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FOREWORD 

Purpose  
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This study was undertaken to clarify the economic consequences and 
effects of programs designed to protect or otherwise manage flood 
plains. A firm basis is required to appropriately distinguish be-
tween the source of change of a flood plain development from its 
economic effects. Specifically, there is a need to better understand 
the so-called "land enhancement" effects arising from the protection 
of lands that would remain undeveloped without protection, but would 
develop with protection afforded. There is a further need to explore 
alternative techniques for the measurement of these benefits. The 
study does not address the question of the distribution of income 
from flood plain use or its social consequence. 

Findings  

The study makes the following findings: 

1. With and without analysis applied to evaluation for flood 
protection suggests two basic sources of economic effects and benefits. 
These are: 

(a) Where the development in the flood plain will be the 
same with and without the project, benefits attributable to the proj-
ect will equal total damages reduced. 

(b) Where there is project induced growth, the benefits 
attributable to the project are equal to the net increase in pro-
ductivity of the economy due to the relocation of activities both 
inside and outside the flood plain. 

2. Regardless of the source of flood plain change, the economic 
effects for both cases reflect increased productivity and serve as a 
measure of economic efficiency gains. 

3. Benefits from project induced growth (so-called "land enhance-
ment" benefits) can be measured by the difference between the net income 
(profits) of activities which move into the flood plain with protection 
and the net income they could earn outside the flood plain. 

4. In the absence of direct observation of change in net income, 
benefits from project induced growth can be measured in terms of 
simulating damages reduced to new activities that would located in the 
flood plain with protection. 
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5. Differences in land values can also be used as a measure of 

• project induced benefits provided they are evaluated in the context 
of with and without a project and are adjusted to eliminate expecta- 
tion about future developments not associated with the project. 

6. Given the presence of a number of key variables affecting 
future flood plain change under with and without conditions, all 
subject to varying degrees of uncertainty, there is a need to develop 
a more systematic approach for evaluating project benefits and costs 
to test the sensitivity and reasonableness of assumptions that affect 
final decisions. 

Assessment  

In general, the study rests heavily on an interpretation of economic 
result theory, namely that profits will go to activity and landowner 
rather than to the landowner alone; and the assumption that competitive 
conditions hold outside the flood plain when activities relocate as 
a result of the project. The latter holds that the sum of activity 
profits and property values outside the flood plain sum to zero, and 
only the changes of activity profits and land values in the flood plain 
need to be considered. These assumptions appear to be most appropriate 
in light of the accompanying discussion. 

The study provides a valuable contribution to the definition and 
measurement of benefits from flood control projects. It enables a 
clearer understanding of the basis for these benefits, the appropriate-
ness of distinctions among types of benefits, and it offers a convenient 
framework for the calculation of these benefits. 

Status  

The contents and conclusions of the study are subject to further re-
view and therefore do not necessarily represent the views of the Corps 
of Engineers. Policy or procedural changes which may result from the 
study will be implemented by means of directives and guidance provided 
by the Chief of Engineers through command channels. 

Additional study is required to field test the concept of measuring 
project induced growth benefits through damage reduction measures. 
There is a further need to develop and to test a more systematic 
approach to make the overall evaluations for flood control projects 
allowing for variations in the key assumptions. 
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PPOJECT SUNVIARY 

Background  

On September 26, 1969, 	Pobert J. Gidez, Chief of the Economics and 

Evaluation Branch, Planning Division, Office of the Chief of Engineers, U. S. 

Army Corps of Engineers, and Dr. Robert C. Lind of =ASA discussed a forth-

coming review by the Corps of Policies relating to the development of flood 

plains. 7 :r. Gidez suggested that INTASA submit a proposal for a preliminary 

study to review and analyze some of the imnortant issues renerally related to 

the evsluation of benefits from flood control, and particularly related to 

two specific projects in Southern California. In October 1969, a Proposal was 

submitted and on December 16, 1969, the Corps contracted with INTASA for the 

above task. This Final Peport describes the work completed by INTASA under 

Contract No. DACW07-70-C-0050 with the Department of the Army for the U. S. 

Army Corps of Enrineers. 

B. Scone 

The contract calls for INTASA to provide consultation to the Corps in a 

preliminary analysis of the planning and evaluation procedures for flood control 

projects with emphasis on analytical methods which may be employed in estimating 

benefits from flood protection. The primary objectives of the contract include 

the following tasks: 

, I. Investigation of practical and analytical procedures that can be in-

corporated into present project analyses with particular reference to the "with 

and without" concept in benefits evaluation. 

2. The accurate identification of benefits from flood control, and parti-

cularly, the distinction between land enhancement benefits and flood damages pre-

vented. 

3. The establishment of an economic basis for measuring land enhancement 

benefits in terms of net incomes and/or net earnings; and, on a preliminary ba-

sis, the determination of feasible alternative techniques for measuring these 

benefits. 

4. The preliminary examination of several ways by which net earnings can 

be measured either directly or indirectly; namely through (a) increased net earn-

ings from growth of activities in the flood Plain, (b) direct observation of real 

changes in land values, and (c) simulating land value changes using flood damages 

prevented as a proxy measure. 
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5. The review and analysis of two specific projects in Southern Califor-

nia. The projects selected were Newhall, Saugus and Vicinity, in Los Angeles 

County, and Day, East Etiwanda, and San Sevaine Creeks, in San Bernardino and 

Riverside Counties. In the reviewing process, emphasis should be placed on the 

. application of economic concepts to project evaluation. Particularly (a) appli-

cation of "with and without" analysis, (b) the reasons for using damage reduction 

as the primary source of benefits for one of the projects but not for the other, 

and (c) the measurement of land enhancement benefits. 

6. Recommendations in regard to the above and related topics together 

with an outline of a research program to revise and improve Corps policies and 

procedures relating to flood plain development. 

In addition, if time permits, INTASA should consider problems related to 

7. flood plain redevelopment over the project life, 

8. cost sharing and local participation, 

9. optimal sizing and timing of protection measures, and 

10. the development of an overall decision framework for evaluating alter-

natives. 

Part One of this report is mainly concerned with the first four tasks, 

whereas Part Two covers the review and analysis of the two specific projects in 

Southern California. In Part One emphasis has been placed on a detailed investi-

gation of the proper application of "with and without" analysis to a variety of 

practical situations; on the proper identification and definition of benefits 

from flood control, and, in particular,.the distinction between land enhancement 

benefits and damage reduction; on the measurement of benefits using indirect 

methods; and on the preliminary investigation of measuring land enhancement 

benefits through damages reduced. Part Two  provides a summarized description 

of the two projects in Southern California and where appropriate, it analyzes and 

discusses procedures presently used by the Corps. 

C. Summary of Basic Methods and Assumptions  

A basic analytical tool used by the Corps for project evaluation is 

benefit-cost analysis. This technique measures changes in the net product-

ivity of the economy in terms of willingness to pay. More specifically, 

the benefits and costs, to whomsoever they may accrue, are calculated on 

the basis of willingness to pay over the life of the project and discounted 

to their present value. 
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Benefits are defined as the amounts, positive or negative, that individual 

households and businesses are willing to pay for the project. Costs are equal 

to the costs of resources required by the project. Under competitive condi-

tions, market prices can often be used in measuring costs nnd benefits. In 

applying this concept to the evaluation of flood control projects, it is 

assumed, implicitly or explicitly, that prices other than the price of land 

are unaffected by the project. vrom this assumption, it follows that all 

benefits accrue to landholders throurh changes in land values or to activities 

in the form of increased profits. rndividuals in their role as suppliers of 

labor or buyers of goods do not benefit from the project because wage rates 

and the prices of consumption goods are unchanged. 

The activities consiaered here may either be firms or households. The 

meaning of Profit for a firm is clear. The profit of a household which supplies 

itself with housing or other services requiring land is, in this renOrt, defined 

to pe the difference between the market value of the good or service supplied 

and the cost of producing that service. This definition is consistent with 

the definition of profits for a business. 

In addition, the distinction is made between the landowner and the owner 

of the nctivity on the land in order to systematically distinguish between 

the return to land and the return to capital and entrepreneurship that consti-

tutes tl'e profit of an activity. Tn many cases, the landowner will also own 

t e ictivity located on the land, and in such case he 	in through both 

increased profits and increased Land values. A profit meximizin:7 activity will, 

however, consider the irrl:Icit cast of land owned br the activity in choosing 
the ontimal location and mode of oneration. 

This illustrates a point vhich is essential to the arguments throughout 

the report. Suppose Sx  is the profit of activity x exclusive of the cost 

of land at a particular location and Sx  - n is net rrofit after paying the 

cost of land. If the price of land increases, the profit to the activity 

located on that land decreases by an amount ecual to the price increase; the 

sum of Profits to the activity and the return to land remains, however, un-

changed. More generally, since all benefits accrue to people in their role 
A 

as landowners or the owners of activities it follows that changes in land 

. prices will simply affect how these benefits are divided among activities and 

landowners. This can be seen in terms of specific examples in the report. 

3 
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A few basic points are demonstrated throughout this report. First, total 

benefits equal the total of changes, positive or negative, in land values and 

profits within the economy as a result of the project. The problem is to 

identify the sources of these benefits and ways of measuring them. Second, 

benefits, regardless of how they are created, measure net changes in producti-

vity in terms of willingness to pay. Categories of benefits by source may be 

developed for purposes of identification or to facilitate measurement, but 

these benefits are not different in kind. Third, many different methods may 

be derived for measuring benefits, but what they measure is the same. This 

distinction between what is Measured and how it is measured is important as 

different techniques of measurement have created the mistaken impression that 

they correspond to different tyres of benefits. 

D. Results and Conclusions  

The following results and conclusions are derived from the analysis in 

art One. 

1. The application of with and without analysis can be reduced to two 

basic cases: 

a. Where there is no project induced growth, so that development in 

the flood plain will be the same with and without the project, benefits attri-

butable to the project will equal total damages reduced. These benefits will 

be divided between owners of land and of activities, and will take the form of 

increased wealth of landowners and of profits, respectively. This countinR of 

both the increased land values and increased profits does not involve double 

counting. Profits to the activities will decrease by an amount equal to the 

increase in land values, leaving the total benefit unchanged. 

b. Where there is project induced growth, so that the flood plain 

will develop differently with and without the' project, the benefits attributable 

to the project are equal to (1) the net increase in productivity of the economy 

due to the relocation of activities both inside and outside the flood plain, 

plus (2) the reduction in damages to activities which will locate in the flood ‘ 

 plain with or without protection. These benefits will be divided among all 

owners of land and activities inside the flood plain and those outside the 

flood plain that are affected. 

The results above were derived from the systematic application of with 

and without analysis to a number of situations including rational and irrational 
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decisions regarding location in the flood plain and considering both awareness 

and ignorance of flood nazards. These results! are developed in Chapter II of 

Part One. 

2. The distinction between land enhancerent benefits and damage reduction 

is one of definition and is useful for the purpose of benefit measurement. It 

should not be inferred from this distinction that these benefits are different 

in hind. They both represent increased productivity as defined in benefit-cost 

analysis. The basis fnr determini;lc ,Thetlle- benefits should be designated as 

damare reduction or land enhancement d:pends on the Presence of project induced 

growth. 

a. When there is no Project induced grovth, there are no land en-

hancement benefits, and total bencfits are 7iven by damages reduced. 

b. Uhen the-,-e is project induced growth, damage reduction is on1: - 

 one source of benefits and land enhancement is ancitner, where land enhancement 

benefits are introduced to measure benefits resulting fror the relocation of 

activities due to the project. 

The precise definitinn of land enhancement benefits and their dis-

tinction from damages reduced are explored in Chapter III of Part One. 

3. Based on the assumption that competitive conditions hold outside the 

flood plain, it is demonstrated that land enhancement benefits can be measured 

by the difference between the profits of activities which move into the flood 

plain with protections and the profits they could earn outside the flood plain 

plus the increase in wealth of owners of flood plain land resulting from in-

creased land values due to the project. In addition, it is demonstrated tnat: 

a. Under certain conditions as stated in Chapter IV of Part One, 

differences in land values may be used as a measure of benefits. This method, 

however, is subject to two serious short-comings. First, land values before 

and after the project do not always correspond to those with and without the 

project, since many factors not associated with the project may lead to 

increased land values. Second, actual land prices will reflect expectations 

about future development and will not be the idealized prices which would be 

required for differences in land values to accurately measure benefits. 

b. An upper bound to land enhancement benefits is the reduction in 

darapes to the new activities; a lower bound is the reduction in damages to 

the displaced activities that would be in the flood plain without protection. 

These results and conclusions are explored in Chapter IV of Part One. 

4. Land enhancement benefits can be measured in terms of damages reduced. 
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These benefits are equal to the damages over and above the level of protection 

required to induce activities into the flood plain. This is because without 

this minimum level of protection, such activities would not locate in the 

flood plain and these damages would not occur and therefore cannot be counted 

as benefits. By providing protection above the minimum level the benefits 

simply equal the additional damages prevented. This leads to the following 

observation about benefits. Benefits from flood control result from the in-

creased productivity of the land and, therefore, in a general sense all 

benefits involve land enhancement. At the same time, the only way which a 

project can affect the productivity of land is by reducing potential damages 

and in tnis sense all benefits result from damage reduction. It is therefore 

not surprising that land enhancement can be measured in terms of damages re-

duced. A more detailed discussion is presented in Chapter V of Part One. 

Tha following tentative donclusions were reached from the analysis 

in Part One and the review of the specific projects in Part Two: 

5. Development for which benefits are measured in terms of land ennance-

ment is, to a large extent, determined by zoning regulations, and this is the 

most important difference between Newhall, Saugus, and Vicinity, and Lay, East 

Etiwanda and San Sevaine Creeks flood plains. The first one has strict zoning 

regulations and, therefore, land enhancement benefits, whereas the second has 

neither. This leads to the conclusion ..that flood plain management is a crucial 

parameter in deciding whether a project offers land enhancement benefits, and, 

therefore, flood plain management should be based on sound economic reasoning. 

6. Land enhancement benefits for the Newhall-Saugus project are measured 

as the difference in price of land with and without protection, where the price 

of land with the project is based on present and future expected land values 

outside the flood plain. For this to be a valid measure the following conditions 

should be satisfied: 

a. The price outside the flood plain is adjusted for the residual 

damages inside the plain to reflect the differential flood hazards. 

b. Land prices before protection do not include speculation on the 

construction of a flood control project. 

c. Landowners receive all benefits from flood protection. 

d. Increase in the value of the land is the result of the project 

and not of other economic and environmental influences unrelated to the flood 

protection provided by the project. 



The above conditions are discussed in Chapter IV of Part One while a sum-

mary and discussion of the land enhancement benefits for the Newhall-Saugus is 

given in Appendix B, Section VI,of Part Two. 

7. For both the Newhall-Saugus and the Day-East Etiwanda project, with and 

without analysis was applied properly, except possibly on some minor points. 

. The different development of the flood plains, however, was not necessarily based 

on sound economic reasoning. That is 

a. The zoning regulation effecting the development of the Newhall-

Saugus area may not be the result of proper economic analysis, 

b. The decisions of activities to move into the flood plain in the Day-

East Etiwanda area may be the result of ignorance of potential flood damages. 

The application of with and without analysis in cases of irrational deci-

sion making is explored in the last part of Chapter II. 

8. For the enhanced land in the Newhall-Saugus Project, the reduction in 

damages to the new activities that will locate in the flood plain as a result of 

Irotection should provide the upper bound on the land enhancement benefits. A 

comparison between the reduction in damages to non-enhanced land and the land 

enhancement benefits, given in Appendix B of Part Two, shows that testing or 

this upper bound may be useful in establishing the validity of the lend enhance- 

ment benefits derived. 

In addition the following tentative conclusions were reached as a result 

of the review of the projects in Part Two. 

9. The land enhancement benefits are highly sensitive to the use of two 

different discount rates, one to obtain the present value and the other to obtain 

the average annualized benefits. 

10. The general economic forecast for the area is one of the most impor-

tant variables in the evaluation of the flood control benefits. Therefore, it 

would be useful if the assumptions on which these forecasts are based, as well as 

the uncertainties associated with them,were clearly stated. The uncertainty in 

these forecasts is illustrated by the difference in projected population densities 

for the two projects Probably made one year apart, as presented in the 

Summary or Part To. 

11. Based on general economic forecasts for the area, the use and rate of 

development of land in the flood plain, together with the value of property;are 

. estimated with and without the project. Benefits are highly sensitive to these 

estimates, and it is, therefore, concluded that sensitivity of project benefits 

to changes in these estimates should be Part of the analysis. 
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12. The evaluation of the average annual damage, reduction is sensitive to 

the discount rate, the assumed rates in productivity increase that are used to 

estimate the value of property in the future, and to the assumed fixed ratio 

between damage reduction and property value. This relationship is explored in 

Section VI, Appendix C., Part Two. 

13. The statistical procedures used for both projects to obtain the 

frequency-discharge relationships are subject to questioning. In one case re-

gional frequency analysis is used, and in the other, the record of one stream flow 

is analyzed. The amount of data available in both cases is limited. A discus-

sion of the procedures used and their implications are given in Appendices B and C. 

Part Two, 

E. Recommendations  

The major recommendations briefly stated here are based on: (n) the Jan-

uary 20th meeting between the Corps and INTASA, (b) the meeting with the Los Ange-

les District Office of the Corps, (c) the analytical results presented in the 

previous section and discussed in Part One, and (d) the actunl review and analysis 

of the presently used Corps procedures as applied to the two specific projects 

in Southern California and presented in Part Two. 

1. A systematic, computerized framework for evaluating project benefits 

and costs should be developed. The resulting computer program should be used 

to simulate the effect of the various parameters and assumptions to benefit 

and cost evaluation. Thus, the important parameters can be identified and fur-

ther studied as required. This is envisioned as a practical tool to assist the 

Corps in moving away from specifying a fixed set of assumptions and, as a result, 

to allow for improved understanding as well as more reliable benefit and cost esti-

mates. First such a simulator can be developed by systematizing and slightly 

modifying the presently used Corps procedures while additional research should 

be oriented towards improving the input information used by the program. 

2. Basic to with and without analysis is the forecast of land use develop-

ment with and without the project. The sensitivity of the benefits to this is 

demonstrated in the Appendices and could be easily verified beyond doubt by the 
use of a simulator. As a result, models capable of predicting land use and 

prices should be investigated in order to provide answers to the how of future 

flood plain development. 



3. The different methods for measuring land enhancement benefits should 

be further analyzed; the method of using the difference in damage reduction be-) 
tween the actual level of protection and the minimum level of protection required 

to attract the activity into the flood Plain appears very promising. 'The upper 

and lower bounds on land enhancement benefits should be used to test alternative 

methods for estimating these benefits as discussed in Chanter IV. It is also 

envisioned that still better bounds can be derived by considering n-trticular 

instead of generalized cases. 
4. In the case where land values are used to measure land enhancement bene-

fits, the appropriate dicc.curt rate must 1-e. chonen. This in controversi-1 in 

the sense that different Oi7count rates may be anprorriRte in different aspects 

of benefit and cost evaluation. The sensitivity or the results to the different 

discount rates should, therefore, be tested. 
5. When benefits are measured by damages reduced, the damage discharge 

relationship becomes extremely important. This relationship should be carefully 

investigated. The presently used assumption that damages increase pronortionally 

to'increase in property value should be studied since other assumptions are 

possible and would influence the benefits greatly. This also becomes important 

if damage reduction is used to measure land enhancement benefits. 

6. The statistical methods used for arriving at discharge-frequency rela-

tionships are questionable. Lack of consideration of whether or not the events 

are dependent or independent , the hydrological rerion is homogenous, the samples 

of different streams are correlated, and the small data sample used is sufficient 

for extrapolation, could lead to distorted frequency-discharge relationships 

and therefore unreliable benefits. in addition, the statistical process should 

be clearly identified, so that the variance of the estimated damages can be ob-

tnined. The variance provides assurance of the reliability of the estimate. 

7. It was seen that the basis for land enhancement benefits in the Newhall-

Saugus area is the county zoning regulations. These regulations in general de-

termine whether or not benefits for a particular project should include land 

enhancement benefits. Therefore, flood plain management constitutes the basis 

for land enhancement benefits and as a result, should be established upon a 

sound economic basis. Flood plain management should provide the answer to 

_ 	hoW flood plains should develop. 

Several other topics related to flood plain development were briefly con- 
. 

sidered in the course of this study. The problems of evaluating alternatives, 

staging of projects, optimal time and size of the project, and cost sharing 
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are briefly addressed at various phases of this report. Because of large capital 

requirement and large time delays between the study period and actual construc-

tion, current interest rates can ,decrease benefits and cost considerably. Thus, 

optimal sizing, timing and staging of projects may significantly increase net 

project benefits. With the use of a simulator, as recommended above, differ- 

ent project sizes and timing and staging alternatives can be tested. For a 

small number of these alternatives, the simulator can be used to determine the 

best and therefore be used to optimize. 

)4 	
The choice of the optimal size of a project is further complicated by 

budget constraints and by the uncertainty in the benefit-cost values derived. 

If the budget was unlimited, and if the benefit-cost figures were completely 

certain, maximization of net benefits, marginal benefit-cost ratio of one, is 

the obvious criteria for the optimal size of a project, and this can be deter-

mined by simulating alternatives. If there is uncertainty, the expected net 

benefits can be maximized and, assuming the error to be normally distributed, 

in reality the actual marginal benefit-cost ratio of the optimum will be half 

of the time larger, and half of the time smaller than one. In many cases, how-

ever, the total budget of the Corps is limited and cannot support projects with 

a marginal benefit-cost ratio close to one. In that case, increments of projects 

with a benefit-cost ratio close to one are also not desirable, and the optimal 

size of the project will be determined by the budget constraint. 

The sharing of project costs between the federal government and local in-

terests that benefit from the project may have the objectives of (1) promoting 

an efficient allocation of resources (2) promoting a more equitable distribution 

of income, and (3) providing the necessary financing for the project. Economic 

justification of the above objectives, analysis of the rules presently used by 

the Corps for cost sharing, and the related topic of windfall gains to the 

landowners are not included in this report. However, it appears that a clear 

and precise method for establishing the basis for local contribution to project 

costs is needed. This method should depend on a clear understanding of the im- 

plications of various sharing rules and on determing a feasible set of such rules. 

F. Interaction with the Corps  

The Corps provided direction and assistance as needed throughout the cur-

rent effort. Mr. Walter Yep of the South Pacific Division assisted INTASA in 

obtaining the two project reports for review and other material related to the 

project. In addition, through telephone conversation, he was most cooperative 

in answering questions vital to the progress and success of the project. Mr. 
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Robert Gidez provided the direction for the project. Upon his request a meeting 

was scheduled between the Corps and INTASA to review the progress and to jointly 

develop a strategy for the remaining work. The meeting took place on January 20, 

1970, in San Francisco at the South Pacific Division office of the Corps. Pre-

sent at the meeting were Messrs. Robert Gidez, John Hadd, and James Johnson from 

the Office of the Chief of Engineers, Messrs. Walter Yep, Edward Lofting and 

Kermit Spaeg from the South Pacific Division, Mr. Richard Howes from the Center

for Economic Studies, and Messrs. Robert Lind and Nick Arvanitidis of INTASA. 

Mr. Robert Lind presented the work completed to date by INTASA. Some of 

the most important issues discussed were: 

1. Clarification of the basic nature of flood control benefits with res-

pect to the distinction between land enhancement benefits and damage reduction. 

2. The measure of land enhancement benefits in terms of increase in net 

productivity and the various ways of applying this measure. In particular, Mr. 

Gidez's idea about using damage reduction as a proxy measure for land value changes 

was extensively discussed and provided direction for INTASA's subsequent work on s' 

the contract. 

3. The practical difficulties associated with applying with and withOut 

analysis to project evaluation. On this issue, it was agreed that forecasts of 

future land use would be essential in actually applying the concept. 

4. The development of a systematic framework for project evaluation to 

be implemented on a computer. The computer program would simulate various as-

sumptions and parameter values on a consistent basis and determine to which of 

these parameters and assumptions the evaluation procedure would be sensitive. 

The understanding was reached that the Corps is moving away from trying to spe-

cify a fixed set of assumptions for project evaluation, and, therefore, the above 

would be a very useful practical tool. 

5. The review and analysis of the specific projects. The main conclusion 

was that a large number of assumptions which served as the basis for the analysis 

should be questioned and carefully examined. It was also concluded that the two 
project sites in Southern California should be visited and unresolved questions 

should be discussed with the District Office. 

Following the January 20th meeting INTASA prepared a nunber of topics to be 

• discussed with the Planning Branch of the Los Angeles District Office and these 

topics were submitted to Mr. Arthur Potter, Chief of the Planning Branch, while 

'copies were forwarded to Messrs. R. Gidez and W. Yep. A meeting was scheduled 

between the Los Angeles District Office of the Corps and INTASA for February 26th 
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and nth. INTASA members R. Lind, P. Johnson and N. Arvanitidis met with Messrs. 

A. Potter and S. Light of the District Office and J. Tang of the Institute of 

Water Resources. The two project sites were visited and subsequent discussions 

were held on issues raised either by reviewing the reports or by the, site visits. 

Much of the discussion was oriented toward the difficulties in updating the 

evaluation results and the fact that it was extremely difficult to evaluate the 

effect of alternative assumptions and parameters on project benefits. An impor-

tant conclusion reached in that meeting was that county zoning regulations deter-

mine whether a flood plain will develop without the project, and that this arti-

ficial barrier determines,to a large extent,the existence of land enhancement 

benefits to some projects and not to others. Mr. A. Potter expressed the need 

for a framework that would provide a practical tool for the measurement of flood 

control benefits. It was also concluded that a number of assumptions and para- • 

meters were derived from local flood control districts in the county, and a 

closer examination of the project would require some interaction with them. 
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Part One 

ANALYSIS OF THFORETICAL CONCEPTS FOR PROJECT EVALUATION 



I. SUMMARY OF PART ONE 

Part One  provides a preliminary review and analysis of procedures for 

evaluation of flood control projects. It focuses on the following analytical 

Problems: (1) the application of "with and without" analysis in the evaluation 

of flood control projects, and (2) the identification and definition of benefits 

from flood control with particular emphasis on clarifying the distinction be-

tween land enhancement benefits and damage reduction, (3) the measurement of 

land enhancement benefits through indirect methods and (4) the measurement of 
land enhancement benefits through damages reduced. 

Chapter II is totally devoted to demonstrating the proper application of 

the "with and without" concept. It illustrates the application of this concept 

in a number of situations. The objective is to evaluate the benefits to acti-

vities and landowners with the project and without the project, and to take the 

difference between these two. The analysis results in two basic formulas for 

benefit evaluation: one for the case where there is no project-induced growth 

and the other for the case where there is project-induced growth. These two 

formulas are used in subsequent chapters to identify sources of benefits and to 

develop practical methods of measuring them. 

Cnapter III identifies and defines sources of benefits for flood control. 

The distinction between land enhancement benefits and damage reduction is clari-

fied and land enhancement benefits are precisely defined according to the cur-

rent use of the term by the Corps. it is also pointed out that while a differ-

entiation of benefits from different sources can be made, it is only a matter 

of definition and a generalized benefit from flood control may actually be more 

appropriate for analysis. 

Chapter IV discusses measurement methods. In particular it derives a 

precise expression for land enhancement benefits, and it demonstrates that under 

certain assumptions, these benefits could be measured indirectly by using changes 

in land values. In addition, a lower and upper bound for land enhancement bene-

fits is derived using damages reduced. 

Chapter V investigates an approach for measuring land enhancement benefits 

througli damages reduced. It demonstrates that if one can forecast the land 

use pattern for different levels of protection, land enhancement benefits can 

be measured RS the difference between damages reduced to the new activities 

in the flood plain and damages to these activities at the minimum level of 

protection required to induce them into the flood plain. 
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-II. BASIC ECONWIC CONCEPTS IN PROJECT EVALUATION 

A. Introduction  

The basic tool used by the Corns for project evaluation is benefit-cost 

analysis. This technique involves the measurement of annual costs and benefits 

to whomever they accrue over the life of the project, -and it requires the 

selection of the project that maximizes the annualized net benefits. In applzr-

ing benefit-cost analysis to the evaluation of flood control projects, the 

assumption is made, explicit1:- or implicitly, that prices of all roods and 

services except the price of land do not change as a result of protection. Thus, 

all benefits accrue to individuals in their role as landowners or as owners of 

activities, where the term activities here applies to both businesses end house-

holds. The total benefits from flood control enuals the sum of the changes in 

profits of activities and the chanres in the wenith of landowners as a result 

• of the project.. 

A basic problem in evaluating benefits is to determine what changes in 

future profits and land values can be attributed to the project. This is es-

pecially important when one -is faced with relatively undeveloped flood larins 

wilere a multiplicity of environmental, social and economic factors can also 

influence development. In order then to determine the benefits and costs tnat 

are attributable to the project, it becomes necessary to compare benefits and 

costs with and without protection.. This type of analysis is referred. to as 

"with and Irithout" analysis, and it attempts to measure the chenres in profits 

and land values as Ft result of the Project. Identification of these project 

benefits under a variety of situations forms the basis of t,lis chapter. 

In the process of demonstrating the application of -,rith and without 

analysis, it is shown that in the cases where there is no project-induced growtn, 

Lotal benefits are equivalent to damages reduced. The application of with and 

without analysis in this case consists of identifying the difference in damages 

with and without the project. In the case where there is project-induced 

growth, the relation between damages reduced and total benefits is not so simple. 

While this chapter focuses on what should be measured rather than how it should 

be measured, the two questions are closely related and results of the analysic 

of this chapter form the basis for later chapters on measurement. 

• • "With and Without" Analysis and Definition of Terms  

There is general agreement that with and without analysis is required for 

a sound evaluation of a project. However, the application of this procedure 
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may result in practical and conceptual difficulties. These difficulties are 

mostly associated with project-induced growth which takes place whenever the 

land use or its rate.of development in and around the flood plain is affected 

. by the introduction of flood control measures. Thus, various economic activi-

ties will develop and locate differently with and without the project. In 

addition to the problem of actually forecasting future conditions with and with-

out protection, the determination of the correct measure for the net benefits 

due to the project can become quite involved. The question in regard to with 

and without analysis is not whether it should be applied but how it should be 

applied. 

Before discussing the applications we will define several terms which will 

facilitate the understanding of some basic concepts involved. 

is the level of protection provided by a project which is measured by 

the percentage chance of having a flood smaller than or equal to the 

largest flood against which the project provides protection. For ex-

ample, if a project design is based on the Standard Project Flood (SPF), 

the degree of protection is given by the probability that a flood will 

be smaller than or equal to the SPF. For the purposes of our discus-

sion, p will vary between 0 and 1, where zero represents no protection 

and 1 represents full protection. 

D(p) 	measures the expected average annual damages that would occur without 

protection given the level of development that corresponds to a protec-

tion level p. That is, it is assumed that for any level of protection 

there corresponds a level of development, and the damages D(p) would 

occur if this level of protection were eliminated; e.g. zoning regula-

tions affect the level of development. In the case where the develop-

ment of the flood plain is independent of the degree of protection, 

D(p) is a constant denoted by D. 

R(P) 	is the total reduction in expected damages when a project provides for 

a level of protection p. Obviously R(1) = D(1) and R(0) = O. 

r(p) 	is the residual expected damage that will occur when a project does 

not provide for complete protection. Obviously, r(0) = D(0) and 

r(1) = O. It is clear then that for all levels of protection, 

D(p) = R(p) + r(p). 

C(p) 	is the average annual cost of a project providing a level of protec- 

tion p. 
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Rc(p) is the marginal or incremental reduction in damages due to a small 

increase in the level of protection, ' 

Rc(p) =  	 R(P)  
Ap 	 Ap 

Cc(p) 	is the marginal or incremental cost of the project as a result of a 

small increase in the protection level and is given by 

Cc(p) = Ag-(2-).= C(P+AP) - C(p)  
Ap 	Ap 

The relationship between total possible damages D(p), ieduction in damages 

R(p) and residual damages r(p) is given in Fig. 2.1a for the case where there 

is no project induced growth or D(p) = D. The case where D(p) is increasing 

with the degree of protection is shown in Fig. 2.1b and as indicated in the 

figure, r(p) may actually increase over some range of D. This will actually 

occur when the total damages to project induced growth exceed the reduction 

in damages to property previously located in the plain. If not properly un-

derstood, this phenomenon can cause concern as to the effectiveness of a flood 

control project. Figure 2.1c shows the relationship between D(p), R(p) and 

r(p) for a particular level of protection, 'D o . 

Fig. 2.2 shows the marginal damage reduction and marginal cost curves for 

varying level of protection p. In the case where all benefits from flood con-

trol are due to damage reduction, these curves are used to determine the size 

of the project that maximizes the annualized net benefits. Thus, R'(p) is the 

marginal of R(p) in Fig ,2.1a, which will initially increase with the level of 

protection; for higher levels of protection the marginal curve will start de-

creasing. The marginal cost is expected to continuously increase with the lev-

el of protection. The total benefits and costs for a certain level of pro-

tection po  are given by the area under the corresponding marginal curves to the 

left of po . The residual damages are shown as the area under the Rc(p) to the 

right of po ; obviously, D = r(p0 ) + R(p0 ) and D is the total area under P c (p). 

The maximum benefits occur when Rc(p) = C c (p) as shown and pois the optimal 

level of protection. This is the classical case in benefit-cost analysis and 

the conceptual objective in applying the with and without procedure to project 
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.MARGINAL COST AND BENEFIT CURVES 

evaluation is to determine the correct benefit curves so that application of 

benefit -cost analysis is straightforward. 

In the remaining sections of this chapter with and without analysis is 

used to determine the appropriate benefits from flood control. In each case 

considered these benefits should reflect the increase in the net productivity 

of the economy that should be attributed to the flood control project. Pro-

jects with the following characteristics will be considered. 

• No project induced growth 

1. flood plain fully developed 

2. flood plain not fully developed 

▪ Project induced growth 

• Ignorance concerning potential flood damages 

1. no project induced growth 

2. project induced growth 

c. No Project Induced Growth 	 ' • 

In case there is no project induced growth, the land use and its rate of 

development will not be affected by the introduction of the project. Two cases 

can be distinguished: (1) the flood plain is already fully developed and (2) 

the flood plain is not fully developedbut will develop the same way independently 
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of the presence of the project. In both cases we assume that location in the 

flood plain is based on sound economic reasoning and not the result 'of ignorance 

concerning potential flood damages. The objective in both cases is to determine 

the best protection against potentisl flood damages, considering n11 engineering 

and economic aspects of the problem. 

1. Flood Plain Fully Developed  

This is the simplest case of net benefit evaluation due to the Project. 

In terms of the variables previously defined, the damages that would occur with-

out protection are the total damages D and the associated cost is zero. With 

a project providing a level of protection p the expected damages are given by 

the residual r(p) while the cost is C(p). Applying the with and without concept 

the difference in damages with and without the project is R(p) = D - r(p); these 

are the benefits from the project. The cost for this increase in benefits is 

given by C(p)s 

It should be noted that in this example, total benefits from the project 

correspond to damage reduction R(p) and as a result, the marginal benefit curve 

is precisely analogous, to R'(p). The situation is as indicated in Fig. 2.2 

and the optimal level of protection is defined as the level at which marginal 

cost equals marginal benefits. The net benefits from the project providing 

level of protection p c)  are given by NB(p0 ) m . R(p0 ) - C(p0 ), the area between 

the two curves to the left of pc) . It should be noted that in this case where 

damage reduction accounts for the total benefits shared by the landowners and 

the activities occupying the land, residual damages do not explicitly enter 

into the measurement of net benefits. The reason for this is that the activi-

ties in the plain will experience those damages with or without the project; 

the difference being that with the project they will experience R(p) less 

damages than without it. 

2. Flood Plain not Fully Developed  

In the case where the flood plain is not fully developed but will 

develop in the same manner independently of the project, and assuming full 

awareness of the potential flood damages, economic activities will move into 

the flood plain because it is profitable to do so even with the flood hazard. 

Application of with and without analysis in this situation results that total 

benefits attributable to the project can again be evaluated by measuring total 

reduction in damages. 
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Because of the explicit Assumption that the flood plain will develop in 

the same manner with or without protection, there is no relocation of activities 

outside the flood plain due to the project. The total net benefits due to the 

project will_ therefore accrue to the activities and the landowners in the flood 

plain through increased profits and increased wealth, respectively. The division 

of the benefits between these two will be determined b7 the price of land after 

protection has been provided, where any changes in land prices will be offset 

b7r corresponding changes in activity profits. 

From the forecast of flood plain development, we can deterrine the total 

reduced and residual damages, D, F(p), r(p), that these activities will incur 

for each level of protection p. In Addition, let r e(p) be the increase in 

the profitability of these activities, excluding flood damages, due to their 

location in the flood plain rather than outside. Since tlie'activities find it 

-profitable to move into the flood plain without protection, n i (0) > D as 

shown in Pig. 2.3. In addition, for a level of protection Po, the increase in 

profitability, r (p 0 9 
) should be larger than the residual damages, r(p 0

) because 

otherwise activities would move out of the Plain. Thus, in general we can sa7 

w(p) > r(p) 	 ( 2 .1 ) 

where 

r(0) = D and r(1) = 0 

With no protection, the net increase in profit of these activities by being in 

the flood plain is given by 

7a(0) 	wi0) - D 	 (2.2) 

With protection poi, the net increase in profit becomes 

wa(p0 ) 	ra(p0 ) - r(p ) 0 

The difference with and without the project is 

( 2. 3 ) 

; a ( p0 ) = Tra ( p0 ) . _ 7., ( 0 ) = bra  (%) - wa(0)] + [0 - r(p0 )] 	(2.4) 
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111(130) = w ( °) - a 	wa ( P0) (2.5) 

I TIO ) 

1030)1 

where 

[wa(p0 )' - wa(0)] is the reduction in profit due 

to increases in the land values, 

[D - Apo )] = R(p0  ) is the increase in profits due 

to damage reduction. 

Because of the assumed economic equilibrium outside the flood plain, inside the 

flood plain the decrease in profits to the activities, excluding damages, is 

exactly equal to the increase in wealth of landowners. That is, if frI ti(P0 ) 

is the increase in the wealth of the landowners due to the project, 

and the total change in land values and activity profits is given by 

+ ;L CD& = [ D - r ( p0 ) ] = R(p0 ) 	 (2.6 ) 

Figure 2.3 

NO PROJECT INDUCED GROWTH; FULL AWARENESS OF FLOOD HAZARD 
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Dn (P0 ), Pn (P0 ), rn (130 ); 

Tne relationship,between the increased profitability of the activities and the 

increase in land values in the flood plain can be seen from Fig. 2.3. There-

fore, under the assumptions of: 

(1) competitive equilibrium outside the flood plain and 

(2) complete awareness of the flood hazard, 

the net increase in the productivity of the economy due to the project is given 

by the total reduction in damages. This increase in the productivity is allo-

cated to increased activity profits and increased wealth due to enhanced land 

but their sum must be equal to total damage reduction. 

D. 	Project Induced Growth  

In the case where there is project induced growth, activities will move 

into the flood plain as a result of the project that would not find it profi-

table to do so Without the project. This leads to a relocation of activities 

both inside and outside the flood plain as a result of the project. It is as-

sumed again that the choice between a location in or outside the flood plain is 

based on sound economic reasoning and not on ignorance. The proper application 

of with and without analysis under these conditions presents two basic problems: 

(1) the forecasting of the development of the flood plain for different levels 

of protection and (2) identification of the appropriate cenefits resulting from 

the project. For the purposes of this discussion we will assume only two levels 

of protection, 0 and p c) , each of which will result in a different development of 

the flood plain. We will demonstrate that total damage reduction is then not 

any longer an appropriate measure for flood control benefits. 

The discussion of this case requires a careful distinction between the 

various activities in the flood plain with and without tne project. Some of 

the old activities that will be in the plain without the project will remain 

there with the project; others will be displaced by new activities that will 

move into the plain. Using the same notation D, R and r for the total, reduced 

and residual damages, respectively, we define the following terms: 

The corresponding damages associated with the sum 

total of all new activities that find it profi-

table to move into the flood plain wit'a protec-

tion po  but not without protection. 
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In addition we define: 

n 0 . 

Do (po ), R0 (P0 ), r0 .(P0 ) The damages associated with all the activities 

that would locate in the flood plain with or 

without the project, and that would remain 

there after protection is provided. 

D, 14%), r(p0 ) 	 The damages associated with all the activities that 

would be in the flood plain without protection. 

Dt (p0 ) ' Rt (p0 ) ' rt (p0 ) 

w(p
) 

n( po )  

The damages associated with all the activities in 

the flood plain with protection po ; they are the 

sum of the first two categories so that for ex-

ample D
t
(p

0
) = D

o
(p

0
) + D

n
(p

0
). 

is the increase in profitability, excluding flood 

damages, to all new activities due to their loca-

tion in the flood plain with protection po  rather 

than outside 

is the increase in profitability, excluding flood 

damages, to all old activities due to remaining 

in the flood plain with protection p rather than 

outside, where p may be 0 or p o  

is the sum of the above terms, or 7.0(p0) +
n0

) 

is . the increase, excluding damages, in profits and 

land values to all activities and parcels of land 

in and outside which are involved in relocation as 

- a result of the project. 

Application of with and without analysis for this case will be demonstrated 

through the use of Fig. 2.4, where (a) considers the activities that locate in 

the flood plain with and without the project, (b) the new activities that move in 

the flood plain, and (c) the resulting sum of these two. 

For activities that would be located in the flood plain with or without 

protection and which are not displaced by new ones, the analysis is exactly the 

same as in the previous section and a graphic representation is depicted in 

Fip. 2, 11a. For these activities and the corresponding parcels of land, the net 

increase in profits plus the increase in land values pre due tc the 1,rojc.ct 

are measured in terms of total damage reduction R,(p,). Note that t!lese 
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77 11 (1)0 )  = wn (r0 ) 	rn(P0 )  (2. 7) 
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activities are not involved in relocation due to . 2.otection. 

For the new activities that find it profitable to move into the plain, their 

increase in net profits over the next best alternative - outside the plain - 

must be greater than the residual damages r(p0 ) as shown in Fig. 2.4b. At the 

same time, this increase must be smaller than the total damages Dn (p0 ) without 

the protection or else the activities would locate in the flood plain without 

the project. Therefore, r(p0) <(p0 ) < Dn (D0 ). The net increase in profits 

accruing to the new activities is given by 

The increase in lvnd values is aiven in -ia. 2. 111) b:r the difference bet7een 

n (0) and n (n,), where n
n
(0) is bised on land vclues assurina no protection. n - u 

The reduction in damages 1) (n ) - IT (0) do not constitute a benefit due to the 
n0 	n  

project because the activit7 would be indifferent locating in or outside the 

flood plain if damages were reduced b7 this amount. 

Figure 2.4 

PROJECT INDUCED CROWTE; FULL AWARENESS CL" FLOOD HAZARD 

The old activities that are displaced find that given the protection and 

the accompanying increase in land prices, it is either more profitable to 

locate elsewhere or not to operate at all. The relocation of the old activities 

will also affect profits and land values outside the flood plain. This we in-

clude in the term DI(%) - nn (p0 )] which also includes changes in land values 
in the flood plain that are affected by the relocation. This rather artifical 
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term has been created in order to isolate those parts that are most important 

for the analysis. 

The protection pc)  provided by the project results in the following increases 

in benefits to the economy of the region: 

1. Ro (p0
)

' 
the reduction in damages to activities that will remain in the 

flood plain, or would move into the flood plain without protection. 

The term includes increased profits to the activities and increased 

wealth to the landowners who do not relocate because of the project. 

2. ITn (p0 ) - rn (p0 ) ' 
the increase in profits to the new activities which 

locate in the flood plain after protection has been provided. 

3. 11(p0 ) - n(p) ' 
the increase in profits to the activities outside the 

plain affected by the project, and the increase in land values to all 

land affected by relocation. 

The total benefits accrued are then given by 

(2.8) 

or 
13( P0 )  = [11( p0 ) 	1Tn ( P0 )] 	[wn ( P0 ) 	rn(Po)J 	R0(p0) 

= 11(p0 ) 	r(p0) 	no(130) 

The proper application of the with and without concept in the case of pro-

ject-induced growth under complete awareness of the flood hazard results in an 

expression for the benefits as given in Eq. (2.8). Even though this expression 

is intuitively obvious, it is convenient in identifying the part of the net 

increase in the productivity of the economy that can be directly measured as 

flood damages, reduced or residual. That is, if the definition 11(p0 ) was 

changed to include increases in profits and land values to activities in the flood 

plain whose location is not affected by the project, R0 (p0 ) would be included in 

the new definition of 11(p0 ), and the only damage term left in expression (2.8) 

would be residual damages to the new activities. In addition, lifting the "ex-

cluding the flood damages" from the definition of 11(p
0

)
' would eliminate rn (p0 ) 

from expression (2.8) and II(%) would become the net increase in the producti-

vity of the economy due to the flood control project. 

E. complete or Partial Iqnorance of the Potential Flood Damages  

A flood plain may develop in the same manner with or without the project 

because of ignorance of the flood hazard. This may happen either when flooding 

occurs infrequently or when the landscape is such that people do not realize 

the existence of the flood plain. In the absence of zoning laws or proper 
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management of the flood plain, acitivities may occupy the plain without being 

aware that they are subject to flood damages. 

Another situation arises when people mistake partial protection for comp-

lete protection. As a result they do not account for residual damages in making 

the decision to move into the flood plain. Even though only a certain level 

of protection is provided, activities may move in with the impression that they 

are fully protected. In the present subsection we apply with and without analy-

sis to these two situations. 

1. The Same Development With and Without the Project  

The development of the flood plain is the same with or without the pro-

ject. Although this development may not be based on sound economic judgment, 

but could be the result of ignorance of the potential flood damages, the with 

and without analysis only asks what is expected to happen with the project and 

without the project. The reasons behind the expected lend uses are not ques-

tioned. As a result, based on with and without analysis, the benefits can again 

be measured as the reduction in damages similar to those in Section C. In the 

following we will consider the three cases that may result due to ignorance of 

the flood hazard. 

The total expected damages without the project, the reduction in damages 

due to the project, the residual damages and the increase in profitability, ex-

cluding damages, are defined by D, P(p), r(p) and n a(p) precisely as in Subsec-

tion 1 of the previous section. Depending on the size of n a (0) and n a [po ) 

the location of these activities in the flood plain 

(a) is not economically justified either without or with protection 130  

(b) is not economically justified without but justified with protection 

(c) is economically justified without but not with protection 

(d) is economically justified both with and without protection 

Cases (a), (b) and (c) are shown in Fig. 2.5. Case (d) is identical to the one 

discussed in Subsection 1 of tie previous section. The ignorance of flood 

hazards does not in this case result in incorrect decisions, and precisely the 

same situation exists as descrioed in Sections C and D of this chapter. 

Case (a) is illustrated in Fig. 2.5a. The location of the activity in the 

flood plain without protection would result in an economic loss of [D -  

With the project providing protection p 0 , 	(p
0 
 ) is smaller than the residual 

a  
damages resulting in a net economic loss to the activity. Applying the vith and 

without procedure to these activities, we write the net increase in profits of 
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Figure 2.5 

NO PROJECT INDUCED GROWTH; IGNORANCE OF FLOOD HAZARD 

the activities due to the project as 

ila(P0 )  = [wa(P0 ) 	r(110 )] 	[1ri(0)  - Di  

which reduces to equation (2.4). Thus 

;a (130 )  = [we (% ) 	ne(°)] 	R(P0 )  (2 .9) 

In Fig. 2.5a, this corresponds to a negative change in benefits and thus pre-

sents the net decrease in profits to the activity due to the project. Assuming, 

however, an economic equilibrium outside the plain, [n il (%) - Tr a(0)] is the 

negative of the increase to the wealth of the landowners in the flood plain 

and, therefore, the decrease in the profits to the activities, w a (P0 ) 

is offset by the increase in the value of the land. Hence, the total benefits 

due to the project are evaluated again through total damage reduction R(p 0 ). 

Application of with and without analysis in cases (b) and (c) will result in 

the same conclusion. 
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In case (a) the activities experience a net economic loss with or without 

protection because of their ianorance of the flood hazards. Before protection 

their loss is D - n
a (0) and after protection r(p0  ) - 11a(p0).  Obviously, 

n
a
(0) - n

a
(p

0
) > P(p

0  ) and the landowners not only accrue all the benefits from 

the project, but they also cause the activities to operate at a greater loss. 

This is clearly a case of bad bargaining or decision making through ignorance. 

Similar interpretations are possible for cases (b) and (c) and the conclusion 

follows that it is difficult to measure flood control benefits through prices 

or profits because of the irrational decisions that people make. Damage re-

duction should, therefore, always be used as a measure of benefits in cases 

where there is no project induced growth. 

2. Different Development With and Without the Project Due to Induced Growth. 

In this situation the development of the flood plain will be different with 

and without the project. We will only consider the analysis of the new acti-

vities moving into the flood plain, because for the activities that remain there 

or would have moved in without the project, the analysis is the same as in the 

previous section. The decision of a new activity to move into the flood plain 

may not be based on complete knowledge of the degree of protection provided. 

An example is the case where zoning regulations do not permit the location of 

activities in the plain unless a specific level of protection is satisfied. 

Once this level is provided, activities may understand this as meaning comp-

lete protection. 

An oversimplified version of this situation is depicted in Fig. 2.6, where 

all the symbols are defined as previously. For simplicity we assume that p 0  is 

the level of protection required by zoning reaulation, and we assume that protec-

tion at that level will be provided. In Fig. 2.6 7Tn (p0 ) is smaller than rn (P0 ) 

which means the location of the new activities in the flood plain will result in 

a decrease in benefit of [r(p0 ) -
n
(D

0 )]. Thus, with a level of protection 

D
0  and with the associated land prices, the location in the plain results in a - 
decrease in the net profits to tne new activities. The total benefits of the 

project will oe given as before by Ea. 2.b; however, the activities induced into 

t! , e flood Plain will have a decrease in benefits and this will be subtracted in 

obtrining the total. 

31 



R (I ) 

D( f) 

rn (q) 

1 

prrrrrrl 

P.VAY 

•• • • .. 
••••••••••• 
••••••••••• 

•• • • • 

---1-  
rn(g) 

Figure 2.6 

PROJECT INDUCED GROWTH; IGNORANCE OF FLOOD HAZARD 

Analysis of the case where the location of activities in the flood 

plain is irrational because of ignorance shows that application of the with 

and without principle results in the same evaluation procedures as in the 

case of rational behavior. What should be measured is the same in both cases, 

although the actual numbers in general differ. This does not mean, however, 

that projects should necessarily be undertaken based on the prevention of 

damages to activities whose location in the flood plain is irrational. some 

form of flood zoning or other form of flood plain management may be far 

superior. When activities locate in the flood plain irrationally, a net loss 

in productivity is created. This loss can be prevented or reduced either by 

preventing the irrational location or by providing flood protection. 

A second issue which is directly related, and which is the source of 

much confusion, is the cuestion of whether damages reduced to property which 

is irrationally located in flood plain should ever be counted as a benefit in 

the evaluation of a rroject. The argument against counting such benefits is 

that it will encourage more irrational behavior. Thus, if non-economic 
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choices of location result from policies for benefit measurement, one may 

choose not to include such benefits. This position in no way conflicts with 

' the results of this chanter, which is set out to demonstrate the application 

of with and without analysis to project evaluation and it does not examine 

: the rroblcm of flood plain management. 

F. Summary  

In this section we have applied the with and without analysis to a number 

of situations under different assumptions. We have done that without concern 

for what these benefits are called or how they are to be actually measured. We 

have examined enough situations under rational and irrational behavior to de-

monstrate that proper application of the concept reduces all cases to two basic 

classes: 

1. Under the general assumption of no project induced growth the benefits 

attributable to the project resulting from the proper application of with and 

without analysis can be measured by the reduction in damages. The actual net 

increase in productivity of the economy, however, may vary depending on the 

rationality of the decision making process of the economic activities and on the 

degree of protection provided. 

2. Under the general assumption that the project induces the economic 

growth in the flood plain, the benefits attributable to the project and resul-

ting from the proper application of the with and without analysis is given by 

B(p0 ) = If(%) - r(p0 ) + R(p0 ) 

Even 

depending 

tivities, 

move into 

though the formula is the same in all cases, its value may vary again 

on the rationality of the decision making process of the various ac-

A negative value may result when the project induces activities to 

the plain when this is not profitable for them. 
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NATURE AND DEFINITION OF BENEFITS FROM FLOOD CONTROL 

A. Introduction  

In the previous chapter we have demonstrated the application of with and 

without analysis to a number of situations. In each case examined, the in-

crease in productivity attributable to the project and accruing to all users 

in or outside the flood plain was measured as the difference in profits with 

and without protection. This was done without special regard to the several 

sources from which flood control benefits arise and based on a generalized defi-

nition similar to that of General W. M. Glasgow, Jr. in his statement at the 

California Senate Committee on Water Resources [Pef.2 1. 

"Flood control benefits are the sum of all dollar value increases accruing 

to the users of flood plains measured as the difference in the values to flood 

plain users (whether present or projected) with protection and without protec-

tion". 

In the present chapter we attempt to identify the sources from which flood 

control benefits are derived, to define these benefits, and to clarify the dis-

tinction between "land enhancement" and "damage reduction". Chapters IV and V 

address the problems of actual measurement. 

B. Benefits from Damage Reduction  

Damage reduction benefits are the traditional benefits considered by the 

Corps in evaluating flood control projects. This was appropriate in the past 

where the Corps was faced with highly developed flood plains, and it had to 

determine whether physical protection was economically feasible. Since the plain 

was already developed, economic justification was based on a comparison between 

the reduction in damages and the cost of the project. 

However, as the Corps began to consider projects to protect relatively un-

developed flood plains which would develop as a result of protection, it was 

clear that damages to existing property in the flood plain would not measure all 

of the benefits. At the same time there was uneasiness as to whether damages 

prevented to new activities presented a correct measure of additional benefits. 

• Thus, the distinction between past and present use of damage reduction is that 

in the past, damage reduction measured all the benefits from flood control whereas 

• at the present, they may only be part of the benefits. To clarify this question 
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we consider two cases. 

1. Damage Reduction Equivalent to Total Benefits  

Under the assumption that the flood plain will develop in the same way 

with or without the project, it was shown in the previous chapter that the 

annualized expected reduction in damages over the lifetime of the project is 

the appropriate measure for benefits from flood control attributable to the 

project. It follows then, that damage reduction is equivalent to all benefits 

from flood control if a flood plain is expected to develop in the same way with 

or without the project. This statement is independent of the rational or ir-

rational basis on which economic activities are expected to move into the plain. 

When damage reduction is the appropriate measure for all benefit evaluation 

attributable to the project, the marginal benefit curve is the same as the margi-

nal damage-reduction curve, and traditional benefit-cost analysis can be ap-

plied to determine the optimal size of the project that maximizes the net bene-

fits. 

Even in this case, however, it should be remembered that total damage re-

duction actually measures the increase in profits to the activities in the flood 

plain, and the increase in the wealth to the landowners due to the enhanced value 

of the land. In this sense, land enhancement benefits are part of total dam-

ages reduced. 

2. Damage Reduction is not Equivalent to Total Benefits. 

In the case where there is project induced growth, total benefits attribu-

table to the project are given by II(%) - r(p 0 ) + R0 (p0 ). In this expression, 

R0 (p
0 ) is the reduction in damages to activities that are or would be located 

in the flood plain with and without protection. The question here is whether 

R
n
(p

0
)

' the reduction in damages to the new activities, equals 11(p 0 ) - rn (p0 ). 
This is not the case; R(p0) is larger as will be demonstrated in Chapter IV. 

We, therefore, see that in the case of project induced growth damage re-

duction is only applied to the economic activities that remain or that :*( ..uld 

move into the flood plain with or without the project. This part of the benefits 

is identical to the previous case and is used to measure increased profits to 

these activities and enhanced land values due to the project. 

C. Land Enhancement Benefits  

Land enhancement benefits from flood control have created much controversy 

both in terms of their definition as well as their measurement. The issue arises 
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in the case of project-induced growth where the actual pattern of land use is 

affected by the project. In this case there are benefits accruing to landowners 

and to activities due to relocation and it is clear from the-discussion in Chap-

ter II that these benefits are represented by fl(p 0 ) - rn (p0 ). These benefits 

are referred to as "Land Enhancement" Benefits. 

We can use this discussion to clarify the Corps' use of the concept of 

land enhancement. Referring to the statement of General W. M. Glasgow, Jr., 

the Corps of Engineers currently defines land enhancement as "these benefits 

resulting from development potentials created by the flood control project nor-

mally resulting from changes or intensification in land use made possible by 

the project and measured in terms of increases in net returns." This defini-

tion has several key expressions. The "development potentials created by the  

project" may be interpreted as a basis for distinguishing between benefits 

derived from project-induced growth and benefits from reduction in damages re-

sulting in case the flood plain will develop the same way with or without the 

project. As a result the definition appears to be applicable only to the case 

of project-induced growth. A similar interpretation can be given for the ex-

pression "changes or intensification in land use made possible by the project."  

A second definition used by General Glasgow is slightly more inclusive and 

it states that "land enhancement benefits may be defined as the additional eco-

nomic gains accruing to agricultural, industrial and commercial firms and to 

households that find it profitable to use the flood plain once protection has 

been provided versus what these firms and households would earn either in the 

flood plain or elsewhere in the absence of flood control protection.". This 

definition can again be interpreted as restricting land enhancement benefits to 

cases of project-induced growth. The key word is once which excludes the ac-

tivities that find it profitable to move into the plain even without protection. 

The clarification of these definitions is given in a subsequent discus-

sion by General raasgow where he states that "land enhancement benefits as cur-

rently defined and used are differentiated from two other types of flood control 

benefits. One is the prevention of damage to existing development that can be 

expected to persist in the future. The second is the prevention of damage to 

future development in the flood plain that can reasonably be expected to take 

place even if flood protection is not provided.". Using the two definitions 

and the above clarification, we may proceed to identify land enhancement 
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benefits as currently defined and used by the Corps in terms of our discussion 

in the previous chapter. 

In the case of no project-induced growth, it was demonstrated that all 

benefits were due to reduction in damages to present or future property in the 

flood plain. These benefits are identified by R(p0 ). It then follows that 

according to the current definition and use of land enhancement benefits by the 

Corps of Engineers, these benefits are zero in the case for which development 

of a flood plain will take place the same way with or without the project. We 

should note that as stated earlier, part of this reduction in the damages goes 

to increase the value of the land in the flood plain, and in this sense, "land 

enhancement" benefits are measured by damage reduction. 

In the case of project-induced growth, it was demonstrated that net bene-

fits were given by 

H(p0 ) = [11(13 0 ) - rn (po )] + R(p0 ) (3.1) 

where R(p0 ) defines the reduction in damages to existing property that would 

remain after protection is provided, or to property that would move in with or 

without the project. As a result, it follows that according to the current use 

of land enhancement benefits, they may be defined as the net benefits resulting 

in the case of project-induced growth which .  are due to the relocation of econo-

mic activities as a result of the project. The net benefits in the case of pro-

ject-induced growth can thus be written as 

B(p0 ) = (land enhancement benefits) + (damage reduction) 

D. Generalized Definition of Benefits from Flood Control  

The classification of flood control benefits given above is useful in the 

sense that it isolates the several sources from which flood control benefits 

arise, and as such, may facilitate the measurement of these benefits. However, 

It does obscure a more generalized definition which embraces all sources and per-

haps, would eliminate confusion. We therefore propose the following definition 

for flood control benefits which is only slightly different from the generalized 

definition quoted earlier: Flood control benefits are the sum of all dollar 

value increases accruing to the users and non-users of flood plains measured 

as the difference in the productivity with protection and without protection. 

These benefits are given by Eq. (3.1). 

This definition reduces to the proper benefits under different situations 
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that may arise. For example, in the case of no project-induced growth, we will 

have r(p0 ) = 0, 11(p0 ) = 0 and B(p
0 
 ) = R(p

0  ). Therefore, benefits are equal 

to total damage reduction. Under the assumption that these benefits correspond 

to the actual increase in the value of the land, in which case all the benefits 

go to landowners, they can also be called land enhancement benefits. This cer-

tainly presupposes that all benefits from flood control enhance the land values, 

which may or may not be the case depending on the bargaining between economic 

activities and landowners. 

In the case of project-induced growth the generalized definition evaluates 

the benefits by the sources from which they are derived. One corponent is given 

by reduction in damages, and the other by increase in productivity due to the re-

location of the economic activities as a result of the project. Following the 

discussion in the previous paragraph, land enhancement benefits could also be 

defined as the total benefits from flood control. 

We can hence conclude that land enhancement benefits may be defined either 

as the total benefits from flood control, in which case the reduction in damages 

may be interpreted as an enhancement of the value of the property, or it can 

be defined on the basis of its current use by the Corps. Whatever the defini-

tion may be, however, the generalized definition holds and should be used ap-

propriately in each particular situation. 
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IV. MEASUREMENT OF FLOOD CONTROL BENEFITS 

A. Introduction  

Benefits from amid control have been defined in the previous chapter and 

sources for these benefits have been identified. In addition, the distinction 

between land enhancement benefits and benefits from damage reduction has been 

clarified and a generalized formula has been derived which, with the proper de-

finition of the variables, is applicable to all situations one may encounter in 

practiee. The present chapter addresses some of the problems of benefit-

measurement. 

The conceptual classification of benefits presented in the two previous 

chapters is always simpler than the measurement of these benefits. This' is ' 

particularly true in the case where there is project-induced growth for which 

benefits due to relocation of the activities must be taken into account. A 

basic requirement in that case is the forecast of land use patterns with and 

without the project. The problem of land use forecasting will not be addressed 

here but some of the basic difficulties will be summarized. These involve fore-

casting methodology and data availability. Problems in methodology are associ-

ated with the identification of variables and parameters that affect land use 

patterns as well as the relationships that characterize the manner in which these 

patterns are affected. It will include among others the modeling of human be-

havior: 'Data problems are normally classified in two cateiories; (1) hard data, 

and (2) soft data. Hard data refers to historical records providing information 

on the past growth pattern of the region. This may be all that is needed in cases 

where there are reasons to suspect that future growth will be an extrapolation of 

the past. Soft data is needed in situations where growth characteristics will not 

be an extrapolation of the past but will follow different trends. Forecasts of 

land use patterns must then be based on subjective evaluations and examination of 

the enviromental, economic and political factors that are expected to influence 

growth. 

In this chapter we explora a number of indirect measures for evaluating 

land enhancement benefits; in addition, upper and lower bounds for land enhance- 

ment benefits are established. Although some indirect measures can be appropriately 

used under certain conditions, in general they do not appear very practical. 

The one that deserves closer examination is where the difference in the value 

of the land outside and inside the plain without protection may be used. The 

reason is that speculation may be eliminated by extrapolations of historical 

values and using normal economic pressures for land availability in the region. 

This may provide a good approximation and should be further investigated. 
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B. 	Measurement of Damages  

Thus far evaluation of the annual expected damages, reduced or residual, 

has been taken for granted. First, it should be realized that evaluation of 

damages is really an estimation rather than a measurement problem. The process • 

of arriving at annual damages involves a variety of uncertainties and probabil- 

istic events. Therefore the mean or expected value of damages alone does not 	- 

provide sufficient information for project justification. The variance of this 

estimate is very important because it can provide the probability that the actual 

damages will remain within certain bounds. As a result one can distinguish be-

tween reliable and unreliable estimates which can be used accordingly. When a 

series of probabilistic events is jointly used to arrive at a particular esti.- 

mate, such as in the process of estimating damages from flood control, and the 

associated uncertainties are not taken into account, the error could vary any-

where from 0 to 100% or more. Therefore the decisions based on these estimates 

could prove not to be the best. Simply stated, the estimate of annual damages 

for a given level of protection can be given by a probability distribution which 

should be identified by at least two parameters, its mean and variance. 

In estimating damages uncertainty is present in the value of property, in 

the hydrological considerations used to derive the standard project flood, in 

the analysis used to derive the frequency of the standard project flood and 

other floods, and in the discharge-damage relationships. All these aspects in-

volve either events of chance (rainfall) or insufficient information (value of 

future property), and as a result the damage estimates are uncertain. Without 

a consistent procedure and sound statistical methods for dealing with these un-

certain events, the results are difficult to interpret. In the present section 

we shall not attempt to resolve these problems, but rather we will sketch an out-

line of the procedure that is required to arrive at an estimate of flood control 

damages. The sections on Hydrology, Frequency Analysis and Benefits Due to the 

Project in Appendices B and C review presently-used Corps procedures and identify 

some of the sources which could cause errors in estimating damages. 

The process of annual damage estimation requires the following stepe: 

1. A forecast of land use and of the value of property over the next one 

hundred years. This forecast includes the increase in the value of property of ' 

the existing activities due to the real increase in the productivity of the 

economy as a whole, as well as that of new activities that find it profitable 

to locate in the flood plain with or without the project. The reason for fore-

casting this increase in value is the assumption that as the economy grows each 
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activity will have more property expOsed'to flood losses. The Corps procedure 

is based on'tile.assumption that flood damages increase proportionally with the 

value of property; this assumption is questionable, In addition,' total property 

subject 'to flood' damages must be classified into a number of categories such as 

residential,.commerclal, industrial and agricultural, because the flood-damage 

relationships for these will not be the same. Forecasting different land use 

categories is more complicated than forecasting the total. These forecasts,. 

however, greatly influence the 'estimated damages, since uncertainty in the 

measurement of benefits through damage reduction is at least as large as the un-

certainty in these forecasts. It is therefore important that different growth 

patterns be tested and their effect on damages investigated. 

2. A . study,of the hydrological characteristics of the region to determine 

the magnitudes of the standard project flood, the maximum probable flood, and 

the debris stomage requirements and spillway capacities at selected concentra-

tion points in the basin. This analysis requires examination of storm patterns 

and whether simultaneous events included to produce a particular flood are sta- 

. tistically independent. 

3. Determination of the discharge-frequency curve. This curve forms the 

basis for much of the subsequent analysis and therefore its accuracy is quite 

important. For regional frequency analysis a. number of statistical tests are 

needed to determine the homogeneity of the region and to generate consistent 

streamflow records. Frequency analysis of specific streams runs into the prob-

lem of short historical records and therefore must be correlated with streams 

with longer records for which the hydrological properties are similar. Deter-

mining the frequencies of the maximum probable and standard project floods by 

merely extrapolating the curve fitted to a small statistical sample is incorrect 

and overwestimatea the frequency of these floods. This is because the sample 

points correspond in general to single historical events and the above floods 

require a number of events to occur simultaneously. A more extensive discus-
sion of this is given in Section IV of Appendix B. 

4. Damage-discharge curves must be determined for the different levels of 

protection considered in the analysis. They require that flood depths for dif-

ferent overflow areas be determined for various peak discharges and levels of 

protection. In addition the damage to property must be estimated for different 

flood depths. 
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LEB(p0 ) = 11 (p0 ) - r( p0 ) (14.1) 

5. Combining the discharge-frequency and the damage-discharge curves for 

a particular level of protection results in the damage-frequency curve. This 

process must be repeated for each level of protection that Provides a possible 

alternative. The expected annual damages are given as the area under the curve. 

6. 'For - each year and each level of protection the damage reduction is 

calculated by subtracting the damages for this particular level of protection 

from the total damages with no Protection. The future damages must then be dis-

counted to obtain their present value which can then be annualized to determine 

the average annual damages. 

The procedure outlined above is summarized in Equation C-2 of Appendix C. 

The formula shows that annualized damages are quite sensitive to a number of un-

certain variables such as value of property in the future, annual increase in 

productivity, the assumed ratio between damages and property value for each land 

use category, the Probability of floods and the annual discount rate. Since 

the logical procedures for damage estimation are well-established, the process 

could be computerized and the sensitivities explicitly determined. Such a simu-

lation model of damage estimation is essential for the effective analysis of 

flood control projects. 

C. 	Indirect Measurement of Land Enhancement Benefits  

This section considers situations where land enhancement benefits can be 

reasonably estimated by indirect measures. Two topics of particular interest 

are discussed: (1) the case where the land enhancement benefits are measured 

as the difference in the market value of land in the flood plain before and 

after protection; and, (2) the upper and lower bounds for land enhancement ben-

efits based on the reduced damages to the new and displaced activities in the 

flood plain. 

Land enhancement benefits for a level of protection p c)  are given by 

where 11(p0 ) and r(p0 ) have been previously defined. Thus, in addition to the 

residual damages to the activities that move into the flood plain, we must find 

ways to measure the change in profits to all activities which relocate as a re-

sult of the project, plus the changes in land values in and outside the plain. 

The situation is considerably simplified by assuming that competitive conditions 
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hold outside-the flood plain. Under this assumption Lind [Bef.5 ] has shown 

that the sum oil%the changes in'aetivity profits and property values outside the 

flood plain-sum to zero. As a result we need only consider the changes of activ-

ity profits and land values in the flood plain. With this result we proceed to 

consider alternative measures of land enhancement benefits. 

1. The Basic Formulas for Land Enhancement Benefits  

Let us define for each new activity x the following quantities: 

Sf is the profit of activity x in the flood plain exclusive of the 

cost of land and expected flood damages. 

S
x 	is the profit of activity x outside the flood plain exclusive of 

, the cost of land. 

f 
q
x(p) is the price of land paid by activity x to move into the flood 

plain when the level of protection p is provided. 

q:(0) is the price of land outside the plain which is occupied by activ-

ity x when no protection is provided. 

r(p) is residual damages to activity x when it moves into the flood 

plain with protection p; r(p) equals the sum of r(p)  over 

all the activities x. 

y
f
(p) -is the net profit of activity x in the flood plain with'level 

of protection p. 

o fo .
• ) is the net profit of activity x outside the flood plain at the x' 
next best alternative location in case of no protection. 

The following relationshps hold between these variables. 

y:(p) = s: - q:(p) - r(p) 

(4 .2) 

_01 ,‘  = s O (406) 
X X 

• Thus by moving into the flood, plain the increase in profit of activity x is 

given by 

= [S:- cl:(P)] - [S: - q:(0)] - r x (p) 

04.3) 

• nx (p ) — r(p) 

4-5 



x(P) 	r (p) >
•• 0 x  

(14 .14) 

„ 
where w

x
(p) and w(p) are defined analogous to IT(p) and 	inin 

Chapter II; these correspond to the sum of w x(p) and il x(p) over all x. 

From Eq. (4.3) it is clear that activity x will locate in the flood plain if 

For the sum total of the new activities this condition was explained in Chapter 

II and illustrated in Fig. 2.41). 

Pssuming tnat the above condition is met, we can use the following argu-

ment to arrive at the maximum price that the landowner of the property can hope 

td receive from activity x. With complete information concerning the flood 

hazard as well as the Profitability opportunities or activity x, this price 

corresponds to a zero increase in the net profits to the activity. From 

En. (4.3) we then obtain 

f ( 
	= [Sx  - rx(p)] - [s°  - 

x 	x 
(4,5) 

If the landowner could actually obtain this price, all benefits from the project 

as a result of relocation of activity x would equal the difference in the 

price of the land with and without protection. Therefore, subtracting the value 

of the land in the flood plain without protection, 	f(0), from both sides of 

Dq. (4.5), we would obtain the net benefits 

—f 
qx(P) - qx ( 0 ) = [S f - caf(Od - [So  - qc) (0)] - r (p) x 	x 	x 	x 	• x 

(14.6) 

Thus, the difference in market value of the land with and without the 

project is an appropriate measure for the land enhancement benefits if all 

benefits accrue to the landowner and nothing to the activity that moves into 

the flood plain. This may be the case when a number of equally profitable 

activities compete for the land and bid up the price to a point where they 

are indifferent to a location on or off the flood Plain. 

In general not all activities will find it equally profitable to move into . 

the flood plain. Thus, the righthand side of Eq. (4.6) would differ for different 

activities. If there is no price discrimination, so that the landowners 

charge a uniform price for the land, they may only extract the maximum 
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L 
(p) —

f
(0 

f, 	r-f (4.9) 

payment from the activity for which the increase in profits is the lowest among 

all new activities that move into the flood plain. In this case the other acft 

tivities will receive some of the benefits due to the flood protection. That 

is, if activity x has the lowest increase in profit then 

—f() 	f  clx  P 	cix(0) = min 1[
fS
X 
- q(o)] - 150  - q° (0)] - rx (p)} 	(4.7) x 	x 

The total land enhancement benefits to the landowners are given by 

n 
f 	 f LEB

L
(p

o
) = 	

— 
nNf(p) - qx (o).] < Nc

.,  - 
	- qx (0 

x 	 E.. 	x _ 
x=1 

( 14.8) 

where the 

over all 

tween the 

hancement 

of land. 

left side of inequality Eq. (4.8) is derived by summing Eq. (4.7) 

x and the right hand side by summing Eq. (4.6). The difference be-

right and left hand sides of inequality Eq. (4.8) gives the land en-

benefits received by the activities as a result of the uniform price 

That is, 

JC=1 

Under more general conditions prices for different pieces of land will be 

different, in other words there will be price discrimination. The price of 

land occupied by activity x will be established somewhere between the orig- 

inal price, q '(0), and the maximum price that the land owner can ask for, 
_ x 

% 
xkip). This price will depend on the amount of information available to the 

parties, on their respective bargaining strengths and on their competitive po-

sitions. Thus, 

qf(0) <  — q( p) (p) < —fq (p) = [sr 
- r(P)  - [so  

x•x 	x 	x 	x 	x 	x 
(4.10) 

Under these conditions the land enhancement benefits that accrue to the owner 

of the land occupied by activity x are given by 

LEB(p) = q
x
kp) - qf(0) f/ 
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and the part that goes to the activities by 

LEB
x (p) = [S

f 
- q

f
(p) - rx(p)] - [s°  - q° (0)] x 	x 	 x 	x 

(4 .12 ) 

rihe total benefit accruing to gctivity y end the igndowner oP )ot Z 

is outaineu uy 	 (4.11) and (4.12), the reLult of whicn is identical. 

to %rt. (4.u). rumrinr ow:r nil activities 	thc tots.] is oAsined as tne 

su-: of thc Lenefits to land owners in the flood plain and activities which 

move into tx:e flood plain, and is given by 

= 	(1,)  _ 
x x 

.g‘ "PH = 	— r (r) = [F. r 
- c'(0)] - [

0 
 s - 	( 3 )] - rn (1 ) n 

(4.13) 

(4.14) 

0 	% where r', a
f
(0), 0 - 	0) end r

n (r) nv'e iierired c te cnrrest ,ondinr surs 

ovlr all sctivjties x. 

2. Approximate Methods for Measuring Land Enhancement Benefits  

Certain conclusions concerning approximate methods for measuring land 

enhancement benefits can be drawn from the previous section, especially from the 

single activity equations (4.6), (4.7) and (4.13), and the aggregate equations 
(4.8) and (4.14). 

a. Land enhancement benefits can be measured by the difference in 

the market value of the land in the flood plain before and after protection 

if and only if Eq. (4.6) individually holds for each activity and parcel of 

land so that the landowner accrues all the benefits from land enhancement by 
—T, charging the maximum allowable price for each piece of land, q
xkip). The two 

basic conditions required for this are: 

(1) Each landowner has complete information in regard to the 

flood hazards and profit potential of the activities. 

(2) Perfect price discrimination is Possible. 

Therefore, the aggregate of Eq. (4.6) will hold and land enhancement benefits 
can be measured by the change in the market price before and after protection. 
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From the above remarks it follows that approximating the land en-

hancement benefits by measuring the differende-in the market valueof the land 

in the flood plain before and after protection may lead to an understatement  of

the benefits if 

- 	)' 	an (1 each landowner cannot receive the maximum price for his land 

due to a weak bargaining position and/or 

(2) the assumption of perfect price discrimination does not hold. 

Under these conditions additional land enhancement benefits will accrue to the 

owners of the activities and the difference in the market value of - land will only 

partially reflect the land enhancement benefits. On the other hand, it should 

be pointed out that land values before and after the -oroject are not necessarily 

the same as land values with and without. Land values after the project may 

rise because of any number of factors unrelated to flood control. In this 

case, the increase in land values might greatly overstate land enhancement 

benefits. Similarly, speculation Oaused by the anticirated flood control may 

result in actual land prices being very different from the idealized prices 

used in the model. 

' To summarize, approximating land enhancement benefits with changes 

in market values with and without the project has the following shortcoming: 

(1) speculation may distort the prices, particularly in areas undergoing rapid 

development, now or in the near future, (2) forecasting price changes with and 

without the project is difficult in the sense that it is difficult to differ-

entiate between changes in land values that will occur as a result of the pro-

ject and those that will result from other activities or natural economic pres-

sures for land, and (3) the prices of land will depend on the discount rate each 

individual uses for the future uncertain returns on land; these may or may not 

be appropriate for evaluating returns to land as a result of public investments. 

b. Under certain conditionsthe flood plain with protection will 

provide the same economic opportunities as the land outside. In this case S°  

is the same as Sx 
and Eq. (4.13) reduces to 

LEBx(p) + LEB1 (p) = [q0(o) - q:(0)] - r(p) (4.15) 

This may be the case where the flood plain is located in an already developed 

environment. Eq. (4.15) then states that land enhancement benefits can be 

measured by the difference in market prices between the land outside the flood 
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plain with protection p and the land inside the plain before protection, less 

the residual damages to activity x. This situation appears to be applicable 

to a number of situations. The difficulty lies in forecasting the value of land 

in the flood plain without including speculation on the future construction of 

a flood control project. 

This case does not have several of the shortcomings of the previous 

situations. First, in an already developed environment the value of land out-

side the flood plain is not expected to change with and without protection and 
, 	, 

 therefore q°  (p) qo0
x

). Thus the value of land in the flood plain would in-x 
crense from its price without protection to tile equilibriur price established out-

side the flood plain. As a first approximation, the land prices can be assumed 

to follow a historical trend and projections can be based on past records. 

Second, this difference in price is independent of the bargaining positions of 

the activities and the landowners in the flood plain, and, as a result, it can 

actually reflect the total benefits, excluding residual damages, independently 

of speculation in the flood plain land and the manner in which the benefits from 

t!le rroject are divided between landowners and activities. Finally, in situation!: 

where the above approach appears applicrble, a closer examination of historical 

1 ,1nd vPlues in the area would Lel'? to ident1 4"7 the chnnffes in land vf , ]ue trends 

in order to determine if En. (h.15) acturll arplies. 

3. Upper and Lower Bounds of Land Enhancement Benefits  

Using Fqs. (4.13) and (4.14) we can arrive at a lower and an upper 

bound of the land enhancement benefits based on reduced damages. 

a. Upper Bound of Land Enhancement Benefits  

Ea. (4.13) expresses the total land enhancement benefits accruing 

to activity x and to the landowner 	Thus 

LEB301 (p) = Es r  - 	- [s: - 	o - rx (P) 	 (4.13) 

From Eo. (4.3) we have that for no protection 

;x ( 0) 	[s : — q: c od 	— [S: - q: 	(0d- rx (0) 	 (4.16) 
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LEE 	(p) < D - r (p) -
x
(p) x+2. 	— x 	x (4 .18 ) 

LEB(p) < Rn (p) (4.19) 

and since activity x will not move into the flood plain unless protection p 

is provided 

[Sf  - q(0)] - [S°  - qc:c(0)] 	r(0) = Dx  (4.17 ) 

where D
x 

is total damages to activity x if it would move into the flood 

plain without protection. Using the inequality in Eq. (4.17) we conclude that 

Summing over all activities x we conclude that the total land enhancement 

benefits due .to projects are bounded above by the reduction in damages to all 

activities that would find it profitable to move into the flood plain once 

protection is provided. Therefore, 

Put differently, if one were to calculate the damages prevented by the project 

to those activities which move into the flood plain as a result of the project, 

the number obtained should be greater than the value of land enhancement 

benefits. For this reason, land enhancement benefits must be overstated if 

they are larger than the damages reduced in the case of project-induced growth. 

It is possible, however, as will be demonstrated in the next charter, to use 

a part of damages reduced to measure land enhancement benefits. 

b. Lower Bound of Land Enhancement Benefits  

Let us assume that when activity x locates in the flood plain 

it will displace another activity y which had found it profitable to move into 

the flood plain without protection. Activity y could be a household, agricul-

tural land, or any business activity that would be in the flood plain without 

protection p. With protection p the profit of activity y excluding the 

cost of land will increase by the reduction in its damages, P (p). There-

fore, it would be willing to pay at least that much in higher rent. In 
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R (n) < LEB(p) m  - (14 .20) 

order for activity x to locate on that parcel of land the benefits to x 

of a flood plain location must be sufficient to bid up the price by more than 

R (n). Therefore, it follows, by summing over all activities y, that Y ' 

where R(p) is the potential damage reduction to the displaced activities. 

Thus, if one were to calculate the damages reduced to property which would be 

in the flood plain in the absence of Protection, the resulting fipure would 

be less than the full value of the land enhancement benefits. 

Combining inequalities Eqs. (4.19) and (4.20) we have 

(4.21) R (p) < LEB(p) < R (p) 
m 	 — n 

Therefore, total land enhancement benefits due to the flood control project 

must be greater than the total damage reduction that the displaced activities 

would incur had they remained in the flood plain with level of protection p, 

and less than the total damage reduction to the new activities when they move 

in with the protection. These bounds can be effectively used to determine 

whether land enhancement benefits are either overestimated or underestimated 

independently of the actual method of measurement used. 
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V. MEASUREMENT OF LAND ENHANCEMENT BENEFITS 
THROUGH DAMAGES REDUCED 

A. Introduction  

Land enhancement benefits have been defined and identified in Eq. (4.14) as 

LEB(p) = [S f: - q f(0)] - [So  - ac) (0)] - r(p) 	 (5.1) 

It was demonstrated that these benefits are divided between the economic activ-

ities that locate in the flood plain and the landowners according to their re-

spective bargaining strengths and their competitive positions. Indirect methods 

for measuring these benefits were investigated and it was concluded that such 

methods present a number of difficulties. An =per and lower bound"were estab-

lished through damage reduction and this appears to be useful in detecting ex-

cessive overestimation or underestimation of land enhancement benefits. The 

direct approach of actually measuring the quantities in brackets in Eq. (5.1) 

appears to be the most difficult of all since it requires knowledge of the best 

alternative location outside the flood plain. 

In the present chapter we investigate an approach where land enhancement 

benefits could be measured by reduced damages at different levels of protection. 

This approach requires that we know the level of protection at which economic 

activities are indifferent to a flood plain location and some alternative lo-

cations. Therefore, this level of protection does not represent an increase 

in the profitability of the activities or in the value of the flood plain lands. 

This principle will be demonstrated in the next section by applying it to a 

single activity. The construction of the total benefit curve through damage re-

duction is then presented and finally the determination of the no-land-

enhancement levels is briefly discussed. It is pointed out that this is an area 

where future investigation may prove effective. 

B. The Single Activity Case  

We consider a single activity x that contemplates its location in the 

flood plain. The assumption is made that this activity does not find it profit- 

able to locate in the flood plain with no protection and therefore some protec- 

tion must be provided in order to induce the relocation of the activity into the 

flood plain. Let us indicate by px  the minimum level of protection required to 
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or (5 .2) 

induce activity x to locate in the flood plain. That is, p
x 

is such that 

activity x is indifferent between locating in the flood plain or somewhere 

else. It then follows that 

(1) the increase in profit to activity x due to locating in the flood 

plain is zero, and 

(2) the price of the flood plain land with protection px  must be the 

same as without protection. 

These statements follow from the fact that p x  is the minimum level and there-

fore there are no benefits to divide between the activity and the landowner. 

From the definition of px  we can write Eq. (4.3) as 

	

l'ix ( px ) = [6f 	o f( 0 )] 	Esx0 	q:( 0 d 	rx ( px ) = 0  

	

X 	'X 

(p ) = 7 (0) - r (p ) = 0 

Equivalently, Eq. (5.2) expresses the land enhancement benefits accruing to the 

activity x and landowner of lot IL at the level of protection p x . Thus, 

LEBx+I ( px ) = T[ x ( 0) - rx (px ) = 0 , (5.3) 

which is shown in Fig. 5a. For a new level of protection p = p x  + Apx  or 

p > px  the situation is shown in Fig. 5.1b. From this we see that for the in-

creased level of protection p > p x , the land enhancement benefits are given 

by 

LEEx+L (p) = nx (0 ) — r(p) = Rx (p) — R (p) 	 (5.4) 
• 

or by the difference between the reduction in damages to activity x at level 

of protection p and the reduction in damages required to induce the activity 

into the flood plain. As previously, these benefits are divided between the 

activity and the landowner. An interesting and useful observation from Eq. (5.4) 

is that change in the land enhancement benefits caused by an incremental change 
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Fipure 5.1 

MEASUREMENT OF LAND ENHANCEMENT BENEFITS THROUGH DAMAGES PEDUCED 

in the level of nrotection is equal to the incremental change of the reduction 

in damages to activity x. That is, LEBx+2.(p)  and R(p) have the same slope 

for all p's that are greater than p x ; or 

1 1 IlEB„ . 2  (P) 

A[LEB20.2 (p)] 	ARx(p) 
for all p > px  (5.5) 

The single activity case explains the basic concept for measuring land 

enhancement benefits through reduced damages. That is, there exists a level of 

protection px  such that land enhancement benefits due to relocation of activ-

ity x into the flood plain with protection p > p x  are measured by the re-

duction in damages over and above the reduction in damages required to induce 

the activity into the flood plain. 

C. Cunbtruction of the Total Benefit Curve  

The results of the previous section are now used to construct the total 

benefit curve resulting from project-induced growth. For this we start with 

the basic formula that total benefits from flood control providing protection 

p
0  are given by 

B(p0 ) = LEW%) + R0 (p0 ) 	 (5.6) 
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where R0 (p0
) has been previously defined as the damages reduced to activities 

that are in the flood plain with protection p c)  and would be there without pro-

tection. Thus, we attempt to measure the total benefits due to the project Pro-

viding protection p ct . 

For simplicity we divide the total of n project-induced activities into 

two groups: the first group consists of n l  activities that require a minimum 

level of protection pl  in order to relocate in the flood plain; similarly, we 

define n2 
and p2 

for the second aroup of activities, where n1 
+ n

2 
= n and 

D < p2 < p0
. The situation is depicted in Fig. 5.2. First, the damage reduc-

tion curve is constructed for the activities that are in the flood plain with 

protection 1)0  and would be there without protection. It should be noted that 

in general this curve would depend on p c) , the level of development under con-

sideration, since it includes activities that are not displaced by new ones and 

the displacement process depends on the level of Protection. At p = D_ 	n1  1 
of the activities are induced to locate in the flood plain and the land enhance-

ment benefits accruing to the n
1 

activities and the landowners of the associ-

ated lots at that point are zero as in the single activity case considered in 

the previous section. That is at p = 

(5.7) LEB
n11 

(p)ir  = n 
(0) - r (p ) = 0 

1 	• 	n 1 - 1 

For p >pl , 

LEB
n1+2.1

(p) = n
n 

(0) - r (TO = 	(p) -(p1 ) 
1 	n1 - 	n1 	n1  

(5.8) 

It should be noted here that the sum of P (D) and 
LEBn1+2,1(p) 

 do not form 
o - 

the total benefits at level of protection p, because it does not include the 

damages to property that will be displaced at a higher level of protection p 2 

 by the n2  activities. At this higher level, the land enhancement benefits 

due to the location of activities n
2 

in the flood plain are zero as was the 

case for the n1 
activities at level p1 

For p > p2 
all new activities are 

located in the flood plain and 

(5.9) LEB(p) = Rn (P) - Rn1 (P1 ) - Pn 2 
(P2) 

- - 
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while in this case 

B(p) = P(p) + LEB(P),  where p2  f P <p0  

This is indicated graphically in Fig. 5.2 for levels of protection between p2 

 and po . 

If the number of activities remaining in the flood Plain is sensitive to the 

levels of protection considered, the function P o (p) has to bereevaluated for 
1 	2 

each of these levels p o , po ,..., po  and the above Procedures must be contin-

ued until all new activities are located in the plain. The corresponding total 
1 benefits B(p 0 ), B(p), B(p

2
) ,oss, B(p ) then define the total benefit curve 

0  0 
as a function of the level of protection. 

The above procedure demonstrates that damage reduction can be used to meas-

ure land enhancement benefits. The procedure requires a forecast of the protec-

tion levels at which activities are indifferent between a flood plain location 

or a location somewhere else. This forecast is equivalent to Projecting land 

development under different levels of protection which is also required in all 

previous measurement techniques discussed. The procedure allows us to measure 

land enhancement benefits as damages reduced above the level of protection re-

quired to make the flood plain a profitable location for the activities that 

move in. At this level of protection, activities are indifferent between 

moving into the flood plain and locating at the best alternative outside of 

the flood plain. The land enhancement benefits in that case are zero; for 

protection above this level, the land enhancement benefits are equal to the 

additional reduction in damages. 

To see how this night be applied, consider a hypothetical case of a 

flood plain which will remain in agricultural use as long as it is unprotected. 

First, the minimal level of protection is determined that would convert the 

agricultural land into residential use. To calculate the land enhancerent bene-

fits from providing protection against the standard project flood, one would 

calculate the reduction in damages to the residential property for the standard 

project and suotract from this the damages prevented at the minimum level of 

protection recuired for residential use to be economically justifiable. 
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The results presented in this section can be developed in a complete and 

rigorous manner so that they can form the basis for operational precedures for 

measuring all benefits in terms of damages reduced. This will require consid-

erable effort in determining fast and approximate models to identify the pro-

tection levels at which activities find it just profitable enough to locate in 

the flood plain. It is anticipated that this effort will also provide better 

understanding of the problems in flood plain management such as zoning regula-

tions which presently determine to a large extent the land enhancement benefits. 

Leaend for Fip. 5.2  

P (P) 

LEB(p) 

B(p) 

is the total reduction in expected dn.rn.Pes to all 

activities that would locate or remain in the flood 

plain with or without protection when a level of 

protection n is provided. 

is the total land enhancerent at protection level p. 

is total benefits of project nt protection level p. 

Rn (p) is total reduction in expected damages at protection 

level n to activities that require, in order to 

locate in flood plain, a minimum level of Protection 

i=1,2. Pi  
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Po 

Fipure 5.2 

TOTAL BENEFIT CURVE FOP PROTECTION p c) . 
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Part Two 

ANALYSIS OF SPECIFIC PROJECTS 



SUMMAPY OF PART TWO 

A. 	Introduction 

Part Two of this report analyzes two specific flood control projects in 

Southern California. For the purpose of this analysis, INTASA reviewed two 

Interim Review Reports prepared by the U.S. Army Engineer District in Los Angeles 

and subsequently, with the assistance of Messrs. A. Potter and F. Light of the los 

Angeles District, and J. Tang of the Institute of Water P ,!courccs,,Idsited the 

two project areas. The reports describing the two projects are: 

1. NEWHALL, SAUGUS, AND VICINITY 
Los Angeles County 

U. S. Army Engineer District, 
Los Angeles (June 1969) 

2. DAY, EAST ETIWANDA, AND SAN SEVAINE CREEKS 
San Bernardino and Piverside Counties 

U. S. Army Engineer District, Los Angeles (undated) 

These reports were reviewed with the objective of studying the basic prin-

ciples that the Corps is using for eva]uating flood control projects. In the 

process, all aspects of the evaluation procedure were considered but emphasis 

was placed on the application of economic concepts to Project evaluation. That 

is on 

• the application of "with and without" analysis 

• the reasons for using damage reduction as the major measure of benefits 
for one of the projects but not for the other 

• the measurement of land enhancement benefits 

These aspects were examined and the validity of the procedures used were crit-

ically analyzed. In addition, hydrology, frequency analysis and other aspects 

of the projects were examined to the extent that they affect the benefit evalua-

tion. Part Two of the report presents a brief summary of each project, it - ques-

tions and analyzes the conceptual aspects of the procedures used and, when ap-

propriate, suggests alternative courses of action or topics for further investi-

gation. 

The environment in which a flood control project is constructed is an im-

portant consideration in obtaining an understanding of the benefit evaluation 

procedures. Hence, a brief overview of the total Southern California area is 

presented in Appendix A. This review summarizes the geography of the area and 
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provides basic information on population growth and land use development patterns. 

Population and land use projections are given for the South Coastal Hydrologic 

Subregion and for Los Angeles, San Bernardino and Riverside Counties. These are 

of primary concern in the study of the two projects. The Newhall, Saugus and 

Vicinity project is described and analyzed in Appendix B. The economic justifi-

cation for this project is provided mostly by land enhancement benefits and there-

fore much of the analysis is oriented toward identifying the important aspects of 

the land enhancement benefit measurement problems. The Day, East Etiwanda and 

San Sevaine Creeks project is discussed in Appendix C. Here almost all benefits 

are attributed to damage reduction and therefore the damage measurement problem 

is addressed in more detail than in the previous case. An overview and compari-

son of the two projects is given in the following section whereas conclusions and 

recommendations drawn from this review are given in the projent summary. 

B. A Comparative Summary of the Two Projects  

The main difference in the economic evaluation of the two projects is that 

Newhall, Saugus and Vicinity derives almost all benefits from land enhancement 

while benefits for the Day, East Etiwanda and San Sevaine are derived from ex-

pected damage reduction. This section points out the similarities of the two 

projects and some of the important differences which provide the reasons for 

the different sources of benefits. Analysis of the procedures for obtaining 

these benefits are described in the corresponding appendices. 

The similarities are that both projects 

a. are within the Los Angeles metropolitan area. 

b. are in areas with adequate infrastructure for development 

c. are exposed to similar weather conditions. 

d. are in sub-basins contained wholly within larger river basins. 

e. use channels and debris basins as main features for the project. 

f. have the same project life and same construction period. 

g. use the same method for cost estimating and the same discount rates. 

h. use the same general methods for estimating damage reduction. 

i. do not explicity account for intangible benefits. 
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A Comparative summary of the differences between the two projects is given 

in the accompanying table. This table indicates that the main reason for using 

- _rand enhancement benefits in one case but not in the other is the rigid en-

forcement of flood zoning regulations in one of the counties. This difference 

is further explored in the appendices. 

The data used in the two project reports and reviewed by INTASA is preliminary 

in nature. This does not necessarily reflect the data used or judgments made with 

respect to the final project reports. 
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COPPARATIVE SUITTARy OF THE TWO PROJECTS 

Aspect Considered Newhall, Saugus and Vicinity 	 Day, East Etiwanda and 
San Sevaine Creeks 

1. Geographic characteristics 	Large mountainous area drained 
of the area 	 by narrow river valley  

Small mountainous area 
drained by large allu-
vial cone 

2. 'lain River Basin 

3. Size of total drainage area 
(square miles) 

Santa Clara 	 Santa Ana 

1.421 	 90 

4. Developable land in drainage • area 
(a)percentage of total 	 10% 	 827. 
(b) acres 	 30,000+ 	 48,000+ 

5. Developable land in overflow 
area (acres) 

6. Present development 

5,970 	 34,680 

Extension of existing suburban 	Pelatively undeveloped 
community 



COrPAPATIVE SIAPY OF Tlif: 	TTOJECTS Cont t o ) 

Aspect Considered Newhall, Saugus and Vicinity 	 Day, '2ast Etivanda, and 
an Sevnine Creeks 

7. Density projections in per- 
sons per acre used as a basis 
for analysis 
(a) Assumed metropolitan 

saturation density 	 14.5 	 13.1 
(b) Density forecast in year 

2020 for 
▪ Coastal Los Angeles 	 14.) 	 13.1 
• Coastal San Bernardino 	 12.2 	 8.8 
• Coastal Riverside 	 11.6 	 5,4 

8. Estimated time to full devel- 
opment (year) 	 10 	 50 

9. Zoning regulations in effect Prevents development of 2,560 	Toes not prohibit development 
for overflow area 	 acres 

10. Development with And without 
the project 

11. Standard project storm 

Different 	 rame 

Thunderstorm, "nrch 1943 and 	 ThunOerstorm, Parch 1943 
wintcrstorm, •Rnuary 1943 



114.8 million 
270,000 

2, 1113,000 

4'50.9 million 
233,000 

2,689,000 

938,000 
6,679,000 

-37,000 

7,580,000 

3.1:3 

9,233,000 

)43,000 
206,000 

9,432,000 

3.5:] 

CM'PARATIVF SU:7 IAT'Y 07 TIT TIrr PrO,T7CTS ( Cont ' . ) 

Aspect Considered Newhall, raugus and 7icinity 	 Da- East Etiwanda and 
Pan Sevaine Creeks • 

12. Basis for frequency-discharge Fepional frequency analysis 	 Analysis of sinple stream 
relationship 	 flow record 

13. Frequency of standard project 
flood 

500-year flood 	 200-year flood 

14. Major features of the project 
(a) Channels in miles 	 27.1 	 31.3 
(b)Debris basins 	 3 	 7 

15. Cost estimate of project 
(a) First cost 
CO Annual 0 & r 
(c) Average annual costs 

16. Annual benefits from Protection 
(a) Damage reduction 
(b) Land enhancement 
(c) Effect on water supply 
(d) Elimination current cost 
(e)Area employment benefits 
(f)Average annual benefits 

17. Benefit:Cost Ratio 
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Appendix A 

OVERVIEW OF SOUTHEFN CALIFORNI? 

1. 	Introduction  

The part of the Southern California region that is of interest in this 

report includes the six counties: Los Angeles, Orange, Riverside, San Bernardino, 

San Diego, and Ventura. These counties all fall within three hydrologic sub-

regions: the South Lahontan, the South Coastal and the Colorado Desert, except 

for a small part of Ventura County which falls in the Central Coastal hydrologic 

subregion. Rather than attempt to describe these areas in verbal terms, a 

schematic representation is presented in Fig. A.1. The large square in this 

figure represents the total area of 38,416 square miles, which is subdivided 

into rectangles that represent the six counties. The area of each rectangle 

indicates the relative size of the respective county. Diagonal broken lines 

are drawn to show the bounds of the three hydrologic subregions. The area of 

each rectangle that is within the boundary of a subregion indicates the pro-

portion of the county within the subregion. The actual areas that were used to 

construct the symbolic representation of Fig. A.1. are given in Table P.1. 

The projects discussed in this report should be evaluated from a perspec-

tive that recognizes the development conditions, geography and urban charac-

teristics of Southern California. Urban growth in the last thirty years has 

been extraordinary in this area, yet the development has been limited to a 

rather narrow strip of land in close proximity to the Pacific Ocean. It is 

assumed in the reports that the population of the area will continue to grow 

and that the population of the coastal region will continue its outward move-

ment. The stated reasons for this assumption are: 

a. the demonstrated tendency of young families to seek single-family 

dwelling units. 

b. the existence of large tracts of vacant undeveloped acreage. 

ce the motor-oriented transportation system of Southern California. 

Although such bases for the assumed growth are recognized to have existed 

' in the Southern California Region, there are emerging manifestations that these 

trends may not continue with the vigor of the past. Recent declines in the 

proportion that single-family housing starts make in the nation's housing stock 

as compared with multi-family starts and mobile home sales; the continued 
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Figure A.1 

SCHEMATIC DESCRIPTION OF COUNTIES AND HYDROLOGIC SUBREGIONS IN 
THE SOUTHERN CALIFORNIA REGION 

Table Al. 

LAND AREA BY COUNTY AND HYDROLOGIC SUBREGION (SQ. MILES) 

	

County 	South 	Colorado 	South 	Central 
County 	 Total 	Coastal 	Desert 	Lahontan 	Coastal 

Los Angeles 	 4,079 	2,748 	 - 	 1,331 

Orange 	 785 	785 	- 	 - 	 - 

Riverside 	 7,243 	1,896 	5,347 

San Bernardino 	20,164 	982 	8,173 	11,009 	 - 

San Diego 	 4,281 	2,987 	1,294 

Ventura _...... 

	

_18614 	1.5814 

	

.....••••••:■ 	,■•■•1 
W 	 280 

TOTAL 	 38,416 	10,982 	14,814 	12,340 	280 

% of TOTAL 	100 	29 	 38 	 32 	 1 

IND 
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decrease in family size; rising national and local concern about preservation 

of open space and wilderness areas; and the growing public awareness of the 

dangers of the automobile as a major cause of air pollution with consequent 

resistance to proliferation of this means of transportation, provide evidence 

of significant countercurrents to the assumed trends. It would therefore seem 

prudent to assess the impact of other sets of assumptions that are at least 

conceivable for the development of the Southern California region. This is 

expecially so when these projections are used to evaluate projects that are 

designed to last for a long time. Changing the fundamental growth assumptions 

in a meaningful way is beyond the scope of the present study, but we believe 

that this is an important area for future research. The present study will 

therefore accept the stated assumptions as valid for the time being, and de-

scriptions that follow will be so founded. 

The two ruports analyzed in this study concern specific,  locations in 

Los Anpeles County (Newhall, Saupus and Vicinity) and in the counties of San Ber-

nardino and Piverside (Day, East Etiwands and Pan Sevnine Creeks). Both of the 

projects are located within the Cout.. Cc,aoLmi nyuroiogic bunregion. The following 

discussion will describe appropriate characteristics of the South Coastal Sub-

r!gicn and of the counties within whiph th.a r•-^lant- are located. 

2. South Coastal Hydrologic Subregion  

This subregion contains 11,000 square miles and its subdivision by county 

is as indicated in Table A.1. and Fig. A.1. The importance of the South 

Coastal Subregion results from geographic and climatic advantages. It is con-

tiguous to the Pacific Ocean and its mild, year-round, climate makes it a de-

sirable place to live. In addition, the subregion also possesses the major 

infrastructure necessary for urban growth. The population in the subregion has 

experienced an annual growth of 2.9% from 1960 to 1968, and All counties or 

portions of counties physically within the subregion have exhibited large popu-

lation increases during this period. Coastal Los Angeles County had the larg-

est absolute population increase, Its percentage gain was, however, exceeded 

by all five other counties. The population of the South Coastal Hydrologic 

' Subregion is the most dense in metropolitan Los Angeles, and has exhibited an 

outward growth. By the year 2020 densities for each county in the South 

▪ Coastal Subregion are forecast to be as indicated in Table A.2. The table also 

shows the percent of saturation that each county will have attained by year 
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so 

149 

2020, where density of 14.5 persons per acre was assumed as the saturation 

density.
I Projected densities for each county in the South Coastal Subregion 

are shown in Fig. A.2. and projections of land use, population and density in 

Fig. A.3. 

Table A.2. 

POPULATION DENSITY IN YEAR 2020 

County 	 Density 	 % Saturation  

Coastal Los Angeles 	 14.5 	 100 

Orange 	 13.0 	 90 

Ventura 	 12.3 	 85 

Coastal San Bernardino 	 12.2 

Coastal Riverside 	 11.6 

Coastal San Diego 

Dashed lines indicate densities for the 
years shown 

100 

7.1 

80- 

Density as a 60 -1 
 Percentage of 

Saturation 
Density 	40 - 
(14.5/Acre) 

20_ 

0 

Ventur3// Orange' 	 'Coastal San Diego 

6oasta1 Los Angeles I 'Coastal Riverside 

Coastal San Bernardino 

, Figure A.2 

PROJECTED DENSITIES SOUTH COASTAL :1JBREGI0N 

1. There is en inconsistency between the Pay and Newhall reports as to the 
projected county densities and the retropolitan saturation density 
(e.g., the Day report indicates a saturation density of 13.1 insteed o 14.5). 
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3. Los Angeles County  

The County of Los Angeles may be divided into two distinct areas for the 

purpose of future planning - the coastal area and the north county area. The 

coastal area comprises 980,000 acres. Subtracting the vacant areas that are 

over 25% in slope,the forest preserves, and other areas that are generally 

unsuitable for urban development, the net developable area in the coastal re-

gion amounts to about 790,000 acres, of which 640,000 were developed by 1968. 

The density of this developed area at that time was eleven persons per acre. 

- Projections of population, density and urban development are shown in Fig. A.4. 

The Newhall-Saugus area is classified by Los Angeles County as part of the 

north county area; in fact it is within the mountain area along the connecting 

link between the coastal area and the north county. A more detailed descrip-

tion of the Newhall-Saugus area is given in Appendix R. 

4. San Bernardino and Riverside Counties  

San Bernardino County is the largest of the six counties in the Southern 

California region with an area of 20,164 square miles while Riverside County 

has a total area of 7,243 square miles. The ;orticmAa uf tneso ocauties tnat are 

in the South Coastal Subregion are only small fractions of their total areas. 

There are 1896 square miles of Riverside County within the South Coastal Sub-

region while San Bernardino County accounts for only 982 square miles. In 1960 

Coastal San Bernardino County had 55,000 developed acres out of a total devel-

opable acreage of 268,000 acres. Coastal Riverside County had 46,000 developed 

out of 407,000 developable acres. The area is relatively lightly populated 

with a 1960 population of 645,000 for the combined coastal areas of both coun-

ties. Projected population and density of each county's coastal area are shown 

in Fig. A.5a. The projected development in San Bernardino and Riverside County's 

is shown in Fig. A.5b and c, respectively. 

The Day, East Etiwanda, San Sevaine area overlaps the coastal counties of 

San Bernardino and Riverside. A more detailed description of the area is given 

in Appendix C. 
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APPENDIX B 

DESCRIPTION AND ANALYSTS OF NEWHALL, sAuour AND VICINITY 



STUDY AREA 

\ San 

I Bernardino 

Santa 
Clara River Basin 

Drainage A 

PACIFIC 

os 
Angeles 

( 

Orange 
Riverside 

OCEAN 	 \ San 

Diego 

DESCRIPTION OF THE PROJECT AREA 

The project considers specific streams in the Los Angeles County 

part of the Santa Clara River basin which is located in the South Coas-

tal Hydrologic Subregion. A location map of the vicinity of the drain-

age area covered by this study is presented in Fig. 3.1. The Santa Clara 

River basin is an elongated area with a maximum east-west length of about 

66 miles and a maximum north-south width of about 37 miles with an area 

of 1629 square miles. The Los Angeles - Ventura County line divides the 

basin into two parts; the part within Los Angeles County is 772 square 

miles. The project analyzed here concerns an area of 421 square miles of 

the eastern end of the Los Angeles portion of which 10 percent is allu-

vial valley and 90 percent mountains and foothills. 

The area is in a generally narrow valley surrounded by steep hill-

sides, most of which are in the Angeles National Forest. The bordering 

steep slopes are extremely expensive to subdivide, and have a very high 

fire hazard during the summer months when left with natural vegetation to 

prevent the erosion and mudslides that may occur during the winter rains. 

In and adjacent to the Newhall-Saugus area there are 10,500 acres suitable 

for urban development, of which 5970 are in the overflow areas considered 

in this report. A symbolic representation of the relative sizes of the 

Figlire B.1 LOCATION VAR NEWHALL ■SAUGUS STUDY AREA 
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different areas is presented in Fig. B.2. 

The present (1968) and projected land uses are listed in Table B.1 

and graphically presented in Fig. B.3 according to the general categories of 

developed, agricultural and undeveloped land. The presently developed land 

atounts to 1655 acres and with no further flood control, it is assumed that 

786 acres of additional land will ultimately be developed; this is shown in 

the third column of Table B.1 which gives the expected net change in land 

use without flood control measures. The fourth column in Table B.1 shows 

the acres that will develop in addition to the 786 acres if flood control 

will be provided. The development of these 2653 acres is prohibited by zon-

ing regulations without a minimum level of flood protection; this land . is  

referred to as "enhanced" land. The last two columns of Table B.1 show the 

ultimate land use pattern with and without the project. Thus, with the pro-

ject 5094 acres will - ultimately be developed which is the sum of the origi-

nal 1655 acres, the 786 acres that will develop with or without the project 

and the 2653 acres of the enhanced land. The expected rate of land develop-

ment is graphically presented in Fig. B.4. 

The area is served by three major highways - Interstate 5 and Califor-

nia Routes 14 and 26. These highways are now, or soon will be, improved to 

freeway standards and provide highway access to the continental U. S. mar-

kets. The Burbank Airport is 20 miles from the area and the Los Angeles 

International Airport 40 miles. Rail transport service is available from 

the main line of SOuthern Pacific Company and the harbors of Los Angeles 

and Long Beach are 50 miles away with freeway access. Water for anticipated 

future growth is available from local sources supplemented by water from 

units of the California Water Plan. : 

A close examination of the Newhall, Eaugus and, Vicinity overflow area 

raises an interesting observation in regard to the measurement of land en-

hancement benefits. It appears that the difference in the market value of 

the flood plain land before and after protection could lead to an overstate-

ment of the actual economic benefits due to the flood control project. This 

is because there are many other development activities, such as the transpor-

tation system Which provides easy access to the surrounding industrial cen-

ters, to which part of the difference in the market prices could be attri-

buted. Under these circumstances, the analyst should examine whether the 

land enhancement benefits are greater than their upper bound which is total 

damages reduced, and if they are, he should conclude that they have been 

overestimated (See Chapter IV of Part One). 
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a. Distribution of Land 
in Eastern end of 
Santa Clara River Basin. 

Total area = 421 sq. mi. 

:\ 	Developed Land 

b. Distribution of 
Developable Alluvial 
Valley Land in 
Santa Clara River 

Basin. 

Developable 
Land Outside 
Newhall-Saugus 
(Not discussed 

in Report) 
1655 acres developed to 

density of 11.0 (1968) 

Land in the overflow area 
covered in Newhall-Saupus 
Report (5970 acres). 

Developable Land In and Adjacent to 
Newhall-Saugus (10,500 acres). 

Fig. B.2. SYMBOLIC REPRESENTATION OF LAND AREAS 
DISCUSSED IN NEWHALL-SAUGUS REPORT. (1968) 
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Table B.1. 

PRESENT AND PROJECTED LAND USE IN NEWHALL-SAUGUS AND VICINITY 

Ultimate Future Development  

" 	 Net Change 	Net Change Due 	Without 	 With the 
Land Use Category 	 1968 	Without the Project To the Project 	the Project 	 Project 

Residential 	 880 	 +159 	 +1,498 	 1,039 	 2,537 

	

Other Urban use 775 	 +627 	 +1.155 	 1,402 	 2 557 

Total Urban 	 1,655 	 +786 	 +2,653 	 2,441 	 5,094 

Agriculoaral 	 2,079 	 -265 , 	-1,801 	 1,814 	 13 

Other undeveloped 	 2 236 - 	 -521 	 - 852 	 1,715 	 863 

Total Rural 	 14,315 	 -786 	 -2,653 ...- 	 3,529 	 876 

Total Land 	 5,970 	 o 	 o 	 5,970 	 5.970 



1968 
Agriculture 
(2079 acres) 

1968 
Undeveloped 
(2236 acres) 

(13) 

Channels and 
Levees 
(863) 

11111E1E1111 1 5 

• 
b. Expected Land Development With and Without Flood Control Project. 

1968 
Development 

Development 
expected 

without project 

Additional 
Development 
with project 

1968 Developed Acreage 

(1655 acres) 

a- 1968 Land Development of Newhall-Saugus Area. 

Figure B. -z 

SYMBOLIC REPRESENTATION OF THE OVERFLOW ZONE IN NEWHALL-SAUnUS 
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Figure B.4 

PAST, PRESENT AND PROJECTED LAND USE: 
NEWHALL, SAUGUS AND VICINITY 1964-1995 



li ALTERNATIVE FLOOD CONTF4 :4:11.3UHLE 

1. Non-Structural Alternatives  

Los Angeles County is currently zoning 2653 acres of land from urban 

use unless the provision of county required level of protection is met. This 

level of protection is lower than that provided by the project as recommended 

in the report. As stated in the previous section, 786 acres of land in the 

overflow area is available for development into urban use and will develop 

with or without the project. !lost of it will be approved for industrial and 

commercial development on the condition that developers and tenants Dre aware 

of the flood hazard. Some of this land is no longer subject to subdivision 

control and will possibly develop into residential use. The project will 

provide protection to these 796 acres and will allow the relaxntion of flood 

zoning regulations on the remaining 2653 acres. 

One alternative, of course, is to accept the flood risk for the 736 

acres and continue to restrain development of the 2653 acres. This alterna-

tive has two possible outcomes. rirst, since it is implicitly assumed in the 

report that the Los Angeles County will continue to enforce the flood zone 

regulation, it will prevent the development of the enhanced land and expose 

the already occupied 786 acres to the flood hazard. Second, if future pres-

sures on land use remove the flood zone regulation, the total development of 

the enhanced land will become subject to the flood hazard. As a result, the 

consequences of this alternative have some serious implications which must be 

investigated before this alternative is seriously considered. 

In regard to the alternative of flood proofing, the report states that 

it would require extensive filling of the valley floor and would not prevent 

damage to existing improvements and property. It is implied that the cost 

of such measures would exceed the net benefits. This seems reasonable for 

this means of flood proofing, since fill operations are expensive. How-

ever, there might be other alternatives to filling that could be technically 

feasible either now or in the future. Exploration of flood proofing methods 

in addition to filling could prove to be of significance. 

It was also concluded that flood forecasting and temporary evacuation 	/ 

would be impracticable since floods in the area result from thunderstorms 

and winter storms. These storms have elapsed times between rainfall and 

runoff approximately one to six hours which are considered short. 
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In general it appears that'   a close examination of non-structural alter-

natives would require substantial effort and extensive investigation. The 

outcome of some of these is certainly obvious but others would require com-

plete evaluation studies. 

2. Structural Alternatives  

The structural alternatives considered included (a) a reservoir, (b) 

channel improvements, and (c) a combination of reservoir and channel im-

provements. From preliminary studies made by the Corps of Engineers, it was 

determined that a reservoir would cost about 17 million more than all-

channel-improvement. This is primarily due to the required relocation of the 

mainline of the Southern Pacific Railroad. It was also concluded that some 

channel improvements would still be required. It was decided that the addi-

tional cost of the reservoir would not be justified by the additional benefits 

derived from water conservation and recreation. Economic studies were also 

made to determine the extent of the channel improvements as well as the difference 

between earth bottom or concrete bottom channels. It was determined that 

concrete bottom channels are more economical. 

The recommended plan of improvement for the area comprises 27.1 miles 

of channel, 6790 feet of levee works, and three debris basins. Table B.2 

lists the individual elements of the project with their proposed improve-

ments. Separate plans and specifications will ultimately be provided for 

each of the six units listed in Table B.3. The recommended timing sequence 

of the six units is shown in Fig. B.5, where the total recommended construc-

tion time for the project is 45 months. Other than this, it is not expli-

citly indicated whether the timing or staging of project construction was 

analyzed in relation to its effect on net benefits. 

Two degrees of protection were considered to determine the degree of 

channel improvement. Comparative studies were made for channel improvements 

to control the peak discharge from a standard project flood and from 

discharges set by the Los Angeles County Flood Control District. Consider-

ation of additional levels of protection would have been useful in the 

determination of the best size of the project. 



Total 	 27.1 3 	 6790 

51  3 

Table B.2 , 

INDIVIDUAL STREAM ELE/ENT IM.PPOVEVENTS FOR NEWHALL, SAUGUS AND VICINITY 

Individual 	 Channel 	 Inlet 
Stream 	 lenpth 	 Debris 	 Levee 
Element 	 (miles) 	 Basin 	 In Feet 

A. Santa Clara 	 9.4 	 1300 

B. Bouquet 	 0.4 	 1543 

C. South Fork 	 4.3 	 1 

D. Pico 	 0.7 	 1950 

E. Placenta 	 3.1 	 900 

F. Newhall 	 2.6 	 550 

G. Sand 	 3.4 	 1 

H. Iron 	 1.2 	 1 

I. Mint 	 2.0 	 550 

First Cost 

Unit 1 

Unit 2 

Unit 3 

Unit 4 

Unit 5 

Unit 6 

$19. 4 0 million 

2.86 million 

5.46 million 

9.43 million 

3.64 million 

4.01 million 

41.BO million 

1111116, 

=MEL 

1 
1 	2 

Fiscal year since construction funds available 

Figure B.5 

PECOI1ENDED CONSTRUCTION SCHEDULE FOR 
NEWHALL-SAUGUS FLOOD CONTROL WORKS 
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13 ,961 2,239 

2,166 31414 

3,852 708 

5,707 

2,525 

2 , 7142 

30,953 

913 

1405 

438 

5,047 

67 

5 

147 

130 

8 

13 

270 

Table B.3. 

ESTIMATED COSTS FOR IMPROVEMENTS UNDER RECOMMENDED PLAN FOR NEWHALL, SAUGUS AREA 
(IN THOUSANDS OF DOLLARS) 

Federal 	Other 
Construc- 	Federal 
tion Cost* 	Costs** 

Description 

1 	Santa Clara River; Bouquet 
Canyon Channel and Inlet 

2 	Mint Canyon Channel 

1 3 	Sand Canyon Debris Basin and 
Channel; Iron Canyon Debris 
Basin and Channel 

South Fork Santa Clara River 
Channel; Towsley Canyon Debris 
Basin 

5 	Newhall Creek Channel System 

6 	Placenta Creek Channel 

Total 

Total 
FP(lczal 
Cc Et 

16,200 

2,510 

14,560 

6,620 

2,930 

318O 

36,000 

Ion-
Federal 
Costs 

3,200 

350 

900 

2,810 

710 

830 

8,800 

Total Annual 

	

Total 	Operation and 

	

First 	Maintenance 

	

Cost 	Costs 

19,400 

2,860 

5,46o 

9,430 

3,6140 

4,010 

1414,800 

Unit 

* * 
Does not include supervision, administration, engineering and design costs 

Federal costs for supervision, administration, engineering and design 



COST ESTIVATES 

A summary of the estimated costs associated with the construction of the 

six units for the project is shown in Table B.3 togethee with estimates of an-

nual operation and maintenance costs. These estimates were computed by deter-

mining the quantities of various items of labor, material and equiprent, multi-

plying the quantities by unit prices for each category and obtaining the sums 

of these products. The unit prices used were developed by using prevailing 

January 1969 labor, materiel and equipment costs typical of work of this nature 

in the vicinity of the construction site. The cost obtained was p 25,90O,000 

and to this $5,100,000 which represents a contingency estimate, was added to 

obtain the total federal construction cost of $31,000,000. This fia,ure does 

not, however, include either engineering and design costs or supervision and 

administration costs which were estimated at $5,000,000 thus making the total 

federal cost $36,000,000. Estimates for non-federal costs, representing rights 

of way and relocation expenses, were also made and these costs amounted to 

$8,300,000. Thus the overall first cost of the project comes to ::44,800,00o 

and the annual maintenance and operation cost to $270,000. 

While the procedure for estimating the cost is generally accepted prac-

tice, several points might be made. First, the contingency figure of about 20% 

of the calculated cost seems to indicate that the procedure may be deficient 

in accurately producing cost estimates. This possibility could be explored by 

analyzing past projects to determine the level of uncertainty that has histori-

cally been associated with projects of this nature. It is suggested that the 

accuracy of preliminary estimates may be improved by applying multivariate sta-

tistical analysis. Such an approach would not only be useful in cost estimation 

but would be of value in determining marginal costs curves which are needed in a 

proper benefit-cost analysis. 

There is a question as to the use of 44.8 million as the estimate of the 

first cost of construction. Under the assumption that benefits begin to accrue 

to the project at the time that the entire project is completed, account should 

be taken of the 45-month construction period in arriving at the estimate of the 

first cost. Fig. .B.5 shows the recommended time sequence for each of the six 

construction units. By assuming that payment is made in full for each construc-

tion unit at the end of its construction time, a series of cash flows would re-

sult as shown in Fg. B.6. Using a discount factor of 4 5/8% the equivalent 

B-11 



22.26 

15 
Millions 

of Dollars 10  

14.89 

lump sum cost that would occur at the completion of the total project would be 

approximately 48.6 million. This figure would be more representative of the first 

cost of the project provided that no benefits would accrue before the entire pro-

ject is completed. 

1 	2 	3 	4 . 	5 

Fiscal Year Since Construction Funds Available 

Figure B.6 

CASH FLOWS FOR UNITS OF CONSTRUCTION 
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IV. HYDROLOGY 

1, Design Floods  

The hydrologic analysis was made to determine the following design para-

meters:. 

• the magnitude of the standard project flood, 

• the magnitude of the maximum probable flood, and 

• the debris storage requirements and spillway capacities at 

selected concentration points. 

In general the standard project flood is determined by the standard project 

storm which is the most severe storm of record in the region. This storm is 

then critically centered over the area to produce the maximum runoff. Three 

types of storms produce precipitation in the area: 

a. General winter storms. These occur from December through March. They 

originate over the Pacific Ocean as a result of the interaction between polar 

Pacific and tropical Pacific air masses. These storms move eastward over the 

basin and often last for several days. They are accompanied by widespread pre-

cipitation in the form of snow and rain - caused by orograrhic influences. 

b. Thunderstorms. These can occur at any time of the year, but are in-

frequent along the coast in the summer. They can occur during other storms or 

as isolated phenomena. They cover a comparatively small area blit result in high-

intensity precipitation for durations of three hours or less. Winter thunder-

storms are generally associated with frontal systems. 

c. Tropical hurricanes. These storms have occurred in late summer and 

early fall and have not resulted in major floods during the p-.F.t. 

These different types of storms will be considered as independent events which 

means that the occurrence of one type does not depend upon either of the oth-

ers occurring. This assumption is used later and may or may not criticelly 

affect the net benefits. It should, therefore, be studied and the sensitivity 

of the net benefits should be tested. 

Historical records of storms in the vicinity were examined and both a thun-

derstorm and a general winter storm produced severe conditions. Therefore, two 

standard project storms were defined, one associated with a thunderstorm, and 

the other with a general winter storm. In determining the standard project 

floods from the standard project storms, it was assumed that either type storm 

could occur over the area, but both types were not assumed to occur simulta-

neously. 

The standard project thunderstorm was used to determine the peak discharges 
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for the smaller areas contributary to the main river channel. This thunder-

storm was recorded on March 1943, and occurred while a general winter storm was 

in progress. For the larger areas the standard project winter storm was used 

and was based on the assumed occurrence of a storm equivalent in magnitude to that 

of January 1943 which in many respects was the most severe storm of record in 

Southern California 

Using precipitation data for the standard project storms, the standard pro-

ject flood peak discharges were computed. This procedure involves: (a) divi-

ding the basin into appropriate subareas; (b) determining unit-time increments 

of precipitation for each subarea; (c) determing effective precipitation for 

each subarea by subtracting a loss rate and by applying an impervious factor 

where applicable(c1) determininy the surface runoff hydrograph for each speci-

fic subarea by applying synthetic unit-hydrograph values to the effective unit-

time period precipitation; (e) adding base flow and subtracting percolation 

losses to get a final subarea hydrograph; (f) combining appropriate subarea 

hydrographs to get a total flood hydrograph for each concentration point desi-

red. 

The maximum probable flood is defined as the flood that would result if 

the maXimum precipitation for the drainage area were to occur at a tire when 

ground conditions were conducive to a maximum runoff. The U.S. Weather Bu- 

reau has not made a determination of the probable maximum storm for the Newhall-

Saugus drainage area. This storm was therefore developed based upon the prob-

able maximum precipitation for the area, which was obtained by analyzing mete-

orological conditions and influences in the area, determining the quantities 

of precipitable water and transforming this into precipitation and intensity 

patterns. 

Peak discharges at selected concentration points in the area for the 

standard project and maximum probable floods are listed in Table B.4. The peak 

discharges for the standard project flood are used to determine parameters for 

design of the channel systems while the maximum probable flood peak discharges 

determine the storage requirements and the spillway capacities for the debris 

basins. On the basis of the frequency-discharge relationships derived in the 

next section it follows that the standard project flood corresponds roughly to 

a 500-year flood. 
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Table B.L. 

PEAK DISCHARGES AT SELECTED CONCENTRATION POINTS IN 
NEWHALL, SAUGUS DRAINAGE AREA 

Concentration Point 

Peak Discherre 	 Peak Discharge 
for Standard 	 for 'laxinum 
Project Flood 	 Probable Flood 

(cfs) 	 (cfs) 

Sand Canyon 

Iron Canyon 

Towsley Canyon 

South Fork at Newhall Creek 

Santa Clara River 
Downstream of Mint Canyon 

Bouquet Canyon 

Santa Clara River 
Downstream of Bouquet Canyon 

000 , 	 14,000 

	

2,500 	 7,000 

	

6,003 	 16,000 

	

25,000 	 NA* 

	

44,000 	 !!A 

	

21,000 	 NA 

56,000 	 NA 

*NA means not-available. 

2. Flood Frequency Analysis. 

Economic analyses of flood-control projects require information in regard to 

the likelihood that any particular degree of flooding will occur. Hydrologic 

measurements are combined and statistically treated to provide this information. 

The procedure analyzes a series of flood records (measurenents of peak dischar-

ges) and determines from these records the average time, in years between occur-

rences, of flood events of various magnitudes. The average time between sinilar 

events is termed the "return period" of the event. Thus if a record of flows 

for a given stream showed that a flood with a peak discharge of 50,000 cfs occur-

red five times in 100 years of record, the return period is 20 years, the flood 

is called a 20 year flood, and in terms of its chance of occurrence, it has 
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a frequency of 5% or a probability of 0.05 per annum. In general the record 

of flows is short, and it is difficult to obtain good estimates for flood fre-

quencies. 

There are two general types of frequency analysis: a) frequency analysis 

for a specific stream with an individual streamflow record; b) regional analy-

sis in which the records of several streams are combined to develop a set of 

areal measures that are applicable to all streams in the region. The second 

method is used for the Newhall-Saugus area and can be summarized as follows: 

Tim data available at each existing station in the area is used to develop 

a discharge-frequency relationship for the station. These are then adjusted 

for differences in record length among the stations to produce a set of compa-

rable frequency-discharge relationships. Based on this uniform set of data, 

a generalized regional relationship is derived - using physical and meteorolo-

gical measures together with calculated measures - that can be used to compute 

the frequency-discharge relationship for any point in the area. 

From records of the U.S. Geological Survey, the Los Angeles Flood Control 

District and Ventura County Flood Control District, the annual maximum and 

secondary recorded peak discharges for all stream-gaging stations appropriate 

to the analysis were tabulated. Missing records were estimated using a proce-

dure of graphical correlation byasiuming that adjacent stations have similar 

hydrologic characteristics, while records from stations having upstream diver- 

sions or regulation were adjusted to natural flow conditions. Then all stations 

with 10 or more years of record were selected as the data base for the regional 

frequency analysis. The assumption was made that the peak discharges at each 

station follow the log-normal distribution. The mean and standard deviation, 

M and S, were then computed from the logarithm of the sample-maximum discharges. 

The frequency or cumulative probabilities for the sample were then plotted on 

probability paper and a straight line fit was used to test the hypothesis that 

the sample follows a log-normal distribution or as the goodness of fit test. 

Then, with the assumption that the straight line fit is sufficient, frequency 

points for any synthetic dischargecanbegenerated by using the equation 

log Q = M + kS 	 (B.1) 
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Qn  = q0 A0.57P2.95 (B .2) 

= 0.001C,A
.85

P
2 

(3.3) 

where k is the magnitude in standard deviation from the mean for various ex-

ceedence percentages and is normally distributed With zero mean and standard 

deviation 1. 	The above procedure is valid for large samples, in which case 

the sum of the squared deviations from the straight line is used as a criterion 

which results in the well known x
2 

for goodness of fit test. For small samples, 

however, it is doubtful that valid conclusions can be drawn from the above ap-

proach and different methods may' be used to generate more sample points by 

statistical correlation with larger samples in the area. 

The statistics from stations having records less than 30 years were ex-

tended based on the statistics of nearby hydrologically homogenous stations 

having records greater than 30 years. Having changed the data to conparrble 

statistical samples, multiple regression was used to correlate peak discharges 

with the physiographic and meteorological characteristics of the drainage basin. 

In this multivariate analysis, the geometric mean flood, the antilogarithm of 

the mean M was the dependent variable for each station. The independent vari-

ables considered were: 

A = drainage basin area in square miles 
P = mean seasonal precipitation in inches 

N = the slope of the main channels in feet per mile 
L = length of main channel in miles 

Sh = drainage basin shape factor define as L
2
/A 

A multiple regression analysis was performed, and the least significant indepen-

dent variables were eliminated one at a time. The equation having the highest 

correlation coefficient was determined to be 

where 0 is the geometric mean flow and C the anti-logarithm of the regression 

constant and is termed the peak discharge coefficient. Since the independent 

variables retained through this analysis were the same as those derived in a 

larger study done by the U.S. Army Engineer District, Sacramento in 1960, it was 

concluded that the equation developed through the latter study should be used. 

This was 
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where the factor 0.001 was introduced to enable the use of more convenient 

CD values; it is observed that this is substantially different than Eq. (B.2). 

The basis for the decision to reject the regression equation developed 

from actual data for the area, in favor of the published equation, is not en-

tirely clear. It would appear that the stated reason - that the independent 

variables were the same - is not sufficient in itself. In order to investi-

gate this point, INTASA performed a regression analysis on the data listed in 

Table 2 of Appendix 2 of the report, to calculate Eq. (B.2). The results showed 

that the index of multiple determination (R
2
) for Eq. (B.2) was 0.53. This 

value of R
2 

is quite small and the hypothesis of the multiple regression model 

for grouping the stations physiographically and meteorologically should be 

rejected; R
2 
= 0.53 implies that the model represents only about 50% of the 

variation in the sample. However, the fact that this model was rejected does 

not necessarily imply that Eq. (B.3) will give a better fit on the sample. In 

fact, if R
2 

is calculated using Eq. (B.3) and the actual sample for the sta-

tions, it would be smaller than 0.53 as expected since Eq. (B.2) was the best 

fit for that particular sample. Even though the fact that the same indepen-

dent variables are retained in both equations does not alone justify the use of 

Eq. (B.3), a justification could be provided if the sample used to fit this 

equation was a much larger sample of a similar area and the area was found to be 

hydrologically homogeneous. In any case, this should be analyzed because of 

the obvious implications it has on the frequency-discharge relationships. 

Regionalization of the data was obtained by plotting the standard devia-

tion S of the logarithms of the flows for each station on a station-location 

map. Isograms were then drawn to provide smooth contours of S which give a 

measure of variability of the peak discharges for the area. The value of peak 

discharge coefficient Cr  from Eq. (B.3) was calculated for each station by sub-

stituting known values of Q n  and A and P into the equation. These values were 

plotted similar to the standard deviations and the isograms drawn give a regional 

presentation of the peak discharge coefficient C.
? 
 from which we can then deter-

mine the geometric mean flow using Eq. (B.3). Statistical tables from "Statis-

tical Methods in Hydrology", a 1962 report by the U.S. Army Corps of Engineers 

District in Sacramento, was used to develop a relationship between standard 

deviation values and the ratio of peak discharge to geometric mean discharge. 

B-18 



The frequency curve for any stream can now be obtained by determining the 

value of the standard deviation S from the isogram map and the stream in ques-

tion. This value is used together with the size of the area, the nean season-

al precipitation and the relationship between S and the ratio of peak discharge 

to geometric mean discharge to compute the peak flow for various frequencies. 

It should be pointed out that although the regional frequency analysis 

is conducted in accordance with generally accepted practice, judgment deci-

sions were made that might have significant impact on the resulting frequency 

relationships. As the economic analysis is now structured for the Newhall pro-

ject, the effect of different frequency relationships than those used would 

possibly have little impact on the net benefits since only a small proportion 

is due to damage reduction. However, given different procedures,such as the 

approach recommended in Chapter V of Part One, for measuring land enhancement 

benefits the hydrological issues raised in this section are of significance. 

B-l9 



V. ECONOMIC FORECAST FOR THE AREA 

Data for future development in the area was obtained from the land-use sur-

veys conducted by the California Department of Water Resources for purposes of 

water use s  from the Los Angeles Regional Transportation Study (LARTS) completed 

by the California Division of Highways, from the San Diego Planning Agency and 

from the Los Angeles County Planning Commission. On the basis of these data, esti-

mates for land use were obtained with and without the project. This included 

acreage developed for each land use category in the years 1964 and 1968 as well 

as the ultimate levels of development. The year in which this level is reached 

for each case was estimated on the basis of growth in the area and land availa-

bility. A constant rate of development was assumed between 1968 and this year 

of ultimate development. 

As an example the development of the residential acreage for the Santa Clara 

River is briefly discussed. In 1968 the number of acres developed was 351. 

Without the project, full development is expected in 1995 with a total number 

of acres developed equal to 398. With the project, full development is expec-

ted in 1985 with 871 acres. Thus, 473 acres of residential property develops 

as a result of the project. For the entire area the increase in developed land 

as a result of the project is 2653 acres as discussed in Chapter I of this Ap- 

pendix. The full development of the land is expected to be achieved in ten years, 

except for Placenta Creek where full development will be achieved in five years, 

the development is assumed to be exactly the same for the two projects considered, 

one based on county regulation And the other on the standard project flow'.. 

Estimates of the value of the property subject to flood damage based on 

1969 development were made by (a) valuation data furnished by owners or managers 

of property and (b) field inspection and appraisals of the development. An av-

erage value of this property was used in order to account for the depreciation 

of existing property over time, and for residential, agricultural and vacant 

property, the value of land was also included to arrive at the total property 

value. Estimates of property developed in the future were obtained on the ba-

sis of (a) interviews with industrial, commercial and residential developers who 

have plans for future expansion in the area, (b) new construction of like faci-

lities in the surrounding area, and (c) studies of overall southern California 
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growth based on past experience in land utilization. The different information 

obtained through these sources must then be used to arrive at estimates of pre-

sent and future values. The report does not indicate how these different sour-

ces of information are weighted in arriving at the estimates. 

The property value will increase with time because of the increase in the 

productivity of the overall economy. For residential, commercial and public 

property an average annual rate of 2.6% was assumed for the first fifty years. 

This rate was reduced to 1.3% for the last fifty years because of the uncertain-

ties associated with estimates so far in the future. For industrial property 

the rates used were 3% and 1.5% respectively. No increases were associated with 

channels, highways, railroads or agriculture, basically because it is difficult 

to predict their increase in productivity. We note, however, that the future de-

velopment of the area depends heavily on an efficient transportation system, and 

it can be expected that with increases in population density, the productivity 

of transportation will also increase. Based on the above estimates an average 

future value of each piece of property can be obtained. This value will be quite 

sensitive to the increase in productivity used as will be illustrated in Appen-

dix C on the Day project. For the Newhall project the accuracy of these estimates 

is not very crucial since it is used only in calculating damage reduction that 

makes up about 12% of the total benefits. 

Estimates of the value of the 2653 acres of enhanced land are presented in 

Table B.5. Without the project, the land is expected to be used for agriculture 

or remain vacant. The price of the land in that case is given in the first co-

lumn and no increase over time is assumed. With the project, the price of the 

land is expected to substantially increase during the lifetime of the project. 

Annual increases for different periods are given in the table. Fig. B.7 com-

pares the increase in land values given in Table B.5 with the increase in the 

productivity of the economy using an exponential growth of 2.6% for the first 

fifty years and 1.3% for the last fifty years. This will be further discussed 

in the section on land enhancement benefits. 
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Table B.5 

ESTIMATED VALUE OF LAND WITH AND WITHOUT THE PROJECT IN DOLLARS PER ACRE 

Price 	 With Project  
Without the 	Price in 	 Annual Increase in Value 

Project 	1975 	1976-1995 	1995-2005 	2005-2075 

Santa Clara River 	 1,000 	14,000 	1,500 	1,000 	 500 

Sand and Iron Canyon 	 1,000 	11,000 	1,500 	1,000 	500 
w 1 nJ 	South Fork of Santa Clara River 	3,000 	16,000 	1,500 	1,000 	500 
w 	 ^a 

Placenta Creek 	 2,000 	15,000 	1,500 	1,000 	500 

Newhall Creek 	 2,000 	12,000 	1,500 	1,000 	500 
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Figure B.7 

INCREASE IN PRICE PER ACRE IN SANTA CLARA RIVER AREA 
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VI. THE BENEFITS DUE TO THE PROJECT 

The benefits of the Newhall, Saugus and Vicinity project can be divided 

in three categories: (a) land enhancement benefits, (b) flood damage reduction 

and (c) adverse effect on water supply. 

The estimates obtained for the annual benefits are: 

Land Enhancement Benefits 	 $6,679,000 

Flood Damage Reduction 	 938,000 

Adverse Effect on Water Supply 	 -37,000  

Total 	 $7,580,000 

1, 	Land Enhancement Benefits. 

The land enhancement benefits were obtained as the difference in the value 

of the land before and after protection. This was shown in Table 13.5 where the 

land values for the different areas were estimated for 1975, project-year one, 

and an increase of $1500, $1000 and $500 per year was assumed for the indicated 

time periods. The enhanced land is expected to fully develop in 5 to 10 years, 

starting in 1975, and this newly developed land together with the increase in 

value results in a non-uniform stream of land value additions. The increases 

in value are obtained from Table B.5 and Fig. B.8 describes the total increase 

in value for the enhanced land in Santa Clara River. The total enhanced land 

of 800 acres will be fully developed in 10 years at a constant rate of 80 acres 

per year. Thus, the slope of the straight line in the first 10 years is $240,000 

per year and this includes the increase in value plus the increase in total land 

developed. After year 10 the only annual increase is that of $1500 per acre; 

subsequently, this rate is reduced to $1000 and then to $500 per acre as indi-

cated in Table B.5. 

The average annual benefits due to land enhancement are obtained by trans-

forming the non-uniform increases into an equivalent series of uniforr. increases. 

This uniform series can be determined by first obtaining the present worth and 

then multiplying it by the capital recovery factor. 

In the report two interest rates were used. First, present worth was cal-

culated using the interest rate of 4 5/8%, and then the capital recovery factor 

was obtained by using 7%. This capital recovery factor was applied to obtain 
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the equivalent uniform annual series. For Santa Claira, this results in aver- 

age annual benefit of $2,040,000. Using a capital recovery factor based on 4 5/8;; 

would have resulted in average annual benefits of $1,200,000. The land enhance-

ment benefits for each overflow area are given in Table B.6. The total land 

enhancement benefits are 6.7 million. This number depends heavily on the use of 

a capital recovery factor based on 7%; using 4 5/8% instead to obtain the equiva-

lent uniform annual series results in substantially lower benefits. Sirilarly, 

the average annual benefits per acre are expected to decrease from about 2,500 

to $1,500 and the total benefits by about three million dollars for the two 

alternative interest rates discussed. Although the appropriate discount rate to 

be used in evaluating a project for flood control may be debatable, it appears 

lorical to use the same discount rate for all aspects of that project. The reason 

for using at one point of the calculation one interest rate and at another point 

a second is not clear. 

As was demonstrated in Chapter IV of Part One, the lend enhancement benefits 

should be smaller than the total damages prevented in the enhanced area. This 

implies that the total damages prevented to the enhnnced land should be greater 

than 6.7 million. For the Santa Clara Fiver overflow area, this means that per 

acre the damages reduced should be greater than the land enhancement benefits 

of $2,550 per acre. Comparing this with the damage reduction of r270 per acre 

for land that would develop without the project (Table B.6), it can be concluded 

that the damage reduction in the enhanced land must be 9.5 tines that of the 

non-enhanced land. Pesidual damages were not subtracted explicitly. Either they 

were included in estimating the price of the land, or they were neglected as 

being small. For the property that would develop without the project, the 

residual damages amounted to about 9% of the total. Assuming that the same 

percentage of 9% applies to the enhanced land, a lower limit to the residual 

damages would be $600,000. Data on the reduced and residual damages for the 

enhanced land was not directly available to check the above limits. 

A detailed comparison of the estimated land enhancement benefits and the 

expected reduced and residual damages on the enhanced property is of significance. 

It may, for instance, help in determining if the benefits included in the total are 

- actually land enhancement benefits due to the flood control project, or if they in-

clude benefits due to other economic and environmental considerations. This situation 
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Table B.6, 

LAND ENHANCEMENT BENEFITS 

Average Annual Benefits 	Average 
Number 	Years 	 Damages 

of Acres 	to full 	Total- 	Per Acre- Per Acre- 	Per Acre 
Enhanced Development 	crf 7% 	crf 7% 	crf 4 5/8% w/o Project 

Santa Clara River 	 800 	10 	2,040,000 	2,550 	1,500 	270 w 1 tv 
w 	Sand and Iron Canyon 	 425 	10 	1,012,000 	2,380 	1,430 	225 

Mint Canyon 	 0 	N.A 	NA 	N.A 	N.A 	1370 

South Fork of Santa Clara River 	1245 	10 	3,170,000 	2,550 	1,560 	355 

Placenta Creek 	 160 	10 	407,000 	2,550 	1,560 	' 350 

Newhall Creek 	 23 	5 	 50,000 	2,170 	1,560 	 670 

Total 	 2653 	 6,679,000 



is explained in detail in Chapter IV of Part One. It is of special concern 

here because the choice between enhanced land and non-enhanced land is based on 

zoning regulations. If these zoning regulations are based on the same economic 

principles as those used in proper project evaluation, there should be no pro- 

blem. This, however, may not be the case. Furthermore, the value of the enhan-

ced land increases differently than the non-enhanced land as indicated in Fig. 3.7 

and if this difference is real, it may indicate the influ--c 	f otner economic 

or environmental factors than those of flood control. 

2. Damage Reduction. 

The reduction in damages is deterrined by thr. difference between the total 

expected damages that would occur without the project, an0 the associated non-

preventable damages with the project. The total expected damages without the 

project are obtained by determining the damage-frequency curve for each over-

flow area and by summing the total expected cost for each area. A typical dam-

age-frequency curve is given in Fig. 3.9, where the vertical axis gives the dam-

age in millions of dollars for the average future development and the horizontal 

axis the percentage chance that the given damages are equaled or exceeded. The 

area between the two curves gives the expected annual reduction in damages for 

the particular overflow area. A more detailed description of the mnnner in which 

the damage-frequency curves are obtained is given in the Appendix C for the Day 

project. 

The non-preventable damage-frequency curve is obtained by a downward shift 

of the part of the damage-frequency curve to the left of the frequency for which 

the project was designed. The extent of the downward shift depends on the type 

of flood protection. For the Santa Clara River, one side is protected by a levee 

which may break when the design flood is exceeded. As a result the downward 

shift is small and similar to the drawn non-preventable damage curve in Fig. 3.9. 

In all the other overflow areas box channels are used and for these the down-

ward shift is continued until the non-preventable damages for the design flood 

are equal to zero, as indicated by the broken curve in the figure. 

Land that will be enhanced with the project should not be included in the 

above calculations because inclusion would result in double counting. A more 

detailed explanation of this case is given in Chapter II, Part One. It is not 

clear from reviewing the report whether this land is excluded or not. In any 

case, the error that would be introduced by including it is small because without 

the project, the land use will be for agriculture, or it will be vacant. The 
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expected damages are in both cases small. The reduction in average annual dam. 

ages as a result of the recommended project for the Newhall, Saugus and Vici-

nity area is summarized in Table B.7. Without improvement the expected annual 

damages are $1,027,000, and with improvement $89,000 which equals an annual 

reduction of $938,000. 

Table B.7 

REDUCTIONS IN DAMAGES UNDEP AVERAGE PUTUPE CONDITIONS OF DEVELOWI•T 

Santa Clara River 

Sand and Iron Canyons 

Mint Canyon 

South Fork of the 
Santa Clara River 

Placenta River 

Newhall Creek 

Total 

Without 
Improvement  

242,000 

9,000 

206,000 

190,000 

198,000 

182.000 

1,027,000 

With 

LIMCIEIMMI 
42,000 

1,000 

6,000 

20,000 

8,000 

12 .000 

89,000 . 

Average Annual 
Reduction in 

  Damages  

200,000 

8,000 

200,000 

170,000 

190,000 

170 ,000 

938,000 

Average Annual Damages 

3. Adverse Effect on Water Supply  

A concrete lined channel along Placenta Creek adversely affects the ground 

water supply. About 525 acre-feet, valued at $70 per acre-foot, will be lost 

resulting in a total disbenefit of $37,000. The additional cost of an earth-

bottom channel is, however, larger than the loss. 
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__STUDY AREA 

San 
Bernardino 

Los Angeles 

Santa Ana 
River Drainage 

Basin 

. San 
\. Diego 

PACIFIC 

OCEAN 

I. DESCRIPTION OF THE PROJECT AREA 

The project considers the drainage area of the Day, East Etiwanda, and San 

Sevaine Creeks and their tributaries. These creeks are all tributaries to the 

Santa Ana River system which is within the South Coastal Hydrologic Subregion. 

A location map of the vicinity of the drainage area covered by this study is 

. presented in Fig. C.1. The Day, East Etiwanda and San Sevaine Creeks drainage 

area comprises about 90 square miles of which almost 20% is mountainous terrain. 

The remaining area is in a valley formed by a broad alluvial cone along the base 

of the mountains. The area of the project analyzed is contained in the counties 

of San Bernardino and Riverside and is approximately rectangular in shape with 

a maximum north-south length of 16 miles and an east-west width of 9 miles. This 

area has a total developable acreage of about 48,000 acres, of which the 34,680 

acres subject to inundation form the overflow area for the project. A sum- 

bolic representation of the land area is given in Fig. C.2. 

The present (1968) and projected land uses are listed in Table C.1. accor-

ding to the general categories of residential, other urban, agricultural and un-

developed land. The presently developed land amounts to 5,770 acres and an 

additional 21,510 acres is expected to develop with or without the project. This 

is shown in the second column of Table C.1. This level of full development is expec-

ted to be reached in 2026 and is given in the last column. The expected rate of 

Figure C.1 

LOCATION MAP DAY-EAST ETIWANDA STUDY AREA 
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Figure C.2 

SYMBOLIC REPRESENTATION OF LAND AREAS DISCUSSED IN 
DAY-EAST ET/WANDA REPORT (1968) 

land development is graphically presented in Fig. C.3, 

Both San Bernardino and Riverside Counties consider flood hazards in grant-

ing permits to construct residential tracts, but neither county requires flood 

protection beyond that of roughly a 10-year storm. It is assumed that developers 

can provide this level of flood protection and still remain competitive. Indus-

trial and commercial firms are cautioned as to possible flood dangers in the area 

but are not prohibited from developing the area without providing protection. 

Transportation facilities available to the area are excellent. Major rail, 

air and highway services are readily available. Three transcontinental rail-

roads traverse the study area. Ontario Airport is three miles from the area and 

is being developed into a major component of the Los Angeles area air transport 

System. The area is crossed by Interstate 10 and U.S. Highway 60 in an east-west 

direction and is twelve miles from U.S. Highway 395, a north-south highway. In 
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Agriculture 

RURAL 7,400 acres 

URBAN 27,280 acres 

Figure C.3 	 :■ 	
Developed 

PAST, PRESENT AND PROJECTED LAND USE: 
DAY, EAST ETIWANDA AND VICINITY 1968-2026 

Table C.1 

PRESENT AND PROJECTED LAND USE IN DAY, 
EAST ETIWANDA, SAN SEVAINE CREEKS OVERFLOW AREA 

Land Use Category 

Residential 

Other Urban Use 

Total Urban 

Agricultural 

Other Undeveloped 

Total Rural 

Total Land  

1968 

1,510 

426O 

5,770 

10,180 

l8730 

28,910 

34,68o 

Additional Land to 
be Developed; both 

With and Without 
the Project  

+ 8,810 

+12 700 

+21,510 

- 8,150 

-13 360 

-21,510 

0 

Ultimate 
Land Use 
(2026) 

10,320 

16, 960 

27,280 

2,030 

5.370 

7,400 

34,680 
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• 

addition three new freeways which have either been authorized or proposed will 

run through the area. Water now available together with water to be furnished 

from northern California is considered adequate to meet the needs of the area 

until about 1990. Similarly electric power will be available to meet power 

requirements under ultimate development. 

II. ALTERNATIVE FLOOD CONTROL MEASURES 

1. Non-Structural Alternatives  

The nature of the overflow area is such that flood zoning would be of small 

value. The entire area would probably have to be zoned from development 

because of the wide areas subject to overflow and the erratic courses that the 

streams are capable of developing. The reason for this is the highly erosive 

soil conditions that subject streams to blockage by debris deposits. For simi-

lar reasons benefits from flood proofing are uncertain because of the erratic 

nature of the water courses. Elevation pads were considered as the cheapest 

method of flood proofing, and their annual cost was estimated at $1,450,000. 

The degree of protection from such measures is not indicated, but it was stated 

that the level of protection would be far below that of the proposed project, 

which would cost $2,689,000 per year. 

2. Structural Alternatives  

The nature of the terrain and flows indicates that consideration should 

be given to flood control measures consisting of channel improvements in combi-

nation with debris basins or barrier structures. Based on preliminary Corps 

of Engineers studies the plan to combine channel improvements and barrier dams 

was rejected because this solution would not provide positive control for col-

lecting flows along the entire front and directing them to the single debris 

basin. Another plan which would use the individual stream basins as detention 

basins was rejected because the steep topography at the basin sites would require 

excessively high embankments to provide necessary storage. 

In developing the recommended plan involving channel improvements and de-

bris basins, consideration was given to various types and sizes of channels, 

ground water conditions and recharge area; and debris potential and methods of 

its storage and removal. In general, rectangular concrete channels with debris 

basins were selected, and chosen so as to maintain depressed channels within 

existing grade limitations. 



The recommended plan comprises 31.3 miles of channel improvement, seven de-

bris basins, and two inlets and a levee in small canyons for diversion of flow 

into two debris basins. In general the alignment of the proposed channels will 

be along existing channels. The individual elements of the proposed project 

are listed in Table C.2. The construction is divided into eight units listed 

in Table C.3; these are not the same as the individual stream elements, but com-

bine features of the project into packages that are logical to construct in a 

given time period. Separate plans and specifications will ultimately be provi-

ded for each of the recommended units. The timing sequence of the eight units 

is shown in Fig. C.4 together with the federal construction cost. Other than 

this, the report does not explicitly indicate that studies were made in regard 

to the timing or staging of the project. 

Studies were also made of channel improvements that can control a 100-year, 

50-year and 25-year flood. 

Table C.2 

INDIVIDUAL STREAM r.L.TwENT IMPROVEMENTS FOR 
DAY, EAST ETIWARDA, SAN SEVAINE CREEKS 

Individual 	 Channel 
Stream 	 Length 	 Debris 	 Other 

Elements 	 (miles) 	 Basin 	 Features 

Day 	 6.0 	 1 	. 

East Etiwanda 	 15.4 	 1 	 ' Inlet 

Henderson 	 0.4 	 1 	 Diversion , 
Levee 

Morse 	 0.7 	 1 

San Sevaine 	 2.2 	 1 . 

Haruber 	 0.7 	 1 	. 	 Inlet 

Crawford 	 3.0 	 1 

Fontana 	 2.9 

Totals 	 31.3 	 7 	 2 Inlets 
1 Levee 
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Individual 
Stream 

Element 

Federal 
Costs 

Non-
Federal 
Costs 

Total 
First 
Cost 

Total Annual 
Operation and 
Maintenance 

Costs 

$4,900,000 

4,900,000 

4,300,000 

3,900,000 

5,900,000 

3,600,000 

5,600,000 

4,800,000 

NW\ 
IIIIV 
NINNL■. 

Federal Construction 
Costs 

Table C.3 

ESTIMATED FIRST COSTS OF IMPROVEMENTS UNDER RECOMMENDED PLAN 
DAY-, EAST ETIWANDA, AND SAN SEVAINE CREEKS 

Day 

East Etiwanda 

Henderson 

Morse 

San Sevaine 

Hawker 

Crawford 

Fontana 

Total  

	

5,608,000 	996,000 	6,6o4,000 	61,000 

	

29,412,000 	4,251,000 	33,663,000 	92,000 

	

358,000 	 53,000 	 411,000 	6,700 

	

527,000 	113,000 	64o,000 	11,400 

	

2,276,000 	308,000 	2,584,000 	26,500 

	

708,000 	 88,000 	 796,000 	10,000 

	

2,719,000 	442,000 	3,161,000 	16,900 

	

2,658,000 	400,000, 	3,058,000 	8500 

	

44,266,000 	6,651,000 	50,917,000 	233,000 

Urit 1 

Unit 2 

Unit 3 

Unit 4 

Unit 5 

Unit 6 

Unit 7 

Unit 8 

Fiscal 

1 	1 
1 	2 

years since 

1 
3 	4 	5 

construction funds available 

Figure C.4 

RECOP14ENDED CONSTRUCTION SCHEDULE FOF 
DAY-EAST ETIWANDA FLOOD CONTROL WORKS 
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_III. COST ESTIMATES 

Detailed estimates were made of the costs of the recommended plan for con-

struction as well as operation and maintenance. A summary of these estimates 

is given in Table C.3 for each stream element. It includes the federal, non-

federal, the total first cost and the annual operation and maintenance cost. 

Remarks similar to the ones made in Appendix B apply here. 

IV. HYDROLOGY 

1. Design Floods  

The general considerations in determining the standard project flood, the 

maximum probable flood and the debris storage requirements and spillway capaci-

ties are the same as the ones discussed in Appendix B, Section IV. 

For the Day, East Etiwanda and San Sevaine area, the standard project storm 

was determined to be the thunderstorm of March 1943. The Hydrologic Engineering 

Center report, "Generalized Standard Project Painfall Criteria for Southern 

California Coastal Streams" dated March, 1967 was used to compute the standard 

project flood (SPF) peak discharges. The maximum probable flood was determined 

using the U.S. Weather Bureau estimates of probable maximum precipitation. 

Adjustments were made for the size of individual drainage areas and precipi-

tation-intensity patterns were selected to yield a maximum peak discharge. The 

peak discharges for the standard project flood and the maximum-probable flood at 

selected concentration points are listed in Table C.4, 

Debris basins provide and maintain storage space to accomodate the debris 

expected in any single major flood. Their storage requirements were determined 

by (1) considering the information on debris inflow in the Los Angeles area, 

(2) comparing the debris-production characteristics of the drainage area with 

those of drainage areas producing a known quantity of debris, (3) the size of 

major floods, and (4) a field inspection of the area. 

2. Frequency Analysis  

The frequency analysis conducted in the Day, East Etiwanda, San Sevaine area 

is based on a 4o year record of stream flows near the mouth of Day Canyon. As-

suming that the frequency-discharge relationship is log-normal in character, the 

data points for the peak discharges are plotted on log-normal probability paper 

using the formula 

f = 100 (n-0.3) / (t + 0.4) 

0-7 



Table C.4 

PEAK DISCHARGES AT SELECTED CONCENTRATION POINTS 
IN DAY-EAST ETIWANDA DRAINAGE AREA 

	

Standard 	 Maximum 

Concentration 	
Project 	 Probable 

Points 	
Flogd% 
kcis,  

Day Canyon 	 5500 	 15,500 

East Etiwanda Canyon 	 3900 	 9,200 

Morse Canyon 	 1600 	 4,100 

Henderson Canyon 	 1400 	 3,500 

San Sevaine Canyon 	 3000 	 7,700 

Hawker Canyon 	 1100 	 3,300 

Crawford Canyon 	 1400 	 3,700 

where f is the plotted frequency, n is the rank of the flood in descending order 

and t is the number of years of record. The best fitting curve to these plot-

ted positions was then drawn for the forty years of record for Day Creek, es-

tablishing its frequency-discharge relationship. Frequency-discharge relation-

ships for East Etiwanda, San Sevaine and Crawford Creeks were then determined 

by using their standard project peak discharges and the frequency-discharge rela-

tionship established for Day Creek on the basis that (1) all standard project 

peak discharges have the same frequency, and (2) the frequency-discharge curves 

are parallel to one another. A composite curve was also obtained for East Eti-

wanda Creek at Foothill Boulevard by considering the network of streams above 

this point. 

The basic assumption made here is that the different creeks and drainage 

basins are perfectly homogeneous. This assumption should be examined since the 

frequency relationships thus established form the basis for the economic analy-

sis because in this case almost all benefits result from damage reduction. 

As is clear from the above discussion, however, the accuracy of these dis-

charge-frequency relationships is not necessarily very high. In case a more 

accurate relationship cannot be obtained, the sensitivity of the damage reduc-

tion to different estimates of the discharge-frequency curve should be deter-

mined in order to provide a basis for sound economic analysis. 
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V. ECONOMIC FORECAST FOR THE AREA 

The forecast of land use in the area was again based to a large extent on 

the data obtained from the California Department of Water Resources and the Los 

Angeles Regional Transportation Study. No consistent data for land use over 

. 	time exists for the area under consideration and county plans have not yet been 

completed. The area is expected to develop in the same way with or without the 

project. Land uses are estimated for the different areas and land use catego-

ries for years 1968, 1986, 2006 and 2026. Full development of the areas is 

reached in 2026 and therefore development here takes much longer than for the 

Newhall project. The growth rate between the years at which estimates are made 

is assumed to be constant. 

The reason for anticipating the same development with and without the pro-

ject is due to the low level of County-required protection and the need for land. 

Under these conditions it should be examined whether development of the flood 

plain without the project is economically justified, or if it is mostly due to 

ignorance of potential flood damages. In the latter case, justification must 

be provided for the investment of federal funds to protect against loss of pro-

perty due to decisions based on ignorance, or a flood plain management plan should 

be developed which would prevent flood plain development based on irrational 

economic decision. 

The value of the present property and that of property being developed at 

a future time is estimated in a manner similar to the one used for the Newhall 

project. The values are again increased based on the increased productivity of 

the economy after which an average future value is calculated. Because the 

damage reduction accounts for almost all benefits, and since these are roughly 

proportional to the average future value, it is of interest to show the sensiti-

vity of the average future value to the assumed increase in productivity. Let 

d denote the rate of increase in productivity and a the discount rate. The vari-

ation of the average future value based on the rate d and discount rate a is 

given by 

100 i-1 	 101 v-  1 + d 	
( - d
1 + 	d 	1 + d (crf;a, 100) Vo 	(1-17-107) 	= (crf;a,10 0) V

o 	
- (1.77) 

a  
i=1 

(c. i) 

where V
o 

is the initial value of the land and crf(a;100) is the capital recovery 

factor for discount rate a and period of 100 years. 
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Future 
Value 

1 	 2 	 3 

% increase in productivity d 

Tits is plotted in Fig. C.5 as a function of the increase in productivity and 

for discount rates of 4.5% and 7%. It is clear from this that the estimate of 

the damages will be quite sensitive to the choice of the rate of increase in 

productivity. 

Figure C.5 

VARIATION OF AVERAGE FUTURE VALUE WITH 
PRODUCTIVITY AND INTEREST RATE 
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VI, THE BENEFITS DUE TO THE PROJECT 

The benefits from the Day project result from four different sources. The 

annual benefits for each of these are estimated as follows: 

Reduced Flood Damages 	 $9,233,000 

Area Employment Benefits 	 206,000 

Savings from Maintenance and Operation 	 24 000 

Advance Replacement of Bridges 	 19,000 

Total 	 $9, 482,000 

Thus, more than 97% of the benefits are due to the reduction in flood damages. 

1. Damage Reduction  

A general description of the evaluation of the reduction in damages due to 

the project was given in Appendix B. Here we will describe in more detail the 

manner in which the damage-frequency curve for each overflow area is obtained. 

For a particular peak discharge, damages are estimated on the basis of the depth 

of the water in the different areas. This depth is determined by first drawing 

the flood level countour as given in Fig. C.6a and then deriving the depth of 

the water in the various parts from the profile of the flood plain as illus-

trated in Fig. C.6b. The relationships between estimated damages and depth of 

water Are determined by the Local Corps District on the basis of historical data 

for each land use category and is given as a percentage of the property value. 

It is assumed that the depth of water at the time of the peak is sufficient to 

estimate the damages and that the time profile of the water depth is not needed. 

This assumption is a good approximation if the flood characteristics in the area 

under consideration are very similar to those in areas from which the data for 

the damage-depth relationship were obtained. It is not clear, however, if such 

a comparison between areas.is  normally undertaken. Furthermore, the assumption 

is made that the damages as a percentage of the property value will remain con-

stant over the 100-year period. That is, the increase of damages over time is 

proportional to the increase of property value. This assumption should be further 

studied since cases can be conceived where this is not expected to be tIle case. 

The expected annual damages are obtained by first calculating the average 

future value for property in the area that belongs to the same land use cate-

gory and also has the same elevation. This average future value is obtained in 
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a. Overflow Area 
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Figure C.6 

OVERFLOW AREAS AND DEPTHS FOR HYPOTHETICAL FLOODS 

order to account both for future land developments and for increases in value 

of the property over time. For a particular flood, the average future value 

is then multiplied by the ratio of damages to property value associated with the 

depth of water and the land use category. 

The sum of all damages so obtained for property in the overflow area together 

with the frequency of the flood considered give one point on the damage-frequency 

curve. For the Day project, these damage estimates were made for the standard 

project flood which is a 200-year flood, the 100-year flood, 50-year and 25-year. 

In addition, the frequency of the no damage flood is obtained as well as an esti-

mate of the damages for the maximum probable flood which has a frequency close 

to zero. Based on this, the damage-frequency curve is drawn as well as the curve 

for the non-preventable damages. The result for one of the overflow areas was 

presented in Fig. B.9. The area under the damage-frequency curve is equal to 

the expected annual damages for the overflow area. 

The proper expression for the average future value can be derived by 

considering the following expression for the average annual damages, 
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As I' 

L 100 K 
D = (crf;a,100)E 	E 	E 	1 	p(k)r(i,k)(1+d) 1-1  V(1,1) 	(C.2) 

L=1 i=io k=1 (1+a) i-1 

• 
where 

• V(1,) is the value of property R. in year 1 

is the year and i o  the first year of development 

is the annual increase in productivity 

is the total number of properties considered 

r(2,,k) is the ratio between damages and property value for property 9. and 

flood k 

p(k) 	is the probability of flood k 

is the maximum number of different floods considered 

a 	is the discount rate 

In practice the calculation is performed differently by first of all interchang-

ing the summation. 

L 	
+ i-1  D = 

	

p(k) i 	r(l,k)[(crf;a,100) 	v(1,0( 	() .11 	f 1____ 	,C.3,)  ... a 
k=1 	(i=1 	 i=i

o 

The expression in square brackets represents the average future value of property 

L. To simplify its calculation, the exponential growth is approximated by a 

linear segment for each ten-year period and the value at the end of each ten-

year period is multiplied by a factor obtained from a table specially prepared 

for this purpose. By summing the products, the average future value is obtained. 

2. . Other Benefits  

Construction and maintenance labor costs that would relieve the unemployment 

rolls are allowed as benefits accruing to the project. Based on studies made 

by the San Francisco District, Corps of Engineers, it was assumed that 10% of 

the project construction cost is used for labor obtained from unemployment rolls$ 

The average annual benefits are then $178,000. Studies made by the Los Angeles 

. District indicate that 55% of maintenance and operation labor cost also comes 

from unemployment rolls. This benefit must be decreased to zero over a 20-year 

, period and the resulting average annual equivalent value is estimated at $28,000. 
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The estimated average annual cost for maintenance and operation on the 

proposed replacements was not reduced by the existing average annual maintenance 

costs of $24,000. These are therefore included as benefits. Similarly, in 

calculating the cost of replacing bridges as required by the project, the lon-

ger lifetime of the new bridges was not accounted for, but it is included as 

a benefit of $19,000. 
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