedness systems present motiva-

tional issues in a different and more readily apparent
form. Some of the key. problems can be briefly identi-

•.• fied.

The need for twenty-four hour a day, seven day a
week surveillance and availability to receive and trans-I. mit data and information has been noted earlier as well
as the need for constant readiness to respond. A number

"of organizations maintain such capacity and ..perform
realistically. .. For example, -fire departments keep
crews on duty around the clock. Major transportation
Sterminals maintain essential services continuously..
They do so because the regular functions they perform
are understood to require such attention and the conse-
quences of leaving posts unmanned becomes rapidly
apparent. Management may have increased difficulties
in keeping workers attentive to duty during the wee
hours when activity is slack and there are long dead
periods. But things happen often enough to keep people

j convinced of the need for maintenance of continuous
operationaal cajability, even if the chores are not I
always pleasant *r immediately fulfilling in achieve-
ment.
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Floods happen .only- at widely separated and gener-
ally irregular -intervals. Even in fairly. vulnerable
areas, years can go by, without any actual octurrences.
Although danger can come suddenly and sometimes as a
surprise,, it is known that against all reason many,
people choose to -act as Lbhough it will :not happen next
time. At any given time, they prefer to think and ac,
as though today and this week will surely be safe, and
most of the time they are right in the sense that next
week they can look back and observe that no catastrophe
came.

In the "many years since the end of World War II,
and with only brief exceptions for the intense concern
over hydrogen bomb danger circa 1950 and the Cuban
Missile Crisis of 1962,. civil d.efense programs have had
great difficulty keeping •hemse'lves in viable condition
because the overwhelming majority of the people, includ-
ing most governmental and private sector leaders, have
preferred to. suppress consciousness, of danger from
direct military attack on the United States. Whether
reasonable or not, the feeling that catastrophe will

bnot strike--at any rate not soon--has led to atrophy of
true civil defense capabilities in many places, even
where plans exist. It also has let plans become: out of
date, unknown to those who must operate them, and
entirely unreal to the general public whom they are
supposed to protect.

Natural disasters such as floods are also distaste-
ful to contemplate and so invite repression from
consciousness. They have been more visible thani
domestic military vulnerability, but genuine prepara-
tion for them tends to encounter similar apathy and
avoidance.

Consequently, it cannot be merely assumed that a
plan which calls for volunteers to go out and read rain
gages in the dead of night or when inconvenient for
other reasons will be faithfully performed. Even
regularly functioning twenty-four hour a day installa-
tions may be reluctant to take on the additional re-
sponsibility of a flood watch, unless they' see compensa-
tion for the extra responsibility and possible exposure
to criticism or liability if they do not perform ade-
quately.
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These reasons for possible fai11.ur3 of a warning
and preparedness- system to function pro.perly in time of
need. must- 'be expressly recognized and ways found to
forestall or counteract them. Because the problems are
psychological, they cannot be approached. in t~he same
.ways as the procurement of mechanical equipment.
However, development and 'applicat 4on of incentives are
problems faced in the process of m~aking many programs
viable. Accordingly, they should not be regarded as
unique or insurmountable in flood hazard management
situations.
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LALCHAPTER 5
.1GLCONSIDERATIONS

Flood warning and'prepar "ednes"...-is.. i.acknowledged as
a useful and practicable approach to flood loss reduc-
tion. A few actual instances already exist in which ,
the federal government has recommended or employed this
approach and Section 73 of Public Law .93-251 directs
federal agencies to give consideration to such measures

,..in-projects,,nvolving Flood control. It is relatively
certain that numerous situations will be found in the
.:future for which warning and pueparedness alternatives
Will be recommended for implementation either alone or
as part of some overall strategy. If warning and pre-
paredness alternatives are to be used on a widespread
basis and if the recommendations for their use are to
be affirmative, it becomes necessary to consider the
legal aspects related to their planning, implementation
and operation.

SThis chapter treats three such matters dealing
with authority to undertake programs, commitments to
participate in flood warning and preparedness systems,
and liability. These are not all of the legal consider-
ations which might become important in formulation of
warning and preparedness alternatives and planners
should be alert to the need for consideration of the
legal aspects of the specifications on which they are
to develop warning and preparedress ýsystems. However,
the three considerations named are likely to be of
importance in every case.,

AUTHORITY TO UNDERTAKE PROGRAMS

Implementation, operation and maintenance of flood
warning and preparedness alternatives requires carrying
out some set of actions. The steps to be taken vary in
number, type and complexity according to the nature and
sophistication of the plan which has been developed and
diverse other circumstances. In any event, the re-
sponsibility for each step must be assigned to a
particular party for accomplishment. This distributionS~of responsibility must be with due regard for the legal

authority which each party has at its disposal.

2!
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Federal Agencies

"Federal agencies can act only on the basis of
sufficient delegations of authority, generally con-
tained in statutes. Thus, if the Corps, the National
"Weather Service or the Soil Conservation Service wishes
to establish a program that will enable -it to observe
actual and potential flood conditions, to disseminate
warnings, to make and assist in evacuation or other
preparedness plans, or to engage in disaster response
and recovery work, It.t .must ._fAind - a- --bas-is --- in --:some -- aw
enacted by Congress that can be construed as authoriza-
tion to undertake the projected activity. The congres-
sional directive may be pointed and specific such as
the statutory provision mandating the NWS to operate a
hurrircane watch program. Or it may be more general
such as the provisions authorizing several agencies to
undertake warning and preparedness activities. (33
U.S.C. Sec. 7da-1; 16 (U.S.C. 590g(a); 42 U.S.C. 4101;
82 Stat. 983). The more general types of authoriza-
tions can also be interpreted to include participation
in flood warning and preparedness activities if these
are related to a broader responsibility pf the agency.
For example, the general authority to undertake flood
plain management including flood control or flood loss
reduction programs could well be construed to authorize
the planning of i flood warning and preparedness system
or the provision of technical assistanc? to communities
in such planning. Especially if a broad authorization
is matched with appropriations which are either specifi-
cally for some aspects of flood warning and prepared-
ness activity or susceptible of use for the purpose, a
sufficient legal basis can be said to exist. This is
the case since Section 73 of the Water Resources
Development Act of 1974 directs federal agencies to
consider nonstructural measures for flood loss reduc-
tion equally with construction of physical works. Given
this congressional enactment, it can be argued that a
federal agency which can undertake a structural flood
loss reduction program would be remiss if it did not
analyze a given situation carefully enough to determine
whether and how a nonstructural program such as a flood
warning and preparedness system could be used as an
alternative or a supplement.
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Nevertheless, it should be cautioned that where

authorizations are not reasonably clear, it may be
necessary to secure the opinion of appropriate counsel
as to whether a statutory basis exists for a particular .
agency to engage in flood warning and preparedness
activities.

SOf course, the Corps is quite well endowed with
legal bases for engaging in flood warning and prepared-
ness activities. Its studies of particu-l-ar- geographic

Slocations and project sites are generally specifically
authorized by Congress and so can include references to
nonstructural. alternatives when thought advantageous.
In addition, however, Section 73 provides ample justifi-

Scation for the Corps' consideration of flood warning V
and preparedness as a method for loss reduction in- any
area and for any project including adjustment to floods
with which it is concerned. Further, the Corps' Flood
Plain Management Services program provides flexible ave-
nues for considering local means of dealing with flood
hazards and for furnishing technical assistance to com-
munities.

Thus, it may be said that authorizations for
federal planning activities relating to warning and
preparedness are reasonably specific. Implementation
and operation of systems present somewhat different
situations, although particular agencies may have
fairly wide lattitude in these matters.

The core programs of the National Weather Service
inevitably give it an operational role in flood
warning. It's forecasts and analyses of conditions are
expected to be made available for guidance to the
general public and to a variety of special interests.
On the other hand, NWS has not considered that it has
much authority to participate in preparedness planning
or activities and, in view of the fact that other

2 federal agencies do engage in such work, it may be that
NWS funds would not readily be committed in this direc-

A. tion.

The elements of the Federal Emergency Management
Agency have specific mandates with respect t',) response
and recovery, as well as for disaster planning. Also,
it might be found from time to time that other federal
agencies because of their specific responsibilities in
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areas such as housing or transportation could con-
ceivably become involved in some aspect of implementa-
tion or' operations.

On the whole, however, implementation and opera-
tions as a federal set of activities is mont likely to
be attached to a specific project or program for which
the agency in question has responsibility. For

* ~exaimple, the general responsibility of the Corps for
the management and safety of it's own impoundments and
other properties necessarily give the agency by impli-
cation the power to ascertain -whether -there i-s danger
to them from flood and to takb i-easonabl~e actions to
forestall or minimize the danger and to i-ecover from
the damage which inundation may cause. Similarly, all
agencies managing federal lands and properties have
general administrative responsibility for them from
which could be deduced the ability to take appropriate
measures designed to protect them from flood loss.

if the information or other measures developed in
pursuit of these federal responsibilities can be of
benefit to the nearby populations or governmental
units, there would seem to be no reason why administra-
tive action should refrain from arranging affairs so
that the federal efforts yield broad dividends. On the
other hand, the actual justification for the activities
just categorized is the protection of federal property
orV the promotion of federal programs specifically
authorized.

In some instances, federal agencies may loan or
grant equipment useful in implementing flood warning
and preparedness systems. Congress has the const'itu-I tional power to dispose of federal property, spend
money and make grants in aid of a federal purpose.
When such can be clearly established as the basis of a
federal action to operate or participate in a coopera-
tive flood warning and preparedness system, authoriza-iition probably can be found. However, in each specific
instance, the particulars should be examined and an
appropriate determination made.

.1 Non-Federal Agencies

Authorizations to state agencies must be sought in

the statutes of the state concerned. Just as the

S-4



° i-

Congress provides the delegations of power on the basis 4
of which federal agencies conduct their program activi-
ties, so the state legislatures enact laws which goverrn
"the conduct ,f state agency programs.

The local agencies belonging to general purpose i
units of local government such as cities, counties and I
towns derive their powers from their charters and
frequently from acts of the state legislatures as well.
However, in the operatiinal sense, they are subject to
the legislative direction of the local governing board
of the unit involved: e.g. the city council or county
board of supervisors.

Finally, it should be noted that there are some
special districts, authorities or public corporations
which are technical].., legal entities independent of the
general purpose governments. These operate under
special statutes or charters of their own. Their
powers are drawn fom laws which may either directly
authorize certain activities or may provide for action
of the agency's governing authority to do so. Whether
or not these special pu~rpose units have powers specifi-
cally useful in flood warning and preparedness or
powers of a broad nature from which may be deduced
authority to engage in some aspect.,. of the operation of
warning and preparedness systems needs to be a specific
inquiry cnducteJ through examination of the statutes
or other authojizations under which the agency in
quest!(,n functions.

General purpose units of local government such as
cities, counties, towns, villages, etc. normally have a
basic legal asset in dealing with protection against
disasters. They usually have broad responsibility for

-2 protec~tive servi :a including those derived from the
state's (constitutional power to promote and safeguard
health, safety and general welfare. Accordingly, it is
probably true as a generalization that local govern-
men s can engage in the operational aspects of warning
and preparedness if they wish to do so. The most
important legislation to be considered may be the
resolutions of the local governing boards appropriating
money for the particular activities. If these are
forthcoming, the authorization is a practical one;
otherwise it may lead to little concrete action.
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In time past, the foundation of state-local
relationships was Dillon's Rule. This traditional
doctrine held that local governments had only those
powers expressly conferred upon them by the state con-
stitutionls or enactments of the state legislature. All
other powers were denied. In recent times however,
there has been a shift away from Dillon's Rule i~n an
increasing number of jurisdictions. Accordingly, it is
increasingly found that general purpose units of local
government may engage in those activities normally
within the sphere of local government, unless their
charters or state statutes restrict their freedom to
act.

The state itself is a constitutional unit having
broad powers. Undoubtedly, state governments have the
basic authority to develop and administer w&t'-ning and
preparedness systems as implementing action under the
Police Power. However, specific programs require some
sufficient basis in enactments of the state legisla-
ture.

Because of the central role of local governments
and agencies in warning and preparedness, it is impor-
tant to ascertain whether they have the authority to
acquire and operate lands and installations for the
monitoring of stream and related conditions. The 4if-
ficulty in such activities is that the locations in
mind are outside their boundaries and so beyond the.-.r
normal jurisdiction. It is beyond the scope of this re-
port to deal with this question specifically for indi-

-~ vidual locations. However, it may be said in general
that local governments either have or can be-given

I authority of the type useful for the operation of
warning systems irvolving extraterritorial activities.
Generally speaking, municipal corporations can acquire
real property ouside their corporate limits and can
administer it by virtue of their status as owners.
Further, they can be authorized by the state legisla-
ture to acquire land x'or specific purposes and exercise
governmental powers over it. This type of authority
has most frequently been conferred for park holdings
and for municipal water supply installations. If a
state legislature decided that flood warning activities

* were similarly meritorious and required this kind of
special legislative recognition, it could be provided.
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Private Sector E~ntitiesj

Private organizations and individuals can under-
take virtually any activities they wish merely by
deciding to do so. Of course, they must have the
ability, and for many things the training or education.
If a professional or occupational license is-a legal

requirement (such a license to practice medicine or
professional engineering), that to must be obtained. A
But on the whole, any of the private entities whichJ
might participate in implementation, operation or
maintenance of a flood warning and preparedness system
can mgke their contributions without specific legal
authorization.

COMMITMENTS TO PARTTIiPATE IN FLOOD WýARNING AND PRE-
PAREDNESS SYSTEMS

If a single agency is to undertake a unilateral
preparedness system or for another activity that is
conceived to be self contained, a proper legal basis
may consist of only sufficient authorization in law
and the availability of funds for the intended per-

- -formance of functions. However, it has been emphasized
that most warning and preparedness systems depend for
their effectiveness on the participation of several

* entities, each contributing a different ingredient to
the whole. Consequently, it is necessary where several
participdants are to be involved to be assured that each
of the activities important to the functioning of the
system will be performed in a timely and appropriate
fashion. Commitments of personnel and equipment and

~-s- i ~ assurances that the several elements of a warning and
p reparedness plan will be performed in accordance with
its terms must exist before it can be said that a
system is actually in being.

For the provision of technical assistance in
developing a plan, it may be enough that some federal
or state agency is authorized to perform the tasks
intended for it. In fact, the usual way of obtaining
such help is by applying for it to the agency having
the capability to provide whatever assistance is
desired. Generally speaking, the agency from which
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help is requested is not obligated to respond favorably
in every instance. It may, for example, not have suf-
ficient resources to honor all requests, Moreover, the
agency may be expected to use discretion in extending
what aid is available to those applicar.ts which, in its
judgement, are best able to benefit from it or which
are most likely to be stimulated in their own activi-
ties by the infusion of outside help. However, tech-
nical assistance, or even the complete preparation of a
plan by federal agencies for a community, comes before
the operational phase. It is in implementation,
operation and maintenance of a plan and in the conduct
of disaster operations pursuant to the plan that
failure of agreement or nonperformance of a commitment
is most prejudicial. Weaknesses at that point may rob
an area and its people of the protection from the
system on which they have been led to rely.

Formal agreements in the nature of contracts among
the participants, or some of them, are frequently
entered into to fix the obligations of each to perform
and to specify any procedures which need to be clearlyunderstood. In an operational sense, these should be
embodied in the flood warning and preparedness plan,
but the purpose of the contractual agreement is to
signify the acceptance of the parties of their particu-
lar rights and obligations as a binding commitment.

The character and some of the possible content of
such contracts will be discussed in Chapter 6. t
However, one kind of authorization which could prove
particularly useful in establishing and operating
cooperative warning and preparedness programs should be
mentioned.

- I Almost all the states have enacted interlocal
I cooperation statutes--sometimes known as "joint powers

laws." Although they vary in scope and detail, the
general concept is similar in almost all cases. Unitsof local government are empowered to undertake coopera-
tive projects or programs and to provide interjurisdic-
tional administration for them, where necessary. In
some of the states, it is further provided that the
local governments may cooperate in this fashion with - -

local governments both within and without the state.
Since a warning and preparedness system often needs to
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function on a regional, basis to be effective, inter-
local cooperation is very important. Also it should be
noted that the interlocal cooperation statutes usually
permit state agencies and even federal agencies to be
parties to the urdertakings thus authorized.

An even more familiar type of local governmental
* contract is that in which one municipality or county

purchases services f rom another. 'Thus it is conceiv-
able that one community could purchase flood warningA
protection from another and merely make a pro rat&
contribution t~o the cost of the activity. However, it

participation is advan' 'ageous because the success of

the warning and preparedness approach presumes broad
involvement.

dfilTh question of enforcement of agreements is aI
dificltone. If a local government which has agreed

to maintain the equipment components of a warning
system in good working order does not do so, what
practical remedy is there? A textbook legal answer is

i that the provider of the equipment might sue to reclaim
it and might conceivably even ask money damages for its
deteriorated condition. But the success of such a suit
would not lead to the strengthening of the warning
apparatus. It more likely would constitute a confirma-

tion of the demise of the system.

Whether the threat of such a suit might have a
17 salutary effect, especially if the defendant thought it

possible that it would be required to pay a money
penalty, is an open question for which the Investiga-
tors know of no actual experience to supply an answer.

Since a money judgment of a court may be an
inappropriate means of obtaining the objective that a
breached c9ntract of this kind was meant to secure, an
enforcement suit might be for specific performance:

7" i.e.), to order the defendant to maintain the equipment
or do such other things as the agreement bound it to
do, In many situations, individuals and organizations
(including governmental agencies) will respond
favorably to court orders simply because they are recog-
nized instruments of legal authority which our social
customs and pressures teach us should be obeyed. if
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there is disobedience of its order, a court can declare
the malefactor in contempt and-can impose money penal-

F7 ties or even confinement until the contempt is purged
by performance. In fact, the jailing of publi.c
officials for failure to perform their official duties
is rare, but it can occur.-

Grants are often viewed as good. devices for stimu-
lati.ng performance. The recipient. organization or
community sometimes accepts obligations that it would •
not .o-t~herwise undertake in -order- t' btain the valuable
services or .funds offered... by the grarntor 'fede.ral or
"state agency., -So far-, the limifta•,1on on this technique
in connection with'"perforuance Of flood warning and
preparedness system obligations- iS that the aid is
generally given in order.to establish the.. flood&recogni-
tion' portin of -the: system. .:fhe lagg'rd: or absent
performance is most likely to develop at a subsequent
stage when receipt or even, keeping of the. grýanteditems
is no longer sufftciently prized by the recipient.

This does not mean that .c-ontracts .shol 'beignored or :dnhki grated as a means of spelling out bind-ing obligations and pinpointng them. Nevertheless, it

should '.not be considered that the mere conclusion of
such agreements among . the p-artci.ant in a warning and
preparedness :system solves the p-roblem of motivation.

O f course, contracts ban be used to good effect in
dealing with private '. participants in a warning and
preparedness systemin',, Suc, h. private entities will
normally be expected-..t6 furnish manpower or equipment
or to -perform particula.r functions.' for which they :have
resources -or'.whi~ch"fit 'in with their business activi-

3" ties and ca.pabilities. For example, a private firm
" might be 'made responsible for and paid to maintain data
gathering and-,processing equipment or to furnish trucks
in time :of flood hazard. Companies whose properties

* are of particular importance to community protection
against flood loss might undertake to integrate. their 7
warning and preparedness activities with the community
plan or to provide certain kinds of information to the

* "community disaster authorities on a regular basis.
Their,: failure to do so could be made to bring the

S.normal range of consequences for breach of contract,
including liability for the payment of money damages
for any losses or injuries caused or contributed to by
the failure or inadequacy of performance.
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As the coming discussion of -liability will show,
there is a so far relatively litt le considered aspect
of legal obligation which ma3. be useful in assuring
responsiblity for performance if a warning and prepared-
ness plan is developed and put into effect in binding

form.

LIABILITY1I
The conduct of almost any activity can result in

injury to persons or damage to property.. For example,
even office work can be attended by accidents. This
susceptibility to loss from negligence, incompetence,
miscalculation and other mishaps should be an expected

incident of any program of flood protection. However,
the hazardous character of floods and the stressful
conditions which accompany their occurrences make these
considerations of more than ordinary importance in
dealing with flood warning and preparedness alterna-.
tives.

Liability is closely associated with responsi-
bility. However, the latter is broader in meaning and
can connote moral obligation or political accounta-
bility as well as enforceable legal exposure to pay or
otherwise make good for damage or injury.

The length at which problems of liability are
discussed in the ensuing pages is not meant to imply
that flood warning and preparedness alternatives
present particularly onerous liability features. There
is little reason to believe that the method creates
greater risks for those instituting or operating such
alternatives than do other means of meeting flood
hazards. However, the limited use of warning and pre-
paredness systems has given relatively little oppor-
tunity' for the development of specific law 'and
precedent. When situations are being newly considered,
there is always a postsibility that the decisions of
courts and legislatures will be less than ordinarily
predictable.

BecattLi of the lack of specific law and precedent,
it is therefore necessary at the present stage to
examine many liability questions in terms of analogies
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and by characterizing the nature of activities associa-
ted with the development and operation of such systems.
Accordingly, this discussion attempts to set forth the

nature of the problem, and to explain the legal princi-
ples which are or will be applied. Where the law is
reasonably clear, footnote or other references are
offered as authority. If a question is as yet open to
uncertainty, this is indicated and suggestions made as
to what its resolution might be.

There are legal means of providing parties with
some protection against the dangers of uncertainty.
Advice is given in Chapter 6 concerning the means of
obtaining such safeguards in the planning, implementa-
tion and operation of flood warning and preparedness
systems.

Elements of Liability

The person suffering an injury or property damage
often bears the hurt or loss without the possibility of
securing compensation or other redress. In many situa-
tions, the blow can be softened or the harm entirely
cured by insurance. But in such cases it is almost I
always the party sustaining the loss who has borne the
economic consequences through payment of an insurancepremium.

"When the injury or damage is due to the fault of

someone else, our legal system generally fastens
liability on the person who is at fault or on the
organization in whose name the perpetrator acted.
However, not every fault gives rise to liability. There J
are several basic elements of the relationship between
the cause of the harm and the injured or damaged party
that must exist in order to shift the burden of the
mishap from the victim to someone else.

The first element essential to liability is that
there be a duty. Unless the person or organization
alleged to be at fault owes a duty of performance,
forebearance or protection, there is no responsibility
for what may occur and so no fault even though an g
injury or loss has occurred. Thus, where there is a
flood hazard, the failure of a particular agency or
individual to issue a warning of impending inundation
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results in no liability if there was no legal duty to
give warnings. As nubsequent discussion indicates, a

Squestion exists as to whether and when federal, state
or local governments and private parties have a duty to
issue flood warnings or otherwise do the types of
things which make up a flood warning and preparedness
system. Even if a duty does exist, a plaintiff endeavor-
ing to enforce liability must show that the duty was
owed to him or to a class of which he is a member.

Another ingredient necessary for liability is that
the conduct omitted or improperly performed was the
proximate cause of the injury or loss. If the flood
warning was not given but the injured party had the
information and any instructions that a warning would
have conveyed, he in fact knew everything that he would
have been told. In such circumstances, it cannot prop-
erly be said that failure or fault in giving the
warning caused the injury.

There may frequently be several causes which
contribute to a particular injury or damage. Where
this is the case, the plaintiff must prove that the
defendant's act or omission was rlosely and substan-
tially enough associated as a reason for the harm to
merit liability being assessed against him. In this
connection, it may be noted that even a defendant who
is at fault can, according to the law of most jurisdic-
tions, escape liability if the plaintiff was himself
negligent and if the contributory negligence was a
significant factor in causing the harm.

Finally, the aggrieved party must have relied on
the performance of the duty. If the injured party did
not take measures tu safeguard himself and his property
because he expected or had a right to expect that a
warning would be issued in time of danger, failure to
issue the warning or its improper issuance can give
rise to liability.

In dealing with preparedness activities, the
element of reliance is likely to become much more
complex and prcblematic:.l. For reasons which are
elaborated in the following discussion, faulty perfor-
mance in the giving of assistance (such as rescue) can
give rise to liability even if the aiding party had no
initial duty to come to the aid of the victim.
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However, it may be more difficult to establish that any
governmental or private party has a duty to come to the
assistai. ce of an endangered person or to assist in
protecting particular property. In any given instance,
assessment of the existence of a duty such as will
produce liability depends on the nature of the parties
involved. For example, police depai,tinen, have fairly
wide ranging responsibilities to protec' lives and
property. Thus, the existence of a duty on the part of
such an agency is to be differently determined than is
the responsibility of a private citizen who acts, if at
all, strictly as a volunteer. Similarly, it will be
relevant to inquire whether the party had any con-
tractual obligation to perform the service on account
of which there is a complaint. For example, if a
trucking company enters into a contract to provide
vehicles in time of emergency, there is a different
basis for assessing liability than if the trucker
merely had vehicles available which he could have put
at the disposal of evacuation authorities.

These principles are part of the law of torts (the
law of injury to persons and property) and are well
settled. However, the manner of their specific applica-
tion to a particular field of activity is affected by
the characteristics and circumstances involved in the
subject area of concern. Accordingly, it is necessary
to consider questions of duty, cause of injury or loss,
and reliance as they may occur in the use of flood
warning and preparedness systems. Because such systems
are so heavily involved with public sector activities,
it is also necessary to consider some matters relating
to the liability of federal, stat'- and local govern-
ments.

Sovereign Immunity

So far as Anglo-American law is concerned, the

doctrine of sovereign immunity has its origin in the

centurios old axium that "the King can do no wrong."
Translated it.,o modern American terms, this means that
even though the federal government or a state and its
officers acting within the scope of their governmental
authority may inflict injury or damage, no adverselyf affected party can obcain payment or other restitution
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- by the normal processes of suit and enforcement of a
judgment thus obtained. Without a remedy that persons
suffering injury or damage are entitled to invoke, it
can be said that the federal government or the state
has no liability.

Of course, aggrievcd persons, to the extent
allowed by the procedures and practices of the appro-
priate legislature, have been able to have special
bills enacted to compensate them for losses that they
cannot claim in the courts, but the success Qf such
redress comes through political means, is uncertain,
and depends on the generosity of the governmental unit
rather than on any legal obligation.

In modern times only a minority of the states have
continued to adhere1 to the doctrine of sovereign im-
munity in practice. The federal government and most
states hav 2 "consent statutes" such as the Federal Tort
Claims Act under which immunity is waived and suits
for the wrongful acts or omissions of a governmental
agency and its personnel are allowed. However, these
consents to, suit are not total. They generally remove
much of the sovereign immunity but not all of it. To
what extent a governmental body is liable on the same
terms as a private entity must be determined by consult-
ing the relevant federal or state statutes and the
court decisions interpreting them.

Cities, counties, special districts and other
local governments or instrumentalities are not
sovereign in their own right. Except to the extent that
the statutes of the' parent state specifically provide
otherwise, local governments are creatureý of the state
and legally part of the state government. Consequent-
ly, their immunity status is the same as that of the
state itself. However, state statutes have made local

]1

McQuillen, Municipal Corporations, Vol. 1.,
Sec. 3.01 (1977).

Federal Torts Claim Act, 28 USC 2671 et seq..

3 Supra Note 1.
P
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governments subject to suit on virtually the same basis
as pr-ivate entities in most Jurisdictions.

Tests for the Existance of a Duty

As was discussed, earlier, the first essential
element to liability is that there be a duty which is
not properly discharged. It is therefore necessary to
consider whether or not a duty exists on the part of
government with regard to flood warning and prepared-
ness. One wa~y- of approa-ch-ing the determination of

* ~whether a duty exists is to ask if conduct of the acr- .,.

tivity in question is obligatory or permissive.

An obligation of federal, state or local govern-
ment to provide, a -service can arise either from a
constitutional charge that it be done or from establish-
ment by traditional practice and belief that there is a
settled responsibility to perform it. The latter
rationale must develop over some period of time t-hrough
usage. Accordingly, with respect to each such category
of service, it may be assumed that there was a time
when it was only becoming traditionally established and
when the obligation of public agencies to provide it
may even have been the subject, of conflicting views.

Whether there is an obligation to provide a pro-
gram or whether it is permissive is an important factor L
in determining whether and to whom liability may
attach. If provision of a program were to be con-
sidered a basic governmental responsibility in the same
sense as functions such as education or national
defense, failure of the obligated level of government
to furnish it or faulty performance would give rise toj liability.

A second test of governments' susceptibility toI liability is to inquire whether the activity in
question is governmental or proprietary in character.
The former are those which governments traditionally
perform and which are not readily susceptible of perfor-
mance by private enterprise. Proprietary functions are.1 those which are or, in some cases, were performed by
private business but which may also be engaged in by
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government. Some common examples are the production
and distribution of electrical energy, mass transit,I
operation of public recreational facilities and provi-
Sion of housing.

The question of whether a warning and preparedness

activity is governmental or proprietary is likely to be I
significant. The distinction has been viewed by the
courts 5as an important one for at least one hundred
years.

As applied to the question of liability for fault,
it is a highly relevant classification. Since it is
well established that private persons and organizations
are liable for acts and omissions which do not come up
to accepted standards of care and competence, determina-
tion of whether a function is or is not governmental is
likely to be conclusive on the point of applying such
immunity as the laws of the state may provide.

The rule is that if the function is proprietary in
character, there is liability for fault in performance
because private entities would be liable and because,
even though undertaken by a government agency, the
activit4 is akin to that occurring in the private
sector. If classified as governmental, no liability
attaches, except to the extent that the jurisdiction in-
volved has statutorily removed or modified its
sovereign immunity.

Governmental Duty

Floods and the storms which often cause them have
been considered as "Acts of God" for which no one i-sNresponsible. This is the traditional view developed in

4-4

I City of High Point Vs. Duke Power Co. CCANC.
120 F2d 86(1950).

5
40 ALR2d 927 (1957); Sho Sato and Arvo Van

Aistyne, State and Local Government Liability, P. 740
(1977); Kenneth Culp Davis, Administrativ# Law and

lad Government, P. 97 (1975).

~ji 6 Indian rowing Co. Vs. United States 350 US61
(1955).
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case law over many centuries.7 Seasonal melting of
accumulated snow and ice jams are also natural
phenomena for which the law has customarily considered
no one to be responsible. If persons and property
owners suffer death, injury or loss on account of
inundation, the burden is theirs. Even. insurance
protection has been limited and, for flood as such, not
available on any widespread basis until the federally
subsidized insurance became available i% the late1960's or more recently in many communities.

Some cities and towns in low lying areas have
undertaken to build levees and other protective works--
as early as the nineteenth century in particular
instances. But large numbers of other communities have
never done so and have therefore remained exposed to
whatever storms and other natural conditions may bring.

Creation of Duty by Traditional Practice - The
federal government did not undertake to provide flood
protection until the Congressional enactment of 1917
did so on the Mississippi and Sacramento rivers, 1933
on the Tennessee river and at various other times for
other streams and areas, depending on the dates of the
relevant pyoject authorizations and implementing appro-
priations. Along with these developing commitments on
the part of Congress came some statutory delegations of
power to the Corps of Engineers, U.S. Geological
Survey, Department of Agriculture and others to under-
take a variety of mneapyres bearing on flood control and
flood loss reduction. No one has definitively deter-
mined whether, in the years since Congress began

7 I Am Jur 2d Aits of God Sec. 5 (1952).

8 National Flood Insurance Act of 1968, 82 Stat.

572; 42 USC Sec. 4001 et seq.

9 Tennessee Valley Authority, 48 Stat. 58 (flood
control provisions: 48 Stat. 60); Mississippi River
Flood Control Act 45 Stat. 534.

,• i0 See 39 Stat. 950; 33 USC Sec. 701a-l; 16 USC

590 g(a); 42 USC 4101; 82 Stat. 983.
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___authorizing flood controls*projects and other flood
W4 related measures, any or all of these services have

passed from the pioneering and permissive to the
traditionally accepted and obligatory. Certainly they
are not so because they grew up f rom the early days of
the Republic.

Similarly, no authoritative conclusions have ever
been reached as to whether state or local undertakings*1to construct and maintain flood protection works have4ripened into traditional activities of those levels of

4government. It could be that they have come to be
expected functions in those jurisdict ions which have
become most active along these lines, but that in
others which have not recognized such responsibility by
their actions, the older view should still prevail.

Of course, it mus.t also be borne in mind that the
Sovereign can assert either its immunity or consent to
be sued by enacting legislation specifically designed
for the purpose. For example, Congress has enacted a
provision in its flood control statutes reading: "No
liability of any kind shal.,: attach to the United States
for any damage from floods or flood waters at any
place." (33 U.S.C. Sec. 702C) But from the project
orientation of the context of this enactment, it is
probably thc sound interpretation to assume that this 01
declaration of immunity applies only to damage or
injury caused by federal flood control project works.
In the case of warning and preparedness activities, the
damage or injury would likely be attributable to
failure to give warniaig or to take some other action
such as proper conduct of an evacuation. In general ,
the states have not enacted similarly specific
statutes. However, in considering the liability situa-
tion for a particular jurisdiction, an examination of
its laws would need to be undertaken.

Creation of Duty by Constitutional Chargre - There
is no federal constitutional mandate for' flood damage
reduction activities. The constitutional justification
for federal involvement in flood control was origi-
nally, and to this day largely is, the congressional
power over interstate and foreign commerce. Navigation
is an aspect of such commerce and the prevention or
control of flooding is desirable to maintain streams in
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a safe condition for navigation. Of course, other
benefits also come from the control of floods and the
reduction of flood losses, but, from the legal point of
view, these have been regarded as Incidental benefits
which it has been constitutionally possible for the
federal government to provide becausf of its authority
over interstate and foreign commerce.

The so called "Police Power" of the states to
protect health, safety, morals and the general welfare
is certainly broad enough to support state. and local
activities relating to flood control. However, as with
the federal commerce power, this constitutional basis
for state and local governmental action is merely an
authorization. In general, neither flood c.pntrol nor
warning and preparedness has been mandated by state
constitutions. Whether anywhere in the country there
are any provisions of state constitutions which could
be construed as placing such obligations on the ,juris-
dictions concerned could be determined for certain only
by specific study and aralysis of an intensive and
thorough kind.

Creation of Duty by Statute - The several statutes
authorizing and providing the wherewithall for flood
control and loss reduction programs constitute congres-
sional decisions in favor of instituting and carrying
out the services. While they either direct or empower
various federal agencies to undertake specific flood
loss reduction activities, they do not necessarily
embody determinations that it is obligatory for the
federal government to have such programs or to provide
the enumerated kinds of flood related services. To the
contrary, Congress can establish such programs and

- provide for their implementation because they are
viewed as essential or because it is decided that it
would be nice or convenient for groups or the popula-
tion as a whole to have them.

Similarly, the statutes and local laws of particu-
lar states and counties or municipalities can contain

Gibbons V O&den 9 Wheat 1 (1824); Wilson V. I
Blackbird Creek Marsh Co. 2 Pet 245 (1829); Black's
Annotated Constitution Sec. 8 C1.3 Art. I p. 157 (1972). T

5-20

, Z: 1.



mandates for the conduct of flood programs of various
kinds. In the instance of the states themselves) the
obligations can be created either by laws of general
application or by specific project legislation.4

It should be further noted that the activities in4
question are sometimes conducted by general purpose
units of government and sometimes by public corpora- i
tions or special districts. Thus, the authority and
obligations of the Tennessee Valley Authority are
normally to be found in the acts of Congress specifi-
cally relating to TVA rather than in those generally
applicable to all federal agencies. At the state and
local levels, many water resources and flood control
districts or authorities exist. When, as is frequently
the case, these are organized as independent bodies,

_7 their statutory responsibilities and prerogatives must
be ascertained from their organic acts and other
legislation expressly including them rather than from
the general laws of the jurisdliction.

Application of Tests for Duty -A conclusion that
flood warning and preparedness is a mandatory function
of government 'would tend to support the fixing of
responsibility for a reasonable quality and amount of
service on the level of government so mandated. The
argument would be that a duty to furnish the service
makes sense only because it is expected that people
need to rely on it. Further, the existence of a duty
implies an obligation to perform it adequately. A
consequence of such reasoning would be that improper or'
insufficient performance would give rise to liability
for losses attributable thereto.

If the activities are permissive, it may be conten-
ded that failure or faulty performance gives rise to no
liability. 1 2 There is some judicial authority for this
conclusion . The reasoning is that no one has a right
to flood control, warning of inundation or assistance
in coping with the danger.

If a governmental entity provides a flood warning
it is a nonobligatory benefit so far as the situation
of any particular individual is concerned. If the

12 Ades V. Mayor of Deal Borough 69NJ86, 351 A2d

14 (19-76).
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recipient refuses or ignores it, he is no worse off
than he would be in the absence of the programe If heI accepts the service, he is using it for whatever it may
be worth and cannot complain of inadequacies when he is
not entitled to anything in the first place.

The difficitity with this line of reasoning is that
it can be applied equitably only to some of the
possible instances. Where warning and preparedness
activities offer some help, but not as much as one
might like, it may be fair to say that the bene-
ficiaries are better off than they had an enforceable
legal right to be. Similarly, if people were not
previously given warnings and one is omitted, it may be
that no one is worse off than before, although admit-
tedly the potential flood victims will not be as well4
off as they would be with a properly functioning
program*

In a report largely devoted to expositions of
decided cases dealing with rules of liability under the
federal Tort Claims Act, the unsatisfactory and in fi-
nite condition of the law is made clearly evident. A
variety of distinctions appear which seem more to
reflect uncertainties of policy than any clear views
concerning the obligations of the United States Govern-
ment to provide disaster services. The problem is thatI
a variety of tests have been used, each proceeding on
an independent principle. As a result, the several
measures advanced for determining whether federal
liability exists are not mutually exclusive, nor do
they operate from the same set of premises. Conse-
quently there is a random collection of precedents, no
one of which can be predicted with certainty to be
controlling in a particular case.

Application of the "obligatory-permissive" and
"governmental -proprietary" approaches could yield op-
posite results. If flood warning services are not
susceptible of operation by private enterprise (they
have not been so operated until now) , they must be

13 "Legal Constraints on the Planning and Develop-
ment of Disaster Home Warning Systems", Report to the
National Science Foundation, Lewis and Clark, December,
1977.
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govrnmntl ad o feefrom liability risks to what-

ever extent sovereign immunity has not been waived. On
Ithe other hand, if the function is "permissive"

because it is not a well entrenched and mandatory
governmental function, then liability risks accompany
public agency performance to the same extent as if
administered by private enterprise.

Not logically connected to any of the foregoing
propositions is a consideration familiar in the law of
torts. A good samaritan may have had no obligation to
start with, but when he umndertakes to perform Uks good
deed, he must also do it with reasonable care. If a

person who is not undcr an initial obligation is negli-I
gent and so causes or 7ontributes to injury or loss, he
is liable for the davýaale attributable to his interven-

* ~tion. Application oi this rule would argue for govern-
mental liability in cdses of faulty performance of the
warning and preparedness function.

On the other side, there is a holding in a case
specifically dealing with a warning system. One court

has held that the government is liable for negligent or
improper operation of a warning system if the benefits
are directed at specific individuals. However, if the
warnings are addressed to the general public, there is

resulting from reliance on the information.

Whi:le such a result may seem strange, it is under-
standable on technical legal grounds. In order to
collect damages in a lawsuit, the plaintiff must
usually prove that the defendant owed a specific obliga-
tion to him and that a breach of it caused the harm. A
warning addressed to the world in general is not neces-
sarily given in response to an obligation to anyone in
particular. On the other hand, a disaster warning
program should not be -intended as a secret, only for
the ears of a few. It is true that under a home

14 James Dooley, Modern Tort Law, Vol. I Sec. 3.41

(1977).

15National Manufacturing Company et al V. United
ft States 210 F2d 263 (1954).
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receiver: program, the Natio6nral ,ceanic c and Atmospheric
A'dminrstratidn . has encout'aged p"ivate persons, to ..pur-
chase:, special radios over. '4whlic-h- •.they can,: rece ive

F ... ... " .. disaster warnings, not transmitted over ordihary:brofd.
-cast channels. Nevertheless, the whole' public is urged.,
to -secure, suchr...A•dios afind 'war tnngsjOf of:1'food peril'are. ..ustally eant to ',ler.t everyone" Certainly they do the

most good if they are widely received and acted upon.
To suggest that. there is government liability J f one
-has purchased :a ,special radiobutnone if a :warniing -s
received" over" an ordina' y radooiw''.te]evision. would. .
seem to be fadAvoc-ay: Of:p..everse public.po.li-..y.

Sthe "obligatory-permissive" classi.fi-cation -will
often overlap with the "governmental-proprietary" test.

In most instances it is. probably true :that obligatory
functions will be found:-,to consist of `those activiti"es -which are: traditionally viewed as: proper fOr"perfor-'
mance by government whereas those classified. as.. "per-,
missive" will be among the undertakings which could be "
done either by public or private entities" However,
these two types of classification are not entirely
"coincident and synonomous.

Since a key distinction between governmental and
proprietary function's.:.. is whether they have .-,been Or ."
could reasonably 'be performed by private enterprise,
warning. and preparedness probably fall into the govern-
mental class. The difficulty--perhaps even impossi-
bility--of conducting such activities for profit is

k- very likely enough to foreclose their being considered
proprietary in. character. Nevertheless, . it may be

F "' relevant to consider whether it is obligatory on any
level of government..- to perform them. There are some*'1 things which neither government nor private enterprise
do and which either go undone or which are for each
individual to provide for himself. As the earlier
discussion of the point indicates, it was not so long
ago that flood warnings were simply not provi.ded on an
organized basis and there are many places where they
are still not furnished by an agency or person. To
date, no court has decided that for a federal, 8tate or
local government not to have a warning program "in
operation and a preparedness system in being is a negli-
gent or culpable omission. Accordingly, it-may be, that
flood warning and preparedness would b., found to fall
into a class of governmental functions which are permis-
"sive.

5-24

,iI



-) I
Perhaps th1, operation of a flood warning service

should dMe classified as governmental because it is not
readily susceptible of performance for profit, but it
"should be noted that there are private enterpriise
weather services On the other hand, preparedness

programs are probably open to little or no controversy ,
concerning their status in the governmental function
category..

When considering local governments, it may be suf-.ficient to inquire whether state law has stripped

municipal corporations and other local governments of
sovereign immunity altogether. If so, other distinc-
tions become unimportant and local governmenal partici-
patlion in or conduct of a warning and preparedness
program will subject the involved city, county or other
unit to liability on the same basis as for any of its
other activities.

It seems appropriate to conclude that populations
4 ,will (increasingly demand warning of flood conditions

,ind that as response techniques become rore effective,
the value of such weasures will be more widely apprecia-
ted. Accordingly, the fact that local governments
enjoy very little sovereign immunity and most states1 •have severely modified or abandoned the general im-
munity principle make it clear that state' and local
governments will increasingly be liable for failure to
provide good programs. This argues for the undertaking
of warning and preparedness on a serious and sufficient

p :basis where it is found to be a suitable protective or
loss reduction technique. Half hearted measures may
turn out to be not enough to achieve their objectives,
may mislead the public, and may create liability.

Private Liability

Private individuals and businesses can become
involved in flood warning and preparedness programs as
suppliers of equipment. They might also perform a
number of services on a contract basis rather than by
becoming employees of the governmental bodies having
primary responsibility for the activities. Private in-
volvement can be on either a compensated or volunteer
basis.
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If private participation in a flood warning and
preparedness system is on a business basis, it is only I
to be expected that responsibility will, be the same as
in any other private activities. If warning devices or

other items of equipment are furnished for some use in
warning and preparedness pr'ograms, the manufacturers
and sellers will have the same contractual and implied
responsibilities as manufacturers and sellers do toward
purchasers of merchandise generally. On the whole,
manufacturers a~nd suppliers are responsible for provid-
ing equipmieV& and materials to a workmanlike standard
of quality. They are responsible for the exercise of

due care in making installations and servicing equip-
ment. If the equipment or services are represented toI
be of an expert character or if their nature is
properly understood to require more than ordinary care

* and skill, the providers are responsible for meeting
whatever standard the context reasonably requires to
make the -mods and services suitable for their intended
purposes .F7 If injury or damage results from failure
of the private provider *.to meet the applicable

standards of care and proficiency, they are liable for

losses incurred. 1
It might be supposed that volunteers ought to be

less vulnerable than others because they are contribut-
ing their services and normally stand to gain nothing
but the satisfaction of doing good deeds. But such is
not the law. Under the good samaritan rule discussed
earlier, volunteers, although under no obligation to
participate, must perform with reasonable care once
they undertake a mission. They are liable for any loss

caused by their negligence or other fault. In fact,1~ '1unless covered by express statutory provisions, they
are not protected against injury to themselves or
damage to their property. This is because workers
compensatig -insurance generally applies only to
employees. By definition, volunteers do not have
employment status.

f1* .1 167 CJS Sales, Sec. 305 (1952).

17Supra note 13 at Sec. 32.10.

j 1899 CJS Workmen's Compensation, Sec. 1 (1952).
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Installation and Maintenance

If a manufacturer or a builder produces a piece of
equipment or a, structure that is defective and becomes
the cause of injury to persons or damage to property,
he incurs liability. The method of enforcem~ent is aI
lawsuit by the party who has suffered the injury or

In determining the risks and cost attendant upon
the development and operation of a flood warning and
preparedness system, it is necessary to inquire whether
those who install such f~ystems and operate them can be
held to any standard of quality and suitability for the
system itself. Thi~s is a different question from that
of adequacy or care in performance. At issue 'is
whether tha instrument or tool with which performance
takes place has been suitably constructed and main-
tained in proper working order.

To make this question clear, it is necessary to
establish the meaning of proper installation and main-
tenance. To the extent that hardware is involved, the
ordinary concepts of manufacture and construction can
apply. A gage is either delivered and installedl in
good working order and with parts of proper quality 6~r
it is defective. A computer which assists in the
transmission and processing of data is either sound or
it is defective. In the latter cvent, its failure to
perform its intended function can put the warning
syst-em out of commission.

In cases where physical installations are faulty
or where equipment is defective because of poo~r quality
manufacture, the ordinary rules of manuf~acturer's
liability can apply. To the extent that a warning and
preparedness system is a collection of equipment, it
may be viewed just as any other mechanical thing. But
a warning and preparedness system is partly hardware
and partly an institutional structure composed of
plans, agreements and administration. How the concept
of effectiveness due to fault is or should be applied
to the partially or entirely nonmechanical elements of
the system also needs consideration.I

It is important to remember that reliance is a
vital part of liability relating to a warning and
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preparedness system. Only if an injured or damaged
party relied or had a right to rely on receipt of a
warning or on some attendant service and it was either
faulty or not provided will possible liability arise.
Accordingly, the question is what kinds of inadequacies
other than defects in equipment components of the
system may give rise to liability.

Since human failures are just as much grounds for
establishment of fault as mechanical failure, they must
be judged in particular cases to see whether they fall
below the standard of reasonable performance.

A warning-preparedness plan could be defective in
a variety of ways. It could simply lack one of the
institutional features required to make the system
yield the data of which it is capable or to turn
information into reasonable and implemented decisions
about warnings and response measures. It could fail to
include essential agreements concerning th! parts which
vital agencies or other players are to assume. The
plan might contain an unworkable system for delivery of
the warnings and directions that need to be transmit-
ted. There might be insufficient or no provision for
training of personnel in the tasks they need to perform
in order to make the system work. Many other things
could be ill designed or prove impracticable when put
to the test of an actual occurence.

As a conceptual proposition, it is just as pos-
sible that a defective plan can cause loss as it is f
that an inoperable rain gage or alarm can bring on a
harm producing failure to warn. However, the eviden-
ciary problems involved in establishing inadequacy to
the point of fault and resultant liability may be more
difficult or less tangible than in the case of equip-• -ment.

How good and complcte a plan must be in order to
pass the test of workmanlike quality has not been
&authoritatively established. It is probably possible
to apply some of the criteria used for equipment suf-
ficiency--at least on the verbal level. But the
judgmental factor, and so the margin for difference of
opinion, is greater. A gage is faulty if it does not
register the measurements it is supposed to take.

5-28

* s:,,• --• ...f- -• - .•-• .. . .. . ,. . .. . . .. . .. . ..



* T

Whether it did so or' not is a matter of fact. Whether
a plan failed to function in a particular instance
because of an intrinsic inadequacy or bec.i"se of some
insufficiency or weakness in the actions ox the people
carrying it out could be a subject of dispute. Except1
in the clearest cases, it is conceivable that the 1

_3 quality or character of a plan, if put in issue19 by a
litigant, might be left to the judgment of a jury. 1

- ed tsefetveesdeedso miteace-oOnce a warning and preparledness system is instal-

degree that becomes progressively more important~ as the
system grows older. Good original equipment will
deteriorate if not properly cared for and repaired.
Sooner or later it will wear out and timely decisions5
must be made concerning replacement. If there is a3
duty to maintain the system, there is also a duty to

ifkeep it in good working 6der so that it can be used
for its intended purposes.

j If this concept is also viable for the organiza-
tional elements of a system, there may be a duty to see.
that the interagency and intergovernmental elements of
the preparedness plan remain in force and sufficiently

in the consciousness of present personnel so that there
is a reasonable expectation that the plan will be
followed when an impending flood is to be monitored,
warnings isstied, and response activities brought into
play.

It may be asked whether a duty to maintain a
w~arning system also includes or should include the
obligation to update a system. It is unrealistic to
suggest that every time a more advanced communications
system or a better sensing device comes on the market,

L the operators of a warning system are legally compelled
to acquire the new equipment on pain of being held
accountable for negligence or other fault. The making
of improvements, no matter how desirable from the
policy point of view, should probably be considered as
discretionary from the legal standpoint. However,
there might be circumstances under which a long stand-
ing failure to modernize a system could be culpable as
lack of reasonable care.

1' ~~~~19 Spant 3a e.3.0
20Supra note 13 at Sec. 32.12.
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Updating or improving the plan can have meanings
quite apart from or dissimilar to modernizing hard-
ware, A plan can become outdated for any number of
reasons. An administrative or organization or statu-
tory change could inhibit or make ineffective the
participation of an agency or other entity which was
originally a suitable vehicle for performance of some
task. Such an occurrence, as well as new physical or
technological conditions, could render a plan and its
set of institutional arrangements useless. Conse-
quently, it would seem necessary to view a warning and
preparedness system As an integrated mechanism consist-
ing of hardware, software and capabilities, all of

which must be kept in good working order. Otherwise,
the interests of persons and communities having a right
to rely on the system in meeting flood hazards may be
prejudiced to the point where those having the obliga-
tion for maintaining and operating the protective
mechanism incur liability for any resultant damage or
loss.

False Alarms

The value of flood warnings depends on people
taking seriously the information concerning an approach-
ing flood. It is expected that public authorities such
as police departments, and private persons such as
homeowners, vlant managers and operators of public
accommodations act on the basis of what they are told
about the impending danger.

_ If the flood materializes in accord with the warn-
ing, such action is likely to be beneficial and assist.1 in saving life and property. If the warning is of a
probable occurrence and the flood does not come or is
much less severe than predicted, any unnecessary action
can still be laid at the door of sensible precaution
and prevention of risk.

Response to a flood can be expensive. The
business establishment that closes and sends its work
force home, the auto dealer who moves stock off the lot
to a place of safety several miles away, and the owners
of buildings who take protective measures all incur
some cost or loss which is unjustifiable if the warning
proves to be a false alarm. There may even be injury
or damage resulting from the haste that the warning
generates.
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To tyn in a false alarm has been made a crime by

statute. If injury or damage results to persons9 ,.pr
property, the perpetrator is also civilly liable.-
There is little doubt as to the policy behind the
imposition of such responsibility. Of course, there are
some cases in which a false fire alarm is the result of
a genuine and excusable mistake, but the summoning of
aid on account of fire is a ca'll for help because of a
condition already said to exist. Moreover, it is
already established-firmly in common understanding that
to cry "fire"-falisely is malicious and irresponsible.

While the actions constituting a false fire alarm
are fairly well understood, the concept of a false or
incorrect flood warning needs analysis. Owing to the
nature of the observations which must proviLle the back-
ground facts for such a warning and the state of the
forecasting art or science, there could be some
disagreement in the circumstances of a particular case
as to whether a warning was false or simply incorrect.
Further, the floodcontext is unlike the fire danger in --

that it -is uncharacteristic of the latter that failure
to sound an alarm would be equally culpable with a

¶ negligent or malicious affirmative act. It is not
cus~omarily conceived that anyone has a positive duty
t( -ive a fire alarm, except perhaps for those public
umployees employed to watch for forest fires and even a
they are not generally supposed to have any iability
producing obligation to the public at large. On the
other hand, there may be a legal obligation to give a
flood warning when a warning and preparedness plan has
been developed and put into effect. If so, omission
resulting either from negligence or other inadequacy as
well as from maliciousness could be just as culpable as
the giving of a false alarm. Indeed, it might be even
mor- dai, ng because the most likely consequence of a

":1 w.- A,,g would be to cause unnecessary expense of
moderatu proportions whereas an omitted warning could
cause catastrophy.

21 21.Fo3 xample see: D.C. Code 29-1119 (1973).

22 James Dooley, Modern Tort Law, Vol. I Sec. 2.03
(1977).

23 36 ACJS Fires, Sec. 15 (1961).
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It makes a substantial difference whether the
anticipated flooding is from spring snow melt, pro-
longed precipitation, or a storm that impacts the local
are.i where the high water occurs. An unsettling factor
in any effort to assess fault for an erroneous flood
warning is the peculiar mixture of observation and
prediction that gives rise to identification of a flood
threat. When the danger comes from an accumulated snow
pack, the data on which an alarm rests is largely
gathered by simple observation of melting snow and
rising water. It can be watched hour by hour. Depths,
rate of rise and speed of crest movement can be repor-.
ted as facts. It may be possible to color the results
maliciously or by honest mistake, but false reports are
unlikely, except through gross incompetence or neglect.

Prolonged precipitation which gradually brings
streams to the point of overflow presents a similarsituation. Even if the onset of heavy rain stretching

over days or weeks may not initially give rise to a
belief that flooding is imminent, as the condition
persists, observation of stream flows and reporting of
readily ascertainable facts is the key to whether a
warning should be issued.

In both of the foregoing types of circumstances,
uncertain prediction can play some part. flow rapidly

* the temperature will fluctuate, and whether runoff from
snow melt will be augmented by a storm can spell the
difference between a justified alarm, none at all, and
a false or erroneous one. Similarly, whether or not
resultant high water will be aggravated by a new rain-
fall from a concentrated and severe storm during the
next few hours is sometimes an important question for
the forecaster.

t However, danger from storms presents the variables
of prediction in their clearest form. In this connec-
tion, it is necessary to appreciate the character of a
forecast as a prediction rather than as a report of a
coming certain fact and to distinguish between an alarm
which is false and one which is merely incorrect.

Weather forecasts used to be given in absolute
terms: "Rain tomorrow"; "Fair and cold tonight;" etc.
This conveyed the impresion of certainty as though
actual information were being presented. Of course, it
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did not take much experience, even on the part of o
layman, to know that there was a margin for error in
these predictions. But how great the errnr might. bej
was either unknown or not stated.4

In recent years, the precipitation element in
weather forecasts has characteristically been stated as
a degree of probability. Some other meteorological
factors s 'uch as the direction and speed. of movement of

a storm system have also been hedged to some extent or

accompanied by explanations of the circumstances that I
could cause the predicted conditions to be altered or
not to materialize at all. Forecasts announcing a
probability rather than- a certain fact cannot of
themselves give rise to liability, unless it can be
proven that they were disseminated maliciously and
deliberately to mislead and that a plainfiff was
damaged thereby.

While precipitation or. runoff is the prime in-
gredient of a riverine flood, it is only one of several
factors which must coincide or coalesce to produce a
dangerous occurrence. Consequently, a properly given
warning of impending danger from flooding requires
analylsis of existing and coming meteorological condi-.
tions as they will combine with stream flow regimen,
runoff characteristics and a variety of flood plain and
floodway conditions to produce., accelerate, impede or
forestall flooding of some given sever4i.ty in a particu-
lar location. Also of great importance is evaluation
of the rate at which flood levels will increase and
when depths will reach certain stages.

A flood warning system that incorporates all of
these elements is a complex mechanism. Its functioning

.7 must be examined carefully in order to determine what
possibilities exist for the operator or participants to
incur liability.

It should be remembered that the plaintiff who
would succeed must show that a culpable error or mis-
representation was made and that it was the cause of or
contributed to the injury or loss for which damages are
claimed. A warning stated in terms of probability that
flooding will occur is a difficult basis on which to
establish liability. Only if the information conveyed
is grossly incorrect in circumstanaes where the issuer
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of the warning should have done better or should have

explained the likelihood of mistake, is there real
chance that the kind of fault which would support
liability could be established.

The attitudinal problem underlying the success of

warning systems is perhaps of more practical signifi-
cance. If the warning authorities cry wolf too often,
their credibility is almost certain to suffer. If this _

happens, the recipients of the information and direc-
tions to take precautionary measures may take to ignor- Aaw
ing the warnings and so make the system ineffective.
Further, a system with a poor record may fail to
sustain the community support that is essential to its
success. If this factor is in the consciousness of the
administering agency, it may tend to be conservative on
the side of disseminating alarms sparingly. Under such
circumstances, as well as where negligence or incompe-
tence is involved, omission may raise a more serious
liability problem than affirmative error.

Where a warning system has been made a regular
part of an area's flood management program, failure to
give a warnilng in circumstances that call for one can
make the administering agency liable for resulting
injury or loss. Persons probably have a right to rely t
on the issuance of warnings where publicity has been
given to the existence of a warning system. In fact,
an accompanying preparedness program, especially if
including drills or the involvement of members of the
public, will probably increase exposure to liability by
encouraging reliance on the mechanisms that are
designed to trigger activation of the preparedness plan.

Places of Work and Public Accommodation

Many major installations are located on flood
plains. Despite increasing efforts to dissuade or even
prohibit the presence of many kinds of development on
flood prone lands, existing establishments and even new
growth bring congregations of people to areas of sub-
stantial flood threat.

It is well established that owners and operators

,.- of facilities frequented by groups of people or by the
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general public owe their' patrons or empl ees reason-
able care aimed at protecting their safety.

Among the protective and precautionary measures J *
that factories, hotels, schools and other places serv-
ing business, recreational and educational clienteles
must take are the stanlaWrd range of protections against
the ravages of fire, 'avoidance and remedying of4
structural defects and other hazardous conditions) and i
warni. ngs against a variety of perils such as slippery
passages, unavoidably dark areas, and temporary safety
risks caused by such things as construction in progressj
or wear and tear that has not yet been repaired. It is
also familia-r law that property owners are liable for
injury to persons who are attracted to the premises by
condi ons maintained there by the owners or opera-
tors. The underlying policy is that owners and
operators of premises have an obligation to anticipate
hazards which invitees and even trespassers will
encou~er and to offer reasonable protection against
them.

It is an interesting question whether owners and
operators of facilities in the path of floods have
similar duties to protect against that danger and just
what they must do to avoid or minimize their liability.
This is not the place to examine such a question in 4

all of its many ramifications. However, the possible
duty to respond to flood warnings, to pass them on to
employees or patrons, and whether development and
implementation of preparedness plans is a legal obliga-
tion are relevant inquiries.

The actual existance and extent of a particular
property owner's duty cannot be discussed fully in
general terms because individual situations are bound
to vary in material respects. Nevertheless, it is both

24 40 Am Jur 2d Hotels, Motels, etc. Sec. 54
(1972).

2540 Am Jur 2d Fire Sec. 115 (1972).

26 Supra note 22 at Sec. 12.01.

27Supra note 22 at Sec. 19.01 -19.03.
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accurate and important to emphasize that the presence
of a good and functional flood warning system can do
much to relieve the obligation of owners of property

p and business enterprises. Often the patrons or others
frequenting the premises have the responsibility to
take their own protective action and can do so, if only
they are made aware of the need. At the very least,
persons who know of imminent danger and do nothing to
save themselves and their personal effects are
chargeable with negligence. As previously pointed out,
a plaintiff who has thus contributed to his own hurt or
damage cannot recover.

In policy terms, the operation of a good warning
system gives everyone the opportunity to avoid or
reduce his own injury or loss. In legal terms, such a
system will often discharge enough of the duty owed to
potential victims so that the responsibility is

* partially or wholly decentralized to the affected
property owners and individuals. What is useful to do
to forearm the community at large and its inhabitants
to meet effectively the dangers pointed out by a
warning is a matter for the preparedness part of the
system.

There are any number of entities which may be
affected by flood warning and preparedness systems.
Obviously, if no such system is in operation, they will
neither derive any benefits from it nor will they be

*. under any obligation to respond to warnings in particu-
lar ways or to maintain preparedness plans for the use
of information that a warning system might provide. It
is also clear that while liability generally attaches
to the business firm or other organization as well as
to its agents, it is almost invariably an employee
whose performance or failure to act must be considered
in assessing responsibilities and liabilities. Accord-
ingly, the following discussion proceeds by invoking
the concept of the management representative or di-
recting administrative unit. To illustrate the kinds
of problems that can most readily be anticipated, hotel
managers and plant managers are used as examples.

The Hotel Manager - Years will certainly pass
during which a hotel or motel situated on flood prone

Sland is not imperiled by flood. If the location is
such that the thaw every spring covers the parking lot
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with an inch of water, business goodwill may be
damaged. Failure of the manager to inform guests that
their feet may get wet tomorrow morning can lead to
disgruntled customers,ý but not usually to lawsuits.
However, when an established warning system gives the
hotel manager information on the basis of which he
should reasonably conclude that serious flooding may
occur at or near his location, the issue of duty and of
what kind of actions will sufficiently discharge -it or

f avoid liability can be a significant one.

Th.e provision of sa2  facilities is a hotel
keeper's legal obligation. In specific terms, this [
means whatever the law of the jurisdiction requires,
both in equipment and in standards of care. The
mandates of building and other codes, local ordinances
and state laws are the most common types of obligation

involved.

To the extent that these sources mtist be implemen-4
ted by structural design of premises or by other
measures taken well in advance of the appearance of a

particular flood threat, they have little bearing on 1
obligations connected with response to word of imminent
probability of high water. However, readiness to make
appropriate and timely response to a warning of danger
and conduct in doing so are relevant. Unless they are
part of a preparedness plan having the force of law,

b there are probably no specific requirements for hotel
keeper action directly and solely applicable to flood
hazard. However, some of the precautions against loss
and injury from fire have value for flood anid failure
to have them ready and to use them when a flood warning
is given could occasion liability.

One of the types of response expected to a flood
warning is evacuation of the threatened area. Since
some fire protection safeguards also call for evacua-
tion, they may provide analogicA for the development of
a body of, law and practice that relates a hotel
keeper's readiness and actual employment of evacuation
of guests with susceptibility to liability when a flood
warning or direction to quit a flood plain is received.

28 40 Air Jur 2d Hotels, Motels, etc. Sec. 86
(1972).
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In extreme cases of shortness of time between receipt
of a warning and the arrival of a life imperiling
Sfl ood, the actual alarm equipment and procedures
required for fire occurrences may be those to be used.
However, it is more typical- of a flood warning situa-
tion that longer periods of time are available. The

hotel keeper's course of conduct should be suited more
specifically to the likely flood conditions and methods
of giving present and woul.d-be guests opportunity to
act prudently themselveF,. He may also have a duty to
assist them.

A practical question is whether a hotel keeper has
or should have an obligation to send patrons away or to
deny them accommodations during periods when flood warn-
ings are in effect. He must be presumed to know much
better than members of the general public whether the
conditions foretold in the warning carry any danger of
affecting his premises or of denying safe egress from
them.

Such action may not be taken lightly by operators
of a business because it entails loss of revenue which
is unlikely to be recouped. If the warning announces
only a probability, or common experience teaches that a
flood producing storm may veer off at the last moment,
the temptation may be to withhold information or to
uLiidcrstate it.. If flooding is less than certain, it is
a question whether and when the management must act as
though the event will occur.

There is no definitive precedent or policy fixing
the point or accurately describing the circumstances
"tinder which the hotel keeper has an obligation to shift
the risk or loss from the patron to himself. However,
well established case law provides principles for
application to the problem. For example, it can be
sa.i d that. an operator of accomodations who sol icits
memb.)er. oI' the pul)1 i c to use them must exercise
reas•ftable di I ig,,nce to make them safe for the intended
use. It is also settled that such an operator may
not wi tlhho.l d informat i on that the patron should have
for his own safety or- Co permit him 36o evaluate the
risks he takes by using the facil ities.

29 Supra note 28.

j 30 Supra note 28.
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Affirmatively misleading statements minimizing or
denying the presence of danger may lead to liability.
Silence when there is a duty to convey-information can5
also subject the operator to liability for any. result-
ing injury or loss.

On the other hand, the patron is chargeable with

exercisy ordinary care and discretion on his own
b~hal f.' If a flood warning has been publicly dis-I
seminated, the. litigants in a specific situation may
argue over whether the patron could have evaluated the
warning for himself. Factual issues such as whether
the patron heard or otherwise received the warning may
enter into the dispute. Also, it may be asked whether
the operator does not owe a duty of disclosure of
pr-obable perils in 'any .event and whether the duty, can
be made to apply specifically to flood warnings and
what they may mean in specific circumstances. It also
may be appropriate to inqure if it makes a difference
whether the patron is familiar with the local area and
knows the character of the stream and its environs or
is a stranger with little understanding of the danger.

The courts could be called upon to decide such
questions f rum time to time in the future. On the
other hand, both the hotel business and the public
safety might be advantaged by a single definite rule
that did not seek to distinguish between knowledgable
and ignorant guests but placed an obligation on the
management to follow uniform procedures thoroughly.

Of course, in the absence of a warning system,
these questions can be avoided. The operator may still
have a better idea than his guests that, given enough
concentrated precipitation, his premises will flood
dangerously and the guest may be unaware of the situa-
tion. But this would not be an instance of "what you
don't know won't hurt you." Consequently, the issue of
who shodlid bear the risks when there is a warning
system and of how this responsibility is brought into
play needs to be clearly resolved. While the manner of
doing so is a matter for policy decision, the effects

31 Supra note 28 at Sec. 85.
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on this issue of particular legal forms such as
official plan adoption and negotiation of contractual
c~bligations is discussed in Chapter 6.

'Plant Managers - Many of the considerations discus-
sed with reference to hotel keepers are also relevant
for the conduct of other kinds of commercial establish-
places merit separate discussion because workers are
required to be on the premises during stated times in
order to fulfill the terms of their employment. Ac-
cordingly, the members of the work force do not have
the same degree ,of freedom in deciding whether to
enter, stay or leave, Of course, th ey are not restric-
ted in the same sense that members of an armed forces
unit are subject to military discipline. However, the
employer -employee relationship may place even greater
responsibilities on management.

Shutdown of facilities or excusing of certain
groups of workers is a recognized part of work regi-
mens. -However, such occurrences related to natural
hazards are more likely to involve impossibility or
extreme difficulty in reaching the workplace rather
than danger of staying there. Of course, plant clos-
i ngs at the discretion of management are known to occur
when severe weather has begun, but these have generally
been motivated by concern for workers reaching home or
travelling under adverse conditions.

If workers are injured while at their workplace
and engaged on the employer's business, the employer isclearly liable. Normally, it may be expected that
workers compensation insurance which the employer is
required by law to carry will' cover injury to workers
caused by flooding of the premises.

However, it may also be wondered whether the
concept of the employer's obligation to provide a safe
workplace embo 1ýed in the Federal Occupational Safety
and Health Act is or should be applicable to proper

3229 I'SC 654.
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response to warnings of an impending flood. A similar
question could be asked with reference to state laws7
dealing with the safety of factories and other business
premises.

If such laws were made applicable, it is conceiv- I
able that they might extend not only to, making proper
response to warnings but to preparedness programs. For
flood prone business premises, it would seem just as
appropriate to require flood drills as fire drills, and

to expect management to have a flood injury and damage

minimization plan. In some circumnstances, this' couldI
be justified as prudent business practice, without
concern for any liability to outsiders that might arise.

Hospitals, Schools and Public Utilities

* There are a variety of institutions which provide
essential public services. When located in a flood
prone area, each of them can raise special problems of
a kind relevant for warning and preparedness. For
example, prisons contain populations which are not
allowed to make their own decisions concerning personal
s afety and general conduct. Consequently, it may be
asked to what degree these caretaker agencies must
assume responsibility for injuries resulting from
questionable judgments and actions involving exposure
to flood hazards. Public works agencies may be
assigned special responsibilities in preparedness plans
because they possess equipment, supplies and manpower
which, although not primar'ily intended for the purpose,
are both useful and subject to immediate governmental
control in combating flood hazards.

No effort is made here to catalog all of the
institutions which could present untommon or acute
liability problems. But hospitals, schools and public
utilities are considered to give some concrete indica-
tions of what is involved and to offer some assistance
with a few of the most likely areas of concern.

Hospitals - Well developed preparedness p~1ans will
provide for the furnishing of hospital services in
times of flood emergencies and also for the services of
medical, nursing and ambulance personnel from hospitals
for use off the premises as needed. In addition,
hospitals in areas subject to inundation present
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special problems and responsibilities boca-use their
patient populations are not all mobile and so must have
special protection on-site and/or unique provision for _

evacuation. Accordingly, protection through warning Z
and preparedness presents an unusually large and varied
set of responsibility and liability questions.

Many hospitals are privately owned arid operated;
numerous others are institutions of local governments
or. states, and some are federal. Thvo discussion
earlier in this chapter of sovereign immirnity and dis-
tinctions between governmental and propt-ietary func-
tions shoul-d be borne in mind. For purposes of this
presentation, it will be assumed that -the hospitals
involved and their employees are not immune from suit.

Where flood plain zoning and other controls :
specifically directed at elimination or minimization of
flood risks are in effect and diligently administered,
it is unlikely that many new hospitals will be built on
vulnerable terrain. However, buildings have long lives

and many existing hospital facilities are in flood I
plains and have not been sufficiently protected by
design or other measures to the point where they can be
considered immune fron. the hazards of inundation.

It is submitted that the mere placing of a I
hospital in a location wherep it is subject to inunda-
tion, if done at a time when it was not unlawful to so

situate the facility, cannot be considered legal faultI
which will subject the institution to liability in the
case of a flood occurrence. Many other structures of
all kinds have been similarly located and, either
wisely or not, the attendant risks have been regarded
as normal. Consequently, the taking of them cannot
properly be viewed as an absence of adherence to those
ordinary standards of care required to defeat claims of
negligence. Of course, if the facility was built in
violation of laws relating to flood hazards, the situa-
tion could be otherwise because noncompliance with a
relevant statute is evidence of fault such as n
establish liability for resultant injury or damage.
However, in view of the fact that permits must be

33 James Dooley, Modern Tort Law Vol. I Sec.
34.139 (1977).
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obtained and a variety of other procedures satisfied in
order to construct a hospital, it seems unlikely that
many of them now standing were placed on their prsent
sites contrary to flood plain management laws in force
a~t the time of their construction and original occu-
pancy.

Existance and active status of adequate plans and
arrangements to keep the hospital functioning, or if
necessary to evacuate it and provide alternative care
facilities on an emergency basis for patients, isqui-te
another matter. Pursuant to the civil defense and
emergency services legislation in force in virtually
all of the states, it is possible to have disaster
plans which have the force of law. When such a plan,
including hospital services and functions, has been
adopted, implementation of its provisions becomes a
legal obligation. Failure to make reasonable provi-
sions along these lines could be considered fault
giving rise to liability in case injury or damage that
could have been prevented by such implementation occurs.

The specifics of a preparedness plan could also be
determinative as to whether a hospital has to furnish
ambulance services or medical and nursing assistance
outside of its own premises in time of f lood. It is a
reasonable part of mobilization of community resources
to plan for and rely upon the concentrations of medical
and related skills, personnel and equipment generally

most readily available from hospitals. However, aside
from the general obligation of such institutions toI
receive and treat patients in time of disaster, the
affirmative duty to provide medical and health
resources should not be inferred. Consequently, the
development and proper maintenance of a preparedness
plan I's of great importance from the legal point of
view as well as for administrative reasons.

Even though hospitals avoid some responsibilities
by declining to participate in certain aspects of flood
preparedness plans, such a policy position could lay
these institutions open to serious loss of goodwill and
support in the community. In any event, the peculiar

nature of the hospital and its services carries special
obligations to promote and protect safety. Institu-
tions which must provide environments especiallyI conducive to protection of weak and ailing persons may
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well be expected to guard patients against as many
; dangers to their physical well-being as possible.•

Moreover, the interruption of medical and related pro-
cedures likely to be occasioned by unexpected flooding
poses a serious risk that organizations caring for de-

bilitated or incapacitated persons must take into
account. Thus warning and preparedness programs can be
of special value to hospitals in assisting them to
avoid and when necessary to cope with flood dangers
more effectively. An auxiliary but important benefit
of such programs can be to provide concrete performance
of the safety -obligation and thereby to minimize
possible risks 'of liability.

Schools - As with hospitals, the locating of .L

schools in flood prone areas is a questionable practice
and may, or may not in the future, be restricted by
zoning or other laws. However, many of them arealready there and will remain for a long time.

It is also true that schools are administered both
by governmental and private agencies. In considering
questions of liability for public schools it should be
recognized that their function is governmental rather
than proprietary. Whether any elements of sovereign
immunity from suit are to be considered will depend on
the relevant state statutes and court decisions in the
particular jurisdiction. For purposes of this discus-
sion, it will be assumed that the local school district
or administering general purpose unit of local govern-
ment does not have sovereign immunity.

As with any other institutions having premises
intended to be regularly frequented by many members of
the public, schools need to be cognizant of the duties

of reasonable care and safety owed to employees, all
persons regularly in attendance and the relatively large
number of invitees who may be expected to come upon the
premises virtually at any time. In addition, there are
some features of school faci]ities and operations that
need especially to be considered in terms of prepared-
ness.

The school receives children who, because of their
* youth and inexperience, are in need of supervision and
* direction to an extent not to be anticipated for
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adults. It is generally the law that while in atte~
dance, children are in the care of the school system.
Moreover, compulsory school attendance laws require the
presence of the children on the school premises.

K. ~These circumstances give special importance to the_
decision and actions of the school authorities in4
determining whether or not to respond to warnings of
impending flood dangers. The implementation measures
they take must also be viewed in the light of thef
quasi-parental responsibilitites they bear and the pre-
sumed inability of the children to protect themselves
by independent exercise of judgment and minimization of
risk.

In general, it cannot be expected that school
authorities will have any responsibilities in interpret-
ing data or in determining whether issuance of a flood
warning is justified. However, once the agency whose
function it is to issue and disseminate such warnings
has given them, or if it has supplied any instructions
concerning implementation and response, schools may
reasonably be held to a standard of more than ordinary
care in putting the information to use. For example,
they are probably chargeable with making evacuation
plans and putting them into operation earlier and more
conscientiously than institutions catering to adults
might be.

Schools are also prime resources for sheltering
flood victims in time of emergency. On the whole, no
special structural or maintenance features or programs
are obligatory in outfitting school buildings for such
use. Nevertheless, experience is abundant to demon-
strate that schools do serve such purposes when they
are located in or reasonably near flood prone areas.

In the absence of specific laws mandating the use
of school premises as disaster care centers and pre-
scribing express requirements in that conncection,
schools do not have any extra legal obligations on this
account. However, in assessing the need to keep school
premises in good repair and safe to accommodations large

3479 CJS School Sec. 445 (1961).
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numbers of the general public, possible use as a f lood
shelter is an additional element to consider.

The provisions of any pertinent preparedness plan
will be of great significance in determining theL.
responsibilities and liabilities of schools. Since
educational institutions are already under special
obligation to care for the safety of their pupils17
during school hours, the development of any community
preparedness plans should consider including them. The
provisions of such plans- cannot excuse the schools from
the exercise of a measure of care commensurate with the
protection of children, but it may add specifics
especially relevant for evacuation and other actions
likely to be appropriate in time of flood emergency.
Disregard of or inadequate implementation, of a prepared-
ness plan (especially one having the force of law) may
provide evidence of fault such as will generate or
intensify liability. Consequently, for reasons similar
to those which apply in the case of hospitals, schools
can benefit substantially from the existence of and

I. participation in warning and preparedness systems.

Public Utilities - The utilities having a particu-

lar bearing on preparedness plans and their implementa-
tion during times of disaster are those providing
electricity, gas, water, and transportation. Each of
these can be either publicly or privately owned and
operated. If the former, the function is proprietary 1
because it can be and historically has been conducted
in many instances as a private business and paid for by
user charges. The comments made here are on the

I' assumption that applicable law in the ,jurisdidction
does not restrict or eliminate liability on grounds of

sovereign immunity.

The services and products provided by the aforemen-
tioned utilities are all essential to safe and normal
community and individual living. In time of imminent
or occurring flood, one or more of them may suffer
interruption with resultant injury or damage to
persons, property or business interests.

Since flood is an "Act of God", the failure of a
utility service by reason of interference from the
flood itself in most instances will not occasion any
liability on the part of the utility agency or company.
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Only if the failure is due to the clearest kind of
neglect to take reasonable measures to protect "utility
facilities and equipment against foreseeable and prob-
able perils might the situation be otherwise.

Transportation service may be halted either
because physical conditions make it impossible for the
vehicles to move or because the dangers of imminent or
occurring high water are judged to present too great a
risk to the operators, the user public, other personsJ
or the equipment. If these judgments are made unilater-
ally by the utility, there may be liability for
resultant injury or damage if a court later finds the
judgment to have been unreasonable or to have been made
without authority. If made in accordance with a pre-
paredness plan having the force of law, it is probable
that no liability will be incurred by the utility
because it was merely following procedures established
as being appropriate to the public interest and safety.

The same may be said for power and water
utilities. The services they furnish are essential.
Interruption of them is very likely to cause peril and
to be a direct or indirect cause of loss. On the other
hand, imprudent continuance of service may causc,.
explosions, escape of toxic substances, fires, disease
or electrocutions. If shutoffs or curtailments of
service are in accordance with a preparedness plan
having the force of law, resultant damages can likely
be regarded as the necessary and justifiable balancing
of risks in the public interest and pursuant to
authority and procedures emanating from proper exercise
of the governmental power to protect public health. and
safety. If so, those who incur loss must bear it
themselves (either directly or through such insurance
protection as they may have secured). There is no
liability producing fault when the injury or damage is
attributable to an Act of God.

Communications - Privately owned communications
industries ar-e -also important to flood emergency pilann-
ing and operations. The telephone is a public utility
medium. Television, radio and newspapers are not
strictly speaking in the same category, but for present
purposes they have some similar features.
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These communications media provide some of the
means through which the general public can receive
flood warnings and instructions concerning the action
which it is desirable for them to take. Some of them
also are used by disaster workers for operational pur-S~poses.

Aside from maintaining service to the maximum

extent possible, the main assistance that can be
rendered by telephone systems is to cooperate in
programming restoration of interrupted service. There
is not likely to be any requirement of general law that
this be done in any particular way. It may be assumed
that the order in which individual locations or facili-
ties receive attention from emergency crews is a
management decision made in the course of operations by
the utility.

A preparedness plan may well designate priorities
for the maintenance and restoration of service because
telephone communication is important to the conduct of
emergency operations as a whole. If telephone com-
panies become parties to preparedness plans or other-
wise accept them, they do become responsible for-
following their provisions. Depending on the circum-
stances of individual instances, this could include
exposure to liability for disregard of the plan or for

* negligence. There are two existing sources of govern-
mental authority under which the position of celephone
and other utilities might further be affected. State
public utility regulatory agencies have substantial
authority over the quality ;,u' conditions of service
which utilities must provide. The specifics vary from
jurisdiction to jurisdiction, but it is probable that
if affirmatively undertaken by these agencies, they
could establish obligations and priorities for restora-
tion of service and other aspects of flood disaster
situations that would need to be carried out on pain of
incurring liability.

The other avenue is the ill defined emergency
powers of the Governor. In time of emergency, the
principal executive authority of the jurisdiction, and
sometimes even lesser officials, issue proclamations
and other orders which purport to have the force of law
or which are customarily obeyed as though they do.
Whether, absent the commitment assumed under a prepared-
ness plan, a telephone or other utility could be held
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liable for knowingly or inadvertently disregarding a
direction issued on such a basis or for- misperforming
under it is an interesting question that does not now
have a definitive answer.

Radio and television stations generally dis.-
seminate weather reports, flood warnings and related
information as part of the news or on a public service
basis. Except in the unusual circumstances where they
have developed the content themselves, these stations
are not responsible for the reports or instructions,
nor can they reasonably be expected to check for cor-
rectness or to make an independent judgment as to the

4 ~wisdom of the advice given by disaster agencies, public
safety officials or similar sources.

The most important questions relating to the broad-J
cast media are the extent and nature of coverage which
they are or should be obligated to provide. Should an
acceptable standard of service for them include obli-
gatory displacement of revenue producing time or
program content and appropriate arrangements -designed
to disseminate warnings and instructions?

Radio and television are not public utilities in
the traditional sense. Their relationship to warning
and preparedness is not the furnishing of their normal 1
services or products alike to all customers. Rather,
it is the provision of information not originating with
them and dissemination on a priority basis. Such obliga-
tions could arise from the fact that they are licensed
industries using the public airways by government

permission. If radio and television undertake contrac-
tual obligations to provide warni-igs and related
dissemination services, their liabilities will be
determined on bases similar to those applicable to
other furnishers of service pursuant to agreements. The

scope of the present work does not allow for special
examination of what obligations might be imposedI
pursuant to the Federal Communications Act or any other
legislation such as Congress or the states might enact.

Perhaps apropos but in a somewhat different vein,I

it may be noted that civil defense and disaster
statutes frequently provide for mobilization and requi-
sition of resources, as necessary during an emergency.j
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Experience shows that such extreme action as requisi-
tion is rarely if ever taken in connection with natural
disasters and it is probably realistic to assume that
flood warning and preparedness situations will contemp-
late radio and television facilities being left in the
hands of the regular operators.

In the absence of specific law or license provi-
sion, and without an agreement governing the emergency
conduct of these media, it may be asked whether the
failure or refusal of a radio or television station to
carry flood warnings creates liability. Without
specific precedents as a guide, one would be thrown
back on the general principal of tort law. Analysis
would need to examine whether any of the attendant
circumstances were sufficient to establish a duty on
the part of stations to disseminate warnings as part of
the general obligation to operate in the public
interest; whether the failure or inadequacy of dissemi-
nation by a particular radio or TV defendant caused or
materially contributed to injury or loss, and whether
a particular plaintiff relied .or had a right to rely
on dissemination from the defendant.

Newspapers are not as much involved in the dis-
semination situations likely to give rise to liability
questions of the kind being pursued here. Their
methods of composition, production and distribution
make the time and coverage needs of many warning and
preparedness systems unsuitable for reliance on the
printed word. But, in some communities, they may be
important avenues of access to the wire services which
do carry flood data and information of value for dis-
aster operations. However, newspapers are not licensed
to disseminate the news. Consequently, it is probable
that their only obligations to make any of their
property or contracted services available in connectionSwith flood warning and preparedness would come from
participation by agreement in preparedness plans,
through voluntary action at the time of an emergency,
or through temporary requisition under emergency laws.
Assessments of exposure to liability would require
application of tort principles to specific situations.
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CHAPTER 6

IMPLEMENTATION APPROACHES

Many steps must be accomplished between the
decision as to the proper means of protcting an area
against the dangers and losses of flooding and the
-realization of that protection. They include the plann-
ing of the system, financing of the project or program,
actually creating it, and successfully putting in place
the organization and arrangements for impoundments and
other -physical works. Experience -has combined with
technical and scientific. knowledge to show how the 'job
is to be done; to make clear what is better and what is
worse; to illuminate the choices that need to be made
and the consequences that are likely to attend selec-
tion of each alternative.!

Warning and preparedness systems do not have this
full record of successful and not so successful
instances from which to draw the "how to do it"
lessons. Nor has the federal government participated
in enough full warning and preparedness systems to have
identified and argued out the policy questions con-
"cerning the extent of its desirable involvement and the
nature of its relationship to the local interests seek-
ing protection.

This may be thought strange because surely to warn
people of approaching inundation and for them to plan
and execute the measures they will take to get out of
harm's way or make it safe for them to remain in the
midst of the risen water seems an obvious course of
action. But the lag in developing truly professional

F and comprehensive warning and preparedness systems is a
fact. Pdrhaps it can be, partially explained by the
long standing pre'erence for building physical works to
keep flood waters away and to permit occupiers of the
land to go about their business as though serious
flooding would not occur.

The procedures by which structural measures move
from their inception to operational status and by which a

they are thereafter sustained have bevome familiar.
Congress, the Executive Branch, the state governments
and local interests have argued their merits and inequi-
ties long and thoroughly. The institutional framework
for flood warning and preparedness is only beginning to
be developed.
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The few instances of significant federal involve-
ment with warning and preparedness specifically
directed at flood p~rotection need to be used for what
guidance ',or other information :they .can provide. For
that reason they are described. in Chapter 3. However,
so long as the experience record is thin and even major-
pPlicy: qu4e:stions are still largely'-:unexplored, analyti-
ca• methods must be relied on heavily. to show how the
job can be done and to identify alternatives to be
considered.

. Chapters -4 and 5 have developed the major items ýof.
substantive law,* and. pol icy-,inf'ormation presepntly avail-

* able. :Much of this material might be cast as issues
because, as the discussion has shown, there are often
no clear and definitive resolutions of such matters as
liability and responsibility for furnishing'protection.K .- , However, it has *seemed best' to" regard the items.'in,
".Chapters4 *and 5 as informational background against
which the several issues central to the creation of a
warning and preparedness system can be examined by.. the
planners and policy- makers faced with the concrete

1<'•: :task of developing systems' in, particular geographic
locations.

Throughout this chapter, questions are raised as
to. the proper distribution of f',,unction8 and ..-responsi-
bilities between the federal government and non-federal
"participants.

PLANNING

- There are two significant areas of uncertainty
- . , with respect to planning of f.iood warning and prepared-

ness systems. They concern distribution of the
responsibility for planning between the federal govern-
ment and -non-federal interests and the level of detail
to which plans should be developed.

.&esponsibility for Planning

The threshhold legal question is whether the Corps
or any other federal agency is required to plan warning
systems for particular locations or project areas,
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whether it must develop preparedness plans, and %hether
it must plan warning-preparedness systems.

One way to look at the problem is to note that
warning and preparedness is only one from among a
number of possible nonstructural measures. Section 73 4
merely requires that structural and nonstructural
measures be considered. Depending on the circumstances
of each individual project or study area, it is
probable that some nonstructural measures will prove
more relevant than others and that reasonable considera-
tion of the category as a whole will not make equal
development or analysis of all of the conceivable
nonstructural techniques essential. Nevertheless, it
would seem that to meet the intent of Section 73, the
possibility of employing each of the known nonstruc-
tural approaches should be raised and either pursued
further or discarded as preliminary analysis might
indicate in the specific situation.

Instances of Corps involvement may be differently
viewed depending on whether they go forward under
authorizing action of Congress for the study of a
particular area or project, or whether they come about
under the Flood Plain Management Services program.
Where there is a specific authorization, it is possible
to argue that the words of the authorization govern and
that only the types of measures directed to be investi-
gated need be considered. Congress can specifically
direct that a particular kind of nonstructural measure
be employed. For example, relocation was expressly
provided for in the Prairie du Chein instance.

On the other hand, the mandate of Section 73 would
be a nullity if it applied only to cases in which study
or project authorizations specifically directed con-
sideration or use of flood warning and preparedness or
nonstructural measures generally. The language of
Section 73 would then never apply unless specifically
triggered by wording in the authorizing action. In such
instances it would be surplusage because the authoriza-tion would be sufficient of itself.

Since it must be assumed that Congress did not
intend to place a meaningless statute on the books in
enacting Section 73, it is appropriate to conclude that
each area or project being studied or planned for flood I
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protection should receive analysis to determine whetherr
each of the known nonstructural measures could con-
tribute to loss reduction, either if used alone or in
conjunction with other flood control or loss reduction
techniques. In those instances where warning and
preparedness is determined to merit development, the
Corps may prepare a flood warning and preparedness
plan. It may also participate in a multi-party effort
to produce such a plan, or it may recognize the action
of non-federal interests in developing such a plan and
may consider it in lieu of its own action.

Planning of a flood warning and preparedness
alternative is a complex effort requiring considerable
time and effort and necessitates certain technical
capabilities on the part of the planning organization.
Among the tasks to be performed are analysis of the
flood hazard in terms relevant to warning and pre-
paredness, identification of the characteristics and -

needs of the area which is to be protected,. and develop-
ment of subplans for warning issuance, warning dis-
semination, evacuation, property damage reduction,
public information, maintenance and perhaps other
objectives. All of this must be done so as to be
consistant with established emergency procedures,F
existing commitments of equipment and personnel and
availability of resources for carrying out the plan. I *
Moreover, all of the subplans must be closely coordina-
ted and their contents considered in trade-offs between
timeliness, reliability and cost as part of deciding.'
the main features of the system.

This type of planning requires collection of a

of technical analyses and both subjective and objectiveI
decisions. It also requires development of assignments
of responsibility for agencies and some specified
personnel, writing of inter-and intra-agency agreements
and creation of procedures for adoption and implemen-
tation of the warning system and preparedness plan at
the local level.

Many of the planning activities could be performed
equally well in most cases by either federal or non-
federal planners. Some could perhaps be- performedjbetter by one than another. The question of what part

te federal government should expect non-fede~ral
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interests to perform is as yet unsettled. As in the
case of other authorized flood control and water '
resources studies, the recommendation eventually made
to Congress comes from a federal entity. However, that1
does not prevent the recommendation of a federal agency
from being based at least in part on planning performed
by non-federal interests. Legislation authorizing
flood control studies usually is worded *as a directive
to the Chief of Engineers or another federal official
but, again, that is not generally taken to mean that
the specified official and the staff of the agency so'
designated must perform every aspect of the planning.

Lack of authority provides no impediment to non-:
federal participation in planning of flood warning and
preparedness alternatives. Local governments and
special purpose districts are normally endowed
generously with authority to participate in planning
for topics related to their interests. Individuals, of
course, may participate with the exception perhaps of
corporations with extremely limited charters. The
question is whether they should be required to be a
part to planning.

The responsibility assigned non-federal interests
in planning of local flood protection works has usually
been small. Once the federal investigation has begun,
a two way communication process is set in motion to
promote public understanding, keep the public informed
on the status of the study and solicit information.
However, the public does not participate much in decid-
ing scale, level of protection, technical specifica-
tions and like matters. The first significant input
asked of non-federal interests is participation at a
public meeting to review the assessment which has been
made of the nature and extent of the problem and to be
informed concerning the details of the plan of study.
The next significant input is at the time when a broad
range of alternative solutions have been identified to
eliminate those which are impractical or clearly in-
feasible. Non-federal input is asked at that time to
help select those remaining alternatives to be studied
in detail. The next and most important non-fedleral
input is at the conclusion of planning to review the
recommended plan. if this process is applied to a I
situation from which a warning and preparedness alterna-
tive emerges, non-federal interests will have been
involved primarily in selecting that alternative for
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detailed investigation and in approving or rejecting

its finally recommended form.

Flood warning and preparedness alternatives are I
different from traditional types of projects in ways
important to assessing the value of any analogy of one
to the other with respect to the assignment of planning
responsibilities. The minimal day-to-day participation
of non-federal interests in technical design of dams,
levees and other flood control measures makes some
sense in view of the fact that design of those types of
projects is based primarily on physical circumstances _

which can be asse ssed as well by federal planners as by
local participants and on relatively well developed
federal policy. In addition, federal agencies con-
tinually involved in such projects can develop exper-
tise in various design disciplines which non-federal
participants cannot of ten 'match. However, flood
warning and preparedness plans are not creations of
concrete and steel. While they depend in part on physi-
cal conditions, much of their design depends on under-
standing existing organizational and institutional
arrangements, past experience in emergency operations
in the locale, desired patterns of assigning responsi-
bilities, and local preference for making various
trade-offs. Because of its character, planning of
flood warning and preparedness alternatives requires
some capabilities which are either not available in
federal agencies or for which they can claim no unique
expertise. Local input to the technical aspects of the
planning process on a day-to-day basis therefore
becomes a much more important matter than for most
structural measures.

Participation of nun-federal interests in federal
planning is variously encouraged or required by the
Principles and Standards for Planning Water and Related
Land Resources, The Unified National Program_ for Flood
Plain Management and other policy documents which have
the force of law so far as federal agency procedures
are concerned. For the most part, the requirements of
these types of directives are meant to insure oppor-
tunity for non-federal review of federal planning and
are adequately discharged through a public involvement
process. According to the Corps' directive on public
involvement, for example, the public is to be involved
in early planning stages and not just involved review-
ing plans after the fact. However, these documents do
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not take account of a significant difference between

plans for structural and nonstructural measures. DamsI
and other structural works either remain within the
ownership and operational control of the federal govern-
ment for the long term or are turned over to non-
federal interests only after construction is completed.
Nonstructural measures, especially in the case of warn-

ing and preparedness systems, are usually intended to
be implemented, operated and maintained wholly or ini
major part by local .governments or other non-federal
interests.

There is no legal or theoretical impediment to the
Corps or some other federal agency having pro~perI
authorization to deliver a complete blueprint fora
flood warning and preparedness system to a local or
state government. However, if the agencies and
organizations which will thereafter be responsible for
administering it and for bear'ing the costs and liabili-
ties have not intimately participated in the formula-
tion of the plan, there is a great likelihood that they
will not accept its provision or that they will give it
only lip service. It follows that cooperative planning
of some kind will normally be essential to promote the
acceptance and practical implementation of the opera-

* I tional plans, if not of the system design.

Another factor favoring non-federal participation
* I is the nature of flood warning and preparedness alterna-

tives with regard to their vital need to mesh with
ongoing non-federal activities. It would be excep-
tionally difficult, time consuming and expensive for
federal planners to develop fully adequate. detailed
plans without significant input of at least information
and, in many if not most instances, of experience and
views as well from local officials and local business
communities.

For the several reasons described, a substantive
day-to-day participation in planning of f lood warning
and preparedness alternatives is plainly preferable and
quite possibly necessary for best results. Joint
planning is the most desirable approach since thet actual functioning of warning and preparedness systems
is almost certain to invol're activities by more than
one agency and level of government and all those who
must contribute to success should have a part in deci-
sions concerning the policies, study methodologies,
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pl an content and assignment of responsibilities.
However, Where the several parties are likely to diff-er
greatly in technical and financial capabilities, such
equality may not be realistically attainable ,in
pracie Moreover, there are few existing institu-
tional arrangements of an intergovernmental character
through which truly joint planning of warning and
preparedness can be achieved. Perhaps the Susquehanna
and Delaware River Basin Commissions with their
representation of.-states and the federal government,
and the several 'interstate planning- bodies havin-g both
state and -feder-al: represenitation come closest. Unless
such intergovernmental machinery is successfully
further elaborated and its use becomes more widespread,
the nearest practicable approach available in most in-
stances will probably be coordinated _planning in which
certain tasks are assigned to federal and non-federal '
interests for performance.

Non-federal planning responsibilities might in-
clude provision of readily available information,
conduct of certain inventories, and participation in
decision-making. Some of the types of readily avail-
able information which would commonly be needed are
those concerning existing emergency plans and pro-
cedures, existing hydrologic and other data collection
systems operated by non-federal interests, -available
resources of equipment and personnel, existing mass
warning systems, existing communications capabilities,
and utility and transportation systems. Inventories
which might be useful icuethose to identify demo-
graphic and socioeconomic characteristics of the areaI to be protected, to locate and describe vital facili-
ties, to identify special warning participants and to
ascertain the availability and suitability of suchI
things as evacuation destinations. The non-federal
decision-making role would likely include participation
with the federal government in selecting the general
type of flood recognition system and means of warning
and almost unilateral decision as to procedures for

plan adoption and such things as selection of the local
party to be in charge of operations. I

This type of division would then leave to the
federal planners the hydrologic, hydraulic and other
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analyses of the flood hazard, identification and coordi-
nation of federal agency assistance) formulation of

alternative concepts for warning and preparedness, 1
leadership in detailed development of the various
subplans and cooperation with non-federal interests in4
the development of implementing arrangements.

This approach has the added benefit of providing
non-federal officials the detailed familiarity with the
plan necessary for its operation.I

- Two other considerations might affect the extent
of non-federal participation in planning, depending on
how it was desired to handle them. First, it may make

a difference as to who is to adopt the plan and assume
responsibility for it. If the warning and preparedness I
system is in conjunction with a project operated bya
federal agency, it is likely that the United States
Government will have all of the responsibility for
planning or at least a significant share of it. If a
completed project is to be transferred to non-federal
ownership or if the warning and preparedness system is
a separate program for which local or state government
undertakes most or all of the responsibility, determina-
tion as to how far the federal agency should go with
planning will be a matter of policy rather than law.

Second, liability can result from faulty planning
as previously described. If it is desired to assure a
uniform' approach to bearing that liability, planning
could be done without any substantive non-federal
assistance. On thb other hand, non- federal participa-
tion in planning could spread that burden and assure
some non-federal interests had a stake in the adequacy
of the plan. A policy determination on how liab ility
is to be distributed may influence policy concerning
non-federal participation in planning to a considerable
extent.

Level of Detail

Federal flood control projects are planned in
explicit detail. The planning process usually begins
with development of a plan of study which identifiesiT issues, defines planning objectives, formulates alterna-
tive measures for meeting objectives, and estimates the
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"time and funds necessary for completion of the study.
Intermediate stages of planning provide for gathering
the data and information needed to improve the formula-
tion and evaluation of the most promising alternatives
and evaluate their costs, benefits and other impacts.
Alternatives finally selected for implementation are
studied further to determine appropriate sizing of
projects, determine the degree of protection to be
afforded, consider aesthetic and environmental aspects
and to prepare detailed engineering specifications for
construction.

Before construction is undertaken, extensive work
is done to assure foundation conditions are suitable,
investigate the availability of borrow and spoil sites,

/' plan routes for construction traffic and to settlenumerous other points. Specifications for structures

and means of construction are similarly detailed.
Materials, procedures for placement, compaction and
cther aspects are all thoroughly planned. In short,
every reasonable effort is made to assure the project
will perform exactly as expected. There is good reason
why such care is taken in planning flood control works.
Failure or improper functioning can prevent obtaining

whatever protection is intended to be provided by the
structure. In some cases, failure could cause catas-
trophic dmages aside from whatever losses might have
occurred from a-flood. Also, of course, flood. control
works cannot be tested before -hey are installed and
their workability is assured only through competent" ~planning..,

The appropriate level of detail for plannring flood
warning and pr'eparedness systems is open to sowhe conjec-
ture. Because such measures have not been usedlexten-

sively, no long and well developed body ok' experience
Sexists on which to base an answer with many specifics.

Design of a flood warning and preparedness alterna-
tive can be pursued in levels of detail varyin-g from
limited planning which only ascertains that such an
alternative' is needed and could be developed through
explicit planning for every conceivable contingency.
The first extreme is obviously not very helpful and the
second is extraordinarily complex. Between the ex-
tremes are a very large number of alternatives from
which an appropriate policy can be selected. For
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example, plans for issuance of a warning could proceed
only to the point of' identifying who should make the
deebisions on release of it. To provide more detail,
plans could be carried to the point of specifying the
criteria on which warning messages of various types are
to be based or even through actual writing of the
messages to be used under various conditions of rain-
fall and river stage. Similarly, plans for the dissemi- '
nation of flood warnings could stop at assigning

responsibility to non-federal interests, be so specific
as to assign responsibility for warning dissemination
to a particular entity, or even pursued to the point of
spelling out how the dissemination of warnings is to be
carried out, the resources Oequired for the job and the
priority of warning various areas. In the case of
traffic control, planning of routes coul~d or -could not
be supplemented by identification of the number of
personnel, barricades, signs, lights and other equip-
ment necessary to effect the desired control. The same
types of choices occur throughout the planning process
with regard to the level of detail of each part of the
plan.

Some policy regarding the appropriate level of
detail of planning flood warning and preparedness
systems is essential as guidance to the planner in
laying out time schedules and budgets for the planning
process. It is also necessary as a basis for describ-
ing to non-federal interests the nature of the final
product whi,:n they will be provided if a warning and
preparedness alternative is chosen as the preferred
alternative. This latter point is particularly impor-
tant since warning and preparedness alternatives have

- not been widely employed and their nature and benefits
are consequently not as well known as are those of
structural flood loss reduction measures.

Consideration of flood warning and preparedness
alternatives is only encouraged or required by Section
73 of Public Law 93-251, The Unified National Program
for Flood Plain Management and other federal government
policy documents. These documents do not specify or
provide for any specific guidance as to the form or

substance of recommended alter-natives. However, Sec-
tion73 oesrequire consideration of such measures and

its legislative history makes it clear that Congress
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i ntenaded that the cosdrto ie be comparable to

that for flood control measures. It can be inferred
fromthi tht Cngrss xpetedwarning and prepared-

ness alternatives to be developed to a level of detail
equivalent to that commonly employed for-flood control
measures so as to facilitat-e their comparison with one
another. The Principles and Standards for Planning
Water and Related Land Resources also requires various
displays and comparisons of alternative measures.
Compliance with those requirements, necessitates
relatively complete investigations of each alternative
considered for 'recommendation.

The extent to which the detail of a flood warning
and preparedness alternative should be developed needs
t o be at least considered in terms of possible
liability. While most risks of suit over injury to
persons or damage to property are likely to arise out
of faulty operations in executing a plan rather than
from its content, the quality of a plan for warning and
preparedness could become the basis of a claim of
negligence or incompetence resulting in liability. if
such a plan were deficient or inept enough, and if a
community were given reason to suppose that it could 1
rely upon the plan as an element of its protection
against the consequences of flood, the agency which
produced only half a plan or one so sketchy that it
belied appearance of sufficiency or completeness might
be held responsible for injuries or 'Losses. Abbrevia-
ted planning supported by only skimpy investigations
requires greater numbers of assumptions and increases5
the prospect for unforeseen conflicts or other inade-
quacies which may only become apparent when the plan is
executed under emergency conditions. Detailed planning
offers a far better opportunity for each intended
participant to assess pertinent portions of the overall

plan while it is in draft stage and identify erroneous
assumptions concerning capability, conflicts with
duties assigned under other operating procedures or
shortcomings of the plan.

The Corps' Flood Plain Management Services program
presents a different set of circumstances in this
regard than does planning of authorized projects. The
assistance which the Corps provides in the Flood Plain
Management Services program is discretionary in the
sense that it is rendered in response to applications
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from state or local governments. In the final analy-
sis, it is up to the Corps to decide whether it will 4;

respond to any such application and to what extent it
should devote resources to a particular undertaking.
The quality of any work which is performed could still
be an issue, but it is unlikely that there could be any
legal fault for not preparing a nonstructural plan or
for contributing too little technical assistance.

The need also exists for detailed planning of
flood warning and preparedness systems for the same
reasons noted earlier for flood control works. Failure
of the system to work properly, especially in the ease
of the warning component, may leave those depending on
its benefits in worse condition than if the system did
not exist. As with structures, not all of the parts of I
a warning and preparedness plan can be tested other
than by actual use. Assuring all of the pieces of the
system fit together and will function satisfctorily
under emergency conditions requires detailed planning.

The detail of planning may also affect the pros-
pects for approval of a proposed flood warning and
preparedness alternative by non-federal interests. Too
little planning may result in a plan which does not
generate confidence that it will, in fact, protect
lives and reduce property damage.

As noted in the discussion of legal considerations
in Chapter 5, some liability may be associated with a
flood warning and preparedness alternative in the event
it is given the force of law and is then carried out
improperly. Few of the local governments which lack
sovereign immunity would seek that risk and might there-

* fo.-e prefer that the plan not be detailed on the basis
that they cannot be held responsible for what went
unsaid. A policy reflecting that concern would limit

plans to saying that, for example, traffic should be
controlled at certain intersections to prevent entry
into a flooded area, without describing whether or what
equipment was required, whether it was a police, public
works or other responsibility, and how many personnel
were required for the task. Concern over a detailed
plan springs, of course, from the fact tht all of the
conditions which may exist at the time of an emergency
cannot be foreseen. Police assigned traffic control or
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warning dissemination tasks may be engaged elsewhere,
planned routes may become impassible, or specified
equipment may be temporarily unavailable. Yet, if a
detailed flood preparedness plan has been formally
incorporated in the community's emergency operations
procedures, managers directing emergency activities may
be faced with either acting contrary to the approved
plan or following a plan which has become untenable.
Neither course is entirely satisfactory because each
involves risk of liability.

Fortuntely, a relatively simple way exists to
reconcile the opposing problems of too much or too
little detail which stem from liability considerations.

The need to do competent planning can be met through
uetailed analysis and specification of the warning
system and preparedness plan. The problems of having
such detail as a formal part of the plan can then be
avoided by presenting nor.ncrltical details such as
lists of materials, personnel requirements and the
specifics of operational procedures as desirable levels
of performance to be provided at the discretion of
those managing the emergency response. This would
leave only the crucial parts of the alternative as
specifically required performance for which partici-
pants would be responsible. Application of this
approach would, of course, need to include ample A,:
explanation in the body of the plan and in information
concerning the plan which is distributed to the public
and to other governmental parties.

The shortcomings in reconciling this problem in
the manner suggested is the lack of any requirement for

non-federal interests responsible for operation to take
the discretionary parts of the plan seriously and
attempt to operate in accord with them so far as
possible. Care also needs to be taken in deciding
which parts of the plan are essential and cannot be
left to discretion.

FINANCING

Division of costs for flood warning and prepared-
ness alternatives involves the amounts or proportions
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assigned to the federal government and to non-federal
interests, the types of activities or functions for
which each is to bear the expenses and the mechanics
for implementing the division of financial responsibili-
ties. These several aspects are closely related and
therefore must be considered together in establishing
any overall policy.

Cosb. Apportionment

The most important of the three financial aspects
is probably division of the amount of costs. In many
cases, the size of the non-federal. share of costs may I
be the largest single factor in non-federal decisions
to prefer one or another type of warning and prepared-

ness alternative from among those which are practical
or to prefer a warning and preparedness system over
other types of flood damage reduction measures which
are proposed. Given a choice of two plans accomplish-
ing somewhat the same purpose, non-federal interests
Wiil often choose the one which requires the least
financ'ial imput on their part. Some departures from
this expectation are likely to occur. They will be
influenced by such considerations as how much of the
non-federal cost share for each type of alternative is
to be in the form of an immediate cash contribtition or
expenditure, how much can be provided as matching ser-
vices and how much can be deferred or involves only a
potential cost such as assumption of liability.

Some specific direction concerning apportionment
of costs for flood warning and preparedness alterna-
tives which are developed as part of a project involv-
ing flood loss reduction is provided by Section 73(b).
According to that statute, non-federal participation
shall be:

... comparable to the value of lands,
easements and rights-of-way which would
have been required of non-federal
interests under Section 3 of the Act of
June 27, 1936 (Public Law numbered 738,
Seventy-fourth Congress), for structural
protection measures, but in no event
shall exceed 20 percentum of project
costs.
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rhe law seems on its face to be clear. Non-: federal participants are required to bear a cost equiva-

lent to that for lands, easements and rights-of-way for
an alternative structural project.

A definitive prescription is lacking as to what
constitutes a "project" as used in Section 73(b).
Considerably different interpretations can be made
depending on whether "project" is taken to mean a
single measure, two or more nonstructural measures or a
plan combining structural measures with one or more
nonstructural measures. Even if the simplest case of a
project including only a flood warning and preparedness
system, a problem arises as to what type of "structural
protection measures" should form the alternative on
which the cost allocation is to be based. Wapning and
preparedness systems are seldom if ever true alterna-
tives to dams, levees or channelization projects in
terms of the type and extent of protection they provide
or the way in which benefits are produced. Certainly,
the methods of accomplishing damage reduction are not
parallel--there is no obvious way of translating the
land or rights-of-way components of a flood control
project directly into components of a flood warning and
preparedness system.

If Section 73 said non-federal participation
should be only comparable or similar to that required
for structural measures, one alternative would be to
assign to non-federal interests some fixed set of
responsibilities which would comprise 20 percent or
less of costs in most warning systems. However, the ,
requirement of being comparable to the value of those
things demands individual treatment of each case unless
it can be corr:,-tlv assumed that the value of lands,
easements and rights-of-way for any structural protec-
tion alternative would in every case exceed 20 percent
of the cost of a warning and preparedness alternative.
If that assumption is trae, the problcm o7 cost alloca-
tion reduces to a simple 80-20 split of overall costs
between the federal government and non-federal
interests. Project planning presumably will include
the investigation of alternative structural projects so
no great burden is put on the planner by this require-
ment even if the assumption is not true.
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Division of the Tyjes of Costs

Division of: the-ý types .of qosts raises questions of
whether the federal. governmi~nt..,or non-federal interests .

should bear the financial bWirden for. purchase of equip-.
ment ,for flood recognition systems and communications,.
installataion of . ,'equi ment, mddiflPation of utility "
systems or ,struct'ures, acquisition of la'nd, purchase of
supplies to be ..stockpid, executlion of the pla'n., con- I
duct 6-f public" information' programs,' performance of .
continuing monitoring,. and maihtenance aqtivities and .
each of the other specific items that go into making up
a flood warni ng r"and preparedness system. Even aside..
from their coS't amounts, some of these types of-act.ivi-.........
ties are of A nature, -to 'be more easily financed by a 6
particular participant.

Section ''7,3 4s silent with regard to the types of.
costs".'to be.-borne by, the federal government and non-
federal inteiests. :It is worth particular note in this
respect that Congress omitted mention of maintenance
and operatJon and holding the United States free. from
damages which were other requirements of the 1936,Flood.
Control Act.. As has been pointed out, these items may
be a larger component of. overall costs for flood warn-
ing and preparedness than for most structural measures.
Division of the types of costs for flood control works

is generally guided by Section 3 of the 1936 Flood
Control Act which provides that non-federal interests
should: a) prov'ide without cost to the United States

-_0 all lands, easements, and rights-of-way necessary for
the construction of the project; b) hold and save the *

United States free from damage due to the constuction
works; and c) maintain and operate all of the works
after completion in accordance with regulations pre-
scribed by the Secretary of Army. Subsequent legisla-
tion has added other requirements for non-federal
interests which ýare variously applied including re-
location or alteration of bridges, roads and pipelines,
regulation of flood plain areas; provision of public
facilities related "to project operation; and conduct of
public inforthatinn programs related to the project.

One major. difference between the structural
measures addressed by, the 1936 Act and flood warning
and preparedness alternatives is the absence of any
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sigifiantrequirement for land in the case of the
latter. Small plots for location of precipitation and
river stage gages and/or, antennas and radio relay
stations, easements for access to such sites, and
perhaps easements for location of buried communications
cables are about the extent of land related require-
ments for most systems. Additional requirements might
arise for provision, of space for emergency operating
centers, evacuation care facilities and storage of
materials but this is not comparable in difficulty or
cost to acquiring land for construction projects.

A second notable difference between structural
projects and flood warning and preparedness systems is
the share of the overall project cost expended at the
planning, implementation and operation stages. In the
case of a dam or levee of any significant size, plann-
ing costs are a relatively small part of overall pro-
ject costs and their share of overall costs usually
decreases as project size increases. For flood warning
and preparedness systems, planning costs are more
nearly equal t~o and may even exceed implementation
costs in some instances. In addition, the share of
overall costs devoted to planning of warning and pre-
paredness systems tends to vise as project size increa-
ses. Annual operation and maintenancek costs for flood
control works also tend to be relatively small in
comparison to the implementation cost whereas operation
and maintenance costs may be nearly as large or larger -

than first costs for some flood warning and prepared-
ness systems.

Within the statutory requirement of Section 73(b),
* the matter of workability needs to be considered in

apportioning costs. Local government~s and some state
* governments may be particularly sensitive to the types

of cos,.ts they are asked to bear and the period of time
in 'which the costs are incurred. Smaller communities,
riural counties and others may have difficulty in provid-
ing funds for equipment purchase on short notice.
Assignment to these types of non-federal interests of
costs for testing and maintenance of equipment, public
information and other continuing activities is likely
to be preferable. Similarly, there are constraints on
what resp~onsibil~ities and costs the federal government
can best 'assume. For example, the federal government

cannot very well provide services to coordinate local I*
~-,Z



operations, develop detailed assignments of responsi-
bility or carry out day-to-day monitoring of local '
weather conditions. Local governments and, to an
extent, state governments, are better equipped for
these types of activities. -:

Mechanism for Sharing Costs

The mechanics for dividing costs between the
federal government and non-federal interests pertain to
how the appropriate appcrtionment can be effected. It
is obviously desirable for whatever means is selected
to be generally applicable to most or all warning and
preparedness alternatives notwithstanding their dif- I
ferences in composition and overall cost.

The mechanism for sharing costs in the case of
flood control works is non-federal provision of lands,
easements and rights-of-way agnd such other items as are
specified in law or may be decided to be appropriate
for the particular project. For nonstructural measures,
Section 73 leaves the proposing federal agency with
flexibility to recommend whatever cost sharing mechan-
ism it chooses. The discretion can either be passed on
to field offices for their exercise on a project by
project basis or some internal guidance can be provided
from headquarters to insure a uniform approach in all
warning and preparedness alternatives developed by the
agency.

Assuming a uniform policy is desired, there are
two major approaches which might be taken to cost
sharing:

A. Assignment to non-federal interests
of the costs associated with a
fixed set of the major implementa-
tion, operation and maintenance
actions selected on the basis of
typical non-federal technical capa-
bilities and authorities, federal
limitations and other considera-
tions, supplemented by payment one
direction or another to achieve
proper sharing of costs.
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B. Assignment to non-federal partici-
pants of full responsibility for

F-the costs of carrying out all
implementation, operation and
maintenance actions, offset by a
payment from the federal government
to non-federal interests.

Distribution of costs and distribution of responsi-
bility are clearly different. However, an approach to
cost sharing would be more effective and more easily
administered if they paralleled one another. Some
attention therefore needs to be given to the implica-
tions of the cost sharing mechanism with respect to the
division of responsibilities for implementation, opera-
tion and maintenance.

Alternative A (fixed division of costs) is most
like traditional practice and would facilitate maintain-
ing past policy with respect to responsibility for
operation, maintenance and liability by simply assign-
ing those things as non-federal costs when the cost
sharing pattern is established. Since it is likely
that any significant assignment of continuing respon-
sibilities to non-federal interests would entail costs
in excess of 20 percent of overall project costs, a
question arises as to how the equalizing payment of
funds should be shared among state and local govern-
ments, private organizations and individuals which
participate in implementation of the alternative or are
expected to take part in its future operation and
maintenance. This alternative would not foreclose theI
possibility of recommending more than the minimum with
regard to non-federal responsibilities if warranted by
the situation and needed to produce an appropriate cost
share.

Alternative B (local cost with federal reimburse-
ment) would probably work in the case of communities or
counties with a fair amount of financial resources and
technical capability and it would be a simple mechanism
for cost apportionment. However, some non-federal
participants might have considerable dif ficulties,
especially in selection, purchase and installation of
sophisticated equipment for some types of flood recogni-

F tion systems. The approach would work as well as
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alternative A in facilitating continuation of the past
policy of leaving- operation, maintenance afid liability
to non-federal interests. One drawback to the approach
is that it does not facilitate retaining responsibility
at the federal level as conveniently a~s alternative A4
and such retention may be found to be desirable in some
situations.j

IMPLEMENTATION AND OPERATION

Responsibility for implementation and operation ofU
levees, floodwalls and other types of local flood
control measures is distributed between the federal
government and non-federal interests in accord with
Section 3 of the 1936 Flood Control Act. The federal

government usually provides for all implementation I
excepting provision of land rights, bridge adjustments
and a few other matters spelled out in the 1936 Act and
subsequent legislation or required because they are
thought to be particularly important for the project atI
hand.' Non-federal interests then operate and maintain
the completed project. The federal government only
makes periodic inspections and reviews reports made to
it. One of the basic questions concerning use of flood
warning and preparedness alternatives is whether the
same or some different pattern of assigning implementd-
tion and operation responsibilities should prevail.

Implementation

rWarning and preparedness alternatives are like
traditional measures in that they require some implemen-
tation effort. However, the types of actions which are
necessary differ greatly. In the case of most tradi-Ltional types of measures, the principal parts of
implementation are related to acquisition of land
rights and to construction. These are generally minor
parts of implementing a flood w.drning and preparedness
system. 1

The major steps toward implementation of a flood '
warning and preparedness alternative include establish-
ment of' the flood recognition system, purchase of

materials and equipment needed for execution of the
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plan, modification of utility systems and structures as
Fmay be necessary, development of any site-specific

warning systems and preparedness plans which are
required, adoption of the plan, assignment of responsi-
bilities for the execution, operation arod maintenance
of the. plan and consumation of whatev-er inter-and
intra-governmental and governmental-private agreements
are necessary. Each of these steps may have several
parts. For example, establishment of the-flood recogni-
tion system may involve purchase, installation and
calibration of measuring and communications equipment;
recruitment and training of observers and/or other
staff; and development of any detailed procedures not
provided as part of the project plan. Development of
site-specific warning systems may include preparation
and adoption of local ordinances requiring them,
establishment of criteria for the level of performance
to be provided, a-nalysis of requirements at each site
involved, design and installation of the needed system,
inspection and training. Other major parts of implemen-
tation could be similarly disaggregated but the result
is obvious -without, doing so. Implementation of flood
warni ng and preparedness alternatives having any comh-
plexity at aJll requires a large and diverse set of
actions which are quite different from those associated
with structural measures.

Continuation of past policy regarding -che division f
of implementation responsibilities would result in
a lmost totally federal implementation. Regardless of
whether that approach would be desirable from a policy
standpoint, it is not likely to be possible because of
a lack of authority on the part of the federal govern-
ment to do all Gf the types of things which would be re-
quired. For example, it would be difficult under

Fpresent legal arrangements for the federal government
to act directly in requiring private property owners to
install site-specific warning systems and preparedness
plans. Although the authority and mechanism for that
might conceivably be provided by legislation adding
safety from floods as an objective of the Occupational
Safety and Health Act as discussed in the previous
chapter, the same objectives might be more easily
accomplished by state and local ordinances and codes
similar to those which require installation of fire
alarms and fire equipment in public buildings. Similar
limitat~ions in legal authority exist for other aspects
of implementation.
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Another consideration in allocating responsibility
for implementing actions is the affect which differing
patterns for doing so have on liability. Improper
installation of a warning system or faulty implementa-
tion of some part of a preparednesss plan could result
in liability. In the absence of any legally binding
commitment for one party or another to hold the others
free from such losses, liability might be assigned to
whichever party carried out implementation. Achieving
the desired distribution of liability may govern the
assignment of responsibility for implementation if
liability is not handled through a specific agreement.

Implementation responsibility could be entirely
delegated to non-federal interests, reserving to the
federal government only the role of inspector to assure
it was carried out properly. This is the approach
taken in some other programs such as that for construc-4
tion of sewage treatment plants financed in part by
federal grants. However, this approach would depart
significantly from the past policy of extensive federal
involvement in implementation which has prevailed in
the area of flood control.

Assignment of all implementation responsibilities
to non- federal interests could produce a bias against
selection of warning and preparedness systems. Whereas
the types of responsibilities associated with construc-
tion of sewage treatment plants are relatively well
known because they are widely used, local officials and
staff members of local agencies are largely unfamiliar
with what is required to implement a flood warning and
preparedness system. The result of this lack of
familiarity is likely to be adoption of a wait-and-see

position, reserving support until the plan is fully

detailed and all implementation actions spelled out.I
Many local sponsors would doubtless back away from
approval of the plan once that stage is reached if
implementation -equires action beyond the available
technical capability or if it involves overly contro-
versial actions.

An intermediate approach to the division of imple-
's mentation responsibilities is to operate on the basis
'rof some uniform assignment of tasks to both the federal I
Igovernment and non-federal interests. This would

facilitate continuing past policy in the respects that

6-23



non-federal interests could be made responsible for
provisi'on ,of land-relted items and a significant

" federal ,role c6uld, bemaintadned-- The approach would, .
:al•' enable making be3t use of both federal and non-
federal authorities and, capabilities. Another advan-
tage is that the pattern of responsibilities could be
at least mat'&eed. in part' to thepattern for dividing 1 " .
., ' types of costs, th•rreb tendiig to. minimize: the sizeof
tany balancing paymeots bswsenhe federal tgovernment

'and non-federal, interests as. we'll. as complications V
attendant to the distribution ,pf such payments among
non- f.'deral parties.

O0eration of Warningi Sysems.

Operation of the -warning system component of, a
warning and prepa~rdness' plantis more complicated ,an
simply providing admin'istrative supervision and waiting
for the alarm signal. "It includes whatever is required

for ýthe functioning of the flood recognition system,
maintaining a high st&te of readiness on the part' of
equipment and personnel' needed for iscuance and dissemi- "

"" nation of warning, assuring the continued effectiveriess -
of pertinent" intra-organizational arrangements, and
other like actions. These responsibilities, can range
in nature from involving little effort to time co nsum-
ing and complex' tasks. 'For example, operation of a
flood recognition system may vary from simply maintain-
ing awareness of general, weather conditions to manage-
ment of sophisticated computerized equipment systems
for collection and processing of various data. Opera-
tion of a warning system also includes interpretation

* of whatever data or information is provided through the
"flood recognition system and in other ways, and the
making of deeisions regarding whether or not a warning
should be issued, to whom, and the message that should
be conveyed. The warning component also includes the
dissemination of warnings, so operation entails carry-
ing out the distribution -if warnings to officials,
special warning recipients and the general public. If
site-specific warning systems are a part of the plan,
the warning component may also include their operation.

The warning system is apparently considered the
most important component of a warning and preparedness
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program a4, indicated by the large number of communities
which have waring systems but only poorly developed or I
no preparednesa plan-. One reason, of course, is that
warning is far more vital in most cases to protection
of life than is *he availability of a response plan.
MAnother equally valid reason i s that preparedness plans
are usually not very practicable unless some time for

-1.,putting ,themt to- use is provided through early warning
of imp~nding floods." For these several reasons, it is

important that assi'gnment'' of responsiblity for opera-
.tion of the.warning system component assures its proper
performance to the'greate-st extent possible.

.A:- '. .",T,,1here is ..some basis for:"assigning federal agencies
a par•tof the operiational responsibilities for at least
the flood warning component of warning and preparedness
systems. The Disaster Relief Act of 1974, Public Law A

.9,3-251, directs" fedelra agencies: to:

Provide technic`aAl issistance to state
.and local governments to insure that
"timely and effective disaster warning is
provided.

The law is also cleat' that whoever undertakes to pro-
vide warning and thereby. generates reliance on the
availability of timely and reasonably accurate informa-
tion must take reasonable care. A question could be
raised concerning the reasonableness of any system
which did not make some provision to take advantage of
the nationwide weather forecasting system of the NWS.
Therefore it may be appropriate to view the NWS as
having at least partial responsibility for operation of
almost all flood warning systems.

One major and obvious constraint on an extensive
participation by the federal government in operation of
the warning component. of flood warning and preparedness
systems is the inefficient use of large numbers of
federal staff if duties require being on-site con-
tinuously. As described in Chapter 2, such systems are
on standby status much of the time and can be most
effectively operated as part of other activities. This
problem of ready availability of federal staff on a 24
hour basis might be overcome in certain locations where
a suitable federal installation exists. However, thatprospec' is limited and insufficient as a basis for
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general policy. The problem might also be overcome by
attempts to operate the warning system from a federal
office at a remote location such as the offices of the
National Weather Service and Corps of Engineers which
are normally staffed on a 24 hour basis during times of
anticipated heavy rainfall. But that', introduces prob-
lems of reliability in communication and timeliness.

Policy considerations favor turning local flood
prot-ection projects over to non-federal interests for
operation. There are no legal impediments to that
approach which affect flood warning and preparedness
systems. In fact, in view of the role which warning
may play in avoiding certain liabilities, there is good
reason to think that' the cooperation of non-federal in-
terests would be forthcoming for operation. The only
major obstacle to local operation of warning and pre-
paredness systems is likely to be the lack of technical
capability in some communities to operate and service
complex equipment associated with advanced types of
flood recognition systems. However, assistance in
those cases can probably be provided by NWS under its
regular program authorities or by the Corps under its
Flood Plain Management Services program.

Operation of Preparedness Plans

Operation of the preparedness plan component of a
warning and preparedness system, aside from mainten-
ance, updating and testing activities, occurs mostly
when the plan is executed upon occurrence of a flood
threat or actual inundation. The specific actions
involved in executing a preparedness plan vary from
case to case depending on what has been thought to be
productive to include in the plan. Among others, they
may include activities directed toward evacuation,
property damage reduction, maintenance of law and
order, and provision of various types of assistance.

Several steps may be involved in evacuation activi-
ties including distribution of notices or announcements
suggesting voluntary evacuation, ordering of evacuation
or forcing removal of persons from dangerous areas.
Evacuation efforts may range from community-wide to
those concerned with only specific buildings and from
simply sending persons home from work or school to
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difficult relocations of hospital patients or jailI inmates. Other aspects of evacuation may include direc-
tion of outgoing traffic and closure of roads to incom-
ing traffic.

Property damage reduction activities can likewise
take many forms including ordering and carrying out the
curtailment of gas and electric services or of modifica-
tion in their operation, institution of floodproofing
measures for public and private facilities, relocation
of property and records, and changes in operational
procedures.

Both evacuation and relocation of persons and
property may call for unusual security precautions to
prevent vandalism and theft. Execution of a community
preparedness plan may also entail provision of various
resources and manpower on short notice and solicitation
of assistance from adjacent jurisdictions to provide
emergency medical services, rescue, care of evacuees,
and immediate post-flood restoration of services.

The potential federal role in execution of the
preparedness plan portion of warning and preparedness

systems is even more constrained than in the case of
operating warning systems. Responding to floods, par-
ticularly flash floods, requires immediate action by
persons and organizations on the spot. Time is not
usually available to wait hours for outside assistance
to arrive and, in many caes, flooding disrupts normal
transportation systems to the point where outside help
may even be days in arriving. It follows that, ,•

wherever possible, execution by local interests of the
emergency phase of flood preparedness plans is to beI preferred and may, in many instances, be essential.

COMMITMENTS TO IMPLEMENT AND OPERATE K
Study of a flood plain can determine what means

are best employed for its protection or what the merits V
and disadvantages of particular measures may be.
However, the ultimate test is the functioning of a
completed system in time of need. An impoundment may
break in time of stress and disappoint the people who
took confidence in it during the long days before the
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flood came. A plan to warn all who may be in danger

and setting forth the actions that will be taken in
response may satisfy from the time it is presented to
local, state and federal authorities and to the public
at large until the first real occasion on which it
should be used. But part of any good system is the
assurance that it will work. How can it be made
certain that a flood loss reduction measure will be
effective?

In the absolute sense, it is impossible to be
assured that anything will live up to expectations in a
given instance. Operating personnel vary in their
capabilities and competence, mistakes are made, equip-
ment can malfunction, structures can collapse, and
promises can go unfulfilled. While there is no sure
preventive for any of these risks, organizational and
other measures can be taken to reduce the likelihood
that something will go wrong. One of the key elements
is the strength and clarity of the commitments which
implementors arid operators have to the system and to
the performance of their specific roles in it.

A structural flood control system centers on, the
physical works. Once construction is complete, the
commitments required to make the system valuable are
those to operate and maintain the facilities and equip-
ment. The Corps, a flood control district, a city or a
state owns the impoundment. Of course, the owner canI
abandon it, but it is fairly obvious that someone needs
to be hired to tend the gates and even to manicure the
recreational buffer that often surrounds the pool. If,
as is frequently the case, the project is a multipur-
pose one, a regular budget and assigned revenue
sources, personnel, and a program of operations are
produced by the motivation created by the investment in
facilities and nurtured by the interest groups which
receive or expect to receive continuous benefits from
the project. Even though not an automatic assurance,
the important commitments to operational flood control
exist because the project exists and must be con-
tinuously tended to satisfy the demands of regular
customers and beneficiaries of the project's services.

By contrast, equipment, although important, is
likely to be a minor part of the warning and prepared-
ness system. The rain gages do not have customers who
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daily wait to receive the readings so that they may use
the information in a productive process or who pay fees
for the service. The essence of a warning and prepared-
ness system is the commitment of persons to keep them-
selves available and to act in certain ways when danger
threatens. Waiting and watching is a vital part of the
system, but in the long months and even years when
nothing worth reporting may be happening, it may be
difficult to tell whether the participants are 'still
committed in the sense that they remain conscious of
their obligations and are truly prepared to perform
them.

The Plan as a Commitment

There can be no real warning and preparedness
system for a particular area unless there is a plan.
It needs to be known who will give the warnings, when
they can be expected, who will transmit and disseminate
them and what actions are supposed to be taken or
decisions made when the information is at hand. There
are inevitably many actors in a warning and prepared-
ness system for a community or larger region and no one
of them can function in isolation. For any of them to
derive actual benefits from the system or make a mean-
ingful contribution to it, actions must be coordinated
and predictable. This is the foundation of reliance on
the system and the only way to assure that both partici-
pants and beneficiaries will know what their roles are.

It is theoreticall~y possible for the plan accord-
ing ýo which these interrelated commitments and
actions occur to be loose and informal. The National
Weather Service, Corps, Soil Conservation Service,
state, community, utility companies, hospitals, police
departments, public works agencies, school systems,
business organizations, radio and television stations,
and householders --or as many of them as might be in-
volved in a particular project--could conceivably tell
each other that they would coordinate their plans and
activit1--ies to help each other protect against flood
hazards. Each might simply do what it thought appro-
priate in surveillance, in practicing emergency pro-
cedures, and in making responses to actual flood
situations. But merely to postulate such a state of
affairs carries an air of unreality. A warning and
preparedness system has too many parts and too many
actors to be viable without a script.
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A written flood warning and preparedness plan is
obviously a description of how the operations of such a
system are intended to proceed. Like many other kinds
of plans, it can be only a paper representation of how
the system might function. The purpose can be for the
guidance of the participants and the recipients of the
warnings. On the other hand, the plan can be made
obligatory.

Having a clearly written plan properly dissemina-
ted makes it possible for all participants with
specific duties in the warning and preparedness system
to know what they are supposed to do and how their
activities fit in with those of the others concerned.
But no matter who has produced the plan, its mer4e
existence neither compels anyone to follow it nor
brings on any legal consequences for failure to observe
its provisions.

It would be bizarre to suggest that a warning and
preparedness plan should not be made or that 4-. should
not clearly specify duties for each of the parý. cipants
in order to avoid fixing liability for faulty perfor-
mance. Nevertheless, it should be remembered that the
discussion in Chapter 5 showed that the question of
responsibility for giving warnings, developing a capa-
bility for response and taking proper response measures
is not now f ocused as a matter of law. Consequently,
all governmental entities may presently be able to
escape the legal consequences that might be expected to
flow from failure to provide proper protection to the
community.

On the other hand, the very preparation and adop-
tion of a plan is testimony on the part of those who
develop and adopt it that they believe it possible to
prevent or reduce damage and loss of life through
institution of a warning and preparedness system--more
particularly the system for which they have produced
the plan. Thus, the actions here described may move
flood damage and destruction from the legal conse-
quences of an Act of God to the unsheltered arena or
mortal responsibility.

If one chooses to indulge the idea that federal,
state or local governments might prefer to refrain from
development of a plan on the grou~nd that the liability
risks could prove too costly, it may be said that the
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alternative is to forego the protection of a warning
and preparedness system in order to leave the f inancial
burdens of flood losses where they pi-esently f all. it
is submitted that since the public safety is involved,
the decision is to be made on other grounds than that

of liability. Also it should be pointed out thiat in
deciding for the construction of impoundments and other
structural measures, the burden is shifted from the
individuals and other entities which suffer the filood
losses resulting from a lack of protection -to the
governments which build and operate the works and which
provide the land, easements and rights-of-way.

To the extent that the plan describ~es the conduct
of persons in the agency which has produced it, some
impetus toward proceeding in accordance with it~ may be
created. However, even in such a case, muc', can depend
on how the agency treats the plan and how .eriously it
is devoted to warning and preparedness as an approach
to flood loss reduction. If the plan is issued as
agency guidance to all of its staff in the area con-
cerned, the document will have more standing than if it
is merely a product of a work group within the agency
attempting to provide technical assistance to a com-
munity.

If the plan has been federally produced, and
especially if' there had been little or no substantial
participatioal in its development by the other parties,
no premises of the kind just offered should be in-
dulged. Since the federal government cannot be
expected to play a major operational role apart from
the flood warning functions of NWS, the fact that the
Corps, TVA or some other federal agency is the author
of the plan for the community makes it an outsider's
document. It is likely to have a hard time even
winning serious attention from the non-federal partici-
pants in a warning and preparedness program. If it is
a very good and well written plan, its merits may
induce the actors to accept its guidance. But the
process by which the governmental and private entities
in the area make the plan their own is important to its

actual effectiveness.
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Making the Plan Into Law

Another limitation from the point of view of
federal action is that the Police Power (the power to
protect health, safety, morals and general welfare) is
constitutionally a state power rather than one of the
federal government. While there are a number of other
constitutional sources of authority that the federal 4
government may use, their employment is legally not asdirect as what can be done by the states and their
municipal or county subdivisions:_.- -Accord-inglyy,-a -next .I.
logical step--gi-ving, the flood warning and preparedness
plan some kind of enforceable standing--is best viewed
as a possible course of action for one or more of the
non-federal governmental participants.

A flood warning and preparedness plan can be of- I. -
ficially adopted by a county board of supervisors or a
city council. This gives it standing, at least so far
as the local governmental employees are concerned. If
adopted either as a local law or as an administrative
regulation having the force of law, the binding
character of the plan would be enhanced. ii

Precisely what the effect of giving the plan the
force of law is likely to be in a particular instancei!
will depend on the content of the plan in question. If
it lays down police, traffic or emergency regulationsof the kind that the adopting authority can legally
make, the results can be binding on both publicemployees and private persons. However, it is impor-
tant to caution. that state and local governing bodies
have greater lattitude in imposing obligations on 1
private interests and individuals for actual periods of
disaster emergency than for ordinary times. Conse- Fquently, official adoption of the plan, although
generally advantageous in giving it standing with all I
concerned, may be more useful as a means of providing a
legal basis for response activities than for the
developmental aspects of warning and preparedness such
as ordering that watches be kept, assuring that equip-
ment and supplies be stockpiled and maintained in readi-
ness for use when a flood is imminent, or obtaining the
design or modification of public utility facilities.
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Participation in Plan Development.

Developing a good flood warning and preparedness
plan involves professional and technical -skills and j
experience that are not freely available in many of the
communities where there is a need. For this reason and
because some federal and state agencies have relevant
interests, the tendency is to rely heavily on such
fid-er-ai -and -state akssistance :as- is -ava-ilablIe.... IiY..fact:,
it is sometimes considered an advantage if the Corps or
some other non-local agency can be secured to produce

4 the entire plan. Some cost and time of local personnel
is saved if this route is taken, but employment of this
alternative frequently makes it difficult for local, A
public and private interests and individuals to
identify with the product and develop a high degree of
enthusiasm for implementation and operation of the sys-
tem.

Cooperative development of a plan by all of the
intended participants in the resulting system is likely
to take longer and may appear more troublesome, but it
stands a better chance of success in actually securing
a plan that will achieve general acceptance and that
operational phase that must become a reality if there F
is to be real flood protection. A police chief who
goes to some of the meetings and sees his concerns
discussed and has seen adjustment in the plan to take
account of them; a factory manager who learns for
himself from helping to develop the plan how important
measures taken on his premises can be, and the county
supervisor who can tell his colleagues on the Board the
importance of the small appropriation needed to keep
the information reception center fully effective can
make the difference between a truly operational system
and a paper plan.

Because even highly vulnerable areas may go for
some years without serious flooding, generating andkeeping both official And citizen support for the warn-
ing and preparedness system is an especially important

problem. Personal identification of key community
figures with the plan, and if possible with continuing
aspects of system operation, is one of the more effec-
tive ways of promoting support.
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Public hearings during the development of- a plan,
or when it is finished and ready to be exposed to
citizen view, is a standard method of attempting to
generate a feeling of community participation and of
making the local residents aware of the problem and its
intended solution. However, such proceedings can
seldom be relied upon as an effective means of stirring
public interest. Very often hearings are poorly
attended. Coverage of them by the news media may be
only perfunctory or may not materialize. Moreover,
those who do come are not- likely to be infused- with-,.
-enthusiasm - •6mm•-tent from a format that is often
dull and which may not seem to have an discernable
effect on the ensuing product.

This is not to say that hearings should not b e
held. Often they are mandated bya aw. Withlall of
their limitations, they are sometimes among the few
means of gaining public attention for a subject that
has a hard time competing with family and other con-
cerns. Nevertheless, the point is that the regular
means of making a flood warning and preparedness plan
known to those who are expected to participate or
benefit from it are not likely substitutes for local
involvement in development of the plan.

Contracts and Memoranda of Understanding4

Where maay entities must cooperate to make a
system work, the most effective means of assuring that
the parts will come together is a formal agreement. If
it has the attribute., of a contract, the agreement can
be enforced and violators either made to perform or
subjected to penalties. Of course, enforcement in the
courts is more suitable for certain kinds of obliga-
tions than for others. Since the judicial processtakes time, it may not, be entirely satisfactory to

command compliance when the flood is imminent or
"already occurring. However, the incurring of liability
attendant upon breach of contract may cause partici-
pants to perform. Moreover, some aspec's of a warning
and preparedness system lend themselves quite easily to
a contractual approach. For example, an obligation to
service a monitoring system so as to keep it in good
working order, whether this is to be done by a county
public works department or by a private company, can be
arranged by contract. Indeed, it should not be left
to informal understanding or to the mere chance that
someone will undertake the task.
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Performance of the plan itself can be made the
* subject of a contract. Since there are likely to be

several necessary participants in order to make the
system function, the contract could well be a multi-
lateral one with all of those entities having signifi-
cant roles subscribing to the document. By doing so
they would accept the obligations ascribed to them in
the plan and would acquire express rights to have the
other participants provide their parts of the perfor-
mance.

It is likely that not all of those who should bind
themselves to carry out the plan will be involved to
the same degree. For example, a local trucker may be
concerned only to make his vehicles available for emer- -.

gency duty on prescribed short notice, while the city
has a wide range of duties of a continuous character in

S.addition to its responsibilities at the time an emer-
gency occurs. Consequently, those who accept the plan
as a contractual obligation may be few in number.
Other participants may be involved only in subsidiary
contracts of a more limited content dealing only with
their specific relationship to the warning and prepared-
ness program.

It might be best for the warning and preparedness
system if all participants could be brought into a
contractual framework in the strict sense. However,
there are a variety of circumstances in which govern-
mental agencies, especially those considered to be
independent or of superior authority, will not readily

4 enter intc contracts that might subject their normal
operations to increased judicial control. Enforcement
of performance by them is frequently viewed as an
administrative matter to be worked out by the agency
heads or staffs, and in case of conflict or other
difficulty, by the chief executive of the governmental
unit--e.g., the president, governor, mayor or county
manager.

Where there are legal or administrative inhibi-
tions to the use of full fledged contracts, the memoran-
dum of understinding is a customarily available device.

It is a written instrument in which the procedures,
obligations or methods of joint or cooperative action
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are spelled out and formally accepted1 by the parties.4 ~The arrangem~ent is akin to a contract, but its means of
enforcement are administrative and political rather

than judicial.

If the Corpi2 and the National Weather Service are
both to participate in the same warning and prepared-
ness system along with a community, they may find it
inappropriate to sign a contract and might prefer theIZ
memorandum of understanding. On the other hand, a
contract between a municipality and a federal agency is
not unusual. Thus, ,there is a possible choice of
instruments to be made, certainly in arranging obliga-
tions between local governments and Federa:l or state.
governments or agencies and even where a more varied
group of participants is involved. There is nothing
that prevents any types of parties from using the less
binding memoranda of understanding in preference to
contracts if they elect to do so.

Among the comparative advantages and disadvantages
to be considered in the use of each of these forms is
the function that it can serve in distributing theI
operational and financial risks of liability.

By contract, the parties can shift the burdens and
incidence of liability among themselves. In prescrib-
ing the arrangements which must be made for structural
projects, federal statute presently provides that the
non-federal sponsors must save the United States harm-

J less from any claims which may arise out of the develop-
ment of the project. This is done by the agreementI
(contract) which the local sponsor enters into with the
Corps when it undertakes to furnish land and rights-of-
way. If the parties to a contract covering a flood
warning and preparedness project desired, they could
settle, as among themselves, any of the now uncertainV
questions of liability. Thus they could minimize pros-
pects of litigation and could make their own policies
for the particular instance $fl the distribution of
risks. However, such a contract would be binding only
on the parties to it. It could not cut off the rights
of third parties such as members of the general public
who might have claims on account of occurrences involv-
ing the administration of the warning and preparedness

,4 system. Where flood loss or other damage ensues, such
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non-party individuals could still seek redress against
the agency which was alleged to be at fault. However,
the contract could provide that the party assuming the
"liability under its terms could indemnify the party
against whom the claim was brought and even that the
agency assuming the liability would defend the suit.

A memorandum of understanding is not an appro-

priate vehicle for the settlement or redirection of
liability. While it can be effective to commit the
parties to administrative actions, it cannot normally
alter financial obligations when the law places them
elsewhere.

ASSURANCES

When a federal agency cooperates with non-federal I:
interests within the framework of a single project, the
reason is sometimes that each participant can achieveI
its separate objective better than if it acted alone.

For example, sale of water supply storage space in a
reservoir to a municipality allows the Corps to obtain
the features in a multi-purpose impoundment in which it
is directly interested at a lower cost than if the un-
dertaking did not include provision for water supply,
while the local government secures the benefits of a
reservoir without having to support the entire expense
of building and operating one. The combination of
purposes is often the factor which makes it possible
for a project to have a favorable cost-benefit ratio.

Other federal programs are intended to advance a
p!irpose shared by the federal and non-federal partici-
pants. A flood warning and preparedness system is an
undertaking of this kind.

While it is in the public interest to see that
projects of both types are p osecuted efficiently and
achieve their objectives, success from the strict
federal agency point oi view can be measured in dif-
ferent ways in the two instances. A project involving
local purchase of storage doe& not necessarily give the
Corps or other agency of the federal government any
ongoing responsiblity for the effective realization of
the community's water supply purpose. It may be
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irksome to any right minded pernon if the local govern-
ment thereafter does not utilize what it has bought,
and it may even be that the federal govery.ment could
put to good use any capacity left idle. But the
non-federal interest has paid for what it now posses.,ea
and any failure to realize the full benefits does not
necessarily intefere with attainment of the federal
objectives for the project.

On the other hand, if n flood warning and prepared-
ness system to which the federal government has %-nn-
tributed funds, technical assistance, equipment or some
other valuable consideration is subsequently rendered
ineffective by failure of another participant to per-
form as envisioned, the entire undertaking is subver-
ted. Accordingly, from the very inception of such a
project, the participating federal agency has a legiti-
mate interest and concern to see that its own invest-
ments and efforts are protected against loss through
the non-performance or other inadequacy of its cooperat-
ing entities.

Grant programs present this same problem.
Congress has mnade many decisions to support specifiedI; .
state and local activities with federal funds. In
order to increase the likelihood that the results
intended for the aided projects will be achieved, the
administering federal agencies, either pursuant to spec-
ific statutory direction or to general authority,
attach conditions to receipt and retention of the
money. These constitute varying degrees of federal

t control in order to assure that the undertakings will
be prosecuted diligently and successfully. On the
whole, the system works because the recipients of the
aid want the flow of funds to continue and certain-iy
seek to avoid having to return aid already given.

Flood warning and preparedness systems carry the
same dangers of inadequate implementation as do most
other projects and programs. Loss of interest, changes
-in local policies and priorities) or any of an almost
infinite number of shortcomings can abort a project or
result in its providing a lesser amount or lower level
of service than it should afford. Unfortunately, the
spur supplied by threatened or actual withdrawal of the4 aid will be an appropriate control mechanism only where
the non-federal participants continue to have serious
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interest in the project and would consider its discon-I
tinuance a loss. With this in mind) it ma) be inquired
whether the federal government can require performance
up to a standard or whether, at any stage of an
episode, it can secure suitable commitments from itsI
partners to make the system a working reality.

The matter of what assurances are to be given by

the local sponsor to the federal government is rela-
tively well defined i-n the case of structural measures I
and there are numerous precedents as to the words which
should be used for the purpose. It is not so straight-
forward in the case of flood warning and preparedness
systems because there are few precedents to follow and
experience has not taught either which parts of opera-
tion and maintenance should be addressed or the means
by which assurances enforced.

Matters to be Assured

it is not to be expected that the federal agency
providing assistance in the planning and operation of a
flood warning and preparedness system could prescribe
every detail of operation and maintenance. Neither
would that necessarily be desirable. Operation of even
the best prepared plans and projects is liable t,3
require some flexibility to deal with the exigencies
which arise from time to time. Detailed specification
of every aspect of operation and maintenance would,
among other things, presuppose perfect planning.
Moreover, if the party to be responsible for operation
and maintenance cannot be accorded some trust in per-
formance of its duties, implementation arrangements may
need a thorough revision.

One basic' ty-pe of assurance which deserves con-
sideration is that which, while unrelated directly to
warning and preparedness activities, affects the compre-
hensiveness of the overall approach to flood loss
reduction and its continued viability. In the case of
structural projects, communities have sometimes been
required to regulate flood plain land uses and/or
publicize flood plain information in return for federal
cost sharing. This serves the twofold purpose of
limiting development which would erode project benefits
and furthers an important national program. The same
sort of requirements might be applied in. the case of
warning and preparedness systems.
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A second type of assurance which might be of value

is ona relating to control of land use in upstream
areas.% This requirement has seldom been used in con-

-1junction with structural projects. However, it is
possible in the case of dams and levees to anticipate
and provide for whatever additional volumes of runoff
may be produced by upstream development. Timing of
runoff is only occasionally a critical matter in design
of structures. But the situations in which warning and
preparedness systems are likely to find their greatest
use are -different., Warning and. response time will often
be short and therefore critical to successful execution
of the plan. Since warning and preparedness plans can
only provide for limited movement of personal property,
heightened flood stages from upstream development will
generally cause increased damages.

Public information is accorded some attention in
assurances related to structural projects. Local
sponsors are commonly required to advise residents
living in areas behind levees providing only a low

F degree of protection that danger of flooding still
exists. But in most cases, floods do not exceed the
level of protection provided and the full benefits of
the structure are obtained without any action on the
part of residents. Public information is much more A
vital to securing the benefits of a warning and pre-
paredness plan since persons and agencies in the A
affected area are expected to respond to warnings in
specific ways to safeguard lives and property.

The typ-is of information which are of particular
importance are a) general education of the public con-
cerning the need for and existance of the warning and
preparedness system, warnings to be given and thei' r
meaning, actions to be taken when a warning is gi-ven,
and the consequences of not acting in response to a

I warning; b) education of public officials concerning
their responsibilities for activation and execution of
the plan; and c) provision of emergency information at
the time the plan is executed. Not all of these types
of informaktional needs lend themselves to treatment byI ~specific assurantces. Particularly, education of public
officials can be part of the practice activities
described in the plan maintenance arrangements and emer-
gency information procedures can be combined or allied
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with the warning process an an integral part of the
plan. This leaves conduct of an initial and continuing
program to educate and inform the public as the princi-
pal activity of that type suitable for treatment
through assurances.

Operation and maintenance of equipment are activi-
ties to which assurances seem clearly suitable, In
this case, the assurance could specify maintaining
equipment in aocord with. the -plan- if--the-pl-anwin~vude. .
prescribed schedules and procedures for testing and
maintenance. For stockpiled supplies and materials,
maintenance could consist of periodic inspections
and/or inventories to ascertain whether items are -
available and ready for use. Assurances -might-a-lso be
used to require the party responsible for operation of
the system to provide tratning of a suitable type for
personnel who are actually to perform the monitoring,
forecasting and warning functions. Additionally, since ..
NWS information on weather conditions would be a help- LL .
ful adjunct to most programs, an assurance might be
required that the system operator would subscribe to
the weather teletype service or make other suitable
arrangements for obtaining NWS forecasts.

The aforementioned mattertý are easy enough to
identify and make the subject of c'-mmitments in draft-
ing agreements. Monitoring the sitnation also may be
relatively simple, especially if a fpderal agency is to
continue to be associated with ilood cortrol and
related activities in the area. Problems, of enforce-
ment will be discussed shortly.

Implementation presents varied problems. Since
some ok them are likely to be site-specific, the most
useful thing to do at the present juncture is to

.4 illustrate the kinds of circumstances that can arise.

Providing assurances that commitments will be made
and that performance will follow needs special atten-
tion in the case of entities which are not involved in
a major way in the overall preparedness function but
which have important, although limited, parts to play.
The added feature is that such participants are likely
to have less feeling for the overall preparedness objec-
tive. This can be the circumstance with both public
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Sand private entities, although a business enterprise r s
concerned solely with the furnishing of its product or
service may need a more persuasive or perhaps even a
regulatory approach to a greater degree than a public
agency which is either part of the participating local
government or at least in a general way responsible for
promoting public safety and welfare.

For example, execution of a, preparedness plan
could call for curtailment of gas service to an area in.

time of emergency. This may require .modification of -the
gas delivery system by installing valves or interrupt-
ing loops to create dead ends. The question is how to
secure the addition or modification of equipment and
facilities which the utility may or may not consider
necessary or even desirable for its own primary pur-
poses. Further, it may not be enough merely to assume '

that if the modifications are made, valves will in fact
be closcd at the times called for in the preparedness
plan.

Some cities contract with county sheriff's depart-
ments for provision of law enforcement. If warning
requires use of mobile loudspeakers, the city might
well wish the sheriff's department to take on that
responsibility. Still another illustration of the
situation would be assigning to a special purpose dis-
trict some particular responsibility such as data col-
lection. In each of these situations, the activity may
be vital and its performance needs to be assured. From
the federal standpoint, it is not particularly impor-
tant how performance of subordinate players is secured
so long as it is accomplished. Moreover, there is
considerable merit in avoiding the need to negotiate
separate agreements with each player. A better way is
probably to look at the agreement with the principal
local sponsor as a master agreement and make completion
of such further agreements as may be necessary a non-
federal responsibility, the completion of which is a

if requisite to any federal investment for plan implementa-
tion. •

Direct Federal Regulation

Direct federal regulation of a kind that could
require others to maintain effective flood warning and
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preparedness systems would need a constitutional basis,

especially since protection of safety and health is
.basically a state power. Merely to aid local govern-
ments in establishing and funding or equipping their
own systems does not encounter any such legal problem
because Congress can always provide for financial
assistance simply by exercising its clearly granted
power to appropriate money. If more is to be done at
the federal level, the most apt and perhaps the only
satisfactory legal basis would be the congressional
authority over- interstatd -and .. foreign commerce. It
will be recalled that this has been the primary consti-
tutional peg on which to hang federal flood control
programs. It can also provide any necessary justifica-
tion for the forecasting and data dissemination
activities of NWS. The argument is that floods and
adverse weather conditions endanger navigation and so
are perils to interstate and foreign commerce with
which the national government may deal directly. But to
use the commerce power to order states, municipalities
and private entities to maintain warning and prepared-
ness systems would be a novel and dubious approach.
While states and their local subdivisions have a consti-
tutional duty not to burden interstate commerce
unreasonably or in a discriminatory faqhion, they do
not have an affirmative duty to promote such commerce.

Since far reaching federal regulation of working
conditions has been sustained, it might be suggested

*1 that warning and preparedness might be included within
the Occupational Safety and Health Act obligation to
provide a safe working place. But this is an obligation
of employers toward their employees and relates 'to
conditions created or maintained by the employer such
as properly guarded machinery, properly lighted, heatedI and ventilated premises, or good repair and maintenance
of sanitation in factory or office. It would beI straining to say that a state or local government was
answerable to the Federal Department of Labor for
maintaining a system that would warn the entire com-
munity against possible floods which those governments
do not creLte and specifically provide for response ac-
tions which the warned individuals should take in their
homes as well as their workplaces.
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If this reasoning is correct, one must return to
contemplation of the leverage that a federal agency

might gain from the assistance it offers communities F
and their non-federal sponsors of flood warning and I ,
preparedness systems.

A k
Contract Enforcement

In turning over equipment or structures to non-
federal -entities, the Corps, the Soil Conservation
Service and other federal- agencies -- have. frequently
included provisions by which the recipients -pledge
themselves to maintain what they receive in good order.

Undoubtedly, a federal agency could insist upon a
contractual agreement with participants- in a flood
warning and preparedness system committing some or all
of them to a specific course of action in operating the ir
system and keeping it functional. In legal form, these
would be perfectly valid and enforceable contract obli-
gations. The consideration for them would be the
federal contribution to the warning and preparedness
plan, the grant or other federal funding, the loan or F- I= -7

grant of equipment, or the provision of services by the
NWS. It is a reasonable proposition that placing such
provisions requiring maintenance or continued perfor-
mance in agreements covering federal participation in
Sor assistance to warning and preparedness projects can

• create a helpful sense of obligation on the part of a

local interests. However, one should not rely too
heavily on such assurances.

One needs to ask what, for example, the Corps
would do if a local government were to let the ranks of
its volunteer observers of stream flow grow thin, or to
become lax in impressing upon its 24 hour a day fire
department that its communications officers were also
supposed to service the reports from these observers
and from NWS.

Almost surely, a first step would be the calling
of the unsatisfactory situation to the attention of the
local government and reminding it of its written commit-
ment. Such reminders can sometimes cue an agency which
has let it's responsibilities slide unintentionally or
with little thought. They may even shame a nonperfor-
mer into picking up neglected duties.
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But if the local participant has really lost
interest or acquired a different set of priorities,
more positive enforcement measures may need to be con-

sidered.

It appears to be the general view of -federal
personnel administering the relevant programs that
realistically there is little such action that they can
take. Suits have not been filed for the specific

performance of contract obligations to maintain flood
warning and r-lated systems nor even to compel mainten-iH

-~ ance of 'structural works turned over to non-federal

Most states have laws requiring the owners of dams
p -to keep them in safe condition and it has been brought

to our attention that on relatively infrequent
occasions, federal agencies have requested state
authorities to take action in particular cases involv-
ing impoundments originally built by the federal govern-
ment but subsequently turned over to the non-federal
sponsors. As Table 1 indicates, the coercive character
of these state statutes varies. In some instances, the
state can do the repair or maintenance work and require
the dam owner to pay, but in others the approach is
something less. However, the interviews undertaken in
the course of the work on this study did not bring to
light any direct suggestions that judicial interven-
tions should be sought to- compel the observance of
agreements for maintenance made when the projects werehiundertaken. It does not appear that under present
circumstances views would be any different respecting
agreements pledging non-federal interests to maintain
warning and preparedness systems.

Recovery of Investment

Perhaps another course applicable to some cases
would be to demand return of equipment provided by the
United States Government in order that it might be used
elsewhere in the flood loss reduction effort. With a
properly drawn initial contract, the federal right to
reclaim property not being used in accordance with the
agreement would certainly be enforceable. The diffi-
culty is that the objective is not for the United
States to recapture rain gages or automatic data equip-
ment, and removing it is likely to be a final recog-
nition of project failure rather than a step toward
getting the system back into effective operation.
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TABLE 1

DAM REPAIR AUTHORITIES

State Citation Who Bears Cost

Arizona Revised Statutes, Dam repair made with
Title 45 (water), approval of state engi-.
Chap. 3 Article 1 neer; no mention as to

who pays the costs. kI

Arkansas Statute 21-1301 No specific mention of
through 21-1315 repairs or cost allo-

cation.

California Water Code Divi- Owners pay for repairs
sion 3, Part 1, but state has authority

Chap. 4, Article to demand it.

Colorado Chap. 148-5-6 Owners pay for state
revised Statutes inspection; nothing
1973 specific on repairs.

Connecticut Pending ammend- Commissioner of State
ment to General may require owner to
Statutes 25-110 repair at own expense
to 25-119 and within a certain

period of time.

Idaho Title 42, Chap. The state, under Police
17 Power has control of

construction and main-
tenance of dams but the
owner may be obligated
to pay the cost.

- .Kentucky Revised Statutes, The owners of dams, lev-
Chap. 151 ees and enbankments are

", liable for the cost of
* repairs.

Minnesota Chap. 105 Nothing stipulated in
the chapter on repairs.
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DAM REPAIR AUTHORITIES (cont'd)

State Citation Who Bears Cost

Nebraska Statutes 46-277, The state has the author-
46-278 ity to make the owners

pay for repairs and can
impose penalties if the
owners do not pay.

Nevada Revised Statutes State inspects dams;
535.030 owners repair at their

own expense. -

New Hampshire Revised Statutes The state owns and pays
1968 Chap. 4 for the repair costs.
482-35 and 48-36

New Jersey Laws of NJ, Title The state has the author-
58.4 Sec. 1 ity to inspect the dams
through 10 but owners must pay re-

pair costs.

New York McKiney's Con- The state will pay the
solidated Law of cost of repairs but it
NY Book 17-1, has the option of submit- U

Sec. 15. ting the bill to the lo-
cal jurisdiction for re-
imbursement.

N. Carolina State Statute No mention of dam repair
No. 143.211 costs.

N. Dakota Century Code It is a misdemeanor not
Statute 21-04-11, to repair dams but the
61-04-12, 61-04- code does not specify
09, 61-16-15 who pays the costs.

Ohio Sec. 1521.062 of Dams are repaired at the
Ohio Revised expense of the owners.
Code.

Oklahoma Oklahoma Statutes, The owner of the dam
Title 82, Para- pays for repairs.
graph 105.27
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DAM REPAIR AUTHORITIES (cont'd)

State Citation Who Rears Cost

Oregon Water Laws 540.350 Repairs are made at the
Dams, Dikes, &owners expense.
Hydraulic works

Rhode Isl-and General Statute Repairs are made at the
46-19 owners expense.

Tennessee Safe Dams Act of Owner must pay for re-
1973, Chap. 25.1 pairs to all waterways,
CA 70-2501 to drainage, levees and dams.4
70-2530

Texas Water Code, Sec. Repairs are made at the
12.052 owners expense.

Utah Water Laws 1965, Repairs are made at the
Title 73, Chap. 5 owners expense.
Sec. 5,6,7,9,12,13

Aonoth~~er tack might be to claim as damages the
mone andvalue of personnel time or other contribu-

tions in kind made by th federal government for warn- I
Ing and preparedness systems. The theory would be that
these expenditures were made by the federal government= on condition that the system would be implemented an~d
kept operational. Culpable failure of one or more of
the non-federal participants to perform in accordance
with their contract obligations to this end might make
them liable to make reimbursement for the value of the
resources which the United States was induced to
expend. 'It should be emphasized that since no deter-
mined efforts appear to have been made so far to
enforce operations and maintenance commitments of the
kind under consideration, the suggestion made here is
not at this time a proven remedy. The most that can be
claimed Is that it is an approach supportable on the
basis of general contract principles.

In the spirit of the Flood Disaster Protection Act
of 1973, consh'.ration might also be given to withhold-
Ing of federal loans, grants, guarantees, and insurance
to effect local cooperation.
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Dependence on Local Interest

Another kind of advice is that. the best assurancewhich a federal agency may have is the careful ap-
praisal of the intensity of the interest exhibited by
"the non-federal participants. If they are strongly

enough motivated to look upon warning and preparedness
as a real protector of community lives and property,

j federal assistance may be a good risk. Strong emphasis
may need to be placed on a public education and infor-
mation- program as part of -the Cr -ttt1 effort and the
ongoing warning and preparedness system. The best

Sguarantee of the staying power of a program is the
support that it can continue to generate.

Readings of the depth and staying power of commit-
ment of officialdom and citizenry are certain to be far

I- •from infallible. But so long as the number of places at
"which the Corps and other federal agencies can give
help with warning and preparedness is larger than the

J resources that can be made available, administrators of
A the federal programs should be able to choose instances

where chances of obtaining strong local participation
are reasonably high.

a ii

ý77J

6-49



CHAPTER 7
CASE STUDY OF IMPLEMENTATION ARRANGEMENTS

INTRODUCTION

This chapter employs a case study to illustrate
some of the aspects of implementing a flood warning and
prepriredness alternative which wure discussed in
preceeding chapters. The area selected for study is in
the vicinity of Phoenix, Arizona. The location and
principal features of the case study area are shown in
Figure 7-1.

Selection of the case study area was based on a
number of factors. Among others, these included the
existence of a multi -jurisdictional setting, need for
fairly sophisticated warning and preparedness arrange-
ments, ready availability of information concerning the
physical setting, and willingness of federal and
non-federal agencies in the area to provide information
and assistance.

The identification of costs and other types of
implementation requirements associated with the alterna-
tive postulated in the case study are only gross
estimates. Since the primary purpose of the case study
is to illustrate implementation arrangements, it was
only important to identify the types, purposes, and
general magnitudes of costs and other implementation
requirements. Knowledge of their - act amount and
nature would have added little or nothing to the
illustration. The requirements identified, particularly
the costs assumed for implementation and operation,
should not bf. viewed as specifically representative of
what might. actually be incurred for a flood warning and
preparedness alternative for the study area or
elsewhere.

Likewise, any real situation is bound to be a
unique combination of physical setting, pattern of
development, and institutional struc:ture. Nevertheless,
Phoenix and its environs offer a variety and number of
circumstances relevant to flood warning and prepared-
ness which have similar counterparts in many other
places. Accordingly, it is possible to learn a great
deal from an analysis of this case study in conjunction
with the less site specific discussions and analyses
presented in the earlier chapters.

k-
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For example, many stream systems and their
AT drainage areas contain highly urbanized developments

and sparsely settled agricultural subregions. And all
j areas susceptable to inundation present risks of flash

flooding, seasonal or gradual flooding, or both.
Accordingly, examination of the case study area is
useful in applying general knowledge to actual condi-
tions involved in flood warning and preparedness for
both kinds of flood danger.

Further, the area contains strong units of general
purpose government, at least two water oriented special
districts with a long history and experience, and other
less well developed and financed local institutions. A
range of capabilities (both present and potential) may

therefore be assessed in an actual setting.

DESCRIPTION OF' THE AREA

Social and Economic Setting

Non-Indian settlements in the case study area
f began in the mid-1860's based on irrigation from the

* rSalt River. Phoenix was established early in the period
of settlement and, by the 1870's, became the leading
commercial center in the area. Construction of the
Arizona Canal and other canals and arrival of branch-
line railroads connected to transcontinental routes
resulted in the growth of Phoenix and development of a
number Gf neighboring communities in the 1880's and
1890's.

Construction of the Salt River Project, the first
multipurpose project authorized under the Federal
Reclamation Act of 1902, was an important event for the
area. The project, consisting of several reservoirs and
an extensive canal system, provides irrigation service
and supplies electricity to the area. Construction was
begun in 1904 and proceeded almost continuously up
through World War 11I. At present, the project provides
water for irrigation of 250,000 acres of land and sells
power to approximately 280,000 accounts which serve
nearly a million people.

During World War 11, the Salt River Valley was the
site of a number of military airfields and defense
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plants. After the war, the area entered into a sus-
tained period of urbanization and industrialization
which ntill continues.

Population

The majority of the case study area lies in
Maricopa County with the remainder in Yavapai county.
Maricopa is the most populous of Arizona's 14 counties
and the Phoenix metropolitan complex is its major urban
center. Most of the population in the case study area i
resides in Phoenix or other parts of the Salt River
Valley, leaving the remainder of the area sparsely
settled or uninhabited. -i

Phoen-ix had a 1977 population of 682,000. Other
incorporated cities in the case study area and their
approximate populations include Scottsdale (82,000),
Tempe (103,000), Mesa (115,000), Glendale (75,175),
Avondale (6,900), Buckeye (3,525), Gila Bend (2,000)
and Florence (2,173). Unincorporated urban, places in
the case study area and their approximate populations
include Cave Creek/Carefree (2,245), New River (1,500),
Sun City (45,125), Holly Acres (3,000), and Allenville
(200). There are also parts or all of four Indian
reservations in the case study area including Fort
McDowell (348), Salt River (2,950), Gila River (8,600)
and Gila Bend (357).

Economy

The case study area is a major center for economic
activity in the Southwestern United States. Leading
factors in the area's economy are manufacturing
(principally high technology products), retirement,
tourism, retail trade and services, and government.
Industrial development is centered in metropolitan
Phoenix, with agricultural districts extending to the
west, southwest, and southeast of the urban area.
Within the past 20 years, manufacturing has replaced
agriculture as the main source ef income in Maricopa
County, although the county still leads the state in
agricultural production. Agriculture in the case study
"area is expected to continue to decline (both abso-
"lutely and comparatively) as the urbanization of the
Phoenix metropolitan complex increases.

"7 -4
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The Gila River' Basin is an irregular area~ of
58,200 square miles extending rrom the Continental
Divide in southwestern New Mexico to the Colorado Rivet,
at Yuma, Arizona. b, includes practically all of the
southe~rn half of the state of Arizona. The river rises
in an area of high mountainat and plateaus and flows
westward over a course 654 miles in length. The major
tributary to the Gila River in the northern portion of
the basin is the Salt River, which joins the Gila River

near Phoenix. The Salt River has a drainage basin of

approximately 13,000 square miles.V
The case study area encompasses the northern and

western portion of the Gila River Basin. The boundaries
of the case study area are shown in Figure 7-1.- Its
downstream boundary is at the Gila River's point of
inflow into Painted Rock Reservoir, located near the
town of Gila Bend. The upstream boundary along the

northern portion of the case study area is irregular,K
including all of the drainage areas of the Hassayampa
and New Rivers, the Agua Fria River below Lake Pleasant
(Waddell Dam), and the Verde River below Horseshoe
Reservoir (Horseshoe Dam). The upstream boundary on the
east~ern e~dge of the study area is Theodore Roosevelt
Lake (Theodore Roosevelt Dam) on the Salt River. On the
south, the study area includes the flood plains along
the Salt River and the portions of the Gila River
downstream of its Junction with the Salt River. The
case study area also includes several creeks and washes
in the vicinity of Phoenix.

Topography

The northern portion of the case study area
drained by the Salt River is extremely irregular and
rugged. 'Elevations rise commonly to more than 7,700
f eet and, at San Francisco Mountain in the Verde River
Basin, to more than 12,000 feet. To the south and east,

the study area consists largely of long desert valleys*1I lying between north-south ranges of rugged mountains.
In the southwest, the study area consists of broad,
flat, low lying desert valleys and isolated mountains

of relatively low relief.
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In the vicinity of Phoenix, elevations range from
about 1,000 feet at the Salt River to about 7,700 feet
in th.e headwaters area of the Agua Fria River. The
mountains immediately north of Phoenix rise to an eleva-
tion of about 5,000 feet. The area surrounding Phoenix
Is characterized by short rugged mountains and broad
intermountain alluvial plains.

Geology

The area is generally within the Basin and Range
physiographic province, which is typified by geologic
faulting and tilting. This tectonic activity has formed
numerous north-south trending mountain range separated t
by broad alluvial basins. Despite the prevalence of
faults throughout the area, the earthquake hazard in
the study area is not considered severe. While several
major earthquakes have occurred in California and
northern Mexico, few of consequence have centered in J
central Arizona.

Climate

The climate of the case study area is arid and
marked by extreme heat and low rainfall. In summertime,
daily high tempera ures average over 1000 with lows
averaging near 70 . During the win er months, highs
average near 600, with lows about 40 .Temperatures in
higher elevations tend to be lower in both summer and
winter. Precipitation amounts in the case study area
range f rom less than 6 inches per year in the desert to
in excess of 20 inches in the surrounding mountains.
Elevations above 3,000 feet experience occasional
snowfall. Snow accumulates in the watersheds above
7,000 feet elevation and is a major factor in the
hydrology of rivers in the area. Snow rarely occurs in
the desert and generally melts upon hitting the ground.
Snow that falls on the watershed between 3,000 and
7,000 feet in elevation is ephermeral in nature and
subject to very rapid melting. Because of the large
portion of the watershed within this range of elevation
and the instability of its snowpack, very high runoff
volumes have been experienced in short periods of
time--major flooding results.

Precipitation in the case study area occurs in
two distinct seasons. Winter rains are usually the
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result of cyclonic disturbances originating over the
Pacific Ocean. These storms bring widespread precipita-
tion. The arrival over Arizona of moist tropical air
f rom the Gulf of California in midsummer signals the
start of the summer rainy :,eason. The rainy season4
extends from July to September and occasionally into
October and is marked by scattered, often heavy thunder-
storms. Occasional dying topical storms can bring
general precipitation over much of Arizona.

Water Resources

The major streams in the case study area are the
Salt, Verde, Agua Fria, and Gila Rivers. Their
principal tributaries in the case study area include
the Hassaympa River, New River, Skunk Creek, Cave
Creek, Indian Bend Wash, as well as several smaller
arroyos and washes, With the exception of the perennial
Salt and Verde Rivers above Granite Reef Diversion Dam,
all of the streams are ephemeral.

The Salt and Verde Rivers supply approximately 93
percent of surface water available in the case study
area. They are controlled by four dams on the Salt

River (Stewart Mountain, Mormon Flat, Horse Mesa, and
Theodore Roosevelt) and two dams on the Verde River

the agency responsible for their operation, are known
as the Salt River Project. The reservoirs impound water
to provide irrigation and domestic water for the Salt
River Project area which encompasses most of the
metropolitan Phoenix area. The reservoirs were not
designed or authorized for flood control even though
they provide significant reduction of peak flows as an
incidental benefit of their operation. At Granite Reef
Diversion Dam, waters passing through or over the dams
into the Salt and Verde Rivers are normally diverted

j into canals which serve the Greater Phoenix area.

The Agua Fria River is impounded by Waddell Dam,
forming Lake Pleasant. The dam and reservoi~r is owned
and operated by the Maricopa County Municipal Water Con-
servation District No. 1. The amount of surface water
available from this system is far less and not as
reliable as that from the Salt-Verde Rivers system but
its contribution to the overall water supply of the
Phoenix metropolitan area is important nonetheless.
Waddell Dam does not provide any flood control except

as an incidental benefit of its operation for water

supply. .
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Other impounding structures in the case study area
include Cave Buttes Dam on Cave Creek and Dreamy Draw
Dam on Dreamy Draw. Both structures were built for
flood control by the Corps. Several dams are presently
under construction or being considered on Cave Creek,
Skunk Creek, Agua Fria RAiver, Verde River, Salt River,
and numerous small watersheds.

Aside from the dams mentioned, there are numerous.
retention structures located around the perimeter of
"the Phoenix-urban area.

FLOOD HAZARD

Much of the case study area, including a signifi- -
cant portion of the Phoenix metropolitan area is
subject to a severe flood hazard. As an example, it is
estimated that occurrence of a standard project flood
on only the Salt River would cause about $252,000,000
in property damages. The risk to life is also signifi-
cant as demonstrated by 12 flood related deaths in 1978.

Both general and flash floods occur in the case
study area. General floods are usually caused by winter
storms moving into the area from the west between
mid-October and late April. Such storms usually produce
light to moderate rainfall over large areas.
Occasionally, summer storms associated with tropical
cyclones or thunderstorms moving up the west coast of
Mexico also enter the area and cause widespread rains.

General floods also can result from snowmelt or
combinations of snowmelt and rainfall. Floods
"associated with snowmelt usually occur during winter or
spring and only on portions of the basin's rivers with
large drainage areas. Some parts of the case study area
are also subject to flooding as a result of releases or
spillage from upstream reservoirs or canals.

Flash floods occur on the smaller drainages in the
case study area as a result of intense local rain-
storms. These intense storms normally occur only in
summer or early fall months. However, they are common
in the study area during that period. Some portions of
the study area are subject to flooding within as little
as 30 minutes of the onset of intensive rains..1I
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Flood problems which affect the case study• area
differ greatly from place to place. However, they can
generally be categorized as: a) areas subject to flash
flooding; b) areas subject to general flooding on
uncontrolled streams; c) areas subject to general
flooding on partially controlled streams; d) areas
subject to flooding from canal breaks; and e) disrup-
tions to transportation.

Area streams subject to flash flooding and the
nature of the affected area include:

Upper reaches of the Hassayampa River, which
are largely undeveloped except for isolated
farms and ranches and small unincorporated
communities;

* Reaches along tributaries to the Hassayampa

River in the vicinity of Wickenburg, some of
which are developed for mobile homes and
permanent residences;

-- Upper reaches of the New River and tribu-
"taries, which are largely undeveloped except
for isolated farms and ranches and small
unincorporated communities;

* • Skunk Creek, which is largely undeveloped i.
except for isolated farms and ranches, small
unincorporated communities, and the cities of
Glendale and Peoria;

* Rowler Wash and other tributaries to Cave
Creek which run adjacent to the unincorpora-
ted communities of Cave Creek and Carefree;

-• Indian Bend Wash, which flows through
developed areas of Phoenix, Scottsdale and

64 Tempe;

* various small washes which originate in the
mountains and in the urbanized area of the
Salt River Valley; and

Washes in the mountainous areas of the Salt,
Verde and Agua Fria River watersheds, which
are generallly unoccupied except for campers
and other recreational users.
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Streams subject to general flooding which are
uncontrolled and the nature of the area affected by 7R
them include:

* Lower reaches of the Hassayampa River, which
are largely undeveloped except for isolated
farms and ranches, small unincorporated
communities, and the Town of Wickenburg;

*- Lower reaches of the New River, which are
largely undeveloped except for isolated farms
and ranches, small unincorporated communities
and the city of Peoria;

Gila River below Salt River, which is largely
undeveloped except for small unincorporated
communities including Allenville and Holly
Acres and the Town of Buckeye, all of which
are primarily residential areas, and the Gila
River Indian Reservation.

Streams subject to general flooding but which are
partially controlled by upstream storage and the nature
of the area they affect include:

Agua Fria River below Waddell Dam, which is
largely undeveloped except for isolated farms
and ranches, small unincorporated communities
and the cities of Avondale and El Mirage;

Cave Creek below Calre Buttes Dam, which runs
through residential, commercial and downtown
business areas of Phoenix;

* Verde River below Bartlett Dam, which runs
through small communities on the Fort
McDowell Indian Reservation; and

Salt River below Granite Reef Dam, which runs
through the Salt River Indian Reservation and
portions of Mesa, Scottsdale, Tempe and
Phoenix.

"Canal breakout areas include 8,000 acres of
Phoenix subject to inundation by floods which enter and
then overtop the Arizona Canal. The affected areas are
primarily residential and commercial.

7-10
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Disruptions to transportation include destruction
or inundation of bridges. and dip crossings. Because of
the extensive dependence 4n the area's transportation
network on dip crossinqs, flooding virtually isolates
portions of the area from one another.f

EXISTING ARRANGEMENTS FOR WARNING AND PREPAREDNESS

Flood Recognition System

A number of agencies and offices in the case study
area collect data and information relevant to identifi-
cation of impending floods. Figure 7-2 shows the
,gpncies involved, the sources of data and information,
and the direction of the flow of data and information.
As is evident frorn Figure 7-2, Salt River Project and
the NWS's Phoenix Weather Service Forecast Office
(WSFO) are the principal points of data collection and
exchange. Others involved are principally suppliers of
data and information, such as the Flood Control
District of Maricopa County, or repcipients of data
which has already been assembled, such as the Maricopa
County Department of' Civil Defense and Emergency
Services.

The network of agencies participating in flood
recognition activities depends to an extent on the
source and type of flooding. The SRP is primarily
concerned with floods which pass through its reservoir
system or affect its canal network. Their input to
information collection and exchange Is therefore
limited in the case of floods on streams other than the
Salt or Verde Rivers.

Phoenix WSFO is well equipped to obtain basic
weather data. Means of communicatiion available at the
WSFO include telephone, radio, Service C Teletypewriter
Circuit, Service A Teletypewriter Circuit, Forest
Service Teletypewriter Circuit and RAWARC Teletype-
writer System. Means of communication available for
distribution of information to others include tele-
phone, radio, NAFAX, DIFAX, NOAA Weather Wire Services,
NAWAS, and NOAA Weather Radio. The Phoenix WSFO
operates on a 24 hour basis and is respcnsible for
issuing warnings for 7 counties during the day and 11
counties during nighttime hours. The WSFO is equipped
with emergtcy power.
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Salt River Pioject is also well equipped for the
collection and interchange of data and information. SRP
offices contain a remote radar display unit which
receives output from tthe NWS weather radar at Phoenix
and various communications gear including telephone and
radio. SRP's facility also has an emergency power
supply and a computer.

Flood Warning Arrangements

The existing arrangements and means for disssemina-
tion of flood warnings in the case study area are shown
in Figure 7-3.

Decisions to release information on flood situa-
tions is made independently by SRP, WSFO Phoenix and
the Maricopa County Department of Civil Defense and
Emergency Services. There is no formal means of joint
decision-making at the present time although informal
arrangements exist for coordination through liaison,
exchange of information and joint press conferences.

SRP contacts only a limited number of warning
recipients including governmental agencies in the-area
and those.persons, organizations and cities which have
specifically requested notification of releases or
spillage at SRP dams. Notices are given by telephone.
Two hours is required to call all listed recipients.

WSFO Phoenix issues flood watches, warnings and
other related statements directly to the public via
NOAA Weather Radio. It is unknown how many residents
have radios capable of receiving such broadcasts.
Information is also distributed through the NOAA
Weather Wire which is subscribed to by the Arizona
Department of Public Safety, Arizona Division of
Emergency Services, major radio and television
stations, press wire services, and public utilities
including Salt River Project. Personnel at radio and
television stations decide independently whether to
make further dissemination of warning messages.

Maricopa County Department of Civil Defense and
Emergency Services notifies a few selected individuals
in each unincorporated community of flood predictions.
Those persons in turn notify other residents. The
system reportedly works very well. The agency also
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notif ies the Niaricopa County Sheriff's Department and

-I Police dispatchers have standard operating procedures
for warning dissemination which generally depends on
use of' mobile public address systems and hailers.
Responsibility for warning in rural areas is assigned
to the Sheriff's Department. However, the Department
lacks adequate personnel and equipment to contact all
rural residents on a timely basis.

There is a mass warning system for portions of the
Phoenix metropolitan area including the cities of

Phoenix, Scottsdale, Mesa and Tempe. However, the
system is not designed to allow sounding warnings onlyI
for selected areas. The system is powered by the public
power supply in the area and activation is through
telephone circuits. The siren system is jointly owned
and operated by the four cities and the county.

Flood Preparedness Plans

Existing formal preparedness plans for flooding
include:

*State of Arizona Emergency Action Plan;

Maricopa County Natural and Technological
Disaster Plan and supporting Standard Operat-
ing Procedures of County agencies;

Standard Operating Procedures for Flood for

cities, towns and Air Force bases; and

Flood Control District of Maricopa County,
Standard Operating Procedures f or Flood
Emergencies.

Both the State and County documents are "all
hazards" plans. General preparedness arrangements
concerning staff organization, communications, mutual
aid and evacuation are applicable to floods as well as
to other emergencies. The County plan includes sections
dealing with flood warning and evacuation in the Trilby

Wash area and the Rittenhouse Dam drainage area.'1 For the Trilby Wash and Rittenhouise areas, the
County's preparedness plan provides a description of
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the area subject to inundation and an assignment of
responsibility to the Sheriff to provide warnings of
floods in "sufficient time for the residents to protect
life and property to the maximum extent possible."

An annex to the County's plan deals specifically
with storms and floods. It allocates responsibilities
to various organizations in the form of tasks. Tasks
deal with alerting agencies, initiating evacuation
where appropriate, rescue, law enforcement, traffic
control, public health, care of evacuees, damage
assessment and recovery., Task descriptions are
generally divided into groupings of before, during and
after'the flood.

Maintenance Plan

There are Ao formal arrangements at present in the
case study area for periodic or continuing activities
to maintain the viability of the flood warning and L
preparedness program except:

Equipment maintenance programs by the NWS and
SRP for data collection equipment; and

*• Effopts by NWS in cooperation with state,
local and other federal agencies to improve
forecasting capabilities through development
of computerized flood prediction tools. j

EVALUATION OF EXISTING ARRANGEMENTS FOR
WARNING AND PREPAREDNESS

Flood Recognition i

As! shown in Figure 7-2, there is no control point
or office which has first hand access to all pertinent
data, although Phoenix WSFO comes close to being such a
place. The need to relay information from one party to
another reduces the reliability of the overall system.Such redundency as exists in sources of information

does not appear to be specifically designed as a guard
against unreliable performance. Some linkages for
transmission of data are also limited to telephone. In

the case study area, telephone service is vulnerable to
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disruption during storms and floods. In addition,
automatic transmission of data by telephone, such an
from the DARDC gage network, are routed over microwave

links which perform poorly during heavy rains.
The data collection system provides information on

water levels and releases at all reservoirs in the
area. However, the coverage of the flood recognition
system is deficient with respect to furnishing detailed
information for the following areas:

* Hassaympa River;

* New River;

* Skunk Creek;

* Rowler Wash;

* Indian Bend Wash;

* Gila River below Salt River; and

* Various minor washes.

Problems of flood recognition also exist with
respect to timeliness in the case of Dreamy Draw and
with respect to identification of the location of
points where canals are overtopped.

Accuracy of the flood recognition system i... only
moderate to poor for those streams which are covered.
Little informaition is available for inflow to the major
streams below reservoirs except data on reservoir
releases and spills. NWS presently has Antecedent
Precipitation Index Models for the Verde and Salt
Rivers.* In addition, National Weather Service River
Forecast System Model is developed and calibrated for
the Verde River but not yet in use. A similar model is
being developed for the Salt River. There are feiq
streamflow measurement stations because of the high
cost of their establishment given the unstable nature
of streambeds in the area. As a result, predictions of
floods in the area are generalized.

Flood Warning Arrangements

Arrangements for warning dissemination in the case
study area are relatively strong. The general public
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has access to information through NOAA Weather Radio on
a 24 hour basis if they choose to obtain a radio
capable of receiving the broadcast frequency, In
addition, there are a variety of special arrangements
to warn particular groups of the general public on a
geographic basis.

'rhe general weaknesses in the existing flood
warning arrangements are:

*+ Lack of a unified decision-making process
concerning the composition and dissemination
of warnings which involves both federal and
local agencies;

* Lack of capability to deliver warnings to all
r-sidents in rural areas on a timely basis;

Reliance on only telephone to reach "Block
Captainz." in small communities;

+* Lack of timeliness in warning residents of
flash flooding;

Lack of adequate means for disseminating
warnings in urban areas; and

Lack of requirements for site-specific warn-
ing Arrangements.

Preparedness Plans

The County preparedness plan provides an excellent
division of responsibility in terms of major objec-
tives. However, it does not provide any detailed
information on what exactly is to be done, how it is to
be carried out and requirements for resources. For
example, the plan only provides direction to "Initiate
evacuation measures where appropriate." The plan does
not identify the conditions which require evacuation,
means of contacting occupants in affected areas,
evacuation routes, evacuation destinations and other

F relevant points. Some areas subject to flooding are

large and the plan fails to address personnel require-
ments for carrying out the evacuation. Similar problems
exist with respect to other functions. Agencies
assigned responsibilities for execution of the plan
have not developed specific arrangements for meeting
their responsibilties.
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A The major deficiencies In the preparedness arrange-
ments for the case study area include:

-i

Lack of definition in specific matters to be
accomplished;

* Lack of specificity in procedures for
4-carrying out planned actions;

* •Lack of identification of manpower and equip-
ment requirementi for execution of the plan;
and

Lack of coordination between emergency plans
of the State, County, Flood Control District
of Maricopa County, SRP and other political
subdivisions.

Maintenance Plan

Existing maintenance arrangements are deficient in
that they do not provide for:

* Regular continuing education and information
of the public with respect to flood hazards;

* Drills, practice or other activities aimed at
education of the intended participants in
execution of the plan except for NWS training
exercises; andI * Regular testing of relevant equipment.

POSTULATED WARNING AND PREPAREDNESS ALTERNATIVE

The warning and preparedness alternative postu-
lated for the case study area to meet the needs
described in the preceeding section is discussed in
this section with respect to its selection, principal
features, general operation and requirements for
implementation. The alternative is described in terms
of four main parts including flood recognition system,
flood warning arrangements, flood preparedness plan,
and maintenance plan.

Approaches Considered

Consideration was given by the investigators to a
variety of approaches to warning and preparedness which
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might be employed to meet the remaining needs of the
case study area. The alternatives considered differed
with respect to the extent they emphasized performance
on an area-wide rather than sub-area basis, the type(s)
of data and information used for flood recognition, the
sophistication of the flood recognition system, and the
role of the National Weather Service. Sub-areas con-
sidered included municipalities and unincorporated
areas along each stream.

With respect to the extent of area-wide perfor-
mance of activities, consideration was given to:

* Separate programs for each sub-area subject
to flooding including independent flood
recognition systems, warning arrangements)
preparedness plans and maintenance plans;

* A single area-wide flood recognition system
coupled with independent warning arrange-
ments and preparedness plans for each
sub-area subject to flooding and both
area-wide and sub-area maintenance plans;

* An area-wide flood recognition system and
warning arrangement, supplemented by local
warning arrangements and coupled with
independent prepar-4ness plans for each
sub-area subject ,o flooding, and both
area-wide and sub-area maintenance plans; and ,1

* A single area-wide flood recognition system,
warning arrangement, preparedness plan and
maintenance plan.

With respect to the types of data and information
. used for flood recognition, consideration was given to:

* Reliance on flood watches, flood warnings,
and other informational statements issued
by the NWS;

€•Use of stream level sensors (Flash Flood
Alarms);

Use of precipitation data collected in the
watersheds of streams in the case study
area to supplement NWS forecasting;
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Use of stage data for rivers in the case
study area to supplement NWS forecasting; I

* Combinations of the above.

With respect to sophistication of the flood
recognition system, consideration was given to: .

* Manual data collection combine'I with manual
procedures for flood forecasting;

Automated data collection combined with
manual procedures for flood forecasting; and

SAutomated data collection combined with
"computerized flood forecasting procedures.

With respect to the role of the NWS, consideration
was given to:

*Operation of the flood recognition system
independent of NWS excepting use of regu-
larly available forecasts and information;

* Forwarding of all data to the NWS and
reliance on NWS for all flood recognition
and forecasting; and

r- -

Establishment of parallel forecasting
capability on the part of NWS and local
participants.

Selection of Approaches

The foregoing options can be combined into a large
number of distinctly different alternatives. The
alternative selected for postulation was chosen based
on several factors including: nature of anticipated
flooding; characteristics of the areas subject to
flooding; physical, economic and social setting; exist-
ing arrangements for flood warning and preparedness; lo-1 cal resources including technical and financial
capabilities; and requirements for timeliness, accuracy

and reliability.
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All of the consideration given to selection of the
features of the postulated alternative was of a general
nature, based on readily available data. No detailed
studies were conducted.

The approaches selected for use in development of
the postulated alternative were:

Use of a single area-wide flood recognition
system, supplemented by both area- wide and
sub-area warning arrangements, individual
preparedness plans for each sub-area.
subject to flooding, and a maintenance plan
with both area-wide and local components;

Use of water level sens.ors and a combined
system of precipitation and river stage
gages accessable to both the NWS and local
participants, supplemented by use of
watches, warnings and other statements
issued by the NWS to activate the data
collection system;

- Use of a cormbined system of automated and

manual collection of data;

* Use of computerized flood forecasting,
backed by the availability of manual pro-
cedures; and

"" Development of parallel or nearly parallel
forecasting capabilities on the part of the
NWS and local participants with NWS having
lead responsibility for preparing and

*i" i issuing forecasts.

* I Employment of the selected approach also envisions

creation of a "Salt-Gila Flood Forecasting Center"
located at Phoenix in close proximity to or sharing
space with the Phoenix WSFO. The Center facility would
contain communications equipment, a mini-computer and
peripheral equipment, and work spaces. There would be
multiple communication links between the mini-computer
at the Flood Forecasting Center and the central RFC
computer at Salt Lake City.
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Description of Flood Recognition System

The data collection portion of the postulated
flood recognition system would build on that which
alreaoy exists and is operated by the NWS, USGS, Salt
River Project and others.

J Major Components -

The major components required to supplement the.
existing data cillection portion of flood recognition

system include: 1
1. Purchase, installation, calibration, opera-

tion, servicing and repair of self-reporting,

radio transmitting precipitation gages includ-
ing:

A. Four gages located in the upper
Has-sayampa River drainage area in
Maricopa and Yavapai Counties;

B. Two gages located in the upper New River
and Skunk Creek drainage areas in
Maricopa County;

2. Purchase, installation, calibration, opera-
tion, servicing and repair of self-reporting,

radio transmitting river stage gages includ-
ing;

A. One gage located on the New River in
Maricopa County above the proposed site
of the New River Dam;

B. One gage located on Skunk Creek in
Maricopa County above the proposed site

of the Adobe Dam;

C. One gage located on Rowler Wash upstream
of the town of Cave Creek; and

D. One gage located on Indian Bend Wash
near Shea Blvd. in Scottsdale.
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3. Purchase, installation, calibration, opera-
tion, servicing and repair of self-reporting,
radio transmitting reservoir level gages
including:

A. One gage at Lake Pleasant Reservoir; and

B. One gage at Cave Buttes Dam; and

C. One gage at Dreamy Draw Dam.

S4. Purchase, installation, calibration, opera-
tion, servicing and repair of self-reporting,
"radio transmitting reservoir outflow gages
including:

* A. One gage at Waddell Dam; and

B. One gage at Cave Buttes Dam.

5. Two antenna and radiu relay units;

6. Purchase and installation of inexpensive
plastic rain gages for use by observers
including:

A. 15 gages for a Hassayampa River precipi-
tation observer network;

B. 8 gages for a New River precipitation
observer network;

C. 8 gages for a Skunk Creek precipitation
observer network; and

D. 6 gages for an Indian Bend Wash precipi-
tation observer network.

S7. Purchase and installation of stream stage
gages for use by observers including:

A. 2 gages on Hassayampa River;

B. 1 gage on Agua Fria River;

C. 2 gages on New River; and

D. I gage on Skunk Creek.
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.8. Establishment of the Salt-Gila Flood Forecast-S~ing Center including:

A. Rental of space;

IB. Purchase, operation, servicing and
repair of the local mini-computer and
peripheral equipment;

C. Transmitting and receiving equipment for

4 monitoring of self-reporting• radio
operated gages;

D. Purchase of' furnishings and supplies; and

E. Purchase and maintenance of communica-
"tions equipment.

General Operation

The Flood Forecasting Center's mini-computer would
receive the data transmitted from self-reporting
precipitation and river stage gages and that supplied
from gage and reservoir -observers, organize the data
into a convenient form, and keep track of rainfall
rates at all reporting precipitation stations. The
mini-computer would also automatically interrogate
telemark gages in the system at a frequency determined
by the rate of rainfall at self-reporting precipitation
stations (with more frequent interrogation during
periods of heavy rainfall).

Data collezted and organized by the Flood Forecast-
ing Center's mini-computer would be relayed to thecentral RFC computer system. The primary means of data

transfer would be the NWS's AFOS data communications
system. Two alternative means of communication would be
provided including satellite relay via the NWS';s GOES
satellite system and telephone. The frequency of data
transfer between the mini-computer at the Flood Fore-
casting Center and the central RFC computer would
increase with increasing rainfall intensity.,

The central RFC computer, using data transmitted
from the Flood Forecasting Center's mini-computer and
Quantitative Precipitat ion Forecast (QPF) data as
input, would compute streamflows for various locations
in the case study area and convert stream flow values
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to stream stages at the selected locations. Forecasts
would be displayed on a monitor at the RFC and reviewed

A by staff there who could modify forecasts based on any
A additional information. Forecasts or revised forecasts

would then be transmitted to the mini-computer at the
Flood Forecasting Center for display or printing.

As -a backup measure, the mini-computer at the
Flood Forecasting Center would also have the capability
to generate flood forecasts, albeit without access to
QPF input and with a model simplified to fit the less~er
capabilities of a smaller machine. However, additional
models would enable use of the mini-computer to address

"what if" questions and generate hydrographs for

selected points based on assumption of various ensuing[
rainfall patterns. The mini-computer and its models
could also be used to test various reservoir op.-raLion
schemes. A link between the mini-computer and the
computei facilities of the Salt River Project would
enable immediate availability of forecasts and projec-
tions to the Salt River Project as a basis for river,
canal and reservoir regulations. If desired, printers
could also be installed at the County's Disaster
Defense Center, city offices and other locations to
make flood predictions immediately available.

Reliability in the flood forecasting function
would be provided by the manually observed gages, means
of direct access (rather than through the mini-compu-I
ter) to self-reported data, and the availability of
charts and graphs for manual flood forecasting.

All portions of the case study area which are
subject to significant flooding and for which the
regular flood forecasting system provides less than 30

minutes warning time at the Salt-Gila Flood Forecasting 1
Center would be protected by upstream water level
sensors. Alarms triggered by high water levels at the
sensor location woul~d be located at both the Salt-Gila
Flood Control Center and, as appropriate, dispatch
offices of fire and police departments serving the
affected areas, Sheriff's Department substations and

A the Arizona Department of Public Safety.

v.The "Normal" status of operation of the flood
recognition system in the between-flood periods would
consist of routine monitoring of incoming data and

* j information. Data transmitted by self-reporting precipi-
tation and river stage gages would be received at the
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Phoenix WFFO and any data of interest forwarded to the
RFC.

The flood recognition system would change to
"Pre-Emergency" status when meteorologic and other
information indicated a significant probability of
flood producing conditions occurring in the area.

LAction taken in the "Pre-Emergency" stage would include:

Minimal staffing of the Salt-Gila Flood
Forecasting Center;

* Alerting of observers; and I
Continual monitoring of general weather -

conditions and data from self-reporting and
telemark gages.

The flood recognition system -ould shift to
"Emergency" status when heavy rains, thunderstorms or
other circumstances indicated that potentially flood
causing conditions existed in the case study area. The
"Emergency" status would be maintained until all
threats of flooding had subsided throughout the area.
Actions taken during "Emergency" status would include:

Full staffing of the flood forecasting

center;

Periodic collection of rainfall and stream
stage data from observers;

Continual monitoring of data from self-t reporting and telemark gages; and

Periodic issuance of flood forecasts.

Responsibility for operation of the flood recogni-
tion system during "Pre-Emrgency" and "Emergency"
status would he shared between the RFC and the
Salt-Gila Flood Forecasting Center. The RFC would have
primary responsibility for preparing forecasts. The
Flood Foreceasting Center would have secondary responsi-
bility and take over forecasting responsibilities in
the event all means of communications with the RFC were
disrupted or if timely forecasts from the RFC were not
available for some other reason. Forecasts issued for
the area by the RFC would be returned to the Salt-Gila
Flood Forecasting Center for- rlease.
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Estimated Cost

The estimated first cost of implementing the
lsupplemental portions of the flood recognition system JI

"is $122,000. The estimated annual cost for operation
and maintenance of that portion of the alternative is
$62,000.

Required Technical Capabilities

The principal technical capability required for
implementation and operation of the flood recognition
portion of the postulated alternative includes an
adequate number of staff to man the Salt-Gila Flood
Forecasting Center on a 24 hour basis during periods of
high flood potential and during floods. Key types of
skills required include those for communications,
hydrology, engineering *and operation of the mini-com-
puter and associated equipment.

Legal Requirements

The most important legal authorities required for
implementation and operation of the flood warning and
prepare -s alternative are those necessary for:
a)acqu,.-ing and operating gage sites in rural areas of
Yavapai County and in both rural and urban areas of
Maricopa County; and b) renting space, contributing

funds and providing staff for establishing, equipping
"and staffing the Salt-Gila Flood Forecasting Center.

Description of Flood Warning Arrangements

The warn' arrangements would consist of three
parts7. -..... ely area-wide part to be executed by the
staft ui the Salt-Gila Flood Forecasting Center; a set
of community level warning arrangements for each sub-
area subject to flooding; and site-specific warning
arrangements for selected facilities.

Major Component-

The principal components of the areawide warning
* arrangements to be executed by the Salt-Gila Flood

Forecasting Center include:

Yi
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1. Decision criteria for issuance of various

types of warnings for each subarea;

2. Procedures fur issuance of warnings to localI
government officials and emergency services
agencies responsible for warning and prepared-

ness actions in each subarea;

3. Lists (names, addresses, telephone nunbers)I
of persons and organizations to be warned; .and

4. Radio and other equipment for issuing warn-
ings.

The principal components of the flood warning
. -~ arrangements for the sub-areas subject to flooding

include:

1. Identification of a local official or organi-
zation to serve as recipient of flood
warnings tritnsmitted to the subarea from the
Salt-Gila Flood Forecasting Center;

2. Procedures for relay of warnings to other
local officials and organizations;

3. Lists (names, addresses, telephone numbers)
of officials and organizations to be warned;

4. Decision criteria for dissemination of warn-
ings to the public;

5. Procedures for dissemination of warnings to
the public; and

16. Means (equipment and personnel) for dissemi-
nating warnings to the public including:

A.- Modification of the existing mass warn-
ing system to enable selective
activation of sirens by radio;

B. Installation of radio activated sirens

located at:

i) Avondale;

ii) Holly Acres;
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iii) Allenville; and

iv) points along the Arizona and
Grand Canals which are likely
to be overtopped.

7. Purchase of 12 transmitters to activate
disaster alert modules;

8. Purchase of disaster alert modules as desired
by the public along:

A. Salt River at Phoenix;

B. Gila River at Holly Acres;

C. Gila River at Allenville;

D. Agua Fria River above New River;

E. Agua Fria River below New River;

F. Skunk Creek;

G. New River above Skunk Creek;

H. New River below Skunk Creek;

I. Cave Creek above and at town of Cave
Creek;

4 J. Cave Creek below town of Cave Creek;

K. Dreamy Draw;

L. Indian Bend Wash; and

M. Various small washes in the study area.

The components for site-specific warning arrange-
ments include:

Means of receiving warnings issued for thesub-area in which the facility is located;

Procedures for distribution of warnings
Within each facility; and

Means for distribution of warnings within
each facility.

7-30

S... ... . .i i
- r ...-- ,, _ . . . .• ... __ . .... .. ••.•



General Operationf

Flood forecasts generated through the flood
recognition system would be reviewed by personnel at Z
the Salt-Gila Flood Forecasting Center. Forecasts for
each location in the case study area would be compared
to decision criteria to identify what action was
required. As needed, warnings would be issued to the
designated individual or organization in the affected
sub-area.

Warnings to the identified official or organiza-
tion responsible for each sub-area would be issued via
telephone and/or radio as appropriate with procedural
arrangements for confirmation of warnings to assure
messages are received and understood correctly. Designa-
ted warning recipients would be selected from persons
or organizations available on a 24 hour basis.
Designated warning recipients would in turn relay
warnings to officials and emergency services agencies
responsible for warning dissemination and preparedness
actions in each sub-area. Dissemination of warnings to
the public would begin if appropriate based on local
decision criteria.

The area-wide flood warning arrangements would be
staged. The stages would be keyed to those of the flood
recognition system and include "Pre-Emergency" and
"Emergency.to Warning actions taken during the "Pre-
Emergency" stage by the Salt-gila Flood Forecasting
Center personnel would include:

* Alerting of personnel responsible for execu-
tion of the "Emergency" stage of the flood

warning arrangements;

* Alerting of personnel and organizations
responsible for execution of preparedness
plans; and

* Alerting of any special warning recipients
requiring extraordinarily long times for
response to flood warnings.'

Warning actions taken during the "Emergency" stage
would include:

7-31



Issuance of general warnings through public

media by the Salt-Gila Flood ForecastingI
Center;

* Issuance of specific flood forecasts by the
Salt-Gila Flood Forecasting Center to persons
and organizations. responsible for sub-area
warning arrangements; and f
Dissemination as appropriate of forecasts and
warnings to occupants in affected sub-areas.

Issuance of warnings by the Salt-Gila Flood
Forecasting Center and local government officials would
be complemented by warnings issued over the NOAA
Weather Radio station at Phoenix (KEC-94).

Estimated Cost

The estimated first cost of the supplemental i.tems
for flood warning is $148,000 not includ 'ing private
expenditures for purchase of disaster alert modules and
for establishment of site-specific warning systems. The
estimated annual cost for the public portions of
operation and maintenance is $27,000.

Required Technical Capabilities

The principal capabilities for carrying out the
warning portion of the postulated alternative include
those necessary to: a) staff the Salt-Gila flood Fore-
casting Center on a 24 hour basis during periods of
high flood potential and during floods; and b) provide
a contact point which is operational on a 24 hour basis
in each sub-area.

Legal Requirements

Legal authoritis useful or needed for implementa-
tion of the supplemental flood warning arrangements
include those for:

1. Modification of the existing mass warning
system;
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2. Installation and operation of additional
siren systems;

3. Dissemination of flood warnings; and -t

S4. Requiring development of site-specific warn-
A ing systems for selected facilities.

Description of Flood Preparedness_.Plans

i The preparedness plan portion of the postulated
alternative would supplement existing arrangements for
response to floods. Responsibility for performance
would be allocated-on a sub-area basis. ,

Major Components

The major components of the supplemental prepared-
_ ness arrangements are those providing for:

1. Mandatory evacuation of areas expected to be
inundated;

2. Dispersal of fire, police, medical and other
emergency services equipment and personnel to
assure continuation of essential services;

3. Curtailment of'gas and electrical service to
areas threatened with inundation;

4. Flood fighting in selected areas; and

5. Mandatory removal of vehicles from streets in
areas threatened with inundation to reduce

.. damages and facilitate e~acuation.

General Operation

Conduct of preparedness actions would be keyed to
flood predictions. In general, each sub-area would be
further sub-divided according to the inundation expec-
ted at each predicted flow. As flow forecasts were
received, preparedness actions would be implemented in
affected areas and preparations made for their conduct
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in the next higher lying area. Preparations would L~
Aconsist of staging the personnel and equipment

necessary for action at a convenient location and
alerting residents of the possible noed to evacuate.

Estimated Cost

The estimated first .cost of implementing the-
supplemental preparedness arrangements is $34,000 for:
a) purchase and stockpiling of equipment and materials -

for flood fighting and stream patrols; and b) instal-
p lation of additional valves on gas mains to facilitate

curtailment of service. The annual cost for the
preparedness arrangements is -estimated to be $72,000
for: a) replacement of expended flood fighting equip-
ment and materials; b) equipment rental; and c) labor.
These costs do not inicude the labor and other costs to
utility system operators for curtailing gas and
electric service in accord with the plan.

Required Technical Capabilities

Conduct of the postulated preparedness actions
require no skills beyond those normally available from
emergency services agencies excepting as necessary for:
a) curtailment of gas and electric service; and b)I
technical direction of flood fighting. Other required
technical capabilities include: a) equipment and
personnel for traffic control and movement of parked or
stalled vehicles; h) construction equipment and opera-
tors for flood fighting; and c) adequate numbers of

* people to carry out flood fighting.

Legal Requirements

The, major legal requirement~s for implementation
and execution of the preparedness portion of the postu-

* lated alternative are the authorities necessary to:

1. Require evacuation of incorporated and unin-
corporated areas threatened by floods;

2. Conduct flood fighting activities in incor-
porated and unincorporated areas;
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3. Curtail gas and electric service i~n unsincor-
porated and incorporated areas; and

4. Direct the dispersal of emergency services I
personnel and equipment.

Description of Maintenance Plan

The maintenance plan would include the activities
necessary to maintain the :'readiness and lon'ýg term
viability of both the existing and supplemental warning
and preparedness arrangements.

Major Components

The major components of the maintenance plan
include:

1. Servicing, calibration, periodic testing and
other maintenance of self-reporting precipi-
tation and stream level gages;

2. Any necessary recruitment and training of
observers;

3. Servicing and periodic testing of communica-
tions equipment and facilities serving the
Salt-Gila Flood Forecasting Center;

4. Conduct of educational and informational
programs;

K 5. Conduct of post-audits of performance of the
flood recognition system and execution of the
flood warning and preparedness arrangements;

6. Periodic updating of warning lists and pro-
cedures;

7. Periodic review to identify needs for improve-
ment or modification of procedures and
facilities for flood recognition, flood
varning and flood preparedness based on
changes affecting runoff or stage-discharge
relations, changes in the area at risk or
other factors; and
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8. Organiizat~io'n an-d participation in periodic
drills and Oraclýic

General Operation .
Maintenan ce activities would be divided into

are'awide and sub-area programs and separate schedules
established-for each.

"timaitenance Coý,tsare;Ia'edt yeafitcotf

Costs for maintenance of equiipment' used f or f lood

recognition, warn ,ing an.d,. preparedness wer~e included inth h estimates of ann'dbA cost for oper.aition.i Other

$24,000 for initial' developwiient of educational c~nd
informational material s.. Average annual costs f or
non-equipment related .maintenance: activities. are '
estimated to be $34,,000, primarily 'fo'r laborv..

Required Technical Capabilities'.

Technical capabilities pose few difficulties in
relation to maintenance. Only moderate skills are
needed for most activities excepting: a) maintenance of
equipment; and b) planning type tasks such as
post-audits of performance and identification of needs
for modification and/or improvement of plans. In
general, the technical capabilities required to operate
the Salt-Gila Flood Forecasting Center are adequate for

Legal Requirements Ied

The authority to carry out some portion of the
postulated plan is normally adequate as a basis for

such as education' and information and planning which
are unrelated to specific components of the other
portions of the plan. However, these types of authori-
ties are generally available to governmental units.
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INSTITUTIONAL CONSIDERATIONS

Design' of effective implementation arrangements
for the postulated flood warning and preparedness
alternative depends on development of a pattern forallocation of responsibilities which is consistent withthe legal authorities and the financial and technical
capabilities of the participating agencies. Moreover,
the distribution of responsibilities should be such
that the role to be played by each participant is not
inconsistent with its existing policies and normalactivities. Existing relationships between agencies-j should be preserved to the extent possible. And, ofcourse, the allocation of responsibilities shouldresult in a system which makes good political sense in"terms of accountability for performance, stability andresponsiveness to the public. The following sections
describe considerations of this type relevant togovernmental agencies in the case study area and poten-
tial implementation arrangements.

Federal Agencies

"The case study area is served by the full comple-ment of federal agencies. Those with missions particu-larly relevant to water resources management and/orflood loss reduction include the Corps of Engineers,Water and Power Service, Geological Survey, NationalWeather Service, and Federal Emergency Management
Agency.

The Corps' functions include the investigation,

design, construction, operation, and maintenance ofworks for navigation, flood control, beach erosioncontrol, hydroelectric power generation, municipal andindustrial water supply, water quality control, recrea-tion, fish and wildlife conservation, and hurricaneprotection. In addition, the Corps administers aregulatory program for development and management ofwater and related land resources, and technical andplanning assistance programs such as Flood Plain
Management Services.

The study is within the boundaries of the areaserved by the Los Angeles District of the Corps of
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Engineers, headquartered at 300 N. Los Angeles Street,
Los Angeles, California. The Corps also has an office
at 2721 N. Central Avenue in Phoenix. The Phoenix
office was established to facilitate the conduct of the
Phoenix Urban Study. The continuation of the Corps'
office at Phoenix after completion of the Urban Study
is uncertain.

Potential involvement of the Corps in implementa-
tion and operation of the postulated flood warning and
preparedness alternative for the case study area
includes:

* Technical assistance in system design,
development of procedures, and other aspects
of planning;

S* Assistance in floodfighting, rescue and other
activities related to execution of flood
preparedness plans; and

* Assistance in training and educational activi-
ties.

The Corps has considerable technical and financial
capability to accompany its legal authorities. District I
offices are normally staffed on a 24 hour basis when
potential flood causing conditions exist. Los Angeles
District also has or can obtain the technical expertise

to develop and use sophisticated flood forecasting L

techniques. j
Participation of the Corps in day-to-day operation

,1I of a flood warning an•d preparedness alternative is
.- limited by location. The center of the case stdy area

is approximately 400 miles east of Los Angel(e!. Opera-
tion of vital portions of a flood warning sysbem and/or
efforts to direct executio,, of preparedness plans from
that distance would raise important questions about
reliability and timeliness. In addiion, the Corps lacks
legal. authority to take many of the types of actions
required in execution of preparedness p].ans.

Water and Power Service

The Water and Power Service administers no pro-
grams specifically for flood loss reduction. However,
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that purpose can be addressed as one of. several in
multipurpose projects under the Small Reclamation i
Projects program and the Federal Reclamation Projects
program. The case study area is located within the
boundaries of the area served by the Lower Colorado

Potential involvement of the Water and Power

Service in implementation and operation of a flood
warning and preparedness alternative for the case study
area includes:

Technical assistance in system design,
development of procedures and other aspects
of planning;

Financial assistance (loan or grant) for

implementation;

Operation or assistance in operation of a
flood recogn'ition system, particularly in
conjunction with provisions for dam safety
and dam failure evacuation planning.

The Water and Power Serv-':e has considerable
technical and financial capability to accompany its
legal authorities. The Service would also benefit from3
the availability of improved predictions of flows
through better water management.

Participation of the Water and Power Service in
the day-to-day operation of a flood warning and pre-t
paredness alternative is limited by location. The
center of the case study area is approximately 285

miles southeast of Boulder City, Nevada. Operation of
vital parts of the flood warning system from thatI
distance would raise important questions about relia-
bility and timeliness. In addition, the Service lacks
legal authority to take many of the sorts of actions
required in execution of a flood preparedness plan.

U.S. Geological Survey

The Survey does not administer any programs
directly for flood loss reduction purposes. However, it
does on occasion prepare and publish a Hydrologic Atlas
describing flood problems :.n a community which includes
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stream profiles, maps of inundated areas and other
information. Communities and others desiring to do so
can use this information as a base for land use regula-
tion and other programs for flood loss reduction. Other
water resources investigations carried out coopera-
tively with states may serve flood loss reduction
purposes if designed to do so. The case study area lies
within the area served by the Arizona District Office,
located at 301 W. Congress Street in Tucson.

Potential involevement of the Survey in implementa-
tion and operation of a flood warning and preparedness
alternative includes:

* Financial and technical assistance in pur-
chase and installation of equipment for data
collection;

* Financial and technical assistance in. opera-
tion of the flood recognition system;

* Technical assistance in development of flood
forecasting procedures;

* Technical and financial assistance in educa-
tional and informational activities; and

* Technical and financial assistance in main-
tenance of equipment for data collection.

The Survey has considerable technical and
financial capability to implement its legal authori-
ties. The data on precipitation and stream flowsA
collected through a flood recognition system would be
useful to the Survey for its overall water' resources
activities, thus providing an incentive for participa-
tion in implementation and operation of that portion ofj
the postulated flood warning and preparedness
alternative.J

Par'ticipation in day-to-day operation of a flood
recognition system by the Survey is limited by
location. The center of the study area is approximately

* - 120 miles north of Tucson, Arizona. Operation of vital
* t parts of the flood warning system from that distance

would raise important concerns about reliability and
timeliness. In addition, the Survey lacks legal
authority to take many of the sorts of actions requiredj in execution of a preparedness plan.
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National Weather Service

The functions of the NWS include weather forecast-
"ing, issuance of storm warnings, display of weather and
flood signals, gaging and reporting on rivers,
distribution of meteorological information usý-ful for
agriculture and commerce, and taking such meteorologi-
cal observations as may be necessary to establish and
record the climatic conditions of "the :United States.
NWS also has authority to establish, operate and
maintain a system of precipitation stations in connec-
tion with Corps of Engineers surveys or works of
improvement for flood control, rivers and harbors and
related purposes. The agency operates precipitation

stations, stream gages and devices for measuring
evaporation rates and it issues flood and water supply
forecasts which are used by other agencies in the
planning and development of water resources. NWS also
operates a geostationary satellite system (GOES) to
provide continuous observation of the earth and its
atmosphere.

NWS operates a program to plan and develop
disaster preparedness programs designed to save lives
and mitigate the social and economic impacts of natural
disasters. The agency works in cooperation with local
officials, volunteer agencies and other federal
agencies in this effort. Activities include those to
develop preparedness plans, conduct periodic disaster
drills, ensure rapid dissemination of warnings,
increase public awareness of disaster threats, and
encourage proper response to warnings.

The case study area is located within the areas
served by the Salt Lake City RFC and the Phoenix WSFO.

Potential involvement of the NWS in implementation
"bfý• and operation of a flood warning and preparedness

alternative for the case study area includes:

Technical assistance in system design,
Sdevelopment of procedures and other aspects

of planning;

4 Operation or assistance in operation of the
flood recognition system;
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* Preparation and issuance of forecasts and/or
development of procedures for flood forecast-
ing by others;

* Maintenance or technical assistance in main-
tenance of data collection equipment;

* Assistance in development and conduct of
informational and educational programs; and

Assistance in training and plan practice.

The NWS has considerable technical and financial
resources to implement its legal authorities. Participa-
tion in operation of the warning system and issuance of
flood forecasts by the relevant RFC is somewhat limited
by its location which is approximately 500 miles north
of the case study area. However, the WSFO located in
Phoenix offers an excellent potential for timely and
reliable participation.

Federal Emergency Management Agency

FEMA administers programs assigned previously to
the Defense Civil Preparedness Agency, Federal Disaster
Assistance Administration and Federal Insurance .3
Administration. The only program specifically appli-
cable to floods is the National Flood Insurance
Program. However, several other programs administerd by
the agency apply to floods as one of several types of
general emergencies or disasters. FEMA's programs

- ):

provide for assistance in all phases of dealing with
disasters including technical and financial assistance
for preparedness planning and coordination of federal
assistance for response and recovery.

The case study area is within the boundaries of
"the area served by FEMA's Region IX office, located at
450 Golden Gate Avenue in San Francisco, CA.

Potential involvement of leMA in implementation

and operation of the postudlaed flood warning and
preparedness alternative for the case study area
includes:

The Technical and financial assistance in system
design, development of procedures, and other
aspects of planning;
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Assistance in training and educational activi-
ties; and i
Provision of coordination of federal efforts
for assistance in executing the preparedness
plan and in post-flood recovery.

*FEMA has considerable financial resources to
accompany its legal authorities once the president hasJ
declared a disaster. However, prior to occurence of a
disaster, financial resources of the type which might
be useful in implementation and operation of a flood

warning and preparedness program are limited to
planning grants made to designated state agencies. The[
agency is also limited with respect to operational
personnel.

FEMA is not authorized to provide day-to-day
operation of local flood warning and preparedness
programs. Even if it were, the distance of the case
study area from the agency's regional office at San
Francisco, CA, would make such participation question-
able.

Federal Role

As explained in a preceding chapter and
immediately foregoing sections, the federal government
now provides or is authorized to provide some of the
components of a flood warning and preparedness alterna-
tive like that postulate'd. Of course it also has the
territorial jurisdiction to operate throughout the case
study area. However, no single agency of the federal
government engages in all of the activities requisite
to carrying out the complete alternative postulated.

Except where the protection of federal property is
involved, it is the underlying philosophy that the roleI
of the federal government in many aspects of warning
and preparedness actions is to provide assistance,
encouragement and, where appropriate, leadership, but

not to take operational charge of a program for aI

While the postulated system for prediction of
floods in the case study area relies heavily on the
services and capabilities of the National Weather
Ser'vice, what can be provided by that agency is insuf-
ficient for a complete system. The need to fill the
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gaps inthe NWS system fis one of the primary reasons
for sinifcantpar oftheflood recognition portion

of the postulated alternative. If the NWS or another
agency of the federal government were able in all
respects to install the necessary gages and provide the
detailed forecasting envisioned, it would have
presumably done so in the past.

In addition, the preparedness portion of the
postulated alternative includes a considerable number
of actions which are to be taken in response to flood
predictions. The recently created Federal Emergency
Management Agency cannot be expected to be a key
participant in such actions. Its services center around
disaster planning and response activities related to
activation of federal assistance. The agency is not
intended to serve as a substitute for local observation
and response forces.

Most federal assistance available through FEMA for
coping with disasters is only available after'local and
state resources are exhausted. Since many oi' the
postulated response actions must be taken on the basis
of a flood prediction, federal assistance is not likely
to be available on a timely basis.

Because of these several constraints, the federal
government is not a very strong candidate for a major
role in implementing and operating the postulated
alternative. Its capabilities and authorities suit it
for a strong role in the flood prediction step through
NWS and in provision of various types of financial
assistance through NWS, the U.S. Geological Survey,
FEMA and possibly other agencies.

State of Arizona

The State of Arizona has the territorial jurisdic-
tion necessary to implement and operate the postulated
flood warning and preparedness alternative. It also has
the financial capability to carry out the alternative

k if it chooses to do so. However, the State is limited
in the role it can be expected to play by its tradi-
tional participation in flood loss reductien activities
and by its range of legal authorities.
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The State government has not engaged very exten-
sively in flood loss reduction activities in the past.
State officials have participated in successful efforts
to obtain federal projects, btit these have emphasized
irrigation, hydroelectric power' and water supply. Even
in these fields long recognizf-d to be important for the
growth of the State's economy, the State government has
not attempted to become the major administrator or
financing instrumentality. Rather, the projectýs have
been developed and operated by some combination of4
federal and local interests.

Until recently, the image of Arizona as a water
deficient area has inhibited the growth of organizedI
concern with inundations as a matter requiring serious
governmental attentlon. Where flood control benefits
could be identified as possible features of projects
desired for other reasons, they have been counted upon K

to increase the benefit-cost ratio, thereby making
federal construction more likely. It is only as concen-
trations of population and valuable properties have
increased that flood loss reduction is coming into its
own as an i~ndependent factor.

In Arizona as in almost all other states, the role
of the state government has been conceived as that of aP8
regulator or provider of enabling law for local action.
Operational aspects have been left to others. For the
sta'te to undertake actual administration of a local
flood recognition system and warning arrangements would
require a sharp break with its traditional role.
Perhaps the best precedent that could be cited for such
a change would be the established responsibility of the
State government for civil defense and disa.,;ter protec-
tion, but even there it has not been (ulireived that
state employees would be the ones constantly on the
spot everywhere throughout Arizona to perform a
monitoring function.

With respect to preparedness actions, the state's
assistance is not intended to replace local effort.
Even if statutes permitted state assistance in disaster
response to preceed the exhaustion of local efforts, it
is doubtful the State could always provide such
services due to limitations in personnel and equipment.

The State's legal tools are also deficient for
carrying out some parts of the postulated alternative.
It has little operational control, for example, over
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local emergency services agencies and private
providers of utility services. Exercising such control
would require significant new legislation, invoking of
the governor's emergency powers or laborious use of the
State's licensing and other supervisory authorities.
None of these approaches promise effective implementa-
tion and operation.

Moreover, if the state government were to provide

flood warning and preparedness services of the detail
postulated, it probably would need to do so all overI
Arizona rather than merely for the case study area. The
commitment of funds and resources required for
effective performance on a statewide basis have not
been examined and the policy issues' involved have not
been seriously considered., But the constraints on State
government suggest that its practical role is limited
to the provision of technical assistance to local
efforts, and the furnishing of such relevant data as it
collects in the course of its statewide activities.

Maricopa County

Maricopa County could develop, operate and
maintain many parts of the postulated flood warning and
preparedness alternative. It has most of the necessary
legal authorities and its personnel have many of the
necessary types of skills. The County's Department of
Civil Defense and Emergency Services is in fact one of
the key actors in the existing arrangements for flood
warning in the case study area. The County also has the
financial capability to implement and operate the plan
if it were decided to do so. The County can-also enter

jinto agreements with other governmental units and
private parties and adopt ordinances formalizing the
plan. Furthermore, the County Sheriff's Department and
the County Highway Department are two of the important
sources of personnel and equipment most likely to be A
called upon to assist in carrying out emergency
actions. The County also has working relationships and I
close coordination with the private and volunteer
organizations providing fire protection in rural areas
of the case study area.

The County has territorial jurisdiction over all

of the area within its boundaries and is legally
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empowered to expend funds and exerciseý most or all of
the. functions important to flood warning and prepared-

ness in both incorporated and unincorporated areas.I
Existing flood preparedness plans for communities were,
for example, developed by the County Department of
Civil Defense and Emergency Services. However, the
County provides few services of an operational nature
related to warning and preparedness within the larger

7Jincorporated areas. Each major municipality for
instance maintains its own police, fire and other
emergency services.ý County services of this type are
provided within incorporated areas only for a few of
the smaller cities which have little or no resources of

terown.

terAs a result of this traditional division of U
responsibility between the County and the larger
municipal iti-es, County services have not expanded to
the point that the staff regularly available could
carry out warning and response actions for both rural
and incorporated areas. Also, eff~orts by the County to
formalize preparedness plans for incorporated areas,.
such as adoption of ordinances to control traffic
during emergencies, are likely to meet opposition from
municipalities which consider such decisions to be
within their exclusive domain.

As with the State, the County has not been very
deeply involved in flood loss reduction activities.
Local efforts along that line have been restricted
largely to structural measures built or sponsored by
the Flood Control District of Maricopa County. Even in

those limited flood related programs the County has
carried out, such as land use regulation pursuant to
the National Flood Insurance Program, reliance has been
put on the Flood Control District to provide the
hydrologic, engineering and other technical expertise
required. As a result, the County has limited technical
capability of its own of the types required for opera-

-I tion of the postulated data collection system and flood
prediction procedures.

The County's prime opportunities to participate in
the implementation and operation of the postulated

j alternative include: a) use of its broad authorities
and financial capabilities; and b) performance of
warning dissemination and preparedness actions in
unincorporated areas and in some small incorporated
areas.
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Municipalities

Municipalities in the case study area have many
legal authorities pertinent to implementation and
operation of the postulated flood warning and prepared-
ness alternative. They are broadly empowered to make
plans for proteirtion against various kinds of threats
to safety and welfare. All but a few of the smaller
municipalities in the case study area already engage in
the distribution of flood warnings under existing
arrangements.

Municipalities, have no legal impediment to the
expenditure of their funds for warning and prepared-
ness. The obstacles which exist are in the realm of
competition for too few dollars by too many worthy
functions. EddcatiOn, streets, waste treatment, recrea-
tion and other services contend for appropriations. Of
course, municipalities' funds could noh be used to
implement measures which had no benefit for their
residents.

Like the County, municipalities in the case study
"area have relied largely on the Flood Control District
for expenditures related to flood loss reduction and
for related technical expertise. Only the few largest
cities have developed the sorts of specialized tech-

T •nical skills required to operate the flood forecasting
center and the data collection network. But most
municipalities have considerable technical capability
of the types pertinent to warning dissemination and
preparedness, evidenced generally by the availability
of a relatively full array of fire, police and other
emergency services agencies in each community.

Flood Control District of Maricopa County

The Flood Control Distro rict encompasses all of
Maricopa County and therefore has the territorial
jurisdiction necessary to implement and operate the
postulated flood warning and preparedness alternative.
As described earlier, the District functions generally

as the engineering arm of County government for matters
related to flood loss reduction and therefore has
developed considerable technical capability of that
type. This close relationship between the District an-
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} the County stems in part from the fact that the members
of the County Board of Supervisors constitute the Board
of Directors for the District.

The principal limitation on the role of theSDistrict in the flood warning portion of the postulated
alternative concerns its legal authority. A strict
interpretation of the statutes under which the District
is organized suggests that its purpose is limited to
the construction and maintenance of structural works
for flood control. In any event, the District has

,lways operated as if it were so limited. It would
therefor'e be a considerable departure from past
practices for the District to unilaterally undertake
implementation and operation of the data collection
network or the flood forecasting center. District activ-
ities not strictly related to structural measures for
flood control are usually only undertaken as a service
to the County and for which the Dist~rict relies on
County authorities and funds.

The District is even more limited with respect to
the preparedness portion of the postulated alternative.
It lacks any significant foundation for legislating
requirements concerning evacuation or private action to
protect property. About the most it could do along
those lines would be to insert appropriate conditions
in use permits for future floodplain activities. That
approach would be of little value in reducing, damages
to existing developments. The District also lacks the

numbers of staff necessary to carry out a significant
share of warning and preparedness actions.

Institutionally, the Flood Control District is

best suited by virtue of its countywide coverage and
technical capabilities to provide services related to
operation of the flood forecasting center through some
arrangement which provides the District the necessary

- !, legal authority.

Salt River Project

The Salt River Project (SRP) consists of the Salt
River Valley Water Users Association and the Salt River4
Project Agricultural Improvement and Power District.
The SRP is one of the largest special districts in the
United States.
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The bulk of the SRP's area of interest is in the
Salt and Verde River Watersheds) outside the case study
area. Those portions of the case study area in which
SRP operates include the sO)Itheastern two. thirds in
which SRP provides electrical service and the central
portion in which it provides water for irrigation. The
SRP therefore lacks the territorial jurisdiction to
operate in all. parts of the case study area except for A

such things as collection of data relevant to manage-
ment of project facilities.

SRP's express purpose is to provide irrigation
water and electrical power. Flood control is not one of
the purposes which the District is authorized-to serve.
The SRP's efforts related to flood loss reduction are
limited largely to giving notice of flows through
project reservoirs to parties which have requested such
information and to protection of its facilities.

The constraints on SRP involvement in implementa-

tion of, the postulated alternative are severe and
include lack of legal authority and territorial juris-
diction. Given this situation, its principal role is
probably limited to provision of data collected in the
course of its regular activities, financial participa-
tion in installation of new gages in areas useful to
SRP and such preparedness actions as are pertinent to
protection of its system.

Operation of Flood Forecasting Center

Installation and operation of the postulated
Salt-Gila Flood Forecasting Center, including the data
collection network and performance of the flood fore-
casting responsibilities, presents a question with
respect to assignment of responsibility. As described
in the preceding sections, none of the governments
serving parts or all of the case study area combine the
legal authorities, technical and financial capabili-
ties, and orientation to do the task unilaterally.

There are three basic approaches which could be
taken to creation and operation of the Salt-Gila Flood
Forecasting Center. These include:

7-50

*l I

- -.. ,. -.N. .



_4

4 1 . Operation by an existing entity, with propor-

tionate bearing of costs by all benefitted

jurisdictions;

2. A cooperative program under some kind of
interlocal agreement such as a "joint
exercise of powers" arrangement; and

3. Creation of a new special purpose district.

Operation by an Existing Entity

The most populous and well staffed local goverment
entities in the case study area are the City of Phoenix
and the Flood Control District. Either might undertake
to implement and operate the flood recognition system
and the Salt-Gila Flood Forecasting Center on behalf of
the itself and/or others. However, such an arrangement
would require the operator to become involved in
matters which are not normally the agency's concern.

Another circumstance which could be considered
disadvantageous by the localities purchasing the
warning service would be the probable absence of
control by them over the system. A contract for
services usually involves payment by the purchaser for
the service or performance. The providing agency or
muncipality expects to administer the operation without
interference and does not consider that the purchaser
is entitled to any voice in operations. In addition to
making services beyond the capability of smaller units1 of government available to them, the chief merit of the
contract for service is its relative simplicity. An
existing unit merely expands a function which it is to
perform for itself.

Purchasing communities also would need to consider
what their dollars would buy. For the life of the
contract and any possible renewal periods, they would
have a warning system which would probably be better
than they could furnish for themselves. However, they
would develop no equity in the system and could lose it
entirely if the provider should decide for any reason
to discontinue providing warning and preparedness for
itself. Moreover, the purchasers would acquire little
or no experience in operating a system because they
would not be participants in its operations, except to
the extent that they used the information furnished in
times of flood emergency.
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Joint Powers Approach

The joint powers approach also involves an agree-
ment among the participating governmental units.
Instead of providing for the sale and purchase of the
service, it would make some or all of the benefitting
local governiments participants in operation of the
system. This might be done either by assigning duties
to each party or by creating a joint agency to operate -
the warning system on behalf of all. Under the latter4
procedure, each local government in effect delegates
its power to provide for public safety to the joint
instrumentality.

The arrangement is attractive in that it gives
each participant an equity in the undertaking and a
share in the control over its policies and operation.
However, successful use of the joint powers approach
would require satisfactory provision for important
aspects of the undertaking such as funding and represen-
tation.

When an established local government embarks upon
a warning and preparedness project, it may use its
general tax revenues or borrow against its established
credit. In the absence of special legislation, a joint
powers agreement could not provide for the delegation 1
of taxing power to the Joint instrumentality. In the

more normal course of events, it would be dependent
upon contributions from each of the participating
governments. Questions of what to do with communities
which at times might. not contribute their full shares.
could be troublesome. If the success of the operating
system should be dependent on its completeness, failure
of performance or insufficiency in the honoring of its
obligations on the part of a participant might impair

or even destroy the whole system.

The, question of representation on the governing
board of the joint instrumentality would require
careful consideration. The communities in the region
differ widely in their populations, wealth, need for
the service, and ability to make contributions. If
these inequalities are reflected in differential votes
on the representative body, the smaller communities
might find themselves with little more effective
control than they would have in a purchase of services
contract. On the other hand, equality of voting
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', .•-,4!strength among all participants might strike the larger
i ~communities as unfair. Governing boards of such joint,

.• ~agencies most commonly proceed on the principle of :
S.... Iequality among the member jurisdictions. At least in
.! the initial willingness to adopt the agreement, success ,

S• 1 depends on acceptance of this princple.

S~Special Purpose District :

S.... iCreation of a special district to operate the
-!flood recognition system and the Salt-Gila Flood÷-

Forecasting Center would allow boundaries to be drawn
for the purpose which would coincide with the region to!

be served. Since such a district would be a separate
unit of government,• there would be no problem of

representing existing local governments whose territory 4
lies wholly or partially within the case study area. On
the other hand, there would still be disparities in
population from one 'part of the region to another.
Consequently, to the extent that there may be signifi-
cant differences of interest along urban-rural lines or
geogra *phically within the area, domination by Phoenix
or Maricopa County viewpoints could result. Persons in

! small watersheds which have relatively little impact on
S!.: the populous parts of the district might be apprehen-

S~sive as to the amount of service to be re~ceived.

S:, IMPLEMENTATION ARRANGEMENTS

•t. It seems clear that the County should be in charge
:::: of warning dissemination and conduct of preparedness
•:•., activities in unincorporated areas and that municipal:

governments should be in charge of the corresponding
acti'vities within thfe ir respective Iholndaries. Minor

variations to that approach may be required in the case
of small municipalities without significant resources
or may occur through exercise of muntual aid arrange-
ments. However, that general division of responsibility
is straightforward, workabl.e, and meets legal and
technical requirements. It is also consistent with

• financial requirements and the traditional division of
;•'i responsibility between the County and municipalities.

::; The County and the several municipalities would
.: • naturally also need to participate in those maintenance
• • activities relevan~t to their warning dissemination and
.!.-. preparedness tasks. .

ki•: I
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With respect to creation and operation of the
postulated salt-Gila Flood Forecasting Center, the
recommended approach is employment of a purchase of
services arrangement in which the County assumes the
lead responsibility, collects funds from other partici-
pants to support the operation, and employs the Flodd
Control District to provide necessary technical
expertise not already available to the County. The
reasons for recommendation of this approach include:

1. The County is one of the few entities in the
case study area with sufficient legal
authority and territorial jurisdiction to
perform the task;

2. The County has well developed working
relationships with the Flood Control District
through which it can obtain needed technical
expertise;

3. Some smaller municipalities in the case study
area lack resources to share in financial
support of the Center. Costs for their
proportionate share of the Center's expenses
must be subsidized if their residents are to
benefit from the flood warnings to be made
available. The County has traditionally
provided such assistance and services for

small municipalities;

4. The County has an equal interest in all
residents and parts of the case- study area
and therefore has more motivation than other

- . *7candidates for the task to resolve differ-
ences among parties and make the Center's
operation useful to all. Leadership by a city
could more easily result I.- negotiations for
support of the Center being- conducted on a
"take it or leave it" basis;

S. The proposed approach makes use of staff and
capabilities already available for other
purposes; and

6. The proposed approach continues the historic
role of the County Department of Civil
Defense and Emergency Services and that of
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the Flood Control District in serving as the
County's technical arm in matters related to
flood loss reduction.

Formalizing the Plan

{i Formalizing the postulated flood warning and
preparedness alternative would require:

1. Preparation and execution of contracts includ-
ing:

A. Between the County and other parties,
including the U.S. Geological Survey,
National Weather Service, Water and 4,

Power Service and SRP, for installation
and operation of data collection equip- j
ment;

B. Between the County and the several
municipalities for sharing of the non-
federal cost for implementation and
operation of data collection equipment
and the Flood Forecast Center;

C. Between the County.; Cities of Phoenix,
Mesa, Tempe, and Scottsdale; and the
Federal Emergency Management Agency for-
cost-sharing on modification and opera-
tionn of the existing mass warning

D. Between the County; municipalitP~s other

than Phoenix, Mesa, Tempe, and Scotts-
dale; and the Federal Emergency Manage-
ment Agency for cost-sharing on
installation and operation of new mass
warning devices;

2. Preparation and execution of memoranda of
agreement including:

A. Between the County and Flood Control
District, for provision by the District
of technical assistance in operation of
the Flood Forecast Center;
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B. Between the County and the National
Weather Service, for cooperation in
operation of the Flood Forecast Center;

3. Preparation and adoption by the County of a
detailed plan for operation of the Flood
Forecast Center; ii

4. Preparation and adoption of a detailed plan
for warning and preparednss, including
adoption of ordinances which require evalua-
tion of people, movement of vehicles and
management of gas and electrical service
systems in accord with the plan by:

A. Municipalities; and

B. The County for unincorporated areas and
incorporated areas which do not adopt
appropriate plans and ordinances.

4
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CHAPTER 8

CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations presented here
are based on: a) review of the relevant literature; b)
review of laws, policies and procedures relating to
implementation of traditional flood loss reduction
measures; c) review of the past practices of the
National Weather Service, Corps of Engineers and
Tennessee Valley Authority with respect to the plann-
ing, implementation, operation and maintenance of flood
warning and preparedness alternatives and flood emer---
gency evacuation plans; d) conduct of one case study;
and e) the authors' experiences in dealing with flood
warning systems and preparedness plans and other
relevant experience.

Literature useful in addressing the implementation
aspects of flood warning and preparedness alternatives
is limited both in amount and the range of subjects
addressed. The most plentiful items are sociologically
oriented analyses of disaster response and guidance on
the technical aspects of planning. Both statutory and
case law concerning flood warning and preparedness are
largely absent and require such analyses as are made to
depend on general principles. Definition of federal
legislation is also lacking, most noticably in the case
of Section 73(b) of the Water Resources Development Act
of 1974 (Public Law 93-251).

Past efforts to deal with warning and preparedness
alternatives in the depth and detail normallly accorded
traditional flood control measures are non-existent so
far as the authors are aware. The breadth of ex-
perience and experimentation which would make analysis
of past successes and failures most productive is
therefore unavailable. At most, past practice only

.. suggests some implementation arrangements for considera-
tion. Even the use of analogy to discern desirable
implementation arrangements for warning and prepared-
ness alternatives based on the laws, policies and
procedures applicable to traditional measures is frus-

trated because of basic differences between the
measures and the requirements associated with their
implementation and operation.

The result of these and other limitations is that
there are few instances in which explicit analysis can

I WIN



dew ...I

be made of a point and so as to arrive at crisp
findings which can be well documented. Most of the
conclusions and recommendations presented are rooted in
the authors' more general analysis of the information
at hand and supposition as to what the facts might
eventually turn out to be as existing law is interpre-
ted and new laws and policies are made.

The remainder of this chapter is organized under

the following sub-headings:

1. General Findings;

2. General Conclusions and Recommendations;

3. Conclusions and Recommendations on Alloca-
tion of Responsibilities;

4. Conclusions and Recommendations on Finan-
cial Aspects; and

5. Conclusions and Recommendations on Legal
Aspects.

GENERAL FINDINGS

The following seven findings constitute general
observations concerning important matters underlying
the more specific conclusions and recommendations which
follow them.

1. Governmental Interest
A federal, state and local governmeT~tal interest

exists in flood warning and preparedness alternatives
for four reasons, namely:

A2 Relationship to overall resource management;

B. Reduction of flood losses;

C. Avoidance of future costs for flood plain
management; and

D. Complementarity with other goals.

2. Guarding Against Liability
Schools, hospitals and certain other, types of

public and private organizations and facilities have
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special responsibilities to protect persons in their
"care or on their premises. Deaths, injuries and proper-
ty damage which result from flooding can give rise to
legal liabilities.- Adequate warning of impending floods
can be an effective guard against the finding of
liability in some cases.

The risk of liability arising in connection with
operation of a warning system is small in comparison to
the risk of liability in the absence of a system.

3. Implementation Requirements
The actions required for implementation and opera-

tion of flood warning and preparedness alternatives can
vary greatly because of differences in the areas which
they are to serve, their specific objectives,
approaches toward achieving those objectives and other
factors.

4. Implementation Costs
The principal costs for implementing and operating

flood warning and preparedness alternatives are those
related to equipment, materials and supplies, modifica-
tion of utility systems and other facilities, labor
associated with monitoring of weather conditions and
conduct of public information programs, execution of
the preparedness plan, and costs implicit in the assump-
tion of liabilities.

5. Complexity of Implementation Arrangements
Development of arrangements for implementation of

flood warning and preparedness alternatives requires
"the integrated consideration of, the technical and
financial capabilities and the legal authorities of
federal and non-federal participants, relevant law on
cost sharing, and factors affecting practical worka-
bility. 1deal arrangements which fit all of the
constraints and meet all of the requirements in a
simple arid effective fashion are not readily available.
Only major points of such arrangements can be settled
for uniform application. The details of implementation
arrangements must be individually designed for each A
case. Successful design will prove challenging.

6. Lack of Analogy to Structural Measures
flood warning and preparedness alternatives differ

F •from traditional flood control works in several ways
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important to the development of implementation arrange-
ments. The distribution of costs between planning,
implementation and operation are significantly
different as are the lack of need for significant
amounts of lAnd acquisition, the important role of
interorganizational arrangements, and intermittent
nature of operations. These differences make it
impossible to follow closely the framework for implemen-
tation arrangements set forth in Section 3 of the 1936
Flood Control Act (Public Law 74-738).
7. Non-Federal Participation

The participation of local governments and the
private sector is far more important in the planning
and implementation of flood warning and preparedness
alternatives than is the case for traditional types of
flood control measures. Federal agencies lack legal

authority to undertake all aspects of implementation
and cannot efficiently conduct planning on a unilateral
basis. Local governments normally have most or all of
the legal authorities required for development and
conduct of warning and preparedness programs.

GENERAL CONCLUSIONS AND RECOMMENDATIONS

1. CONSISTENCY IN PAST FEDERAL PRACTICE

Conclusion
Future federal involvement in flood warning

and preparedness alternatives on a widespread basis
will be limited because federal agencies are presently
pursuing divergent paths with respect to the nature and
extent of federal participation in the planning,
financing, implementation, operation and maintenance of
such measures.

Discussion
The National Weather Service provides assis-

tance in planning and sometimes participates in
operations but provides little or no financial
assistance for implementation except contribution of
minor items of equipment. Tennessee Valley Authority
provides financial assistance for implemenatation buti has declined to participate substantially in planning

and operations. Soil Conservation Service authorizes
planning assistance but only limited implementation
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assistance. The Corps of Engineers provides planning
assistance through its Flood Plain Management Services
Program but that program does not provide any financial.
assistance to non-federal interests. For authorized
projects of the Corps, cost sharing is provided in
accordance with the recommendations -which are approved
in the authorizing document. This diversity of approach
is confusing to professional planners, local officials
and the public. It encourages local governments to shop
among federal agencies for the most favorable source of
assistance and results in plans of differing content,
thoroughness and value. None of the agencies have
adequate amounts of explicit guidance available to
their staff to guide determinations of agency
participation in pursuing flood warning and prepared-
ness alternatives. '!

Recommendation No. 1
The National Weather Service, Corps of

Engineers, Soil Conservation Service and Tennessee
Valley Authority should each issue guidance describing
the nature and extent of assistance to be provided by
the agency in planning, implementation and operation of
flood warning and preparedness alternatives. Such
guidance should describe:

A. Range of planning tasks which will be
partially or wholly carried out by
agency staff;

B. Purposes and amounts of financial assis-
tance to be provided and cost sharing
arrangements;

C. Whether and to what extent implementa-
tion responsibilities will be assumed by
the agency;

D. Whether and to what extent operational
responsibilities will be assumed by the
agency; and

E. Assurances to be required of non-federal
interests as a condition of federal
assistance.

The guidance should recognize that in the absence
of a study resolution, at least the Corps of Engineers
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has no responsibility except to provide technical assis-
tance in planning to non-federal interests.

Recommendation No. 2 A
The development and issuance of guidance by the

several agencies should be coordinated to avoid the
development of conflicting federal. roles and policy.

2. LACK OF ATTE-NTION TO IMPLEMENTATION ARRANGEMENTS

Conclusion
Past federal practice in development of flood

warning and preparedness alternatives exhibits little
attention to the design of effective implementation
arrangements or to the evaluation of those arrangements
which have been used.

Discussion
Lack of detailed attention to implementation

arrangements in past planning of flood warning and
preparedness alternatives appears to stem in part from
the lack of significant federal investment in implemen-
tation and operation. However, arrangements developed
as a condition of implementation funds provided by
Tennessee Valley Authority also fail to evidence much
explicit consideration of the full range of factors
affecting implementation. This suggests that the
potential of federal investment is not alone sufficient

to stimulate concern about implementation arrangements.

Recommendation No. 3 '+
Regardless of the federal role in implementa-

tion and operation, a portion of the effort devoted by
federal agencies to planning or evaluation of flood

warning and preparedness alternatives should be spent
for investigation of implementation arrangements.

Recommendation No. 4
Guidance pursuant to Recommendation No. 1(A)

should provide for analysis of the technical and[
financial capability and legal authority of agenc~ies
and organizations expected to participate in plananing
to assure their ability to do so.
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CONCLUSIONS AND RECOMMENDAT ONS ON
ALIOCATION OF RESPONSIBILITY

i3. ALLOCATION OF RESPONSI.BILIT'Y FOR PLANNING

Conclusion
Guidance is needed which set.- forth the roles

of federal and non-federal participants in planning and
- evaluation of flood warning and preparedness alterna-

tives with due regard for efficiency and tht ir
respective technical capabilities. The guidance should
recognize that federal participation may not always be
essential.

Discussion
Planning of flood warning and preparedness

alternatives calls for a variety of types of expertise,
not all of which can be easily provided by federal 41
agencies. Among other items, local participants are
best able to introduce into planning the consideration
0o local financial and technical capability to imple-
ment and operate, knowledge of past emergency efforts
in the locale, awareness of other local ongoing activi-
"ties with which the plan must mesh, sensitivity to
local. nreferences as to approach, and insight into
procedures for adoption and implementation of the alter-
native.

Recommendation No. 5.
Guidance pursuant to Recommendation No. 1 should

stress the need for joint planning by federal And
non-federal participants where available institutional
arrangements permit that approach. Fully coordinated
planning shoiId be required where joint planning is
impractical.

Recommendation No. 6.

Guidance pursuant to Recommendation No. 1 should
focus federal agency efforts in planning of flood warn-
ing and preparedness alternatives on:

A. Hydrologic, hydraulic, economic, environmen-
tal, engineering and other technical analyses
of the flood hazard and needs of the area to

be served;
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B Formulation of alternative concepts for warn-
ing and preparedness;

C. Design, evaluation and specification of the
technical aspects of data collection systems
and equipment, communications systems and
equipment, data analysis and flood prediction
procedures, and similar component parts of the
alternative;

D. Identification of resources needed and other
requirements for successful implementation and,
operation of the alternative; and

E. Provision of assistance to non-federal
interests in developing implementation arrange-
ments.

4. ALLOCATION OF RESPONSIBILITY FOR IMPLEMENTATION

Conclusion
Guidance is needed which sets forth the roles

of federal and non-federal participants in implementa-
tion of flood warning and preparedness alternatives
with due regard for their respective legal authorities
and. their technical and financial capabilities. The
guidance should recognize that federal participation is
not always essential.

Discussion
Limitation of non-federal responsibilities

for implementation of flood warning and preparedness
alternatives to the requirements of Section .3 of the
1936 Flood Control Act, Public Law 74-738, and subse-
quent acts relating primarily to flood control works
would result in almost total federal responsibility for
implementartion in the case of projects for which there
was a 'ederal planning authority. However, federal
agencies lack authority to perform many of the imple-
menting actions such as adoption of the plan,
promulgation of ordinances, and consumation of local
intý'a-and inter-governmental agreements.

Assignment of implementation responsibility
affects settlement of cost sharing arrangements and the
timing of participants' expenditures. Both precedent
and other considerations favor assignments of responsi-
bility that facilitate federal payment of initial costs.
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Recommendation No. 7
Guidance pursuant to Recommendation No. 1 should4

specify the basic responsibilities to be -assumed by
federal agencies in implementation of authorized flood
warning and preparedness alternatives including but not .
limited to:

A. Specification, acquisition and installation of I
equipment -and materials 'for data collection
and analysis, warning dissemination, and other

related purposes;

B. Initial training of participants;

C. Development and provision of educational and
informational materials; and

D. Provision of technical assistance in ordinance
preparation, hearings and information meetings.

5.ALLOCATION OF RESPONSIBILITY FOR OPERATION

Guidance is needed which sets forth the roles
of federal and non-federal participants in operation of
flood warning and preparedness alternatives with due
regard for practicality, effectiveness and their respec-
tive legal authority. Typically, federal agencies would
have no local role.

Discussion
The reliability and timeliness of operation

of a flood warning system is enhanced by the day-to-day
presence of those in charge of operations. The federal
government cannot provide this level of service on a
regular basis for all localities for which flood
warning systems might eventually be implemented. In
addition, day-to-day operation of the flood warning
system makes at . important contribution to maintaining
local inter-ýst and readiness.

Execution of flood preparedness plans
generally requires the capability for immediate
response, detailed knowledge of local circumstances,
and use of readily available resources. These require-
ments can be most dependably met through assigning
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responsibility for execution of the preparedness plan
to non-federal interests in the immediate area. The
federal government also lacks authority to carry out

'many types of actions likely to be involved in execu-
tion of a local flood preparedness plan.

Recommendation No. 8.
Guidance pursuant to Recommendation No. I should

emphasize assignment of responsibility to local, non-
federal interests for operation of the flood warning
system and execution of the preparedness plan excepting:

A. Inclusion wherever possible, of arrangements
for local warning systems to take advantage of
the weather forecasting program of the
National Weather Service; and

B. Operation by the National Weather Service of
data collection and analysis systems where the
complexity of the system or other aspects of
operation exceed the technical capability of
local interests.

6. ALLOCATION OF MAINTENANCE RESPONSIBILITY

Conclusion
Guidance is needed which sets forth the roles

of federal and non-federal participants in maintenance
of authorized flood warning and preparedness alterna-
tives with due regard for their respective legal
authorities and technical capabilities and for
protection of the federal government's investment in
planning and implementation.

Discussion
The key elements of maintenance include test-

ing, servicing and repair of equipment; updating of
plans and procedures; renewal of inter-local agree-
ments; conduct of periodic training and informational
activities; and improvement of the plan as necessary
based on its use. Non-federal interests generally have
the authorities and capabilities necessary to carry out
most of these activities. Federal assistance is likely
to be needed only in the more technically complex
maintenance activities for sophisticated flood warning
systems and preparedness plans.
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Recommendation No. 9.
Guidance pursuant to Recommendation No. 1 should

emphasize assignment to non-federal interests of respon-
sibility for maintenance of flood warning systems and
flood preparedness plans excepting:

A. Annual inspections to assure readiness;

B. Provision of technical assistance in modifying
the warning system or plan after implementa-
tion;

C. Approval of any substantive modifications to
the warning system or plan;

D. Participation in and/or observation of drills,
training exercises and other periodidc efforts
to practice ýoperations pursuant to the plan;
and

E. Review and evaluation of post-flood reports on
operations of the warning system and prepared-
ness plan for purposes of practice or in
response to actual or perceived flood threats.

4

CONCLUSION' AND RECOMMENDATIONS ON FINANCIAL ASPECTS

7. ,'POTENT. %L FOR DISCRIMINATORY BENEFITS

Conclusion
Seleclion of approaches taken in the tech-

nical aspects of flood warning and preparedness
alternatives and in the design of implementation
arrangements may result in inequitable distribution of
benefits among intended beneficiaries.

Discussion
Alternatives which place a portion of the

implementation cost on individuals by requiring them to
purchase radios, subscribe to cable television service
or take other actions to receive warnings may result in
discrimination against the poor in distribution of bene-
fits. Inequitable distribution of benefits may also
result from differences in the thoroughness and relia-
bility of warning arrangements for sub-areas or the
extent to which all parties can receive and comprehend
the warning'.
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Recommendation No. 10.
Guidance pursuant to Recommendation No. 1 should

stress careful analysis of warning and preparedhess
alternatives and the arrangements for their implementa4-
tion and operation to assure all persons intended to be
served by the measure receive equitable benefits regard-
less of economic status, location, physical handicaps
or other reasons.

"CONCLUSIONS AND RECOMMENDATIONS ON LEGAL ASPECTS'.,.

8. LACK OF DEFINITIVE LAW

Conclusion
Little case and statutory law exists to guide

consideration of the legal aspects of implementing and
operating flood warning and preparedness alternatives;'.,
action is needed to establish a foundation for.. the
consistent interpretation of general principles of law
which are relevant.

Discussion
Whether or not the warning and preparedness

functions are classified as obligatory or permissive,
there is a need to make sure that any responsibilities
that may be translated into liability are in iine with
the state-of-the-art in forecasting and properly
reflect the difficulties in balancing the consequences
of overstating or understating warnings with the
economic and safety consequences of mistaken advice t.o
the general public. While it is essential that the

* public pay attention to warnings and rely on them, it
is also important for there to be proper understanding
of the imperfections and limitations on warning systems
and the scientific knowledge underlying them.

Recommendation No. 11.

In order to resolve some of the uncertainties
which now exist, it should be made clear by state law
that public agencies with assigned responsibilities are
liable for neglect, omission or unprofessional perfor-
mance in giving warnings, but that considerable
latitude is to be accorded in the light of the
necessity for them to exercise discretion and judgment
in disseminating warnings.
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9. NEED FOR DETAILED LEGAL ANALYSIS

~1 Conclusion
Generalized analysis of legal aspects is'.

inadequate as a basis for design of implementation
arrangements for flood warning and preparedhess altern.a-
tives. Each set, of arrangements must be" ta"i lored t•o•
local conditions.

Discussion
Implementation of flood warning `and prepared- -

ness alternatives involves numerous... le'gal'. -considera,
tions related to duties' and ._itho'.ies of the
participants which affect- fin qcia-. ,apabi.it.y -and
susceptibility to liability. States and sometimes f
lower governmental units withinti., a6 state. differ in the..
extent to which sovereign immurdtiy, hasbeen .waivpd a;nd'"
the basis on which suits capn,'be ,.broght.. .:'States'also
differ in the extent to whichC they have--provided. -for.
intergovernmental action of 'the -types necessary f or
planning, implementation, operation, and maintenance of-
flood warning and preparedness .alternat.iVes.. Given
these differences a.s8,'well is the . wide .range&of 'require-

"ments which could exist depending. on., the sort f.
alternative developed, it is .jnlikely that- implementa- J

I. tion arrangemeits.s for, any! 'two flood warning and
preparedness alternatives .. il1 be identical in every
respect exc.ept for the very simplist and. least "expen-sive ones.

Rec~ommendationý"No. 12.

Design' df implementat-ion arrangements for flood
:.warning a,id"piveparedness arrangements ought *to include

detaffed review of, the proposed arrangements by local
legal counsel.

Recommendation No. 13.

An appropriate agency of the federal government
ought to prepare a state by state summary which identi-
fies major aspects of law relevant" to each state
including:

A. Sovereign immunity;

B. Authority of municipal corporations to own
property outside their boundaries;
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C. Authority to order evacuation pursuant to a
preparedness plan.

10. PLACEMENT OF LIABILITY

Conclusion
Concerni for liability is likely to be an

obstacle to acceptance of flood warning and prepared-
ness alternatives notwithstanding the moderate nature
of the risk, in part because the parties to which it
attaches may be uncertain.

bis-cussion
Many flood warning and preparedness alterna-

tives make extensive use of private parties and
organizations as volunteers. Given the "good samari-
tan"t rule, volunteers may be reluctant to participate
because of the risk of liability. Other agencies and
governments may also be hesitant to join into inter-and
intra-governmental efforts unless the risk of liability
for faulty performance is minimi~zed.

Recommendation No. 14.

Implementation arrangements should make use of
contracts as required to specify placement of liability
to the detail possible.

11. PLAN ENFORCEMENTr

Conclusion

One of the major obstacles to effective
operation of a warning system and execution of a
preparedness plan is the possibility of parties not
acting in accord with the plan.

Discussion

Operation of warning systems and especially
the execution of preparedness plans re~quires the coordi-
nated action of numerous private and public organiza-
tions, cooper'ation of individuals, and sometimes
actions requiring extraordinary legal authorities.
Simple awareness of the plan or even its formal
acknowledgement by community officials is insufficient
to assure adequate participation.
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Recommendation No. 15.

Implementation arrangements should include provi-sions for making the plan into law through an
appropriate ordi-nance.
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BIBLIOGRAPHY

The literature which specifically addresses the
managerial aspects of developing and implementing flood
warning and preparedness alternatives is limited. As
experience is gained in both planning and use of such
measures, additional and more specific materials will
doubtless become available.4

The lack of literature is particularly acute with -
respect to the legal aspects of flood warning and
preparedness for which virtually nothing exists. Under
a grant from the National Science Foundation, the Lewis
and Clark Law School has prepared a report on liability
problems relating to governmental responsibility
arising out of the federal program to encourage pur-

chase and use of home receivers specifically designed
to receive disaster warnings ("Legal Constraints on the
Planning and Development of Disaster Home Warning4
Systems", December 1977). This report is primarily
devoted to an analysis of the Federal Tort Claims Act
and cases thereunder. Aside from this publication, the
only sources of guidance on legal considerations are
the generally applicable tort principles dealing with
fault and the statutory and case law respecting
sovereign immunity and its limitations. The text and
footnotes to the present report contain the authors'
formulations based on application of' this material to
problems of flood warning and preparedness.

This bibliography identifies some of the morej
useful publications which might warrent review by those
engaged in planning of flood loss reduction programs.
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