
















































































































































































































































































































































































































































analysis effort required when interest rates change. In fact, most of the 

larger. computerized flood damage programs used on main frame-computers 

have had these formulas incorporated into their analytical package for 

some time. Following is a brief description of the formulas 

associated factors. Subsequent examples will illustrate their application 

in benefit-cost analysis. 

Sin,le payment. compound amount factor (Equation 1). This is the 

amount that will accumulate when $1.00 is invested at compound interest 

for a given period of time and the interest is not withdrawn. The single 

payment. compound amount. interest factor at 8 percent is (1 + .08)1. or 

1.08, for one year. (1 + .08)2. or 1.17. for two years. and so forth. 

Similarly, the compound amount of $1 in one year at 8 percent interest is 

$1.08, in two years $1.17, and so forth. 

Single payment. present worth factor (Equation 2). This is the 

amount that must be invested at the beginning of the period of analysis to 

have a value of 1 in a given length of time and a given interest rate. 

For example. the interest on $92,593 at 8 percent for one year is $7,407, 

and the interest and principal one year hence is $100.000. The present 

value of $100,000 received 1 year hence at 8 percent is, therefore, 

$92,593 and the single payment present worth factor is 0.92593. 

Capital recovery factor (Equation 3). The pay back of a financial 

obligation (both principal and interest) in equal installments is called 

amortization. The amortization factor is also referred to as the partial 

payment, the annualizing, and, most frequently, the capital recovery 

factor. It is the amount of the installment required to retire a debt of 

$1 in a given length of time. The product of the capital recovery factor 
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and the present worth of a benefit (~r cost) stream is the average annual 

(equivalent) value of that stream. 

Present worth of annuity (Equation 4), The present value of an 

annuity factor is the reciprocal of the capital recovery factor. It is a 

measure of the present worth of annual payments of $1 over a specified 

period of time. Since the present worth of an annuity is the reciprocal 

of the capital recovery factor, their product must always equal one. 

END-OF-ACCOUNTING INTERVAL CONVENTION 

Before presenting specific examples, one additional concept needs to 

be discussed. The end-of-accounting interval convention is typically used 

in discounting studies. That is, all payments that occur throughout an 
... 

accounting interval (most typically a year, but other intervals such as 

months or quarters can also be used) are treated as if they occur at the 

end of that accounting interval. This convention greatly simplifies the 

application of discounting conversions and, usually, does not introduce 

significant error. 

EXAMPLES 

SINGLE VAUJES 

The simplest of cases is where there is a single payment for which 

the average annual value is to be determined. Remember, for Corps' 

benefit-cost studies, the objective is to compute the average annual 

value, over the period 0/ analYSis, for all payments. To do this it is 

necessary to first convert ~l prior (during the construction period) and 

XI-9 



future (during the project life) payments to their present worth values at 

the beginning of the base year, and then convert the SUIll of present worth 

values to average annual values. 

If, in the single value example, the payment occurred at the end of 

the year immediately preceding the base year, the value of the payment 

would be the same as its present worth. 2 It would then only be necessary 

to convert the present worth, P, to an average annual, A, value for a 

specified interest rate, i, and nUIllber of years (period of analysis), n. 

Equation 3, above, is used for this conversion. The compound interest 

factor that results from solving the interest portion of this equation for 

a particular interest rate and time period is commonly referred to as the 

capital recovery factor. It indicates the amount of annual return 

required (for the particular interest rate and time period) to "recover" 

the value of the investment made. As an example: 

EXAMPLE 1: 

Amount of payment at base year (present worth) $1,000 

Interest rate - 8% 

Number of years in period of analysis 50 

Compound interest formula used (equation #) .. 3 

Average annual value - 1,000 x .081743 - $82 

2Tbe base year, the first year following implementation of a plan, is 
year one in the period of analysis. With the end-of-year convention, 
payments occurring during the base year would have to be discounted one 
year to determine their present worth value. Payments at the end of the 
year immediately preceding the base year are present worth values. 

3The value .08174 is derived either by solving the appropriate 
portion of Equation 3 with the applicable interest rate and time period (8 
percent and 50 years in this example) or by referring to Compound Interest 
Factor Tables as noted above. 
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· Next, consider t~e situation where the single payment occurs prior to 

the base year, (i.e., during the construction period). The present worth 

of this payment first needs to be computed, before the capital recovery 

factor can be used to determine the average annual value. Equation lean 

be used for this conversion, although a slight change in the terminology 

is required. In this situation, the future value (F) being solved for is 

actually the present worth value, since the timing of the payment occurs 

before the base year. Likewise, the value of the payment is used as the 

value of P when solving.the equation. This situation is illustrated in the 

following e~amp1e. 

EXAMPLE 2: 

Amount of payment 

Interest rate 

Number of years between prior payment and base year 

Compound' interest formula 

Present worth - 1000 x 1.2597 

- $1,000 

·S% 

- 3 

1 

$1,260 

Number of years 1n period of analysis - 50 

Compound interest formula - 3 

Average annual value - 1,260 x .08174 - $103 

In the final single value case, consider the situation where the 

single payment occurs after the base year, during the period of analysis. 

The first step is to discount the future value (F), to its present worth 

(P), in the base year. Equation 2 is used for this first step, and then, 

once again, Equation 3 is used to derive the average annual value from the 

present worth. 
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EXAMPLE 3: 

Amount of payment 

Interest rate 

Number of years between base year and payment 

Compound interest formula 

$1,000 

8% 

25 

2 

Present worth value 

Number of years in period of analysis 

Compound interest formula 

- 1000 x 0.1460 - $146 

50 

3 

Average annual value - 146 x .08174 $12 

EFFECT OF TIKING OF PAYMENT AND INTEREST RATE USED 

The above three examples not only illustrate the basic discounting 

principles under the simplest of scenarios, but also the effect of one of 

the important variables, that is the timing of the payment. In all three 

examples the number (1) and amount ($1000) of the payment are the same, as 

well as the interest rate (8%) and length of the period of analysis (50 

years). The only variable changed is the timing of the payment relative 

to the base year, yet the result is three substantially different average 

annual values. Thus, in the scenario presented above, the average annual 

equivalent value of a $1,000 payment three years prior to, at the 

beginning of, and 25 years after the base year is $103, $82, and $12, 

respectively. 

Similarly, the effect of the discount rate used can also 

significantly affect the results. For example, the following tabulation 

shows the results of the first three examples when using discount rates of 

4, 8 and 12 percent. and a 50 year period of analysis. That is, the 

present worth and average annual values for a single $1,000 payment 
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received 3 years prior to, at the beginning, and 25 years after the base 

year are shown for each of the three discount rates. As can be seen from 

this tabulation, the higher the discount rate, the lower the discounted 

value (present worth) of future payments. 

Present Worth Value at Average Annual Value at 

Timing of Payment 
3 yrs before base 
Base year 
25 yrs after base 

STRAIGHT LINE GROvm: 

4% 
$1,125 
1,000 

375 

8% 
$1,260 

1,000 
146 

12% 
$1,405 

1,000 
59 

4% 
$52 

47 
17 

8% 
$103 

82 
12 

Before addressing straight line growth, it is important to first 

12% 
$169 

120 
7 

discuss constant, annual, future values. (It is also important to remember 

that, in Corps' economic analysis, benefit-cost ratios are determined from 
.... 

average annual, rather than present worth, values.) It is widely 

understood that if there is a constant stream of annual value of, say, 

$20,000 for 50 years, the average annual value is $20,000. There is 

nothing magical about this, since this result is consistent with 

discounting and analyzing procedures, as demonstrated below: 

EXAMPLE 4: 

Uniform annual value 

Interest rate 

Period of analysis 

Compound interest formula 

Present worth 

Compound interest formula 

Average annual va1~e 

XI-l3 

... $20,000 

- 8% 

- 50 years 

- 4 

~ 20,000 x 12.233 = $244,700 

- 3 

- 244,700 x .08174 ~ $20,000 



Thus, the average annual value of a uniform stream of values of 

$20,000, is $20,000. Although somewhat obvious, the above finding also 

illustrates an important consideration in discounting. That is, when the 

discount rate is the same as the interest rate, (as for Federal water 

project analysis), the present worth (or discount) factor for a series of 

uniform payments is the reciprocal of the capital recovery (or analyzing or 

amortization) factor. Regardless of the interest rate, the product of 

these factors is, therefore, one, and the uniform and average annual values 

are the same. With this in mind, discounting of a future stream, including 

a straight line growth segment, will now be examined. 

EXAMPLE 5: 

Period of analysis 

Growth period 

Discount rate 

Base year payment 

Incremental increase in payments per year 

XI-14 

- 50 years 

- 25 years 

8% 

$20,000 

- $2,000 



The ~bove payment stream is depicted in Figure XI-2. A payment of 

$20,000 occurs in the base year (year 1). Payments increase by $2,000 per 

year through the 25th year, when the annual payment equals $68,000. 

Payments then remain constant at $68,000 per year for the remaining 25 

years of the period of analysis. This linear growth period conforms to a 

gradient series, typically used in engineering economy studies (Grant, 

1982). That is, the series changes at the end of each accounting interval 

by successively increasing multiples of a fixed sum. The gradient series 

does not begin until the end of the second accounting interval. If the 

gradient is g, the amount of yearly increase is then: zero for the first 

year, g for the second, 2g for the third, and (n-l)g for the nth. 

One way to estimate the average annual value of this stream is to 

repeat the process described for a single payment in Example 3 fbr all 50 

payments. That is, the present worth of each payment would first be 

determined by multiplying the payment by the appropriate single payment 

present worth factor derived from Equation 2. The sum of the present worth 

values for aliSO payments, multiplied by the capital recovery factor 

derived from Equation 3, would then yield the average annual value. This 

procedure can be readily accommodated by most micro-computer spreadsheet 

programs and. is incorporated into most computerized flood damage programs 

with a discounting capability. It is, however, quite tedious and time 

consuming when automated programs are not available. Several short-cut 

methods are available, one of which relies on the gradient series present 

worth factor, (Equation 5), that is, given g to find P. 
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p - [
(1 + 1 )n - 1] 

1(1 + i)n 
(5) 

When using the gradient series factor, the payment stream depicted in 

Figure XI-2 is analyzed in two segments. Segment I represents the constant 

portion of the payment stream. As illustrated in Example 4 above, the 

average annual value of a constant payment stream is the annual amount of 

that stream, or $20,000 in this example. 

The second segment contains two parts: a gradient series increase 

(Segment IIA), and a constant payment stream (Segment lIB). To find the 

present worth (in the base year) of Segment IIA, the gradient amount, 
.. ' 

($2,000), is multiplied by the present worth of a gradient series factor 

for 25 years at 8 percent, (B7.BO derived from Equation 5), or $2,000 x 

87.80 - $175,600. It requires two steps to determine the present worth (in 

the base year) of Segment lIB. The amount of the payment stream, ($68,000 

- $20,000, or $48,000) is first multiplied by the present worth factor of 

an annuity for 25 years at Bpercent, (10.675 from Equation 4). This 

yields the present worth of the payment stream ($512,400 in this example), 
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at the beginning of year 26 (or end of year 25). This value is then 

multiplied by the single payment present worth factor for 25 years, (.1460 

from Equation 2), to determine the present worth value in the base year, 

($74,810). The sum of the present worth values of Segment IIA and Segment 

lIB, or $250,410 ($175,600 + $74,810), is then multiplied by the capital 

recovery factor, (.08174 from Equation 3), to determine the average annual 

value, or $20,470 (rounded) for the 50 year period of analysis. 

The sum of the average annual values from Segments I ($20,000) and 

IIA&B ($20,470) is the average annual value for the entire payment stream, 

or $40,470. 

STRAIGHT LINE GRowm VITH MULTIPLE RATES 

In the above example, there was only one growth rate throughout the 

entire growth period, that is the constant annual increase of $2,000 over 

the first 25 years. More often than not in an actual planning study, the 

rate of growth may change, often· between decades.. during the growth period. 

The above procedure can still be used: however, some additional analysis is 

necessary. For example, consider the situation depicted in Figure XI-3 and 

described below. 
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EXAMPLE 6: 

Period of analysis 

Discount rate 

Incremental increases in payments per year 

Years 2-10 

Years 11-25 

- 50 years 

- 8 percent 

- $2,000 

- $1,000 

Using the gradient series approach, the average annual value for each 

of the three segments of the payment stream depicted in Figure XI-3 are" 

computed and" then summed, to estimate the average annual value for the 

entire stream. The computational process is as follows: 

Se~ent I: The derivation of the average annual value for Segment I 

is identical to that used in Example 5. That is, the average annual value 

of a constant payment stream of $20,000 per year throughout the period of 

analysis is $20,000. 

Segment IIA48: The present worth (in the base yeat) for Segment IIA 

is $51,960, determined by multiplying the gradient, ($2,000), by the 

present worth gradient series factor for 8 percent and 10 years, (25.98 

from Equation 5). Segment lIB represents a constant payment stream of 40 

years, (years 11 through 50). Remembering the end-of-accounting interval 

convention, (page XI-9), the amount of this payment stream is $19,000, that 

is the end-of-year 11 payment, ($39,000), less the constant payment of 

Segment I, ($20,000). The present worth (in the base year) of Segment lIB 

is then the constant payment, multiplied by the present worth of an annuity 

for 40 years from Equation 4, multiplied by the single payment present 
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worth factor for 10 years from Equation 2, or $104,950, ($19,000 x 11.925 x 

.4632). The sum of present values of Segment IIA, ($51,960), and Segment 

lIB, ($104,950), or $156,910, multiplied by the capital recovery factor, 

(.08174 from Equation 3), yields the average annual value of $12,826 for 

the combined Segment IIA&B. 

Segment III A&B: The average annual value for Segment IIIA&B is 

somewhat similarly determined as for Segment IIA&B. The present worth (in 

the base year) of Segment IlIA is the amount of the gradient, (now $1,000), 

multiplied by the present worth of a gradient series factor for 15 years 

from Equation 5, multiplied by the single payment present worth factor for" 

10 years from Equation 2, or $22,183 ($1,000 x 47.89 x .4632). The.amount 

of the constant payment of Segment IIIB is $14,000, that is the maximum 

annual payment ($53,000) less the sum of the constant payments frbm Segment 

I ($20,000) and Segment lIB ($19,000). The present worth (again, in the 

base year) of Segment IIIB is then the constant payment, multiplied by the 

present worth of an annuity for 25 ye'ars (from Equation 4), multiplied by 

the single payment present worth factor for 25 years (from Equation 2), or 

$21,820, ($14,000 x 10.675 x .1460). The sum of the present values of 

Segment IlIA ($22,183) and Segment IIIB ($21,820), or $44,003, multiplied 

by the capital recovery factor for 50 years (.08174 from Equation 3) yields 

the average annual value of $3,597 for the combined Segment IIIA&B. 

The average annual value for the entire payment stream is then the sum 

of the average annual values from Segments I, IIA&B, and IIIA&B or, 

approximately, $36,400 ($20,000 + $12,826 + $3,597). 
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EXPONENTIAL GROWTH RATES 

For many projects, future benefit and cost streams are projected to 

grow at exponential, rather than linear growth rates. As with linear 

growth projections, one method for determining the average annual value of 

a payment stream with an exponential growth component is to determine the 

present worth of each annual payment, sum the present worth of all 

payments, and amortize the total. An alternative procedure is available 

when the growth rate and period of growth are known. Consider the payment 

stream depicted in Figure XI-4 and summarized below. 

EXAMPLE 7: 

Period of analysis 

Discount rate 

Initial (base year) payment 

Growth rate per year 

Number of years in growth period 

- 50 years 

- 8 percent 

- $20,000 

- 2 percent 

- 25 

Somewhat similarly to the linear growth examples described above, the 

total payment stream is divided into segments for estimating the average 

annual value. A cumulative present worth factor (CPW) is used for 

estimating the average annual value for the growth period (Segment I), 

while the basic compound interest formulas, described at the beginning of 

this chapter, are used for the period where the payment is constant 

(Segment II). 
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Se&ment I: The cumulative present worth factor is: 

Cpy _ «1 - (l + k)-(n-l»/k) + 1 
1 + i (6) 

where: 

CPW - cumulative present worth, or the summation of all future 
discounted values in the growth period. 

k - «1 + i)/(l + j» - 1 

i-discount rate (8% in this example) 

j - growth rate (2% in this example) 

n - number of years in the growth period (25 in this example)4 

Solving Equation 6 for the example conditions yields a CPW factor of 

12.6741. Multiplying this factor by the initial payment in the growth 

period yields the total cumulative present worth (at the beginning of the 

period) of all payments for that period. In this example, 12.6741 x 

$20,000, or $253,482 is the cumulative present worth, in the base year, of 

all payments for the years 1-25. The capital recovery factor, Equation 3, 

is then used to convert the cumulative present worth in the base year to an 

average annual value for the period of analysis ($253,482 x 0.08174 -

$20,720). 

Se&ment II: Segment II represents a constant annual payment over the 

remainder of the period of analysis, 1. e. period of analysis less length of 

growth period(s)~ In this analysis, the constant payment is $32,200 and 

the remainder of the period of analysis is 25 years. The average annual 

value for this segment is computed similarly to Segment III in Example 6, 

4Again, the gradient series concept is used. The year 1 payment is 
$20,000. Payments then increase by two percent a year, beginning with the 
year 2 payment. The payment in year 25 is $20,000 x (1.02)24. 
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except that the first step is not required. Multiplying the constant 

payment ($32,200), by the present worth of an annuity factor for 25 years 

(10.676 from Equation 4), yields the present worth of the segment at the 

end of year 25 ($343,767). Multiplying this value by the single payment 

present worth factor for 25 years (0.1460 from Equation 2), yields the 

present worth in the base year ($50,190). Finally, mUltiplying the present 

worth value by the capital recovery factor for 50 years (0.08174 from 

Equation 3) yields the average annual value ($4,102) for the period of 

analysis. 

The sum of the average annual values from Segments I and II ($20,720 + 

$4,102) then yields the average annual value for the entire payment stream, 

(approximately $24,800 for this example). (Note: For this, as well as 

previous examples, it is not necessary to separately annualize the present 

value for each segment. The same result is obtained if the separate 

present values for each segment are first summed, and then the sum 

multiplied by the capital recovery factor.) 

NEGATIVE GROWTH 

The three previous examples were all based on increasing future 

trends. There can, of course, be declining trends. This topic will be 

addressed in less detail, however, since these cases are the exception, and 

since much of the previous discussion on growth curves still applies. 

Nezative straight line growth. Example 8 is, basically, the reverse 

of the situation depicted in Example 5. That is, an initial payment of 

$68,000 is received in the base year. Payments then decline by $2,000 per 

year until year 25 when they equal $20,000, and remain constant for the 
~ 



remainder of the period of analysis. 

Figure XI-So 

EXAMPLE 8: 

Period of analysis 

Growth period 

Discount rate 

Base year payment 

This payment stream is depicted in 

50 years 

25 years 

- 8% 

- $20,000 

Incremental decrease in payments per year $2,000 

To compute the average annual value for the entire stream, estimates 

of the two Segments, I and II, are needed. As in Example 5, the estimate 

of Segment I is straightforward, the average annual value of a constant 

stream of payments of $20,000, is $20,000. 

The approach to Segment II is less obvious, however, since this 

represents a declining, rather than an increasing, payment stream. It can 

be seen, however, that the sum of Segments II and III equal a constant 

payment stream ($68,000 - $20,000, or $48,000 in this example) throughout 

the period of analysis. In addition, Segment III can be treated as an 

increasing growth segment, increasing by $2,000 per year, from a payment 

of $0 in year 1, to $48,000 in year 25, and then remaining constant for 

the remainder of the period of analysis. Although graphically Segment III 

is an upside down version of Segment IIA&B in Figure XI-2, (Example 4), 

its average annual value is calculated exactly the same, and is also equal 

to $20,470. The average annual value of Segment II in Example 8 is then 
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$48,000 - $20,470, or $27,530, and the total value of the payment stream is 

$47,530 ($20,000 from Segment I plus $27,530 from Segment II). 

Negatiye exponential &rowth. To properly discount a trend that 

declines exponentially, it is first necessary to have an understanding of 

the derivation of a negative growth rate. The equation used for this 

computation is: 

(1 - j)n-l - T/B 

Where: 

T - terminal value or nth year value 

B - base (year 1) value 

j - growth rate 

n - growth period in years (Note: Again the gradient series concept 

is used. That is, if there are n years in the growth period, 

(n - 1) increments of growth will occur.) 

With a growth period of 10 years, and base and terminal values of 

3,000 and 4,000, respect'ively, the computation of· j is as follows: 

(1 - j)9 - 3000/4000 - .75 

(1 - j) - (.75)1/9 - .9685 

j - .9685 - 1 - -.0315 

The annual rate of decline, is 3.15 percent, or j - -.0315 in this example. 

The formula for estimating the average annual value for an exponential 

growth period presented earlier, (Equation 6), can still be used when 
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addressing negative exponential growth; the negative growth rate is merely 

substituted for j, instead of a positive value. 

SOME SPECIAL CASES 

The planner will find it necessary to do discounting in certain 

situations that can be considered unique. These include benefits (or 

credits) for advanced bridge replacement, major replacement costs, periodic 

maintenance, and operation and maintenance (O&M) costs. Again, techniques 

developed previously are applicable to some of these cases, as discussed 

below. 

Advanced bridge replacement. For many projects, relocations will 

result in the replacement of existing bridge facilities. Often the 

expected life of the replacement bridge will be greater than that of the 

existing structure, thereby extending the life of the bridge service being 

provided. Since the total cost of the new bridge is included in the first 

cost of the project, a credit for this extension is needed on the benefit 

side. A credit is also needed if any reduction in O&M costs will occur 

during the remaining life of the existing facility. Samplecomputations 

required to compute these benefits are presented in the following example 

and described below. All the interest factors used have been previously· 

presented. 
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EXAMPLE 9: SAMPLE COMPUTATION OF BRIDGE REPLACEMENT BENEFITS 

1. Cost of new bridge - $500,000 

2. Life of new bridge - 50 years 

3. Remaining useful life of existing bridge - 20 years 

4. Extension of bridge life (21st through 50th year) - 30 years 

5. Annual O&M of existing bridge - $5,000 

6. Annual O&M of new bridge - $2,000 

7. Interest rate 8% 

8. Capital recovery factor (for 50 years) - 0.08174 

9. Annual cost of new bridge - $500,000 x 0.08174 - $40,900 

10. Present worth of annuity factor for 30 years - 11.258 

11. Benefits in year 20, credited to bridge life 
extension - $40,900 x 11.258 - $460,500 

12. Single payment present worth factor for 20 years - 0.2145 

13. Present worth in year 1 of bridge 
extension - $460,500 x 0.2145 - $98,800 

14. Annual O&M savings (years 1~20) - $5,000 - $2,000 - $3,000 

15. Present worth of annuity factor for 20 years - 9.818 

16. Present worth in year 1 of O&M 
sav.ings =- $3,000 x 9.818 - $29,500 

17. Present worth of total credit $98,800 + $29,500 - $128,300 

18. Average annual credit (benefit) - $128,300 x .08174 - $10,500 

The first seven lines of Example 9 describe the basic conditions and 

values needed for the analysis. The basis for the credit for the extension 

of the useful life is that the replacement cost for the existing bridge 

will be deferred for 30 years. The annual credit for years 21-50 is 

assumed to be equal to the average annual value (cost) of the new bridge 
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for each of those years. This annual value (line 9) is estimated by 

multiplying the cost of the new bridge (line 1) by the capital recovery 

factor (line 8). The credit is a constant annuity in years 21-50. Its 

present worth in year 20 (line 11) is the amount of the annual annuity 

(line 9) multiplied by the present worth of an annuity for 30 years (line 

10). The present worth in the base year (line 13), is then this value 

multiplied by the single payment, present worth factor for 20 years (line 

12). 

The estimated annual savings in O&M costs expected during the 

remaining useful life of the existing bridge are $3,000 (line 14). These 

annual savings would accrue during the first 20 years, and their present 

worth (line 16) is the product of the annual value and the present worth of 

an annuity for 20 years (line 15). The present worth of the to~al credit 

(line 17) is the sum of the present worth of the bridge extension credit 

(line 13) and annual O&M cost savings (line 16). ~e average annual value 

of the credit (line 18), is the pre~ent worth value multiplied by the 

capital recovery factor for 50 years (line 8). 

Periodic Maintenance. Often project maintenance expenditures will 

occur at periodic intervals, rather than uniformly every year. In the 

following example, the project life is assumed to be 50 years with periodic 

maintenance expenditures of $75,000 required every 10 years. Note that no 

expenditures are included beyond the 40th year since any additional 

expenditures would cover a period beyond the project's life. 

XI-3l 



EXAMPLE 10: SAMPLE COMPUTATION FOR PERIODIC EXPENDITURES 

1. Life of project - 50 years 

2. Expenditure cycle - 10 years 

3. Discount rate - 8% 

4. Periodic expenditure - $75,000 

5. Present·worth of 10th year value - single payment, 
present worth for 10 years, 0.4632 x.$75,OOO - $34,700 

6. Present worth of 20th year value - single payment, 
present worth for 20 years, 0.2145 x $75,000 - $16,100 

7. Present worth of 30th year value - single payment, 
present worth for 30 years, 0.0994 x $75,000 $7,500 

8. Present worth of 40th year value - single payment, 
present worth for 40 years, 0.0460 x $75,000 - $3,500 

9. Total present worth - (5) + (6) + (7) + (8) - $61,800 

10. Average annual value - capital recovery factor 
for 50 years, 0.08174 x $61,800 $5,100 

Major Replacement and Operation and Maintenance. If future 

replacement is a single event, the procedure for discounting is the same as 

that described for a single future payment in Example 3 above. If the 

future replacement is recurring, the proced~re for discounting is the same 

as that just described for periodic expenditures in Example 10. Where 

operation and maintenance occurs annually and the value is constant, as is 

usually the case, the average annual value is equal to the constant O&M 

expense, as presented in Example 4. 

Interest during construction. According to EP 1105-2-45. interest 

during construction (IDC) accounts for the cost of capital incurred during 

the construction period. The cost of a project to be amortized is the 

investment incurred up to the time that the project begins to produce 
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benefits, or the time when it is placed in operation. The investment cost 

at that time is the sum of construction and other initial costs plus 

interest during construction. 

Costs incurred during the construction period should be increased by 

adding compound interest at the applicable project discount rate from the 

date the expenditures are incurred to the beginning of the period of 

analysis (base year). Interest on any additional expenditures incurred 

after the in-service date will be an operating expense. Following is an 

example of the calculation of IDC assuming uniform, end-of-month payments. 

The process is similar when using more typical, irregular monthly payments, 

(that is costs varying with the construction season or cycle), when using 

different accounting periods, (for example years rather than months), or 

when assuming a different timing of payments, (for example, costs being 

incurred at the middle, rather than the end of the month). 
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EXAMPLE 11: SAMPLE COMPUTATION FOR INTEREST DURING CONSTRUCTION 

Aj Input Data 

1. Construction period· - 2 years 

2. Total construction cost - $24,000,000 

3. Middle of month uniform payments - $24,000,000/24 - $1,000,000 

4. Annual interest rate - 8 3/8% 

B: Determination of Monthly Interest Rate 

5.(1 + 1)12 - 1.08375 

1 + i - (1.08375)1/12 

1 - .00672 

C: IDC Computation 

n 
6.IDC - l: Pm[(l + i)n-1 - 11 

m-l 

where: 
n - number of periods, in months 
Pm - the mth monthly payment 
i-monthly interest rate 

7. IDC (from Table XI-l) 
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TABLE XI-I 
EXAKPI..E IDe COKPUTATIONS 

Month Payment Interest Factor Interest 

1 1,000,000 x [ (1.00672)23_1] $166,500 

2 " x [ (1. 00672) 22_1] 158,800 

3 " x [ (1. 00672) 21_1] 151,000 

4 " x [ (1.00672)20_1] 143,300 

5 " x [(1.00672)19_ 1 ] 135,700 

6 " x [ (1.00672)18_ 1 ] 128,100 

7 " x [(1.00672)17_1] 120,600 

8 " x [ (1.00672)16_ 1 ] 113,100 

9 " x [ (1.00672)15_1] 105,700 

10 " x [ (1. 00672) 14 -1 ] 98,~00 

11 " x [ (1. 00672) 13 -1 ] 91,000 

12 " x [(1.00672)12_1] 83,700 

13 " x [(1.00672)11_1] 76,500 

14 " x [(1.00672)10_1] 69,300 

15 " x [(1.00672)9 -1] 62,100 

16 " x [(1.00672)8 -1] 55,000 

17 " x [(1.00672)7 -1] 48,000 

18 " x [(1.00672)6 -1] 41,000 

19 " x [(1.00672)5 -1] 34,100 

20 " x [(1. 00672)4 -1 ] 27,200 

21 " x [ (1.00672)3 -1] 20,300 

22 " x [(1.00672)2 -1 ] 13,500 

23 
.-.~ 

[(1.00672)1 >11 x -1] 6,700 

24 " 
?i 

[(1. 00672)0 -1] 0 x 

Total 24,00Q.QOO $1;949,000 

XI-35 ~ .'. 



Again, the first four lines in Example 11 describe the basic 

conditions and values needed for the computations. In line 5, the monthly 

interest rate to be used in the computations is derived. Normally in 

financial analysis, the monthly rate is found by simply dividing the annual 

rate by twelve. For example, if the annual rate is 12 percent, the monthly 

rate is 12/12 or 1 percent. However, because of the cumulative nature of 

compounding, interest earned on 12 percent compounded monthly will be 

greater than on 12 percent compounded annually. The difference can be 

derived from equation 1, presented at the beginning of this chapter. The 

single payment, compound amount factor for an interest rate of 1 percent, 

compounded over 12 periods, is 1.1268, whereas the factor for an interest 

rate of 12 percent, compounded over one period is 1.1200. This stated 

annual rate of 12 percent is usually. called the nominal rate, whereas the 

compounded rate of 12.68 percent is usually referred to as the effective 

~. 

Since the objective of benefit cost analysis is to compare all benefit 

and cost streams at the same annual discount rate, it is necessary for the 

IDC computations to find the interest rate that, compounded monthly, will 

yield an annual effective rate equal to the discount rate being used. This 

can be done by solving the equation provided at line 5. 

Once the monthly rate to be used has been determined, the IDC can be 

computed. The equation at line 6 is for computing the total interest 

earned for n monthly installments at a rate of i. Solving this equation 

(Table XI-1), at an interest rate of 8 3/8 percent, for '24 monthly payments 

of $1,000,000, will yield the total interest earned, $1,949,000 in this 

example, at the time of the final payment. If the payments are assumed to 
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be incurred at the end of the month, then the final payment will usually 

occur concurrently with the beginning of the base year. The interest 

calculated with the equation at line 6 is then the total IDC. However, if 

some other timing of payments is assumed (e.g., EP 1105-2-45 suggests 

interest be computed from the middle of the month in which expenditures are 

incurred), then the additional interest that would be incurred between the 

timing of the final payment and the beginning of the base year may also (if 

significant) need to be calculated and included in the final estimate of 

IDC. 

SUMMARY 

The above examples have been presented to illustrate some of the basic 

discounting concepts and procedures that are often used in water resource 

development benefit-cost analysis. In order to clearly illustrate the 

concepts involved, lengthy hand calculations wer~ sometimes used, 

(especially Example 11). Some short-cut techniques were presented that can 

reduce the computations required and, as indicated, closely approximate the 

estimates derived from more detailed, analytical approaches. These latter 

approaches, however, are readily adaptable to micro-computer spreadsheet 

and other software programs. Analysts are encouraged to use such programs. 

They are relatively easy to use, can minimize set-up and computational 

errors, and can easily incorporate changes in such factors as interest and 

growth rates and price levels. 
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CHAPTER. XII 

REPORT OOCUKENTATION GUIDELINES 

The purpose of a feasibility report is to summarize the extent of the 

flood problem, present the possible solutions to the problem, and justify 

the basis for a recommended action or a nOMproject alternative. In 

presenting the project evaluation, there must be enough detail that a 

reviewer can ascertain the existing conditions and the projections that go 

into making the calculations. 

The benefits of the recommended plan, the NED plan if it differs from'·· 

the recommended plan, and any other plan carried through the planning 

process should be documented in the feasibility report. 

The benefits of each plan should be displayed in current dollars for 

existing conditions and for conditions expected during the base year, and 

in ten year increments through 50 years beyond the base year. Condit~ons 

are usually assumed to remain constant after 50 years. Benefits for all 

years beyond the base year should be discounted by the administratively 

established rate. 

Further guidelines for the contents of reports can be found in ER 

1l05 M2M60, Planning Reports, 22 November 1985. 

Feasibility reports with no recommended action. Feasibility reports 

that recommend no Federal action can be abbreviated in detail to show only 

the information needed to support the recommendations. 

Reevaluation reports. When a new authorization or congressional 

postMauthorization approval is required after a reevaluation is submitted, 

the conclusions should be docUmented to the same detail as the original 
-?i 

XIIMl 



feasibility report. Otherwise, only an updating or reevaluation of the 

essential supporting information is required. 

VERIFICATION OF :&BREF1TS 

It is also of major importance to include tests or exercises for 

judging the validity of each measure. Several of those procedures are 

described below. There are at least five possible checks which can be 

performed to determine if benefits are reasonable and what difference 

there might be in the estimates of the net benefits or the benefit-cost 

ratio if any of the major assumptions were to change. 

SENSITIVITY ANALYSIS 

Sensitivity analysis is a valuable tool to substantiate an optimal 

solution when several variables are involved in a model. Planners can use 

sensitivity analysis to illustrate the range of values and conditions for 

which a project is justified, and how changes in the values of' certain 

variables would affect which plan is re~ommended or the composition of the 

optimal project. The feasibility report' should illustrate cases where the 

optimal plan is particularly sensitive to the ranges of values for any 

variable. 

Sensitivity analysis should be applied to variables for which there 

is a particularly large degree of uncertainty. Confidence limits are an 

excellent tool for establishing the degree of uncertainty for any 

particular variable. Values are taken from both ends of each set 
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of confidence limits and used to recalculate benefits and compare them 

with the original estimates. 

CONFIDENCE LIKITS FOR CRITICAL VARIABLES 

Confidence limits will indicate, for selected degrees of certainty, 

the range of the actual values within which a variable would lie. As an 

example, Figure XII-l indicates that there is a 95% probability that the 

true value of.the elevation-frequency function lies within confidence 

bands shown in the illustration. In response to the requirement for more 

detailed analysis of risk and uncertainty, hydrologic analysis has begun 

including confidence limits for calculations of elevation-frequency 

relationships. Confidence limits can also be shown for structure value, 

content value, and depth damage relationships. Either 90 or 95% ' 

confidence limits are appropriate for most planning purposes. The size of 

confidence limits is determined by the extent of dispersion within the 

sample data. 

AVERAGE STRUCTURE AND CONTENT VAllJES 

The average annual flood loss is compared with the structure value to 

determine if the estimated flood losses are reasonable. A very high 

damages-to-structure value ratio may indicate that annual flood damage 

estimates are too high. For example, it would be unreasonable to assume 

that a flood victim would continue to invest in a property that was 

receiving losses of greater than a stipulated percentage of the total 

structure value. An unreasonable damage-to-value ratio might also be due 
·-1 

, 
to inaccurate e1evation-freq~ency data . 
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It is also useful to relate the estimated increase in structure and 

content damage to the estimated increases in the number of structures as 

well as structure and content values. Whenever increases in damages are 

based upon increases in value, a sensitivity analysis should be 

accomplished under alternate assumptions. The importance of changes in 

number of structures and the overall mix of structure types can also be 

changed in order to determine the effect of those changes on project 

benefits. 

BREAK- EVEN YEARS 

If a project's justification is dependent on future development, then 

the break-even year should be noted. The break-even year is the year that 

benefits from future bring the benefit-cost ratio to above 1.0. Break~ 

even years can be expressed for benefits computed in undiscounted or 

discounted dollars. 

INTERNAL RATE OF RETURN 

The internal rate of return is the interest rate for which benefits 

equal cost when benefits are discounted over the period of analysis. 

DISCOUNT RATE 

The discount rate for project justification is locked in when a 

project is authorized. In evaluating already authorized projects, the 

effect of using the current discount rate should be illustrated. 
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APPENDIX A 

INSTITUTIONAL SETTING 

STATUTORY SETTING 

Federal responsibility in flood mitigation activities was established 

by legislation over a period of many years, with initial efforts in the 

Lower Mississippi River Valley. The most influential legislation and 

Executive Orders are described below: 

1) The Mississippi River Commission. 1879. (Public Law 46-34), 

established the Corps of Engineers' role in flood control activity, with 

the formation of the Mississippi River Commission to consider flood 

problems in the Lower Mississippi Valley. From 1879 to 1917, the .' 

Commission's role was limited to hydrologic surveys and the raising and 

repair of eXisting levees as they related to channel conditions. The 

original authorization was extended to the headwaters of the Mississippi 

River. Today, the MRC jurisdiction covers the main stern of the 

Mississippi and major portions of its tributaries from Cape Girardeau, 

Missouri, to the Gulf of Mexico. 

2) The Flood Control Act of 1917 (Public Law 64-367). authorized 

the first flood control construction outside the Mississippi Valley. The 

1917 Act also opened the door for multi-purpose, basin-wide planning. The 

Act stated that flood control should be considered in comprehensive 

watershed studies, along with navigation and hydropower. 3) The Flood 

Control Act of 1928 (Public Law 70-391), authorized comprehensive flood 

control program for the Mississippi River and its tributaries. 
~ 
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4) The Flood Control Act of 1936 (Public Law 74-}38). established the 

Corps of Engineers' flood control role as a National program. A 

comprehensive program of planning, designing, and building structural 

flood control works was undertaken. The 1936 Act established cost-benefit 

analysis as the principal tool for evaluating the efficiency of any flood 

control project. The 1936 Act set a precedent for using cost-benefit 

analysis for evaluating all other major Federal water resource projects 

and many other public works programs. Federal interest was defined as 

extending to all navigable waters and their tributaries. The 1936 Act 

also gave the Corps the primary Federal responsibility for flood control. 

S) The Flood Control Act of 1944. (PubliS Law 78-534). clarified 

that "flood control" meant major drainage improvements. This was to make 

a distinction between the flood control activities of the Corps and the 

small drainage area activities of the Soil Conservation Service. 

6) The Flood Control Act of 1948, (Public Law 80-858), provides the 

continuing authority for small flood control activities. Section 205 

authorized the construction of small flood control projects that had not 

been specifically authorized by Congress. A Federal expenditure limit was 

placed on each project as well as the program funds allotted per fiscal 

year. The current limit is $5 million per project, as set by the Water 

Resources Development Act of 1986 (Public Law 99-662). 

7) The National Flood Insurance Act of 1968. (Public Law 90-448). 

established the National Flood Insurance Program. This law was passed in 

response to recommendations of the Presidential Task Force on Flood 

Control Report, "House Document 465." Subsidized flood insurance was 

made available to floodplain occupants. Section 1314 discouraged other 
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Federal disaster assistance for non-participating communities. Section 

1315 required participating communities to enact. land use controls to 

discourage future floodplain development. 

8) The National Environmental Policy Act of 1969 (NEPA). (Public Law 

91-190). requires an environmental impact statement be prepared for any 

action involving Federal construction, funding, or approval that may 

"significantly affect the quality of the human environment". Federal 

agencies are required to thoroughly investigate the consequences of any 

recommended actions and alternatives. Federal actions may be curtailed 

unless an adequate environmental impact statement has been prepared. 

9) The Rtyer and Harbor Act of 1970. (Public Law 91-611). broadened 

the evaluation criteria to include regional economic development, 

environmental quality, and social well-being (now known as other social 

effects). From that point on, it was required that all Federal water 

resource projects be evaluated using these accounts. 

10) The Flood Disaster ProtectiQn Act of 1973. Public Law 93-234. 

amended the 1968 Act that established the National Flood Insurance 

Program. It requires states and communities, as a condition for receiving 

Federal aid, to prohibit development in floodways, and to ensure the first 

floor elevation of all future residential development is at or above the 

one-percent flood level, and that the first floor of all non-residential 

development is above or floodproofed to above the one-percent flood. The 

law also requires that no substantial (greater than 50 percent of the pre­

flood value) improvement or repair be made to a structure located below 

the one-percent flood level. 
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11) The Water Resource pevelopment Act of 1974. Public Law 93-251. 

Section 73. requires consideration be given to nonstructural alternatives 

for flood damage prevention or reduction. Subsequent actions have 

enlarged the scope of the Federal interest. to include consideration of all 

alternatives in controlling flood waters, reducing the susceptibility of 

property to flood damage, and relieving human and financial losses. The 

encompassing term for these activities is "floodplain management." 

12) The Water Resource Development Act of 1986. Public Law 99-662. 

established the requirement of 50-50 cost-sharing for feasibility studies. 

Fifty percent of the local share can be contributed through in-kind 

services. The Act requires that at least 25% and no more than 50% of 

project costs be paid by the local sponsor. At least 5% of the project 

costs are required during construction. There are provisions in the Act 

to reduce the requirements for certain localities and states where there 

would be difficulty in meeting the local cost sharing requirements. 

13) Executive Order 11988. Floodplain Management. requires all 

concerned Federal agencies to provide leadership and take action to 1) 

avoid development in the (100-year) floodplain unless it is the only 

practicable alternative; 2) reduce the hazards and risk associated with 

floods; 3) minimize the impact of floods on human safety, health and 

welfare; and, 4) restore and preserve the natural and beneficial values on 

the floodplain. The intent is to ensure Corps' projects do not encourage 

unwise floodplain development. 

14) Executive Order 11990. 24 May 1977. Protection of Wetlands. 

requires Federal agencies to provide ~eadership in minimizing the 

destruction or degradation of wetlands. Se.ction Two of this order states 
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that, in furtherance of the National Environmental Policy Act of 1969, 

agencies shall avoid undertaking or assisting in new construction located 

in wetlands unless there is no practical alternative. This Executive 

Order was issued to make Federal agency programs consistent with Section 

404 of the Water Pollution Control Act Amendments of 1972, Public Law 

92-500. 

AGENCY SETrING 

This section defines the role of Federal agencies in managing. the 

Nation's flood problems. The description is included to provide a 

background into the coordination activities that are important, the 

resources that are available, and additional responsibilities the:'Corps 

might have in dealing with other agencies. ,The major responsibilities of 

each agency for various aspects of flood damage reduction are given in 

Table A-I. Corps' economists and planners are encouraged, and in many 

cases have the responsibility, to contact other agencies listed below. 

DEPARTMENT OF AGRICULTURE 

Agricultural Stabilization and Conservation Service CASCS). 

ASCS manages the Agriculture Department's surplus grain program, and 

is responsible for emergency food supplies in the case of a natural 

emergency. ASCS administers assistance to rural areas for Presidential 

Disaster Declarations. The agency also provides technical assistance and 

incentives for floodplain areas and wetlands to go uncultivated. 
').~ 
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Economic Research Service (ERS). ERS monitors and projects 

agricultural production and other economic activities in rural areas. 

Farmers Home Administration (FmHA). FMHA makes post-disaster loans 

to eligible, family-size farms, ranches and aquafarms. The size of loans 

are limited to 80% of the total loss and by absolute dollar amount. Rates 

are graduated, with a below market rate on the first $100,000. 

Forest Service, The Forest Service owns vast holdings of forested 

land throughout the United States and manages considerable land that is 

owned privately or by another unit of government but within Forest Service 

boundaries. Part of this management responsibility is provision for flood 

control and land use management. 

Soil Conservation Service. The Soil Conservation Service was 

established as part of the Department of Agriculture under the 1935 Soil 

Conservation Act for the purpose of managing a national soil conservation 

program. "The original authority limited SCS activity to 11 watersheds. 

This authority was expanded under the Watershed Protection and Flood 

Prevention Act (PL 83-566) to cover all watersheds in the country of 

250,000 acres or less. The acre limitation was established under 

interagency agreement signed with the Corps of Engineers on September 23, 

1963. With respect to flood protection by engineering works, the 

authority included any flood control and drainage works which could be 

built for $250,000 or less, and with detention structures with capacities 

of 12,500 acre-feet or less. Any plan that exceeds the limitations stated 

above can still be undertaken by the SCS under project specific authority. 

Although the great percentage of SCS work is in rural areas, the , 
agency authority and mission does extend to some urbanized areas. 

~ 
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Particularly important are the conservation and storm drainage technical 

assistance programs, which do a great deal to prevent flood problems from 

occurring. To the extent that any Corps' project might involve these 

practices and the construction of small detention structures, the work of 

the SCS is particularly relevant to Corps' planning and benefit 

assessment. 

DEPARTMENT OF COMMERCE 

Bureau of Economic Analysis (BEA). BEA is responsible for 

maintaining population, income, and employment projections for states and 

Standard Metropolitan Statistical Areas (SMSA). The Bureau provides 

additional indicators of economic activity and economic structure for BEA 

regions defined by economic interdependence. These include regional 

multipliers and input-output tables. The Bureau publishes price indexes 

and other economic data, monthly in the Survey of Current Business. 

Economic Development Administration (EDA) , EDA issues grants and 

loan guarantees in communities with chronic unemployment. This financial 

assistance can be used for flood control and drainage structures. 

National Weather Service (HWS). The National Weather Service is part 

of the National Oceanic and Atmospheric Administration of the Commerce 

Department. 

The Weather Service has the prime responsibility for" keeping records 

of climatological data, records of flood damages; and issuing flood 

warnings throughout the United States. The Weather Service became part of 

the Commerce Department in 1940. Weather information has been considered 

vital to the operation of many businesses. Weather Service climatological 
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data includes rainfall records, and stream gage readings. NWS flood 

damage records are the most geographically comprehensive available. 

However, information is collected mainly from secondary sources, and does 

not get site specific. NWS also keeps records of deaths and serious 

injuries caused by flood events. The NWS report, Climatological Data in 

the United States, which contains weather and flood damage information, 

was published monthly and annually until 1979. More recent information 

can be obtained from the Weather Service Office on climatological data and 

the Annual Flood Damage Report, published by the Office of the Chief of 

Engineers, Hydraulics and Hydrology Division, Water Control/Quality 

Branch. 

DEPARTMENT OF DEFENSE 

Army Corps of Engineers. The Corps of Engineers has responsibility 

for providing flood protection where economically justified, 

environmentally sound, and publicly 'acceptable. The Corps' jurisdiction 

in flood damage alleviation is on navigable waterways and their 

tributaries in drainage watersheds of at least 250,0'00 acres. The Corps 

also provides emergency disaster assistance to flooded areas, inspection 

of flood control structures, repair of damaged,structures, preparation and 

interpretation of floodplain maps, preparation of flood forecasting and 

response plans, installation of flood forecasting equipment, permanent 

relocation, and floodproofing. 

A-9 



DEPARTMENT OF ENERGY 

Federal Energy Regulatory Commission (FERC). FERC licenses 

hydroelectric facilities, and therefore has a strong interest in dam 

safety. 

DEVElDPMENT OF HOUSING AND URBAN (BUD) 

Community Planning and Development, This office of HUD offers 

Community Development Block Grants to communities for public facilities 

and to improve living conditions for urban residents. Block grants can be 

used to control flooding and drainage problems and for relocation. The 

.Community Planning and Development Office insures compliance with the 

Uniform Relocation Assistance Act of 1974 (P.L. 88-633). The act provides 

that when Federal funds are used for relocation, the relocated individuals 

must be moved to "decent, safe, and sanitary" housing and that these 

individuals are provided adequate funds to cover moving and incidental 

costs for the relocation. 

DEPARTMENT OF INTERIOR 

Bureau of Land Management. The Bureau of Land Management is 

responsible for land use planning and control of flooding and drainage 

problems, where needed, in the agency's vast land holdings. 

Bureau of Reclamation. The Bureau of Reclamation was established as 

part of the U.S. Geological Survey (U.S.G.S.) under the Reclamation Act of 

1902, and was separated from the U.S.G.S. in 1907. The Bureau's original 

jurisdiction covered 17 western states with the purpose of water 

reclamation for irrigation. Hydroelectric power generation, flood 
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control, soil conservation, recreation, and fish and wildlife conservation 

have been added to its role, and the Bureau's mission and procedures are 

very similar to the Corps'. Planning and economic analysis 

responsibilities for flood control works are done under interagency 

agreement with the Corps. Corps' districts doing flood control works on 

Bureau projects are subject to the same regulations and guidelines as they 

would be on a Corps' project. 

Fish and Wildlife Service. The Fish and Wildlife Service 

participates in writing and review of environmental impact statements and 

environmental mitigation plans so that flood damage reduction measures can 

be implemented with minimal harm to fish and wildlife habitats, and 

particularly the habitats of endangered species. 

Geololical Survey (USGS). The GeologIcal Survey collects,~maintains, 

and interprets considerable data on water resources, topography, and other 

physical features that are important for use in Corps' flood control 

studies. The USGS topographic maps cover the entire country at varying 

dates and detail. 

USGS satellites and aerial photos can be used to create more detailed 

and up-to-date maps than currently exist. The agency maintains a long 

history of stream gage records for many parts of the country. 

DEPARTMENT OF TRANSPORTATION 

. Coast Guard. The Coast Guard participates in search and rescue for 

people endangered by floodwater and hurricanes. 



Federal Hhhway Administration. The Highway Administration offers 

technical assistance to help build roads which are free of floods and 

other hazards. 

. INDEPENDENT AGENCIES 

INTERNATIONAL BOUNDARY AND HATER COMMISSION 

This commission is responsible for carrying out treaties and other 

agreements between the United States and Mexico. Part of the Commission's 

responsibility is to manage flooding problem~ on the Rio Grande and other 

boundary rivers. 

FEDERAL EMERGENCY MANAGEMENT AGENCY (FEMA) 

National Emergency Training Center. This center, in Emmitsburg, 

Maryland, offers programs for Federal, state, and local personnel in 

hazard mitigation, emergency preparedness, disaster response and long term 

recovery. 

Federal Insurance Administration (FIA). FIA administers the National 

Flood Insurance Program. As part of that program, the agency produces 

maps of floodplains and floodways, sets requirements for building 

regulations used by participating communities, and maintains a file of 

more than 300,000 flood damage claims that it has processed since the 

agency was established. 

State and Local Programs Directorate. This office administers 

disaster relief to communities after floods. The State and Local Programs 

Directorate administers the financial support that is allocated after 
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Presidential Disaster Declarations. Technical assistance is provided 

through interagency hazard mitigation team reports which are issued 

following the Declarations. 

SMALL BUSINESS ADMINISTRATION (SBA) 

The SBA makes loans to flood victims so they may repair, rebuild, or 

replace homes, businesses, and other property. 

TENNESSEE VAJ.I.RV AtITHORITY (TVA) 

The Tennessee Valley Authority (TVA) was created by Congress in 19J3 

with the primary objective of bringing economic development to a depressed 

region. TVA was given many broad powers for public works construction and 

operation which have primarily centered around water resource ~~ve1opment 

and electric power generation. TVA has built substantial flo'od control 

works and offered assistance to state and local governments in creating 

their own local protection service. TVA has done a great deal of research 

and development of nonstructural flood alleviation measures. 
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APPENDIX B 

ANNOTATED REFERENCES 

There is a vast literature of procedures, data sources, theory, and 

examples of how flood alleviation plans can be evaluated. This chapter 

provides an annotated listing of some of the more useful sources of 

information. These include Corps of Engineers' regulations, computer 

programs, data sources, research reports, and economic and engineering 

technical literature. 

CORPS OF ENGINEERS' PLANNING GUIDANCE 

In a move to centralize and simplify the regulations that;"Corps' 

planners have to follow, all of the critical planning guidance was 

consolidated into the Planning Guidance Notebook. The notebook presently 

consists of Principles and Guidelines and other Engineering Regulations 

(ERs). The engineering regulations give the procedures that are generally 

followed in conducting and documenting feasibility reports. Since 

everything in the Planning Guidance Notebook is considered "guidance", 

there is no requirement that procedures be followed exactly as they are 

written. However, whenever significant deviations are made from this 

guidance, the reasons should be well documented. 

Engineering Pamphlets are basic references to suggested procedures 

which can be used in the planning process. Engineering Pamphlets have no 

force of regulation. 
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Engineering Circulars (ECs) are also included in the Planning 

Guidance Notebook. The ECs are effective for a period not to exceed one 

year. The ECs are often adopted in some form as a new ER or a change in 

an existing one. 

The following engineering regulations and engineering pamphlets were 

in effect at the time of this writing. Dates are given,for the original 

release of the regulation. An up-to-date copy of the Planning Guidance 

Notebook should have all the changes issued for each regulation. 

ER 1105-2-10. Planning Programs. 18 December 1985 

1) This regulation provides planning guidance and management 

responsibility for feasibility and preconstruction reports, changes to 

uncompleted authorized projects, deauthorization of projects, continuing 

authorities, floodplain management services, and planning assistance to 

states. There is information that may be useful in determining the level 

of detail and format for various types of reports. 

2) EP 1105-2-15. Planning Programs. 15 November 1985. This 

Engineering Pamphlet has additional information on the review process for 

Continuing Authorities. There is a description of the Floodplain 

Management Services Program (FPMS) and technical services offered by the 

Corps. 

3) ER 1105-2-20. Project Purpose Planning Guidance. 15 May 1985. 

The Federal interest, general policies and specific guidance is given for 

all of the major Corps' planning missions. This ER defines structural and 

nonstructura1 measures and project standards, such as the freeboard 

requirement. Hydrologic frequency terminology is defined. The 

application of risk and uncertainty to the evaluation process is given. 
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4) ER 1105-2-30. General Planning Principles, 18 October 1985. This 

report is the introductory section of~. Many of the basic planning 

concepts applicable to all project purposes are defined. The NED account 

is described in detail along with the three other evaluation accounts; 

environmental quality, regional economic development, and other social 

effects. The six stages of the planning process are described. 

5) ER 1105-2-40. Economic Considerations, 23 December 1983. This ER 

contains the procedures for calculating and displaying the NED benefits 

for each Federal water resource program. The benefit categories are 

described. The applicability of each benefit category is defined. The 

steps in calculating the benefits for each type of project are given. 

6) EP 1105-2-45. Economic Considerations, 11 January 1982. 

This EP supplements ~ with an explanation of the most Impor~ant tools 

used in the evaluation of benefits. Particularly relevant sections are on 

discounting methods, economic base studies, and and sampling procedures. 

7) ER 1105-2-60. Planning Reports, 22 November 1985. The 

organization and content of various types of planning reports are 

described. 

8) Fiscal Year Reference Handbook. The Reference Handbook is 

published annually as an Engineering Circular (EC). It contains updated 

information on important parameters used in economic evaluation, such as 

the official discount rate, National Flood Insurance Program operating 

costs (used directly as a benefit for property taken out of the one 

percent floodplain), and communities eligible for employment benefits. 
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DATA saUltcRs 

1) U. S. Census. A summary of U.S. Census Bureau data available in 

publications, microfilm, on mainframe-computer, and micro-computer is 

published in the annual publication, Census Catalog and Guide, Washington, 

D.C.: U.S. Department of Commerce, Census Bureau. 

2) SEEDIS. SEEDIS is an on-line demographic data base that is 

available to all Corps' districts. SEEDIS contains the most detailed and 

up-to-date census information. Retrieval of specific information can be 

obtained through direct computer access or with the assistance of the 

Lawrence Berkeley Laboratories, Berkeley, California. An annual contract, 

maintained by the Institute for Water Resources, allows access and 

retrieval of SEEDIS information. 

3) Environmental Technical Information System (ETIS). This is a 

series of computer data bases, data base management routines, and 

statistical analysis procedures for nationwide socio-economic data. The 

ETIS system was developed by the Corps of Engineers' Construction 

Engineering Research Laboratory and is now administered by the Department 

of Urban and Regional Planning at the University of Illinois in Champaign­

Urbana. An overview of the system can be found in the publication ETIS 

and its Subsystems, 1986. The Economic Impact Forecast System (EIFS) can 

draw on the most recent census statistics and estimates and supplementary 

information from other agencies, such as the Bureau of Economic Analysis 

and Bureau of Labor Statistics, for making breakdowns and reports of 

socio-economic information and for executing a number of statistical 

operations. 
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4) Marshall-Swift Company. Marshall Valuation Service', Los Angeles, 

published annually. Marshall-Swift has an on-line data base and annually 

updated reference to calculate the depreciated replacement value of nearly 

any type of building. 

5) U,S. Department of Commerce. Bureau of Economic Analysis (BEA) , 

OBERS BEA Regional Projections. Volumes land 2 are published every five 

years. OBERS include historical data and projections at five year 

intervals for each state and standard metropolitan statistical area. Data 

are included on population, income, earnings, and employment. "OBERS" 

stands for Office of Business Economics (now BEA) and the U.S. Department 

of Agriculture, Economic Research Service. OBERS is now the sole 

responsibility of BEA. 

BENEFIT CALCULATION COMPUTER PROGRAMS 

There are at least 20 computer programs used in the calculation of 

flood damage and flood damage reduction benefits, which have been 

developed by the Hydrologic Engineering Center and Corps district and 

division offices. There are programs applicable to most types of flooding 

situations. These programs are set up to run on nearly any kind of 

mainframe, mini, or microcomputer in use within the Corps. Some of the 

more widely used programs are listed below: 
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Hydrologic Engineering Center (HEC) Programs 

Expected Annual Damages (EAD). EAD is the most widely used flood 

damage calculation program within the Corps. It runs on either micro or 

mini-computers. It computes expected annual damages by flood reach, given 

the basic and or derived relationships used in damage calculation. (See 

EAP User's Manual, Davis, California: Hydrologic Engineering Center, 

1984.) 

Structure Inventory for Damage Analysis (SIP1. SID is used along 

with EAD for economic inventory data. SID is used for calculating 

elevation-damage relationships. ,(See SID User's Manual, Davis: HEC, 

1982.) 

Hydrologic Eniin~ering Center Data Storage System (HECDSS). HECDSS 

is written to store and manipulate data used by various other HEC computer 

programs. HECDSS operates on the Harris Minicomputer and is being made to 

run on the IBM-PC. (See HECDSS User's Guide and Utility Program Manuals, 

Davis: HEC, 1986.) 

Some Corps' District Programs 

STDMA. STDMA is a Fort Worth District program used to calculate 

expected annual damages and damages by individual events. It has the 

advantage of calculating damage for particular properties by river mile 

location. It operates on the Harris mini-computer and the IBM-PC. STDMA 

is well documented in unpublished district reports. 

Average Annual Damage Program (URBAN). Urban is a New Orleans 

District program that calculates expected annual damages, depth-damage 

functions, and damage frequency curves. It ,runs on either the Honeywell 
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mainframe, Harris mini-computer, or the IBM-PC. The program has a variety 

of output formats. It is documented in unpublished district material. 

Depth-Damage System (DDS). DDS is a versatile St. Paul District 

program that is used to compute depth-damage functions, damage-frequency 

curves, and emergency costs. Data can be entered on an IBM-PC with D-Base 

III, and the program is run on the Harris. The program is documented in 

an unpublished district report. 

ECONOMIC AND ENGINEERING TECHNICAL LITERATURE 

1 . Periodicals 

Water Resources Research, published monthly by the American Geophysical 
Union. This journal publishes a broad range of technical literature on 
water resource planning and analysis. There is a heavy concentr~tion on 
theoretical background and quantitative analysis. " 

Water Resources Bulletin, published bimonthly by the American Water 
Resources Association. This journal has articles on water resource 
planning, hydrology and hydraulics, meterological, institutional, 
sociological, and economics. Reviews of many books on water resources and 
information on water legislation and policies are given. 

Journal of Economic Literature, published quarterly by the American 
Economics Association. This journal gives reviews or annotated listings 
of newly published books on economics. It contains an exhaustive listing 
of current articles on economics. 

Journal of Water Resources Planning and Management, published quarterly by 
the American Society of Civil Engineers (ASCE). This is part of a series 
of ASCE division journals and the journal most directly applicable flood 
damage analysis. 

2. Books 

Babbie, Earl R. The Practice of Social Research, Belmont, California: 
Wadsworth Publishing Company, 1979. This basic text gives a detailed look 
at the theoretical and common sense of survey design. There is discussion 
on how to design questionnaires and sampling procedures, how 
questionnaires should be~administered, and how results should be 
interpreted. ' 

i< 
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Box, George E. P., William G. Hunter, and J. Stuart Hunter. Statistics 
for Experiments: An Introduction to Design. Data Analysis. and Model 
Building, New York: John Wiley and Sons, 1978. This is a general text on 
statistical experimentation. There is considerable information on 
sampling methods and probability distributions. 

Eckstein, Otto. Water Resource pevelopment: The Economics of Project 
Evaluation, Cambridge, Massachusetts: Harvard University Press, 1958. 

Grant, Eugene L., W. Grant Ireson, and Richard S. Leavenworth. Principles 
of Engineering Economy, 7th edition, New York: John Wiley and Sons, New 
York, 1982. 

James, L. Douglas and Robert E. Lee. Economics of Water Resources 
Planning, New York: McGraw-Hill, 1972. 

Kates, Robert W. Industrial Flood Losses: Damage Estimation in the 
Lebeigh Valley, Chicago: University of Chicago, 1965. This is a thorough 
study of industrial physical and income losses in the Leheigh Valley of 
Eastern Pennsylvania. "Synthetic" estimates are made for hypothetical 
flood levels. 

Kelej ian, Harry H. and Wallace E'. Oates. Introduction to Econometrics; 
Principles and Applications, New York: Harper and Row, 1981. This is a 
straight-forward text on regression analysis, on formulating models, 
interpreting results, and staying clear of potential problems. 

Maas, Arthur. Water Research, edited by Allen V. Kneese and Stephen C. 
Smith, Baltimore: Johns Hopkins University Press, 1965. 

Mishan, Edward J. Cost-Benefit Analysis, New York: Praeger Publishers, 
1976. Mishan's book is a discussion of the principal issues in cost­
benefit analysis. An analytic framework based on these issues is drawn 
from welfare economics, public finance, and micro-economic theory. 
Illustrations are given for a variety of projects, illustrating and 
evaluating various ways to treat the many problems encountered in cost­
benefit analysis. 

Penning-Rowsell, Edmund C. and John B. Chatterton. The Benefits of Flood 
Alleviation: A Manual of Assessment Techniques, Westmead, England: Saxon 
House, 1977. This comprehensive manual of flood benefit calculation 
covers the many considerations in analyzing benefit for various types of 
properties. The manual is well illustrated with case studies and a good 
deal of specific information on the susceptibility and depth-damage 
relationships. 

Pindyck, Robert S. and Daniel L. Rubinfeld. Econometric Models and 
Economic Forecast. rbis is an advanced text in econometric modeling 
theory and procedures. 
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Sheaffer, John R. Flood Proofing: An Element in a Flood Damage Reduction 
Program, Chicago: University of Chicago, 1960. 

Smith, Gerald W. Engineering Economy: Analysis of Capital Expenditures, 
Ames, Iowa: Iowa State University Press, 1973. 

Steinberg, Bory. Flood Damage Prevention Services of the U.S. Army Corps 
of Engineers: An Evaluation of Policy Changes and Program Outcomes During 
1970-1983. Measured Against Criteria of Equity. Efficiency. and 
Responsiveness, Dissertation 84-D-2, Fort Belvoir, Va.: U.S. Army Corps of 
Engineers, Institute for Water Resources, 1984. 

White, Gilbert F. Choice of Adjustment to Floods, Chicago: University of 
Chicago, 1964. 

RESEARCH AND TECHNICAL REPORTS 

Burnham, Michael, William K. Johnson, and Darryl Davis. Hydrologic 
Engineering in Planning, Davis, California: U.S. Army Corps of Engineers 
Hydrologic Engineering Center, 1981. This training manual provides 
concise, understandable, and informative explanations of the fundamental 
principles of hydrology and their application. 

Davis, Stuart A. Business Depth-Damage Analysis Procedures, Ft. Belvoir, 
Virginia: U.S. Army Corps of Engineers, Institute for Water Resources, 
1985. This report reviews procedures used in all Corps of Engineer 
Districts and in other agencies for establishing depth-damage 
relationships for commercial, industrial, and institutional property. 

Eddin, Shehab and Larry Montgomery. Flood Damage Report for Frankfort. 
Kentucky, Louisville: U.S. Army Engineer District, Louisville, 1981. This 
is an intensive study of physical and non-physical flood losses from the 
1981 flood in Frankfort. This report is unique for its coverage of non­
physical costs. The procedures and findings of the study are well 
documented. 

Johnson, William K. Physical and Economic Feasibility of Nonstructura1 
Flood Plain Management Measures, Davis, California: U.S. Army Corps of 
Engineers, Hydrologic Engineering Center, and Fort Belvoir, Va.: U.S. Army 
Corps of Engineers, Institute for Water Resources, 1978. 

Moser, David A. Assessment of the Economic Benefits from Flood Damage 
Mitigation by Relocation and Evacuation, Ft. Belvoir, Virginia: U.S. Army 
Corps of Engineers, Institute for Water Resources, Research Report 85-R-l, 
1985. 

U.S. Inter-Agency Committee on Water Resources, Subcommittee on Evaluation 
Standards. Proposed Pra~tices for Economic Analysis of River Basin 
Projects (the Green Book), Washington, 1958. 
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APPENDIX C 

GWSSARY 

Affected Area: the area affected by a proposed plan is the floodplain plus 
other areas likely to serve as alternate sites for activities which might 
use the floodplain if it were protected. 

Affluence Factor: the effect of increasing per capita income on the unit 
value of residential contents. and consequently to the content-to­
structure value ratio for the existing housing stock. 

Authorized Project: when the recommended plan is included in an enacted 
omnibus bill. it is said to be "authorized." However. it may never be 
constructed. Congress must approve funds. by a separate act. for post­
authorization studies. 

Average Annual Equivalent Damage: The present annualized value of all 
expected flood damages. This measure includes the effects of anticipated 
changes such as residential development and business activity as well as 
expected physical changes that would effect the extent of flooding for 
various frequencies of flooding. Calculation of average annual equivalent 
damage requires assumption of a discount rate. ~ 

Backwater: The resulting high water surface in a given stream due to a 
downstream obstruction or high stages in an intersecting stream. 

Base Year.: The first year in Which a project is expected to become fully 
operational. 

Benefit-Cost Ratio: The arithmetic proportion of estimated average annual 
benefits to average annual cost, insofar as the factors can be expressed 
in monetary terms. The relation of benefits to costs represents the 
degree of tangible economic justification of a project. 

Benefits: Increases or gains in the value of goods and services which 
result from conditions with the project as compared with conditions 
without the project. 

Channel: The area between riverbanks or streambanks that holds the normal 
flow of water. 

Channelization: The process of increasing the capacity of a channel to 
carry more water. 

Cleanup Costs: The costs in labor and materials of removing silt and 
debris from buildings and outside property. 

-.,~ 
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Confidence Level: The probability that the true value of a parameter lies 
within a stated interval. 

Constant-Dollar Values (Real Doll~r Values): A series of dollar values 
such as gross national product, personal income, sales, or profits from 
which the effect of changes in the purchasing power of the dollar has been 
removed. 

Contents: Property situated within a structure which is not part of the 
structure. In residences, this would include personal property within the 
structure not· affixed to the structure. In commercial, industrial, 
public, and institutional property, this would include inventory, 
furnishing, moveable equipment and supplies. 

Continuing Authorities: Continuing Authorities permit the Secretary of 
the Army and the Chief of Engineers to undertake investigations and 
construction of small projects without separate congressional authority. 

Contour: A line drawn on a map to join points of equal elevation. A 
number of contours, therefore, depict on a flat map the relief of the land 
over the area covered. 

Cross Section: The physical dimensions ofa river or stream channel at a 
given location. 

Cubic Feet Per Second (CFS): A unit expressing rates of flow. One cubic 
foot (.0283636 cubic meter) per second is equal to the discharge of a 
stream of a rectangular cross-section, one foot wide and one foot deep. 

Current Dollars: The value or price in actual dollars of the time being 
discussed, not adjusted for inflation. 

Degree of Protection: The degree of protection is the criterion used to 
express the flood damage prevention effectiveness of a project. 
Generally, it is the frequency level at which flood damages and/or other 
adverse effects, not eliminated by the project, are considered relatively 
minor. 

Design Flood: This is a flood adopted for the design of individual flood 
control works; It provides technically feasible protection which normally 
is economically justified for a given magnitude of flooding, below which 
flood damages are negligible or non-existent. 

Demand: The amounts of a commodity that buyers are willing to purchase at 
varying prices. 

Dependent Variable: In regression analysis, a variable whose variation is 
explained by the other variables in the regression equation. 
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Depreciation: Depreciation: Is a loss of value caused by deterioration 
and/or obsolescence. Deterioration is reflected by wear and tear, decay 
or structural defects. Obsolescence occurs in two forms; functional and 
economic. 

Depreciated Replacement Value: The cost of restoring flood-damaged 
property to its pre-flood condition or replacing with something of 
equivalent value, accounting for deterioration, functional obsolescence, 
or age. 

Depth-damage Relationship: The expected amount of damage in dollars, or 
as a percentage of value, for each foot of flooding above or below the 
first floor of a structure, or for outside property, for each foot of 
flooding above the ground. 

Detailed Project Report: Planning document for continuing authority 
. investigations which serves both as a basis for construction approval by 

the Chief of Engineers and as a basis for preparation of contract plans 
and specifications. 

Discharge: The rate of flow or volume of water flowing past a specific 
point within a given period of time, generally expressed in cubic feet per 
second (cfs). 

Discount Rate: The interest rate used in plan formulation and evaluation 
for discounting future benefits and costs, or otherwise converting 
benefits and costs to a common time basis. It is based upon the estimated 
average cost of Federal borrowing as determined by the Secretary of the 
Treasury, taking into consideration the average yield during the 12 months 
preceding his determination, on interest-bearing marketable securities of 
thepnited States with remaining periods to maturity comparable to a 
50-year period of investment. It is provided, however, that the rate 
cannot be raised or lowered more than one-quarter percent in any year'. 

Diversion: The taking of water from a stream or other body of water into 
a canal, pipe, or other conduit. 

Drainage Basin: A part of the surface of the earth that is occupied by a 
drainage system, which consists of surface water together with all 
tributary surface streams and bodies of impounded surface water. 

Dry Dam: A retarding structure for temporary storage to reduce peak flow. 
Permanent storage is not involved, and the detention reservoir can be used 
for other purposes (farming, grazing, recreation) between flood periods. 

Economic Base Study: A study that evaluates the economic structure of a 
region to provide economic and demographic projections necessary for the 
appraisal of future water resource needs. 

Economic Efficiency: Econo;nic efficiency is the objective of producing 
goods and services at the lowest possible cost per unit of output for a 
given level of output. ~- . 



Economic Rationality: Economic rationality is the assumption that 
activities having full knowledge of the flood hazard will attempt to 
maximize returns, and will not externalize their flood losses. 

Economies of Scale: A condition that exists when a good or service can be 
supplied at a decreasing marginal cost. 

Emergency Costs: Emergency costs include non-physical expenses resulting 
from a particular flood event. Emergency costs include expenses for 
monitoring and forecasting, flood fighting and disaster relief and 
increased costs of police, fire and military patrol, evacuation and 
reoccupation expenses, and the administrative costs of disaster relief. 
Emergency costs should be determined by specific surveyor research and 
should not be estimated by applying arbitrary percentages to the physical 
damage estimates. ' 

Employment Benefits: Benefits that result from direct use in construction 
or installation of a project of otherwise unemployed or underemployed 
labor. This benefit is applicable only to communities noted in the Fiscal 
Year Reference Handbook, which is published every year as an Engineering 
Circular. 

Enhancement: An increase in a resource or its value resulting from a 
particular land use or utilization change due to measures that alleviate 
flooding. 

Evacuation: Temporary or permanent movement of floodplain occupants and 
property from the floodplain. 

Evacuation Costs: Temporary evacuation costs inclUde the value of lost 
commuting time, additional expenses for transportation, lodging, food, and 
storage from evacuation. Permanent evacuation costs include purchase 
price of the land and buildings that are not salvaged, ·and the costs to 
move buildings and contents from the floodplain, and the costs to remove. 
any improvements which may inhibit using the land as open space or for 
another type of development. 

Exceedance Frequency: Percentage of values that exceed a specified 
magnitude (usually used in association with streamflows). 

Externality: Synonymous with external effect. An uncompensated effect on 
parties other direct than users of the outputs of a plan. For example, 
increased damages to activities outside the protected area under the with­
project condition or increases in property values adjacent to the 
floodplain. 

Feasibility Report: Planning document for investigation by the Corps of 
potential water resources projects that are authorized in acts or 
resolutions of Congress. This report is used for decision-making purposes 
concerning the need for and desirability of undertaking specific projects 
and programs. 
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Flood: Water flowing or sitting above ground from the overflow of a body 
of water, rise in groundwater, or ponding of water outside of its usual 
confines. " 

Flood Characteristics: The physical characteristics of floods including 
stage frequency, duration, concentration, velocity, debris and silt load. 

Flood Control: The physical detention or blocking of water. 

Flood Crest: The maximum stage of elevation reached by the waters of a 
flood at a given location. 

Flood Damage: Flood damage is broadly defined in this manual as being the 
total monetary value of all physical and non-physical losses due to 
flooding and the threat of flooding. 

Flood Frequency: The number of times per a specified period on the average 
that floods of a certain magnitude are exceeded. 

Floodplain: The areas adjoining a river, stream, watercourse, ocean, 
lake, or other body of standing water that have been or may be covered by 
floodwater. 

Floodplain Management: The combination of structural and nonst1;'uctural 
efforts which are designed to reduce long-term flood damages. 0" 

Flood Profile: A graph showing the relationship of water surface 
elevation to location, the latter generally expressed as distance above 
mouth for a stream of water flowing in an open channel. It is generally 
drawn to show surface elevation for crest of a specific flood, but may be 
prepared for conditions at a given time or stage. 

Floodproofing: The raising of a structure, blocking of an entry, or the 
reduction of hydrostatic pressure to relieve flood damage. 

Flood Stage: The elevation at which overflow of the natural banks of a 
stream or body of water begins in the reach or area in which the elevation 
is measured. 

Floodwall: A concrete barrIer to keep flood water out of an area. 

Flood Warning: Measures taken to detect approaching floods and warning 
floodplain occupants to take preparations. 

Floodway: Part of natural storage area of a body of water that receives 
relatively high velocity flows. Floodway development is strictly 
prohibited for participants of the National Flood Insurance Program 
because of the velocities and the effect that structures can have on 
nearby flood stages. 
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Freeboard: The vertical distance between a design maximum water level and 
the top of structure. For example a levee designed to hold back a .02 
percent flood may be built at 350 feet above mean sea level at a given 
location, while the estimation elevation of the .02 is only 347 feet. 

Frequency (in statistics): The number of occurrences of a particular 
variable within a given sample or population. 

Gaging Station: A particular site on stream, canal, lake, or reservoir 
where systematic observations of gage height or discharge are obtained. 
Gaging stations are also used to continuously measure the amount of 
rainfall 

Groundwater: Water in the ground in the zone of saturation, from which 
wells, springs, and aquifers are supplied but can also raise enough to 
damage foundations and lower elevations of buildings. 

Hydrograph: A graph showing stage, flow velocity, or other property of 
water with respect to time. 

Hydrology: The science dealing with water on the land, including its 
occurrence, circulation, physical properties, and, geographical 
distribution. 

Hydraulics: The science dealing with the movement of water. This manual 
is concerned with fluvial hydraulics, the movement of wate,r through river 
and stream channels. 

Independent Variables: A variable whose variance is determined outside of 
the regression equation and is believed to significantly affect the 
variance of the dependent variable. 

Intangible Losses: Items of loss or damage for which a market price is 
not available. These include such items as loss of life, cr~ation of 
health hazards, inconvenience, and loss of aesthetic values. 

Income, Loss: The loss of net profits to business due to flood-induced 
closings. They usually result from a disruption of normal activities and 
are to be derived from specific independent economic data for the 
interests and properties affected.' Prevention of income loss can be 
counted as a National Economic Development benefit only to the extent that 
such losses cannot be compensated for by postponement of an activity or 
transfer of the activity to other establishments. 

Intensification Benefit: ' Benefit which arises because a project induces 
an activity to modify its operation on the floodplain, making it possible 
for the occupant to increase his ,et income over and above the reduction 
in flood damages. 

Inundation Reduction Benefit: The flood control benefit from the 
alleviation of physical damages and other economic costs to floodplain 
occupants, assuming the same level of activity with or without a project. 
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Justified: A project is considered justified when the benefit-cost ratio 
is 'equal to or greater than one. 

Land Use Analysis: a description as to how land is and might be utilized 
within a particular area. Land use analysis includes inventory of 
existing land uses, land suitability to various uses, and the allocation 
of anticipated activities to specific areas. In flood mitigation planning 
estimated changes in land use are based upon affected area requirements 
and the ability of the floodplain to better meet these requirements given 
various levels of protection. 

Levee: An earth embankment, designed to hold out water. 

Location Benefits: Increases in the aggregate net income of an affected 
area that results from new location of an activity into the newly 
protected floodplain. 

Marginal Utility or Marginal Benefit: The extra units of economic output 
gained from an extra unit of input. A plant which operates at optimum 
capacity will always have marginal utility equal to marginal cost. 

Mean Sea Level (M.S.L.): The average level of the sea, as calculated from 
a large number of observations taken at equal intervals of time. It is a 
standard level from which elevations are calculated. 

Multi-Objective Planning: Planning to achieve more than one objective 
such as national economic development, regional economic development, and 
environmental quality. 

Multiple-Purpose Projects: Projects which serve more than one purpose. 
Reservoir projects often are mUltiple-purpose (i.e~, flood control, water 
supply, recreation, etc). 

Net Benefits: The difference between average annual benefits obtainable 
through operation of a project and average annual cost of the project. 

Net Income: Gross income minus the total cost of producing goods or 
service. Calculated for a specific accounting period. 

Nonphysical Losses: National economic costs of flooding or threat of 
flooding, over-and-above direct physical damage. Nonphysical losses 
include: emergency costs, temporary relocation, net income losses 
resulting from the temporary shut down of a business activity, suppressed 
land market values, and the modified use of floodplain property. 

Non-recurring Flood Damages: Those items of loss which, once experienced, 
are not likely to recur for various reasons. Damage to property is non­
recurring if it is unlikely to be repaired or replaced after being 
damaged. A loss is non-recurring if flooding occurs at too short an 
interval to allow time for1replacement or repair. These losses cannot be 
included in estimates of probable future damages for project evaluation. 

~ 
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OBERS: Economic and demographic projections published by the Office of 
Business Economics of the Commerce Department. These projections used to 
be done jointly with the Economic Research Service of the Agriculture 
Department. Projections are made for each state and Standard Metropolitan 
Statistical Area. 

One-Percent Flood (also known as the one hundred year flood and 
intermediate regional flood): A flood with a peak flow magnitude that has 
a one percent chance of being equalled or exceeded in any year. It is 
based on statistical analyses of streamflow records available for the 
watershed and analyses of rainfall and runoff characteristics in the 
general region of the watershed. The one-percent flood would have an 
average frequency of occurrence of about once in 100 years. Similarly, 
the .2-percent flood has a peak flow magnitude with a .2 percent chance of 
being equalled or exceeded in any given year. 

Open Space: Areas virtually free of buildings and traffic ways. Open 
space includes parks, forest, meadows, wetlands, and water bodies. 

Peak 'low: The maximum instantaneous discharge of a flood at a given 
location. It usually occurs at or near the time of the flood crest, 
i.e.,the maximum stage or elevation reached by the flood flow. 

Period of Analysis: The period of analysis is that time horizon over 
which needs shall be assessed and is the basis for the NED benefit-cost 
analysis. The period of analysis is usually 100 years for major 
reservoirs, mainline levees, major long-term urban protection and 
hurricane protection plans, and 50 years for most other flood control 
measures. 

Physical Damage: The complete or partial destruction to buildings or 
parts of buildings; contents, including furnishings inventory, equipment, 
raw materials; damage to roads, sewers, bridges, power lines and other 
infrastructure. Physical damages are evaluated separately for residences, 
commercial, industrial and public properties, utilities, vehicles, and 
roads. Physical damage is often defined to include the direct expenses 
and value of time spent for cleanup. 

Plan Formulation: The process of selecting the most satisfactory plan of 
improvement from a group of alternative possibilities after consideration 
of all factors, tangible and intangible. 

Post-authorization Studies: Planning and design that is accomplished 
after the project is authorized. 

Pre-authorization Studies: Studies made prior to, and leading to 
authorization of a project. 

Preconstruction Planning: That planning work on an authorized projeGt 
necessary to advance the project to the stage where the first major 
construction contract may "be advertised after construction funds are 
appropriated. 
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Principles and Guidelines: Short for Principles and Guidelines for Water 
and Related Land Resources Implementation Studies (P & G). Federal 
administrative guidelines for water resources planning. The P & G are 
intended to ensure proper and consistent planning by Federal agencies in 
the formulation and evaluation of water and related land resources plans. 
Probable Maximum Flood: The flood that can be expected from the most 
severe combination of meteorological and hydrologic conditions reasonably 
possible in the region. 

Profile: The graph of a functional relationship showing the elevation of a 
stream or river over a particular reach for a given frequency of event. 

Project Life: The period during which a project provides protection to 
the level it was designed. The project life is usually the same time 
period as the period of analysis. 

PUblic: A category of general property including civic centers, 
courthouses, schools, institutional property, utilities, transportation, 
military bases, park facilities and others owned by public or quasi-public 
jurisdictions. 

Reconnaissance Report: Initial planning document for Continuing 
Authorities and feasibility studies to determine whether further 
investigation is warranted. In the preparation of this report" principal 
emphasis is on specification of a broad range of problems and " 
opportunities related to the water resource management in the study area. 
At least one solution for the principal problem under study should be 
identified which appears likely to be feasible if more detailed studies 
are to be done. 

Regression Analysis: A tool of econometric analysis, that can be used to 
define and test the effect on one dependent variable by other variables 
that are believed to influence its movement. 

Reliability: The probability that the system will perform satisfactorily 
for at least a given period of time when used under stated conditions. 

Residential: A category of general property. 'This category includes 
single family and multi-family residences, owned by the residents 
individually or cooperatively, by corporations, by government agencies or 
landlords. 

Residual Flood Damages: Flood damages which occur even with a floodplain 
management plan.' 

Residual Value: The economic value of property remaining after a flood. 

Risk: As used in cost-effectiveness analysis and operations research, a 
situation is characterized as risk if it is possible to describe all 
possible outcomes and t~ assign objective numerical probabilities to each. 
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Sampling: The process of determining characteristics of a population by 
collecting and analyzing data from a representative segment of the 
population. . 

Sensitivity Analysis: The calculation of the rate of change of the 
, objective function with respect to a particular parameter. In evaluation 

of flood damage reduction projects, it is an analysis of the components of 
a plan based upon alternative assumptions and/or projections to determine 
if a change in a measure would appreciably affect plan choice, design or 
schedule. In other words, it is the illustration of how the benefit-cost 
ratio and net benefits would change under various assumptions. 

Separable Justification: When an element in a project can be physically 
independent and has positive net economic benefits. 

Stage: In hydrology, the height of the water surface above or below mean 
sea level or above or below an arbitrary gage height. 

Standard Deviation: A measure of dispersion between actual and fitted 
values in the regression equation: the square root of the variance. 

Standard Industrial Classification (SIC): The classification of 
establishments, published by the Office of Management and Budget, by major 
type of business activity in which they are engaged. Codes are published 
by 2-digit, 3-digit, 4-digit, and 5-digit detail. 

Standard Metropolitan Statistical Areas (SMS~): A county or group of 
counties containing at least one city of 50,000 inhabitants or contiguous 
cities with a combined population of 50,000 or more. In addition to the 
county containing such city or cities, contiguous counties are included in 
the SMSA if they are metropolitan in character and are integrated socially 
and economically with the attributes of the outlying county as a place of 

. work or residence for a concentration of nonagricultural workers. At 
least 75 percent of the labor force in a county must be nonagricultural 
and, usually, the county must have 50 percent or more of its population 
living in contiguous minor civil divisions with a density of at least 150 
persons per square mile. 

Standard Project Flood (SPF): The flood that may be expected from the 
most severe combination of meteorological and hydrological conditions that 
is considered reasonably characteristic of the geographical area in which 
the drainage basin is located, excluding extremely rare combinations. 

Supply: The amount of a commodity that producers are willing and able to 
offer at varying prices. 

Susceptibility: Susceptibility is the relationship between total value of 
a type of activity in a floodplain and the flood damages sustained by that 
activity. The relationship is a. function of the characteristics of the 
flooding itself (depth, velocity, duration, etc.) the objects flooded 
(dwelling, materials, etc.), and their location. 
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