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TECHNIQUE FOR ESTIMATING DEPTH 

OF loo-YEAR FLOODS IN TENNESSEE 

BY CHARLES R. GAMBLE AND JAMES G. LEWIS 

ABSTRACT 

A method is presented for estimating the depth of the loo-year 

flood in four hydrologic areas in Tennessee. Depths at 151 gaging 

crtations on streams that were not significantly affected by manmade 

changes were related to basin characteristics by multiple regression 

techniques. Equations derived from the analysis can be used to 

estimate the depth of the loo-year flood if the size of the drainage 

basin ia known. 
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Y . INTRODUCTION 

Population growth and economic expansion have resulted in in- 

creased development of flood-prone lands and have caused an increase 

in the Nation' 8 average annual flood loesee. As a result, the National 

s Ylood Insurance Program was established by Congress in the National 

Flood Insurance Act of 1968 and expanded in the Flood Disaster Pro- 

tectlon Act of 1973, These acts established programs for identifying 

towns and streams subject to flood problems and outlining flood-prone 

areas on maps by approximate methods. Beginning In 1968 the U.S. 

Geological Survey began delineating flood-prone areas on 7-l/2-minute 
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topographic quadrangle maps. During the first two years of the pro- 

gram the work was limited to large streams and the flood prone areas 
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were based on the maximum known flood. It was then decided that the 

delineation of the lOO-year flood might be more meaningful by giving 

sreal uniformity to the size of flood delineated. The loo-year flood 

is defined as that peak discharge which will be exceeded once, on the 

average, in 100 years, or in other words, the peak discharge which 

has a one percent chance of being exceeded in any year. 

Because of the expansion of the National Flood Insurance Program 

by the Flood Disaster Protection Act of 1973, this flood delineation 

project was greatly accelerated and expanded to include small streams. 

An easy method of estimating the depth of the loo-year flood was 

needed, especially on small streams where limited data were available. 

Wlitala, Jetter, and Somerville (1961) and Thomas (1964) were among 

the first to regionalize flood depths. 
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The purpose of this report is to describe the development of 

the method and present relationships used for estimating the depth 

of the lo&year flood for natural streams in Tennessee. Relation- 

chips were defined between size of the drainage basin and depth of 

.the lOO-year flood for four hydrologic areas of the state. 

Conversion to Metric Units 

The analysitr and compilations in this report were made using 

Eugl lvh units of measurementa. To convert English units to metric 

UII 1 t-es ) the following conversion factors should be used: 

Multiply English unit !!Y To obtain metric units 

cubic feet per second (ft3/s) 0.0283 cubic meters per second (m’/s) 

feet (ft) .3048 meters (m) 

miles (mi) 1.609 kilometers (lan) 

square miles (mi’) 2.590 square kilometers (km2) 
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DEFINITION OF DEPTH 

Since the major uses of the relationships developed in this 

study were anticipated to be estimating depth at a specific site on 

a stream and flood mapping, for simplicity and ease of use, depth 

needed to be related to some parameter which could be taken from topo- 

graphic maps. The aseumption was made that the elevations represented 

on 7-l/2-minute topographic maps by contour lines which cross stream 

channels approximate the elevation of the median discharge at the 

point of the crossing. The median discharge is that discharge which 

is exceeded 50 percent of the time. A study based on selected sta- 

tions seems to substantiate this assumption. Also, aerial photographs 

used to prepare topographic maps are taken when vegetation is dormant 

and when streamflow approaches median discharge in most Tennessee 

streams. Depth of the loo-year flood used in this report is the depth 

above the stream contour crossings shown on 7-l/2-minute topographic -- _.. -.---- 

maps. 

The median discharge and the loo-year flood discharge and their 

corresponding stages were determined for each gaging station used in 

the analysis. The loo-year flood discharge used is the weighted dis- 

charge from table 2 of Randolph and Gamble (1976). For crest-stage 

partial-record stations and stations having short records, the median 

discharge and stage were estimated on the basis of discharge measure- 

ments, slope of the rating curve, size of the drainage basin, and 

knowledge of the site. The difference between the ttio stages (stage 

of the loo-year flood minus the stage of the median discharge) is the 

depth of the loo-year flood used in the analysis. The data used in 

the analysis are shown in table 2. 
, 
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METHOD OF ANALYSIS 
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Randolph and Gamble (1976) defined mathematical equations relat- 

ing floodflow characteristics to size of drainage basin. Other basin 

variables were also investigated to see if they improved the estimat- 

ing equations. These included stream length, stream slope, and mean 

basin elevation. The definition and method of computation of values 

for these variables are described by Hay and others (1970). The same 

variables were tested by multiple regression techniques in this analy- 

sis to see if any improvement in the relation could be detected over 

the use of drainage basin size alone. 

Data from 151 gaging stations with drainage areas between 0.17 

and 666 mi.' were used in a statewide multiple regression of depth versus 

four basin variables. Those variables showing significance at the 5 

percent level were drainage basin size and mean basin elevation. Resid- 

uals based on this relation were plotted on a map to see if area1 bias 

could be detected. Inspection of the map indicated the state should be 

divided Into four hydrologic areas. The stations within each of these 

four areas were then grouped and multiple regressions were run for 

each separate area using the same four basin variables. Different var- 

lables showed significance for different areas but the standard error 

of estimate showed no significant decrease in reliability of the esti- 

mating equation when all basin variables were dropped except size of 

the drainage basin. This one-variable equation is considered the most 

practical for estimating purposes due to its simplicity of use, 

especially since the additional variables showed little improvement. 

. 
.) t 
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The equations that were developed to compute depth of the lOO- 

year flood in each of the four hydrologic areas (fig. 1) are shown 

in table 1 and in graphical form on figure 2. 

Table 1 .--Summary of regression equations 

D = Depth of the lOO-year flood, in feet. 
A = Drainage basin size, in square miles. 

Depth of Standard error 

hydrologic area loo-year flood of estimate 

(feet) (percent) 

1 D = 5.3 (A)0200 31 

2 D = 7.1 (A) .226 33 

3 D = 6.1 (A)*23o 30 

4 D = 7.4 (A+' 36 
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ApRlication of Results 

To determine the elevation of the loo-year flood at a given 

point on a stream, proceed as follows: 

1. Determine the correct hydrologic area from figure 1. 

2. Determine the drainage area of the stream, in square miles. 

3. Compute the depth of the lOO-year flood using the appro- 

priate formula from table 1. 

4. Add the loo-year flood depth to the median discharge eleva- 

tion represented by contour crossings on 7-l/2-minute 

topographic maps to obtain the elevation of the loo-year 

.flood. 

On streams where reliable flood data are available they should 

be used to help define the lOO-year flood depth or to appraise its 

validity. If a profile of an actual flood is available, it should 

be used as a guide to shape the loo-year flood profile. 
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ACCURACY AND LIMITATIONS 

The accuracy of the regression equations can be expressed in 

terma of the standard error of eetimate, The standard error of esti- 

mate ie a measure of how well the actual depths agree with those 

computed by the regreseion equations. By definition, approximately 

two of three gaged sites have observed lOO-year flood depths within 

one standard error of estimate of the regression value. The standard 

error of estimate of the regression equation for each hydrologic area 

is shown in table 1. 

The regression equations are known to be applicable only within 

the range of drainage area sizes used in their definition. Reliabil- 

ity of the equations for estimating depths at sites outside the sample 

range is unknown. Therefore, the regression equations are applicable 

only to streams in Tennessee 

following ranges: 

Hydrologic 

Hydrologic 

Hydrologic 

Hydrologic 

whose basin sizes fall within the 

area 1 0.36 to 428 mi2 

area 2 .49 to 382 rni2 

area 3 . 17 to 666 mi* 

area 4 .51 to 383 mi2 

Stations with larger drainage areas were not used because profiles and 

other data which can be used to estimate flood depths are available 

for most large streams. 

This report is not intended to be used in making final decisions 

on land use. The results should be used as a guide to decide if a 

more detailed investigation is needed. Their use in delineating 

flood boundaries on 7-l/2-minute topographic maps should yield 

accuracies consistent with map production standards, which is one-half 

contour interval. 
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In West Tennessee (hydrologic area 4), dredging of the low-water 

channels and construction of levees in about the past 15 years have 
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undoubtedly affected the flood characteristics, and consequently 

flood depths, of some streams. Randolph and Gamble (1976) state 

that ‘I... the discharge6 of 50-year flood6 on small streams with a 

large improved channel may be as much as 100 percent larger than 

other streams in the vicinity without an improved channel." It 

seems obvious then, that discharges for the 100 year flood may also 

be larger for improved channels. tiny of these improved channel6 in 

West Tennessee are of sufficient size to carry major floods within 

the channel.. This mean6 that a greater discharge is confined in a 

relatively narrow channel, hence a greater depth must occur. Limited 

data on streams with improved channel6 indicate6 that depth of the 

loo-year flood is greater than that on unimproved channels in the 

Same vicinity. However, no attempt was made to develop any adjust- 

ments for improved channel6 to the developed relations in this report 

because of lack of sufficient data. A knowledge of whether the par- 

ticular stream is improved or not is essential in applying the rela- 

tion given for West Tennessee. It should also be noted that most 

of the topographic maps In West Tennessee were prepared before about 

1960 and, therefore, do not reflect recent channel changes. 

The relations given in this report may not be applicable to reg- 

ulated streams, since the stream contour crossings shown on the topo- 

graphic maps may not reflect the median discharge elevation and the 

l.OO-year flood discharge cannot be determined in the conventional 

manner. 
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