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ABSTRACT

Adopting scientific methods of analysis and synthesis, flood control planning will become more meaningful

and relevant to present and future flood control needs, if the principles and concepts are established from the
very beginning.

A methodology incorporating four basic structural elements is presented, involving

(a) a classification scheme for flood control measures,

(b) analyses of the measures classified,

(c) subsequent syntheses of the various mixes of the measures to get the optimal, and
(d) the impact of the proposed measures on the regional economy.

Previous efforts in flood control planning have been carried out piecemeal and often the optimal or Best
strategy is missed by the concern over details rather than the synthesis of all their significant aspects.

The analyses of nonstructural measures, especially land use and insurance, demand a common yardstick to
measure costs and benefits comparable to structural measures.

The synthesis of measures is in a state of flux, with no reliable principles and methodology to guide the
planning process. A methodology is presented herein which incorporates the difficult problem of hydrologic
interdependence of flood control measures.

The methodology of analyses and syntheses of measures is tested for the Arkansas Drainage Basin, above John
Martin Dam, in Colorado. The drainage area is about 18,900 square miles, having a thriving economy, but is bur-
dened with recurrent flood problems, both along the main stem of the Arkansas River and its major tributaries.

The economic synthesis is an additional element in this methodology, because the economic model enables the
planner to examine the adverse effects, if any, of project proposals, and in addition, to alert him to any sig-
nificant variables that could undermine the viability of flood control proposals. Sociological, environmental
and sediment damages are potential factors in addition to direct flood damage. The Isard-Chenery Regional
Input-Output Model is applied to flood planning. It appears to the writer of this paper that this may be
the first attempt to apply input-output modeling to flood control planning in a comprehensive but exhaustive
manner. The methodology rationalizes the hydrology-economics linkage which is the real synthesis between flood
control and regional econcmic performance.



Chapter 1
INTRODUCTION

1.1 General

The historical perspective on the flood control
planning process shows conclusively that a predominant
reliance on the one-or-two measure approach of the
past is no longer valid. The role of static planning
where flood problems were viewed as problems that
could be solved once and for all may be over. The
philosophy, premises, and the inertia of the past are
giving way rapidly to innovation.

The absence of a sufficiently thought-out concep-
tual framework has handicapped attempts so far to for-
mulate guidelines and methodology that would help to
search and to identify that flood-control strategy
which 1is both sound and adaptable to present and fu-
ture flood control needs. Attempts which have been
made to formulate guidelines and methodologies have
not been very successful.

In the United States, the historical perspective
on flood control policy traces out a three phase de-
velopment:

{a) 1936 to 1966. The thirty year period be-
tween the passage of the Flood Control Act of 1936 and
the issuance of Executive Order 11296 of 1966 was a
time for the supremacy of the technical structural
measures, which by themselves alone were conceived to
be sufficient in solving the flood problems for some
time to come. No account was taken of the effect of
project induced growth and the associated land en-
hancement benefit and it is this very dynamic growth
effect that has been largely responsible for increased
residual flood damages (Fig. 1-1).

(b) 1966 to 1973. During the seven year period
up to 1973, the inadequacy of the past is realized and
a greater reliance is called for on nonstructural mea-
sures in official flood control policy. Experience
with the sole use of structural measures has resulted
in a steady increase in the total flood damage. To
reverse this trend, official policy requires the con-
sideration and integration of nonstructural measures
with structural measures.

(¢) 1973 to 1975. The two year period marks an
accelerated refinement of official flood control pol-
icy. Local initiative is to be marshalled, in meeting
the problems of flood control and flood damage. A
greater degree of self-reliance is called for by the
Federal Government, from the state, local and municipal
governments and from the occupants of floodplains.
This devolvement of federal responsibility to local
initiative is marked by the passage of Flood Disaster
Protection Act of 1973.

However, despite this progressive evolution and
innovation of official flood control policy of the
nation, recent efforts to develop a procedural guide-
line and methodology have not yet been successful.
Some of the basic difficulties in this direction arise
from one or more of the following major problems:

(1) the lack of a comprehensive conceptual frame-
work not having enough alternatives of flood control
measures considered, analyzed and synthesized;

(2) investigators are handicapped by distraction
in analysis of details rather than the synthesis of
all the significant aspects of flood control measures;
and

D(1)
- =
Average
Anval § ° Rlg)
Domages &
() )
Rp) s
0 Level of Protection p !
{a) (b) {c)

Fig. 1-1 Static and Dynamic Cases of Structural Flood Control Protection.

The Static case is shown in (a); the

dynamic case in (b); and in (c), D[po), the average annual flood damages at protection level pO;R{pO),

the reduction in flood damages at protection P, and r(poj, the residual flood damages at protection

level P

(Adapted from Arvanitidis et al., 1970).



(3) a fascination for the enigmas and methodolo-
gies of operational research, systems approach and
computer programming, so that investigators are more
concerned with the defense and acceptability of their
techniques rather than with the problem at hand--the
search and identification of a flood control strategy,
sound and viable,  from which the best mix of measures
could be established in order to solve the complexi-
ties of flood control.

A review of the last ten years' efforts by inves-
tigators at academic institutions shows that James
(1964) was the first to attempt integration of non-
structural measures with structural measures in flood
control planning. However, the number of nonstructural
alternatives were limited mainly to flood-proofing and

land use. The danger with restricted consideration of
a subset of measures is that the optimum from this
subset is not necessarily the optimum from the total

set of measures. It might be argued that in 1964,
James was using only a slide rule and table calculator
to analyze the subset of flood control measures, thus
limiting the number of alternatives which were ana-
lyzed, Even when James developed with Cline and
Villines (1968) the University of Kentucky Flood Con-
trol Planning Computer Programs II and III, no further
nonstructural alternatives were analyzed. Cline reaf-
firms this position by stating that the programs 'are
by no means capable of analyzing all potential mea-
sures in all possible flood damage situations."

There is also a serious defect in James' method-
ology. The least-cost approach states that when the
sum of the costs of a combination of flood control
measures is less than the total of no-measure cost
(the average annual f£lood damage), then the subset of
measures is justified. However, the average annual
flood damage does not need to remain constant, espe-
cially in urbanized areas with growth and land en-
hancement benefits. His optimization model is static,

with this conclusion confirmed subsequently by Arey
and Bauman (1971) for the least-cost model. Even in
1972, concerned that economic criteria can and should

be used in planning the nonstructural flood control
measures, James (1972) presented again the least-cost
optimization model. The least-cost optimization pro-
cedure is valid as long as circumstances and average
annual flood damage remain unchanged.

Day (1973) presented a methodology for planning
land use and engineering alternatives for floodplain
management. His model is more for particular land-use
planning and development activities intended to find
the optimum allocation of land for residential, com-
mercial and open spaces. The selection between the
nonstructural and structural measures do not appear to
be systematic, limited to flood proofing and land
fills on the one hand, and channels and dams, on the
other. It is not clear to this reviewer what important
aspect of flood-mitigation strategy he has considered,
analyzed and planned.

Cortes-Rivera (1973) presented what is expected
to be a methodology for planning comprehensive flood
control projects by mathematical programming. Again,

the methodology is applied to an application of land-
use zoning to protect two pieces of agricultural land
behind a levee system interacting with an upstream
flood detention reservoir. The applicability of the
methodology proposed appears to be restricted to up-
1and watersheds with predominant agricultural activity.
The objective of his study seems to be, to demonstrate
the usefulness of his mathematical programming ap-
proach using parametric linear programming and dynamic

programming for flood control planning. Hence, a fas-
cination with the intricacy of programming methodology
and the data needs of a specific planning situation
obscures somewhat the necessity for more complex al-
ternatives to be considered. The optimum of the land-
use measure interacting with the levee and the up-
stream dam may not necessarily be the global optimal
mix of measures and hence does not reflect the posses-
sion of a sound strategic basis in planning for that
flood-prone area.

In addition, it appears that there is a dispro-
portionate concern for the future by delving into eco-
nomic and population projection and their future ef-
fects on flood control when the present problems of
flood control are not adequately confronted. There
are two reasons for this projection into the future.
First, most of the watersheds studied by several in-
vestigators are upland agricultural watersheds with
very little wurbanization and development. Secondly,
the extent of flood damage is not that extensive along
the main stem of the river. Hence, a projection into
the future indicates what sequential expansion of the
project is necessary.

1.2 Objective and Scope of the Study

The objective of this study is to formulate an
integrated investigative framework for the best tacti-
cal approach to analysis and synthesis of flood con-
trol and flood mitigation. A sound approach should be
based on scientifically oriented flood control strate-
gy which will provide solutions to flood, river and
sediment problems, for the improvement of the environ-
ment, and to enable people to live in harmony with
natural extreme events (Fig. 1-2).

Social, Economic and Hydrolegic

Flood-Control Measures
Environment

-
/_ Environment
1)

1) Inventory of measures. /;, "Best" use of
floodplains? b
i 2) Flood threat level

/

"/
Analysis o g Ecology &
& 7 Environment
~/

1) Competitive 7 1) Any adverse
potential /\ effect?
identification. A

4

‘\
S I AR T

1) Hydrologic dependency

2) Combinaterial screening

3) Optimal mix

4) Efficient resource
allocation

1) Economic
interdependency

2) Intensity of
development

Input-Output Model

1) Flood-economy linkage

Solution Strategy

Systems Linear Econo-
Approach —=] mics Systems f—*—
Analysis

Impact
Evaluation

Fig. 1-2 Flow Chart Indicating Plan of Study and
Solution Strategy.



The basis of this approach must be relevant to
both present flood control needs and to a long range
flood control strategy which could account for dynamic
changes. A sufficient, built-in flexibility for fre-
quent review of basic premises and principles and al-
lowance for innovation is necessary.

The need for such approaches has already been
enunciated by White (1972), who pointed out that, al-
though the sophistication of scientific investigation
and engineering analysis and design has advanced in
strength and with rapidity, the skill to make inte-
grated investigations of the whole array of flood-
control measures has not kept pace. It was, he wrote,
the concentration of special aspects of those engi-
neering programs that have obscured the significance
of complementary works in the field of flood warnings,
land-use regulations, flood proofing and insurance.
The result is that the net effect of many of the ear-
lier flood-control works have ended up to be negative
rather than positive, in comparison with what had been
expected and planned for.

While White (1972) has laid down the philosophical
hypothesis for this study's objective, the conceptual
framework and basic guidelines have been advanced in a
workable procedure by Yevjevich (1973, 1974), with:

(a) the prerequisite for a modern systems ap-
proach to planning by the systematization, classifica-
tion, analysis and synthesis of all known flood-con-
trol measures, with the optimization of goals as the
result of the synthesis of all the flood-control mea-
sures; and

(b) that the procedure would lead to a general
strategy of how to treat floods in a modern society of
any cultural and economic background.

This researcher has incorporated the philosophy
and scientific concepts of White and Yevjevich in the
objective of this study.

The phases followed in this study are:

(8) To search and to identify the general flood-
control strategy for a given test region,

(b) Out of several areas reviewed in Colorado,
the test region selected is the Arkansas Basin in the
State of Colorado,

(c) Classification is made of all known flood-
control measures applicable,

(d) Analysis is conducted of each measure as
though each is independent and its relative potential
evaluated in relation to the region's data when avail-
able, and extrapolated or assumed when such data were

"not available.

(e) Synthesis is made of measures with a combi-
natorial screening of mutually dependent measures
where necessary, and allocation of resources by dynam-
ic programming for measures with multi-dimensional,
multi-stage approach.

(f) Hydrology-economics linkage is provided for,
with the use of the Chenery Input-Output Model (1960),
adapted to flood-control needs.

(¢) The potential use of the empirical input-
output economic model is two fold:

(i) to examine the probable and possible effects
of proposed flood-control measures on the economic,
environmental, ecological and social sectors of the
selected river basin, and

(ii) to provide a basis for relating the pres-
ently formulated strategy in flood control with a
longer-range strategy in anticipation for the need to
constantly revise basic premises and approaches,
adapting to changes in technology and economy, and
other dynamic changes which are presently unknown and/
or unexpected.

1.3 Significance of the Study

The significance of this study is to demonstrate
the viability of an integrating methodology in the
flood-control planning process. Plamning for flood
control is defined as a search for those optimal com-
bination of measures that help to accomplish the gen-
eral goal of flood control.

The integrating methodology which incorporates
the scientific framework given by White (1972) and
Yevjevich (1974) offers:

(a) a criterion that would
control
basin and

shape present flood-
strategy for a given flood-stricken river

(b} concurrently establish standards and crite-
ria against which all current proposed and/or estab-
lished flood-control projects for that region could be
evaluated in their relative order of merits, with the
need for improvement and modification thereon shown.

The necessity to %analyze
which are very dissimilar in their performance and
yield of benefits, requires the formulation of common
yardsticks in measuring economic net benefits, as the
criterion adopted for economic efficiency in this
study. Procedures for measuring benefit to cost ratio
for structural measures are fairly well established;
they are less so for nonstructural measures such as
flood insurance.

all measures, some of

The study establishes a conceptual framework by
which a common measure of effective economic net bene-
fit, stemming from dissimilar measure alternatives,
can be evaluated. The study offers a methodology which
has been in common use in the field of economics but
has not been applied to flood-control problems. The
modification of the regional Isard input-output enm-
pirical model to the study of flood related economy is
attempted.  This methodology answers a need expressed
by Yevjevich (1972):

"Total damage is wusually separated into direct
and indirect damage. An economy is made up of
interrelated activities; and the direct damage in
one sector affects the production or efficiency
of its interconnected economic sectors, even
though these sectors may not be in the flood
plains. Therefore, not only is a survey of direct
damage of importance, but also a methodology is
needed which permits assessment of all effects,
indirect and direct."

By July 1, 1975 all floodplains in the continen-
tal United States would either have to be registered
or they would have to forego the future federal aid
and assistance and benefits which could go to the aid
of flood-plain residents when a severe flood occurs.



studies like this may be
of the continuing flood-

Therefore, the results of
useful in pursuing the tasks
control efforts.

Many countries of the world are now in one of the
three categories of economic development: (a) depress-
ingly slow, (b) negative growth or (c) stationary
growth. The proportion cf nztional product that is

affected by fluctuations of natural disasters, such as
droughts and floods, amounts in some instances to as
much as 2-2.5 percent (White, 1972) or even more. This
percentage is the expected annual growth rate for some
countries in the immediate forseeable future. To the
extent that such an amount could be saved or decreased
by a sound flood-control strategy, the integrated
flood-control measures and long-range policy may help
to minimize the effects of these disasters.



Chapter 2 :
CLASSIFICATION OF FLOOD-CONTROL MEASURES

2.1 The Criteria and Classification

Classification criteria are given and the classi-
fication scheme of flood-control measures presented.
These criteria and classification should be broad so
as to include all known flood-control measures. A
criterion should be included of whether the river is
adjusted to man's convenience through engineering
flood-control measures or the conceptual opposite,
that man's activity is adjusted to the convenience of
the river. This criterion is important in the classi-
fication of nonstructural measures, as supplemental to
structural measures or as mutual alternatives.

Another criterion to «consider is whether the
classified measures would affect the short-term or
long-term readjustments of the streams to flood con-
trol. Mackin (1948) proposed a synthesis between the
engineers and the geologists ideas, advocating the
necessity to give more attention to the latter's point
of view.

The engineer is concerned primarily with the
short-term reactions and adjusted events of streams to
damming, shortening and deepening operations, and
other river-training measures. The geologist views
erosional and depositional problems in river valleys
as the long-term responses of the river to changing
conditions which control the flow activity of the
river. The emphasis of Mackin is that the very natural
changes are in many instances comparable with the
changes introduced by man.

Mackin's hypothesis is that the engineering mea-
sures which alter the natural equilibrium of rivers by
diversions, dammings and channel improvements place a
stress on the river system already under natural equi-
librium. In terms of Le Chatelier's general law, it is
predictable that a reaction must occur by displacing
the equilibrium in a direction which tends to absorb
the effect of the stress. To quote Mackin, the engi-

neer who laters the natural equilibrium will often
find that he has '"a bull by the tail and is unable to
let go." He has to correct or suppress desirable

phases of the chain reaction in the stream to the ini-
tial strese that is imposed. In the end, he would
necessarily place an increasing emphasis on the study
of genetic aspects of the equilibrium in order that
one may work with rivers rather than merely cn them.
It pays to remember the principle, well-recognized but
not extensively implemented, that "in dealing with
rivers, better results may be achieved with less human
effort by working with the water, rather than against
it..." (Mackin, 1948).

2.2 A Review of Classification Schemes

White's Classification Scheme. White (1945) has
given a classification scheme based on human adjust-
ment to floods. The objective of the classification

was to conduct flood-control policy analysis (Fig. 2-1).

Adjustment to floods is defined as an ordering of
occupance to floods and to the flood hazard. The or-
dering may be systematic or unsystematic, rational or
irrational, conscious or unconscious, so long as an
observable arrangement of occupance in relation to
floods is present.

Perception by manager of :
Thearetical Flood  Tachralogy Ecomawlz  Spotlal Practical
lﬂﬂll‘l’fﬂlt choica Hozard wfficioncy linhogs chaice
Low bearing 1 1 1 1 1 1
Flood profection warks ] 1 1 1 i I
Emaggancy action ] 1 I [+] [+] 4]
Structral change ' 1 o 0 [} 0
Irsurance ] ] 0 (4] L] [+]
Pablic relial L] o o [+] o [+]
Dhange in lond ume 0 0 4] (1] o (4]
0 Not percaived
| Parcaived
Fig. 2-1 Diagram of Elements in Decisions as to Ad-
justments to Floods (Adapted from White,
1964) .

Eight major classes of adjustments are presented.
It is interesting to note that the meteorological mea-
sures of prevention are not listed. Some limitations
in White's classification scheme exist. The classifi-
cation is based on a geographical approach to evaluate
the flood problem in the United States with a better
method needed to distinguish between physical and non-
physical adjustments. The industrial society's re-
sponse to floods has generally been physical in nature
(Arey and Bauman, 1971)}. In addition, the classifica-
tion based on human behavior is difficult to incorpo-
rate in adjustments dependent on technology.

Kates' Classification Scheme. Kates (1962) pre-
sents a classification scheme designed to reduce the
future flood damage. It shows the theoretical range
of choices available to federal, state, and municipal
authorities and to individuals. Basically, the action
to reduce future flood damage 1is divided between the
format for community action of federal, state and
local levels and the individual level, with the possi-
ble interaction between these two levels. In addition,
the classification allows for the interaction of al-
ternatives which are the actual elements of a compre-
hensive flood-damage reduction program (Table 2-1).

The Kates scheme omits the measure on prevention,
meteorological measures and physical control by exten-
sive watershed measure. Its relative advantage is to
allow for interdependence of technology and human be-
havior. Yet, in common with other classification
schemes, it cannot serve for evaluating the potential
effectiveness of various damage-reduction alterna-
tives. Hence, the program for future flood damage re-
duction could be substantially altered if the initial
expectations and choice of alternatives do not meet
the practical realizations of chosen alternatives.

Arey and Bauman's Classification Scheme. Both
Arey and Bauman (1871) have come up with a classifica-
tion scheme to serve the review and revision of feder-
al policies in flood control. The theoretical range of
adjustments to floods are broadly classified as direct
and indirect adjustments. Adjustments are those ac-
tions taken by individuals or groups of individuals in




TABLE 2-1 ELEMENTS IN A FUTURE FLOOD DAMAGE
(Adapted from Kates, 1962)

Public Actlons to Encoursgs, Reinforecs, or
Mandate Individual Actlors

State-County-Hunleclipal

] Fedoral

Previde flood hazard information™
Previde rellel to essa suffaring and distress but in such man-
ner a3 to reduce future Iloed damages

Provide men and materlals for coergsncy rlood-tiahtl.ng“

Organlize commnlty warning
and eyacuation asaistance

Frovide fadersl werning essiat-
ancu’»and sxpanded radsr net-
woTk

Encoursge local dlsaater plena
to pravidg for flood-deaage
reducticn

Use building codes to make
zandatory structural
changea and,/2e land els-

Uss chaemmel encroschment laws
to prevent Increazed dazage
to others a3 a result of
land slevation (f111)®
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Direct adjustments are classified by Arey and
Bauman as:
(i) actions which directly relate to the hazard,

(affect the cause, e.g. weather modification);

(ii) actions which directly relate to the envi-
ronment, (modify the hazard, e.g. channel improvement
and flood-control reservoirs), and,

(iii) actions which relate to the impact of the
hazard, (modify the loss potential, e.g. by warning
and evacuation, flood proofing and land-use changes).

Indirect adjustments which are also shown in Fig.
2-2 are designed to cope with the aftermath of a flood
event, e.g. (a) spread of the losses (relief, subsi-
dized insurance; (b) plan for the losses (insurance,

Of significance from the classification method-
ology is the interdependence of adjustments. The
availability of relief (indirect adjustment, spreading
the loss) may cause the adoption of 1land treatment
(direct adjustment, affecting the cause of hazard).
Likewise, the payment of insurance premiums (indirect
adjustment, planning for the losses) may provide the
incentive for adoption of land use (direct adjustment,
modifying the loss potential).

The authors admit the serious limitations of
their own classification scheme. Such a classification
of the theoretical range of adjustments does not draw
the line between the technological and behavioral fac-
tors, although admittedly there is an interaction and
interdependence between the two. The authors further
suggest that perhaps there is a more useful dichotomy
for the purpose of policy analysis, if adjustments are
distinguished between those that are physical and
those which are not.
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Fig. 2-2 Theoretical Range of Adjustments with Examples from Adjustments to
Flood (Adapted from Arey et al., 1971).

Despite these limitations, the significance of
the classification is that government is confronted
with a choice/because the development of flood-control
policy over the years will be expected to follow a
process of expanding the range of actual selections to
fit the theoretical range of alternatives underlined
by the authors.

2.3 The Present Context of Flood-Control Problems

The present context should also be presented in
the search for a classification. White has expanded
on the study of Kates (1970) and has pointed to the
relative characteristics of the three historical re-
sponses to flood hazard.

The three responses are:

(a) pre-industrial, modifying human behavior to
harmonize with nature rather than to control nature;

(b) modern technological or industrial, charac-
terized by a limited range of technological actionms,
inflexible, difficult to change, and high in capital
requirement; and,

(c) comprehensive or post-industrial, which is a
response combining features of (a) and (b).

White (1971) has hypothesized that the United
States 1is currently passing the peak of the modern
technological type of response to the comprehensive
type, as the latter emerges here and elsewhere. This
means that a response combining type (a) and (b) will
result in a larger range of adjustments, a greater
flexibility and a greater variety of capital and or-
ganizational requirements. The classification scheme
that is now needed should make allowance for this
third response.

2.4 The Classification Used in the Study

The Criteria of Classification. The criteria
discussed in previous sections on classification schemes
are summarized herewity as:

(a) the principles of classification depend on
the objectives of the study;

(b) it should be possible to enumerate those
measures that allow man to work with the river and
those measures that work against the river,

(c) it should be possible to classify flood-con-
trol measures on a physical and nonphysical basis, al-
lowing for interdependence and harmonization of tech-
nological and human behavioral adjustments,

(d) it should be possible to identify those mea-
sures which could impose a stress on the short-term
and long-term natural equilibrium of the system of
streams, and

(e) it should be possible to identify those
which represent direct and those which represent in-
direct adjustments to flood hazards.

The Classification Used. The classification used
in this study is that given by Yevjevich (1973, 1974),
since it incorporates a provision for the above crite-
ria. The classification is based on five basic groups
of measures: prevention, prediction, proofing, physi-
cal contrel and insurance.

A definitive distinction is made by VYevjevich
between flood control and measures. Flood control is
defined as all measures, physical or otherwise, that
enable the communities living along flood valleys in
general and flood plains in particular, to live har-
moniously with the natural phenomenon of floods.



Measures are defined as human actions that help
accomplish flood control in this broad sense. These
include geophysical, engineering, economical, social,
administrative and other actions.

Admittedly it is difficult to come out with the
same classification scheme, even from two people
knowledgeable with all aspects of flood control.
Nevertheless, the classification scheme (Fig. 2-3)
proposed by Yevjevich is adopted with the following
objectives in mind:

(1) The classification permits the analysis of
each measure by developing a proper model of its per-
formance, effectiveness, cost, benefit, indirect ef-
fects, environmental impacts and various constraints
connected with the measure and its model.

(2) The classification allows a check whether
all the measures and their combinations have been con-
sidered and analyzed in relation to flood-control
planning.

(3) The classification can be used in conceiving
and analyzing a set of well-integrated flood-control
measures.

(4) Such a set of measures may be studied as
subsets of all measures feasible in a river basin,
with the various constraints of subsystems incorpo-
rated.

Complexities of modern flood-control problems
cannot be best solved by an all-embracing systems ap-
proach, but rather by first breaking the totality of
the system down to well defined subsystems, with the
relatively either strong or weak links between the
jdentified sybsystems. The classification scheme,
therefore, offers an opportunity for development of
the topology of flood-control systems, by first help-
ing to conceive a particular system in space and time.
The topology means an advanced technique in designing
various alternatives to be analyzed and synthesized.
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Fig. 2-3 General Classification of Flood Control Categories, and Individual
Measures in Each Category. (Adapted from Yevjevich, 1974).



Chapter 3 ;
ANALYSIS OF FLOOD-CONTROL MEASURES

This chapter deals with the analysis of the five
basic groups of flood-control measures as classified
in Chapter 2: prevention, prediction, proofing, physi-

cal control and insurance,

The five basic groups will be analyzed under the
following phases:

(1) A general treatment of each basic group
under the subheadings:
(a) general description of flood control

measures,
(b) statements of objectives, and

(c) the performance models, and

(2) The results of the relevant model's analysis
as applied to the particular test basin, the Arkansas
Basin,

Of crucial importance to this analysis is the
fact that each basic group of measures either alters,
modifies or adjusts to the flood hydrograph. These
changes and modifications will be discussed in each
basic group in its sequence.

The details of the analysis of each basic group
will be carried out in relation to the data available
from the test region, the Arkansas River Basin and its
major tributaries above the John Martin Dam. Reports
(1968, 1970) of the District Engineer, U.S. Army Corps
of Engineers, Albuquerque, New Mexico, provide these
data.

Figures 3-1 and 3-2 indicate the geographical
location and the local extent of the proposed projects
respectively.

The objective of the analysis
groups in relation to the test basin is to evaluate
the alternative strategy that could have been over-
looked by previous project propesals. The U.S. Army
Chief of Engineers when testifying in 1973 recognized
the need for a broad-range alternative of structural
and nonstructural measures, although the Corps Dis-
trict proposals (1968, 1970) have concentrated merely
on structural measures with their subsequent environ-
mental objections, and suspension.

of the five basic

3.1 Prevention Measures

(a) General Description.
is broadly divided into two: (a) meteorological pre-
ventive measures and (b) prevention of breaches of
artificial water-impoundment structure such as levees
and dams.

The preventive measure

The goal of the meteorological preventive measure
is to flatten out the resulting flood hydrograph from
(a) excessive local rainfall or (b) large storm sys-
tems such as hurricanes and typhoons. The goal in
prevention of breaches is to reduce the hazard of po-
tential catastrophe such as a landslide or earthquake
near a dam, resulting in a sudden release of a flood
wave of considerable destructive power.

To flatten the flash flood hydrograph of exces-
sive rainfall, such hydrograph exhibiting the charac-
teristic of small volume but of rapid speed, which
leads to its potential destructiveness, the goal is
either to decrease the exceptionally high-frequency
precipitation intensities or to divert the precipita-
tion away from some initial areas.

To flatten the flood hydrograph of large storms
such as hurricane and cyclone, which cause the most
damage due to their relatively high wind velocity and
subsequent wide-spread areal flooding, the goal in
large storm modification is to decrease the exception-
ally high precipitation of flood preducing magnitude
by retaining a controlled intensity of long duration
over larger areas. The goal of this prevention is
aimed therefore at the very genesis of causes of
storms which lead to subsequent flooding. It is aimed
at storm manipulation and success in such an attempt
may not be achieved for sometime in the future, be-
cause even the most potent forces controlled by man
are practically negligible compared to nature.

The prevention of floods caused by snow melt can
be done by snow channeling in large depression or by
changing the albedo but since the areal snow coverage
is so extensive that pure economic considerations
alone limit its potential application.

The prevention of floods caused by breaches of
impounded water can be improved by periodic inspection
and review of all such structures. Early detection of
potential danger from landslides and earthquakes caus-
ing dams, levees or reservoirs to collapse could lead
to timely evacuation, arrangement of public protec-
tion, and timely remedial action. o

(b) Statements of Objectives.

(1) Excessive local rainfall suppression.
It is relatively easy to apply an optimization proce-
dure using economic efficiency criterion in maximiza-
tion of net benefit to excessive rainfall suppression
in a limited geographic area. The net benefit must be
positive and exceed all other net returns which can be
obtained by alternative measures. (Gutmanis, et al.,

1966).
max. NBRs = BRS - CRS (3-1)
where BRS = XDR’ and
Cas = Cse. * Cpq. * Caq. (3-2)
NBRs is the expected annual net benefit of ex-
cessive rainfall suppression.
BRS’CRS is the expected annual benefit and cost
of the rainfall suppression.
Xpp 1s the expected annual flood damage reduc-
tion, and
CSe.’CEq.’ and CAd. are the expected annual costs

of seeding; of equipment and of administer-
ing the program respectively.
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(2) Excessive storm modification. Storm
modification is expected to create external disecono-
mies causing huge social costs. By decreasing the
rainfall intensities over a larger area, an area in
which tourism predominates and which favers no precip-
itation may be affected more than an agricultural area
which requires the rainfall.

The objective is to maximize the expected annual

net benefit of storm modification, NBSM’ .
max. NBg = Bg - Coy (3-3)
where BSM’ CSM are the expected annual benefit and
cost respectively of the storm modification
program.
Bow = Ypr * Xy - Xy And (3-4)
Com = Csmr * Ceq. * Cad. * Ccon 55
where

Xor» Xw, and xED are respectively the expected

annual benefits from flood damage reduction;
potential uses of excess water from the
storms, and the resulting social cost in
local external diseconomy and,

c are respectively the expected

st Cpg, e Gy
annual costs of storm modification technol-
ogy; of equipment and of administering the
storm modification program. Vital to this

program is the cost of control Ccon in or-

der to discriminate with and without storm
modification results.

(3) Breaches of artifical impoundment of
water. If the 1life of the structure such as a levee
or a dam is a relatively long one, the expected value
approach is again valid to estimate risks and uncer-
tainties associated with breaches.

The objective is to maximize the expected annual
net benefit of preventing breaches of artificial im-

poundment of water, NBBI i.e.,
max. NBBI = BBI - CBI (3-6)
where,
Bors CBI are the expected annual benefit and
cost respectively of the prevention program.
Bor “Xpr * Xpp * Xpp * Xpa * Xeop.» 3 (3-7)
Car = Ga * Cgyv. * QRe. * Csec.’ £a=8)
where
xDr’ xLL’ XED’ xEA and xcom. are respectively

the expected annual benefits

of preventing

flood damage, subsequent loss of life, ex-
ternal diseconomy, emergency aid, and com-
pensation.

CRA’ cEv.’ CRe.’ cSec. are respectively the ex-

pected annual costs of remedial action,
emergency evacuation, subsequent rehabilita-
tion and public security protection.
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(¢} The Performance Models,.
model is usually an economic
previously outlined in the section on statement of
objective. Incorporated or imbedded in this overall
economic model is the technological submodel which
deals with the particular problem at hand, e.g., ex-
cessive local rainfall suppression, large storm modi-
fication, regional snow melt or artificial breaches.
Even in one subclassification, excessive rainfall
suppression, the technological submodels vary in com-
plexities in accordance to the varieties of local
weather processes. Cold cloud seeding by iodide or dry
ice is different, for example, from warm cloud seeding
by sodium chloride. The natural cloud processes also
vary according to geographical location, temperate or
tropical regions.

The performance
optimization model as

There are technological submodels available which
are related to potential breaches of levees. (Bogardi
I, 1968, 1971, 1972). Four modes of levee failures
have been studied; overtopping of the crest by flood-
ing; boils and hydraulic soil failure in the substra-
tum; loss of slope-stability and sliding due to seep-
age and erosion caused by wave action.

The Submodel for the Test Area. The submodel
chosen for the Arkansas Basin is related to the air-
mass thunderstorms due to convective heating and oro-
graphic lifting. The latter type is responsible for
precipitation in the form of intense storms, which
cause flash floods of short duration and small volume
but of damaging intensities. Colorado Springs and
Pueblo, for instance, have peak thunderstorm activity
in July, with an average between 13 and 17 thunder-
storm days, respectively. The attention here is an
evaluation of whether a potential economic benefit
exists in seeding warm clouds of the convective type
(isolated cumulus clouds) in order to diffuse them or
to divert such potential rainfall away from the land
producing floods along the most important urbanized
and agricultural floodplains.

Durham (1973) has investigated rainfall augmenta-
tion from warm cumulus clouds by sodium chloride seed-
ing. This study was interested, however, in evaluating
the potential benefit of the Durham's model in rela-
tion to flash flood suppression. The choice of Durham's
climatological model is based on the fact that the
study area covers Denver, which is the next largest
basin closest to the Arkansas River Basin.

The Durham (1973) performance submodel 1is a one-
dimensional steady state cumulus cloud model. It con-
siders the lateral entrainment process, droplet growth
by condensation and coalescence and the development
and fallout of precipitation. It covers the standard
thermodynamic and dynamic processes in isolated warm
cumuli.

The performance
into two groups:

parameters are divided broadly

(i) the initial conditions at the cloud base at
the time of seeding such as updraft velocity, updraft
radius and cloud droplet spectra, and

(ii) a vertical profile of pressure, tempera-

ture, relative humidity and horizontal wind speed.

(d) The Results of the Model's Analysis as Ap-
plied to the Particular Test Basin, The Arkansas River
Basin. The results of the writer's analysis show that
although precipitation could be induced through seed-
ing of isolated warm cumulus clouds, the efficiency of
the precipitation mechanism is very low. Efficiency in




this case is defined as the ratio of precipitated
water to condensed water available in the cloud.

Durham's analysis is optimistic because his re-
sults show precipitation induced in the range of 7.4
to 137.0 acre-ft of rainfall over an area of 2.72 to
8.17 square miles respectively, with a corresponding
efficiency range for Denver from 1.29 to 2.00 percent.
These ranges correspond to a rainfall intensity of
0.05 to 0.3 inches per acre. The writer believes that
Durham's results do not reflect the average climato-
logical conditions for seeding, but rather the optimal
climatological situation. Nevertheless, the efficiency
of the precipitation mechanism induced by seeding is
still extremely low, even under those optimal condi-
tions.

The writer has tested the above hypothesis with
average radiosonde soundings available for both Denver,
Colorado and Fort Worth, Texas. Sensitivity analysis
is carried out with a systematic variation of initial
updraft velocity at the cloud base at the time of
seeding. The results confirm the hypothesis that
seeding of warm cumulus clouds over the Arkansas River
Basin will not be of economic benefit in flash flood
suppression. The Fort Worth vertical radiosonde pro-
file is included to cover the range of average clima-
tological conditions expected to prevail over the
Arkansas River Basin (Tables 3-1 and 3-2).

TABLE 3-1 AVERAGE DAILY MODEL.
ASSESSED SEEDING RESULTS

Initial
Cloud Updraft
Radius Velocity Rainfall Efficiency
(km) (cm/sec) (acre-ft) (percent)
Denver and the adjacent Arkansas River
0.5 200 0.139 x 1078 0.329 x 10°°
400 0.145 x 1078 0.201 x 107°
600 0.149 x 10°° 0.146 x 1077
800 0.149 x 1078 0.113 x 1072
1.0 200 0.676 x 1078 0.348 x 107°
400 0.697 x 107% 0.212 x 107°
600 0.748 x 1075 0.159 x 107°
800 0.723 x 1078 0.122 x 107
2.0 200 0.305 x 107/ 0.406 x 107°
400 0.319 x 10'7 0.248 x 107°
600 0.341 x 107/ 0.189 x 1072
800 0.439 x 107/ 0.188 x 1072

3.2 Prediction Measures

(a) General Description. The prediction measures
include flood forecasting, flood warning, flood fight-
ing defense and evacuation of people, livestock and
goods.

The goal of the prediction measure is to reduce
the flood hazard in the river basin by accurately pre-
dicting the expected magnitude and fime of arrival of
floods, since floods represent a rapidly evolving di-
saster. Hence there is no alteration or adjustment
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TABLE 3-2 AVERAGE DAILY MODEL.
ASSESSED SEEDING RESULTS

Initial
Cloud Updraft
Radius Velocity Rainfall Efficiency
(km) (cm/sec) (acre-ft) (percent)
Fort Worth Radiosonde Vertical Profile with
Denver's Droplet Spectra
0.5 200 0.099 x 1078 0.705 x 1072
400 0.102 x 1078 0.264 x 1072
600 0.107 x 1078 0.238 x 1077
800 0.113 x 1078 0.173 x 107°
1.0 200 0.726 x 10°° 0.498 x 1077
400 0.737 x 1078 0.281 x 1072
600 0.748 x 10°° 0.196 x 107>
800 0.763 x 10°° 0.150 x 107°
2.0 200 0.303 x 107/ 0.464 x 1072
400 0.326 x 107/ 0.269 x 10°°
600 0.346 x 107/ 0.195 x 107
800 0.367 x 107/ 0.156 x 1072
made of the flood hydrograph, only its genesis; its

peak and stage and its expected time of arrival is

made in the forecast and warning.

Without prediction, there are basic risks associ-
ated with the state and occupancy of the river flood-
plains. With prediction these basic risks are modified
by altering the conditions, state and occupancy of the
floodplains before the flood. The adjustment is made
by evacuation or temporary abandoning of the flood-
plain areas, with people moving to higher ground, and
doing whatever 1is possible to minimize damage to the
properties which cannot be moved. Flood fighting
operations may become necessary at some sections of
the river system, when the degree of natural protec-
tion is lower than the actual flood level.

Two basic questions have been raised related to
flood protection: (Yevjevich, 1064):

(1) How feasible are the forecasts
in advance can they be made?

and how far

(2) What is the economic worth of these forecasts?

The feasibility of the forecasts is limited to
short-range and medium-range hydrologic forecasts
(Lambor, 1967), which are characterized quantitatively,
based on the physical course of phenomena and on pre-
cipitation and runoff measurements.

On major tributaries, flood warnings can be is-
sued hours to days in advance of the flood wave trav-
eling down the major tributaries. Main stem river
forecasts can be issued as far as several days or even
weeks in advance. In general, the time lapse between
rainfall or snowmelt and the rise in river height in-
creases with the size of the river.

Besides the forecast time, the flood warning time
tm, is one of the most important parameters in flood-

plain operation (if the floodplain is regarded as an



elastic reservoir), and as such the flood warning time
should be extended as far as possible to secure the
various potential benefits such as evacuating low
lying areas; moving personal property, mobile equip-
ment and livestock to higher ground; alerting emergen-
cy and relief organizations to care for refugees; to
prepare for the inevitable subsequent health hazards
caused by floods and even harvesting valuable crops in
advance of the destructive flood.

The weakest 1link is not in either the speed of
collection and analysis of meteorological and hydro-
logical data or the speed of transmission of the ensu-
ing forecast or the time of travel of the flood wave
but the speed of disseminating the forecast and warn-
ing to all the economic activities endangered in the
floodplains (Bugliarello, et al., 1963).

The economic worth of flood forecasts is related
to the level of economic development in the river
basin, for which flood forecasts are needed. The re-
quirements and economy of the area dictate the rela-
tive economic worth of flood forecasts (Kohler, M.A.
1967). Since economic losses in the United States due
to flooding have shown a more persistent upward trend
than lives lost, (White, 1973), the economic worth of
flood forecasts is found to be equivalent to about 5
percent of the total expected annual economic losses
sustained by flood damages. Day, (1970), Grayman and
Eagleson (1973) and White (1973) have reportedly
quoted the range between 2 to 5 percent of total eco-
nomic losses that can be prevented through prediction
and warning systems.

(b) Statements of Objectives. The objectives of
the analysis depend upon the selection of the appro-
priate kind of flood forecast which depends upon the
particular flood type. Four principal flood types have
been identified and classified for temperate region,
(Lambor, Warsaw and Australia, 1967),

(1) Rainfall floods, (type 0);

(2) Snowmelt floeds, (type R);

(3) Storm floods on the sea coast (type Sz]; and
(4) Winter floods (type z).

The most violent floods are identified as type O,
the rainfall floods, in temperate countries. Type O
is further subdivided into:

(1) Short thermal storm flood, (type On};
(2) Frontal rainfall flood, (type Of}; and

(3) Frontal rainfall flood, intensified by ground
orography, (type Or)’

Flood types appeared hitherto not to have been
classified and identified for the tropical regions
(Chin, 1967).

0f all the rainfall floods, flash floods of type
0, are the most difficult to predict because of their

localized nature
forecasts of the
a notice of the

and speed of travel. Both hydrologic
short and medium-range give too short
flash flood. Though radar could be

used to predict the specific areas where excessive
rains will fall, radar interference is present where
there are mountains in the area, Philip, et al.,

1972).
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However, prediction prospects for the other two
types of rainfall floods, Of and Or of the frontal

character are much more favorable. In fact both mete-
orological medium-range forecasting Fm’ and hydrolog-
h and Fh
be used conjunctively, (Lambor, J., 1967).

ic short and medium-range forecasting, P can

The objective is to maximize the annual expected
net benefit of flood prediction NBP, i.e,,

max NB =B - C

P P P (=2l

where

BP’ Cp are rTespectively the expected annual

benefit and cost of the prediction measure.

(¢) The Performance Models.,
model is the overall

The performance
economic model of maximizing net
benefit, in which is embedded the climatic-hydrologic
submodels. Once the particular submodel is chosen for
the particular flood type, such a submodel is incorpo-
rated into computer simulation models to simulate the
impact of the areal and time distribution of rainfall,
runoff and subsequent level of flooding at the given
time and place and its estimated effects on the re-
sources situated at the various locations identified.
The flood warning information is the expected flood
stage, its flood peak and its expected time of arrival
of the flood. Hydrologic conceptual models for basin
runoff and flood prediction are available such as the
Stanford Watershed Model, SSARR model of the Corps of
Engineers and the National Weather Service, the Hydro-
logic Engineering Center 1 model, and others.

The Submodel of the Test Area. The climatic-hy-

drologic submodel chosen for the test area is the
M.I.T. meso-scale weather submodel for the frontal
type floods (type 0.). The prediction 1is for slow

floods of the frontal weather type, caused by conver-
gence of cold artic air from the north with the warm
moist Gulf air from the south. Prediction for this
type of flood has been found to be promising.

The M.I.T. submodel is due to Grayman and Eagleson
(1973) and in applying to the test region, the assump-
tion is made that the parameters of the meso-scale
weather system of the New England region is applicable
to the Arkansas Basin in Colorado.

The economic model involves maximizing the ex-
pected annual net benefit of the prediction measure,
i.e., max. NB_ = B =~ Cp, where the symbols Bp’ Cp

have been defined previously.

N N. N;

o

Fist i Pus g
oy (L.3) 2 GLakm)

B, 5.0 - S, 5.0 (3-10)

where Bm = the net benefits to floodplain occupants;

L= the fraction of occupants that respond to a flood
the
he

warning; Nr = the number of river reaches; Nj =

ji3 Pos o =
: 1,3

occurring in reach
probability of an

i,

number of discrete levels in reach

probability of a flood of level i
j in any vyear; p[i,j,k,m) = the

actual flood of level i, for reach resulting in



a predicted flood level k, using measuring network
m; B(i,j,k] and c[i,j,k] = the gross benefits and
private costs accruing to floodplain occupants in
reach j resulting from a flood of level i whose

predicted level was k. Evacuation and rehabilitation
costs are usually entered into Cti j.K)? but where
H H

such an additional cost
since there is at present such a
(Day, 1970).

flood fighting is involved,
may be added here,
paucity of data available.

The network costs in the prediction measure is,

C =

=Gt (€, xC, (3-11)

where Cm = the network costs for network m, in the

form of expected annual costs, is determined by amor-
tizing the capital cost Cc over a lifetime L = 50

with a
the annual op-

years, at a discount rate of R percent;
capital recovery factor Cr; and Ca =

eration and maintenance cost for network m
A).

(Appendix

Hence the expected annual net benefits of the
prediction measure covering capital cost of equipment
and forecast, type of measuring network; and evacua-
tion, rehabilitation and flood-fighting is:

NB =B
m m

- C, (3-12)
The technological submodel for the raingage network
is, (Appendix B);

(3-13)

log G Fond loga-b,

where o = the raingage flood peak prediction error;

a and b are fitting parameters and o = 2G/X8 is
the independent variable for the cyclonic storm over a
relatively large size of catchment (Grayman and
Eagleson, 1973).

The technological submodel for the radar-raingage
network is

o =C o, [1-2@-e™)

y . (3-14)

where « = the accuracy parameter

Z.SVK?RC T =
of the radar system in a particular climatic situa-
tion; A = the spacing of calibrating raingages, in
square miles per raingage and CS = a coefficient that

area and storm duration;
flood peak-prediction

of catchment
radar-raingage

is a function
and o = the
¥

error.

(d) The Results of the Model's Analysis as Ap-
plied to the Particular Test Basin, the Arkansas River
Basin. The worth of the flood forecast and flood warn-
ing is limited to about 5 to 10 percent of the annual
expected economic losses due to flood hazard, without
loss of life being taken into account. The expected
annual net benefit of the prediction measure using the
optimal telemetering raingage subsystem for the Arkansas
Basin is $66,517 per year with a benefit to cost ratio
of 2.54.

Sufficient warning time of at least 6 to 12 hours
is ensured, since all the Arkansas River subwatersheds
have time of concentration exceeding the minimum re-
quirement of the M.I.T. model, viz. 6 to 12 hours.
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The feasibility of the prediction measure is lim-
ited to frontal rainfall flood, the slow flood. The
flash flood (the quick flood) is at present difficult
to predict, for the Arkansas River Basin.

Sensitivity analysis of two performance param-
eters, raingage performance parameter, b, and socio-
logical response factor, T, shows that the latter is
critical.

Optimality of the precipitation measuring network
is telemetering raingage over radar and raingage. The
optimal density is one raingage per 528 square miles,
along the main stem of the Arkansas River and its
major tributaries (Fig. 3-3 and Appendix B).

Radarand Raingage

’.-.——-__,_.“
s

Expected Annual Net Benefits ( $ 10%)

tg =1.0 , b=0.25

o gaaal ssoaa sl PR S T

Toa 10® 10*

Roingage Spacing (sq. miles / raingage )

Fig. 3-3 Optimality of Raingage Precipitation Mea-

suring System.

Sensitivity Analysis

Effect of Raingage Performance, b

Test " Net benefit/

Series e b year B/C
A 1.0 0.25 $66,517 2.54
B 1.0 -0.15 $48,667 1.85

Effect of Sociological Response to Flood Warning, To
Test r Net benefit/

Series e b ear B/C
A 1.0 0.25 $66,517 2.54
B 0.5 0.25 $11,712 L:27

Computer results are shown for tests A and C in
Table 3-3 and Figs. 3-4 and 3-5 show them as the
graphical relationships.



TABLE 3-3  EXPECTED VALUE MODEL.

Average Annual Net Benefits based on

50 year life Test Series A Test Series C

(Dollars) (Dollars)

Maximum possible benefits 122,683 122,683
Radar without raingages - 9,611 -51,769
Radar + 1 gage per 1320.0 sq. mi. 1,254 -47,981
Radar + 1 gage per 528.0 sq. mi. 1,869* -50,141
Radar + 1 gage per 264.0 sq. mi. - 2,154 =56,265
Radar + 1 gage for 132.0 sq. mi. - 14,764 -70,794
Radar + 1 gage per 52.8 sq. mi. - 59,912 -118,043
Radar + 1 gage per 35.2 sq. mi. - 99,570 -158,433
Radar + 1 gage per 26.4 sq. mi. -139,815 -199,117
Radar + 1 gage per 13.2 sq. mi. -302,715 -362,813
Radar + 1 gage per 8.8 sq. mi. -466,561 -526,982
Radar + 1 gage per 5.3 sq. mi. -794,953 -855,670
1 gage per 2640.0 sq. mi. 51,185 7355

1 gage per 1320.0 sq. mi. 60,784 11,312
1 gage per 528.0 sq. mi. 66,517* 11,712*

1 gage per 264.0 sq. mi. 63,623 6,152

1 gage per 132.0 sq. mi. 50,647 -8,560

1 gage per 52.8 sq. mi. 3,674 -56,721

1 gage per 35.2 sq. mi. - 36,877 -97,558

1 gage per 26.4 sq. mi. - 77,701 -158,531

1 gage per 13.2 sq. mi. -241,765 -302,809

1 gage per 8.8 sq. mi. -406,133 -467,239

1 gage per 5.3 sq. mi. -735,009 ) -796,169
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sponse Factor, T,

of Sociological Re-

3.3 Floodplain Proofing and Floodplain Zoning Mea-

sures

(a) General Description of Flood Control Mea-
sures. Floodplain zoning and floodplain proofing are
measures of significant social and economic importance
in the overall strategy of flood control.

Nature has originally developed its own require-
ments for the natural passage of floods with the lim-
its and characteristics of all natural floodways dis-
cernible. However, man's activities on the floodplains
have modified the natural conditions of the floodways
and often the net result of such human intervention is
felt not only in the channel itself but also through-
out the drainage basin. Too often, the net effect of
such changes has been to increase stages and to extend
the original limits of the overflow area.
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Floodplain zoning is therefore aimed at restoring
the floodway to the river. It is an adjustment concept
of learning to live with floods. Zoning is therefore
aimed at reserving the designated floodway or estab-
lishing the encroachment lines which should be ade-
quate for the passage of major floods without unduly
raising upstream water surface elevations. Flood hy-
drographs of major floods up to the zoning level are
allowed free unhindered passage within the encroach-
ment lines.

An important and effective adjunct to floodplain
zoning protection is flood procfing measure, taken to
render existing or proposed structures, property and
grounds less vulnerable to flood losses. Flood proof-
ing is defined as the combination of struetural
changes and adjustment to properties subject to flood-
ing, primarily for the reduction of flood damages.

Outside the designated floodway, controls are
necessary over development in restrictive :zones to
permit the most effective ,use of land without undue
risk of damage from flooding. Controls may be accom-
plished by limiting the type of land use, filling the
Iand, elevating structures, or other measures. The
important criteria for ude of the areas along both

sides of the designated floodways (the restrictive
zones) are (1) minimum elevations for floors, fills
and other improvements and (2) provision for local
drainage. Hence the structural code could establish

minimum elevations below which floors of structures in
these restricted areas would not be permitted. The
minimum elevations should be related to a selected
flood profile in order that the tisk at all points
along the river will be uniform and have the same
probability. This water surface profile should be de-
termined by consideration of the local flooding proba-
bilities. Building codes and floodplain regulations
must be related to flood velocities which are often an
important consideration.

The role of educating public cpinion and changing
public attitudes is of crucial importance. Since most
communities want economic growth and will not long
support programs which retard it, they would rather
prefer structural flood control measures to other non-
structural measures which includes flood proofing,
zoning, coding and other floodplain regulations. But
floodplain regulations covering zoning ordinance, sub-
division regulations, building code, flood proofing,
or other regulations adopted by the respective govern-
ment body are to assure the orderly development of the
community for the greatest benefit of all.

0f crucial importance to the zoning measure in
determining designated floodways is the zoning flood
standard. There has been a dilemma facing the legis-
lative decision-making process whether to adopt the
100 year flood frequency as the minimum standard in
the United States. But the kind of zoning restriction
and standard criteria must be in keeping with the
ehanges in vulnerable property located in the flood-
plain. White (1973) has identified, for example, the
Gulf and the Atlantic coasts of the United States as
the most rapidly growing site for catastrophic events
in the United States. The rates of growth in those
areas in the 50 and 100 year flood frequency zone are
4, 5 or 10 times as great as in adjoining higher ele-
vation areas. Depending on the random occurrences of
floods, the first areas will be the sites for enlarged

catastrophes. Some political pressure has been used
to question the reasonableness of a 100-year flood
level, which is being used as a basis for floodplain

regulation and rates assessment for flood insurance.



There is an optimum national tradeoff between the
protection standard and the changes in vulnerable
property being located more and more in floodplains.
The national tradeoff is between (1) and (2):

(1) a lowering of flood protection 1level in-
creases the probability of a damaging flood: a) dam-
ages to property will be greater because of increased
flood depths and velocities of flood waters, coupled
with a longer flood duration; b) increased damages to
public facilities, since they would have to be placed
at a lower elevation and increased threat to life and
health. Rescue and relief measures may become in-
creasingly difficult. (Wright, 1973)

(2) raising the flood protection level involves
a greater sacrifice of the economic value of land and
a greater loss of existing beneficial commercial,
industrial and transportation activities.

Questioning the proper flood level for regulatory
purposes, confronts the philosophy revelving around
two central issues:

(1) What should be the
costs when flood damages occur?

desired allocation of

(2) Wwhat is a reasonable level for

life and health?

protection

The first question involves a greater subsidy to

floodplain occupants if flood protection level is
lowered. The second question is related to whether
assistance should be given 1in the event of cata-

strophic losses from rare flood events or for cases of
regular flood losses which occur on a more predictable
basis, and against which such losses could have been
avoided through proper prior action. However, the
national optimum has not yet been established, and a
100 year minimum zoning standard is being adopted on
an ad hoc basis for regulatory purposes.

(b) Statements of Objectives. The cbjective is
to maximize the expected annual net benefit resulting
from the adoption of flood zoning, flood proofing and
land-use measure, i.e.

Z z Z
max. W8 Tisen = Balijer = [Caligen Sl
where [NB]Z = the expected annual net benefit from
flood-zoning, etc.; Z = the adoption of zoning etc.;
i1 = an index denoting a specific land use; j = an in-
dex denoting a specific location and t = an index
denoting a specific time period, during which develop-
ment for land use 1 may begin to occur at a site at

z

location j. Ba and Ci are the expected annual

benefit and cost resulting from adoption of the zoning
and flood-proofing measure, for a given regulatory
flood hazard standard A.

(c) The Performance Models. The economic pro-
ductivity of an individual parcel of land subject to
land use regulation in the floodplain can be assessed
by an approach, 'with and without zoning measure'. The
expected annual flood damage with no zoning measure

™z), is e[p]N%

ijt’
previously. With the adoption of the zoning, landfill
and floodproofing measure (WZ), however, the expected
WZ
ijt’

where 1i,j and t have been defined

annual residual flood damage is &[D]
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The expected annual benefit of the measure is

therefore BZ, = e[D]N; - e[D]W? = {KDR] which

1jt ijt ijti ijta

is the benefit of flood damage reduction (DR) for land
use 1, location j and time period t.

The expected annual cost of the zoning measure is

Z Z Z

i
[Calizen = 05500 * 1650550 * [CEy;en

(3-16)

Z
where C, = the expected annual cost of the zoning

measure for land use i, location j
a flood hazard »; CZ = the

13
land value sacrificed under zoning regulation; CZ and

and time t, with

expected annual cost of
o

CE are respectively the expected annual cost of flood

proofing and filling.

Therefore the expected annual
zoning measure is:

net benefit of the

z < sl z
pe }ijtl - [Balijtl T [Ca]ijtl
z _ DR z
INBTi5en = X Dijen = [C550n
z z
) [Cf]iju - [Cp]ijn (3-17)

Mathematical Submodels. A mathematical submodel
of an urban floodplain has been developed (Bhavnagri,
and Bugliarello, 1965) for: (a) formulating computa-
tions of flood damages to an urban area and (b) study-
ing the effects of both economic characteristics of

the floodplain and flood probability on the damages.

The urban floodplain 1is divided up into contour
intervals and in each of these contour intervals are
various types of residential and commercial structures
subject to flooding. It is hypothesized that direct
damage to the contents of structures and sometimes to
the sturctures themselves form the most significant
fraction of total damages, and that among the factors
governing direct damage, depth of flooding is the most
significant.

A mathematical submodel of an agricultwral rural
floodplain for formalizing computations of agricultur-
al flood damages has also been developed (Kinori,
1973). It is hypothesized that direct damage is in-
fluenced by two factors: 1) the area A inundated by
flood waters and 2) the duration of flooding t, where
t 1is the time of flooded condition (flooding + stag-
nation + recession).

Using the analogy of the unit
the urban floodplain submodel,
given agricultural crop is:

damage function of
the flood damage to a

d(A,t) = X

erop S

(3-18)
where &(A,t) is the unit damage function denoting the
manner in which flood inundation causes damage to any
given agricultural crop, and Kcr is the individual

characteristic damage in dollars, and is constant for
any given crop but unlike &, varies from crop to crop.

The hypothesis given above, that the depth of
water on the floodplain having only a secondary effect
on the loss of agricultural yield seems justified.



After the crop has been totally covered by flood
water, it is rather the time t of flooded condition
and the overflooded area A than the additional flood
water depth that determines the primary cause of total
or partial destruction of the crop.

The Submodel for the Test Area. The economic
model for the test area, the Arkansas River Basin, is
modified from the general economic model outlined ear-
lier. The model performance is based on Fig. 3-6 which
shows that for a given zoning standard X, the altered
damage-state curve results in a modified damage-fre-
quency curve.

(a) Stage- Frequency _ﬁtw_ej)ﬁu_qe_(b_)- .

Stage —

= Frequency

Damage-Frequency (¢ )

Fig. 3-6 Prohibitory Zoning and Flood Insurance

The expected annual net benefit of the zoning
measures is
DR B NZ z )

[X ]ijtk = e[D]ijt E[Dlijtl> (3-19)
and A is the flood frequency standard used in defin-
ing the floodplain encroachment levels. A is varied
at twelve flood frequencies 5, 10, 25, 50,..., 225 and
250 years in order to establish the optimum zoning

eriteria and to compare this
100 year regulatory standard.

local optimum with the

The expected annual cost of zoning is obtained by
amortizing the capital cost of urban land that comes
under zoning restriction for a 100 year period at a
discount rate of 7 percent.

The cost of the zoning measure is therefore:

Z

- Z . i
[CE}ijt}; - {([CTNLC]ijt}‘ CCRF) + [C } (3-20)

=
TANL’ ijtA
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"

the net annual loss of capital, income and
z

TNLC 7
result of changes by zoning, and CTANL = the net annu-

z
Cl =

production; C

where

= the total net loss of capital as a

al loss of income and production due to zoning: CCRF =
the capital recovery factor.

It is assumed that C%ANL is zero in the cost

model, because the loss of income and production could
presumably be balanced by locating activities above
the restriction level of zoning code.

Two criteria are used for evaluating the net loss

bA

TNLC ™ 1
district of Pueblo, the average price of land is esti-
mated to be $42,110 per acre (value established in
1967 by the Corps of Engineers), and 2) for all other
suburban areas, excluding Colorado Springs, the land
value assessed is $8,422 per acre. The cost model for
land is taken to be I'O[Vle and D.Z[VL]X, for items
(1) and (2) respectively, where VL is the present
worth of land so sacrificed under zoning standard A.

of land capital, C for the central business

(d) The Results of the Model's Analysis as Ap-
plied to the Particular Test Basin, the Arkansas River
Basin. The results of the analysis on land wuse and
zoning indicate:

(1) The problem area is the central business
district of Pueblo, situated right on the low-level
floodplain at the confluence of the Arkansas River and
the Fountain Creek.

(2) Only communities of Cotopaxi, La Junta and
Rocky Ford could sustain the 100-year flood standard,
given the assumptions of this analysis.

(3) Heavy encroachments of floodplains are ap-
parent at: Chandler and Oak Creek, Coal Creek, Port-
land in Fremont County, central business district of
Pueblo, Day Creek at Pueblo County; King's and Andersen
Arroyo in Otero County.

(4) The tabulated results are shown in Tables
3-4 and 3-5.

3.4 Physical Control Measures

The physical flood control comprises two major
subclassifications: 1) extensive and 2) intensive
measures.

Extensive Flood Control Measures.

(a) General Description. The extensive measures
are related to land treatment with the objectives to
attenuate flood peaks by longer water retention on the
surface, to reduce sediment load and to maintain other
desirable streamflow conditions. Extensive control may
also be defined under the following categories: 1)
vegetative-biological cover control, 2) general soil
control, and 3) snow management.

(1) Vegetative-biological cover control through
jungles, forests, grasslands and arable lands. The
beneficial effect of vegetal cover is in retarding or
hindering runoff for minimizing overland flow, runoff
and erosion. The jungles and forests humus covers are
the best and the order of flood peak attenuation de-
creases as one goes from jungles and forests to grass-
lands and arable lands. In fact there is no overland




TABLE 3-4 OPTIMUM ZONING LEVEL

FREEMONT COUNTY

Annual Net Loss Benefit of Net Zoning
of Capital Zoning Benefit: Level
Location %) $ $ B/C (Years)
Florence 7,554 16,631 9,077 2.20 5%
8,057 17,108 8,601 2,12 100
9,568 18,171 8,603 1.90 200
Cotopaxi 5,576 6,463 887 1.16 125%
5,147 5,689 542 L1l 100
6,862 7,219 357 1.05 200
Chandler &
Oak Creek 49,875 146,909 97,034 2.95 50%*
61,385 156,050 94,665 2.54 100
72,895 161,608 88,713 2.22 200
Coal Creek 10,321 10,073 -248 0.98 50
13,568 12,188 -1,380 0.90 100
15,086 13,708 -1,378 0.91 200
Portland 16,098 23,744 7,646 1.47 25*
28,777 31,046 1,269 1.04 100
35,410 33,128 -2,282 0.94 200
PUEBLO COUNTY
Fountain
Creek 77,065 137,816 60,751 1.79 25*
(below 8th 161,837 179,946 18,109 1.11 100
bridge) 200,369 189,517 -10,852 0.95 200
Central Business District, Pueblo
Fountain
Creek 166,498 0 -166,498 0 5
(above 8th no zoning
bridge) 1,248,699 57,275 -1,191,424 0.05 100
1,581,653 82,645 -1,499,008 0.05 200
Dry Creek 938 0 ~938 0 5
no zoning
17,823 565 -17,258 0.03 100
20,637 1,049 -19,588  0.05 200

*Asterisk indicates optimum

TABLE 3-5 OPTIMUM ZONING LEVEL

OTERO COUNTY
Annual Net  Benefit of Net Zoning
Loss of Capital Zoning Benefit Level
Location (%) $ $ B/C (Years)
King's
Arroyo 6,393 6,535 142 1.02 25%
10,656 8,768 -1,888 0.82 100
12,432 9,961 -2,471 0.80 200
Anderson
Arroyo 1,942 12,371 10,429 6.37 10*
5,827 14,171 8,344 2.43 100
6,937 14,596 7,659 2.10 200
La Junta §
N.Y. Junta 94,882 214,328 119,446 2.26 100*
(reach 2 114,857 231,816 116,959 2.02 200
urban)
Rocky Ford 11,759 25,301 13,542 2.15 100*
13,897 26,761 12,864 1.93 200

*Asterisk indicates optimum.
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flow for jungle and forest covers since the under-
growth and biological humus cover only allow intersti-
tial or interlayer flow. Overland flow is of hydro-
logic importance for two reasons: a) it moves quickly
to stream channels, thereby creating the flashiest
flood peak and b) by virtue of its velocity, it has
the capacity to detach soil particles and is therefore
an important agent in eroding soil and impairing water
quality by increasing turbidity. Hence the velocity
of overland flow largely determines its flood and ero-
sion potential. Therefore flood and sediment runoff
from grasslands and arable lands generally exceeds
that from jungles or forest lands, all other things
including location being equal. Land use effects vary
immensely when jungle or forested areas are compared
to arable croplands (Tai, Prediction of Floods from
Small Watersheds with Limited Hydrologic Data, 1973).

(2) General soil control. The general measures
on soil erosion and sedimentation control are aimed at
restoring the biological-vegetative cover and putting
the arable land into proper erosion-resistant topol-
ogy. Two categories of soil control measures are
classified by Thronson (1973): a) vegetative measures
and b) structural measures. In actual practice a com-
bination of the two categories are employed to suit
the requirements of the particular site. Vegetative
measures include planting perennial grasses; annual
cover; trees, shrubs and vines; and mulches (organic
and inorganic) to support vegetation and protect soil.
Structural measures include: small flood control dams,
dikes and levees; stream channel improvements and bank
stabilization works; sediment basins and outfall
structures; terraces, diversion structures and chan-
nels; grassed waterways and outlets. Such structural
measures are usually required for effective control of
channel erosion, while vegetative land measures gener-
ally are adequate to control sheet erosion and wind
erosion. (Moore et al., 1968)

(3) Snow management is another approach that
should be considered when economically feasible. Snow-
melt floods could be reduced in severity by delaying
snowmelt and by increasing forest cover since forest
cover also delays snowmelt by shading. (Lull, 1972)

Although land treatment measures have only a par-
tial effect in reducing downstream floodwater, erosion
and sediment damages, nevertheless, such work does
have a significant local effect on the less intense
but more frequent storms which cause the bulk of the
average annual damages. Two general results are dis-
cernible: 1) land treatment measures have their great-
est influence on the shorter duration storms which
occur more frequently on the smaller watersheds and 2)
as the duration of storms increases, the amount of re-
duction in runoff by land treatment measures becomes
less than the original total direct runoff. (Moore
et al., 1968)

Land treatment and overall structural measures
installed on upland watersheds and therefore the first
line of defense against uncontrolled runoff and sedi-
ment production. The principle of watershed land
treatment is therefore to productively use the great-
est amount of rainfall, conserve much of the surplus,
and to dispose of unretardable excess water to prevent
flood damage, erosion and maintain waterways free of
silt. This is almost restoring the environment as
close as possible to its natural undisturbed state.
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(b) Statements of Objectives. Since extensive
physical flood control measures are aimed at reducing
the flood and erosion potential, not only are there
more benefits arising out of reduction in flood dam-
ages, erosion and sedimentation damages but also the
more positive factors, conservation of water surplus
and maintenance of stream purity and environmental
quality.

The objective is therefore to maximize the ex-
pected annual net benefit of the watershed land man-
agement program i.e.

()

max. NB&LM) = B ciLM)

(3-21)

where NBgLM] = the expected annual net benefit of the
5 (L)
a

watershed program;
annual benefit and cost of the watershed measure re-
spectively; LM = an index denoting land management.

. (c¢) The Performance Models. The performance
models will be discussed under the hierarchical-multi-
level approach which allows for large scale and com-
plex systems of large watersheds to be decomposed into
subsystems where each is separately and independently
optimized. The first level of solution is joined by
coupling variables manipulated by second level con-
trols (Haimes, 1972).

and CéLM] are the expected

The multilevel optimization technique first opti-
mizes the performance of each decomposed subsystem and
the maximization of the total system's performance is
coordinated at a higher level to obtain the overall
optimal policy. Decomposition and multilevel tech-
niques are promising with room for flexibility and
consideration for primary and secondary benefits of
watershed extensive control.

The performance submodels are based on the prin-
ciples of Buras (1962) integrated with the outlines of
the second-level model given by Yacov (1972). The
allocation model is solved via dynamic programming
technique. (Fig. 3-7)

T, (§;:01.Q) T5(§5:05,Qy)
|
00,200, Q, %,
0<§,<$<5.. ¥ ¥s 2 $3
e _ESY Y

D1 T v,

Fig. 3-7 Two Dimensional State Variables Dynamic Pro-
gramming.

j
The function £11CQ,$) is the maximum net benefit

return function from allocating fund § for flood peak
Q in the subsystem 1. The net benefit return com-
prises two components: a) the primary benefits of re-
ducing flood and erosion damages and b) the secondary
benefits of preserving or promoting stream water qual-
ity and environmental quality. Therefore



j
1 = .
5 (Q’$}0§9T§3£ gy Qg»8;:0y52430)
¢(T(Q1:$13D1,£1;J\)] (3-22)
0<$,<$<8,
11 e J

in which gl[Q1,$1,Dl,£1;A] is merely the primary net
benefit return function, where Ql = the flood peak
reduction or attenuation due to the extensive measure
of the subsystem; $1 = the amount of fund allocated to
the subsystem 11 and A = the pricing level. ¢[T(Q1,$1,
Dl,Ll;
where Q1,$1,D1,£1 and A are symbols previously de-

A] is the secondary net benefit return function,

fined, but it denotes the return from preserving or
transforming stream water and environmental qualities.
Hence the expected net return expressed on an annual
basis is:

j
1 = :
r]. ($1;D1)Q1] = gl(Q1;$1:Dl;£l;l] b g

8, (T(Q),8$;,D;,2,50) (3-23)

for the subsystem 1, where &, = the extensive measure;

1
jl = a vector of sample choice in the selection of
elements of the extensive measure and J
space of feasible extensive measures.

is the set

Similarly for subsystem 2, the net benefit return
function can be expressed as

ia
£,7(Q,8) = max.  [g,(Qy,8,,D,,2554) +
0Q,<Q<Qy. 6 (T(Qys8,:D5,2530)) +
05$25§55T ;
L, e d £,100),8,,0,430)]  (3-24)

The general recursive relationship for the serial sub-
system 1 to N is therefore:

j
£1@8 = max. g, Q80,850
0=Q,2Q<Q $(T(Q).$,.0;,2,50))]
0<$ <88,
21 e J
to
j
fNN(Q,$) = max[gN(QN,$N,DN,£N;A} +
0<0Q. <Q£Q
SNST )
L. e J j
N N-1 )
el Qe Byvor oM

(3-25)

Coordination of the Submodels. Coordination of
the subsystems' performances 1is necessary with the
total system covering the entire extensive subbasins.
A balance coordination method is necessary for achiev-
ing an overall system optimum.  The balancing is done
at the second level with the total expected annual net

benefit BE;Mé) for the entire watersheds system
summed, i.e.,
K j
(M) I
Bla.$) ~ k§1 £k Qe (3-26)

]
where fIIk(Qk,$k) = the total annual maximum benefits

from the subsystems, with flood peak reduction param-
eter Qk’ and investment fund $k; I = the number of

subsystems in the basin; jI = the choice of measure in

each subsystem and IM = an index denoting extensive
land measure control.

o (L)

The total system cost is Q.9 where
K
(M) _ )
@9 kzl Cr @8y - (3-27)

The goal of the third level is to adjust demands
of flood and erosion damages and envirommental and
water quality requirements with the available supplies

in funds, and hence the objective is to maximize the
annual net benefit of the total system to enhance
regional development, i.e.

max, NpU2D .. g0 . <OM) (3-28)

Q% @

subject to fund availability 0<§$ <S8, ..

The Submodels for the Test Area. The submodels
chosen for the test area are limited to erosion and
sedimentation because data on flood peak attenuation
were not available to the writer. The Soil Conserva-
tion Service maintains a few scattered upland water-
shed projects but the relatively large ones are situ-
ated outside of the relevant countries of this study.

Since water and wind erosion in the Arkansas
River basin is the second most serious of all river
basins in the State of Colorado and since erosion and
sedimentation affect the main stem of the Arkansas and
all adjoining tributaries, the submodel selected is

the mathematical linear programming model to assess
annual sediment damages sustained in the relevant
countries. The effect of downstream flood peak atten-

uation due to upstream extensive physical control of
upland watersheds is expected to be relatively small
in comparison to erosion and sediment damages along
the main stem of the Arkansas River and the adjoining
irrigated floodplains.

The objective function is to minimize the annual
sediment yield, given the present constraints of dif-
ferent rates of sediment yield for different water-
sheds:

Minimize C X
subject to AX="0
and X>0 (3-29)



where X = the column vector of watershed areas; A =
the matTix of coefficients expressed in terms of sedi-
ment yield rate; b = the column vector of average an-
nual sediment yield, for the constraint relationship,
and C = the row vector of sediment yield rate in the
objective function.

C values are assumed to be: a) 0.37 acre-ft per
square mile and per year for mountainous and foothills
areas and b) 1.00 acre-ft per square mile and per year
for the plains. These are Corps of Engineers assumed
values.

(d) The Results of the Model's Analysis as Ap-
plied to the Particular Test Basin, the Arkansas River

Basin. The results of the analyses on annual sediment
damage is relatively significant in relation to flood
damage. The linear programming assessment model as-
sumes a unit damage rate of $115/60¢ per acre-ft: this
is the rate recommended by the Corps of Engineers for
their sediment detention storage for the Fountain
Creek Dam (Corps of Engineers, 1968 and 1969) . If
sediment damage rate is assessed at 10¢ per cubic
yard, an acre-foot is §161/33¢, which is therefore a
higher damage rate than the Corps of Engineers' fig-
ure. Nevertheless the Corps' figure is used in keeping
with design values for the test area, and estimating
the effects of sediment damage in the following cate-
gories: 1) the loss of reservoir capacity in relation
to already established sediment control structures,
the Pueblo and John Martin dams and the proposed Foun-
tain Dam; 2) the loss of river capacity at high and
low flows; 3) the increased annual costs of cleaning
the irrigation canals and 4) the cost of repeated re-
leveling of irrigated fields. The attached Table 3-6
shows the summary of sediment damage.

The agricultural sector sustains nearly twice as
much damage from sediment as the urban sector. (46 per-
cent to 25 percent), due to heavy use of irrigation
water loaded with sediments. The annual average re-
moval of suspended sediment from the Arkansas River
between Pueblo and Los Animas is 3,800 acre-ft for the
river length of about 80 miles.

The sediment problem is treated in this analysis
since no data is available basin-wide to estimate the
effect of upland extensive control on flood peak at-
tenuation. Since the effects of upland extensive mea-
sures are felt only on the shorter duration storms
over localized watersheds, and their effects diminish
as storm durations increase, effects of land-use
changes on peak discharges are not as large.

The effects are greater only when deforestation
of a natural watershed to agricultural cover crop
takes place. These vegetative-biological cover chang-
es of the forest appear to cause a larger increase in
the flood peak of the unit hydrograph than is the case
of changing agricultural practices for a given size of
watershed (Tai, 1973).

Intensive Flood Control Measures.

(a) General Description. Intensive measures on
flood control are all those engineering works which
are related to intensive physical control of confin-
ing, retaining, and channeling of flood waters.

Failure to recognize the nature of the flood
threat and the limitation of engineering works has
downgraded the proper role of structural flood control
works. All physical flood control works are effective
in protection of life and property from floods as long
as their performance capacities are not exceeded.
[Leopold and Maddock, 1953; Hoyt and Langbein, 1965;
Kuiper, 1965].

The precise advantages of structural elements in
flood control are not sufficiently emphasized. The
direct advantage of levees is the protection of the
area where the greatest protection is required. How-
ever, if the levees are overtopped, the damage from
flooding becomes as great, OT even greater, when no
dikes had existed at all. In contrast to dikes or
levees, chamel diversions increase their beneficial
effect when the design flood is exceeded.  The higher
the flood stage, the larger the capacity of the diver-
sion. Diversions, like dikes, will perform their

TABLE 3-6 TOTAL AVERAGE ANNUAL SEDIMENT DAMAGES ESTIMATED WITH AND WITHOUT THE THREE DAMS

Sediment Damage Fremont El Paso Pueblo Crowley Otero Bent Total
(by spectra) (% ($) ($) (%) ($) ($) (%)
With Dams (Pueblo, Hueferno, and John Martin Dams)

Agricultural

Sector 119,877 87,624 164,730 101,381 219,640 54,910 748,162 (46%)
Urban Sector 69,2453 38,840 118,450 12,946 135,714 24,854 400,087 (25%)

293,277
Total 189,122 126,466 283,220 114,328 355,354 373,041 1,441,531
Without The Dams

Pueblo Dam - - 40,261 24,778 53,681 118,720 (7%)
Hueferno Dam A & 20,032 12,329 26,710 59,071 (4%)

John Martin Dam -= s -

293,277% (18%)

Total Sediment Damage 1,619,318

Note:

The starred value of $293,277* is due to loss of sediment storage in John Martin Dam. The value

is included in Bent County, as the location of damage is situated there, though the benefit of

sediment storage is felt downstream of the John Martin Dam.

against double accounting.

The starred value is to caution



function regardless of the duration of the flood. The
effect of channel improvements is much the same as
that of diversions. When the design flow is exceeded,
the channel improvement remains effective. The type of
channel improvement and the channel characteristics
influence the extent of stage reduction. The effec-
tiveness of a flood control reservoir depends on two
factors: 1) duration of the flood, and 2) the magni-
tude of the flood. Design capacity of the flood con-
trol reservoir may be exceeded in duration or in mag-
nitude, e.g. a reservoir designed with the same peak
flow may not be able to accommodate a flood with a
much larger duration base, and the reservoir may be

full by the time the peak arrives, with the result
that minimal storage capacity is left to reduce the
peak. The converse argument is true for a flood that

has the same duration but exceeds the design peak ca-
pacity. Hence, flood control reservoirs perform their
function well, as long as floods do not exceed the
reservoir design flood in peak flow or in duration.
When the design flood is exceeded, the beneficial ef-
fect of reservoir is gradually reduced, until it may
become practically nil for extremely large floods. One
more additional factor affects the effectiveness of a
flood control reservoir, and that is the relative dis-

tance between the reservoir and the area to be pro-
tected. Two reasons are given why distance reduces
effectiveness: 1) the probability that floods will

originate in parts of the drainage basin that are not
controlled by the reservoir and 2) the flood peak may
be attenuated by natural channel storage (Kuiper,
1965). Without the reservoir, for example, 1let it be
assumed that under natural conditions, a flood peak of
100,000 cfs passes the prospective reservoir site and
is reduced to 60,000 cfs by natural channel storage by
the time the flood hydrograph reaches the area to be
protected. With the reservoir, the flood peak of
100,000 cfs is reduced to a safe bankfull discharge of
say 20,000 cfs which is not further reduced by natural
channel storage. As far as the area to be protected
is concerned, the effectiveness of the reservoir is a
peak flow reduction of 40,000 cfs and not 80,000 cfs.

The ihtensive measures are now defined in their
order of capacities and costs.

Levees and dikes are the oldest structural mea-
sures of flood control because of their low initial
cost and simple technology. Levees or earth dikes are
usually made of random earth fill and are used to con-
fine streamflow within a specified area along the
stream. However there may be higher maintenance cost,
especially where floods occur annually. The 10-year-
flood frequency is a common protection level for agri-
cultural land.

Channel improvements are taken to include inten-
sive measures such as: 1) increased channel capacity;
2) parallel channels and 3) diversion channels. The
common objective is to increase the capacity of an
existing channel. The general criteria for all channel
improvement is to avoid significant increases in down-
stream peaks or downstream stages and to avoid degra-
dation of the upstream or downstream channel systems.

Increasing chamnel capacity is one of the ways to
control floods by: 1) widening or deepening channels
to increase the flow area; 2) shortening the meander-
ing channels to increase the slope; and 3) shaping
them to decrease the relative roughness. Hence all
channel capacity improvements are related to four hy-
draulic factors: flow area, hydraulic radius, slope
and relative roughness. In addition, improving channel
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capacity is very much connected with the control of
bank erosion and maintaining an equilibrium sediment-
carrying capacity.

Pargllel channels have been
when an increase of the
is not practicable.
two or more branches
decreased.

successfully used
capacity of the main channel
The flood water 1is divided into

and the flood levels are thus

Diversion channels are new channels diverting the
flood waters either into inland lakes or directly into
the sea or even into off-channel reservoirs. The di-
verted water is not usually returned into the channel
from which it is diverted.

Floodplain polders are flood-prone areas encir-
cled by dikes with sufficient pumping stations to pump
all infiltrated water and rainfall out of that area
during the passage of a flood wave; or if the polders
are relatively large in number, each of them is re-
garded as a separate unit since each has approximately
the same elevation within its own boundaries. Each
polder will therefore have its own drainage system,
with its own ditches and canals and its own drainage
outlet upon exterior watercourses (Kuiper, 1965).

Floodplain earth platforms are earth platforms
inside floodplains so that the critical and most dam-
age-prone activities within the floodplains are locat-
ed above the highest estimated water levels during
rare floods of a given probability of occurrence.

Reservoirs for flood control are supplemental
means of providing flood protection when the natural

reservoir storage potential of a watershed may not
provide as much storage as is needed (Rutter, et al.
1964).

The amount of storage required depends upon the
degree of protection needed and the nondamaging capac-
ity of the stream channel. Hitherto the desired degree
of protection determines the magnitude of the flood
adopted as a basis for reservoir design. It appears
to the writer that a protection syndrome has existed
where "complete' protection is accepted as the maximum

probable flood to prevent loss of life or disastrous
property damages.
Two types of reservoirs are classified: 1) sur-

face reservoirs conceived as spaces procured in val-
leys or other areas with new spaces predominantly
above but not excluding the floodplains and 2) under-
ground reservoirs in some karst areas where under-
ground storage may be used for flood control.

The effect of storage 1is to decrease the flood
peak without actually eliminating any of the volume of
flood water. The advantages of surface reservoirs are:
1) a longer and larger volume of water can be held be-
hind a dam for each successive increment of height,
hence it might be cheaper to build a multi-purpose
reservoir than a single-purpose flood-control reser-
voir, and 2) it is effective in reducing flood peaks
in the reach of streams immediately below the dam. The
disadvantages are requirements for sediment storage,
excessive cost of spillways, and relatively large land
areas needed for water storage. A controversy has
existed earlier between upstream reservoir flood-con-
trol and downstream main stem flood control. Leopold
and Maddock (1954) have pointed out that a system of
upstream reservoirs cannot replace protective works
downstream, nor is the reverse true.



Release basins are parts of the floodplains uti-
lized to accept the flood peaks with a minimum of dam-
age, thus decreasing the flood peaks downstream. Pro-
visions are required in providing the intake struc-
tures for filling the release basins and the outlet
structures to empty them when downstream conditions
allow for such releases. Some natural or artificial
inland lakes could be used as release basins provided
the flood damage to adjoining areas of the lakes is

negligible.

(b) Statements of Objectives. The objective is
to maximize the annual net benefit of the intensive
measures such that

(M) _ _(IM) (IM) &
NBa = Ba - Ca (3-30)
) (™) ;
where NBa = the expected annual net benefit of the
structural measures; BiIM] and CiIM) are the expect-

ed annual benefits and costs of the measures, and IM =
an index denoting intensive measures are used.

Dynamic programming of the resource allocation
type appears eminently suitable for the evaluation of
the stagewise optimum. This systems approach combines
the analysis of performance characteristics at each
individual stage with the synthesis of their final
performance in the set of selected flood control mea-
sures. Its potential lies in the analysis-synthesis
aspect of mathematical programming, as a technique-
oriented solution rather than a specific optimization.

(c) The Performance Models. The performance
models of intensive measures modeled in accordance
with the resource allocation type are divided into two
broad categories:

(1)

those affected by hydrologic independence

and
(2) those that are not.

The performance model will be established in ac-
cordance to first basic principles of dynamic program-
ming for the simpler case first, case (2) above, for
the subsystems of intensive measures that allow free
passage of the flood peaks without creating hydrologic
dependence between their subsystems. Levees and dikes,
and increased chanmnel capacity are typical examples.

(1) Basic modeling without hydrologic dependence
in the serial subsystems. The one-dimensional state
dynamic programming is:

er(Net Return) [ <} 'rn_] r,
X, . Pl . L 2 £ P 1E
(State 1 ?
input) r I T ’
DN(ﬁec,isinns) Dn Dn-l Dl

is

I: £, (00 = gl (D00 »ry g (G108 )

The maximum N-stage return fN(xN)

;x; (X3,09)]

= gax gy (XsDy) s Ty Xy 5Dy q ) -or (X0D0)]
N 1 (3-31)

subject to xn-l = tn[Xn,Dn], n=1l,...,N."

The objective is to decompose formulation I with N

decision wvariables, N state variables and N con-

straints into N equivalent subproblems, each contain-
ing only one decision variable and one state variable.

Each of the subproblems is
a one-state optimization problem.
solving one big optimization problem,
the decisions are interdependent, the optimal
sions are found almost one at a time.

roughly equivalent to

Hence, instead of
in which all of
deci-

To quote Nemhauser (1966), the analysis-synthesis
principle is apparent:

"Our approach is the familiar one of using multi-
stage analysis first to decompose the original
problem into N subproblems. Then the solutions
from the subproblems are combined to obtain the
solution to the original problem."

The decomposition problem with additive returns
has a highly restrictive constraint: the return from
any activity is independent of the allocations to the
other activities. (Bellman et al., 1962).

(i) If function g
glry (D) Ty Ry Py ) * oo

= Ty (XgoD) + Ty g Ky oDy ) *

is decomposed then

o+ 1 (XguD),

(3-32)
then the maximum N stage-return is
f(Xg) = max [y (Xe,D) + 7y Ky 40Dy )
N,..,Dl
+ rlfxl,DlJ] (3-33)
subject to xn-l = tn(Xn,Dn), n=1,...,N.
(ii) Wwith the constraint outlined above, that
the N-th stage return does not depend on Dﬂ-l""’Dl’

and with the further assumption that for any arbitrary
real-valued function hl(Ulj and hZ(Ul’UZ)’

max[hltul) + hz(Ul,Uzj} = max[hl(Ul) + max hz(Ul,Uz)]
T u U

12 ! ‘ (3-34)

then the maximum N stage return is further decomposed
thus:



EgOy) = maxlng @D+ max Oy g CopeByag) *

N Bepeesady

-+ 1 (X,0)] (3-35)

subject to Xn =t X ,0),n=1,..., N.

-1 n"n n

(iii) From the definition of fV(XN)’ it follows
that : 2

e Cyogd oomax Doy g Oy gDy g) + oo
iy
* I‘l EXI’DI}]’ (3"36)

then £, (X)) = EEX[rN(XN,DN} + fy ()]
N

subject to xN-l = tN(XN’DN)
or
£,(Xy) = EM[rN[XN.DNJ * £ (5 (XD )] (3-37)
N
Defining:

QuXyoDy) = [ry (X Dy) + £ (6, 04,00)]

fN{XN} = max QN(KN’DN]
D,
N
= max[ry OBy + fy g (D)) (3-38)
N
is a one-stage initial state optimization problem,

considering the backward numbering of stages.

(iv) Hence the

original N-stage problem is
simplified into two smaller optimization problems:
My, Kp) = o [ryo1 OvopPyy)
Yooz B
N-1 1
¥ ¥ rlfxl,nl]] (3-39)
subject to xn_l = tn(Kn,Dn), n=1,..., N-1,
as an (N-1) - stage optimization, and
(2) fN[KN) = max QN[XN’DNJ = max[rN(XN,DN)
D, D,
N N
& B TR0 (5-40)
as a one-stage optimization.
(vl Stating the N problems more compactly:
= = i =
fn[Kn} Eax Qn{Xn,Dn], n 1,...,N, (3-41)
n
fn{Xn} = Eax Qn(Xn,Dn] = Eax rn(xn,Dn}, n=1

n n

and
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fn[Xn} = max Qn(Xn,Dn) = max[rn(xn,ﬂn]

D D
n n

+ fn_l(tn{xn,nn)}], g (3-42)

Note the backward numbering of stages as against the
forward multi-stage solution starting from n=1,2,...,N.

(2) Basic modeling with hydrologic dependence in
the subsystems. The one-dimensional state dynamic
programming model needs to be adapted when the subsys-
tems of intensive measures behave with hydrologic
dependence. Such typical examples are: 1) the combi-
nation of subsystems of a dam with levees, dikes or
channels downstream, 2) parallel channels or diversion
channels, 3) release basins as an off-stream adjunct
to levees, dikes and channels and 4) floodplain pol-
ders and floodplain earth platforms which could alter

or modify the passage of rare flood hydrographs. Such
combinations of subsystems of intensive structural
measures therefore call for fwo-dimemnsiongl state

dynamic programming wmodel with the additional state
variable being expressed in terms of the flood peak or
flood stage.

Nemhauser (1966) has given extensive coverage to
various geometries of basic nonserial subsystems and
any reader interested in the specific geometric re-
quirement of his modeling problem could refer to his
text. Four ©basic elementary nonserial systems are
outlined: 1) a diverging branch, 2} a converging
branch, 3) a feedforward loop and 4) a feedback loop.

However the objective of the modeling here is to
build a general basic model exhibiting serial stage-
wise hydrologic dependence and the need for linking up
variation of the subsystem nonserial structure is left
to the particular requirement of each problem, in ac-
cordance to the selection of such types and sequence
of structural measures and geometry. Note the order
of numbering of stages and the order of solution are

the same. (Fig. 3-8)
T £ 08,.0,.0)) £,(8,.0,.9,)
[Net resum)
0:Q,£2rq; g, Lo,
(S:atc
wariables
irput) 1 2
0<$ 825, 5, 5y
i —— |
I I
leDecisioﬂs} D:
Fig. 3-8 Two Dimensional State Variables Dynamic Pro-

gramming

j
The function fllfQ,$J is the maximum expected

annual net benefit from allocating fund § for flood
peak Q, in the subsystem 1, beginning with the sub-
system furthest at the upstream end.

j
fIIEQ,$) = max.
0<Q, <Q<Q;
0<§ <88,
11 e J

[g,(Q8,.D;,2 50 (3-43)



where gl(ql,$1,D1,il;A) annual net

benefit function and is equal to the subsystem return,
r1($1,D1,Q1} in the diagram just shown. Ql = the flood

peak reduction or attenuation due to the subsystem

interaction; $1 = the amount of fund allocated to the

; D
1% =1
dollars) that controls the subsystem performance at 1;

and ) = the pricing level. Rl = the intensive measure;

choice

is the expected

subsystem 1L = a decision variable (expressed in

= a vector of sample in the selection of

jl
structural elements of the intensive measure and J
is the set space of feasible intensive measures.

The hydrologic flood peak variable Q could be
interchanged with the hydrologic flood stage variable
S, in case the system considers the flood stage rather
than the flood peak variable to be more important. The
basic performance of the two-dimensional state dynamic
programming model does not change because of this re-
placement.

Now for subsystem 2 downstream of subsystem 1,
the return function of expected annual net benefit is
given by

Js
£,7Q,%) = rg(aé e
—2==T
0<§,<8<8,
12 e J

[25(Qy,8,,D5,2,5352)

j
P L .
v £10080.01.830] g 40

where the symbols have their common significance as
are previously defined for subsystem 1.

The general recursive relationship for the sub-
systems 1 to N interlinked in serial sequence is
therefore

j
1(Q,8) = max [g,(Q,,%,,D,,%,;2)]

f 153 221271 A0

1 0<Q,<Q<Q;

0<$,<8<8,

El e J
to

N9 (g Qs Dy 25 1)

i = max £ y g by Ry

N N N’TN*"N’'N
UEQNfﬁfQT
0<§, <§<§ N-1 .
NEET e E T Qg Sy P AN
L, e J
g (3-45)

(d) The Results of the Model's Analysis as Ap-

plied to the Particular Test Basin, the Arkansas River

Basin. In order for the writer to gain an insight into
the process of dynamic programming, the one-dimension-
al state performance model is used to test the Corps
of Engineers proposals (1968, 1969). With the confi-
dence gained by this process, the writer applies the
dependence model in the next chapter on syntheses of
measures, with further refinements of procedure and
intricacies of mixes of measures.

To apply the one-dimensional state dynamic pro-
gramming model, the economic device of the Corps of
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Engineers in "routing' back downstream benefits due to
the Fountain Dam to the dam itself was adopted. The
results of decoupling the accrued benefits removes the
dependence element in economic optimization of expect-
ed annual net returns based on resource allocation and
hence the results of the performance model's analysis
are:

1) Using the dynamic programming of the re-
source allocation type, the global optimum is always
obtained. Unlike linear programming model, linearity
requirements are present in the objective function and
constraints equations, and the global optimum may not
be always found (Gottfried et al., 1973).

2) The performance characteristics in the form
of net annual benefit and annual cost of stagewise
structure could be linear, nonlinear or discontinuous.
Digitization is used in the dynamic programming.

3) The allocation of resources confirms the ac-
curacy of the Corps of Engineers' results which were
obtained by not using the systems approach. The dif-
ferences, if any, are mainly due to the relative
coarse digitization intervals used in dynamic program-
ming, (see Figs. 3-9 and 3-10).

4) The reader is cautioned against the exclusion
of $585,000 of unemployed resources benefits due to
expanded agriculture thus enabling the Corps of Engi-
neers to show an overall B/C ratio of 1.1 instead of
1.3 as shown in the results of Table 3-8.

5), It is relevant to note that allocation is
carried out in dynamic programming in less than 4 sec-
onds with CDC 6400 for each of the Corps of Engineers
projects of capital cost $66,770,000 for channeliza-
tion and an additional $32,401,000 for the Fountain
Dam (see Tables 3-7 and 3-8 and Figs. 3-9 and 3-10).

3.5 Flood Insurance Measure

(a) General Description. Flood insurance as a
fiscal flood control measure does not reduce the flood
risk. It can however be used to achieve two goals:
1) use of the insurance premiums to eliminate economi-
cally unwarranted uses of floodplain lands and 2) in-
demnification for the residual damage protection, say
after structural flood protection and land-use regula-
tion has been adopted and against this residual damage
potential, it is not economic to seek protection;
hence the indemnification.

Yevjevich (1974) has given five categories of
fiscal measure: 1) public disaster approach, 2) gov-
ernmental insurance, 3) mixed private-public insur-
ance, 4) private with public guarantee and 5) private

insurance. The five measures are defined and discussed:

(1) The public disaster approach has undergone a
change in the United States recently. In the past, the
practice has been to let the Federal Government bear
the increasing burden of public disasters such as
earthquakes, floods and droughts and pest epidemics.
In recent years, however, public relief in natural
disasters have increased and the socialization of the
disaster burden has advanced to a remarkable extent.
For the flood-prone areas, the result is the passage
of the Flood Insurance Act of 1973 and the complemen-
tary Flood Disaster Protection Act of 1973, which sig-
nal the federal effort to reverse the tide of federal
involvement. Two sobering factors were largely re-
sponsible for this action. They are the recognition




TABLE 3-7

THE ARKANSAS RIVER AND ADJOINING FOUNTAIN CREEK

1968 CORPS OF ENGINEER'S CHANNELIZATION PROJECT FOR

Location of Total Annual Annual Annual Net Optimal Anﬁiil Optimal
Stagewise Benefits Charges Benefits Design Standard Benefits Design Standard]
Subsystems () % (€3] (R.P in Years) $) (R.P. in years)
' RESOURCE ALLOCATION
Upstream (Top) CORPS OF ENGINEER'S ANALYSES Mﬁﬁgf_fﬁ§ﬁt—ﬁ?3§§gﬁf
1) Brewster to Florence 36,020 31,000 5,020 100 2,000 100
2) Portland 43,230 19,400 23,830 100 22,000 100
stream (Bottom)
1) Pueblo (F'tn Creek) 149,000 133,900 15,100 100* 43,000 50*
Downstream (Plains)
1) Reach 7 220,740 180,390 40,350 100 56,930 100
2) Reach 6 300,240 136,180 164,060 100 178,740 100
3) Reach 5 332,650 212,960 119,690 100 119,690 100
4) Reach 4 590,770 473,670 117,100 100 117,100 100
3) Reach 3 1,217,820 578,200 639,620 100 639,620 100
2) Reach 2 (Urban) 522,230 437,510 86,720 225 SPF 84,720 225 SPF
1) Reach 2 (Rural) 768,550 411,090 357,460 100 357,460 100
Total 4,142,910 2,614,300 1,528,610 1,621,260
Corps of Engineers Overall B/C = 4,142,910/2,614,300 = 1,59 £ 1.6
Resource Allocation Overall B/C = 4,271,260/2650,000 = 1,61 = 1.6

Note: 3 1/4% interest:June 1967 prices.

TABLE 3-8 1969 CORPS OF ENGINEER'S CHANNELIZATION PROJECT FOR THE ARKANSAS RIVER AND FOUNTAIN DAM
lLocation of Total Annual Annual Annual Net Optimal An;z:l Optimal
Stagewise Benefits Charges Benefits Design Standard Benefits Design Standard
Subsystems €)) (%) (%) (R.P. in years) $) (R.P. in years)
Upstream (Top)

1) Brewster to Florence 47,380 34,000 13,380 100 13,380 100
2) Portland 41,600 27,250 14,350 100 14,350 100
Upstream (Bottom) .
3) Pueblo (Ft'n Creek) 2,299,450 1,882,000 417,450 350 SPF 430,000 350 SPF
Fountain Dam
(1st added)
Downstream (Plains)
1) Reach 7 285,200 210,000 75,200 100 55,000 175
2) Reach 6 305,000 150,000 155,000 125 175,000 150
3) Reach 5 365,000 235,000 130,000 125 120,250 50
4) Reach 4 582,885 582,885 0 100 0 100
3) Reach 3 1,075,800 809,950 265,850 100 255,000 100
2) Reach 2 (urban) 444,160 258,700 185,460 225 SPF 184,000 225
2) Reach 2 (rural) 758,000 562,000 196,000 125 187,500 175
Total 6,204,475 4,751,785 1,452,690 1,434,480

Corps of Engineers Overall B/C = 6,204,475/4,751,785 = 1.31 £ 1.3

Resource Allocation Overall B/C =

Note: 4 7/8% interest:
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6,634,480/5,200,000 = 1.28 £ 1.3
January 1969 prices
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that mean annual flood losses is increasing over the
last forty years in the United States, and the vulner-
ability to catastrophic losses has increased, i.e. a
larger proportion of losses have been coming from
extreme events.

Under the new disaster approach, the following
five efforts are adopted to reduce the future burden
of disaster relief: 1) disaster loans (not outright
grants) are given to minimize public dislocation in
employment following the wake of a disaster, 2) such
disaster loans to replace, restore, repair or con-
struct a property must be underwritten by such types
and extent of insurance to protect against future loss
to the property, 3) certain minimum standards are to
be followed and such compliance to minimum standards
may be required by regulation, with the submission of
appropriate evidence, 4) state and local government
are required to evaluate the hazards in those areas
where the grants or loans are to be used, and to take
appropriate action to mitigate such hazards, including
safe land use and construction practices; evidence of
compliance may be required by regulation, and 5) flood
insurance is mandatory and this means that all feder-
ally insured or regulated 1loan institutions (banks,
savings and loan associations) could not take a mort-
gage on any new construction in flood prone areas,
unless that mortgage 1is secured by flood insurance.

(2) Governmental insurance or an-all Federal

program of flood insurance is the next fiscal measure
which requires an extensive and expensive administra-
tive organization from the federal to the local level.
The organization and effort required is tremendous, in
dealing with local officials, to sell and service
flood insurance policies and the adjustment or settle-
ment of claims. Hence it is not a prospective candi-
date measure to select.

(3) Mixed private public insurance, with the
private insurance industry operating a federal flood
insurance program, is perhaps the best of all the four
major alternatives in administering a nation-wide
flood insurance coverage. The advantages are more than
any of the other alternatives analyzed. It utilizes
the expertise and the extensive organization of the
private insurance industry and gains the support of
the greater financial strength of the Federal Govern-
ment. The role of the Federal Government in flood
insurance 1is not diminished in this mixed private-
public insurance program. With the burden partially
shared by the private insurance sector, the federal
sector could in fact proceed to discharge its proper
executive functions. The Federal Government would work
with states and local government to devise and to
apply suitable legislation; and to plan the management
of flood-prone areas. In addition, the Federal Govern-
ment would encourage fiduciary lending institutions
not to loan in such areas without flood insurance,
establish the flood insurance premium rates, and pay
subsidies to those premiums for existing properties
where the costs are more than the occupants could
resonably pay and finally provide excess insurance
coverage against flood 1losses of catastrophic propor-

tions, beyond some defined level: the "excess loss
point."

(4) Private insurance program with public guar-
antee, an alternative approach, would result in the

private insurance industry serving as fiscal agent for
the Federal Government, the former writing flood in-
surance policies, collecting premiums and settling
claims for flood damages, while the Federal Government
would provide a supportive role and would provide all
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or most of the initial capital required. However, in
the interest of the private insurance sector, they are
not so willing to undertake this mixed private-public
insurance program because the prospect for profit is
not encouraging in spite of Federal assistance and it
would upset the fluid equilibrium already established
amongst the various interests and competitive strengths
of insurance companies and agents.

(5) Private insurance program is not an attrac-
tive commercial adventure for profit-making purposes.
The American Insurance Assoclation presented two re-
ports (1952-1955; 1962) indicating that it is impossi-
ble to make private insurance against flood damage
coverage because of the certainty of loss and its
associated catastrophic variability: it is difficult

to make private insurance self-supporting without
charging high rates to pay annual losses.
Private insurance companies are only interested

in marketing policies for which diversification of
risks is assured. If the entire portfolio of a par-
ticular insurance firm covers individuals in the same
general location against the same disaster, then fi-
nancial solvency in case of a disaster is questionable.
Historically there has been financial failures both in
1897 and the late 1920's (Dacy and Kunreuther, 1969).
Even though reinsurance could help, it could still be
difficult for small regional firms to charge competi-
tive rates and still diversify enough to protect them-
selves against unusually catastrophic losses.

To summarize, the present situation in the United
States is that, whole new patterns of losses due to
natural disasters have been developed over the past
forty years and that the patterns of losses reflect a
higher property loss rather than loss of lives. The
types of, losses are due more to catastrophic floods

rather than to small floods and the destruction
caused, is due more to hurricanes than inland river
flooding.

Curvent practice in USA: The Flood Insurance Act,
1973, accepts the approach of the mixed private-public
insurance program, with the complementary Flood Disas-
ter Protection Act of 1973, which closes all the loop-
holes of the previous 1968 flood insurance measure; it
makes flood insurance mandatory instead of voluntary,
in floodplains.

The premiums paid by individual homeowners and
businesses would constitute the ''chargeable premium"
which is only 10 to 15 percent of the estimated actual
cost of providing coverage. The remaining 85 to 90
percent could be federally subsidized contributioen.
But there will be no federal subsidy on new develop-
ment, otherwise it would promote uneconomic floodplain
occupancy, by removing the incentives for nonfederal
groups to seek other measures, designed to reduce dam-
age potential.  After July 1, 1975, no federal finan-
cial assistance or federal-related assistance would be
available for any acquisition or construction project
in any flood-prone area, if any identified community
is not participating in the Public Flood Insurance
Program. Though it may be regarded as a mandate, that
land use and insurance should be conjunctively imple-
mented, for the purpose of analysis, in this paper,
the insurance measure is treated independently.

The viability of an jinsurance program depends
upon correct flood risk evaluation and the cost of the
administrative program.

The objective of the flood insurance measure is
based upon the economy of scale, with all risks spread



over as large an area as possible, to minimize the in-
surance premium rates.

There is not much that can be done with respect
to a correct flood risk evaluation. Normally, several
federal agencies in USA are involved with this evalua-
tion. However, much can be done with the administra-
tive overhead costs. If one were to accept the guide-
lines of the Corps of Engineers on flood insurance
(1970), then the average weightage in actual cost of
administering the policies is ¢ = 0.76 by arithmetic

averaging and g ® 0.73 by compounded flood rate dam-
age averaging. This appears to be too high a factor.
The weightage 1is the average factor used to compute
expense loading, which includes the transaction cost,
reinsurance and underinsurance, and processing of

claims.

The national flood insurance program is expected
to top an insurance coverage of $20 billion in USA
after July 1, 1975, a sum far greater than the $7 bil-
lion thus far expended on structural works. Assuming
an annual urban flood damage of $1.4 billion and if Cy

factor is 0.73,
expense loading,
underinsurance
lion).

then at least $1 billion goes under
administrative cost, coinsurance and
($20 billion x 7/100 x 0.73 = §1 bil-

In Guidelines for Flood Insurance
Corps of Engineers have established the loss portion
of the rate, the average annual damage rates in dol-
lars for $100 value for each class of structure and
each class of contents. Two percent is deducted from
each value of rate damage and the weightage factors
indicated below at the right hand side of the listing
are used to determine actuarial rates.

Studies, the

If rate for flood damage
less deductible is:

Use this factor to compute
the actuarial rate

up to $4.50 1.84
$4.51 to $5.40 1.80
$5.41 to $6.30 1.77
$6.31 to $8.10 1.75
$8.11 to §10.00 1.72
$10,01 and above 1.69

The actuarial rates are computed by multiplying
damage less deductible rates by the appropriate ad-
justment factor. These factors make adjustments for
expense load and coinsurance or underinsurance.

However, the main issue is whether the adminis-
trative cost is too high, since the potential viabil-
ity and relative competitiveness of the national flood
insurance program may be undermined.

(b) Statement of Objectives. The objective of
the analysis on the mixed private-public insurance
measure is to evaluate its potential competitiveness
with the other flood-control measures. In this objec-
tive it is assumed that property losses affected by
flooding are fully covered in order to unravel its
relative effectiveness with the other measures.

The public objectives of flood insurance are a
prompt restoration of the flooded areas to economic
health, and minimization of future flood damage hazard
(Insurance and Other Programs for Financial Assistance
to Flood Victims, 1966). .

to minimize the extent of
will be

The first objective
economic dislocation subsequent to flooding,
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studied in the insurance model. The second objective
is a joint objective for synthesized measure of zoning
and insurance, and this will be dealt within the
chapter on synthesis of flood-control measures.

(c) The Insurance Performance Model. Monetary
loss due to floods is indemnified by annual payment of
insurance premiums. Therefore, this is merely a
transfer of funds. The minimization of economic dis-
location, whether it is to residential, commercial or
industrial activity, is the direct measure of benefits
obtained by analyzing with and without insurance.

The performance model assumes the lag time in
economic rTecovery is one year with flood insurance.
The flood damage is fully indemnified and the property
restored on a linear time basis.

Without insurance, the lag time is three years.
If one were to obtain a loan, the loan can come from a
bank that is not federally assisted; therefore, the
interest rate is higher. The lag time of three years
in economic Tecovery plus higher interest rate (10
percent assumed) results in a less efficient restora-
tion or making good the flood damages.

The benefit evaluation from direct reduction of
economic dislocation is
B0 = e - e (3-46)

where BéI) = the direct benefit in minimizing economic

dislocation, and e:[l!l]{‘z‘j and e[D][I] = the expected
annual flood damage without and with flood insurance,
Tespectively.

Hence,

B(I) = (1 + R)n - g[D] - % « (1) - (D]

@ - 103 - e[p] - 0.5 + €[D]

0]

0.83 €[D]. (3-47)
The annual cost model of administering the flood
insurance program is assumed to be

e ae, + o] (3-48)

where <y is the weightage cost factor, assumed to be

0.5 in this performance model instead of 0.73 as rec-
ommended by the Corps of Engineers (1970). The writer
realizes the heavy administrative overhead cost that
is applied to the national flood insurance program,
but nevertheless, in anticipation that mandatory flood
insurance and the national economy of scale will lower
this value 1in the future, the writer has used a mQre
conservative weightage cost factor in the insurance
measure.

The net benefit of the flood insurance program is
thereforre

(M _ 5@ _ @ . b
NB,"’ = B, - C;77 = 0.33 - ¢[D] (3-49)

where NBiI] = the expected annual net benefit of flood

insurance, and BiI), CEI) are the expected annual

benefit and annual cost respectively of the insurance
measure.



The benefit to cost ratio is Bil)/cél) = 0.83/

0.50 = 1.66. This is better when compared with the
Corps of Engineers guideline B/C = 0.83/0.73 = 1.14.

(d) The Results of the Model's Analysis as Ap-

plied to the Particular Test Basin, the Arkansas River

Basin. The results of the performance analysis indi-
cate that the economic viability of a public flood
insurance program rests not only on the correct hydro-
logic and economic analysis of flood damages, but
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also, more significantly on the weightage that is ap-
plied to the program's administration costs.

The public flood insurance program has been con-
ceived as a major new approach to bearing the loss.
As a fiscal strategy in conjunction with land use, it
demonstrates potential signs of economic viability and
competitiveness with the other flood control measures.
But the level of this viability could be undermined by
too high an overhead cost.



Chapter 4
SYNTHESIS OF FLOOD-CONTROL MEASURES

Chapter 3 on the analysis of flood-control mea-
sures has dealt separately with the five basic catego-
ries of measures as though each category is indepen-
dent of the other. The five basic categories are:
prevention; prediction; proofing and zoning; physical
control and insurance. The synthesis of flood-control
measures, however, removes this artificial assumed
measure's independence and calls for combinatorial as
well as adjustment in mixes of measures, structural
and nonstructural, which allows for interdependence
and interaction with each other, to take advantage of
their complimentarity.

The synthesis of the five basic
flood-control measures
basic headings:

categories of
will be dealt with under the

(1) a general treatment of each basic category
under the subheadings:
(i) general description of synthesis of

each basic group of measures with the other groups,
with the basic group regarded as the primary measure
upon which the other basic measures are dependent or
interactive with it,
(ii) statements of objectives, and
(iii)
sized measures.

the performance models of the synthe-

(2) The results of the relevant synthesized mod-
el's analysis as applied to the particular test basin,
the Arkansas River Basin.

The synthesis of flood-control measures is an im-
portant phase in developing strategy for cutting down
flood losses. Certain difficulties have to be over-
come. They are: 1) bureaucratic inertia, 2) urgency
of the local government and the needs of floodplain
occupants and 3) a greater need in refining strategy
with technological varieties of the flood control sys-
tems.

The National Water Commission in their 1972 Re-
port (Draft Report, Vol. 1., 1972) have noted that in
principle most planners have accepted the premise that
all the feasible alternatives in flood control should
be given full and equitable consideration. The objec-
tive should be to find the best combination of mea-
sures. In practice, however, the Commission noted,
the implementation stage is still in a state of flux,
and that federal agencies have not been particularly
successful in putting this concept into effect.

Nevertheless, the imperative need still remains.
Gilbert White in one of his assessments (1973) states:
"Unless there is a marked change in the mix of adjust-
ments applied to the nation's floodplains, there will
be no overall decrease in flood losses.™

In the meantime, however, floodplain zoning and
interrelated flood-insurance program is scheduled to
become operational on July 1, 1975. Local governments
and citizen groups are in urgent need of guidelines
and recommendations that would help them to react re-
sponsibly towards federal policy and planning. The
integrated measures of land-use zoning and federal
flood insurance signal a radical change in federal
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policy and reflects and overall strategical initiative
to cut the nation's flood losses. Under this new pol-
icy, contribution to the reduction of future flood
losses will be based on a tri-lateral structure, with
the Federal Government emphasizing the overall strate-
gical framework, the State and local govermments en-
forcing the policies at the local level, and the
floodplain occupants bearing the cost of floodplain
occupancy.

The study on syntheses of flood-control measures
answers a third need, namely a refinement in the syn-
thesis will enable the development of a sound flood-
control strategy that is both currently relevant,
long-range and flexible. The final selection of a
particular strategy will come out of technological va-
rieties of multi-directional measures and requirements
of a sound strategy. Short-term, mid-term or long-

~term strategies are likely to reveal that ''rarely one
' measure

alone or a small number of measures, either
structural or nonstructural, rTepresent the most fea-
sible long-range strategy'" (Yevjevich, 1974).

4.1 Synthesis of Prevention Measures with the Other

Measures
(a) General Description. Prevention measures
have been subdivided into two broad sub-categories:

1) meteorological prevention measures such as exces-
sive rainfall suppression and large stormmodification,
and 2) snowmelt prevention and prevention of breaches
in artificial water-impoundment structures.

The synthesis of the meteorological prevention
measures with the other categories of measures is at
present handicapped by a lack of either adequate work-
able technology or prohibitory costs. The prevention
of snowmelt, because of its large areal coverage, is
limited purely by economic consideration. The pre-
vention of breaches in artificial water-impoundment
structures depends upon future technology in predict-
ing earthquakes and landslides.

(b) Statements of Objectives.
prevention measures with the other categories of mea-
sures appear at present to be infeasible. Therefore
the writer proposes to go to the next synthesis, syn-
thesis of prediction measures using the other basic
groups.

Synthesis of the

4.2 Svnthesis of Prediction Measures with the Other

Basic Groups

(a) General Description. Flood forecasting and
flood warning have been fcound to be limited to short-
range and medium-range hydrologic forecasts. 0f all
the flood types identified for the temperate countries,
the rainfall floods of the frontal type, the "slow"
flood appears to be the most promising for prediction.
Both medium-range meteorological and hydrologic fore-
casting could be used conjunctively to establish the
prediction under the weather system of the meso-scale
range.

The prediction measure could be synthesized with
any or all the other basic categories: flood proofing
and zoning; physical control and insurance. If physi-
cal control 1is further divided into intensive and



extensive physical control, there will be at the most,
four basic groups to synthesize with the prediction
measure. The combinatorial arrangement, given that
the prediction measure is the sole primary measure,
upon which the other basic categories could depend,
indicates fifteen possible combinations of basic cate-
gories, where order is not important:

n=5 _ 4 4

7 ( 1) = i) ( ) = 15 possible combinations, (4-1)
x=2 e Y:J. X
where n = the total number of basic groups: 1) pre-

diction, 2) zoning and proofing, 3) extensive measure
4) intensive measure and 5) flood insurance. The pre-
diction measure is the independent primary measure in
the synthesis, and is present in all the possible com-

binations, starting with pairwise combination to all
mutually inclusive combination of the total. There-
fore out of (n-1) supplementary choices, there are

(x-1) ways to combine the basic measures, with x=2, 3,
4, 5. Where order is important, the permutation with-
in each combination is y!( ). The physical constraints

of the terrain usually could help to eliminate some of
the permutation in each combination.

The question of the levels of sizes of each mea-
sure in each basic group does not arise, since such
component sizes are independent of the prediction mea-
sure. The operation of the basic dependent categories
upon the prediction measure rests on three performance
parameters. They are the forecast period, t; the fore-
cast accuracy, e; and the level of the human response
to flood forecast, T, The role of each of these per-

formance parameters will be indicated in the perfor-
mance models to be synthesized.

(b) Statement of Objectives. Given the predic-
tion measure of flood forecast and flood warning the
objective is to indicate how the prediction measure
could be integrated with the other basic category and
how a total composite integration could be established
with the prediction measure taken to be the primary
independent measure, on which the other basic depen-
dent measures are to operate. For purposes of discus-
sion, each of the basic groups is taken in sequence
for illustration.

(1) With dynamic flood proofing. Prediction mea-
sure could be synthesized with "dynamic” flood proof-
ing of structure as distinct from "statie” flood
proofing. The former is contingent upon the receipt
of flood warning while the latter is permanent. (Bha-

vnagri, et al., 1966).

(2) With intensive physical control. Synthesis
of flood forecasting with reservoir flood storage reg-
ulation, operation of release basin, parallel channels
and diversions is possible. The role of flood fore-
casting in regulation of flood control reservoirs is
based on how much the capacity for flood damage Teduc-
tion could be increased by making storage available
before the flood arrival (Klemes, 1973). The rate of
reservoir release can be increased up to bankfull
stage in order that more storage could be made avail-
able, when the flood arrives, thus decreasing the
downstream flood damages.

(3) With extensive physical control of water-

sheds. Tf the upland watersheds are relatively large
and if there is sufficient time for flood-forecast
dissemination, both land treatment measure and struc-
tural measure could be prepared in advance to reduce
the runoff and subsequent flooding and sediment flow

along streams and channels. For the land treatment
measures, diversions and farm ponds could be prepared
in advance to accept the predicted floods; terraces
and contours drainage could be improved and for the
structural measures, flood water retarding structures;
silt and debris basins and grade stabilization struc-
tures could be readied not only to control floods but
also to control erosion and sediment.

However, despite the prediction, there are three
discriminatory factors which should be recognized in
the synthesis: 1) both land-use measures (with their
vegetal-biological cover) and structural measures are
apparently more effective on erosion and sedimentation
control than localized flood peak attenuation; 2) the
effects of these two joint measures are perhaps more
readily detectable on flood-peak attenuation in the
growing season, when the influence of the nonstruc-
tural measures are most marked, and 3) structural mea-
sures alone cannot be fully effective without proper

land-treatment measures first, to conserve soil and
water (Renne, 1967; Gambell, 1969).
(4) With flood insurance. By means of flood

forecast and flood warning, the annual flood-insurance
premiums charged for insurance of contents of property
could be reduce . Synthesis of the prediction measure
with flood insurance assumes that the contents will be
removed to a higher level than the predicted flood
level. Without the prediction measure, it is "assumed
that none of the contents will be removed from struc-
tures prior to a flood," an assumption used by the
Corps of Engineers in their "Guidelines for Flood In-
surance Studies" (1970).

The objective is therefore to determine the opti-
mal policy which will maximize the expected annual net
return of the synthesized measures. The expected an-
nual net return objective functions are listed below:

(1)

With zoning and dynamic flood-proofing measure,

Ly
N N N
A A s e
max. [ &7 N = } s x - I & C o (-2
1=1 1=1 1=1
(2) With intensive physical control measure, St,
N1 N1 Nl
max. ] 65t ngSt - oSt xSt 7St ¢St (ge3)
1 1 1 1 1 1
1=1 1=1 1=1
(3) With flood insurance, In,
N1 N1 N1
max. z 6111 NBIn - z 61]‘1 XII} _ Z 611’1 CID (4-4}
T 1 1 L 1 1
1=1 1=1 1=1
(4) As a prediction measure alone by itself, P,
N, N N
max. | af NB? =7 &x. I &£ cf, @9
1=1 1=1 1ot =1 1
where 61 = a digital indicator with 1 or 0 value, in-

dicating whether a measure 1is included or not in the
synthesis; 1 = and index, indicating how many measures
are included in each group, (1=1,2,...,N); NB = the
expected annual net benefit of each basic group; X1

and C1 = the expected annual benefit and public cost
of the 'pairwise synthesized measures.



The total synthesis of
basic groups would result in:

the whole categories of

N, N, N
T
s NBPo[ T 6 % nBD +
1 1 1 1
1=1 1

In

1
¥ 1 s P, (4-6)
1=1

when the first term in the objective function indi-
cates the prediction measure operating alone; the sec-
ond, third and fourth terms indicating the general
synthesis with the other basic categories of measures
and the last function ¢, allowing for any positive or
negative external diseconomies Y , as a result of
synthesis. The optimal policy could be found by dy-
namic programming either with one-dimensional or two-
dimensional state variables, depending upon whether

hydrologic dependence of the interactive measures is
present.
(5) Synthesis with extensive physical control mea-

sures is shown separately because of the different na-
ture of the measure, namely

N, N, N,
max. J & w2 ] 6 F0 - ] &
1=1 ! 1=1 1=1
(4-7)
ooN N Ny
max. J 6% NBPF = (] & gt - ) &t ¢t
1=1 B=1 g=1
N_ N N,
St St st St Lu  Lu
+ (L &TxT - ] Ty £ e[TC] 87 Y
k=1 k=1 =1
Nl
¢ E 651: Yst)] (4-8)
1=1 1 1

The special nature of the extensive physical con-
trol measure is the partition of the objective func-
tion intoland use (Lu), and structural measures (St),
and the possibility of external transformed positive
or negative benefits resulting from flood and soil
erosion control affection water quality and environ-
mental health. This is accounted for by the ¢ func-
tion.

(c) The Performance Mudels of the Synthesized
Measures. The performance model of the synthesized
measures calls for an overall economic model, to par-
tition benefits and costs. Under this overall economic
assessment model are the several respective hydrolog-
ic-technological submodels which will be mentioned as
the measures are incorporated.

(1) With the prediction measure by itself. The
amount of preventable damages through prediction are:
a) moveable items - of appliances, furniture and dry
goods, b) temporary evacuation of livestocks and hu-
mans, and ¢) rescheduling of commercial, industrial
and agricultural activities.
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The expected annual benefit of the prediction
measure is the amount of economic losses that are pre-
ventable through prediction. It is measured under the
approaches with and without prediction. As . estimated
by Day (1970) and White (1973), it is of the order of
two to five percent of the total flood damage in urban
areas.

The expected annual benefit due to reduction in
preventable flood losses 1is however modified by the
accuracy of the forecast, the forecast period, and the

level of human response to the forecast. Hence:
Nr N. N.

P p P P
B =1 r 7} % Fo. . % P.. . (B,
e T j=1 i=1 (i,j) k=1 (i,j,k,m)" (i,j,k)

P

= Qi : (4-9
ERRSE }
where Bp = the expected annual benefit due to the
prediction measure alone P; rg = the fraction of

floodplain occupants that respond to the prediction;

rﬁ = the fraction of desirable benefits due to ad-

vanced forecast peried t; N_ = the total number of

T

river reaches; Nj = the total number of levels at each

Teach = the probability of a flood of level

1y F.. -
T ) -
i occurring in reach j 1in any year; P(i,j,k,m)

the probability of an actual flood of level i, for
reach j, resulting in a Bredicted flood level k, for
prediction network m. C(i 5,K) = the expected annual

private cost incurred by floodplain occupants in re-
sponse to the prediction (see Appendix B).

The technological submodels are already listed in
Chapter 2 for analysis of this measure.

(2) With dynamic flood proofing. The expected
annual benefit function from dynamic flood proofing
contingent on prediction, is that portion of benefit

BF1P such that

N_ N, :
Flp _ _FIP.F|P T F|P
oFIP - LIREIP 5 Fii,9) k% Pi.km B0

j=1 i=1 =1
E|P
-C.l . : 4-10
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with Bilpj 5§ the expected annual benefit of the
dynamic flood proofing of structures and C?ipj Ky =
2t

the expected annual private cost
proofing. The other

of dynamic flood
symbols are previously defined.

Bhavnagri et al. (1966) have formalized
drologic submodel for flood-damage computation
namic flood proofing, with the expected value
tour characteristic damages before and after dynamic
flood proofing. This serves as a submodel for formal-
ized computation of flood damages to structures in the
floodplain.

the hy-
for dy-
of con-

(3) With intensive and extensive physical flood-
control measure. If prediciton is integrated with the
intensive and the physical flood-control measure, one
needs to distinguish whether prediction is used for
storage regulation of reservoirs or stage regulation
of channels, diversions and parallel channels. For




storage regulation, the benefit function above is mod-
ified thus:

NLON
st|P st|P F :
B | i | ) i (s;,1)
j=1 i=1
1
P ; St|p st|p
- (Sesdus, ;MBS0 o =@, 1 (4-11)
k=1 i k (s5,3,5;) (5,5155))

where flood level 1 1is replaced by storage Sis for

the reservoir at reach

storage requirement Sk
there is either regulation or no regulation. The bene-
St|P

B :
(s;,3,8,)

expected reduction in annual flood damage estimated on

the basis that reservoir regulation is with or without
prediction.

j, resulting in a predicted
. The response rgt = 1 since

fit occurring to storage regulatien is the

The hydrologic submodel will be a predictive sto-
chastic streamflow model with watershed-management
systems together with storage-reservoir routing. Opti-
mal operation procedure for rescrvoir releases have been
shown by Burton, Hall, and Howell (1963), with the op-
timal regulation policy determined by dynamic program-
ming.

(4) With insurance measure. The effects of the
prediction measure on the depth-damage curves for con-
tents of residential, commercial and industrvial huild-
ings are to reduce the annual insurance premiums or
contents of property. The prediction measure could
result in a lower annual premium rate if human re-
sponse to flood warnings alters the depth-damage
curves for moveable contents. The benefit function is
the same as for the prediction measure, except that
the efforts are now directed to reduction of insurance
premiums,

(5) The composite performance model. The syn-
thesis of the composite measures result in evaluating
the optimal investment policy for the maximum expected
net benefit return.

|p BSt|P . BJn[P P

max. BP + [BF + ] -C,

(4-12)

P|P, gStlP

= the expected annual benefit of the reduction
in annual insurance premiums for contents of structure

and CP =

where BP, B

are previously defined symbols:
BIniP

the total annual cost of the prediction mea-

P 2 ;
sure, C = the public cost of the forecasting measure,
P 5 —
whereas C(i i1 = the private cost of the prediction
-3 El
measure such as evacuation, reoccupation, etc. The

same distinction applies to the other benefit func-

tions outlined above (Day et al., 1969).

(d) The Results of the Relevant Synthesized Mod-

el's Analysis as Applied to the Particular Test Basin,

the Arkansas River Basin. The scope of the prediction
measure, flood forecasting and flood warning is lim-
ited mainly to the weather system of the mesoscale
range. As well as hydrelogic forecasting, the meteo-
rological forecasting related to the microscale local-
ized convective system which causes flash flooding, is
not yet fully operational. Nevertheless, the mesoscale
system in the case study of the Arkansas River Basin
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contains
brought

a very large amount of moisture that is
there by the convergence flow of moist air
from the Gulf of Mexico. Conscquently the mesoscale
system is potentially significant in terms of flood
damage caused by slow floods.

In the Arkansas River case, there is no flood
warning system fully operational, as far as the writer
could estublish, and there are not available data for
integrating fleod warning in the operational flood-
control regulation of the [Pueblo and John Martin Dams
as well as the proposed Fountain Dim.

Nevertheless, the prediction measure tfor the Ar-
kansas case could be implemented. The case study has
found that for the present level of cconomic develop-
ment in the Arkansas River alluvial floodplains, flood
forecasting and flood warning could he introduced
based on an optimal configuration of recording and
telemetering  raingages fixed at an optimal dJensity of
one raingage per 530 square miles (Table 3-3). Based
on an  assessment  of about five percent preventable
damages in the econoemic sector, the benefit-to-cost
ratio of the forecasting system is 2,54, with a rain-
gage-performance accuracy parameter b o= 0.25, and a
total human response. Since the subwatersheds adja-
cent to the Arkansas River arce relatively  large and
the time of concentration is more than 6 to 12 hours,
the advanced forecast time is adequate, a criterion
required by the Grayman and Eagleson flood-forecasting
model based on the convective frontal system.

4.5 Synthesis of Floodplain Zoning and P'roofing with

the Other Basic Cutegories of Measurcs.

(a) General Stutement. As alternatives to be
considered, floodplain zoning and prooting together
with fleod insurance could join structural measurcs in
developing a unified program for managing flood losses
(Unified National Program for Managing Flood Losses,
1966). In fact, floodplain zoning and flood insurance
are both seen to he complementary and mandatory mea-
sures in recent years and is a strong clement in offi-
cial flood-control poliey in the United Stutes (Flood
Insurance, 1973, Flood Disaster, 1973; and Flood Di-
saster Protection Act, 1973).

However quantitative criteria (Whipple, 1969) are
needed besides optimization-investment procedure, to
evaluate the synthesis of nonstructural and structural
measures in reducing flood losses. In this context,
the nonstructural means may be acting alone (flood-
plain zoning and flood insurance) or as supplement to
structural means. The quantitative criteria will indi-
cate to what extent zoning is practicable or what com-
bination of intensive physical flood control, :zoning
and/or flood insurance is feasible. If the floodplain
is fairly wvaried, with some scctors in the river
reaches  experiencing much higher flood hazard than
others, then the quantitative criteria should indicate
with the optimization of investment, which synthesized
alternatives of categories of measures should be ap-
plicable. Account should be taken of certain dynamic
factors along the river reaches, particularly the eco-
nomic effects of project induced cconomic growth.

If the basic groups of measures are: 1) zoning
and flood proofing, 2) intensive physical control, 3}
extensive physical control, and 4) flood 1insurance,
the combinatorial arrangement of four hasic groups al-
low for seven possible ways to combine:

4 3 -
L) - LG

X= y=

(4-13)



However, if the physical control group omits ex-
tensive physical control, then there are only three
basic categories: 1) zoning and flood proofing, 2) in-
tensive physical control, and 3) flood insurance. Then
the combinatorial arrangement is about half of the a-

bove, thus
2
RER
y=1 \¥

The formula given does not take account of zoning
measure acting alone as a category, but this possibil-
ity must be included in the development of discrimina-
tory criteria for measure synthesis. The four basic
combinations are: 1) zoning and intensive measures
(z + St), 2) zoning and flood insurance (Z + In), 3)
zoning, intensive measures and flood insurance (Z + St
+ In) and 4) the additional consideration is the zon-
ing measure acting alone (I).

(b) Statements of Objectives. The objective is
to establish an economic optimum by maximizing the net
benefit function of the system. The latter is a sum-
mation of net benefits for the various alternatives,
selecting options for the different sectors of the
river reaches that will maximize the resulting total
net benefit.

2 n-1
) (X_l (4-14)

x=2

The various combinations of subsystems of mea-
sures are represented and considered in the evaluation
of flood loss reduction obviated by the various alter-
natives under consideration. There are two objectives
to be pursued in this approach, the combination of ba-
sic alternatives of measures and the level of optimum
combination, since these measures are interdependent
and are physically interrelated. The increased use of
one means that less of the others need be applied.

Zoning is defined in this paper as existing
improvements which are bought up, destroyed or re-
located, and future improvements which are precluded,
from the restrictive zoned area.

whipple (1969) has defined the first condition
only in his paper and hence his quantitative criteria
are not general enough to cater toa, wider range of sit-
uations. Zoning may also be defined as the prevention
of all future construction without interfering with
existing installation.

The objective functions of zoning either alone or
in combination with the other measures are listed.

(1) Zoning alone,
Nl Nt Nl
B L DR ! s2 c?
=1 ' ! 1=1 1=1 E
N N
1 7 7
I A LA
1=1 1 1=1 NG
(4-15)
where the subscripts E and NG represent existing

and normal growth, repsectively. For purposes of space
saving later, the above two left hand expressions may
be obtained thus:

1
ZiiZ
% 51 Cl

E,NG  (4-16)
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where ©E,NG represent the respective net benefit
function for existing and normal growth.

(2)

Zoning with structural measures,

N1
=3 62 x? -
1=1 :

N\.
ZiZ
) 8°C,

1

§5t yp>t
;

E,NG

c

1 1

1 1
J5 & o 5Stcst
1 1

3 [T(SftY?tﬂ
E,NG PG,LEB,
(4-17)

where the first two terms on the right-hand expression
represent the expected annual net benefits of zoning
and structural measures respectively and the third
term represents the transformed effects of the struc-
tural measure, viz. i) the dynamic effect of land en-
hancement benefits, LEB, and 2) the additional resid-

ual loss due to project induced growth, PG.

(3)

Zoning with insurance,

N, N,
) ainnsf“ =
1=1

N
L s LR

4) with structural and insurance mea-

SUres,

Zoning

Nl
In o I 62)(2
=1 11
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PG,LEB

xln

In
X (4-19)
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Models of Synthesized Mea-

of the above
that there are
subject

The Performance
sures. To illustrate the application
evaluative c¢riteria, one can assume

three types of improvements in the floodplain
to flood damages: 1) existing facilities, 2) normal
economic growth, and 3) project-induced economic
growth. Normal growth includes improvements that will
be built regardless of whether a flood-control project
is constructed. Project-induced growth is that group
of improvements that will be built only if the project
is constructed. For any given sector of the flood-
plain, let the total values of these three groups of
facilities at a given price level be designated as VT’

v " i
VT, and VT.

()




If floods are not controlled, the rate of average
annual flood loss applicable to property in any given
sector be represented by d. If a flood-control pro-
gram is effected, the reduced rate of damage (residual
damage) may be designated as d'.
degrees of flood control are considered,
sets of d' are obtained.

different

The return from the property over and above the
annual costs of the facilities built upon it is re-
ferred to as site income. The rate-of-site income of
existing and normal growth is designated by s and of
project induced growth by s', in each case expressed
as an annual fraction of the total value of the prop-
erties involved.

(1a)

Zoning alone. Zoning alone is applicable

to a given sector only when a positive net benefit is
indicated,
SENBE =V, (d-d') + VA(d-d') - (V. + V2)(s) - 657
11 T T T T 11
= (V, * V) (d-d') -(V. + v1)(s) - &2cE
T T T T 11
(4-20)
(1b) Structural measures alone. Structural mea-

sures alone should take account of project-induced
growth and increased residual flood damages, and is
applicable to a sector when again, a positive net ben-
efit is indicated.

5TNBSE = V. (d-d') + Vp(d-d') + Va(s") - VA"
st.st
- 8Tt = (g ¢ V@A) Vs
mrqry | StSE i
Vi) 8, €, (4-21)

where the last two terms on the right hand expression
are: (a) Vpls') =

structural measures and (b) V%(d'] = the increase in

residual flood damaged due to project-induced growth.
Hence comparing the two sets of net benefits in-

dicates that zoning will be more profitable than the
structural measure for that protected sector only if

Lo L St St
GLNBl > 61 NB1 (4-22)
or
(V. + V1) (d=d') - (V.. + V2)(s) - &4c”
T T T T B
> (Vg *+ V1) (d-d') + Vi(s") - V') - 605t
(4-23)
i1.e,
' StSt : zZ.2
VR # §7°CTT > (Vg + VII(S) + VR(s') + 87C]  (4-24)
that is, zoning will be more profitable than the

structural measure of protection, if residual flood
damages and annual cost of the structural measures is
greater than the site income and the annual cost of

Hence if different

the land enhancement benefit due to
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zoning (iho annual cost of land value sacrificed under
zoning restriction).

(2) Zoning and structural measures. Zoning and
structural measures are applicable to a given sector
of a river stretch when a positive nct benefit exists,

2.2 St,, .5t _ o _ .
GINB1 + 61 &Bl = (VT + VT){d-d'} {VT + V%][h]
.Z)st

63|Stt
1 1

v VR(s") - vRdY) - (4-25)

(3) Zoning and insurance measures. Zoning and
insurance are expected to produce a higher net benefit
than zoning alone, bhecause the result of indemnifica-
tion of the residual damages after zoning restriction
is applied leads to minimization of economic disloca-
tion after a flood,

GTNBE + 6anBIn = (Vg + V) (d=d") - (Vg + VE)(S)
= 6fcf +ap (Vo + V1) (@') - af"c{“ (4-26)
5fNBf * GIHNBEH = (Vp+Va) (d-d'-s) - afcf
* (Vpr VP (g - B )d, (4-27)
i ol

1 ] 4 r = e
- BIn(VT + VT}[d ), the annual cost of the in

surance program for that sector where «. = the bene-

In

fit coefficient due to minimization of economic damage
with insurance and aln = the cost coefficient of the
insurance program.

(4)

Zoning, structural, and insurance measures.

+ aftNBSt

In, . In _ ' b
+ 8 NB U = (Vo + Vi) (d-d'-s5)
. s2lstezlst
1 1

+ Vi(s') - Vp(d")

] it r 4=

+ [VT + VT)(uIn BIn]d (4-28)
The synthesized performance should take account of the
standard of zoning restriction applied to the sector
and the area from which urban development is excluded
and the complementary amount of flood proofing and
filling measure to be applied, as a supplement to the
zoning measure. The synthesized model will have to
take into account both land use and structural mea-
sures upstream and downstream of the sector, e.g.
channel improvement upstream may cause downstream
flooding and such exogenous interaction should be in-
corporated in the synthesis., The land value model un-
der zoning restriction will have to take note of the
amount of urban development existing prior to the zon-
ing exclusion as well as the degree of urbanization
where it is not excluded.

The land use synthesized model will contain the
basic submodel for optimal zoning, optimal fill and
flood proofing for each location. The procedure is to
use the basic submodel for local optimal £ill, proof-
ing and zoning in the land use model combining effi-
ciency of land use, engineering alternatives and in-
surance measures.



The basic submodel for each sector is

.7 ) 1@ _F g2
max 6LNB1 = °[DijAI - E[uljﬁ £pa [C ijllfs
P Z JRODLZ
{Cijh]ps = I 1Jn]fp5 (4-29}

where the most convenient way to refer to the order of
subscripts is thus: 1) land specification subscript
paraméters: i = land use, j = location, » = flood haz-
ard, 2) flood mitigation subscripts: f = fill to level
f, p = flood proofing to level p, 3) development pol-
icy: s = specific development policy invelving either
structural or nonstructural measures or a combination
of both and with a minimum flood-zoning standard.
Therefore the total eystem for the land use model or
the floodplain model is,

z|st In . z|st In L3 &
f):ﬁ NB =71 c
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where I = the total number of ldnd uses; J = the to-

tal number of locations; e[D 1Jl] = the expected an-

nual flood damages for land use 1, at location j with-
- (2)
Z): = the expected
(Z); ¢ 1”] the expec

residual flood damages for land use

out the zoning measure
i, at location j
with the zoning measure, (Z); [CEjAst = the expected

f for 1i,j,r, activity,
s, and with a flood hazard

annual cost of fill to level
given public investment in
P
X [C'jk]ps
ing of structures to level
in s, for i,j,k, activity,
ROD
1JAprs
flood damages associated with the i,j,A activity after
private investment in fill to level f and flood
proofing to level after public investment in s;

St
E[csl]zfps
tural measures with policy

= the expected annual cost of flood proof-

p, given public investment
with a flood hazard A;

= the expected residual off-site annual

p-‘
= the expected cost of the

= the

annual struc-

St
74 Olelzfps ex-

pected other present annual benefits associated with

policy s; E[OCSA] = the expected other present an-

fps

nual costs associated with s, but not accounted for

IJ z
7 T )[ ¥ E[DijA]fps = the ex-
pected, annual net beneflt in minimizing economic dis-
location with flood insurance indemnification of the
expected residual flood damages, for all land uses, I;
and all locations, J.

anywhere else;

Simplified into their basic components, the ob-
jective is to maximize the overall economic efficiency
objective,

z|st In

weees S[] = ce]? + eNB]®t 4 enB)™ (4-31)
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" er Basin.

- mum flood standard,

with a combination of land-use regulations, develop-
ment policies (varying floodplain-restriction stan-
dards) and engineering structural measures subject to
various physical and institutional constraints.

The Submodel for the Test
The problem at

Areq: the Arkansas Riv-
hand in the Arkansas Test
case is to determine whether =zoning alone or zoning
and insurance as synthesized measures are applicable
to urban sectors situated along the Arkansas main stem
and its major tributaries. The other two alternatives
listed as items (2) and (4) under the subheading (c)
above of the performance models will be discussed in
relation to structural synthesis, which is to be dealt
with in Section 4.4.

Conceptually the synthesis of these two nonstruc-
tural measures will prove the most important hecause
great hopes are placed on such integrating measures to
reduce the future flood losses.

One must separate here two apparently
ing issues:

interlock-
1) the need for an overall national mini-
where the flood problems are seen
in the national perspective; and 2) the need for local
optimum in zoning restriction in order that its com-
petitive level may be assessed and compared with the
other flood-control measures in a localized regional
context.

The national perspective on flood-control recog-

nizes the kind of zoning restrictions and criteria
must be in keeping with the changes in vulnerable
property located in the floodplain, i.e. the vulnera-

bility to catastrophic losses has increased with a
larger proportion of losses coming from extreme flood
events. Hence there is the argument for the reason-
ableness of the 100-year flood level, which is to he
used as a basis for floodplain repulation and rates
asscssment for flood insurance. The need for the local
optimum zoning standard is to evaluate its relative
potential competitiveness of the zoning measure with
the other measures, taken singly or conjunctively.

To reconcile these two apparently conflicting de-
mands, optimization could yield the optimal flood-re-
striction level for local zoning as well as the indi-
cation of its relative performance from the optimum,
if the 100-year flood standard is adopted. In the
United States, the 100-year flood standard is favored
hy at least 21 states and all the major agencies such
as the US Corps of Engineers, the Geological Survey,
the Tennessee Valley Authority and National Oceanic
Atmospheric Agency (Flood Disaster, Public Law 1973).
But this 100-year standard has never hecen written into
Federal laws. The 100-year standard means that any
structure in a flood-prone area should have its lower
floor above the stipulated level of the flood, which
has a one percent chance of recurring each year, i.e.,
the 100-year average return-period flood.

The synthesis of measures of land use and flood
insurance involves prohibitory zoning such that area
A in quadrant (C) of Fig. 4-1 is the direct measure of
zoning benefit. Zoning restriction level is at J,
where J 1is systematically varied at 5, 10, 25, 50,
75, 100, 125, 150, 175, 200, 225, and 250 year average
return period. Residual flood damages characterized by
B is indemnified by flood insurance, as a fiscal
strategy that yields direct benefit in minimizing the
economic dislocation resulting from flooding (see Ap-
pendix C).
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Fig. 4-1 Performance of the Synthesis of Prohibitory-

Zoning and Flood-Insurance Measures

Hence the gross benefit of the joint nonstructur-
al measures is

z|J In|J -
(B Tijen * I8 " lisna (4-32)
where [BZrJ] = the expected annual benefit of
a Jijea P +

flood-1loss reduction for land use i, location j, flood
hazard A with zoning restriction level at J, and
[BIn]J]

a ijth
surance as an integrated component of zoning,
same land use i, location j, flood hazard
the full period of zoning t.

= the expected annual benefit due to in-

for the
A and for

Z, In|J :
T , o . e
he total [Ca ]l}tl of zoning and insurance
for an urban area is
Z, In|J z|J In|J
C .. = -
[ a ]1Jtl [Ca ]lth E [Ca ]ijtl (4-33)
where [CZrJ] = the annual loss of capital, income
a “ijti P !

|
and production (in this case land capital) and [CIH'J

a I
= the annual cost tof . the insurance program admini-
strative, co-insurance, expense loading, etc.).

The annual net benefit in land-use zoning and in-

surance with the minimum flood level J is therefore:
Z,In|J A In|J
[NB lijen = B3 Dgen * lisea
o Z)9 InlJ .
[Ca  dijen = (G4 "Mijppe (4-34)

(d) Results of the Relevant Synthesized Model
Analysis as Applied to the Particular Test Basin, the
Arkansas River Basin. The results of the synthesis of
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land-use czoning and flood-insurance measures for the
urban area scattered along the Arkansas River are:

(1) The
joint measures are
Arkansas River floodplains except
Dry Creek in Pueblo City. In the
annual cost of land sacrificed
striction is very high.

prohibitery zoning and insurance as
applicable to urban areas of the
for Pueblo and the
latter areas, the
under the zoning re-

(2) The relative competitiveness of flood insur-
ance and restrictive czoning is influenced by the
trade-off between two pairs of performance indices:
zoning is superior to insurance when the trade-off be-
tween the expected flood-loss reduction is much great-
er than the annual cost of land sacrificed under the
zoning restrictions. Zoning is inferior to insurance,
or even inapplicable, when the cost of urban land is
very high as in the central business district of

Pueblo.

(3) : S
ance versus land-use zoning is high since
when the cost weightage is assumed to be

The relative competitiveness of flood insur-
B/C = 1.66,
Brq = 0.5

rather than 0.73 as used by the Corps of Engineers
(1970).

(4) In case the cost of land is relatively inex-
pensive, as it is the case along some urban stretches

of the Arkansas River main stem, except in Pueblo and
along the Dry Creek, czoning as a measure alone or in-
tegrated with flood insurance becomes more advanta-
geous than flood insurance, as demonstrated by data in
Tables 4-1 through 4-6. Results are:

Minimum Standard of 100-Year Return Flood

B
(i) Synthesized measures /C
(zoning plus insurance) $563,047 = 1.95
$288,247 )
(ii) Zoning alone $485,423 - 201
$241,058 o
(iii) Insurance alone $ 85,905
- — = 1.66
$ 51,750
Global optimum of the system
(i) Synthesized measures
(zoning plus insurance) $544,282 _ 8%
$238,243  °*F
The global optimum is for different optimal flood
standards from the lowest of 10-year to the highest of

125-year return-period floods.

(5) With the important qualification of rela-
tively low cost of land, the above conclusions support
the congressional testimony of Bernstein (Flood In-
surance and Disaster: 93rd Congressional Hearings,
June 1973). He claimed that a firm stand on the impor-
tance of land-use measures will, in the long run,
prove to be of even greater importance than the sudden
increase in flood or other insurance measures.

4.4 Synthesis of Intensive and Extensive Flood-Con-
trol Measures with the Other Categories of Measures

(a) General Description. Synthesis of intensive
and extensive measures are done separately because the
role of each basic category of measures is different.




TABLE 4-1

PROHIBITORY ZONING AND INSURANCE IN FREMONT COUNTY

Annual Annual Annual
Benefit from Benefit from Gross Annual Total Annual Net Zoning
Zoning Insurance Benefit Cost Benefit level
Location ($) (s) ($) % €3] B/C (Years)
Florence 14,584 5,240 19,824 8,193 11,631 2.42 25*
17,108 3,144 20,252 9,951 10,302 2.04 100
18,171 2,262 20,433 10,931 9,502 1.87 200
Cotopaxi 5,689 3,114 8,803 7,023 1,780 1.25 100
6,463 2,472 8,935 7,065 1,870 1.27 125*
7,219 1,844 9,063 7,973 1,090 1.14 200
Chandler
§ Oak Creek 132,165 32,869 165,034 58,166 106,867 2.84 25*
156,050 13,043 169,093 69,243 99,851 2.44 100
161,608 8,430 170,038 77,973 92,006 2.18 200
Coal Creek 6,897 8,299 15,196 12,145 3,051 1.25 25%
12,188 3,907 16,095 15,921 174 1.01 100
13,708 2,646 16,354 16,679 -326 0.98 200
Portland 13,204 21,004 34,208 20,698 13,509 1.65 10*
31,046 6,194 37,240 33,508 3,732 111 100
33,128 4,467 537,595 38,100 -506 0.99 200
TABLE 4-2 PROHIBITORY ZONING AND INSURANCE IN PUEBLO COUNTY
Annual Annual Annual .
Benefit from Benefit from Gross Annual  Total Annual net Zoning
zoning Insurance Benefit Cost Benefit Level
Location () ($) ($) %) ($) B/C  (Years)
Partly Residential § Partly Central Business District (Pueblo)
Fountain Creek 137,816 65,591 203,407 116,578 86,830 1.75 25%
(Below 8th 179,946 30,623 210,569 180,284 30,285 1.17 100
Bridge} 189,517 22,679 212,196 214,031 -1,835 0.99 200
Central Business District (Pueblo)
Fountain Creek
(Above 3th
Bridge) 0 185,073 185,073 277,988 -92,914 0.67 5
57,275 137,535 194,810 1,331,552 -1,136,741 0.15 100
82,645 116,478 199,123 1,651,820 -1,452,697 0.12 200
Dry Creek 0 2,796 2,796 2,623 174 1.07 5%
565 2,327 2,892 19,225 -16,333 0.15 100
1,049 1,926 2,975 21,797 -18,823 0.14 200
(1} Synthesis of Extensive Measures, which are small dams are not felt by downstream flood control,
essentially land-use treatment and structural mea- although sedimentation control at upland watersheds
sures, are possible with such nonstructural measures has its influence felt downstream. Black (1972), in
as flood forecasting (if the watershed is large a series of laboratory studies, concluded that large
enough), flood zoning and flood insurance. The hier- dams are the most effective in reducing flood peaks

arehical-multilevel approach outlined in Chapter 3 on
the analysis of extensive physical flood control could
be used to synthesize such basic categories of mea-
sures as are outlined above, with the effects studied
of changing land use, synthesis of high and low flows,
analysis of flood-land encroachment and designation of
flood-land regulatory zones.

However, the role of extensive measures are lim-
ited to local floods of relatively small duration and
flood peaks., The effects of upstream flood control by
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for larger, regional or subregional climatic flood-
producing events, whereas small dams are likely to be
most effective for more localized flood producing con-

ditions involving limited showers, snowmelt, reduced
infiltration rates, etc.

(2) Synthesis of Intensive Measures, which are
relatively capital intensive, have been criticized

more for their feared environmental impacts than for
their useful preventive role in abating flood damages
in urban floodplains subjected to intense land use.



TABLE 4-3

PROHIBITORY ZONING AND INSURANCE IN OTERO COUNTY

Annual

Annual Annual
Benefit from Benefit from Gross Annual Total Annual net Zoning
. zoning Insurance Benefit Cost Benefit Level
Location (&) % %) (%) ($) B/C (Years)
King's
Arroyo 6,535 4,282 10,817 8,972 1,844 1.21 25%
8,768 2,427 11,195 12,118 -922 0.92 100
9,961 1,438 11,399 15,298 -1,299 0.86 200
Anderson
Arroyo 12,371 2,456 14,827 4,954 9,893 3.01 10*
14,171 962 15,133 6,406 8,727 2.36 100
14,596 609 15,205 7,304 7,901 2.08 200
La Junta §
North La 163,017 85,126 248,143 106,212 141,951 2.34 25%
Junta 214,328 42,537 256,865 120,506 136,359 2.13 100
(Reach 2 231,816 28,022 259,838 131,738 128,101 1.97 200
Urban)
Rockz Ford 20,541 6,889 27,430 11,500 15,529 231 25*
25,301 2,938 28,239 13,529 14,710 2.09 100
26,761 1,726 28,487 14,837 13,551 1.91 200
TABLE 4-4 COMPARISON OF INDIVIDUAL MEASURES WITH SYNTHESIZED MEASURES IN FREMONT COUNTY
Location Zoning alone Insurance alone Zoning § Insurance
—=r = ™
Annual Annual .= 2 Annual Annual 577 Annual Annual =279
Benefit Cost B/C Z g Benefit Cost B/C § 7 Benefit Cost B/C 5 T Remarks
M= e £ =
Florence 16,631 7,554 2.20 75 5,240 3,157 l.66 - 19,824 8,193 2.42 25* Change in optimum
17,108 8,057 2.12 100 3,144 1,894 1.66 - 20,252 9,951 2.04 100 When synthesized
18,171 9,568 1.90 200 2,262 1,362 1.66 - 20,433 10,931 1.87 200
Cotopaxi 5,689 5,576 1.02 100 3,114 1,876 1.66 - 8,805 7,023 1.25 100 No change
6,463 5,147 1.26 125* 2,472 1,489 1.66 - 8,935 7,065 1.27 125*
7,219 6,862 1.05 200 1,844 1,111 1.66 - 9,065 7,973 1.14 200
Chandler §
Dak Creek 146,909 49,875 2.95 50% 32,869 19,800 1.66 - 165,034 58,166 2.84 25* Change
156,050 61,385 2.54 100 15,043 7,857 1.66 - 169,093 69,243 2.44 100
161,608 72,895 2.22 200 8,430 5,078 1.66 - 170,038 77,973 2.18 200
Coal
Creek 10,073 10,321 0.93 50 6,897 4,155 1.66 - 15,196 12,145 1.25 25* Change
12,188 13,568 0.90 100 12,188 7,342 1.66 - 16,095 15,921 1.01 100
13,708 15,086 0.91 200 13,708 8,256 1.66 - 16,354 16,679 0.98 200
Portland 23,744 16,098 1.48 25*% 21,004 12,653 1.66 - 34,208 20,698 1.65 10* Change
31,046 29,777 1.04 100 6,194 3,731 1.66 - 37,240 33,508 1.11 100
33,128 35,410 0.94 200 4,467 2,691 1.66 - 37,595 38,100 0.99 200
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TABLE 4-5 COMPARISON OF INDIVIDUAL MEASURES WITH SYNTHESIZED MEASURES IN PUEBLO COUNTY

Location Zoning alone Insursnce alone Zoning & Insurance
Annual Annual Zoning  Apnual Annual Zoning  Annual Annual Zoning Remarks
Henefit Lost 8/C level Benefit Cost B/C  level Benefit Cost B/C  level
Fountain Ureck 137,816 77,065 1.79 15~ 05,591 39,512 l.66 - 203,407 116,578 1.75  25* No change in
179,946 161,837 1.11 100 30,623 18,4458 1.66 - 210,569 180,284 1.17 100 optimum when
189,517 200,369 0,95 200 22,678 13,662 1.66 - 212,196 214,031 0.99 200 synthesized
fentral Business District: Pueblo
Fountain Creek 0 166, 498 0 5 185,073 111,490 1. 66 - 185,073 277,988 0.67 5 No zoning
{Ahove 8Sth 57,275 1,248,099 0,05 100 137 335 82,852 1.66 = 194,810 1,331,552 0.15 100 practicable
Bridge) 52,645 1,581,655 0,05 200 116,478 70,167 1.66 - 199,123 1,651,820 0.12 200
1] 438 0 5 2,706 1,684 1l.66 - 2,798 2,623 1.07 5 Mo zoning
565 17,823 0,05 100 2,327 1,402 .66 - 2,892 19,225 0.15 100
1,049 20,637 0,05 260 1,926 1, 1600 1.66 - 2,975 21,797 0.14 200

TABLE 4-6 COMPARISON

OF INDIVIDUAL MEASURES WITH SYNTHESIZED MEASURES IN OTERO COUNTY

Location Zoning alone Insurance 2lone Zoning and Insurance
Anna | Annual Zoning  Annual Annual Zoning  Annual Annual Zoning
Benefit Cost B/C  level Benefit Cost B/C  level Benefit Cost B/C level Remarks
King's Arroye 6,555 60,395 1.02 I5* & 282 2,580 l.o6 - 10,817 5,972 1.21 25" No change in
1,764 W, 650 1.82 100 2,427 1,462 1.66 - 11,195 12,118 0.92 100 optimum when
B,061 12,432 0,80 00 1,438 866 .bb - 11,359 13,298 0.86 200 synthesized
Anderson Iyarl 1,2 0,57 - 2. 456 1,480 1.66 - 4,934 3.0l 1+ No change in
Arrove 145171 8,827 2,43 10D 962 3500 Lot - 6,406 2.36 100 opt imum
141,590 6,937 2,10 2on SIE] T BT - 7,304 .08 D0
LaJunea § N - = = - #5,1.26 51,281 l.66 - JI8,113 106,212 2,34 25" Change
i 214,528 882 126 ipOT 12,537 25,025 .66 - 256,805 120,506 2,13 100
{Reieh 2 urhan) 251,810 1L, 857 202 2oo 28,022 1o, 850 1.60 - 250,838 131,738 1.97 00
Hucky bord - = = b, BRY 3,150 1.b6 - 27,430 11,900 2.31 15 Change
25,301 20150 1w 3 1,770 l.ao - 28,239 13,528 2.08 100
Mo, ol 1,93 200 1,040 1,66 - 28,487 14,937 1.91 200
For many of the central business districts and for protection in each combination determined through com-

most of the industries situated in the principal busi-
ness areas, coning restriction may not be applicable.
Hence the synthesis of intensive physical flood-con-
trol measures becowes vitally important, hecause the
same degree of flood prevention or protection may be
achieved by synthesizing channel improvements, auxil-
iary channel flood walls or levees, diversion tunnels
or upstream reservolrs with insurance, flood forecast-
ing or flood proofing. In this sense, czoning ordi-
nances, subdivision regulations and building costs are
not applicable,.

Certain major physical constraints may prevent
the use of structural measures. These include: the
type and density of structures on, above and along the
rivers may restrict channel enlargements to provide
larger flood flows, the right-of-way acquisition may
be too expensive for auxiliary channels, the flood
walls or levees may be infeasible because of covered
conduit in the business section of the city and the
immediate proximity of important buildings, with high-
ways and bridges along and across the streams. In
this situation, a combination of detention reservoir
at an upstream site with flood forecasting, flood
proofing and flood insurance may be applicable.

The positive aspect of channelization is speeding
the runoff of the flood hydrograph, but it also could
sharpen and increase flood peaks downstream if either
the slope, width or roughness is changed. Detention
storage can be justified economically when the down-
stream floodplain suffers relatively large damages in
relation to substantial upstream low cost storage.

(b} Statement of Objectives. The objective in
synthesis is to identify the mix of measures through
combination of measures, with the optimal levels of
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binatorial screening of mixes.

Resource allocation could be carried out through
three approaches: 1) classical programming, 2] linear
programming and 3) dynamic programming. Classical pro-
gramming is highly amenable to analytical solution,
with marginal analysis providing the resource alloca-
tion, but its main constraint is in its objective func-
tion which needs to be continuous, convex and qua-
dratic, Linear programming is relatively efficient
but the objective function and constraints are limited
to linear performance functions of continuous vari-
ables, with the production function bounded by a con-
vex region and the variables must be additive and mu-
tually independent. However in relation to resource
allocation for complex large interdependent flood con-
trol systems, linear programming is relatively ineffi-
cient in comparison to dynamic programming. The ad-
vantages of dynamic programming over classical and
linear programming are: 1) its capability in optimiz-
ing nonconvex, nonlinear return functions, 2) its
capacity to use arbitrary performance criterion in-
stead of the least cost, fixed effectiveness criterion
or fixed cost, maximum effectiveness criterion used in
linear programming, 3) it obtains an absolute or glo-
bal optimum solution rather than a relative optimal:so-
lution, the former specifying the optimal control at
every state of the system for every sequence of time,
4) constraints simplify and hasten the speed of solu-
tion rather than complicate it as in the other two
methods, 5) continuity of the performance variables
are not required as in the other two methods because
the performance functions could be discretized and 6)
it optimizes the resource allocation without the need
for a special analytic structure of the performance
variables, although convexity is useful and can be
used effectively to simplify the search process (Lar-
son, 1968; de Neufville et al., 1968, 1971; and Gott-
fried et al., 1973).



Five major defects are listed by de Neufville et
al., (1968) in relation to the calculus method: 1) in-
ability to discriminate between relative maxima and
minima, 2) inability to optimize without derivatives
especially when the performance functions are either
not differentiable or in discretized sets, 3) inabili-
ty to maximize when the functions are piecewise linear
as in linear programming, 4) inability to maintain so-
lution stability, and 3) inability to yield to sensi-
tivity analysis of performance parameters. Hence prob-
lem-oriented enumerative techniques in dynamic pro-
gramming are developed to bypass the limitation of
calculus and linear programming to solve nonlinear,
nonconvex problems with an assurance of efficiency and
global optimal policy being obtained, especially for
stage-wise problems of low dimensionality.

(c) The Performance Models. The performance mod-
el is again an overall economic synthesis model in
which are embedded all the submodels of economic and
technological performances. Maximization of the total
net return is

N N
1 1
max. § 6?1:[13 neStIP y sZ18t (pzlst
1 1 7 1 1
Nl N1
) sIn|st xglnlst, ) 6ExISt NBEx]St (1-33)
1 1 1 1 1 1

where St = structural measure; P = prediction measure;
Z = zoning; filling and flood proofing measure; In =
flood insurance and Ex = extensive measures such as
soil and vegetative control at a localized area if
necessary.

The net benefit component functions for the vari-
ous synthesized measures could be summarized into a
neat expression by

Nq Nl |S
- 2]5t iS5t
max. g J 51| NB (4-36)
2
where 2 = the number of the basic category of mea-

sures such as prediction, zoning, intensive and exten-
sive physical contrel and flood insurance; 1 = the
number of measures ineach basic gToup; 61 = the binary

indicator whether any one of a list of measures in
each basic group is included or omitted, hence 51
could either be 1 or 0; %St = the combination of o

basic groups that could be synthesized given that some
elements of structural measures are to be used.

The technologic-hydrologic submodels are manv de-
pending on the nature und manncr of synthesis. Since
1967, the Hydrologic Engincering Center has heen de-
veloping relatively efficient submodels of flood hy-
drograph computations; computation of average annual
damages at each damage center for existing conditions
and for each plan of development, ec.g. development for

reservoirs and channels; the water surface profiles
for river channels of any cross section for either
subcritical or supercritical flow conditions and the

effects of hydraulic structures such as bridges, cul-
verts, weirs, embankments, and dams in the computation.
Water surface profiles are determined for various fre-
quency floods for both natural and modified channel
conditions such as channel improvements, levees and
floodways. The input for the latter may be in English
or metric units.

43

Reservoir System Analysis performs multi-purpose
routing of a reservoir-system based on uniform or
varying unit-time interval and varving flow Tequire-
ments at reservoirs, diversions and downstream control
points. In addition, there is the reservoir-system op-
eration for flood control which could simulate the se-
quential operation of a system of reservoirs of any
configuration for controlling historical or synthetic
floods to determine: 1) flood-control storage require-
ments of reservoirs, 2) the influence of a system of
flood-control reservoirs on the spatial and temporal
distribution of runoff in a basin and 3) operation
criteria for minimizing flooding.

The Submodel of the Study. Although these submod-
els and computer programs listed above are useful,
they do not preclude the writer to develop his submod-
el for the special needs of the problem. One of the
dominating problems is the hydrologic interdependence
of reservoir flood storage with downstream channel or
levee capacity and to probe the hydrologic dependence
and its effect on optimum levels of protection in com-
bination or mixes of measures. The writer has devel-
oped with some assistance from the faculty, the sub-
model of synthesis, utilizing hydrologic dependence as
a basis of performance. The selection of an upstream
reservoir with a downstream improved channel creates
hydrologic interdependence of the two structural mea-
sures. The larger the size of the reservoir, the smal-
ler the size of the improved channel is needed, and
vice versa. The hydrolegic interdependence may be
represented by the reduction in flood-peak parameter
for evaluating the performance of the basic mix of
measures. Residual flood damages found to he not opti-
mal for flood protection by the structural mix, will
be protected by nonstructural measures such as zoning,
proofing and/or flood insurance. The only effective
was to evaluate the optimal mix is by combinatorial
screening.

Synthesis of Struetural Measures and Flood Tneur-
anee, in the Case of the Arkansas River Example. Re-
strictive zoning has been found to be inapplicable to
the city of Pueblo, because of the relatively high
cost of urban land sacrificed under the restrictive
zoning. Since the present evacuation or relocation are
extremely costly and impractical at present, struc-
tural measures together with flood insurance is the
next alternative mix studied.

Various structural alternatives have hitherto
been analyzed by the Corps of Engineers, manely: 1)
on-stream and off-stream dams, with diversion struc-
tures (1968); 2) massive flood channelization for the
standard flood at the Fountain Creek: and 3) flood-
storage dam at the Fountain Creek, 1.5 miles north of
Pueblo Cityv limits (1969).

Both on-stream and off-stream storage Teservoirs
with diversions were shown to be excessive in Cost,
while channelization for the standard project flood of
the Fountain Creek along Pueblo requires an extensive
amount of land and the cost of concrete-lined channel
were found to be very high. The minimum width of chan-
nel of 300 ft gave a B/C ratio of 0.70.

The construction of the Fountain Flood-Control
Reservoir, with standard-project flood protection,
with the Fountain Creck channelization deleted, was

the next alternative.

Given the high cost of zoning in Pueblo City, the
synthesis of mix is to determine the optimal combi-
nation of structural measures with nonstructural



measures, which in this case is the flood insurance.
The structural mix is an upstream flood-storage res-
ervoir and a downstream channelization.

Two-dimensional state dynamic programming is ap-
plied for the resource allocatiom. It is shown in
Chapter 3 in the analysis of intensive, physical flood-
control measures. The additional state requirement 1s
due to flood-peak dependence in vurious structural
measures.

Since the Fountain Creek joins the Arkansas Riv-
er, the isolation of the Fountain Creek river system
is necessary, since dependence analysis is needed for
the Fountain Reservoir. The rest of the stagewise svs-
tem upstream and west of Pueblo remains the same, with
the Pueblo Dam being assumed fully operational in the
synthesis.

Unlike the system of backward numbering adopted
earlier in the one-dimensional state dynamic program-
ming, the system numbering in the two-dimensional
state is reversed, with the upstream stage where the
dam is, being numbered 1, corresponding to the order
of solution involving decreasing dependence as one
travels downstream.

i
The function f11(Q,$] is the maximum return func-

tion from allocating fund § for decreasing the flood

peak Q by the Fountain Reservoir:

j
fll(Q,sj = max. gl[Ql,Sl,Dl,ﬂ,l;?\] (4-37)
0<Q, Q<Q;
<
05:1§§5§T
L. =
€ J
i i | A = ) £ “tior
in which gl[Ql,Sl,Dl,ll,l] the Teturn function, Ql
= the flood peak reduction by storage dam, Sl = the
amount of fund allocated for the structural measure,
4 (Fountain Reservoir) and X = the pricing level of

1967.
i,
The function f,” (Q,§) is the maximum return

from allocating the fund $ for reducing the flood peak

Q
Q=Q -Q,
Qz 1
f" --\“
2 \\\
/ -
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t
Fig. 4-3 Attenuation of Flood Hydrograph Peak
i, iy
£,7(Q,8) = 0% [8,(0,,8,.05,28530) + £,7(Q;,8,)]
QR (4-38)
0<§,<8<S,
E2 e J

The reduction of hydrograph flood peak by the reser-
volir storage is Ql =Q-0Q,, Q =Q- Ql, where Q2 =

the downstream channcl peak fleow. Hence

is i)

£,°(Q,9) = E§3'<Q<ég2m2’$2’n2’12’” + £7(Q-Q,,8-8,)]
B (4-39)
UgﬁzgggﬁT
2, eJd

where ¢, = the mix of structural flood-control mea-

sures (reserveir plus channel) and flood insurance;

j, = a vector of sample choice: the Fountain Reservoir

downstream channelization and the residual
the set space
measures

downstream,
flood risk covered by insurance, and J
of feasible structural and nonstructural
(reservoir, channel and insurance).

The general recursive relationship is easily ob-
tained (Haimes, Y.Y., 1972):

i i1
Q, in the two-stage subsystem, the Fountain Reservoir, £.1(Q,$) = max. [gI[QI,$I,DI,EI;1)+fI_1 £QI-1’$I-1)]
the downstream channmelization and the downstream Te- 1 0<Q, <Q<Q,
- - : : ==t
sidual flood insurance. (4-40)
OgﬁIjﬁfﬁT
Therefore as shown by Fig. 4-2 and 4-3, Ly gy J
and ip =31, + RI.
rl(sl,nl,ql} rzisz,n?,Qz)
(Net return)
0<Q, Q<0 Q. V9
(State
variables
input) 1 2
0<$ <$<$. 5, $s
R il e | F—————

n, (Dec isions)
i

Fig. 4-2
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Two Dimensional State Dynamic Programming



Since 4 1s fixed at 1967 price level, 4. are

I
measures ¢ J and DI is a function of Sl; for conve-

nience of programming the above recursive relationship
is broken down into simplified equations, so that for
the Fountain Dam Project at Pueblo

iy
£,7(Q,§) = max.

g,(Q;,$%,) (4-41)
0<Q, <Q<Q,,
0<8,<8<8.
21 e J
and for
i, %
£, (Q,8) = max. g,(Q,.8 £.1(Q-Q.,,8 (4-42)
0<8,<$ <8,
12 £33

The solution strategy with the two-dimensional
state variables (Q and $) is to keep one variable tem-
porarily fixed, while varying the second variable (Nem-
hauser, 1966). One must have a table containing the
optimal functions of net returns for all values of the
first state variable Q fixed at each computer runm,

for each of the second state variables §. With this
strategy, the global optimum could be found.

The solution procedure can be handled in two
steps:

Step one.  To determine the optimal return func-

tion for the various mixes of measures, for a given
flood level Q temporarily fixed at each computer run,
The combinatorial screening or scheduling 1is carried

out for:
(i) single-numbered mutually exclusive measures,
(ii) pairwise interdependent measures, and
(iii) mutually inclusive interdependent measures.

The scheduling is aided by
feasible measures, which is,

J, the set space of

o nP-l
J =(m) n -1-d ) (=4
p - f
and by further simplification,
Z (n_-1)! )
J = (4-44)
(m)&np-Tlﬁ;}!(df)!

where n =
the number

the total number of measures available, m =
of measures taken in the mix, np = the

flood-protection level number, i.e., x-year average
return period of flood protection (50-year unit inter-
val), and df = the degrees of freedom of measures, df

=m- 1. In fact, J ¢ 9, where @ 1is the total set
space of measures. There are theoretically five major
groups as classified in Chapter 2. J is the feasible
set from the total set 0.

Step two.
that the optimum

The solution
of the

strategy is to reali:ze
subsystem (1) and (2) of the
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Fountain Reservoir channel improvement and flood in-
surance is not necessarily the optimum of the whole
Pueblo County flood-contrel systenm. Therefore, with a
given Q fixed for each computer run, the one-dimen-
sional dynamic programming allocation model is used to
evaluate the optimal policy for cach ( temporarily
fixed. Hence, a final tabulation is obtained contain-

ing the optimal mix of measures synthesized in the
manner described above, with various fixed values of
0 and § (see Appendix E).

The flood-dependence problem affects the down-
stream flow. The Corps of Engineers has established
that dependence as far as Reach 4, near the Apishapa
River, close to the Pueblo County line. Hence the ne-
cessity for considering the whole Pueblo County flood-
control system.

Combinatorial Screening of Mixes. The combinato-
rial screening is effective because there is a lesser
likelihood of missing out an optimal mix of measures.
For instance, the Corps of Engineers rme-shoi-in-the-
dark deterministic approach shows a reservoir for the
Standard-Project-Flood flood protection but it may not
bé the optimal choice.

To illustrate the use of the combinatorial screen-

ing, 1let it be assumed that one needs the flood pro-
tection up to the 400-year return-period floods. The
number of feasible measures are three (reservoir,

channel improvement and flood insurance, and that one

does not know a priori what mix of measures could be
selected.

Then with n = 3 feasible measures are m = 1,
or 2, or 3, and np = 8, then the df =0, 1, or 2

since df = m-1 with n_ = the number of flood protec-

tion levels, which is obtained from the 400-year flood
divided by a unit of 50-year return period. In other
words, the flood-control measures are incremented at
every 50-year interval to reduce the computations. A
finer grid can be provided when desired.

Data Provided: i

Q = 400-year R.P. Flood
Nos. of measures (m): 1 2 3
Degrees of freedom {df}: 0 1 2
Nos. fo possible
combinations: 3 21 21

=8,7,6,5,4,3,
CDC 6400 runs only

For nine sets of Q with n
2, 1, and 0, the digital computerp
6 seconds (see Appendix D).

(d) The Results of Synthesis of Three Measures:
Fountain Reservoir, Channel Improvement and Insurance
for Pueblo City and Downstream up to Reach 4.

(1) Since zoning is found not to be feasible for
Fueblo City, the synthesis of mixes of measures has
resulted in DICZIS as the optimum.

(2) The mix chzls is a combination of reser-

voir, concrete-lined channel and insurance, with flood
protection provided up to the 400-year return-period
flood.

1 C2, I5 mean that the total
400-year return-period is factored into three interval

(3) Subscripts D



components, which are 50-, 100- and 250-year return-
period intervals of flood frequency.

(4) The optimal mix has the global optimum net
return. It is necessary to go through this process of
synthesis because one is out to obtain the best mix
and to establish its optimal competitiveness with re-
spect to the other synthesized measures. On the other
hand, when the Corps of Engineers designed the Foun-
tain Reservoir for Pueblo City, the interest was in
providing for the standard 300-year project flood pro-
tection, in the physical-control sense.

(5) The results are summarized in Table 4-7, and
the graph in Fig. 4-4 shows the relative position in
the annual net benefit between the global optimum from

DICZIS mix with the Corps of Engineers' Fountain Res-

ervoir. The difference in net return is significant.
This is shown in the Table 4-7.

(6) Flood insurance for Pueblo City has a higher
benefit weightage here than in the previous synthesis
of land-use zoning and insurance. The increase in ben-
efit weightage is about 46 percent because of expected
land-enhancement benefit due to the increased flood
protection from the reservoir and the improved channel.

TABLE 4-7

(7) Sensitivity
cost weightage of 0.76

analysis is carried out for the
(as used by the Corps of Engi-

neers, 1970) instead of 0.50 as used 1in this study.
There is a significant difference in the optimal net
benefit (about 20 percent) from the mix of D C,I

17275
measures, if the cost weightage is increased in insur-
ance from 0.50 to 0.76.

(8) 1In addition, the channel component begins to
become competitive when the cost of insurance begins
to rise. A comparison of the two sets of tables in
mixes, shows a rapid elimination of the insurance com-
ponent in favor of the channel-improvement component.

(9) The B/C ratio criterion usually underrates
the productivity of a project with high annual costs.
The extent of the distortion is shown by de Neufville
and Stafford (1971). When a project must bear both the
initial capital costs and the recurring costs of oper-
ation and maintenance (like the flood insurance), the
benefit-cost criterion fails to provide a clear pic-
ture of the value of a project. Hence, the net present
value criterion is used to maximize the value of a
system especially when the capital resources are lim-
ited and must be allocated to most productive projects.
Both methods, net present value criterion and net

FLOOD CONTROL SYSTEM OF PUEBLO COUNTY

LEVEL OF FLOOD PROTECTION UP TO 400-YEAR RETURN-PERIOD FLOOD

Optimum
Measures Net Gross
at Annual Annual Annual B/C
Fountain Cost Benefit Benefit fatio
Creek §10° $10° $10° Remarks
Insurance Cost Factor BIn = (.50:
c 17 520.00 512.60 2,426.40 1959 No flow depend-
1
choI' 1,390.00 841.40% 2,231.40 1.61 ency. Increasing
T
D.,I6 1,550.00 802.20 Z,352.20 1.52 flow dependency
DI 1,640.00 788,00 2,428.00 1.48 from D, to D
35 ! 1 8
0414 1,790.00 736.00 2,526.00 1.41
DSI- 1,840.00 745,80 2,585.80 1.41
2
0612 1,910.00 748.50 2,658.80 1. o
0711 2,010.00 725.80 2,733,580 1.36
DS 1,870.00 556.40 2,426.40 1.30

(Corps of Lngincers)

Insurance, Cost Factor Bln = 0.
Cll? 700.00 341.28

.00 714.02%
DICZIS 1,510 1

d 50.01
chzl4 1,710.00 690.0

702

DSCSI2 1,700.00 702.09
D4CSI1 1,760.00 588.09
DSCK 1,850.00 571.16
06C2 1,800.00 561.18
DTCI 2,000.00 522.20
D8 1,920.00 486.64
Note

1,041.28 1.49 No flow depend-
2,240.02 1.47 ency

2,400.01 1.40

2,402.90 1.41

2,348.09 1.33

2,421.16 1.31

2,361.18 L5

2,522.20 1.26

2,406.64 L.25

: 1) Asterisk indicate global optimum

2) Downstream reaches No. 7 to 4 inclusive are entirely under
flood insurance, up to 400-year flood frequency
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(Corps of Engineers).
Different Weightages.

annual benefit criterion are numerically equivalent,
Protection is defined loosely here. It is not meant
to be only physical control protection. It is a pro-

tection through a combination of physical, social and
fiscal measures and factors.
4.5 Synthesis of Flood-Insurance Measure with the

Other Categories of Basic Measures

(a) General Statement: Flood insurance as a fis-
cal measure has two primary objectives: 1) to help pre-
vent unwise used of land where flood-damage risks are
relatively high, and 2) the prompt restorationof the
flooded areas to economic health. In pursuance of
these twin objectives, minimization of future flood-
damage hazard and the rapid restoration of the flooded
areas to etonomic health, the flood-insurance measure
with federal-private joint participation is a unique
compromise between two extreme positions--the individ-
ual bearing the losses and the Federal Government bear-
ing all the losses. Hence, a realistic program to deal
with flood hazards should adopt some middle ground;
private assumption of risk and responsibility in flood-
plain occupancy supplemented by a national public in-
surance program. The occupants of flood-prone areas
must pay a considerable part of the floodplain occupancy
costs, yet some parts of the costs covering public risks
could be borne by public programs. The Federal Gov-
ernment is, therefore, arisk averter and could operate
on geographic and time scales that individuals cannot.

However, the flood-insurance programs could oper-
ate conjunctively or jointly with the other basic cat-
egory of programs or measures. In many instances flood-
insurance programs increasingly would have to be com-
plementary to other flood-control measures, not neces-
sarily competitive against them, becausc in itself flood
insurance would not reduce flood damages to present
properties, although it might serve to discourage unwise
occupancy of high flood-risk areas (Insurance and Other
Programs for Financial Assistance to Flood Victims,
1966) .

(1)
would still

With the prediction measure. Flood insurance
be dependent upon not only a continuance
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Envelope Curves Indicate the Two

but an extension of the flood-forecasting and flood-
warning programs. The more effective the prediction
measure is, the lower would be the insurable flood dam-
ages. Hence, the needs of the flood-insurance measure
may in fact aid in improving <flood-forecasting and
flood-warning measure.

{2} With zoning, filling and flood-proofing mea-
sures. As a valuable adjunct to flood insurance, land-
use planning of flood prone areas is to keep development
out of areas where flood risks are higher than probable
gains. Such land-use planning would reduce the creation
of high risk zones, and help to prevent the damages
arising in present areas because of the effects of new
structures on streamflow when floods do occur. The
long-term solution to the flood-damage problem in the
highest flood-risk zones would often be a conversion of
the land to other uses. If existing properties are
situated below the restricted :zoning level, and where
the cost of restoration is ygreater than the present
value of the damaged structure, then it is reasonable
to buy the property from the owner, applying the insur-
ance to the purchase price, rather than paying him the
insurance for restoration of the structures. The risk
exposure in such a situation could be relatively high.

(3) With intensive physical flood-control mea-
sures. Even with flood-protection works, some risk of
flood damage remains, since flood control is never ab-
solute because the highest levee or flood wall or dam
can be topped someday. Moreover, there is an cconomic
optimum to the relative degree of protection and at
some point greater protection may cost more than it is
worth. Hence, flood insurance with the residual risk
may be practical and economically feasible. However,
the flood insurance premiums would be relatively low in
these protected areas because of the infrequency of
floods after the protection works are built, but loss
may be large when thay also occur. Therefore, flood
insurance would cover the loss sustained in the occur-
rence of rare event accompanied by catastrophic losses
that remain buried in the residual average annual dam-
ages too small to justify protective works for such
contingencies (Krutilla, 1966).




(4) With a program of disaster relief to flood

victims. An effective programof flood insurance would
still require a program of relief to flood victims.
The need for public disaster relief arises because there
may be some individuals who donot have flood insurance,
in spite of the mandatory nature of the public flood-
insurance program. But the aid to underprivileged poor
families would amount to a maximum ceiling of §3,000
for low-income family. The aid is to indemnify the
uninsured property losses of poor families, and there-
after, to aid such families in meeting extraordinary
disaster related expenses. Relief might also take the
form of subsidized loans from the Small Business Admin-
istration in the USA which have previously been extended
to disaster victims, but the priority is to employers
who would otherwise have to lay off their employees and
workers.

Careful attention is required in administering the
flood insurance program in conjunction with the other
basic structural and nonstructural measures, to remove
inequity.and to reduce flood-damage hazards. Two fac-
tors are involved: 1) the extent of improvements man
has made within the flood-prone area, which affects the
monetary damage due to a flood of given magnitude, and
2) the method of pooling the risks, minimizing and dis-
tributing burdens equitably among the property owners
protected by such insurance. Under the second factor
the hydrologic method of estimating flood-damage tisk
consists of two basic elements: the correct flood-
magnitude frequency distribution, and the correct depth-
damage relationship. Under existing constraints of
limited manpower and time, the writer feels that ineq-
uity in charging insurance premiums could arise because
of the present urgency of the flood-insurance program
and the current methodology adopted in assessing tisk
hazards (Kunreuther et al, 1970).

(b) Statement of Objectives: The objective func-
tion in the synthesized model is again the maximization
of expected annual net benefit of the insurance measure
with the other basic categories of measures such that

N_ N

2
max. | J 6 2|1n
2

1

f’ In vg (4-45)
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where 0 = the number of basic groups of measures syn-
thesized; 1 = the number of measures in each basic group
and 0|In = the number of hasic groups synthesized,

given the flood-insurance measure as the basic group.

(¢) The Performance Models of Synthesized Mea-
sures. The performance models of synthesized measures
are already indicated by the above expression and its
effective basic components are in . A general model
of its performance is

N, N

] 1 1

) s8lIn pa|In ) sInlP NBIn]P
1 1 1 i 1 1

N N N
1 2 1 1 cma :
£ ] sInlz pInlz ) sIn|st pInfst | g gPilIn ygPilIn
1 1 1 1 1
1 i 1
(4-46)
where In|P = the insurance program given the flood-

prediction measure; In|Z = the insurance program given
the zoning and flood proofing; In|St = the insurance
program given the structural measure and Di|In = the
public disaster program given the flood-insurance
measure.

(d) The Results of the Synthesized Model Analysis
as Applied to the Test Region, the Arkansas River Basin.
The results of the analysis as applied to the Arkansas
test region is already given in the previous section
4.4, with insurance supplementing structural measures
at the Fountain Creek and flood insurance for the se-
quential stages from river reaches no. 7 to no. 4 in
Pueblo County. All the downstreamand upstream counties
excluding Pueblo have zoning and flood-insurance cov-
erage along the urban sectors of the river. These re-
sults are shown in Tables 4-1 to 4-6.




Chapter 5
REGIONAL INPUT-OUTPUT MODEL FOR FLOOD CONTROL

The input-output model approach does not seem to
hiave been well tested so far in relatien to regional
Ilood control system. This type of model has been
ased in other areas of water resources development.
\n example is the multi-regional water allocation Sys-

tems of western U.S. (Lofting and Davis, 1968; Lofting

and McGauhey, 1968; Davis, 1968; and Jona Bargur,
1969).  The model was used in studying the impact of
droughts on regional economic performance (Millan,
19727 . But as an aid to the solution of regional

lood problems, its potential
investigated.

has not been yet widely

A regional input-output model represents struc-
tural interdependencies of a regional economy.  The
model is a form of linear systems analysis which could
be used to evaluate the impact of flood control upon
the regional economy, sector by sector. This is done
i terms of an economic stimulus, if any, to one or
more sectors which may experience a flood-loss reduc-
tion by using flood control. The effect is compared
then with the alternative of no flood control.

The purpose of this chapter is: (a) to present a
nethodology of economic systems performance by the in-
put-output analysis, in studying the economy-flood
control linkage, and (b) to test the methodology on
the Arkansas River Basin example.

The objective of this analysis is: (a) If all
data relevant to establishing the economic viability
of a flood-control scheme are assembled as completely

If all the factors which need to
be taken into account are recognized and carefully
considered, then, '"it will generally be possible to
arrive at a reasonable defensible decision" {Lofting,
1972, quoting United Nations, 1958, panel of experts
on river basin development).

as feasible, and (b)

5.1 Regional Input-Output Model Applied to Flood-Con-

trol Systems

For the purpose of developing a general
plicable to flood contrel, suppose there are several
regions or districts in a hydrologic basin requiring
the flood protection. Then by applying the alterna-
tives with and without flood protection, one may de-
velop theoretically two separate tables of inter-re-
gional transactions.

model ap-

Table 5-1 is the alternative without flood pro-
tection and Table 5-2 is the alternative with the
floed control.

The basic inter-regional accounting system is

shown in Table 5-1. Quadrant I is the final demand
(use quadrant), essentially the required net output of
the regional productive system. Quadrant II is the
inter-regional transaction matrix which describes the
technology of the inter-district economy under study.
Quadrant III shows a row vector of value added (wages,
salaries, and profits, etc., including taxes) in the
primary inputs row.

TABLE 5-1 BASIC INTER-REGIONAL ACCOUNTING SYSTEM WITHOUT FLOOD PROTECTION
Purchasing Sectors l
. Final Use Gross
Intermediate Use (Net Output) Output
= —
g 2 g g
o = @ o =]
E =3 B ) o =
: " 5§ B £ o g
Region o wo L Q 2] o
= =] = [T} o
Region 1 2 3 S &8 8 & &3 &
! o K %L 6 6 B oY | X
Producing 2 X21 xzz X23 12 C2 62 E2 Yz X2
O 3 X X Xou | T B 6y . ¥ %
31 32 33 3 3 3 5 3 3
(Quadrant 1) (Quadrant 1)
Primary inputs v v v Vo V. V., v v
(value added) . 2 5 I & g B
Secondary in- U U u u. u, u. u U
outs* 1 2 3 I 'C "G 'E
(value added) (Quadrant III) [(Quadrant IV)
Total Pro- X X X, I ¢ ¢ E Y X
4 7 1 2 3
uction
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TABLE 5-2

BASIC INTER-REGIONAL ACCOUNTING SYSTEM WITH FLOOD PROTECTION

Purchasing Sectors
; Final Use Gross
35
Intermediate Use (Net Qutput) Output
= —
= =] = o =
= = = S
o 2 ) = -
E = =1 0 23 =
s E E & 3]
Regions & 7 b 5 = 2
2 5 3 & 83 2
1 2 3 = & & & 83 =%
Bt 1 1 ' ' '
. - 1 111 M12 Ml' I1 Cl G E1 N Ml
Producing =
M 1 T ] o | 1
pections o) 2 Mg My Bl T 6 B Ry %
@
=4 ' ] t ' 1
4 My M3z Mgl %g B S5 Bp O3 "y
Primary inputs L L L L. L. L. L L
(value added) 1 2 il
Secondary in- W W W, W, W. W. W W
puts* (value L 2 & A
added)
Total Pro- M M M I* ¢+ G' E' N M
duction
The secondary inputs in quadrant III would in- Xoow 2@ ¥aw 25 7 LeZeBs (5-1)
clude tangible and intangible flood damages for a giv- B 3]
en level of flooding. .
and therefore,
The tangible flood damages are: X
Sk i,i=1,2,3 5u7
(a) wurban property damage (residential, commer- ij 0 v ol hodlad L2
cial and industrial, which include buildings damaged ]
or destroyed, damage or loss to inventeries and pro-
duction facilities); = .
Sector
?bJ rural property damage (crops, livestock, 5 S S. Net Output Gross Output
etc.); 1 i 3
. . ) } 5 a a F: e
(e) transportation and communication systems ‘ 1 I 11 12 13
(highways, railways, bridges) and,
Sj ] a‘: g1 o 2,2
2 2L 22 23
(d) wutility system (gas, light, power, water and 3 . 4 4
sewage facilities). |73 51 32 33

The intangible flood damages are:

(a) loss of income; rechabilitation;

(b} loss of life; injury - (casualties);

(¢} emergency short-term aid (Red Cross, evacua-
tion};

(d) long-term recovery costs (loan costs for re-

construction) and,

(e) any other non-pecuniary effects not classi-

fied.

The production or technical coefficient matrix
therefore takes account of the economic dislocation

effects of flooding at a given level, since X, in-
cludes Ui’ where i = 1,2,3. Without flood protection

the technical coefficient is

With flood
ble for the
change.  The changes
flood protection to be provided,
any other level to be specified.

protection it is theoretically possi-
inter-regional transaction matrix to
may be reflected by an optimal
or the protection at

Table 5-2 shows the basic inter-regional account-
ing system with a given specified level of flood pro-
tection. The secondary inputs in flood protection are
the sum of the expected present value of cost of flood
protection, the expected residual damage and the ex-
pected residual rehabilitation cost.

The production or technical coefficients with the
flood protection alternative then become



Subdivision Into An Inter-industry Model., The
inter-regional input-output model, thus far outlined
for illustrative purposes, is highly aggregated. In
this case the problem arises that an economic break-
down by production sectors is necessary. Then there is
an imbedded provision for it. The detail subdivision
is made in the endogenous sector, with agriculture,
manufacturing and services shown as examples (Table
5-3).

5.2 Mathematical Equation for the Input-Output Model

Given a regional economy divided into
tion sectors the balance equations which
the aggregate sales of a particular

n  produc-
state that
sector are equal

to the total purchases of that sector are (Davis,
1971):

Ki = xij s S xin + Yi, 353 = 1 ias (5-4)
where Xi = the total output of industry i, Xi, = the

amount of output of industry i sold to industry j,
and Y, = the final demand for the output of industry
i.

It is assumed that the inputs into each sector
are a direct and stable function of the output of that
sector, i.e.,

..o =a,.. X, s =1, 0. =
XIJ aIJ o 4] 1 n (5-5)
Then
Xi = aij Xj + Yi’ 35§ Silmesg@ (5-6)
which may be written more compactly as
X =AX + Y, and (5-7)

the general
pressed as

solution of the system may now be ex-

x= @-a7, (5-8)

Y = the
the technical co-

where X = the column vector of total output, Y =
column vector of final demand, aij =

efficient computed as xi;/xj = aij’ and A = the input
4

regional coefficient matrix.

5.5 Forecast of Flood Damage in Floodplains
One can wutilize the input-output model of the
economic system to analyze the flood damage and to

forecast the flood damage of the future. The forecast,
however, must be short-term because of the underlying
assumptions of input-output and the working con-
straints, e.g., assumptions about the general equilib-
rium of the economic system and on the stability of
the transaction coefficients (Shefer, 1973).

Suppose that in 1974 one could estimate the ma-
trix of present flood-damage coefficients (with the
flood protection provided). The present Damage Matrix
[P74] is the expected residual damage with protection
level specified at P,

The future Damage Matrix [E?g] in five years time

will be
74, - 79
a2

(2 = ‘nxn '~

79 ~ )
(p Yoy © (5-9)

]éxn nxl
where [2?9] = the projected residual matrix of flood
damages computed for 1979 given the level of flood
protection provided in 1974, [P74] = the matrix of di-
rect flood damage coefficients in 1974 after the
flood-protection level p_ is provided, [1-A74]-1 =

the inverse of the identity matrix

[I] minus the ma-
trix of direct intersectoral

transaction coefficients

computed for the year 1974, and maintained constant,
and [Y79] = the projected final demand vector for the
year 1979.

Simplifying the
native equation

79

above assumption gives an alter-

9

_ 74 7
£ ]6xl o ]6xn 1.3 ]nxl’ (5-10)
since
79 _ 74.-1 79 <
[X ]nxl = [lfé jnxn [i 1nxl’ (5-11)
where {E?g]nxl = the column vector of total output.

TABLE 5-3 REGIONAL, TECHNICAL COEFFICIENT MATRIX

Industry Endogenous Sector
Purchasing District 1 District 2 District 3
=)
nog
Industry Ag. M, S Ag. M. S. Ag. M, S. Exogenous | & 5
Producing 1 2 3 1 3 1 2 3 Sector &3
8 Ag. 1 £t Ay Wy T Mg b T
& 2 Lyt Hgg | My My myp | My My, nyg
']
= g L5 b5y 33 | my omyy omgg | oy ong g
(ot ]
s Ag: 1 % %2 %35 | Py Pz Pis | Y31 Yy Y3
o
2 i 921 %22 O3 | Ppyy Pap Ppz | 931 9y 3
w0
& % @ 031 O3 O35 | P33 Pz P33 | 93 43 933
)
8 Ag. 1 o Tiz Fis | i (i % | Y Y2 Bs
P L T Tz Taz | Sa Sz S | ta ta s
& 5.3 Ts1 Tz T3z | S;1 S3; %33 |tz tzp taz
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The two major limitations of this

damage linkage are:

economy-flood
(a) [I—A]-1 = coeffi-
= —'nxn
cient matrix A, which
short-term forecast, and,
74
p =
(b) [— ]Gxn

matrix, a simplification made
damages (Tables 5-4 and 5-5).

the constant production
explains the necessity for
the constant damage-coefficient
for the forecast of

The base-year 1974 flood-damage matrix with the
flood protection (poj is reduced to damage-coefficient

matrix by,
D
m.s,
d, . =—L, (i=1,2,...,6) and
i Di
{J = 1125"'):1]) (5_12)
where Mi (i=1,2,...,6) represents the flood-control

measures, namely M, meterological, M, flood warning,

1 2

M coning, M extensive

3 4

structural and Mé

watershed treatment, Ms

insurance.

Note that the projected residual flood damages
{E?glcxl’ obtained from the forecast equation, could be

factored back to absolute damages as shown in Table
5-6, where
p’° =407, (5-13)
m.s, 1] 1
1]
(1 =1,2,0..468)s (J = 1,2,...

,n), and dij
assumed constant between 1974 and 1979.

However, if no flood protection is provided, the sec-
tors will have a present-day matrix of expected flood
losses without protection, similar in form to those
above. The forecasting could be made in a similar way.

There is a further limitation in using the above
method. Applying the constant damage coefficients pre-
sumes that the flood-damage frequency distribution

TABLE 5-4 BASE YEAR 1574 FLOOD DAMAGE
= SECTORS Total
- : Residual Gross
i 51 Sy Sh Damages Qutput
M1 D;4s D;4s ' D;4s DI4
171 172 1°n
M, D”S pit. | D”S .t
m2%1 52 ™20
M. D;45 0?45 . 0?45 DZ4
2 3°1 i M25h
74 74 2 74 74
M D D F S D
4 m4sl m432. m,s 4
74 74 74 74
M D D E D D
5 mssl mss2 mssn 5
4
671 M52 6”n
TABLE 5-5 BASE YEAR 1974 DAMAGE-COEFFICIENT MATRIX [2?4]6xn WITH FLOOD PROTECTION [Po)
j Total
SBETORS Residual Gross
i S s, . A Damages Output
74 74 74
Mo djo - = A 10
74 74 74
MZ d21 d22 dZn 1.0
74 74 7
M, 631 632 d3n 1.0
74 74 74
M4 d41 d42 i %o w d4n 1.0
74 74 74
Ms d51 d52 i dSn 1.0
74 74 74
M. 1 %, d62 - Y6 1.0
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TABLE 5-6 FORECASTING FLOOD DAMAGE AS PROJECTED FOR DAMAGE-MATRIX FOR YEAR 1979
j Total
Sectors Residual Gross
i 5 Sy . ok 'Sj < -5y Damages Output
79 7
M) D¢ D;QS cwaw wes BN Dig
171 172 M1 5n .
- - i e
M, | D7 (PR L e
¥ ) M5y 2
79 7
M, | DI .o =40 . e
i1 o T 3
M D‘;gs ;:95 TRTIN] ~ D’
6°1 62 M6 n 6
79
(B ]6x1
does not change with time. In fact, this does not ap- region k, is
pear to be the case, especially when an extensive land 5
clearance for agricultural development takes place. ko L [,kk . T {kﬁ (5-14
An adjustment, therefore, should be made in the dam- i KA 8 251 T ) >-14)
age-input matrix if flood-peak frequency changes due ”ék
to deforestation or other factors. This could be done e
with a slight adjustment of the damage-coefficient ma- . A :
L [P? ] where k,& = the producing and consuming regions re-
b= taxn’ spectively, with the first superscript the producing
region and the second superscript the consuming re-
5.4 Testing of the Inter-regional Input-Output Model gion; Z& = the total supply of commodity 1 1in region
in the Case of the Arkansas River Basin k g o s & s . kK
k, Mi = the imports of commodity 1 1n reglon s, ki =
The regional input-output model is tested on the the amount of commodity 1 produced in region ko for

The
Fremont, k1 Paso, Pueb-

Arkansas River Basin above the John Martin Dam.
six counties of relevance are
1o, Crowley, Otero and Bent.

Due to the lack of actual data on inter-sectoral
transactions, the writer of this study has managed o
obtain the required information by using the following
procedure:

{al  the Chenery-Moscs inter-regional
sut model  and their simplifying
[Bugur, J., 1969, Chenery & Clark, 1964), in order to
overcome the difficulties  from the lack of specitic
data required by rhe Isard inter-regional input-output
model

input-out-
assumptions arc uscd

Isard is utilized
amongst  the dis-

{h) the hasic gravity model of
1960) to characterize  interactlons
tricts, and finally

(c) the regional input-output
MeKean  (Maveh, 1474), for Boulder,
Counties, Colorado, is adopted as a
gating sectors and classification of

study by Grayv and
Larvimer and Weld
basis for aggre-
data sources.
The Chenery-Moses  inter-regional input-output
model (adequately described in Bagur's work, 1963) is
developed specially for a situation when there is a
lack of specific data. Unlike the Isard regional nod-
el which requires independent input transaction coef-

ficients, the Chenery-Moses model assumes: (&) con-
ztant trade patterns by type of input, and (b) con-
stant distribution of imports among the industries.

For instance ZE, the total supply of commedity 1 in
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the use in region k, and 15“ = the amount of commodity
i

k for use in region .

i produced in region K

To obtain xk“' flow of com-

gravity

the inter-regional
modity, the basic model of
such that

lsard is applied,

ke Pl
Y 6=, (5-15)

L “}\'5‘,
where ?k’ Pe = the annual  commodity outputs in the
producing and consuming regions k oand &, dki = the

distance between the centroids of the two
(i = a commodity interaction constant.

reyions and

The use of the Gray and McKean study is relevant
hecause it provides a back-up reference in the struc-
turing of the sectors, and the strong similarity ex-
pected in interdependence of the regional economic
structurce. The tri-counties data (Boulder, Larimer and
Weld) are data nearest in proximity to the Arkansas
River Basin.

The sources of economic data are taken from the
references listed under the classification of the in-
put-output code provided by Gray and McKean, but the
base year of the economic data for this study is 1963.
The Corps of Engineers have based the project propos-
als on 1969 prices and the writer's study is made to
fit in with this base-year evaluation in order to
maintain a common price denominator.



sectors for
study has

Gray and McKean's study has sixteen
the tri-county region. The writer of this
aggregated sixteen sectors into five: Ilivestock, ag-
riculture, industry, trade and services, and educa-
tion. Since there are six counties, there are thirty
sectors. The Arkansas inter-regional input-output ta-
ble will therefore have a 30 x 30 transaction matrix.

Typical examples of the 1969 Arkansas inter-re-
gional transaction table, transaction coefficients and
direct and indirect requirements matrix are shown in
the computer printout in the Appendix F.

5.5 Results of the Inter-Regional Input-Qutput Analvsis

In analyzing and synthesizing the inter-regional
interdependent economic system of the six counties,
the overall general conclusion is that the highly de-
veloped Arkansas River region has a thriving economy
with an estimated gross regional product of $3.9 bil-
lion for the six counties. The estimated annual loss
to flood damage and scdiment damage, without flood
protection, is $4,666,000 (1967 prices). This repre-
sents about 0.1 percent of the gross regional product
or about 1 percent of the regional income.

[t one were to take out the El Paso Countv (rela-
tively free of flooding), with & gross regional pro-
duct of $2.10 billion, the percentage of estimated an-
nual loss due to flood and sediment damage becomes
{$4,534,000/81.8 billion) x 100 = 0.25 percent of the
gross regional  product (excluding El Paso County), or
(54,534,000/8224,868,0000)  x 100 = two percent of the
regional  income. The reason  for excluding El1 Paso
County is the relatively high gross regional product
with very low tlood loss.

The two pereent expected  annual loss in regional
income of the counties (excluding E1 Paso) is certain-
Iv indicative of the flood and sediment problems along
the main stem  of the Arkansas River and most of its
tributaries  upstream of the John Martin Dam. The two
pereent loss in regional  income is as high as in some
very developing countries, where the proportion of na-
tional income affected by floods and droughts is be-
tween 2 to 1.5 percent, on the average (White, 1972).
llence, the writer confirms the finding by the Corps of
Ingineers that the flood problems do exist along the
main stem of the Arkansas River and most of its major
tributaries, including Fountain Creek.

It is also revealing to note that if a standard-
project flood were to strike the six counties simulta-
neously, the total flood and sediment damage is esti-
mated to be 3$139,8537,000 without the flood protection.

This represents ($139,837,000/$512,132,000) x 100 = 27
percent of the total regional annual income or
($126,172,000/8287,264,000) x 100 = 44 percent of the
regional income excluding E1 Paso County. Of this
amount, the central business district of Pueblo City
would sustain ($72,685,000/$126,172,000) x 100 = 58
percent. This confirms the existence of the saddle

threat to the highly concentrated residential, commer-
cial and industrial center of Pueblo City. In fact,
under the standard-project flood, the whole central
business district of Pueblo would be submerged to an
expected estimated depth of 10 feet throughout the
business area, and the flood water would pond behind
the Arkansas River levees up to a depth of 15 feet
(COE, 1969), involving 677 acres of downtown business
district, the railroad yard and the other large indus-
trial complexes.

54

5.6 Results of Economy-Flood Linkage

The results of the study of economy-flood linkage
through the input-output intersectoral model reveal
some interesting factors. The Corps of Engineers,
basing their flood-protection strategy mainly on the
structural (Fountain Flood Control Dam and channeliza-
tion), obtained substantially a greater reduction (57
percent) in direct physical flood damage, involving a
smaller coverage of total economic output, E.

The writer of this study, basing the investiga-
tive strategy on the systems analysis and synthesis,
establishing the most competitive of mixes and blend-
ing them in the most harmonious way involving every
measure except the meterological ones, was able to
merely demonstrate a lesser reduction (31 percent) in
direct physical flood damage, involving a larger cov-
erage of the total economic output, X. The question
is whether there is a planning paradox. The paradox
could be explained by recalling that there have been
two different standards or yardsticks involved herein
{see Table 5-7).

The Corps of Engineer's design is not based on a
competitive selection of flood-control measures, by
analyzing and synthesizing them to obtain a global op-
timality of mixes of measures. The criterion of pro-
tection used was the standard-project flood protection
for urban areas (Fountain Reservoir for Pueblo City)
and the 100-year fleood protection by channelization of
the main stem of the Arkansas River. The synthesis of
measures in the Corps's approach is not based on sys-
tems analysis and synthesis but rather on an experi-
ence-guided methodology. The flood strategy is pro-
tection rather than prevention-oriented, by control-
ling the river.

The impact of structural measures planned by the
Corps of Engineers (in this case of the Fountain Res-
ervoir and the river channelization) affects a rela-
tively smaller portion of the human and economic re-
sources of floodplains.

This study has used a different standard. To cut
down the flood losses at present and in the future,
the optimal flood-control strategy must be found. This
is done by a laborious but necessary process of ana-
lvzing and synthesizing all flood-contrel measures,
guided by the simple rule of economic efficiency in
the maximization of the net benefit in order to rank
the competitive flood-control measures,

Flood protection is established to be optimal for
the 400-year return flood frequency for the Arkansas
River system. With the weightage of benefits and costs
as shown in Chapters 3 and 4, it is established that
the nonstructural measures are more competitive in
their ranking than the structural measures, except in
the special area of Pueblo City. Restriction zoning
is both inapplicable and costly for Pueblo City, so
that forms of structural protection are required. The
optimal measure of mixes of protection has been estab-
lished to be a combination of flood control reservoir,

channel improvement, and flood insurance, i.e., DICZIS‘

The nonstructural measures are applicable to the
less developed wurban areas along the main stem of the
Arkansas River. In their competitive order of ranking,
they appear as follows: flood warning, zoning and in-
surance (see Table 5-8), with structural measures be-
ing of the lowest priority.



TABLE 5-7 ECONOMY-FLOOD LINKAGE:

THE ARKANSAS BASIN

(I) Annual Sediment and Flood Losses (1969 prices)

(1} Without Flood protection

(2) With flood protection

(3) Direct reduction in
flood damage

(II) Total Economic Output

COE" Writer's
Project Project
($10%) ($103)
4,785 4,660

2,067 (43.2%) 3,210 (68.8%)

2,718 (56.8%) 1,450 (31.2%)

X, Susceptible to Flood Hazard

(1) Without flood protection

(2) with flood protection

(3) Direct reduction in
total output X

TABLE 5-8 THE RESULTS OF STRUCTURAL AND NONSTRUCTURAL MIX OF

coe" Writer's
Project Project

($10%) ($10%)

429,417 751,177
290,288 (67.6%) 637,369 (84.8%)
139,129 (32.4%) 113,808 (15.2%)

FLOOD-CONTROL MEASURES (PRICES 1969)

Average Average
Annual Other Annual
Benefits  Benefits Cost _
Measures (510%) (§103) ($103) B/C  Remarks
Ml (Meteor.) - - = =
M2 (F.W.) 131.00 - 50.14 2.61  Overall B/C:
M, (Zoning) 570.00 - 280.92 2.03
. - . 2653.41
M4 (Sediment) 132.48 . - 132.48 1.00 T680.93 = 1.58
Ms (Struct.) 684.58 1,024.71 1,150.74 1.49
MG (Insur.) - 110.64* 66.65 1,66

* minimizing damage dislocation

It is relevant to
outlined above.

recall the apparent paradox
A greater direct flood-loss reduction
in the physical sense does not imply per se a more
competitive flood-control measure, especially when
different levels of protection are involved. Struc-
tural measures are relatively effective as long as
their designed levels are not excluded. By raising the
protection level, different results are obtained.

In the systems approach no a priori protection
level has been set, since the optimality of systems
analysis, synthesis and combinatorial screening of

competitive mixes of
level of protection.

measures would reveal the optimal

In the study undertaken, the
400-year return flood-frequency level has been ob-
tained as an optimum. At this point, two different
philosophical approaches to protection should be com-
pared: the physical measures only and a mix of best
measures of all feasible measures, with protection tak-
en as physical, social and fiscal. The fiscal protec-
tion is in the sense that flood insurance does not re-
move the flood risk--but indemnifies against the flood
losses by providing the risk coverage. A common yard-
stick is necessary in studying flood control measures,
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otherwisc it is difficult teo establish relative com-
petitiveness of measures according to the weighting of
cost and benefit fuactors so far adopted.

The apparent paradox may be thus explained. The

Corps of Engineers in their project of 1969 shows a
greater physical flood-loss reduction capacity (56.8
percent) with a lesser involvement of economic re-
sources. The writer shows a comprehensive systems ap-

proach with a smaller flood-loss reduction (31.2 per-
cent) but with a larger involvement of human and eco-
nomic resources at the optimal protection level of the
400-year return period flood. This is due to the dom-
inance of nonstructural measures in the flood-centrol
mixes 1in this latter approach. The paradox is re-
solved, by the fact that the overall B/C value of the
Corps of Engineer's approach 1is 1.3l as compared to
the overall optimal B/C ratio of the other approach of
1.58 (see Tables 5-8 and 5-9).

The larger involvement of human and economic re-
sources implies a larger reordering of the way of life
and of human and economic floodplain occupancy, in
keeping with the current new, federal policy of flood-
control planning.



TABLE 5-9 THE RESULTS OF ONLY STRUCTURAL MIX OF FLOOD-CONTROL MEASURES (PRICES 1969)

Average Average
Annual Other Annual
Benefits Benefits Cost
Measures (510%) ($10%) ($10%) B/C  Remarks
Ml (Meteor.) = - = =
M, (F.W.) = 3 - -
MS (Zoning) - - = -
M4 (Sediment) - - - -
MS (Struct.) 2,717.92  3,831.72  4,993.80 1.31
M6 (Insur.) = Yo = =
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Chapter 6
DISCUSSION OF RESULTS

This chapter has two separate headings:
discussion of measure's effectiveness using
for measuring effectiveness as a result of different
and alternative measures analyzed and discussed in
Chapters 3 and 4, and 2) a discussion of the specific
problems related to the Arkansas River example.

1) a
criteria

6.1 General Discussion of Results

The system analysis
control measures have

and synthesis of flood-
incorporated diverse values of
effectiveness in 1its objective functions. These di-
verse values are related to the measurement of bene-
fits and costs, and the objective function as the eco-
nomic efficiency criterion for increasing national in-
come by maximizing expected annual net return. The
need now arises to explain the diverse values and the
criteria associated with them in denoting their rela-
tive effectiveness.

Historically, the Flood Control Act of 1936 had
established the dominance of benefit-cost analysis in
assessing flood-control projects. Later, this so
called benefit-cost ratio has been extended to other
areas of water resources development (National Water
Commission, 1973). However, it is now realized that
benefit-cost analysis has at least three major re-
strictions: 1) benefit-cost analysis is more suited
to measuring the benefit-cost relationship for a par-
ticular project or measure, which traditionally has
been solely structural, 2) it does not indicate wheth-
er there is a better alternative, though it will re-
veal whether the investment effort is worthwhile, and
3) it underrates the productivity of a project when
annual costs are relatively high compared to the annu-
al benefits and the initial capital cost, e.g., in
flood-insurance measure or in flood-forecasting and
flood-warning measure (Levine 1969; de Neufville,
1971).

The other decision criterion for measuring effec-
tiveness in flood-control measures is the net benefit
function which needs to be maximized,

max. NB =

Fly(t) - x(t)],

where y(t) and x(t) are the benefit and cost func-
tions, respectively. Here the objective is to make the
benefit large and the cost small. In this cost-effec-
tiveness approach for analysis of alternative measures
(English, J.M., 1968}, the choice 1is between fixed
cost or fixed effectiveness, since one cannot simulta-
neously maximize effectiveness (benefit) and minimize

cost.

In the synthesis of time-dependent structural
measures (channelization) with land wuse and flood
proofing, James (1964) has used the fixed effective-

ness approach but the optimal mix of his measures is
conditioned by the a priori fixed effectiveness used
and therefore does not represent the global optimal
mix for that location. The second approach is the
fixed cost approach, which is the identification of
the alternative mixes of measures that are competitive
for the given fixed investment.
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6.2 Criteria of Measure's Effectiveness

In the allocation of limited resources for flood

contrel, efficient allocation 1is a desirable goal.
However, there is a need for some common measure of
system's effectiveness which could be expressed in
terms of some parameter of the system's worth. The

traditional benefit-cost analysis is ruled out due to
the aforementioned restrictions but nevertheless, a
value model 1is required as a guide in the analysis,
synthesis, evaluation and optimization of alternative
measures. In the cost-effectiveness approach to be
applied to flood-control measures, the writer will use
the terminology flood-control effectivencss or flood-
control worth to obtain maximum desired benefits at
the minimum expenditure of resources, which implies
maximizing the expected net benefit function. There-
fore, the evaluation of an integrated flood-control
system worth or an integrated system effectiveness in
an operational sense is directly related to the per-
formance function of expected annual net return.

Since the five basic categories of flood-control
measures show different capacities in different direc-
tions, such as reduction in expected value of flood
loss, reduction in risk, a combination of reduction in
flood loss and in risk, intangible effects and land-
enhancement benefits, there must therefore be criteria
for measuring multidimensional effectiveness and mul-
tidimensional costs. Lind, (1967) has presented what
could appear to be the criteria for measuring multi-
dimensional effectiveness. Effectiveness is taken to
mean benefit but such benefit arises from the follow-
ing: 1) as benefits measured by the reduction inm the
expected value of flood loss such as structural flood-
contrel systems, flood proofing, flood warning and
evacuation systems; 2) as benefits measured by the re-
duction in rigk as in flood insurance, with floodplain
occupants willing to pay a premium to change the dis-
tribution of his losses by insuring against the con-
tingency or risk or probability of a catastrophe (de-
fined here as losses above a defined level); 3) as
benefits measured by a combination of reduction in
flood losses and reduction in risk, e.g. flood zoning
which reduces flood losses where property is exposed
to hazards of flooding and reduces the cost of risk
bearing by excluding certain activities from the
floodplain that otherwise would be located there; 4)
as benefits measured by intangible factors, such as
reduction of the loss of life, enhancement of the se-
curity of the people, inprovement of sanitation, pro-
tection against epidemics and preservation of environ-
mental and ecolegical qualities; and 5) as measured by
land enhancement benefite for some activities that had
previously been located outside the floodplain and
which could now move into the floodplain as a result
of a reduction in the cost of flooding. The benefit
can be derived from any flood-control devicde whether

by reducing the expected value of flood losses, by
reducing risk, or by reducing intangible losses.
Therefore, the introduction of almost any measure of

flood protection can create land-enhancement benefits,
with one notable exception, namely the flood zoning.
Nevertheless, the writer is of the position that there
is a high degree of correlation between the sets of
criteria outlined above in evaluating the multidimen-
sional effectiveness.



Having dealt with the effectiveness of flood-
control measures, the next criteria are those for mea-
suring multidimensional costs which are either private
or public costs of the flood-control measure as well
as the capital cost and the annual cost of each mea-
sure, integrated or otherwise. Hence cost-effective-
ness of flood-control measures taken in the sense de-
scribed above is actually the expected net return and
it is this net return that is so amenable to effective
resource allocation through either a linear program-
ming or a dynamic programming model. Hence, cost-
effectiveness of flood-control measures is concerned
in its modern application with the evaluation of a
flood-control system worth. It is important as a major
subtopic in the problem of efficient resource alloca-
tion.

6.3 Criteria for Comparing and Ranking of Alternative

Flood-Control Measures

Maximization of benefits minus costs is certainly
an acceptable criterion for comparing and ranking of
alternative measures in flood control if the following
three conditions are satisfied: 1) if benefits and
costs can be measured in the same units; 2) when costs
are viewed as benefits foregone, the maximization of
benefits minus costs is the same as maximizing total
benefits, and when treated in this sense it is taken
to mean maximizing [lood-control measure effective-
ness, in the cost-effectiveness terminology adopted by
the writer; and 3) if it satisfies the economic effi-
ciency criterion. In this study the national economic
objective is assumed to be the primary one, over all
other objectives, since national policies on flood
control and cutting down the nation's future flood
losses are involved.

6.4 Absence of Dichotomy between Economic Efficiency

Objective and Social Security Objective

Hitherto in evaluating the performance effec-
tiveness of integrated flood-control systems, often a
distinction is made between catastrophic flooding and
small flooding. The distinction reveals an apparent
conceptual dichotomy in the sense that the larger the
flood threat, the greater 1is the importance of the
social security objective relative to the economic ef-
ficiency objective (James, 1965). Thus, standard
project-flood protection is for the rarer, larger
flood event with social security objective 1in mind,
whereas for smaller flooding the economic efficiency
objective 1is the guide. In the cost-effectiveness
approach adopted by the writer, both social security
and economic efficiency objectives are not conceptual-
ly separated. If the area is an urban one subject to
intense urban land use, and flood damages due to cat-
astrophic flooding are high, the cost-effectiveness
approach will include this relatively high cost of ur-
ban floodplain occupancy in the net benefit function
and the two-tier system of selection of measures with
their combinatorial screening for optimal mixes will
indicate at what level of flood protection that the
system will become optimal. The case study of the
Fountain Creek, for example, shows an optimal mix of
earth dam, channelization and flood insurance for
Pueblo City at the 400-year flood-recurrence interval,
compared to the other standard of ana priori selection
of social security objective resulting in a 300-year
recurrence interval standard project-flood protection.
But the latter is not optimal.
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6.5 Discussion of Results Obtained for the Case Study
of the Arkansas River

Certain issues arisen in previous chapters are
brought together and discussed herein. They are im-
portant issues since they affect the desirability of a
project proposal rather than its optimality of perfor-
mance. So far it is demonstrated how an optimal mix
of flood-control measures may be applied, as tested on
the Arkansas River flood control. However, the accep-
tance of a flood-control proposal is not synonymous
with the public acceptability of that project.

6.6 Controversial Issues Involving Risk and Protection

Basicélly the controversial issue is related to a
selection of risk and protection. If one accepts the
sound proposition that there is no such thing as a
complete protection from flood hazard, then there fol-
lows the corollary that there will be always a proba-
bility of floods higher than anything that was experi-
enced previously. The question therefore arises as to
what level of risk should be faced in order to live
under the uncertainty of the random stochastic pro-
cesses of flood phenomenon. In this risk-taking ap-
proach, two kinds of attitude are current: protective
and preventive, the latter attitude having some opti-
mal level of risk.

The protective concept regards all highly urban-
ized areas as needing the standard project-flood pro-

tection in order to reduce the flood threat to both
property and human lives. But the irony of this pro-
tective concept is in fact the indirect cause of

greater residual flood damages due to subsequent near-
ly irreducible floodplain encroachment.

The preventive concept is one that attempts to
prevent the above nearly irreducible practice from
occurring. It devises comprehensive measures to prop-
erly manipulate human and economic 1life on flood-
plains, and to adjust rationally human and economic
resources to the river flood phenomenon rather than to
consciously control the river. In this process, it is
not the protection of the economic and social status
guo of floodplain occupancy that is at issue but rath-
er a radical reordering of floodplain use, which in
the long run, is intended to cut down the total flood
losses of a nation. With this preventive concept, full
initiative is allowed to local authorities and flood-
plain occupants. What is more important, it allows
them to assume a greater role in risk-taking deci-
sions. In fact, it is the ultimate legislative weapon,
namely by instilling a greater consciousness among
flood-prone communities and a greater sharing in the
burden of potential flood losses by virtue of occupan-
cy and use of floodplains.

6.7 Integrated Structural and Nonstructural Flood-

Control Measures Versus Solely Structural Measures

Tables 6-2 through 6-5 show the flood-control
measures and their associated flood damages of alter-
natives with and without flood protection for the ex-
ample of the Arkansas River flood control. In Tables
6-3 and 6-5 the measures are shown against various
economic sectors of each county, with the total eco-
nomic output specified.



TABLE 6-1 MIX OF MEASURES VS, SOLELY STRUCTURAL MEASURE
ANNUAL FLOOD DAMAGES AND ANNUAL ECONOMIC OQUTPUT

(I) Annual Flood Damages Only:

Mix of Structural
Structural Measures Measures
and Insurance Only
($10°) (s10%)
(1) Without flood protection 3,258 3,377

(2) With flood protection 1,933 (59.3%)

(3) Reduction in flood damages 1,325 (40.7%)

(II) Annual Economic Qutput Involved:

; 71,205*

(1) Structural component: 37 955%%
; . 55,664
(2) Zoning component: m
. 349,284
(3) Insurance component: 346,284

(Note: *Without protection: **With protection).

659 (19.5%)

2,718 (80.5%)

154,393
15,264

nil

nil

TABLE 6-2a FLOOD CONTROL MEASURES AND DIRECT FLOOD DAMAGES IN ($103) STRUCTURAL AND
NONSTRUCTURAL ALTERNATIVES (WITH AND WITHOUT FLOOD PROTECTION)

¢———— Fremont 44 El Paso o4 Pueblo ——————p4
Measures L. Ag. I. Ts. Ed. L. Ag. e Ts. Ed. L. Ag. I Tsi Ed.
M] (Meteor.) - 3 - = = = 2 - ™ = - z - ~ -
M, (F. Warn.) . ri———;1 8 2 . : s % 2 0z ]
M, (Zoning) L -'%f—_ A _3%:1 . s w  m “ s = W . :
W Gedineny| - MOUETTEM L . 8ol L s s s
s, (St iow| = st = drF = {r% - EBEE :r%’ﬁ 2
My (Insur.) ~ = E%____%}} - ) L%_%___%j ) ) ) Li__l%___%_i _
Remarks (Z+1) (str. + I) (Str. + I)

4——— Crowley b4 Otero )4 Bent: 14
Measures L. Ag. I Ts. Ed. L Ag. I Ts. Ed. L Ag T Ts. Ed
Ml (Meteor.) - = - N ~ = = = = = - = o - -
M, (F. Warn.)| - E - 2 - - £ f_—g__—l_:g- - -2 1—;:__1_—‘} -
M (Insur.) - - - - - - E—;__j—i—jl-: - - - L%—_ _%-ll—l -
Remarks (Z+1) (2+1)




TABLE 6-2b FLOOD CONTROL MEASURES AND DIRECT FLOOD DAMAGES IN ($103} STRUCTURAL AND
NONSTRUCTURAL ALTERNATIVES (WITH AND WITHOUT FLOOD PROTECTION)

Percentage of

Analvsis of Benefits § Costs

Total Damage (Mo protection) Column toral Other Total Avg. Annual
Tatal Damage |With protection) [with |3)-<:n:ef.\:i-‘n'\j Average Apnual  Benefits  Benefits Costs
Mensures 0/0,($107) no protection Benefits ($109) [510°) ($10%) (510 B/C
M, {Meteor. ) = - = o -
M. (E. W " 262 . %
5 (F. Warn.} 5 131.00 a.900 131.00 50.14 2.61
— 703
M3 (Zening]) = Percentage of ¢olumn total 570,00 0.00 570.00 280,92 .03
1146 18 percentage expressed in
My [Sediment) e terms of total damage with- 132,48 0.00 132,48 132.48 1.00
. aa47 out protection [4666)
MS {Struct.) 1"”? 68s, 58 101a.71 1705.29 1150.74 1.49
323
”6 {lnsur, ) Een 0.0n 110, 6a* 110.64 66,65 1.66
7653.41 1680.93
¥ Ab6H6 Flood dumage reduction 1450 i 2653.4
R ks e 3 3 5 . 2653.41
emarl Total 337 % damage reduction 31.20% (*minimizing damage Overall B/C = Todd 33 ~ 1.58

dislocation)

With the previously described assumptions applied
to benefits and costs, it was found that the combina-
tion of structural and nonstructural measures on the
whole is generally more competitive than the alterna-
tive of structural measures only.

There is however one exception. Restrictive zon-
ing is not either feasible or practical for the heavi-
ly urbanized, commercialized and industrialized Pueblo
City. Hence as a substitute, structural measures must
be included together with nonstructural measures by

using the flood insurance. The optimal mix is DICZIS’

a flood-control reservoir and channel-improvement mea-
sures, with flood insurance as a complementary mea-
sure. The nonstructural measures, though competitive,
do involve by their very nature a larger economic out-
put. The results, summarized in Tables 6-3 and 6-5,
demonstrate these effects.

The control measure in form of flood warning and
evacuation has been excluded, because its role is pri-
marily related to preventable loss of life and to dam-
age reduction for removable goods.

6.8 Economy-Hydrology Sectoral Implications

Table 6-2a reveals the sectoral
hydrologic and economic factors
control measures.

implications of
in relation to flood-

Block A in Table 6-2a under Fremont, Otero and
Bent shows the effect of zoning for the standard 100-
year return-periocd flood and the complementary measure
of flood insurance, Residual flood damage after zon-
ing is taken over by risk coverage of flood insurance.
The economic output after zoning must, therefore, be
equal to or greater than the economic output involved
by insurance. These areas are urbanized areas but of
a level of urbanization less intense than Pueblo City.

Block B in Table 6-2a involves the structural and
nonstructural measures related to the Fountain Creek
and other downstream reaches, nos. 4 to 7, all within
the Pueblo County and urbanized areas.

Block C refers to the livestock and agricultural
sectors, which in Table 6-2a show themselves as the
unprotected areas. There are two reasons for this.
First, zoning and insurance together are applicable to
urban areas while in agricultural areas the flood risk
to agricultural crops is seasonal. Second, the chan-
nelization is eliminated by the Corps of Engineers
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because of uncertainty in environmental impact and the
danger of an excessive lowering of the groundwater
table in the alluvial floodplain between Pueblo and
Lamar. As far as the writer can see, no zoning or in-
surance programs are currently available for the agri-
cultural floodplains. In addition, the impact of dam-
age due to deposited sediments on land in the agricul-
tural sector needs investigation since the twin prob-
lems of flood and sediment damages are found to be
important.

6.9 Flood Problem of Pueblo City

Downtown businesses and industrial interests in
Pueblo City are apt to exercise pressure for the Foun-
tain Flood Control Reservoir as proposed by the Corps
of Engineers rather than use the optimal DlCZIS mix

of measures, namely an earth-dam flood-control reser-
voir for the 50-year return-period flood protection, a
channel for the next segment of the 100-year return-
period flood, and the 250-year return-peried flood in-
surance for the residual components, making a total
protection from the 400-year return-period flood.

The reasons for being against the optimal mix is
not the position which is against the economic effi-
ciency criterion, but rather than the Fountain Reser-
voir would benefit particular interests by using the
structural flood protection, by maximizing the appre-
ciation value of the land and structures, and by in-
ducing growth.

In this alternative, the contribution by the
Federal Government, in the event the Fountain Flood
Control Reservoir is to be built, should be carefully
analyzed.

Based on principles of equity, the contribution
from the nonfederal sources should be increased from
the 7 percent, estimated by the Corps of Engieners, to
28 percent as estimated by the writer, using the prin-
ciple outlined by Whipple (1968). The formula for the
capital cost sharing is based on the actual proportion
of direct benefits due to flood damage reduction.
due to

Due to normal growth,

the benefit B

5 By _ .St 3
flg:d-damage reduction is Bl = EXDR]NG + [XDR]E'
IXDR]NG is the annual flood-damage reduction due to

where

the normal growth, and [Xg;]g is the annual flood

damage of the present.



TABLE 6-3 FLOOD CONTROL MEASURES AND TOTAL ECONOMIC OQUTPUT IN [5103) STRUCTURAL AND
NONSTRUCTURAL ALTERNATIVES (WITH AND WITHOUT FLOOD CONTROL)
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. , 29 142 1689 249
Hy CF: Namn.d. | - 29 - 143 - T Tose = 19 )
M. (Zoning) - - - - - - - - - e &
. |

cois g g 110 57 97 1847 332 705 156
M =dime - -— S = - - e A= = - —_— -
My (Sediment) 110 &7 97 1847 3330 5705 | 156

72 127 40 183 1866 I 63 204

3 ot 0 £t iy - T = il ok & i P ChEL faindiie -
LR 72137 185 158 1866 : 65 Jua
M (Insur.) - - - - - = - = = 5
8
Remarks

Total OQutput N (Ao protection)
Total durput N (with protection)

With protection
Without protection

L. i

Measures A
Ml (Meteor., ) =z o
Ji1, 474
A : foy 3> 1 ol iz
.13_ (F. Warn.) TR0
Goos 55, 604
.'v!‘_‘r (Zoning) ‘u_‘l_,_‘\T

adi

(5&.‘(] i Tﬂol'lt]

4 105,536
.'\13 (Struct.) ::—l
39,2
M 2 il
My Chisur.) 339,254 16.50% _
. 751,177 100.00% Totul output reduction, X = 113,808
Remarks -

637,300

34.84%

% Total output reduction, X =

15.16%
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TABLE 6-4a FLOOD CONTROL MEASURES AND DIRECT FLOOD DAMAGES IN ($103) SOLELY STRUCTURAL
MEASURES (1969) (WITH AND WITHOUT PROTECTION)

4 Fremont g El Paso b — Pueblo b4
Measures L. Ag. I Ts. Ed L. Ag I. Ts. Ed. L. Ag. I Ts. Ed.
Ml (Meteor.) - - - - = - - - = » = ” - = @
) 2 2 32 70 22
M2 (F. Warn.) - 5 - - - - - - - > 5 %5 5 -
M3 (Zoning) - - - = & = Z = = - o = - - _
: 120 39 30 88 19 19 165 59 59
My (Sediment) | - T35 39 % - T %W 19 19 T ° 165 59 59 g
1 22 332 43 1 3 2 2 16 360 777 248
REaEEE | § % % * B 3 T T = W @ B wm -
Mé (Insur.) - - - - - - - - - - - - - - _
Remarks: Corps of Engineers Project 1969: Entire component on the structural measure.
¢———  Crowley b4 Otero b4 Bent B
Measures L. Ag. I. Ts. Ed. L. Ag. I Ts. Ed L. Ag. I Ts. Ed.
My (Meteor.) - - - = = = = 2 = = = = o 3 <
6 2 46 20 16 20 10 14
M2 (F. Warn.) - r3 - 5 = - s 35" 18 - - T 10 T =
M% (Zoning) - - - - % - - - - - - - - -
, 101 6 6 220 68 68 55 12 12
M, (Sediment) | - 01 6 % - - 720 68 68 N - 55 Iz 72 *
20 226 90 9 433 187 148 8 201 109 137
Mg trvct.] 0 5 2 - T 125 39 a4 - 0 6 33 3 -
M (Insur.) - = i - - - - - - - - - - - -
Remarks: Corps of Engineers Projec't 1969: Entire component on the structural measure.
TABLE 6-4b FLOOD CONTROL MEASURES AND DIRECT FLOOD DAMAGES IN (3103} SOLELY STRUCTURAL
MEASURES (1969) (WITH AND WITHOUT PROTECTION)
o Etrcen(;ge of Analysis of Benefits § Costs m
To(?]. Dnl‘l‘e . Emunon] olumn Total ale T r— . v ; (:Ilﬂ V) .’ 5
Nedsiives e (s gt rotstien) e E,Li ci Me\"l:: 8 theh e s/
H; (Meteor.) = (1) Flood Contrel (Damage reduction) 1782
(F. Warn.} 252, L Ei; :::;::E;n in Water Losses I;:::;
ek : %z s Percentage of columm total (4} Recreation 360’.00
Hy (Zoming) = is Pvr:;nta::iespressef :: [£3] ?cN::T:::lneulqlz:;:: e 1378.40
My (Sedinent) e Lo o protection (4785 o EExy e L
“, [Struct. ) % miu'_”‘
M (Insur.)
Hemarks Total 4785 100, 00% ilwd damsge rtduetioﬂmln.?ls
2067 43, damage reduction 56,
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TAELE 6-5 FLOOD CONTROL MEASURES AND TOTAL ECONOMIC OUTPUT IN ($103) SOLELY STRUCTURAL

MEASURE (1969) (WITH AND WITHOUT PROTECTION)

44— Fremont »4¢ El Paso 46— Pueblo >
Measures L. Ag. I. Ts. Ed. L. 5 I. Ts. Ed. L Ag. 1: Ts: Ed.
M, (Meteor.) - = = S = - - = ® - = - = - -
526 1223 2595 94657 55867
My (FWarn.) | oo " 526 ) - - - - 1223 2595 04657 55867
My (Zoning) - - - - - - - - - - - - - - -
: 451 2345 3174 2189 6972 20054 3059 18240 34253
¥, Aoedimene} | - a51 2343 3174 - T 7189 9972 20054 © 3059 18240 34255
10 2 6774 1544 58 25 356 717 759 2266 81565 48889
N [(Btaucty) 0 5 70 286 - 0 8 177 33 - 0 708 1984 7845  ©
ME. (Insur.) - - - - - - - - - - - - - - -
Remarks
¢ Crowley 4 - Otero b4 Bent ' 2
Measures L. Ag. Ly Ts. Ed. L. Ag. 1 Ts. Ed. L Ag. L. Ts. Ed.
M] (Meteor. ) = - - - - - - - - - - = =t - -
29 142 1689 4284 5872 249 636 1711
My (F. Warn) | - 55 - 133 T 1689 4284 S872 - T 219 6% 1711
M3 (Zoning) - - - - - - - - - - - - - - -
n 110 57 97 1847 3330 5705 156 174 335
M, (S . 2L 2L E 2 5 2 Lo, odS, L8 =
¥, iCoadinen) 110 57 97 1847 3330 5705 156 174 335
ﬂ 8_4 »@ 140 1234 3109 4217 41 194 538 1300
Mg AGericts | 0 2 - iz - 0 354 810 1247 - 0 66 162 406 }
Mﬁ (Insur.) - - - - - - - - - - - - - - -
Remarks
Total Output X (No protection) Percentage of column total
Total ()J(utput ; (With protection With protection
= Without protection
Measures X ($10%) P
Ml (Meteor.) = #
169,478 39.47%
M, (F. Warn.) 169,478 39.47%
Mo (Zeoning) = -
: 105,546 24.58%
M4 (Sediment) 105,546 24.58%
154,393 55.95%
M. (Struct.) 15264 3.55%
M6 (Insur.) - -
429,417 100.00% Total output reduction, X = 139,129
Remarks 390,238 T67.60% % Total output reduction, X = 32.40%
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There is, however, an additional element in form
of the benefit B; which is due to the project-induced

growth. This benefit
land-enhancement value
sidual damage B, due
growth, or

is the difference between the
X less the average annual re-
to project-induced economic

BS = (X - B) .

(6-1)

TABLE 6-6 CAPITAL COST SHARING:

Hence the proportion for the reimbursable cost
from the private sector benefiting from the project-
induced economic growth is

*
il
B

x (100%) . (6-2)

Table 6-6 shows the effects of the cost-sharing prin-
ciple and Table 6-7 gives the final results of capital
cost sharing for various return periods of flood pro-
tection.

EXISTING & FUTURE DEVELOPMENT, CORPS OF ENGINEERS

FOUNTAIN DAM: STANDARD PROJECT-FLOOD PROTECTION (315-YEAR FLOOD FREQUENCY)
Non-federal Federal Total
Status of economic Original Overflow Original Overflow Original  Overflow
development Area Area Area Area Area Area
(%) )] $ (%) () (8)
(I) Existing development
a) Flood damapes without protection - - 226,444 229,408 226,444 229,408
b) Residual damages with protection - - 3,943 57,690 3,943 57,6590
c) Benefits of damage reduction - - 222,501 171,718 222,501** 171,718+
LR (present)
(I1) Normal growti (NG)
a) Flood damages without protection - - 220,626 158,700 220,626 158,700
b) Residual damages with protection - - 2,737 39,578 2,737 39,578
c} Benefits of damage reduction, - - 217,889 119,122 217.589** 119.122**
DR (NG)
(III) Project induced growth
Flood damages induced
(with project)
a) Residual flood damage, B, 261,466 142,934 - - = =
b) Land enhancement benefit, 130,733 71,467 - - - =
LEB(X) = 1/2 B,
c) Net damages (LEB(X) - 32] -130,733* -71,467*

202,200

Reimbursable costs = =/2——— x 100% = 28%.

(Non-Federal) 731,230

TABLE 6-7 CAPITAL COST SHARING

Average Return-
Period Flood

protection Total Cost Federal Non-Federal
(years)
(%) %) (%)

400 30,210,896 21,751,845 8,459,050
350 29,166,445 20,999,840 8,166,604
300 27,753,934 19,982,833 7,771,101
250 26,678,661 19,208,636 7,470,025
200 25,953,842 18,686,766 7,267,075
150 23,360,796 16,819,773 6,541,022
100 21,843,234 15727128 6,116,105
50 18,670,596 13,442,829 5,227,766
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It is interesting to note that no land-enhance-
ment benefit has been included in the original Corps
of Engineers vreport (1969) on the premise "that it
does not appear that the threat of flooding has in any
way been a deterrent to development."” If that is the
case, the residual flood damage B, due to project-

induced growth of 600 acres of urban development would
have no offsetting land-enhancement benefit to sub-
tract, and the nonfederal share would jump from 28
percent to 55 percent, namely 100 x 404,000/731,230
= 55%.

The benefit/cost ratic of the Fountain Reservoir
project as estimated by the Corps is 1.22. Only about
32 percent of the benefit is assigned to direct flood-
loss reduction at Pueblo City. The preponderance of
other benefits, such as the recreation ($746,000) un-
derscores the vulnerability of the proposal. If the
project-induced growth is taken into account, the
criginal benefit/cost ratio would not change signifi-
cantly. The change would be about 4 percent because
of the effects of weightage of other benefits.

Figure 6-1 shows how the project-induced growth
would raise the residual damage. At the standard-
project flood-protection level, the ratio of percent-
age increase in residual changes due to the project-
induced growth and the normal growth is increased by a
factor of two. Arvanitidis et al. (1970) have made
contribution in clarifving the economic consequences
of flood-control project and drafted evaluation proce-
dures for the Corps of Engineers and their remarks on
project-induced growth are relevant to this case
study. Hence pelicy and procedural changes are re-
quired in assessing project induced growth benefits
through damage reduction measures.

600
"5 500t
- 5
§ 400 Project Induced Growth
g and Normal Growth
o
2 300
2
=
<
e 200 Normal Growth
3 L
7
2 | = B Y
« e Existing ~— .~
- Development S e
0 | 1 L 1 S I
0 200 400 600
Return Period in years
Fig. 6-1 Residual Flood Damages in Stages of Growth,

the Fountain Dam for Pueblo City.
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6.10 Project Yield

The efficiency of the optimal mix of structural
and nonstructural flood-control measures is made ap-
parent with the synthesized optimal mixes having an
overall B/C ratio of 1.58 for an annual outlay of
$1,680,930 (Table 6-2b). On the other hand, with only
the structural protection the B/C ratio of the project

is 1.31, with an annual outlay of $4,993,800, the re-
sult being an almost three-fold difference (Table
6-4bj .

An additional benefit of the mix of structural
and nonstructural measures is the decrease of environ-
mentazl impact due to the channelizaticn.  There would
be an absence of groundwater degradation and uncer-
tainty associated with the water quality due to the
recreation at the Fountain Reservoir. The only trade-
off is a massive reordering in an optimal manner of
the human and economic resources on the floodplains.

6.11 Resilience in Economic Performance

Since the proposal of structural measures only
(Corps of Engineers, 1968, 1969) has resulted in con-
siderable damage for the standard-project flood (SPF),
the writer undertook a sensitivity analysis with the
regional intersectoral model, to assess the direct
impact of wide-spread hypothetical standard-project
flooding in the six counties.

The catastrophic hazard is examined under two
contingencies: 1) either there is a fully viable econ-
omy and rapid recovery as expected in the Arkansas
Region or 2) there 1is a partially flood-stricken
economy with little economic resilience.

69

Fully viable economy with rapid recovery

Total economic

Protection status SPF damage  output involved
(%) (8]
(a) no flood protection 139,837,000 252,675,000
(b) with flood protection 58,297,000 83,752,000
(IT) Partially paralyzed economy with a slow
recovery

Total economic

Protection status SPF damage output involved
($) (%)
(a) no flood protection 139,837,000 145,606,000
(b) with flood protection 58,297,000 56,518,000
The results above show that the same amount of
standard-project flood damage may occur, but in a

thriving vrobust economy, greater economic output is
involved. In this contingency assessment, the evalua-
tion is based on the Corps of Engineers' 1969 project.
No similar data exists to assess the catastrophic im-
pact of the mix of structural and nonstructural mea-
sures.



Chapter 7
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

7.1 Perception of the Flood Threat

Present perception of the flood threat and the
level of response consciousness is very different from
what they were years ago. Past perception of the flood
threat was mainly limited to the then status quo, with
protection conceived on the premise that once a level
of protection was provided there would be no extrane-
ous factors such as floodplain encroachment to under-
mine the level of protection. It is this very static,
strategic concept that has given rise to a false sense
of security and has in fact led to an exacerbated loss
of life and property.

There are significant indications that such a
static philosophy is giving way to a more dynamic one.

The reasons for this reversal in philosophy are the
following:
1) It is easier for man to work with the river

than for him to work on the river or against the riv-
er; and

2) As an implication of this premise, it is more
feasible to manage human and economic resources on
floodplains rather than to manipulate the river.

The underlying basis of this strategic concept is
an attempt to cut flood losses as quickly as possible,
with as many comprehensive adjustments as practicable.
In principle, this philosophy has a wide support among
the several U.S. federal agencies. In fact, as the
National Water Commission has discovered (1972), there
are still many problems to be resolved.

7.2 Conclusions

Conclusions of this

three headings:

study are presented under

(1) General conclusions related to the approach
and technique;

(2) Best strategy in flood-control planning for
a test region; and

(3) Overall significance of the study and its
potential usefulness.

General Conclusions Related to the Approach. The
potential for developing a scientificallv based meth-
odology for flood control is extremely g : t. Based on
a systematic classification of all flo: .- :ontrol mea-
sures, with the analysis of their significant aspects
leading to the synthesis of their most important vari-
ables, the whole approach and methodology used are
directed towards the evolution of the best strategy in
flood-control planning. The search for this optimal
strategy is underscored with tactical support of mixes
of flood-control measures, ranked in their respective
order of competitiveness. The first level of planning
is then the identification of a sound strategy by a
feasibility study of analysis and synthesis of flood-
control measures for a flood-Prone environment.

The classification of flood-control measures is
in fact an inventory of flood-fighting potentials, Out

66

flood-control measures

of this inventory, a systematic analysis of each mea-
sure reveals its particular advantages and disadvan-
tages, with the constraining factors under which they
must perform. This is called the strategical screening
of flood-control measures to be considered.

The selection is synthesized into a most effi-
cient combination of measures, so that the best mix of
measures could be delivered.

The wvalidity of this
three considerations:

approach is verified by

(1) The probability of subjectivity is reduced

to 2 minimum;
(2) It is a prerequisite for a systematic
proach; and

ap-

(3) It is a technique suited to systems analysis
and synthesis.

Best Strategy in Relation to Test Area. The best
or optimal strategy in relation to a test area, in
this case the Arkansas River and its major tributar-
ies, is linked to two factors:
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It will reveal the optimal global mix of
in that particular case; and

(2) It will reveal the optimal, global efficien-
cy in allocation of limited economic resources.

The first consideration implies the second, for
the global optimality implies the improved global op-
timal resource allocation.

The gross divergence in results is obtained by
the use of structural measures only in the case of the
Arkansas River flood-control system, (the Corps of
Engineers 1969 project) and the results of a mix of
structural and nonstructural measures as suggested in
this study. The 1969 project calls for the Fountain
Creek Reservoir near Pueblo and the channelization of
about 76 miles of the river between Pueblo and Las
Animas, and another short stretch of the river between
Brewster and Florence. It also includes the local
flood-protection projects for four urban localities.

The overall B/C ratio for the 1969 project is
1.33, with the factors of recreation benefit and envi-
ronmental impacts still unsettled. The 1969 solution
for the Arkansas River system is aimed at providing a
satisfactory level of flood protection for the exist-
ing developments, as well as for the agricultural ac-

tivities in the area, (Congressional Hearing, 4904,
4805, June 1973). The solution is not claimed to be
optimal.

The results of the present study reveal an opti-
mal global mix of measures, structural and nonstruc-
tural, with an overall B/C ratio of 1.58. The optimal
global efficiency of resource allocation is about one-
third of the 1969 project.

The protection levels are the standard-project
flood and the 400-year return-period flood, respec-
tively for the 1969 project and this study approach.



Although it could be claimed that the absolute

benefits in the 1969 project is greater, the flood-
control benefit ranks low:
\ 3
in 107 US § Percent
(1) Flood contrel
(damage reduction) 2,717.92 42
(2) Drainage 206.32 3
(3) Reduction in water losses 1,387.00 21
(4) Recreation 860.00 13
(5) Economic Development
(National unemployed
resources) 1,378.40 21
6,549.64 100

The vulnerable factors are still the recreation,
the reduction in water losses, and the unknown adverse
effect of the steepening of the channel of the Arkansas
River on the groundwater table,

Overall Significance of the Study.
cant points are:

The signifi-

(1) Given constant prices, technology and hy-
drology, the optimal global mix of flood-control mea-
sures and the optimal global efficiency in allocating
the limited resources for these measures can be ob-
tained;

(2) Without it, the best use of floodplain re-
sources in relation to flood hazard cannot be obtained;
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(3) In situations of fluctuating prices, and/or
new hydrologic data, the optimal mix can be easily
reappraised and/or readjusted prior to implementation;

(4) The approach and methodology demonstrated
are conducive to rapid appraisal of the feasibility of
a project.

7.3 Recommendations

The recommendations for future research would lie
mainly in the areas of refinements. These include
optimization under uncertainty. This optimization
procedure has the possibility of incorporating the
uncertainty about the productivity of future capital
in the regional intersectoral input-output model;
hence, it includes the dynamic aspects of contingency
evaluation. A more flexible, contingency planning for
the future is allowed where one looks for 1) optimal
stochastic strategies for the accumulation of eapital
stoek and 2) more dynamic aspects in stochastic plan-
ning that is flexible, since it contains built-in pro-
visions for changing situations.

The optimization procedure carried out in this
study uses stochastic deeision making, or decisicn-
making under risk, with known probabilities of occur-
rence associated with each return. The optimization
under the risk is no more difficult than the optimiza-
tion under certainty, because using the criterion of
maximizing the expected net return (Nemhauser, 1966),
one could obtain the approximate solutions to stochas-
tic programming problems by replacing all random pa-
rameters by their expected values and by solving the
resulting deterministic programming problem (Hadley,
1964). The values of the control variables so obtained
are then used in the real world situation, as Hadley
pointed out.
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APPENDIX A: FLOOD-WARNING MODEL DATA

Flood Warning Model Data

FIXCOS

VARCOS

RADFC

RADVC

GAGEFC

GAGEVC

NGAGE

Input Computer Data for

is the capital cost of preparing and dissemi-
nating the flood forecast,

is the annual operations and maintenance cost
of preparing and disseminating the forecast,

is the share of the radar capital cost that is
allocated to the river basin under considera-
tion,

is the share of the radar annual 0§ M costs
allocated to the river basin,

is the capital cost of a reporting raingage,

is the annual O & M cost of a reporting rain-
gage 3

is the number of raingages in the river basin.

Mathematical Symbols

Flood Warning Submodel in text
FIXCOS = $12,000 C. (Forecast)
VARCOS = $34,000/year Ca (Forecast)
RADFC = $125,000 C. (Radar)
RADVC = $50,000/year C, (Radar)
GAGEFC = §2,000 Cc (Raingage)
GAGEVC = $1,500/year Ca (Raingage)

Test Series

Test Series

A B
Other Input Parameters 1st Run 2nd Run
1. Raingage network: AEQ(a) 0.60 0.60
BEQ (k) 0.25 -0.15
2. Radar network: Oy 0.25 02
t

3. Storm characteristics:

DUR (12 hrs) 12.00 12.00

RC (mile) 20.00 20.00

RO (mile) 10.00 10.00
4, Basin area covered

TOTAR (mile?) 2,640 2,640
5. Sociological

characteristics:

RF (re} 1.00 1.00
6. Economic characteristics:

R 7% (0.07) 7% (0.07)

LT (years) 50 ' 50
7. Hydrologic

characteristics:
Tc (hours) >6-8 >6-8



APPENDIX B: COMPUTER PROGRAM FOR FLOOD WARNING AND TYPICAL RESULTS

INPUT
INFORMATION

v
CALCULATE MATRIX OF
BENEFITS AND COSTS
ACCRUING TO FLOOD PLAIN
OCCUPANTS FOR EACH

FLOOD LEVEL AND EACH
LEVEL OF ACCURACY

ARE
THERE ANYMORE
NETWORKS TO BE

NO_[DISPLAY
RESULTS

CALCUL ATE MATRIX OF PROBABILITIES
OF FLOOD PREDICTIONS OF VARYING
ACCURACY FOR EACH POSSIBLE
FLOOD LEVEL

L d
CONVOLUTE DISTRIBUTIONS TO DETER-

MINE EXPECTED ANNUAL NET BENEFITS
ACCRUING TO FLOCD PLAIN OCCUPANTS

y
CALCULATE NETWORK COSTS

.

CALCULATE NET BENEFITS
CORRESPONDING TO NETWORK

Fig. B-1 Flowchart of Expected Value Model
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Tal*S MODIFIED MIT COMPUTER PROGRAM IN FLOCD=- WARNING SYSTEM,

FHO AR B AR C RO R R R DGR AP R RSB O OO P CR R OORAORDED RGO ODICROREORRDCORODRTED
THE MIT COMPUTER PROGRAM FROM GRAYMAN AND EAGLESON REPORT NO. 1684
4DESIGN OF OPTIMAL FRECIPITATION NET WORKS® HAS NO EXPLANATION

IN THE REPORT'S APPENDIX AND SOME ERRORS.

THE MIT PROGRAM IS MODIFIED AND IS TO BE KNOWN AS THE TAI'S

MODIIFIED MIT PROGRAM.

THYE EXPECTED VALUE MODEL IS USED. FORTRAN CODE OGN LEFT IS LISTED.

NFL = THE NUMRER OF DISCRETE FLOOD LEVELS.
I = AN INDEX FOR THE NUMBER OF RIVER REACHES.
8 = THE BENEFIT ARRAY
BEN = THE NET BENEFITS TO FLOOD PLAIN OCCUPANTS. IN REPGRTs NCO(M)
ceos = THE COST OF THE MEASURING NETWORKS. IN REPORT NC(M)
NFAD = THE MAXIMUM NC. OF RAINGAGES USED IN CALIBRATION OF THE

RADAR SEE ICO(K)
RATE THE INTEREST RATE. EXPRESS IN DECIMALs 7 PER CENT IS 0.07.
NY THE NO. OF YEARS IN WHICH THE SYSTEM IS USED.

VARCOS= THE ANNUAL O AND M COST OF PREPARING AND DISSEMINATING

THE FLOOD FORECAST,

RADVC = THE SHARE OF THE RADAR ANNUAL OM COSTS ALLOCATED TO RIVER
CATCHMENT,

GAGEVC= THE ANNUAL OM COST OF A REPORTING RAINGAGE.

FCo = THE COST TO FLOOD PLAIN OCCUPANTS IN EVACUATIONs ETC.
FIXCOS5= THE CAPITAL COST OF PREPARING AND DISSEMINATING FLOOD
FORECAST

RADFC= THE SHARE OF THE RADAR CAPITAL COST THAT IS ALLOCATED TO THE
RIVER BASIN UNDER CONSIDERATION.

GAGEFC= THE CAPITAL COST OF A REPORTING RAINGAGE.

ICO(K}= THE NO. OF EQUALLY SPACED RAINGAGES USED IN CALIBRATION

0 IN CONJUNCTION WITH THE RADAR. MAXIMUM NO, FOP ICO(K) IS NRAD,.
NINS = THE MAX. NO. FOR NRAD*NGAGE+1 SEE MAIN PROG. LINES 27,27
IGAGE = AN INDEX FOR THE NO. OF RAINGAGES USED IN THE MEASURING
SYSTEM WITHOUT RADAR.

AREA(I) = THE AREA OF THE CATCHMENT CORRESP. TO THE RIVER STRETCH
e,
DUR THE DURATION OF THE DESIGN STORM.

SIGYT A PARAMETER FOR RADAR ACCURACY, SIGMA Y(T).
TCTAR = THE TOTAL AREA COVERED BY THE RADAR OR FORECASTING SYSTEH.
THIS TOTAR IS LARGER THAN THE AREA(I) OF THE RIVER STRETCH #I®,

non

RC = THE CORRELATION RADIUS. THE DISTANCE AT WHICH THE CORRELATION
FUNCTION OF THE TOTAL STORM DEPTH RECOMES ZERO OR OSCILLATORY.

EL THE CATCHMENT LENGTH FOR ThE RIVER STRETCH #le,

RO = THE INDEPENDENT VARIABLE STORM RADIUSs ROy IS DEFINED AS

THE DISTANCE AT WHICH THE CORRELATION FUNCTION OF THE TOTAL STORH
RAINFALL EQUALS 0.5.

LEQ = A PARAMETER DESCRIBING RAINGAGE ERROR.

8EQ = A PARAMETER DESCRIBING RAINGAGE ERROR.

PI{KsL)= PROBABILITY THAT A FLOOD OF LEVEL I IN REACH ®I% wILL
RESULT IN PREDICTED FLOCD OF LEVEL K USING NETWORK (M),

Filed)= INCHEMENTAL PROBASILITY FOR DISCRETE FLOOD LEVEL =1+
OCCURING IN REACH =I® IN ANY YEAR.

BI = THE BENEFITS ASSOCIATED WITH ORJECTIVES #I),

J = A COUNTER THAT IS USED IN J=2+NINSILINE 33) OR J=NRADPP.NIwS
J=13923. UNDERSTAND J CLEARLY SINCE IT CROSSES FROM ICO(K)» RAIN-
GAGES USED IN CALIBRATION OF RADARs TO IGAGE(K)s RAINGAGES USED
WITHOUT RADAR AS A PRECIP. MEASURING SYSTEM.

CtIsJ)= THE COST IMNCURRED RY FLOOD PLAIN OCCUPANTS IN REACH eIe,
IN RESPONDING TO A CORRECTLY PREDICTED FLOOD OF LEVEL ®I+®.

@(Isd) = THE STREAM FLOW PEAK. EXPRESS AS UNITS OF 1000 CFS.
THERE WILL BE ONE EXTRA VALUE OF Q SINCE THE UPPER BOUND FOR @ IS
REQUIRED. Q VALUE MUST PE LARGER THAN THE LAST RECORDED VALUE OF u

CAUTION IS REQUIRED IN THE FOLLOWING,

ICO(KK) MAY START WITH ZERO VALUE SINCE THERE COULD BE NO SINGLE
RAINGAGE USED IN CALIEBRATING THE RADAR.

IGAGE (KK) Cri¢ ONLY START WITH VALUE 212 SINCE USING =02 WILL THROW
OUT THE ALGORITHM OF THE SUBROUTINE NETE2 FROM LINE 30,

ASSUMPTIONS.

PROGRAM BASED ON SELECTION OF VARIABLES BY JUDGEMENT SINCE TIME

AND LARGE EXPENSE INVOLVED IN EXAMIMNING THE EFFECTS OF ALL INDEPNDENT
VARIABLES IN DETERMINING THE OPTIMAL PRECIP. MEASURING NETWORK.
PHYSIOGRAPHIC CHARACTERISTICS.

AREA(I) = CATCHMENT AREA. CARWID= CATCHMENT WIDTH. EL(I)=
CATCHMENT LENGTH.(1). TOTAR = TOTAL AREA OF THE BASIN,.

MEASURING SYSTEMS CHARACTERISTCS®

SIGYT= A MEASURE OF THE TECHNICAL ACCURACY CF THE RADAR SYSTEMS.

AEQ = A PARAMETER OF THE ACCURACY OF THE RAINGAGE NETWORKS.

BEQ = A PARAMETER MEASURE OF THE ACCURACY OF THE RAINGAGE NETWORKS.
“CLIMATIC CHARACTERISTICS®

AVERAGE NORMALISED SPATIAL CORRELATION FINCTION OF THE STORM DEPTHS
RO = THE DISTANCE AT WHICH RO = 0,5

RC = THE DISTANCE AT WHICH RC=0 OR OSCILLATORY.

LINEAR CORRELATION FUNCTION ASSUMED SO THAT RC= 2®R0.

HYDROLOGIC» ECONOMICs AND SOCIAL CHARACTERISTICS®

RF = RESFONSE LEVEL 0 70 1



100

101

ann
Apno

112

anz
801

B4
an3

103

104

SUBROUTINE BENT B2 COMPUTES THE MATRIX OF SENEFITS BEN(KsL) AND

COSTS» FCO(K.L)

SUBROUTINES NETCZ2 COMPUTES THE COST OF PADAR WITH RAINGAGE AND

RAINGAGE WITHOUT RADAR.

SUBROUTINE NETE2 COMPUTES PROBABLITY MATRIX P(KsL)s THE PROBABLITY

OF PREDICTED FLOOD LEVEL K FOR AN ACTUAL FLOOD LEVEL L.

SUBROUTINE BEN 2

COMPUTES THE NET BENEFITS OF FLOOD WARNING SYSTEMS TO FLOOD PLAIN
OCCUPANTS .

R R R RN E N R RGO G OD N NOOBACAR RN I N RROOROOOILODODBDACOOTODLOBODERBBOEBL

PROGKAM MIT (INPUT+QUTPUTTAPES=INPUT»TAPLB=UUTPUT)
COMMUN NFL e IoHyBENYCOSoNRAUWRATE sNY 9 VARCOS omADVCyGAGEVLFCOY
1FIXCUS,RADFC+GAGEFCy ICOsNINS » IGAGE ¢ AREASQURsSIGYT ,TOTARSRCyEL s
2RO,AEQBEQeP+F sBlsJeCeQoRF

DIMENSTON NFL(25)sAREA(Z5)4,EL(25) 4 ICO(20)4iGACGE(20) 4BNI4&Nn),
2C0S(40) sHENNET (40) oF (25925) 9B(25925) 9C (25951 +8ENT125925),0(25926) 0
3P (2594251 sFCOIE5+v25)+RF (1)

IPEAL=5

IRITE=A

REAU IREAD,1000; ~REACH

SEC = 4ECOND(SEC)

PRINT 111:SEC

FORMAT (1X+F10.3+®% FROM MIT LINE 14 TO LINE eg6® )
DO LuD I=]1s+NREACH

RE&) (TREAN«100L) NFL(T)sAREA(TI)SELI(])

NF=NFLI(])

NFLPSNFLIT) +1

READ (IREAD#1U02) (F(IsJ)ed=laNF)
WRITE(IRITE»2102) (F(lsJd)sd=14NF)

REAL (IREAD»1002) (H(lsJ)yJ=14NF)

WRITE (IRITE+2002) (B(IsJd)s J=14NF)

RE&D (TREAN«1002) (CUIsd)s J=1shF)
WRITE(TRITE»2002) (C(IsJ)e u=1sNF)

REAU (IREAN»1U03) (Q(Isd)evd=1sNFLP)
WRIIELIRITE«2003) (QiIsJd)s u=1sNFLP)

CONT INUE

REAU (IHEAD#1U02) AEQ+BEQ+ULRWRCIROWSIGYTwIOT AR
READ (JHEAD+1002) FIXCOSsvARCOSsRADFCIRADVLsLAGEFCsGAGEVCIRFRATE
PEA) (IREADs1U00) NRADyNGAGEsNY

REAL (IREAN,1000) (ICO(K)sK=14NRAD)

REAU (IREAD»1000) (IGAGE(K) K=]sNGAGE)
NINS=NRAD+NGAGE +]

DO 1ul J=1eNINS

BN(J)=0

CALL NgTC2

DO Buld JS2.NINS

WRITe(5+8000) COS(J)

FORMAT (1H +6F12,3)

NRADP=NRAD+ 1

NRAUPP=NRAD+2

SEC = SECOND(SEC)

PRINT 1125 SEC

FORMAT (1XsF1l0.3s ® FROM MIT LIMNE 44 TO Llne 66 #)
DO 1lu2 1=1+NREACH

NF=NFL(I)

CALL BENTBZ2

IF (1.GT.1) GO TO 801

00 su2 K=1.NF

WRITE(6+8000) (BEN(KyL)sL=1sNF)

WRITE (6980000 (FCO(KeL)sL=14NF)

CONTINUE

CONT INUE

DO 1uU3 J=2.NHADP

CALL NETE?2

IF (I1.GT«1) GO TO 803

IF (Ju.GT.2) GO TO 803

D0 Bus K=].NF

WRITE(6+8000) (P(XKsL)sL=1sNF)

CONT INUE

CALL HBENZ2

BN (J)=BN(J) +BI

DO Llu4 J=NRADPP4NINS

CALL NETE2

CALL BEN2

BN(J)=BN(J) *B1

CALL NETE2

CALL BEN2

104 BN(J)=BN(J)+BI
102 CONTINUE

DO 1uS J=2,NINS
WRITE(6+8000) BN(J)

105 BENMET(J)=BN(J)=COS(J)

BMAA=0

DO 2u0 I=1.NREACH
NF=nFL (D)

DO 2ul J=1.NF
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200 BMAX=BMAX+F(I+d)*(B(IsJ)=Cl1sd))

WRITE (IRITE+1006) NY
WRITE(JRITE»1005) BMaAX

1005 FORMaT(# MAXIMUM POSSIBLE BENEFITS *yp10.0)
1006 FORMaT(®* AVERAGE ANNUAL BENEFITS BASEC ON #9]3s% YEAR LIFE®)

DO lu7 K=1.NRAD
KK=R+]1

IF (ICOtK).EQ.0) GO TO 108
GD=TUTARZICO(K)
WRITE(IRITE1007) GDWBENNET (KK)

50 Tu 107
108 WRITE(IRITE+10U08) BENNET(KK)
1008 FORMAT(® RADAR WITROUT RAINGAGES *yFl0.0s* DOLLAR>®)
197 CONT INUE
1007 FORMAT (® RADAR+]l GAGE PER *4Fb6a.le®* SQUARE mILES ®arln.0e

1 # UULLARS®)
DO 1u9 K=14NGAGE
KEK=NrAD+]+K
GU=TUTAR/ IGAGE (K}

109 WRITE(JRITE21009) GD+BENNET (KK)
1009 FORMaT(® 1 CAGE PER #sF6.1+* SQUARE MILES #3F10,09® NOLLARS®)

1000
1001
1002
1003
2002
2003

FORMAT(12,5)

FORMAT (124,2F10,0)
FORMAT (10F8.0)
FORMAT (11F7.0)
FORMAT (1H +10FB.0
FORMAT (1H »11F7.0}
CALL EXIT

END

SUSHUUTINE BENT B¢

COMMUN NFL s IoHoHENsCOSeNRADJRATE WNY s VARCOS+RACVCsGAGEVLIFCOY
IFIACUSPADFCrGAGEFCoICOsNINS+ IGAGE v AREAsDURsSIGYT+TOTARSRCHEL
ZRO+ALO+BEQsPsF sBIvJsCeQ

DIMENSTION NFLI(25) s AREAL25) sEL(25) 2 [COC20) + baCE (20) 9BNL4D) »
PCOS{40) vBENNET(40) sF (25425) 1B (250251 9C(250¢5) vuENIZS5922) 90 (259260
IP(29+25) s FCO(25+25)

NF=NEL L)

WRITE(6+7000) (B(IsK)sK=1sNF}

WPITE(6+7000) (CUIvK)sK=19sNF)

7000 FORMaT(lH ,10F8,0)

1n0

101

DO 1uD K=1,NF
DO 100 L=].NF
RFN(KyL) =R (1K)
DO 1ul L=].NF
DO 1ul K= 4NF
AFTiRyL)=B(IsL)
DO 1u2 L=]4NF
DO 102 K=14NF

102 FCO(RsL}=C(IsL)

1nn

101

RETUKN
END

SUAKUUTINE NETCZ

COMMUN NFL s lod2BENCOS+NRAUSRATE o+ NY + VARCOS+RACYC+GAGEVULYFCO Y
IFIXCUSyHANDFCyGAGEFCy ICOININS s IGAGE » ARES s DURSSTIGY T TOTARIRCEL Y
CRONsALCsREQ«PsF oBI s JaCe 3

DIMENSTON NFL(ZS) »AREAIZ2S) sELI25)+ICO(20) » ILAGE (20} +BNLG4N) »
2COS(40; +BENNET(40) oF (25925) B (25425) 9C125+25) vHEN(£5429),0(25426) s
JP(29+25) sFCO(25,425)

NHAUF=NKAD+ ]

NRAIFP=NRAD +2

AVEL 1 (1++RATE ) EeNY) =], )/ (RATE®*((l.+RATE)®®NY))

N0 lud K=z NRADP

KK =K=]

VAR=VARCOS+RAUVC+GAGEVC*JCO(KK)
FIXS{FIACQOS*RAUFC+GAGEFC® ICQ (KK))/AV

COSIK)=F [x+yAR

D0 Lul K=NRAUPP4NINS

KKzR=-KRADPP + |

VAR=VARCOS+GAGEVC*® [GAGE (KX)

FIX=(FIXCOS+*GAGEFC®*IGAGE (KK) ) /AV

COSIR)=VAR+F X

RETU=N

END

SURAKUUTINE NETE2

COMMUN NFL s I+sH9BEN+COSyNRAD3RATE sNY s VARCOS+HACVCsGAGEVYLFCOy
1FIXCUS,RADFCyLAGEFCo ICOWNINGy IGAGE y AREAyQUHeSIGYT 4 70TARsRCHEL S
PROVAEQsBEQeP+F sBIvJeCe0

NIMENSION NFL(25) +AREA(2S)+EL(25) 9 1C0O(20) 4+ LGAGE(20) 4BNL&4D) »
2C0S(40) »BENNET(40) sF (250250 9B (25+25) 9C(25+25) +BEN(25925) ,0(25+26)»
3P(22+25)1FCO125423)

NF=NFL(T)

NRAUF=NRAD+]

IF (J.GT.HRAUP) GO TQ 101

C5 = 0.9 + 0.36#ALOGIO(AREAL(I)) = ,028#DUR

KKzJ=1

FAC=SIGYT

IF (ICNIKK).EQ«0) GO To 100
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100

LU
101

102

200

100

1
2

AZTU[AR/ICO(KK)
CK=¢.325QRT (A3, 14159} /RC
FAC=(],.=(7./CK)®* (] .=EXP(=CK)))®SIGYT
CONT INUE

DSILy=FaCeCS

IF t1,GT.1) GO TO 102

IF (J.EQ.2) GO TO 102

WRITE (6+8000)CSsAsCK4FACHOSIGY
FORMAT (1H »9F8.3)

GO TO 102

CATWID=AREA(I)/ELLI)
ELM=CATwID/(EL(])%*2,)
BETA=EL(I)/RO

KK=J=NRADP

DUMM=2 ,* IGAGE (KK ) / (ELM*BETA)
SIGL==AEQ,ALOGLO (OUMM) =BEW
SIG=10,%*SIGL

DSIGY=SORT (ALOG((SIG*SIG) +1,))
IF (1.6T.1) GU TO 102

IF (J.LT.14) GO TO lo02
WRITE(6+8000) CATWIDYELMyBETA+SIGLSIGPDSILY
DMUY==DSIGY*USIGY/2.

DO 2ul K=]4NF
NACT=(0(14K)+Q(IsK+1)) /2,

DO 200 L=]1sNF

XL=UW(I,L)/NACT

XU=G(]sL+1)/7QACT

YL=ALOG (XL)

YU=ALOG (XU)

UL=1vL-DMUY) /USIGY

UuU=(rU=-0MyY) /DSIGY

CALL NDTR{ULsFRL+D)

CALL NDTR(UUsPRU4D)

IF (1.6T.1) GO TO 200

IF (JuNE.2.ANDoJJNEL13)GO TC 200
IF (K,GE+3.0R.L.GE«3) GO 1O 200
WRITE(6+8000) QACToXLoXUsYL#YUsUL»UUsPRL »PrU
P(KsL)=PRY=PRL

RETURN

END

SUBKUUT INF BENZ

COMMON NFLs I+HyBENYCOSsNRAUSRATE sNY s VARCOSsHALCVC+CAGEVLFCO
1F IXCOSyRADFCYyGAGEFCo ICOYNINS s IGAGE+AREAYDURsSIGYToTOTAKQCEL
2ROvALQeBEQsPeFsBIoJeCoQsRF

DIMENSTON NFL(25) +AREA(Z2S) sEL (2512 JCO(20) o LMGE(20) +BNIGD) »
2C0S(40) +BENNET (40) s F(25+29) 4B (25925)4C(25+5) +BEN(E5422) ,0(25+261)
3P(29+25)sFCO(25+25) sRF (1)

NF=NEL (D)

Bl=0.

DO 1u0 K=],4NF

N0 100 L=1eNF
Bl=dH1+RFH*(F(I1sK)*P (KyL)® (BEN(KsL)=FCO(KsL)}/100.)

RETURN

END

SURHUUT INE NDTR(XK+P4D)

AX=AHS (X)

T=1l.0/(1.0+.2316413%AX)

D=0.398942I%EXP (=X*X/2,0)

P o= 1,0 = D*T®((((1,330274%7 - 1,821256)%] + ]1,768147812T -
1 0.456563B8)#%T7 + 0.3.53815)

IF(A)}1e292

P=l.u-p

RETUKN

END
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Computer

Variable Name

NFL

I

B

BEN
cos
NRAD
RATE
NY
VARCOS
RADVC
BAGEVC
FIXCOS
RADEC
CAGEFC
ICO{K)
KINS
IGAGE
AREA(1)
DUR
SIGYT

SELECTED VARIABLE NAMES

Mathematical

Term Represented

N,
]
i

ot

(Forecast)
(Radar)
(Raingage)
(Forecast)
(Radar)

(Raingage)

Computer

IN PROGRAM FOR FLOOD WARNING

Variable Name

AVERAGE ANNUAL BENEFITS BASED ON
MAXIMUM POSSIBLE BENEFITS
RADAR wWITHOUT RAINGAGES
RADAR+1 GACE PER 1320.0 SQUAKE
RabaR+1 GACE PER

RACAR-]

GAGE PER

RACAR+1 GAGCE FER

RACAR+]
PACAR+]
FPADAR+]
DARDAR ]
RADARS1
RACAR+1

1

il it

CAGE
GAGE
CAGE
GAGE
CAGE
GAGE
GAGE
GAGE
GAGE
GaAGE
GAGE

GACE PER
GAGE PER
GACE PER
GACE PER
GAGE PER
GAGE PER
CER 2640.
FER 1320.
WER 528.
SFR 26ua.
PER  132.
PER 52.
PER 35,
SER 26.

~£R 13.2

PER B.
PER 5.

0
0
1]
n
n
L}
2
&4

a
3

S2R.0 SQuUArE
24,0 SqQUaKe
132.0 SQUARL
52.8 SNUAHE
35.2 S5GUArE
26.4 SOUAKE

13.2 SOUARE

8.8 SQUARE

5.3 SQUaxE
SOUARE MILES
SGUARE MILES
SOUARF MILES
SOUARE MILES
SOUARE MILES
SGQUARE MILES
SQUARE MILES
SAOUARE MILES
SOUARE MILkS
SQUARE MILES
SQUARE MILES

TOTAR
EL

RO

AEQ

BEQ
P(K,L)
F(1,3)
BI

3

c(,d)
QaI,n
AREA(I)
CATWID
EL(I)
TOTAR

RO

RC

RF
BEN(K,L)
FOO(K, L)

SU YEARR

12256R301.

=G611.

MILES
KILES
MILES
MILES
MILES
MILES
MILES
MILES
MILES
MILES

LIFE

DOLLARS

1254. COLLARS
1869. COLLARS
~Z154. COLLARS

-14763. COLLARS
=55%13. COLLARS
-3%571. COLLARS

o) |

33815« COLLARS

=302715. COLLARS
-46€561. COLLARS

-7
Sl1es,.

B 7da,
ohS 8.
b3tgd.
50647,
3674,
-3esll,
-77701.
=24]lT65,
=4(6133,.
-135004.

$4953,. COLLARS
COLLARS
UOLLAKS
COLLARS
CoLLAKSE
COLLAKRS
COLLARS
CoLLAwE
COLLARS
COLLAKS
COLLARS
COLLARS

Mathematical

Term Represented

(i,3.k,m)
(i,3)

he s B = = S 1)



APPENDIX C: COMPUTER PROGRAM FOR INTEGRATED ZONING AND FLOOD
INSURANCE WITH TYPICAL RESULTS

INITIALIZE 1YOA
PRINT TITLES
J=1

y

IYOA — IYOA(J)

Y

CALL BIC, PDZC

( Subroutines with and
without zoning )

y

COMPUTE BENZC,
BENMD ( Benefits of

zoning & insurance)

CALL ANCOS
[ Subroutine cost of

insurance & zoning)

i
COMPUTE BENNET,
BCRAT. ([ Net bernefit
& B/C RATIO)

4

PRINT J, TOTWZ, TOTZC,

TAC, BENZC, BENMD
BENNET

STOP

Fig. C-1 Flow Chart for Zoning and Flood Insurance
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TALI*S PFOGRaM INSUR,

R ROREDEU BB LOOOGOODEOLDOBBOBDEUR AR DLTERRRRODOIODOLbOBOCEBICGBOLOORED

IYDa = SFRIAL SEQUENTIAL INDEX CURRESPONDING TO THE Ss10+425+4500

TSe1004125,15017%+2004225%« AND 250 YEAR FLOOD FREGUENCY.

1Yna = ASSTGNED VARIAALE TO IYOA.

REMZC = HEMEFIT OF ZONINMG,

TOTWZ = TOTAL EXPECTED ahsual FLNOOD DamaGE wlTHOUT 70NING.
TOT7C = TOTAL SESIDUAL AWMUAL FLOOD DAMAGE wITH ZONING.

BENMD = TOTAL ANNUAL RENEFIT OF MINIMIZING DAMAGE DISLOCATION.
RENNET = AVERAGE ANNUAL WET RENEFIT.

ACRAT = RENEFIT TO COST RaeTIO.

SOUROUTINE RIC COMPUTES TOTWZ» ANNUAL FLOOD DAMAGES WITHOUT ZONING.
Y(I) = FLNNDD PEaK DISCHARGF TO WEAREST THOUSAMRTHS UF CFS

CORRESPONDING TO SEQUENTIAL INDEX AYOVE IY0A.

PLI) = ThE PROBABILITY EXCEEDANCE IM PFRCENTAGFE VALUES.

D(I} = THE ARSOLUTE FLOOD DAMAGE IN NOLLAAS VALUFSsNO ZONING.

ne = INCRFMFNTAL PRORARILTITY In THF INTERvVAL I.

NPANT = INCEFMENTAL AVERAGE AMHUAL FLONN Da4asE WELOW THE SIVEM
FLCOND TMOEX<TYOB,

nPANK = INCREMFMTAL AVERAGE AMNUAL FLOOD DAMARE ARNVE THE GIVEN
FLOOND TNDEX-IYOa.

SUMK = SUM OF THE INCHFMENTAL FLOGD DAMAGES<NPADK.

SUM = SUm 0OF THE IHNCRF=ENTEL FLOOD NAMASESs 02aDI.

SURROUTINE PNZC COMPUTFS TOTZCy ANNUAL PESTUUAL FLOOD DAMAGESZONING.

J = THE [INTERVAL INMEX MARKING THF DIVISIINGS 0F PROBARBILITY
AN DAMAGES A4S 8 RESULT OF ALTEWING TmE CAMAGE=PROHAHILITY
CHBRACTERISTIC RY RESTRICTIVE ZONINGS .

Y1) = ORIGINAL SERIES OF FLOOD PFax DISCHAWGES.

PLT) = ORIGIMAL SERIES OF PROSAXILITY EXCEEDANCES.

DI = THE ARSOLUTE RESINUAL FLOOD DAMAGES wITh FLOOD ZONING TO

J FLOOD LEVEL. THERFE ARE 12 TEST LEVELS ALTOGETHER.

SURRNUTIME ANCOS COMPUTES THF EXPECTED AnMUuAL CNST OF ZONING

AND INSURANCE PPOGRAM,

ce = INSU~BNCE COST wETGHTAGE.

e = TrE DISCOUANT RATE. 7 PER CENT,

LT = TrE EXPECTEL LIFE OF THE FrOJECT.
CcaF = THE CarPITaL WECOVERY FaCTor.

ANLCIP = THE ANNUAL EXPECTED LOSS OF CAPITAL- INCNME AND PRODUCTION.

Tac
Tac

THE TATaL FxeRCTEN COST ;
THF TOTaL EXPECTED aMALAL COST OF TrE ZONING AND INSURANCE
PROGRAM,

SO0 G RO RO OO A C R R RO RGO LR PO RO O OO DE LU DR B RO L GO R AR OO COER RO DDOROOORDD

PROGRAW TNSUR(IMPUT sOUTPUT« TAPES=INPUT» TAPFA=0UTPUT)

NTSFNSTON TOTWZ (200 «TOTZC(201+TAC(20) +BEMZC(20) +RENMDIZ0) s

IRFRMET(PN) «RCRAT (20) «TYNA(20)

NATA (IYDA(T)s I=1a12)72+24hs1l0+13415+1641Re19420+21022/
PRINT 100

100 FOIMAT(INX.#THE NET ANNUAL HENEFIT AND B/C RATIO FOR VARYING®/

110X« ®F1.0NN PLATN STANDARDS TN INSURANCE PROGRAM WITH ZONING*#)
PRIMT 200

200 FNRMAT (1A 4® 0 et X oo TNTWZ® 45X o 2TOTZC*eb6X o PTACH 3 S X PBENZC®9SX o #*BENMD®

letXaBRFMMET®4SX 4 *ACKATS)
ro 400 J=1e12

1Yn = Tyna(Jd)

CBLL SIC(IYOSTOTHZ(J))
CaLL PODZCIIYOSTOTZICIJN)
AFMZC L) = TOTWZ(J) = TOTZC(J)
HENMD () = D.83%(TOTZCLI))
CALL MMCOSITYNSTACsd )
REFNMET {01 = HENZC(J) + HENMD(J) = TaC(J)
BORAT(J) = (BENZC(J)+HENMD(J}) /TAC(J)
PRIMT 100« JeTOTWZ (J)«TOTZCUJ) +TAC(J) +BENZCUJ) « PENMD (J) +BENNET (J) »
1acesT .0

300 FNUMAT (1XeI2eFR,045F10,04F10.3)
ann CONTINUF

STne
FHn

SUHBOUTINE HIC(IYO+TOTWZ)

NIMFNSION Y (3C)oP(30)s0D(30)

DATA (Y(I)al=19e30)/5005495a0ButbevTo1Ba99099.910,0llavlZanlZanlii,e
2l9a9]15.915.91b609]1TavlBaslBu9200922.92609304939,9804+454950.7

DATA (P(I1)s1=1930)/10,064v8a9397e%19642595e819443993.62134034245042
1.0HelaT991.45914323910200120000.80:0.T190.6T+0.5T20.500.4%40.4040,
23340,2440,17+0412+0,0H+0,06+0.0440,00/

NATA (DII)el=1+30)/0a+6000,930000,9R5000,4106000,9120000,9150000,+
2173000, <200000,+230000.92A0000,+250000.+310000.+330000.+3700004+42
35000, «450000.+468000,9510000,¢545000,9590000.,+618000,+738000,+9000
400,+1100000.51240000,+1335000,+1450000,4+1500000.+1600000,/

T =1 % DP=0 % ah =0 % NDPADI=0 % DPADK=0

FRIMT 100

100 FORMAT (20Xs#*DAMAGE PROBARILITY TAALES WITHOUT ZONING * )

PRIMT 200



200

250

400

500

200

220

10
250
210

450

100

20N

220
750

00

FORMAT (4Xa2T® el RaY ([)206Xe®P (1) #sBXs%0P® 46X 92D (1) *+BXo#ADRSX4#D
1PANT 245Xy ¢NPADK )

PRINT #50+1sY(I)+P(T)+DP+DI(T)+AD«DPADI+DPADK
FONMAT (I54F9.0s2F10,2+4F10,0)

SUM =0 ¢ SUMK=0

no 00 T=2.30

NP = PLT=1) = P(1)

BN = (NI +n(I=11)/2,

TF 11 .FQ. IYD) aDIYO=aD

['kanl =(urPean)s100,

TF (I .LE. IY0) GO TO 300

nEanl = DP#ADIYN/LUD.

NPANK = NDP#(AD = ADIYN)/100.

SlIMK = SUMK « DPADK

Slim = SUM+DPADT

PETMT 2504TsY(I)+P(I)«DPsD(1)+AD+DPADI+DPADK
COMT MU

TOTWZ = (SUMK + SuMm )

PRINT 500« SUMs SUMKs TOTWZ

FOPMAT (50X43F10,0)

PETIURN

FND

SURRIITTINE PRDZCITYNSTOTZC)

NIMFNSTON Y(30)«P({30)s0(30)

T=1 & NP=0 % AD=10 % DPADI=0 % DPANK=D

PEAN (Se270) JeY(1)aP{1}eD(1)

PRINT 100

FORMAT ( 20X+*PROBARILITY DAMAGE TABLE WITH ZONING CHANGES®)

PRINT 200 ;

FORMAT (aXaB[8alda®Y [1)2+hAX+4BP(T) 0 BA+*DP#36X 2D ([)#+BX+*AD®sSKs#D

1PANT®.5Y « 8NPANK®)

BRINT 260+TeY(1)P1)aDIL)
SlUm=0 § SU4K=0

nn 210 1 = 2430

BEANIS220)  JaY(T)aP(I)aD(I)
FNAMAT (IS«FS.0+2F10.2)

ne = Pil=1) = Pt

an = (]} +D(1=11)/2.

IF (I .FG, 1YND) aplvyo=AD
neanl = (peeal) /1u0,

IF (1 JE. IYD) GO TU 300
neant .= DP#aDIYO/100,

neanKk = DPe(aD=- aDIv0) /100,
CHdK = SUMK + DPADK

SUM = SUM+DPADI

PRINT 2S04 ToY(I)eP({T)«DPsD(I)+AD+DPADI+DPADK
FNOHAT (T5F5.042F10,2+4F10,0)
CONTTHUF .

TNT7C = (SUMK + SUM )

PRINT 450

FNRMAT (STX8SUMP A+ #SUMK®4SX2TATZCH)
PRINT SN0. SUMsSUME,TOTZ2C
FOUMAT (S0443F10,0)

KF TUKM

END

SURRDUTTINE ANCOS(IY0«TACs ICHECK)
NTMENSTON SUMK (201 +SUM(20) 9TOTZC(20) »ACA(20) » TNLC(20) « TANLIP(20) 0

LANI.CTB(20)«TAC(20D)

PRINT |N0O

FNAuwaT (70X«#THE FXPECTED ANNUAL COST OF INSURANCE PROGRAM®)

PRIMT 200

FOOMAT L1 X o8 ® g4 X o BSUMK® ¢ TA o 8SUMB 4 GX ¢ BTOTZ e TR o “ACAR L4 X s FANLCIP#®,

17%=2TACS)

nn &0n  Lj=lel2

IF (ICHFCK .GE. 2) G0 To 250

GFAN(S4220) SUMIJ) o SUMK [J} « TOTZ7C(J) « TNLE () TANLIP ()
FNRMAT  (5F10,0)

Ca = 0.%

ACA () = CA®(TOTZC(J))

W o= 0,07

1T = 100

CRF = (Re((1, +H)IBLT)I)I/(((le & RI®RLT) = 1.)
ANLFISE) = (TNLC(J)RCRF) ¢ TANLIP(J)

TactJ) = ACA(J) + ANLCIP(J)

PRINT 300+ JeSUMK(J) «SUMIJ) o TOTZC(J) vACA L) s ANLCIP (J) « TAC (D)
FORMAT (1M o I2¢6F10,0)

ANDCONTINUE

RE TURM
EMR
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SELECTED VARIABLE NAMES IN PROGRAM FOR INTEGRATED ZONING AND FLOOD INSURANCE

THE NFT BNNUAL HFNFFIT 2MD R/C BATIN FOR VARYING
FLOOR PLATN STAMNARNS IM INSURANCE PRNGRAM WITH ZONING

J TOTHZ T0T72C TAC RENZC HENMD AENNET BCRAT
NAMAGE PENRARTLITY TARLES WITHOUT ZONING
T Y(I) P(I) ne D aD nerant DPADK
1 5. 10,64 0,00 0. 0. [ 0.
72 5. H,013 1.71 64000, 3000, Sla 0,
3 5, T.4l 1.57 30000, 18000, 46, 22h,
4 LN 6,25 1.16 AR00U. 57500, 35. 632,
s fA, 5.21 1.04 104000, 96500, 31, 952,
A 7. 4,35 otk 120000, 112000, 26. 937,
7 a, 3.67 o73 150000, 13w000, 22, 964,
R 9, 3.03 «59 173000, 161500, 18, 935,
9 9, 2.50 %3 7nonon, 186500, 16, 973,
10 1n, 2.08 T 230000, 2150004 13, RS0,
11 11, 1.75 .13 PAN0DD, P45000, 10, 799,
12 12, 1.45 L3I0 290000, 275000, 9, Blt,
13 12, 1.33 « 1?7 iloono. 300000, 4, 356,
14 13, 1.20 .13 330000, 3z2p000, [ 412,
15 1a, 1.00 .20 370000, 350000, 6, 694,
16 15, 1) .20 425000, 3u7500, 6. 189,
17 15, | N9 450000, 437500, 3, 391,
1A 16, AT W04 «6RD00. 459000, 1. 12,
19 17, ST .10 510000, 449000, 3. 486,
2n 1R, +50 N7 545000, 527500, 2. 367,
21 1A, ha <Nk 590000, 567500. 2. 339,
?2 2n, W0 .06  KIAOND, 604000, 1. 240,
231 22, .33 .07 73R000, a7RQ00, 2 473,
24 26, 24 N9 900000, #19000, 3, 734,
25 13n, .17 .07 1100000, 1000000, 2. 698,
26 39, .12 .95 1740000, 1170000, 1. SH3,
27 40, 08 08 1345000, 12AT500, le Sls,
2R 45, 06 .N2 1450000, 1397500, la 274,
?9 &n, N& «0?2 1500000, Lla759000. 1. 294,
3n 1 0.00 <14 1600000. 1550000, 1. Al4Y,
319, 16576,
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Computer Mathematical Computer Mathematical
Variable Name Term Represented Variable Name Term Represented
IYOA DPADK
Z
BENZC [B ]ijt SUMK
NZ
TOTWZ e[0);%, SUM
WZ
TOTZC e[D] 15t J J
BENMD p{Im) cA c
a i
Z In|J
BENNET [NB liin R
BCRAT B/C CRF CCRF
z|J
Y(I) ANLCIP [Ca ]ijtl
Z.In|J
P(I) TAC [c; ]ijt
D(I) TANLIP C%‘ANL
DP TNLC Gl
TNLC
DPADI



L=

—
O DD O R Y e

-
Y

T

Yin

SUmMK
16H95,
16485,

99GA,
GAPR,
B4KR,
477,
APPSR,
3?“1 -
34R5,
31RT,.
2939,
PET1.
1AASS,

PROBARTLITY NaMAGFE TARLE WITH ZONING CHANGES

PLT)
An.ke
A.93
T.41
hefS
5.21
4,35
.67
3.03
Z2e5N
L]
1.70
1.45
1.33
1.720
1.00

o 71
«HT
ST
1

Lan
«33

17
.12
L0A
0/
.04
0.00

SUM

47wA,

ne
n.on
1.71
1.52
l.16A
1.n4
JHA
]
.09
« 53
WP
k1]
.75
17
W17
Al
.20
.9
04
10
N7
« A
N4
N7
N9
N7

EXPECTEDN ANNUAL COST OF INSURANCE PROGHAM

Tnric
LaHuS
JaRAYS,

9a9F,
LLLY %
S4nA,
4707,
424P,
3791,
J4u5,
1187,
79139,
PhTL.
160273,

DDy

0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.

S5000.
104000,
17A000.
741000,
317000,
275000,
%25000.
718000,
G4HD00,.
.05  1119000. 1
LN&  1Pas4n00, 1
.07 138%000. 1
+0°7 1470000, 1
«Na 1600000, 1

ACA
B46T,
B4al,
49499,
344,
273s,
2353,
2lev.,
1895,
1Tap,
1543,
landy,
13235,

12637,

82

AD

0.
(18
0.
0.
0.
0.

o‘
27500,
79500,

140000,
211R5%00,
279000,
Jub000,
450000,
621500,
8433000,
033500.
141500,
31k5N0.
479500,
535000,

ANLCIP
787,
317h,
Tla6,
10321,
11876,
1356R,
13894,
14232
lanHA,
15046,
15744,
L 158482,

3934,

DPADI

0.

TacC
9239.
11623,
12145,
13762,
14A08,
15921.
16023.
1A1RT,
16431,
16679,
16753,
16R14,
luH,

DPANK

o.
u.
n.
0‘
a.
0.
0.
0.

25,
32.
la0,
146,
167.
138.
315.
559,
583,
517.
473,
2h3,
2R6,
Hla.
SUMK
425H,

1,009



APPENDIX D: COMPUTER PROGRAM FOR COMBINATIONAL SCREENING OF FLOOD
CONTROL MEASURES AND COMPLETE RESULTS.

i

INITIALIZE IPRNT /

READ N

|
¢ LI [

MNe

READ: COSTS & NET
BENEFITS OF

i MUTUALLY EXCLUSIVE,
PAIRWISE DEPENDENT,
i AND
DEPENDENT MEASURES

kb

PRINT MUTUALLY
EXCLUSIVE MEASURES
AND ANSWERS

MNe

COMPUTE COSTS & NET
BENEFITS OF PAIRWISE
DEPENDENT MEASURES

I

i COMPUTE COSTS & NET
BEMNEFITS OF MUTUALLY
DEPEMDEMNT MEASURES

WRITE: MUTUALLY FAIR-
L w WISE DEPEMNDENT &
MUTUALLY DEPENDENT
AMNSWERS

ADJUST
NPLUS 1

Fig. D-1 Flow Chart for Combinatorial Screening of
Flood Control Measures
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PROGRAM TAI IS A COMBINATORIAL SCREENING OF FLOOD CONTROL MEASURES.

L T T e,

INPUT DATA FOR ANNUAL AMORTISED COSTS AND AVERAGE ANNUAL NET
BENEFITS ARE REQUIRED FOR THE VARIOUS COMBINATORIAL MIXES.

THE THREE MEASURES SELECTED ARE EARTH DAMs CHANNELs AND INSURANCE.

IPRNT = THE FLOOD PROTECTION CODE DATA.

N = THE FLOOD PROTECTION CEILING LEVEL SELECTED. 8 MEANS

A FLOOD FREQUENCY OF 400 YEAR RETURN PERIOD.

DCOST = THE SINGLE ANNUAL AMORTISED COST OF AN EARTH DAM AT SIZES
UP TO N.

CCOST = THE SINGLE ANNUAL AMORTISED COST OF THE CHANNEL AT SIZES

UP TO N.

TCOST = THE SINGLE ANNUAL COST OF THE FLOOD INSURANCE PROGRAM.

DNB = THE ANNUAL NET BENEFIT OF THE EARTH DAM,

CnB = THE ANNUAL NET BENEFIT OF THE CHANNEL DOWNSTREAM OF THE
DAM

TNB | THE ANNUAL NET BENEFIT OF THE FLOOD INSURANCE PROGRAM.

CCCOST = THE ANNUAL COST OF THE CHANNEL SUPPLEMENTARY TO THE DAM.
TTCOST = THE ANNUAL COST OF THE INSURANCE SUPPLEMENTARY TO THE DAM.
T2COST = THE ANNUAL COST OFTHE INSURANCE SUPPLEMENTARY TO THE CHANNEL «
TACOST = THE ANNUAL COST OF THE INSURANCE SUPPLEMENTARY TO DAM AND
AND CHANNEL.

PAIR=-WISE DEPENDENCY.

DCCOST = THE ANNUAL COST OF DAM AND CHANNEL.
DTCOST = THE ANMUAL COST OF DAM AND INSURANCE.
CTCOST = THE ANNUAL COST OF CHANNEL AND INSURANCE.

MUTUTUALLY DEPENDENT,
DCcT = THE ANNUAL COST OF DAMs CHANNELs AND FLOOD INSURANCE.
CORRESPONDING NET BENEFITS *NB* ARE SHOWN AFTER THE RESPECTIVE
DESIGNATED .SYMBOLS FOR DAMs CHANNEL» AND INSURANCE.
COMPUTER-PRINTOUT ARE THE EXPECTED ANNUAL NET BENEFITS AND
ANNUAL COSTS OF MIXES. THESE YALUES NEED TO BE PLOTTED QUT
TO OBTAIN THE OPTIMAL CHARACTERISTIC FOR EACH Q - DELTAQ.

PROGRAM TAI (INPUT,QUTPUTsTAPES=INPUT+TAPE6=OUTPUT)

DIMENSION DCOST(12)sDNB(12)+CCOST(12)+CNR(12)+TCOST(12)+TNB(L12)»
+ CCCOST(11+11)9CCNBIL1#11)aTTCOSTI11sl))sTTNB(L1s11)y

¢ TZCOST(1lell)w72NB(11911)aT3COST(11s11)sTINB(Ll1vll)s

+ DCCOST(11)+DCNR(11)sDTCOST(11)+DTNB(11)sCTCOST(11)+CTNB(11)y

+ DCTCOST(10+10)+DCTNB(1041G)

NIMENSION IPRNTI(11)

INTEGER OFF
DATA IPRNT / 192430445169 T+B8+9910,11 /

BUNK=1H
1 READ (5+5) N
5 FORMAT (I5)

IF (EOF(5)) 999,20

20 NPLUS1=N+1
MLESS1=N=-1
NLESS2=N=-2
OFF=0
READ (5+40) (DCOST(I)eI=14N)
READ (5+40) (CCOST(I)sI=14N)
READ (5+40) (TCOST(I)sI=1sN)

A0 FORMAT {(B8F10.2)
DO 60 I=1sNLESS]

A0 READ (5+40) (CCCOST(I+J)aJ=1sNLESS])
N0 63 I=1,NLESSI

63 READ (5+40) (TTCOST(IsJ)sJ=1sNLESS])
DO 65 I=1sNLESSI

65 READ (5+40) (T2COST(IeJ)esJ=1sNLESS])
DO 67 I=1,NLESS]

o7 READ (5s40) (T3COST(IsJ)sJulsNLESS])
READ (5+40) (DNB(I)sizlsN)
READ (S+40) (CNB(I)sI=1lsN)
READ (5540) (TNB(I)sI=lsN)
DO 70 I=14NLESS]

Yo READ (594%0) (CCNB(IsJ)sJd=lydLESS])
DO 73 I=1+NLESS]

/3 READ (5+40) (TTNB(IsJ)rJmlsN_ESS])
DO 75 I=1sNLESS1

75 READ (S5+40) (T2NB(IsJ)sJ=19NLESS])
00 77 I=1.NLESSI1

" READ (5+40) (T3NB(IsdJ)eJm]lsNLESS])

c === PART 1 ===

105 WRITE (69115)NsAsNsDNBI(N) ¢+CNB(N)»TNB(N) sDZ0ST (N) +CCOST(N) » TCOST(N)

115 FORMAT (1Hly 12X ®MUTUALLY EXCLUSIVE MEASURES®* // 16X #D® Il., 8X
4 oCe® [1, BX ®=I® J1 / (8Xs3F10.2))

c ‘== PART 2 ===
IF (N.EQ.1) GO TO 300
00 170 I=1+NLESSI]
DCCOST (1)=DCOST(1)+CCCOST(1+0FF +N~1+0OFF)
DTCOST (I)=DCOST(I)+TTCOST(1+0FFsN=1+0FF)
CTCOST(I)=CCOST(I)+T2COST(1+0FFsN=1+0FF)
DCNB (1) =DNB(I)+CCNB(1+0FF yN=1+0FF)
DTNB(I)=DNB(I)+TTNB(1+0FFsN=1+0FF)

iT0 CTNB(I)=CNB(I)+T2NB(L+0FF +N=I+0FF)
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DO 240 I=1sNLESS2
JJ=N=1=-1
D0 230 J=1+Jd

DCTCOST(I+J)=DCOST(I) ¢ CCCOSTINPLUS1=-I-J+OFFsN-I+0FF) + T3COST

+ (1+0FFsN=I~J+0FF)

DCTNB(IsJ)=DNB(1) + CCNB(NPLUSL=I-J+OFFsN=I+0FF) + T3NB(1+0FFsN-I

+ =J+0FF)
230 CONTINUE
240  CONTINUE

250 WRITE (6+260)

260 FORMAT (/777 ®*0 MUTUALLY PAIRWISE DEPENDENT#* 20X ®MUTUALLY DEPEND

+ENT® /)

IF (N.EQ@.2) GO TO 292
00 290 I=1sNLESS2
J1=N=-1 $ J2=Jl-1

WRITE (6+272) (I+IPRNT(N=-TI)sK=143)s (BLNK»IsJsIPRNT(JI=J)rJd=1sJ2)

272 FORMAT (/7 4X D% 11 #C® [l,
+ 5Xs10(A4 oD* ][] =Ce J] #]s#

6x oD [1 #Is [1, 6X #C* I1 *#I®* 11,
I1) )

WRITE (6+275) DCNR(I)+DTNB(T)+CTNBI(I)}s (DCTHNB(Isd)sJ=1sJ2)

WRITE (6+275) DCCOST(I1)s0TCOSTII)CTCOSTII)» (DCTCOST(Isd)wd=1+J2)
275 FORMAT (1X9F10,0+2F10,045X99F10,0)

290 CONTINUE
292 I=NLESS1

WRITE (6+272) (I+IPRNT(N=1)sK=1s3)
WRITE (6+275) DCNB(T)+DTNB(I)»CTNB(I)
WRITE (6+275) DCCOST(I)+DTCOST(I},CTCOST(I,

300 N=N-1
IF (N.EQ.0) GO T2 1

330  NPLUS1=N+] $ WLESS1l=N-1
OFF=0FF+1
G0 T0 105

$ WLEES2=h=2

999

STOP
END

MUTUALLY EXCLUSIVE MEASURES

ca

18

386056,00-646000,00 42825.00
1T4T028,001671000.00 464983,00

MUTUALLY PAIRWISE DEPENDENT

pict D117 cL7 Dlclie
4THAST, 446145, 1T6TTA. 486071,
1540742, 1368553, 421657, 1178875,
n2ce D216 czi6 p2clis
478675, 447207, 85695, 497503,
1569436, 1514597, 581946, 1353329,
D3Cs 03is €315 D3CLIs
S44087, 451528, 82254, 501353,
1433746, 1607015, T40529. 1428399,
D4ACA DATS CATS D4C1Id
425252, 404452, 52645, 416127,
1481941, 1752317, 921390, 1519112,
DSC3 D513 €513 Dsciiz2
429035, 433142, -53420. 429131.
1517271, 1809199. 1104584, 1529961.
o6C2 D612 ce12 DsClll
426467, 439101, =210050. 406343,
1582833, 1883312. 1287030, 1604677,
n1cl DTI1l Cc711

196449, 416919, -403117.

1672930, 19774:2. 1408409,
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MUTUALLY DEPENDENT

pica1s DI1C3I4 DIC4I3 DlesI2 D1C6I1
565655, 481193, 480702, 483640, 482849,
1254635, 1490395, 1564913, 1586432, 1595586,
D2C214 p2c3i3 pa2cai2 D2c511
541941, 489550, 479488, 479697,
1460089, 1586607, 1621126, 1629280,
p3c213 D3c3rz D3C4Il
540962, 557835, 555109,
1462917, 1461436, 1481590,
pac212 Dac3Il
431065, 446274,
1528631, 1521785.
p5c211
435340,
1532115,



APPENDIX E: COMPUTER PROGRAM FOR RESOURCE ALLOCATION AND TYPICAL RESULTS

| START ]
1 READ PT
DIMENSION: TT,TR,
DC, D, TGO, ATGO, i
PT, D, AM, DE.
COMPUTE D
L J
READ: ’
PARAMETER CARDS
N, LM, LI=0, TT, TR WRITE: PRESENT
RESIDUAL DAMAGE
¥ MATRIX, PT & D
READ TGO
L=0 r
v ADJUST  PT
[__compute f0 |
: |
WRITE:
PRESENT COEFFICIENT
MATRIX OF FLOOD
DAMAGE, PT
READ AM
Yes COMPUTE D
! READ FD
WRITE OUT TRANSACTION
TABLE, TITLES AND
TR, FD, TGO. [ COMPUTE TGO }

v

|__compute bc ]

A
‘ I COMPUTE DE, D, TR, DCj

L WRITE:  DIRECT
COEFFICIENTS, DIRECT !

& INDIRECT COEFFCI TE:
ENES, O, BB, 160 PRESENT ESTIMATED
weeess ,DC, D
A
WRITE:
SAVE DC IN PT, FORCAST PROJECT .-
INVERT & TRANSPOSE | [ | | ==-eee- TR, DE
I-A IN DC
2
|__COMPUTE ATGO | e
|_PRINT ATGO vs TGO ]
A
— L=1 |
sToP

Fig. E-1 Flow Chart for One-Dimensional Resource Allocation for the
Three Branches by Dynamic Programming
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BASIC FORTRAN PROGRAM FOR 1-DIMENSIONAL RESOQURCE ALLOCATION
RY DYNAMIC PROGRAMMING,
R{TesJ) = TOTAL NET RETURN FROM ALLOCATING J=1 UNITS OF $ TO ACTIVITY
L
N = TOTAL NO. OF ACTIVITIES OR STAGES OR SUBSYSTEMS.
M=-1 = TOTAL AMOUNT OF CAPITAL AVAILABLE.
UNITS $ TO STAGES I THROUGH N,
6(J) = GIVEN STAGE I, THE MAXIMUM RETURN FROM ALLOCATING J-1
UNITS TO STAGES I+l THROUGH N. G(J) IS STORED VALUE.

COMPOSITE 2-DIMENSIONAL RESOURCE ALLOCATION PROGRAM FOR THREE RIVER
BRANCHESs COUNTY OF PUEBLO.
R{IsJ) = TOTAL NET RENEFIT FROM ALLOCATING J=1 UNITS OF § TO
SUBSYSTEM TI.
N = TOTAL NO. OF STAGES OR SURSYSTEMS,
FtJd) = GIVEN STAGF I+ THE MAXIMUM NET RETURN FROM ALLOCATING
* J=1 UNITS $ TO STAGES I THROUGH N.
=

AR ] GIVEN STAGE I+ THE MAXIMUM NET RETURN FROM ALLOCATING
J=1 UNITS § T0 STAGES I+1 THROUGH N,

M = NO. OF DISCRETISED VALUES AT EACH GIVEN STAGE 1.

ICONT(J)=§LLOCA;ION CODE IN UNITS OF S, CODE 8 MEANS 8#510000.=
$80+000,

COMPOSITE PROGRAM FOR 2-DIMENSIONAL STATE RESOURCE ALLOCATION
IS RUILT UP OF BASIC 1-DIMENSIONAL PROGRAM OBTAINED FROM DR. JOHN
W. LARADIE.

PROGRAM BASIC DP (INPUTs OUTPUT)
DIMENSION IR(I+J)oICONT(J)oF(J)2G(J)
READ S01+MsN
501 FORMAT (I3,110)
READ 502s ((IR(TeJ)eI=1sN)e J=1sM)
502 FORMAT (33[5)
DO 1 JzleM
; 1 Gtyr=0,
i e DO 2 11=14N
i I=N-T1+1
c I = N-11+1 IS THE LAST STAGE. esow
PRINT 60241
602 FORMAT (1Xo®ACTIVITY®¢14)
PRINT 60341
603 FORMAT(5Xy*RESOURCE AVAILABLE®,5X+®ALLOCATION TO®s14)
DO 5 J=1sM
c SOLVE FOR ALL J. sona
A=0D,
DO 4 L=1sJ
Ju=J=L+1
c JJ = J=Ls+1 IS THE AMOUNT OF CAPITAL LEFT OVER AFTER ALLOC. L TO
c TO STAGE'I. snan
B = [R(IWL) + G(JJ}
IF(R=A)&xe3e3
A=B
LL = L=1
4 CONTINUE
FlJ)=A
{ 5 ICONT(J) = LL
' DO 6 J=1leM
6 Gl =F(J)
DO 7 J=leM
PRINT 6045 JeCONT(J) 4G (J)
604 FORMAT (SXs110s15XsF10,0+15X+F10,2)
7 CONTINUE
2 CONTINUE
sTop
END

PROGRAM TEST (INPUTsOUTPUTs TAPES=INPUTsTAPE6=0UTPUT)

: DIMENSION IR(20+600)+F(600)+6({600)+ICONT(600)+LABI(3)+SAVE(600+2)
; REAL IR
: LAB(1) = 10HBOTTOM

LAR(2) = 10HTOP

LAB(3) = 10HDOWNSTREAM

NO 1000 KNT=1+3

WRITE(6+100) LAB(KNT)
100 FORMAT(#1%20XsA100/7)

READ S01+ Ms N
501 FORMAT (2110)

READ S02s ((IR(IsJls I=leN)e J=1leM)
502 FORMAT(10FB8,2)

W

IF (KNT.EQ.3) 60 TO 30
DO 1 J=lsM

1 GiJr=0,
G0 TO 90
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30

43
45

90

02

603

990
1000

DO 45 L1=1wM

TEMP=0,

D0 43 L2=1,L1

TTT=SAVE(LZ2+1) + SAVE(L1~LZ2+1+2)
TEMP=AMAX] (TEMPTTT)

GILL)=TEMP

DO 2 II=1N

I=N=-T11+1

PRINT 602+1

FORMAT (1Xs*ACTIVITY®, I4)
PRINT 603+1

FORMAT (SX+*RESOURCE l?lILlBLE'USI'ALLﬁClTION TO®sI4s10Xe*F(J)*)

no 5 J=lyM

A=0,

DO & L=1sd

JUsJ=Lel

B=IR(IsL)+G(JJ)

IF (B=A) 4533

A=B

LL=L=1

CONTINUE

FlJr=a

ICONT (J)=LL

DO 6 J=1.M

GlJ) =F(J)

DO 7 J=laM

PRINT 604+Js ICONT(J)sF (D)
FORMAT (S5XeI10915X+I110+10XeF10.2)
CONTINUE

CONTINUE

IF (KNT,EQ.3) GO TO 1000
DO 990 LOOP=1.M

SAVE (LOOP+KNT) =F (LOOP)
CONTINUE

SToP

END

SELECTED VARIABLE NAMES IN PROGRAM FOR RESOURCE ALLOCATION

Computer Variable Mathematical Term
Name Represented
R(L,J) T, (%)
I n
N N
G(J) fn(xn) = ?fx Qn{xn
n

n=2,.

a8

,Dn}

i M



) BT R B T e 4

Ak

ACTIVITY

4

RESOURCE AVAILABLE

DOWNSTREAM

ALLOCATION TO 4
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(=1

MNMNMNMNNNNNNNMNNNMNNMMNMMMNNNNNNMMNMNNNNNNNNNNNNMNNNMNNNNNMNNMNMNNMMNNNNNNNNN
-

F(J)

0.00

5.92
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11:84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11,84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84
11.84



APPENDIX F: COMPUTER PROGRAM FOR INPUT-OUTPUT MODEL AND TYPICAL RESULTS
OF IMPACT STUDIES OF FLOOD CONTROL MEASURES

REAL IR, KNT= 1

WRITE TITLE  KNT )

y

READ: M, N, IR {1,])

R e

-
"
z
1
=]
+
f

PRINT: TITLES, ACTIVITY,
RESOURCE AVAILABLE,
AND ALLOCATION TO:

)

| COMPUTE: F& ICONT |

[ compue 5 |

[ PRINT ANSWERS |

| O=0+1 |

| save{ )=f( ) |

L KNT =KNT+1 |

No

KNT.GT. 3

Yes

STOP

Fig. F-1 Flow Chart for Regional Input-Output Model Adapted for
Flood-Control Impact Studies
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INTERREGIONAL INPUT=-QUTPUT MODEL ADAPTED FOR IMPACT STUDIES OF
FLOOD CONTROL MFASURES.
ASSISTANCE OF MR. CHARLES PALMERs ECONOMIC RESEARCH UNITs
1S ACKNOWLEDGEDs IN DEVELOPING THE SPECIAL REQUIREMENT OF THIS
ECONOMIC MODEL.
Ill',.&l{..#lll-ll-.Q'lllil..i'alb!hl.lll.lll-l-u{iIoblliliﬂﬁniiolﬁllilltl
THE INTERREGIONAL INPUT=0UTPUT PROGRAM COMPUTES THE SEVEN
FEATURES AS REQUIRED.
(1) TRANSACTION TABLEs DIRECT COEFFICIENTSs FINAL DEMANDs AND
TOTAL OUTPUT.
(2) DIRECT AND INDIRECT COEFFICIENTS.
(3) PRESENT RESIDUAL DAMAGE MATRIX (FLOOD PROTECTION) OR
PRESENT TOTAL DAMAGE MATRIX ( NO PROTECTION) &
(4) PRESENT COEFFICIENT MATRIX OF FLOOD DAMAGE (WITH OR
WITHOUT PROTECTION.
(S5) PRESENT ESTIMATED DAMAGE-RELATED OUTPUT MATRIX.
{6) FORECAST PROJECTION DAMAGE=-RELATED OQUTPUT MATRIX.
(7) FORECAST FINAL DEMAND AND TOTAL OUTPUT.
lI'l.l.QIQ.ICI!OI.G.&IQQ‘GQ!G.ll-ll-ll-l-idl.DG'OO!Ii&bil.‘#l#&!dﬁ&l\rﬁllli
N = THE NO. OF COUNTIES.
T = TITLE (INPUT=QUTPUT TEST DATA)
TR{IsJ)= TRANSACTION MATRIX OF THE SECTORS.
TGO(IsN)= TOTAL OUTPUT X, VECTOR.
FD(I) = PRESENT FINAL DEMAND VECTOR Y.
DC(IsJ)= DIRECT TRANSACTION COEFFICIENT MATRIX.
ATGO(I)= CHECK OF INVERSION (I=-A), IT SHOULD EQUAL IF
INVERSION IS CORRECT.

FEBES SRS DR G RN SRR REN RSN ERIGRERRRER RO OGO RR R URURE IR S v BRI

PROGRAM TO(INPUT,0UTPUTTAPES=INPUTTAPESSOUTPUT)
DATA INPUT
FIRST CARD N= NUMBER OF COUNTIES
SECOND READ TT TITLE ( INPUT=OUTPUT TEST DATA)
THIRD READ FORMAT OF TRANSACTIONS MATRIX
FOURTH READ TRANSACTION MATRIX
FIFTH READ FORMAT OF TOTAL OUTPUT VECTOR (X)
SIXTH READ TOTAL OUTPUT VECTOR (X) WITHOUT PROTECTION
SEVEN READ TOTAL OUTPUT VECTOR(X) WITH PKOTECTION
EIGTH READ FORMAT FOR PRESENT RESIDUAL DAMAGE MATRIX
NINTH READ PRESENT RESIDUAL DAMAGE MATRIX
TENTH READ FORMAT FOR PROJECTED FINAL DEMANDS VECTOR(Y)
ELEVENTH READ FINAL DEMANDS PROJECTED VECTOR(Y)
DIMENSION TT(10)sTR{40+40) sDC(40940)+FD(50)»TGO(40) 1ATEO(40)
1PT(40940) sD(40D) »AM(40) sDE(40)
5 READ(Ss11)NsLM
LI=0
11 FORMAT(312)
READ(S5312)(TT(I)sI=1+10)
12 FORMAT(10ARB)
READ(S5+12)FMT )
READ (S5+FMT) ((TR(IsJ)s J=1sN)» I=1+N)
READ(S+12)FMT
AS READ(S+FMT) (TGO(I)sI=14N)
L=0
CALCULATE TOTAL FINAL DEMANDS
DO 15 I=14N
TG0 IS PRESENT TOTAL OUTPUT
FD(I)=TGO(I)
DO 15 J=1+N
FD IS PRESENT FINAL DEMANDS
15 FDUD)=FD(D)=TR(I+J)
IF(LM.NE.1) GO TO B1
READ(S+FMT) (AM(I) s I=1sN)
DO A2 I=1,N
A2 D(I)=TGO(I)=AM(I)
Rl IN=N/10
IF((102IN).EQ.IN) GO TO 112
WRITE OUT TRANSACTIONS TABLE
IN=IN+]
112 Im=1
IF(IN.LT,.1)IN=1
DO 150 KK=1+IN
WRITE(6+130) (TT(I)»I=1,10)
130 FORMAT(1H1+///+10Xs10AB)
WRITE(6+131)
131 FORMAT (10X+2*TRANSACTIONS TABLE®)
WRITF(6+121) KKsIN
121 FORMAT(100X+2PAGE®I2s1X®0F*12)
WRITE(69126)
126 FORMAT(10X+123(®~#))
KC=KK®]10
IF(KC.GT.N) KC=N
WRITE(6+122) (I+1=IMexC)
122 FORMAT (10X+s#SECTOR®94X+12+9110)
DO 108 I=1eH
108 WRITE (631451 I (TRIIsJ) s J=IMeKC)
WRITE(6+126)
145 FORMAT (10X912+3X910F10.3)
IM=KC+)

We—
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150 CONTINUE o
WRITE(6+102)
DO 101 I=laN

101 WRITE(GR«100)T+FDII}TGO(T)

100 FORMAT (6Xs1B42F15,3)
102 FORMAT(1H1s///s10Xs*SECTOR®y3Xy*F TNAL DEMAND®+3A+#TOTAL OUTPUT®)
DO 30 J=1sN
DO 30 I=1aN
30 OC(1+sJ)=TR(IeJ)/TGD(Y)
WRITE NIRECT COEFFICIENTS
41 IN=N/1O
IF((10%IN) ,FQ.IN) GO TN 118
IN=INe]
115 ImM=}
IF(INLT.1}IN=1
DO 160 Kk=1s1IN
IF(L.EQ.1) 6N TO &2
WRITE(A130)(TT(I)sI=1el1D)
WRITE(£+132)
132 FORMAT(10X+#DIRECT COEFFICIENTS#)
GO TO &3
42 WRITE(6+130)(TT(I)eI=1s10)
WRITE (6e44)
446 FORMAT(10X+24IRECT AND INDIRECT COEFICIENTS®)
43 WRITF(65.121) KKsIN
WRITE(6,126)
KC=KK®#10
IF(KC.GT.N} KC=N _
WRITE(6+122) (I+I=IMs%C)
DO &2 T=1sN -
62 WRITE(As144) Is(DCIIsd) s d=IMsKC)
WRITE(6+126)
la4 FORMAT(10XsI12+3Xs10F10.6)
IM=KC+]
160 CONTINUE
WRITE(6+102)
DO 201 I=1sN
201 WRITE(A+100)T+FD(I)TGO(T)
IF(L.EQ.]1) GO TO 245
COMPUTE TI-A
T77 DO 70 I=1sN
DO 70 J=1lsN
PFTII+J)I=DC(Tad)
70 DC(IsJ)==DC(IsJ)
DO 71 I=1,N
71 DCUI«I)=1,04DC(Is1)
INVERT I=-aA
DC(lsN+1)=1,0
DO T3 I=1sN
73 DC(I+1sN+12=0,0
DO 74 Kr=1sN
DO 7S J=1sN
TS DCUN+1+0)=DC(19J+1)/DC(1s1)
DO T& I=2aN
D0 Te J=1lsN
76 DC(I=19U)=DC(ToJ+1)=DC(Is1)#DC(N+1sJ)
4 DO T4 J=lWN
T4 DC(NsJI=DC(N+1yJ)
OC NOW CONTAINS I=A INVERTED AND TRANSPOSED
DO 80 I=1,N
ATGO IS CHECKX OF INVERSION. IT SHOULD EQUAL TGO IF INVERSION IS CORRECT
ATGO(I)=0,0
DO RD J=lsN
B0 ATGO(I)=ATGO(I)+DC(IvJ)*FD(J)
WRITE(6490)
90 FORMAT(1H19///910Xs#CHFCKe BOTH COLUMNS SHOULD RE THE SAME®)
ne 91 I=la.N
91 WRITFE(6+92) ATRO(T)THROIT)
92 FORMAT(10Xs2F12.3)
L=1
GO TO &1
245 IF(LT.EQG.1) GO Tn &%
LI=1
GO TO ARS.

45 FEAN(S+12)FMT
[« PT IS PRESENT RESIDUAL DAMAGE MATHIX HERE
210 READ (SeFMT) ((PT(IsJdlsd=leNls I=146)
c D IS ROW TOTAL OF PRESENT FESIDUAL DaManE MATHIX
D0 211 I=1s+6
D(1)=0.0
DO 211 J=1lsN
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211 D(I) = DU +PT(I+J} #*
WRITE(6s130) (TT(I)sI=1+10)
LOOP = N/13
IF (LOOP#13 .NE. N) LOOP=LNOP+l

12 = 1
DO 31 LL= 1+L00OP
13 = I2+12

WRITE (6e+214)
214 FORMAT (10Xs*PRES.RESIDUAL DAMAGE MATRIX(FLOOD PROTECTION)®)
WRITE (6+16) LLs+LOOP
16 FORMAT(100Xs#PART®I2% QF2]2)
DO 19 I=1+6
WRITE (6+213) Is(PT(Ivd)sJd=12+13)
213 FORMAT(TXs12+13F9.0)
19 CONTINUE
31 12=T73+1
WRITE(6+4219) (D(I)sI=14+6)
219 FORMAT (&4X®TOTAL® +/+13F10.0)
DO 215 I=1+6
DO 215 J=1sN :
c PT NOW IS PRESENT COEFFICIENT MATRIX OF FLOOD DAMAGE
215 PT(I+J) = PT(I«J)/D(1)
WRITE(6+130)(TT(I)sI=1s10)

LOOP = N/13

IF (LOOP#13 LNE, N) LOOP=LOO0P+1
12 =1

DO 311 LL=1sLOOP

I3 = [2+12

WRITE (6+2186)
216 FORMAT(10Xs®*PRESENT COEFFICIENT MATRIX OF FLOOD DAMAGE®)
WRITE(6+161) LL+LOOP
161 FORMAT(100Xs®*PART2I2* OF#12)
DO 191 I=1.%
217 WRITE (642181 T+ (PT(Isd)sJd=12413)
218 FORMAT(TXs12+413F9.6)
191 CONTINUE
¥ 311 12=13+1
: READ(S5+12)FMT
c FD HERE IS THE PROJECTED FINAL DEMANDS
READ(SsFMT) (FD(I}eI=1eN)
DO 220 I=1+N
TGO(I}=0.0
DO 220 JU=1+N
c TG0 HERE IS THE PROJECTED TOTAL OUTPUT
270 TGO(I)=TGO(TI+DC(I+J)*FD(J)
00 221 I=1s6
DE(I11=0.0
D(1)=0.0
DO 221 J=1N
c DC HERE IS PRESENT ESIIMATED DAMAGE-RELATED OUTPUT MATRIX.
TR(T«J)=PT (L.} *TGOLN
DC{TeJ)=PTII+ ) *ATGN(J)
TR HERE IS FORECAST PROJFCTED DAMAGE-RELATED OUTPUT MATRIX.
D HERE IS TOTAL PRESENT ESTIMATED DAMAGE~RELATED OUTPUT VECTOR.
DE HERE IS TOTAL FORECAST PROJECTED DAMAGE-RELATED OUPUT VECTOR.
O(I)=D(I)+DCITsd)
221 DE(T)I=DE(I)+TR(T+J)
WRITE (As130) (TT(INaT=1lelD)
LOOP = N/13
IF (LDOP®#13 .NE. N) LOOP=LOOQP+1
12 =1
DO 312 LL =1.L0NP
13 = I2+12
WRITE (6+240)
240 FORMAT (10X+®PRESENT ESTIMATED DAMAGE-RELATED OUTPUT MATRIX.*®)
WRITE (As162) LLsLOOP
167 FORMAT(INOX,*PART#I2% DF®I2)
DO 192 T=146
WRITE (As22511+(DCITad)sd=12+13)+D(])
192 CONTINUE
312 12=[3+1
WRITE(6y13M) (TT(I)sI=1s10)

aO0n

DA T L8 T T T S ey e B 0

w——

2 LOOP = N/13

[ IF (LOOP#13 L.NF. N) LOOP=LOOP+1
12 =1
DN 313 LL=1sLONP
13=12+12

WRITF (K+227)
222 FORMAT (10X«#FQRECAST PROJECTION DAMAGE-RELATED OUTPUT MATRIX.®)
WRITF (6e163) LLsLODP
163 FORMAT(1GO0X%PART®[2% OF#12)
DD 193 I=l+6
WRITF (5:225) 1« (TRUTsJ)2u=12,131DE(T}
225 FORMAT (1XsI1413FB.24+F10.2)
193 CONTINUE
313 12=13+1
WRITE (64102)
DO 231 I=1sN
231 WRITE (6+100) TI+FDUI)TGNIT)
sToP
END

L T T s S Ao

N ——
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SELECTED VARIABLE NAMES IN PROGRAM FOR IN‘T‘ER-REEIONAL INPUT-OUTPUT MODEL

Computer Variable Name Mathematical Term Represented
N
TR(I,J) Xi,j

TGO (I,N) X

FD(I) Y
DC(I,J) aij or bij (without or with

flood protection)
ATGO(T) (1-A) ! check

INPUT=-QUTPUT TFST DATA. COE,
TRANSACTTONS TARLE

PAGE 1 OF 4

SECTOR 1 2 3 & 5 6 7 8 9 10
228,000 2.000 1633.000 0.000 1,000 225,000 1.000 4262,000 0,000 4.000
2 251.000 0.000 122.000 0,000 0,000 248,000 0,000 320,000 2.000 1.000
3 101.000 14.000 176.000 127.000 8,000 100.000 11.000 458,000 573,000 37.000
4 58,000 49,000 151,000 1089,000 26,000 57.000 37.000 393.000 4929,000 116.000
5 1.000 0,000 6,000 11.000 2,000 1.000 0.000 16,000 48,000 l10.c00
6 T66.000 6,000 5485.000 0.000 3,000 3634,000 23,000 68789,000 0,000 61,000
7 R43,000 0.000 411,000 0.000 1.000 3997.000 0,000 5179,000 0,000 17,000
A 339.000 48,000 590.000 426,000 28,000 1607.000 176,000 7394,000 9255.000 605,000
9 194,000 166,000 506.000 3659.000 88,000 921,000 604,000 6350,000 79552,000 1866.000
10 3.000 0.000 20,000 36,000 7.000 14,000 0.000 256.000 T77.000 157.000
11 619.000 5,000 4429,000 0.000 2,000 1387,000 9.000 26260,000 0.000 23,000
12 6R1.000 0.000 332.000 0.000 1,000 1526.000 0.000 1969,000 0.000 6,000
13 274,000 39,000 476,000 344,000 23,000 614,000 67,000 2823,000 3533,000 231,000
14 157.000 134,000 409.000 29%5.000 71.000 3sz2.000 231,000 2424.,000 30368.000 712,000
15 2.000 '0.000 16.000 29,000 6.000 5.000 0.000 98,000 297.000 60.000
16 A.000 0,000 54,000 0,000 0.000 19,000 0.000 369,000 o.000 0.000
17 9.000 0,000 4,000 0,000 0,000 21.000 0.000 28,000 0,000 0.000
18 &,000 1.000 6,000 5,000 0.000 9.000 1.000 40,000 50.000 3,000
19 2,000 2,000 5.000 40,000 1.000 5.000 3,000 34,000 427.000 10,000
20 0.000 0.000 0.000 G.000 0,000 T.800 0.000 1.000 4,000 1.000
21 S6h.000 0.000 401,009 0,000 0.000 119.000 1.000 2254,000 7473,000 2.000
22 62.000 0.000 30.000 0.000 0.000 131.000 0.000 169.000 560,000 1.000
23 259.000 4,000 43,000 31.000 2.000 53.000 6.000 242,000 803,000 20,000
24 14,000 12.000 37.000 267.000 6.000 30.000 20,000 20R,000 690,000 61,000
25 0.000 0.000 2,000 3,000 1.000 1.000 0.000 8,000 28,000 S.000
2h 14.000 0.000 98,000 0.000 0.000 28,000 0,000 523,000 0.000 0,000
27 15.000 o0.u00 7.000 0.000 0,000 30,000 0,000 39,000 0,000 0,000
28 16.000 1.0n0 11,000 8,000 1,000 12.000 1,000 S56.000 70,000 S5.000
29 3.000 3,000 9.000 65,000 2,000 7.000 3,000 48,000 604,000 144000
30 0.600 0.0n0 0,000 1,000 C.000 ¢.000 0,000 2,000 6,000 1.000

— - - -

INPUT=QUTPUT TEST DATA, COE.
TRANSACTIONS TARLF

PAGE 2 OF &
SFCTOR 11 12 13 14 15 16 17 18 19 20
1 247,000 6,000 13612.000 0,000 3,000 72.000 2.000 28.000 0,000 0,000
2 271.000 0.000 1020,000 0.000 1,000 79,000 0,000 24000 0,000 0,000
3 109,000 472,000 1663,000. 590,000 28,000 32.000 12,000 3,000 4,000 1.000
& 63,000 144,000 1257.000 5070.000 86,000 18,000 40,000 3,000 38.000 3.000
5 1.000 0,000 51,000 50.000 7,000 0.000 0,000 0.000 0.000 0.000
6 1AA1.000 43,000103878.000 0.000 21.000 573.000 12,000 224.000 0.000 1,000
7 2069,000 0.000 T7AH,000 0.000 6,000 631,000 0.000 17.000 0,000 0,000
a A32,000 320,000 11167.000 4&502.000 213,000 254,000 92.000 24,000 35.000 8,000
9 477.000 1102.000 9590.000 38695,000 658,000 145,000 317,000 21,000 303,000 26.000
10 72.000 0.000 3HA,000 378.000 55.000 2.000 0.000 1.000 3,000 2.000
11 1337,000 30,000 T8380,000 0,000 15,000 709.000 15,000 277.000 0,000 1.006
12 1471.000 0,000 5535.000 0,000 4,000 780,000 0.0C0 21.000 0,000 0.000
13 S91.000 228,000 7937.000 3200.000 152,000 314.000 114.000 30.000 44,000 10,000
14 339.000 783.000 6816,000 27502.000 468.000 180.000 393,000 26.000 375,000 32.000
15 5.000 0,000 274,000 269,000 39.000 3,000 0,000 1,000 4,000 3.000
16 33,000 1.000 1H01.000 0,000 0,000 71.000 2,000 28.000 0,000 €.000
17 36.000 0,000 44,000 0.000 0,000 78.000 16,000 24000 0,000 0.000
1R 164,000 6.000 194,000 74,000 4,000 3l.000 6,000 3.000 4,000 1.000
19 B.N00 19,000 166,000 671,000 11.000 18.000 3.000 3.000 38,000 3.000
20 0.000 0.000 7.000 7.000 1.000 0.000 0.000 0.000 0.000 0.000
21 172.000 4,000 9518.000 0.000 2,000 346.000 7.000 135.000 0,000 1.000
22 190.000 0,000 Tl4,000 0,000 1,000 381,000 0,000 10,000 0,000 0.000
23 76.000 29,000 1023.000 413,000 20,000 153,000 56,000 15,000 21.000 5.000
24 44,000 101,000 B79.000 1354.000 60.000 B8.000 192.000 12,000 183.000 16,000
25 1.000 0,000 35,000 114,000 5,000 1,000 0,000 1.000 2,000 1.000
26 37.000 1,000 2026.000 0.000 0,000 50,000 1.000 19,000 0,000 0,600
27 40,000 0.000 152,000 0,000 0,000 55.000 0,000 1.000 0,000 0.000
28 16,0600 (000 218,000 88.000 4,000 22.000 8,006 2.000 3,000 1.000
29 9,000 21,000 187.000 755,000 13.000 13,000 28.000 2.000 26,000 2.000
30 0,000 0,000 8.000 7.000 1.000 0,000 0.000 0,000 0.000 0,000
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INPUT=NUTPUT TFST Nala. CNE.

TEANSACTTONS TAHLE

o o

SECTOR

N e el I ]
DX ~F NP WD DD~ W~

BV ERY]
-

N
Lt P

VISV ]
L

AVt ]
-~

28

21
i72.000
410,000
165.000

Q4,000
l1.000
269%.000
2965.000
1197,000
AR3.000
10,000
2A7H,000
3164000
12772.000
729,000
11.00n0
2RA,.N00
294 . 000
118,000
hALD00
10,060
1i86.000
13n%.000
575,000
1,000

H.000
AlZ2.000
ATI.O0N0
2T1.000
155,000

2.000

z?
5,000
0.000
Ir.nnn
126,000
o.000
35,000
o.onn
2hA.,000
5722.0n0
2,000
Fk,000
0.0n0
2Hh 000
GR&,. 010
ML.00C
4,000
0.0600
Pl.000
92,000
06.600
16,000
0.000
11R,. 000
ank,0ng
v.000
R,000
G.00C
Al.000
210,607
0.3900

£3 24 25
1344.000 0.000 1.000
i0la00a 0,000 0.000
145,000 99,000 S.000
124,000 852,000 16,000
54900 R, 000 1.000
S754,000 0,000 4,000
A4KT N0 0.000 1.000
140¢.000 717,000 38,000
HO&,000 ALl63, 000 ilé, 000
12,000 60,000 10.200
10404%,.000 0.00C 4,009
THO.ODO 6,000 1,000
111%,000 765,000 40,000
961.000 5576.000 124,000
39,000 654,000 10,000
565,000 0,000 0.000
T2.000 0,000 2,000
104,000 Ti.000 4,000
BG.000 612,000 122.000
L ] B 000 l.600
4293,000 0.000 2,000
32,000 Nn.C00 1,000
461,000 31A,900 17,0600
1Gh, 000 271,000 51,000
16,000 26,000 4,000
Pe15.060 _ d.000 1.000
iEa.000 0,000 0,000
234,000 13,000 9,000
e, 000 1359,000 26,0600
Hot0n 16,000 2.900
TECTOR FIMAL CEMAMD
H iSRARLGEG
s
3
&
5
&
K FaiGI
] CESPS 060
G PhLT0D
i0 63553.040C
11 33378 ;
12 ke
i3 32087,
14 STSAIALESD
15 33024.0075
16 43LRALOG0
i7 Sal.onn
ia SYThE,NL0
19 14926.000
20 G, n0n
Z1 2R35H, 000
22 S5RBLOGE
23 SQ%6G.N00
24 L B
25 S14R.300
26 TTi6.000
27 188« ,000
28 15044,000
29 2TT13.000
30 1639.000

26

145,000
159.000
64,300
37.000
1.000
991.000
1690.,000
4#3R,000
245,000

4,000

912,000
10B2,000
435,000
249,000
4,000
61,000
&T.000
2T.000
15.000

0.000
975,000
173.000
431,000
247,000

4,000

4079,000
527.000
212.000
121,000

2,000

27
3.000
0.000
24,000
BZ2.000
0.000
22,000
0,000
163,000
559.000
0,000
22.000
0,000
161,000
555,000
0,000
1.000
C.000
10,000
34,000
0,C00
21,000
0.000
160,000
550.000
0.000
16,000
0,000
T9.000
270.000
0.000

TaTeL SUTPUT

33463%.000
4306,000
A5H5B.G00

1697000

4]
1.000
0,000
0,000
0.000
D.000
19.000
1.000
2.000
2.000
0,000
19.000
l.coo
2,000
2.000
0.000
1.000
n.000
0,000
0.000
0.000
18,000
1.000
2.000
2.000
0.000
5.000
1.000
1.000
1.000
0,000

PAGE 3 OF 4

29 30
0,000 0,060
0.0C0 0.000
10,000 1,000
85.000 4,000
1.000 0,000
0,000 1.000
0,030 0.000
A7.600 9.000
578,000 28,000
6.000 24009
0,000 1,000
6,000 0,60n
67.000 9.000
573.0u0 27.060
6.000 2.000
0,000 n,o00
0.009 0,200
4,000 1.€00
36,000 2,000
6,000 0,000
0.000 1,000
5.000 0.000
66,000 9,000
569.000 27.000
6£.000 2.000
0.000 0.a0n0
0.000 D.00n
32,000 4,200
279.000 13.000
3.000 1.008




‘XN FJO 23S B UL ST $S0INSEOW JO STSoYjuds ay] -‘soanseaw

[BINIONIIS JO osoyl o3 a[qeledwod s3ITIauaq pue s1s502

Furanseaw uT MITISPIEA UOWKOD B SPUBWAP ‘2JUBINSUT puk asn
puey Arreroadso ‘soanseow [eanjoniisuou Jo stsdTeuy

-fwouodo Teuoifsx uo saanseaw pasodoxd jo joedut (p)

pue ‘xtw TemTido up UTEIQO 01 JOPIO UT SIINSEIW JO saXIw
snotaeAa Jo stsoyiuds juanbasqns (2) ‘saanseouw pOTFISSEID FO
stsA1eue souewmrojaad (q) ‘soansesw [OIIUOD POOTF JO UOTI
-eargrssern  (e)  isiaed [eanjonils anoj sajerodiodut yarym
podotanop st A£Soropoylow y *Spoau [0IJU0D POOTI 2INING PuE
juosaxd a2yl ylogq o1 [njdurusow axow sowodaq Surtuue|d (orjucd
pootJ ‘stsayjuds pue stsdreue jo yoeoxdde up Lg :r3owaisqy

T1oa3ue)
poopd Futuueyd ‘soanseop [0I3jU0) POOTJ ‘Spoold  ispropg Loy

fXNIF JO 93BIS B UT ST SoINSedW JO sTsayiwds ol ‘saanseow

[BIN12NI3S Jo asoyl 03 arqeaedwod s3Tjousq puU®B 350D

Furanseaw ut yo13s5pied uowWOD B SPUBWDP IDUBINSUT Pup 2sn
puel £7T7eroadse ‘seanseow [BINIINIISUCU JO STSA[RUY

* fwouoda [euordax uo saanseouw pasodoad jo oedur (p)

pue ‘xtw rewrido ue utelqo 03 IOplC UL SOANSEIW JO SONIW
SnoTIvA Jo stsayjuds juonbasqns (9) fsoanseow POTFISSE[D JO
stsATeue oouewxoyxad (q) fseanseaw [OJ1UOD POOTF JO UOTY
-ea1FIsse(n  (e)  isiaed [ranionais Inoj soleiodIodur yoTym
padoranrsp s1 AZojopoylow y "spasu [OIIU0D PROLF aaning pue
juasoxd oyl yzogq o3 [nydutueau oiow sowodaq Furuueld joajuod
poot3 ‘sisayjuds pue stsdieue yo yoeoxdde ue fg :IdRIISqY

S {oLIuc]
pooT. Sutuue[d ‘Saansesyy [OIIU0D PoOT] ‘Spoold spaopg A9y

‘XNTJ JO 23B31S B UT ST SaJINSEOW JO sSTSoyluds ay] “saInsesw

[BAN3IONILS JO 250y} 01 afqededuwod s3T1Joudq pue £3150D

Juransesw ur YO13spaeA UOWHOD B SPUBMSP ‘adUBINSUT puE asn
puel Arrersadse ‘soansesw [eanjonIisucu Jo sisf[euy

*Lwouodo Teuorfor uo saanseaw pasodoxd jo joedwtr (p)

pue ‘xtuw Tewmtido ue uTPlgo 01 JIOPIO UT SAANSEIW FO SOXTW
snotiva Jo sisayjuds juanbasgns (2) ‘soinseow PorISSE]D JO
stsATeue aduemaojaad (q) ‘soanseaw [oajucd pool} Jo U0l
-e213155e12  (B)  :s3aed Teaniontls anoj sojedodiodur yoTym
padoranap st ASoropoylow y  SpPoou [0IIU0D POOTF 2aning pue
juasaxd oyl yjoq o1 [nydutuesw azow sowoddq Suruueld (oijuod
pooT3 ‘steayiuds pue stsdreue yo yowoadde ue Lg IoBIISQY

*1o.3und) —
PooT,] SUTUUBT4 ‘S2Inseoly [0IIU0) pool] ‘spoold :s5plop Aoy

‘X[ Jo 93RS B UL SI soanseawt 3o sTsoyiuds ay] soanseau

[BINIDNAIS JO dsoyl o3 arqeredwod sjtjousq pue 53502

Jurtanseow ur YOTISpIed UOWWOD ¥ SPUBNDP ‘AdURINSUT pue asn
pur] Arperoadse fsaanseow [eINIONIYSuou Jo sTsApRUY

sAwouoda Teuotfox uo saanseaw pasodoad jo 3oedur (p)

pue ‘xiw Tewrido uE Urelqo 031 JIOPIO UT S2INSEAW FO SOX[W
snotaea Jo stsayjuds juonbasgns (2) ‘saanseaw POTITSSE[D JO
sisd[eue oouewioFiad (g) ‘seanseaw [OIjU0D POOLF FO UOT]
—eorgrsse(d  {e)  :sjaed peanioniys anoy sarerodlodur yoTym
podofonop st ASofopoylow y  "Spadu [013uU0d POOTJ 24mng pue
juosaxd 9y yroq o1 [nyfurtueow axom sowodoq Futuue(d [oajucd
poolj ‘stsalppufs pue stsdpeur jo yowoxdde ue Ag :10vI1SqQY

*TOI3U0Y
pooT] Sutuue(d ‘souansea)y [011uU0]) poolg ‘spoofd :splop Loy




with advanced methodology missing to guide the planning
process. The methodology presented herein is an attempt to
incorporate the difficult problem of interdependence of
flood control measures. The methodology of analysis and
synthesis of measures is tested on the Arkansas River
Drainage Basin, above John Martin Dam in Colorado.

The economic synthesis of this method would enable a
planner to examine the adverse effects of project proposal.
Sociclogical, environmental and sediment damages are poten-
tial factors in addition to direct flood damage. The Isard-
Chenery regional input-output model is applied to planning
of flood control measures in a comprehensive and exhaustive
manner, by making the hydrology-economics linkage as a
synthesis of flood control and regional economic performance.

Hydrology Paper #76 -"Analysis and Synthesis of Flood
Control Measures,' by Kon Chin Tai.
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