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Summary

  Record-high peak discharges were 
recorded at several stream!'low- 
gaging stations in northern Delaware 
and on the upper Eastern Shore of 
Maryland during Hurricane Floyd on 
September 16, 1999.

  Initial estimates of peak-flow 
frequency associated with a 
particular flood are based on peak- 
flow magnitude-frequency relations 
established prior to the flood.

  If the new peak flows associated 
with a flood are significantly greater 
than previously recorded or historical 
peak flows at a specific station, 
adjustments reflecting the inclusion 
of the new peak flows can cause 
significant changes to the magnitude- 
frequency relations.

  The magnitudes of peak flows from 
Hurricane Floyd required that the 
peak-flow magnitude-frequency 
relations be revised at 9 of 28 
U.S. Geological Survey stream flow- 
gaging stations in the affected region.

  Asa result of the adjustments, the 
maximum length of the peak-flow 
recurrence interval for peak flows 
caused by Hurricane Floyd was 
estimated at 200 years instead of the 
initial estimate of more than 500 years.

Introduction

o;» n September 1 6, 1999, 
Hurricane Floyd entered the 

lower half of Maryland's Eastern Shore 
and followed a northeasterly track over 
the lower part of the Delmarva 
Peninsula. Total rainfall amounts varied 
across the region. Some areas received 
more than 10 inches of rain, while 
other areas received less than 5 inches. 
The heaviest recorded rainfall occurred 
in the central part of Maryland's 
Eastern Shore, where a maximum of 
12.59 inches was reported at 
Chestertown, Maryland (Tallman and 
Fisher, 2001).

Record-high peak discharges were 
recorded at several active streamflow- 
gaging stations (referred to as "gages" 
in this report) in northern Delaware 
and on the upper Eastern Shore of 
Maryland. U.S. Geological Survey 
(USGS) personnel also surveyed high- 
water marks to estimate peak-flow mag­ 
nitudes for the storm at selected dis­ 
continued gages in the region (Tallman 
and Fisher, 2001).

When severe flooding occurs, 
information about peak-flow magnitude 
and frequency of recurrence must be 
disseminated quickly to Federal, State, 
and local agencies concerned with 
public safety and emergency response, 
as well as to the public. The initial esti­ 
mates of peak-flow frequency associat­ 
ed with a particular flood are based on 
peak-flow magnitude-frequency rela­ 
tions established prior to the flood. 
These relations have not incorporated
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the effect of the peak flows associated 
with the flood because peak-flow data 
must be reviewed for accuracy before 
being published or used in any analy­ 
ses. As a result, it may take several 
months to incorporate new peak-flow 
data and revise the peak-flow magni­ 
tude-frequency relation for a given 
stream location. If the new peak flows 
associated with a flood are significantly 
greater than previously recorded or his­ 
torical peak flows at a specific gage, 
adjustments reflecting the inclusion of 
the peak flows can cause significant 
changes to the magnitude-frequency 
relations.

This report summarizes the basic 
principles that are used to derive peak- 
flow magnitude-frequency relations, 
and discusses the adjustment tech­ 
niques that may be applied to refine 
these relations. A comparison of the 
initial peak-flow recurrence-interval esti­ 
mates and subsequent, adjusted esti­ 
mates resulting from peak flows associ­ 
ated with Hurricane Floyd in 1999 for 
28 gages in Delaware and Maryland 
are also presented.

Peak-Flow Magnitude-Frequency 
Relations

The relation between the magni­ 
tude and frequency of peak flow in 
streams describes how often, in terms 
of a long-term average, peak flow of a 
given magnitude may be equaled or
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exceeded at a given gage. For exam­ 
ple, the relation can be used to define 
the "100-year flood." This is the peak- 
flow magnitude that may be equaled or 
exceeded, on average, once every 100 
years, or that has a 1-percent chance of 
being equaled or exceeded in any 
given year at a gage. The length of the 
average time period between peak 
flows of a specified magnitude, 100 
years in the preceding example, is com­ 
monly known as the recurrence inter­ 
val. This relation is based on knowl­ 
edge of the temporal distribution of 
peak flows at a gage, and an under­ 
standing of the statistical characteristics 
of these data.

Peak-Flow Data
Most peak-flow data collected by 

the USGS are derived from a continu­ 
ous record of stream stage and a stage- 
discharge relation for each gage. In 
2002, stream stage and related data are 
being collected at 135 gages on 
streams throughout Delaware and 
Maryland. Data collected include: (1) 
stream stage, which is measured contin­ 
uously by use of a recorder, or periodi­ 
cally by field observation of a staff gage 
or by use of crest-stage gages, (2) 
stream discharge, which is measured 
throughout a range of stages, either 
directly, by use of a current meter, or 
by indirect methods, and (3) other mis­ 
cellaneous information that describes 
factors affecting the stage-discharge 
relation.

These data are used to develop a 
stage-discharge relation for each gage 
where data have been collected. The 
stage-discharge relation is a continuous 
curve determined from the discrete 
points at which both stage and dis­ 
charge have been measured (fig. 1). 
The accuracy of the stage-discharge 
relation for all active gages is regularly 
verified. When there is a substantial 
change in the stream-channel geometry 
in the vicinity of the gage, the stage-dis­ 
charge relation is revised to reflect the 
new conditions. Because the stage-dis­ 
charge relation is a continuous curve, 
peak flow can be determined for any 
stage included on the curve. Peak-flow 
discharges associated with stages 
beyond the defined curve of the stage- 
discharge relation can be estimated by 
extending the curve using analytical 
techniques such as rating extension
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Figure 1. Stage-discharge rating curve for station 01495500, Little Elk Creek 
at Childs, Maryland.
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Figure 2. Log-Pearson Type III peak-flow statistical distribution for station 01478000, 
Christina River at Coochs Bridge, Delaware.

and indirect methods (Benson and 
Dalrymple, 1967; Kennedy, 1984).

Statistical Distribution
USGS uses the annual peak-flow 

series from a gage in analyzing recur­ 
rence intervals of peak flows 
(Interagency Advisory Committee on 
Water Data, 1982). The annual peak- 
flow series consists of the largest peak 
for each water year (October 1 through 
September 30) in which peak-flow data 
were collected at a gage. On the basis 
of results of statistical tests performed 
on annual peak-flow data from 300 
gages in the United States, the log- 
Pearson Type III statistical distribution 
with a weighted skew coefficient was

found to produce the least bias in mag­ 
nitude-frequency estimates with the 
lowest level of uncertainty among eight 
distributions that were evaluated 
(Beard, 1975). An example of the log- 
Pearson Type III peak-flow statistical dis­ 
tribution (W.O. Thomas, Jr. and others, 
USGS, written commun., 1998) for sta­ 
tion number 01478000, Christina River 
at Coochs Bridge, Delaware, is shown 
in figure 2.

The three parameters that define 
the log-Pearson Type III distribution are 
the mean logarithm of the annual peak 
flows, the standard deviation of the log­ 
arithms, and the skew coefficient of the 
logarithms (Water Resources Council, 
1967), and are defined as follows:
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M = (ZX)/N, (1) 

S = {[Z(X2)-(IX)2/N]/N-1 }as , and (2)

G = {N2[Z(X3)]-3N(ZX)(IX2)+2(ZX)3}/ (3) 

[N(N-1)(N-2)S3 ],

where

M ;s the mean of the logarithms (base 10)
of the annual peak flows; 

X is the logarithm of the annual peak flow; 
N is the number of annual peak flows in

the dataset; 
S ;s the standard deviation of the

logarithms; and 
G ;"s the skew coefficient of the logarithms.

In equation 3, G represents the 
skew as calculated from the data col­ 
lected at a gage. However, the method 
recommended by Beard (1975) 
requires a weighted skew coefficient 
that is derived from both the station 
skew and skew from other nearby 
gages. The weighted skew coefficient 
generally provides a more reliable esti­ 
mate of skew for a gaged watershed 
and the surrounding regional area. As 
a result, magnitude-frequency relations 
for a given gage will incorporate 
regional data into the estimates by use 
of a weighted skew coefficient. The 
method for calculating the weighted 
skew coefficient is described by the 
Interagency Advisory Committee on 
Water Data (1982).

Magnitude-Frequency Relation
The peak-flow magnitude-frequen­ 

cy relation for streamflow at a gage is 
defined by a curve, obtained by fitting 
the log-Pearson Type III distribution 
with a weighted skew coefficient to the 
annual peak-flow series from that loca­ 
tion. The fitting technique computes 
the base-10 logarithm of discharge for 
selected exceedance probabilities using 
the following equation:

(4) 

where

Q is the base-10 logarithm of discharge
for the selected exceedance
probability; 

K is a coefficient that is a function of the
skew coefficient and the selected
exceedance probability; 

M ;s the mean of the logarithms (base 10)
of the annual peak flows; and 

S ;'s the standard deviation of the
logarithms.

The method for calculating the 
peak-flow magnitude-frequency curve, 
including the equation used to com­ 
pute K, is also described by the 
Interagency Advisory Committee on 
Water Data (1982).

Data Assumptions
The analysis methods discussed in 

this report may be used only if the 
recorded peak-flow data from a specific 
gage can be reasonably assumed to 
represent the peak-flow magnitude and 
frequency characteristics of a stream 
over time. This assumption can be rea­ 
sonably made if certain factors that can 
affect change in the hydraulic and 
hydrologic properties of a watershed 
are considered. These factors include 
land-use changes in the watershed over 
time; the presence of flow-control 
structures in the stream channel; and 
channel alterations or improvements at 
or near the gage.

Land-Use Changes Land-use 
changes in a watershed, such as devel­ 
opment of forest or cropland, can alter 
both the amount of precipitation that 
reaches the stream channel as overland 
flow and the timing of its arrival. These 
changes, in turn, will alter the magni­ 
tude-frequency relation of peak flow for 
the stream. If substantial land-use 
changes occur in a watershed during 
the period when peak-flow data are 
being collected, the magnitude-frequen­ 
cy relation for the stream should be 
based upon the part of the peak-flow 
record that was collected after the 
changes occurred. Geographic 
Information System (CIS) data or aerial 
photographs can be used to identify 
and quantify land-use changes. The 
significance of land-use changes on 
peak-flow magnitude over time may 
also be evaluated by performing non- 
parametric tests for monotonic trends 
in the peak-flow data. For example, a 
Kendall's Tau test could be performed 
on a peak-flow dataset to determine if 
a trend of increasing or decreasing dis­ 
charge exists at a gage where the 
watershed land use has significantly 
changed over the period of record 
(Helsel and Hirsch, 1992).

Flow-Control Structures Flow-con­ 
trol structures, such as dams or levees, 
are designed to regulate streamflow by 
altering the magnitude and timing of 
flow in the stream channel. The pres­

ence of these structures in a stream 
channel can alter the magnitude-fre­ 
quency relation of peak flows at all 
downstream points in the channel.

Dams tend to store water from 
the upstream reaches of a watershed 
and reduce the magnitude of the peak 
flow downstream of the dam. If the 
volume of storage in the reservoir 
behind a dam is small compared to the 
total volume of the average annual 
peak-flow event on the stream, the 
reduction of the peak-flow magnitude 
will be minimal and can be ignored for 
analytical purposes. When the reduc­ 
tion of the peak-flow magnitude is sub­ 
stantial, peak-flow data from locations 
downstream from a dam should not be 
analyzed using the methods discussed 
in this report because the statistical 
characteristics of regulated peak-flow 
data differ significantly from those of 
peak-flow data from unregulated water­ 
sheds.

Levees are structures that prevent 
water from flooding specific low-lying 
areas after the banks of the stream 
channel have been overtopped. Levees 
tend to disrupt the natural interaction 
of a stream channel and its flood plain 
by affecting overbank flow and storage. 
Levees can alter the magnitude-fre­ 
quency relation of peak flows in a 
stream by forcing more water into the 
main channel, which in turn can 
increase the peak-flow magnitudes at 
locations downstream from the levee. 
For any analysis, the analyst must 
assess whether or not the effect of a 
levee is significant enough so that the 
peak-flow magnitude-frequency rela­ 
tions for downstream locations cannot 
be calculated using the methods 
described in this report.

Channel Alterations Channel alter­ 
ations or improvements, such as 
straightening or lining with impervious 
material, can alter the magnitude-fre­ 
quency relation of peak flows in the 
stream. Channel straightening tends to 
decrease the channel length and sinu­ 
osity, thereby increasing the stream gra­ 
dient and flow velocity. Lining the 
banks of the channel with impervious 
materials tends to reduce channel 
roughness and increase flow velocities. 
In both cases, flow velocities are 
increased, which may result in an 
increase in the peak-flow magnitude. A 
Kendall's Tau test could be performed
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on the peak-flow data to determine if a 
trend of increasing peak flow exists that 
coincides with the timing of the chan­ 
nel alterations. For any analysis, it must 
be determined if the effects of any 
channel alterations are significant 
enough that the peak-flow magnitude- 
frequency relations for downstream 
locations cannot be calculated using 
the methods discussed in this report.

Peak-Flow Record 
Characteristics Affecting 
Magnitude-Frequency Relations

Many factors can affect peak-flow 
magnitude-frequency relations. The 
factors mentioned previously are relat­ 
ed to hydraulic and hydrologic proper­ 
ties of watersheds. This section 
describes certain characteristics of 
peak-flow records and the accepted 
methods used to account for their indi­ 
vidual effects on the peak-flow magni­ 
tude-frequency relations of a given 
stream. All factors discussed in this 
section concern the relative importance 
of individual peak-flow values within 
the context of the entire peak-flow 
record, and are related to the length or 
continuity of the peak-flow record.

Length of Record
To be considered representative, a 

sufficient amount of peak-flow data 
must be collected at a location to cap­ 
ture the natural variability in peak-flow 
magnitude over time. Ten years is usu­ 
ally considered to be the minimum 
length of time that peak-flow data 
should be collected at a gage to fulfill 
this requirement. For stations with 10 
years of peak-flow data or slightly 
more, watershed comparison and pre­ 
cipitation records may be used to 
increase accuracy of peak-flow magni­ 
tude-frequency relations. The longer 
the peak-flow record, the more likely 
the peak-flow magnitude-frequency 
relation derived from it is accurate. 
The methods discussed in this report 
are not applicable to gages with less 
than 10 years of peak-flow data.

Discontinuous Peak-Flow Record
Annual peaks for specific years 

may be missing or unavailable because 
of the destruction or removal, and sub­ 
sequent reactivation, of a gage. This

scenario results in a broken peak-flow 
record that spans a discontinuous time 
series. In this case, the individual con­ 
tinuous-record segments are typically 
analyzed as a single continuous record 
with a length equal to the sum of the 
lengths of both segments. This proce­ 
dure is not applicable, however, if there 
is some physical change in the water­ 
shed during the ungaged interval that 
would make the overall record non- 
homogeneous (Interagency Advisory 
Committee on Water Data, 1982). 
Significant land-use changes in the 
watershed and the introduction of 
flood-control structures during the inter­ 
val between record segments are exam­ 
ples of physical changes that could 
cause the overall peak-flow record to 
be non-homogeneous.

Incomplete Peak-Flow Record
An incomplete peak-flow record 

results when certain peaks are missing 
because they were either too low or 
too high to record, or because the 
gage was not operational for a short 
period of time due to flooding. An 
incomplete record can result in erro­ 
neous peak-flow magnitude-frequency 
relations if missing peaks are simply 
excluded from the dataset and subse­ 
quent analysis. When one or more 
annual peaks are missing from the 
peak-flow record, other resources 
should be used to make a reasonable 
estimate of the missing peaks 
(Interagency Advisory Committee on 
Water Data, 1982). These resources 
include data from nearby gages, region­ 
al rainfall data, and regional peak-flow 
magnitude-frequency estimation equa­ 
tions such as those presented in Dillow 
(1996a, 1996b).

Historical Peak Flows
Historical data describing the mag­ 

nitude of peak flows is sometimes avail­ 
able from sources other than gages, 
and can be used to effectively increase 
the length of the peak-flow record. 
Adding this type of historical data to 
the peak-flow record increases confi­ 
dence in the resulting magnitude-fre­ 
quency relation. If any peak flows that 
occurred before, after, or between seg­ 
ments of the peak-flow record were 
maximums over an extended period of 
time, these peak flows must be consid­ 
ered when developing the peak-flow

magnitude-frequency relation for the 
station.

The underlying assumption inher­ 
ent in the use of historical data is that 
watershed and meteorological condi­ 
tions during the period when the actual 
peak-flow record was collected are rep­ 
resentative of the intervening period 
between the beginning or end of the 
peak-flow record and the time of the 
historical peak flow. The historical data 
should be used unless there is evidence 
to indicate that the historical data are 
not indicative of the intervening period. 
The recommended method for includ­ 
ing historical peak-flow data in the 
peak-flow magnitude-frequency analysis 
is described and demonstrated by the 
Interagency Advisory Committee on 
Water Data (1982).

Outliers
Outliers are individual peak flows 

with magnitudes that are significantly 
smaller or larger than most other values 
in the peak-flow record. The retention, 
modification, or deletion of an outlier 
can substantially alter the statistical 
parameters computed from the dataset, 
especially if the peak-flow record is rel­ 
atively short. When determining the 
peak-flow magnitude-frequency relation 
for a gage, the presence of low or high 
outliers must be determined, and 
appropriate adjustments to the relation 
must be made.

Low Outliers Low outliers are peak 
flows that plot significantly below the 
rest of the data in the peak-flow record. 
Low outliers generally occur during 
years in which there is a hydrologic 
drought. The low-outlier threshold is 
determined as follows:

X L =M-(KN)(S), (5)

where

XL/S the base-10 logarithm of the low- 
outlier threshold;

KN is a coefficient with a value determined 
by the sample size, N;

M is the mean of the logarithm (base 10) 
of the annual peak flows; and

S is the standard deviation of the 
logarithms.

Generally, if the peak-flow record 
includes a peak that is below the low- 
outlier threshold, a statistical procedure 
is conducted to adjust the peak-flow 
magnitude-frequency relation for the 
gage. The procedure for low-outlier
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adjustment eliminates the influence of 
the low outlier on the peak-flow magni­ 
tude-frequency relation by excluding 
the low outlier from the analysis, and is 
described by the Interagency Advisory 
Committee on Water Data (1982). 

High Outliers High outliers are 
peak flows that plot significantly higher 
than the data in the peak-flow record. 
High outliers generally represent 
extreme floods, and are significantly 
higher than other values in the peak- 
flow record. The high-outlier threshold 
is determined as follows:

76° 75°

X H =M + (KN)(S), (6)

where

X H is the base-10 logarithm of the high- 
outlier threshold;

KN is a coefficient with a value determined 
by the sample size, N;

M is the mean of the logarithm (base 10) 
of the annual peak flows; and

S is the standard deviation of the 
logarithms.

If the peak-flow record includes a 
value that is near or above the high-out­ 
lier threshold, and if historical data are 
available to provide a suitable context 
for adjustment, a statistical procedure 
can be conducted to adjust the peak- 
flow magnitude-frequency relation for 
the gage. The procedure assigns a sta­ 
tistical weight to the high outlier in rela­ 
tion to the rest of the dataset to reflect 
an appropriate amount of influence in 
the context of the historical data, pro­ 
viding an adjusted peak-flow magni­ 
tude-frequency relation. The procedure 
for high-outlier adjustment is described 
by the Interagency Advisory 
Committee on Water Data (1982).

Adjustments Reflecting the 
Influence of Hurricane Floyd

At many locations in northern 
Delaware and Maryland's Eastern 
Shore, Hurricane Floyd produced 
record-high peak flows at both active 
and discontinued gages (fig. 3). 
Evaluation of the Hurricane Floyd peaks 
using pre-Floyd magnitude-frequency 
relations indicates that Floyd caused 
peak flows with recurrence intervals 
greater than 500 years at several gages. 
This section presents a comparison of 
initial recurrence-interval estimates and

40L
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EXPLANATION
(Station numbers are abbreviated by omitting

/ 01 prefixes and trailing zeroes in the last two 
digits. For example, station number 01477800 
is abbreviated to read 4778.)

4778 A ACTIVE GAGING STATION AND 
IDENTIFICATION NUMBER

5785V DISCONTINUED GAGING STATION 
AND IDENTIFICATION NUMBER

 8  RAINFALL CONTOUR, IN INCHES
(Contour interval 2 inches) 

8'°1 TOTAL RECORDED RAINFALL, IN 
INCHES (September 15-17, 1999) 

(Rainfall data from the National 
Oceanic and Atmospheric 

Administration)

MARYLAND 

5.60   - 4850

W O R £ FTS T|E R

20 MILES

10 20 KILOMETERS

Figure 3. Location of active and discontinued streamflow-gaging stations in Delaware and 
the Eastern Shore of Maryland, rainfall distribution, and track and direction 
of Hurricane Floyd, 1999. (modified from Jallman and Fisher, 2001)
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both the unadjusted and adjusted 
recurrence-interval estimates resulting 
from updated magnitude-frequency 
analyses that include peak flows 
caused by Hurricane Floyd. 
Adjustments were made to magnitude- 
frequency relations at several gages on 
the basis of various factors. The result­ 
ing recurrence-interval estimates for 
peak flows caused by Hurricane Floyd 
are also discussed.

Comparison of Pre- and Post-Hurricane 
Floyd Recurrence Intervals

Peak-flow magnitude-frequency

relations calculated prior to September 
1999 provided the initial recurrence- 
interval estimates for Hurricane Floyd at 
28 active and discontinued gages in 
Delaware and Maryland. These rela­ 
tions produced recurrence-interval esti­ 
mates of 500 or more years at seven 
gages, and 100 or more years at three 
other gages. Subsequent analyses at 
these 28 gages, which included peak 
flows caused by Hurricane Floyd, result­ 
ed in peak-flow magnitude-frequency 
relations that indicated a maximum 
recurrence-interval estimate of 260 
years for Hurricane Floyd. These rela­

tions were not adjusted to account for 
any of the factors discussed previously, 
and produced estimated recurrence 
intervals of 200 or more years at four 
gages, and between 100 and 200 years 
at three other gages. After making the 
adjustments described below, the 
largest estimated recurrence interval for 
any gage was reduced to 200 years, 
with estimates ranging between 100 
and 1 70 years at seven other gages 
(table 1).

Inclusion of Hurricane Floyd peak 
flows at several gages also caused sig­ 
nificant, but less substantial changes in

Table 1. Peak stages and discharges for previous flood of record and flood of September 1999
(modified from Jallman and Fisher, 2001)

[mi 2, square miles; ft, feet; ft 3/s, cubic feet per second; >, greater than; <, less than]

GAGING STATION
(Location shown in figure 3)

Drainage PReriod .of

Number Name Area imatpr(mi 2) iwarer
years

01477800 Shellpot Creek at Wilmington, DE 7.46 1945-99
01478000 Christina River at Coochs Bridge, DE 20.5 1943-99

01478500 White Clay Creek above Newark, DE 66.7 Jpjj-59

01478650 White Clay Creek at Newark, DE 69.0 1994-99
1931-36

01479000 White Clay Creek near Newark, DE 89.1 1943-57
1959-99

01480000 Red Clay Creek at Wooddale.DE 47.0 1943-99
01480015 Red Clay Creek near Stanton.DE 52.4 1988-99
01481500 Brandywine Creek at Wilmington, DE 314 1946-99
01483200 Blackbird Creek at Blackbird, DE 3.85 1956-99
01483700 St. Jones River at Dover, DE 31.9 1958-99

1931-33
01484000 Murderkill River near Felton, DE 13.6 1952-85

1996-99
01484100 Beaverdam Branch at Houston, DE 2.83 1959-99
01484500 Stockley Branch at Stockley,DE 5.24 1943-99
01485000 Pocomoke River near Willards, MD 60.5 1949-99
01485500 Nassawango Creek near Snow Hill, MD 44.9 1949-99

01486000 Manokin Branch near Princess Anne, MD 4.80 jgyjigg

01487000 Nanticoke River near Bridgeville, DE 75.4 1943-99

01488500 Marshyhope Creek near Adamsville, DE 43.9 igy^gg

01491000 Choptank River near Greensboro, MD 113 1948-99
01493000 Unicorn Branch near Millington, MD 19.7 1948-99
01493112 Chesterville Branch near Crumpton, MD 6.12 1996-99
01493500 Morgan Creek near Kennedyville, MD 12.7 1951-99

01495000 Big Elk Creek at Elk Mills, MD 52.6 ig^-gg

01495500 Little Elk Creek at Childs,MD 26.8 1949-58
01496000 Northeast Creek at Leslie, MD 24.3 1949-84
01496200 Principio Creek near Principio Furnace, MD 9.03 1967-92

01578500 Octoraro Creek near Rising Sun, MD 193 igegiyy

01579000 Basin Run at Liberty Grove, MD 5.31 ig^ye

PREVIOUS FLOOD 

OF RECORD

c»    Peak
Date ,??e Discharge

(ft3/s)

7/05/89 13.76 8,040

7/05/89 13.12 5,530

6/22/72 13.77 10,200

1/19/96 13.35 7,540

7/05/89 16.55 11,600

7/21/75 10.32 5,010

1/19/96 19.38 5,330

6/23/72 15.49 29,000

6/22/72 5.04 712

9/13/60 9.45 1,900

8/04/67 8.83 2,090

9/12/60 5.55 176

3/03/94 5.52 303

8/20/89 15.41 2,820

8/19/89 9.07 3,930

8/20/69 5.44 547

2/26/79 10.31 3,020

7/13/75 13.19 3,700

8/04/67 14.47 6,970

12/14/96 6.09 1,160

6/13/98 5.35 83.0

6/22/72 13.07 7,500
6/1884 19* 18,000 
7/5/37 14.50 10,600

8/12/55 8.37 5,400

6/22/72 8.41 4,800

8/04/69 9.26 7,060

8/09/42 17.57 35,000

7/04/51 6.06 1,440

FLOOD OF SEPTEMBER 1999

 , Peak Recurrence
,J!.?e Discharge Interval
m (ft3/s) (years)5

8.95 4,460 10

13.92 7,050 >100

15.14 16,300 500

17.13 16,800 500

17.57 19,600 >500

13.93 7,650 >100

23.54 8,260 >25

15.43 28,700 >50

6.47 789 150

6.60 756 4

6.00 380 4

3.84 54 2

3.58 73 >2

7.53 265 <2
5.23 267 <2

4.61 257 <2

9.19 1,760 >10

12.92 3,340 25

13.92 6,420 40

9.40 2,600 >500

10.22 3,220 Unknown

15.03 11,200 >500

14.53 9,780 30

11.19 8,700 500

11.50 9,000 500

8.64 3,430 10

17.10 24,650 15

6.20 1,940 10

A "water year" is the 12-month period from October 1 through September 30. It is designated by the calendar year in which it ends.
Stage from information by local residents. Peak discharge is approximate.

3 Recurrence-interval estimates are based on peak-discharge data prior to September 1999.
4 Record length too short.
5 Estimate based on surrounding stations.

Unadjusted Adjusted
Recurrence Interval Type of Floyd

[including Adjustment Recurrence
Floyd peak] Required Interval

(years) (years)
18 None 18

200 High Outlier 165

85 Historical, High Outlier 170

Unknown 4 High Outlier 5 160 5

260 Historical, High Outlier 150

135 None 135
15 None 15
50 None 50
100 None 100
4 None 4

3 None 3

2 None 2
2-3 None 2-3

1-2 None 1-2
2 None 2

6 None 6

15 None 15

17 None 17

25 None 25
200 None 200

Unknown 4 None Unknown

210 High Outlier 85

35 Historical 30

40 Historical, High Outlier 155
115 Historical, High Outlier 80
10 None 10

15 Historical 11

6 None 6

6 Adjustments to USGS Peak-Flow Magnitude-Frequency Relations in Delaware and Maryland Following Hurricane Floyd. September 1999



the magnitude-frequency analyses. For 
example, the estimated recurrence 
intervals for the Floyd peak flows at 
Shellpot Creek at Wilmington, 
Delaware increased from 10 years to 
18 years; Choptank River near 
Greensboro, Maryland decreased from 
40 years to approximately 25 years; 
and Marshyhope Creek near 
Adamsville, Delaware decreased from 
25 years to about 1 7 years.

Two gages, White Clay Creek at 
Newark, Delaware and Chesterville 
Branch near Crumpton, Maryland, cur­ 
rently have record lengths that are too 
short for peak-flow magnitude-frequen­ 
cy relations to be considered valid. As 
noted in table 1, a recurrence-interval 
estimate was made for White Clay 
Creek at Newark, Delaware using other 
methods, but comparisons of pre- and 
post-Floyd recurrence intervals are not 
applicable for either gage.

Historical, Outlier, and Discontinuous 
Record Perspectives

After the finalized peaks for 
Hurricane Floyd were included in the 
peak-flow records, revised flood-fre­ 
quency analyses indicated that high- 
outlier thresholds were exceeded by 
the Floyd peak flows at several gages. 
Estimates of peak flow made by indi­ 
rect measurements at three discontin­ 
ued gages indicated that the Floyd 
peak flows were the largest ever 
recorded, thus requiring that the peak- 
flow magnitude-frequency relations be 
historically adjusted. Of the 28 active 
and discontinued gages, nine required 
adjustments to their peak-flow magni­ 
tude-frequency relations to account for 
high outliers or historical data. The 
adjustments that were applied to the 
peak-flow magnitude-frequency rela­ 
tions resulted in smaller recurrence- 
interval estimates for the Floyd peaks at 
six of the nine gages.

A high-outlier adjustment was 
required for the magnitude-frequency 
relation at the gage on Christina River 
at Coochs Bridge, Delaware because 
the addition of the peak flow from 
Hurricane Floyd was larger than any 
peak discharge recorded in the system­ 
atic record and caused the high-outlier 
threshold to be exceeded. The initial 
recurrence-interval estimate for the 
Floyd peak flow for this gage was deter­ 
mined to be between 100 and 500
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(Refer to table 1)

oooo Systematic peaks, 1943-2000 

    Water Resources Council Bulletin 17B frequency

    Pre-Floyd frequency (1943-1998)

    Adjusted frequency (Post-Floyd)

99.5 98 95 90 80 70 50 30 20 10 5

ANNUAL EXCEEDANCE PROBABILITY, IN PERCENT

1 0.5 0.2

Figure 4. Adjusted log-Pearson Type III peak-flow statistical distribution for station 
01478000, Christina River at Coochs Bridge, Delaware.

years, but likely closer to 500 years. 
After including the Floyd peak flow and 
adjusting the relation to account for the 
high outlier, the recurrence interval was 
estimated to be 165 years, as shown in 
figure 4 (W.O. Thomas, Jr. and others, 
USGS, written commun., 1998).

Figure 4 illustrates some signifi­ 
cant differences in magnitude-frequen­ 
cy relations between pre-Floyd and 
post-Floyd conditions at this gage. 
Between the 10-percent (10-year flood) 
and 0.2-percent (500-year flood) 
exceedance probabilities, the unadjust­ 
ed curves differ from 8 to 30 percent. 
When adjustments are applied to the 
post-Floyd magnitude-frequency rela­ 
tion, the 10-percent and 0.2-percent 
exceedance probabilities differed by an 
additional 0.2 to 4.6 percent, respec­ 
tively.

High-outlier adjustments were 
required for the magnitude-frequency 
relations at the discontinued gage on 
White Clay Creek above Newark, 
Delaware and at the active gage on 
White Clay Creek near Newark, 
Delaware. The relation for the gage on 
White Clay Creek above Newark, 
Delaware also met the requirement for 
historical-data adjustment to account 
for the combined effect of a large peak 
and a discontinuous systematic record. 
After adjustments were made, the esti­ 
mated recurrence intervals for the

Floyd peak flows at White Clay Creek 
above Newark, Delaware and White 
Clay Creek near Newark, Delaware 
were 170 years and 150 years, respec­ 
tively. These recurrence-interval esti­ 
mates are significantly less than the ini­ 
tial estimates of 500 years or greater.

The peak-flow record for the 
active gage on White Clay Creek at 
Newark, Delaware is currently 8 years 
long. Because 10 years of peak-flow 
data are required to establish a magni­ 
tude-frequency relation, recurrence- 
interval estimates based on the peak- 
flow data for this gage are not consid­ 
ered to be reliable. A recurrence-inter­ 
val estimate can be made, however, on 
the basis of the estimated recurrence 
intervals for upstream and downstream 
gages on the same stream. Because 
the adjusted recurrence-interval esti­ 
mates range from 150 to 1 70 years 
upstream and downstream of the gage, 
an estimate of 160 years can be made 
for the recurrence interval of the Floyd 
peak flow at this gage.

The active gage on Morgan Creek 
near Kennedyville, Maryland required 
an adjustment to the magnitude-fre­ 
quency relation because the peak flow 
from Hurricane Floyd was almost twice 
the value of the high-outlier threshold. 
After the high-outlier adjustment was 
made, the recurrence interval for 
Hurricane Floyd was estimated to be

Adjustments to USGS Peak-Flow Magnitude-Frequency Relations in Delaware and Maryland Following Hurricane Floyd, September 1999



85 years. This represents a significant 
reduction from the initial recurrence- 
interval estimate of greater than 500 
years.

The peak-flow magnitude-frequen­ 
cy relation for the active gage on Big 
Elk Creek at Elk Mills, Maryland was 
adjusted for historical data because 
data were available from a record peak 
in June 1884, nearly 50 years before 
the continuous-record gage was activat­ 
ed. The resulting recurrence-interval 
for the Floyd peak flow was estimated 
to be about 30 years, which is the 
same as the initial recurrence-interval 
estimate. This is probably because the 
1884 peak is nearly twice as large as 
any peak flow recorded in the system­ 
atic record.

The peak-flow magnitude-frequen­ 
cy relation for the discontinued gage 
on Little Elk Creek at Childs, Maryland 
was adjusted because the Floyd peak 
flow exceeded the high-outlier thresh­ 
old for the gage. The gage was discon­ 
tinued in 1958, but peak-flow data are 
available for floods in 1989 and 1999. 
Because the systematic record is only 
10 years long, the historical-data adjust­ 
ment is critical to putting the 1989 and 
1999 peaks in the proper statistical per­ 
spective. The initial Floyd peak-flow 
recurrence interval was estimated to be 
500 years. After historical-data and 
high-outlier adjustments were made, 
the recurrence interval for the Floyd 
peak flow at this gage was estimated to 
be 155 years.

The peak-flow magnitude-frequen­ 
cy relation for the discontinued gage 
on Northeast Creek at Leslie, Maryland 
was adjusted to include the effect of 
historical data and to give the proper 
weight to the peak flow caused by 
Hurricane Floyd, which exceeded the 
high-outlier threshold and was nearly 
twice as large as any other peak in the 
record. The gage was discontinued in 
1984 after 36 years of continuous mon­ 
itoring. The peak flow caused by 
Hurricane Floyd in 1999 was estimated 
by use of stage-discharge rating exten­ 
sion techniques. The initial Hurricane 
Floyd recurrence-interval estimate was 
reported to be 500 years. After histori­ 
cal-data and high-outlier adjustments 
were made, the Floyd peak-flow recur­ 
rence interval was estimated to be 80 
years.

The discontinued gage on

Octoraro Creek near Rising Sun, 
Maryland required an analysis to deter­ 
mine the extent of flow regulation and 
an historical-data adjustment to the 
peak-flow magnitude-frequency rela­ 
tion. The peak flow caused by 
Hurricane Floyd in 1999 did not 
exceed the high-outlier threshold, but 
the gage has been discontinued since 
1977. The historical peak-flow record 
also includes peaks in 1884 and 1918 
that occurred prior to the beginning of 
the continuous peak-flow record in 
1932. Since the length of the historical 
period associated with this gage is 
more than twice that of the systematic 
record, a historical-data adjustment was 
required to put the 1999 peak flow in 
the proper statistical perspective.

A water-supply reservoir was con­ 
structed and began storing water 
upstream from the gage in 1951; there­ 
fore, the effect of flow regulation on 
the peak-flow magnitude-frequency 
relation also must be determined. After 
considering the drainage area of the 
watershed, the size of the reservoir, 
and the increase in watershed storage 
from the reservoir, it was determined 
that peak flows with recurrence inter­ 
vals of more than 2 years would be 
largely unaffected by flow regulation.

The Floyd peak-flow recurrence 
interval was initially estimated to be 15 
years. After inclusion of the Floyd peak 
flow into the record and historical-data 
adjustment of the magnitude-frequency 
relation, the Hurricane Floyd peak-flow 
recurrence interval was estimated to be 
11 years.
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