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Analysis and Inundation Mapping of the April–May 2011 
Flood at Selected Locations in Northern and Eastern 
Arkansas and Southern Missouri

By Drew A. Westerman, Katherine R. Merriman, Jeanne L. De Lanois, and Charles Berenbrock

Abstract
Precipitation that fell from April 19 through May 3, 

2011, resulted in widespread flooding across northern and 
eastern Arkansas and southern Missouri. The first storm 
produced a total of approximately 16 inches of precipitation 
over an 8-day period, and the following storms produced 
as much as 12 inches of precipitation over a 2-day period. 
Moderate to major flooding occurred quickly along many 
streams within Arkansas and Missouri (including the Black, 
Cache, Illinois, St. Francis, and White Rivers) at levels that 
had not been seen since the historic 1927 floods. The 2011 
flood claimed an estimated 21 lives in Arkansas and Missouri, 
and damage caused by the flooding resulted in a Federal 
Disaster Declaration for 59 Arkansas counties that received 
Federal or State assistance. To further the goal of documenting 
and understanding floods, the U.S. Geological Survey, in 
cooperation with the Federal Emergency Management Agency, 
the U.S. Army Corps of Engineers–Little Rock and Memphis 
Districts, and Arkansas Natural Resources Commission, 
conducted a study to summarize meteorological and 
hydrological conditions before the flood; computed flood-peak 
magnitudes for 39 streamgages; estimated annual exceedance 
probabilities for 37 of those streamgages; determined the joint 
probabilities for 11 streamgages paired to the Mississippi 
River at Helena, Arkansas, which refers to the probability that 
locations on two paired streams simultaneously experience 
floods of a magnitude greater than or equal to a given 
annual exceedance probability; collected high-water marks; 
constructed flood-peak inundation maps showing maximum 
flood extent and water depths; and summarized flood damages 
and effects. 

For the period of record used in this report, peak-of-
record stage occurred at 24 of the 39 streamgages, and peak-
of-record streamflow occurred at 13 of the 30 streamgages 
where streamflow was determined. Annual exceedance 
probabilities were estimated to be less than 0.5 percent at three 
streamgages. The joint probability values for streamgages 
paired with the Mississippi River at Helena, Ark., streamgage 
indicate a low probability of concurrent flooding with the 
paired streamgages. The inundation maps show the flood-peak 
extent and water depth of flooding for two stream reaches on 

the White River and two on the Black River; the vicinities 
of the communities of Holly Grove and Cotton Plant, Ark.; 
a reach of the White River that includes the crossing of 
Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters 
of Beaver Dam near Eureka Springs, Ark., Table Rock Dam 
near Branson, Mo., and Bull Shoals Dam near Flippin, Ark. 
The data and inundation maps can be used for flood response, 
recovery, and planning efforts by Federal, State, and local 
agencies.

Introduction
Flood data are needed by Federal, State, and local 

agencies to make informed decisions related to flood hazard 
mitigation, planning, and response. For example, the Federal 
Emergency Management Agency (FEMA), the U.S. Army 
Corps of Engineers (USACE), and the Arkansas Natural 
Resources Commission (ANRC) need timely information 
on the magnitude and frequency of floods to help with flood 
response and to enhance emergency management, protect 
infrastructure, provide recovery guidance, and plan for future 
flood events. 

Precipitation that fell from April 19 through May 3, 2011, 
resulted in widespread flooding across northern and eastern 
Arkansas and southern Missouri. High winds, tornadoes, and 
heavy rain began on April 19, 2011, followed by multiple 
severe storms that lasted for several days at a time. The first 
storm produced a total of approximately 16 inches (in.) of rain 
over an 8-day period, and the following storms produced as 
much as 12 in. of rain over a 2-day period (National Climatic 
Data Center, 2012a). Moderate to major flooding occurred 
along many streams within Arkansas and Missouri (including 
the Black, Cache, Illinois, St. Francis, and White Rivers) 
(fig. 1) at levels that had not been seen since the historic 
1927 floods. As the flood moved down the Black River, 
levee breaches occurred that resulted in extensive flooding 
and damages to farmland, towns, and roadways (Catherine 
Funkhouser, U.S. Army Corps of Engineers–Little Rock, 
written commun., 2011; National Weather Service, 2012; 
Watkins, and others, 2011). The multiple lakes along the 
White River used to help manage and reduce floods were 
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quickly filled to capacity and record pool elevations were 
reached. The White River was slow to recede because it flows 
into the Mississippi River, which was already flooded from 
the intense precipitation and snowmelt that occurred further 
upstream (U.S Geological Survey, 2012a). The Mississippi 
River at Memphis, Tennessee, peaked at a stage (water level) 
of 48.03 feet (ft) on May 10, 2011, less than a foot lower than 
the record height set by the floods of 1937 (U.S Geological 
Survey, 2012a). The Mississippi River flowed upstream 
along the White and Arkansas Rivers causing backwater. The 
backwater effects, in addition to multiple levee breaches, 
altered the stage-streamflow relations; therefore, peak 
streamflow was not determined at several streamgages.

Travel was substantially disrupted by the flooding. A 
total of 82 sections of highways, including Interstate 40 and 
Highway 67/167, was closed (Arkansas State Highway and 
Transportation Department, 2011). On May 4, the White River 
was high enough to close the westbound lanes of Interstate 
40 in eastern Prairie County, Ark. (mile marker 202). The 
eastbound lanes were closed by the evening of May 5 and 
remained closed for several days. This stretch of Interstate 40 
generally handles approximately 30,000 vehicles a day, and 
traffic was substantially disrupted (Arkansas State Highway 
and Transportation Department, 2011). Traffic was diverted 
onto surrounding highways to avoid the flooded sections 
of highway. The detours involved 50 to 100 miles (mi) and 
several hours of extra driving. U.S. Highway 67/167 was 
closed in northern Pulaski County, Ark., through May 3 and 
early May 4. The White River flooded U.S. Highway 70 
at De Valls Bluff (Prairie County, Ark.), and also flooded 
Highway 36 at Georgetown (White County, Ark.). The closing 
of Highway 36 left Georgetown isolated. The U.S. Department 
of Transportation provided Arkansas $9.1 million to help 
reimburse the State for repairing or replacing highways, 
bridges, and other roadway structures resulting from the April 
through May floods (Federal Highway Administration, 2012). 

Overflowing tributaries endangered lives and damaged 
property. The levee breaches on the Black River near 
Pocahontas, Ark., resulted in evacuation of prisoners from the 
Randolph County jail on April 28. On the morning of May 2, 
emergency management officials advised people to evacuate 
along the White River at Des Arc and Biscoe (both in Prairie 
County, Ark.). More evacuations took place in Jacksonport 
(Jackson County, Ark.) by evening. Also on May 5, 
evacuations were ordered at Gregory, McClelland, and Cotton 
Plant (all in Woodruff County, Ark.) because of overtopping 
of the levee along the White River and a swollen Cache 
River. The flooding of Arkansas crops and farmland cost an 
estimated 2,150 full- and part-time jobs and a $335-million 
net loss in farm income (Watkins and others, 2011). In the end, 
the April–May 2011 flood claimed an estimated 21 lives in 
Arkansas and Missouri (National Weather Service, 2011). 

The resulting devastation led Arkansas Governor Beebe 
to declare a State of Emergency for the flooded areas on April 
25, 2011 (Federal Emergency Management Agency, 2011; 
fig. 1). On May 2, 2011, President Obama declared that a 
major disaster existed in the State of Arkansas (the Federal 

Disaster Declaration can be found online at: http://www.fema.
gov/disaster/1975). The Declaration made the Individual 
Assistance Program available to the affected individuals and 
households in Benton, Clay, Faulkner, Garland, Lincoln, 
Pulaski, Randolph, and Saline Counties. The Declaration also 
made the Public Assistance Program available to the State, 
eligible local governments, and certain private nonprofit 
organizations on a cost-sharing basis for emergency protective 
measures, limited to direct Federal assistance for work in 
Benton, Clay, Faulkner, Garland, Lincoln, Pulaski, Randolph, 
and Saline Counties. Finally, this Declaration made the 
Hazard Mitigation Grant Program assistance requested by the 
Governor available for hazard mitigation measures statewide. 
In all, 59 Arkansas counties received some form of Federal 
or State assistance (Federal Emergency Management Agency, 
2011; fig. 1).

Flooding is the leading cause of natural-disaster losses 
(U.S. Geological Survey, 2006) and preventing the devastating 
effects associated with flooding is a major challenge. Properly 
documenting and understanding major floods is a vital service 
the U.S. Geological Survey (USGS) has provided throughout 
its history (for example, Murphy, 1904; Follansbee and Jones 
1922; Grover, 1938; Wells, 1955; McCain and others, 1979; 
Parrett and others, 1993; Holmes and others, 2010; Holmes 
and Wagner, 2010). The USGS performs flood-frequency 
analysis on a series of annual-peak streamflow values 
measured at streamgages over a period of time. As more data 
become available, the ability to define the resulting flood 
magnitudes and corresponding frequencies typically improves. 
Therefore, it is beneficial to assess flood frequencies after each 
major flood event. To further the goal of documenting and 
understanding floods, the USGS, in cooperation with FEMA 
Region VI, the USACE—Little Rock (USACE–LR) and 
Memphis Districts (USACE–MEM), and ANRC, collected 
extensive flood information during and after the flood to 
appropriately document and analyze the flooding event. 

Purpose and Scope

The purpose of this report is to provide meteorological 
and hydrological information pertaining to the April–May 
2011 flood that occurred in northern and eastern Arkansas and 
southern Missouri. The report summarizes meteorological 
and hydrological conditions before the flood. The report 
presents flood analyses for streamgages in northern and 
eastern Arkansas and southern Missouri that include computed 
flood-peak magnitudes for 39 streamgages (26 USGS, 10 
USACE–MEM, and 3 USACE–LR operated streamgages); 
joint and annual exceedance probabilities for 11 and 37 of the 
streamgages, respectively, paired to the Mississippi River at 
Helena, Ark. (07047970). Data on high-water marks (HWMs) 
and flood-peak inundation maps showing maximum flood-
peak extent and water depths are presented and described 
for selected communities, the Tailwaters of three lakes, and 
for selected reaches of the White, Black, and Cache Rivers 
within northern and eastern Arkansas and southern Missouri. 
Information on flood damages and effects are summarized 

http://www.fema.gov/disaster/1975
http://www.fema.gov/disaster/1975
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on the basis of information gathered for this report, including 
information obtained from FEMA, USACE, National Weather 
Service (NWS), and State and local agencies. The flood 
analyses and inundation maps provide flood documentation 
for FEMA’s short- and mid-term use in recovery and hazard 
mitigation planning. Flood reports, such as this report, provide 
flood case histories, which can be used to educate the public 
and facilitate decisions by policy makers to better mitigate 
flood disasters. 

Conditions Leading to the 2011 Flood

Widespread flooding occurred across the Lower 
Mississippi Valley because of a combination of late spring 
runoff from record snowmelt in the Upper Mississippi River 
Valley and the coincident heavy precipitation in late April 
and early May (National Weather Service, 2012).Three 
major storm events (April 19–25, 2011, April 26–28, 2011, 
and May 1–May 3, 2011) contributed to the overall flood 
event with similar stream basins in Arkansas and southern 
Missouri receiving up to 15 in. of precipitation from each 
storm as shown by the Next Generation Radar (NEXRAD) 
collected data from the National Climatic Data Center (2012a; 
fig. 2). Total precipitation amounts for April measured at 
NWS precipitation stations (National Climatic Data Center, 
2012b; table 1) were above normal precipitation amounts 
for the month. Precipitation totals ranged from 2.72 in. at 
Jonesboro, Ark., to 15.28 in. at Fayetteville, Ark. (National 
Climatic Data Center, 2012b; table 1). A cold front from the 
Great Plains pushed into Arkansas during the evening of April 
30, 2011, and stalled, acting as a focused source for heavy 
precipitation. The heaviest precipitation was in the central 
part of the State of Arkansas, and it lasted for several hours. 
Satellite data showed storms were “back building” across 
central Arkansas beginning the evening of April 30, 2011. 
“Back building” means that while the first wave of storms 
moved to the east, new storms would develop on the storm’s 
upwind side (generally on the western side); therefore, similar 
areas would repeatedly receive new precipitation amounts 
for several hours. The major part of heavy precipitation fell 
across the central third of Arkansas at approximately 1:00 
a.m. central daylight time (CDT) on May 1, 2011, and lasted 
for several hours. By the evening, 2 to 4 in. of precipitation 
had occurred, and flash flooding began in some areas. Total 
precipitation amounts for May from precipitation stations 
(National Climatic Data Center, 2012b; table 1) were above 
normal. Precipitation totals ranged from 2.64 in. at El Dorado, 
Ark., to 11.91 in. at Fort Smith, Ark. After the storms, 20 in. 
(700–1,000 percent above normal) precipitation amounts were 
recorded in some tributary basins within a 2-week period 
(National Weather Service, 2012). 

Study Area

This study focuses on major flooding that occurred 
primarily within three major stream basins—the White River 
Basin, the St. Francis River Basin, and the Arkansas River 

Basin in northern and eastern Arkansas and southern Missouri. 
In addition, two streamgages on the Mississippi River were 
part of the study because of the importance of upstream and 
near record measurements during the flood analyses. The 
White River originates in northwestern Arkansas, crosses into 
Missouri, and flows back into Arkansas where it eventually 
joins with the Mississippi River; the river encompasses a 
drainage area of approximately 27,800 square miles (mi2) 
(Sullavan, 1974). Major tributaries to the White River 
include the Black and Cache Rivers with drainage areas 
of approximately 8,500 mi2 and 2,000 mi2, respectively 
(Sullavan, 1974). The St. Francis River, which drains 
approximately 8,400 mi2, originates in southeastern Missouri 
and flows into the Mississippi River (Christensen and others, 
1967). The Arkansas River drains approximately 170,000 
mi2, but only tributaries in northern Arkansas were part of 
the study. The major tributary to the Arkansas River within 
the study area includes the Illinois River with a drainage area 
of approximately 1,600 mi2 (Galloway, 2008). Hydraulic 
structures regulating streamflow within the study area were 
included in the flood analyses and inundation mapping (fig. 3). 

Methods
The methods used to compute flood magnitudes, to 

do frequency analyses of peak streamflows and stage, and 
to collect HWM data are described in this section of the 
report. Methods used to create flood extent and water-depth 
inundation maps also are described.

Computing the Magnitudes of Peak Streamflow 

Peak streamflow or peak stage, or both, was determined 
for the April–May 2011 flood for 39 USGS and USACE 
streamgages in Arkansas and Missouri (fig. 1). USGS stage 
and streamflow data were collected using methods described 
by Rantz and others (1982). Streamflow was computed by 
a stage-streamflow rating curve (hereafter referred to as 
a rating curve) unique to each streamgage. Rating curves 
are developed by relating paired measurements of stage 
and streamflow over a wide range of streamflows. These 
paired measurements most commonly come from direct 
measurements of stage (observed/recorded) and streamflow 
at the streamgage (Rantz and others, 1982); if direct 
measurement is not possible, indirect hydraulic methods are 
used (Benson and Dalrymple, 1967). The rating curve can 
be extrapolated slightly beyond the highest measurement 
of stage/streamflow, depending upon available information 
controlling the hydraulic conditions (Kennedy, 1984). In the 
current study, flood-peak stages were obtained from stage 
sensor readings recorded by electronic data recorders or from 
surveyed HWMs. Direct or indirect streamflow measurements 
served as flood-event data points for rating-curve verification 
and extension.
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Estimating Annual Exceedance Probabilities of 
Peak Streamflows and Stages

Annual peak streamflows at a streamgage are used to 
estimate flood magnitudes corresponding to selected annual 
exceedance probabilities. The terminology associated with 
flood-frequency estimates is shifting away from “recurrence 
intervals” to “annual exceedance probabilities” (AEPs). The 
use of AEP flood is now encouraged because it better conveys 
the probability of a flood of a given magnitude being equaled 
or exceeded in any given year (Holmes and Dinicola, 2010). 
For example, a 1-percent AEP flood (formerly known as the 
“100 year flood”) corresponds to the streamflow magnitude 
that has a probability of 0.01 (1 percent) of being equaled 
or exceeded in any given year. The AEP is computed as the 
reciprocal of the recurrence interval “T,” in years, multiplied 
by 100 (for example, 1/100 × 100 = 1 percent). The relation 
between T-year recurrence intervals and the corresponding 
AEPs is shown in table 2.

AEPs at streamgages are computed by fitting a statistical 
distribution to the series of annual peak streamflows. The 
statistical distribution commonly used in the United States 
is the log-Pearson Type III distribution (Linsley and others, 
1975; hereafter referred to as the LP3 distribution). Guidelines 
and computational methods for using the LP3 distribution  
are described in Bulletin 17B of the Hydrology Subcommittee 
of the Interagency Advisory Committee on Water Data (1982). 
The general procedures used for fitting the LP3 distribution  

in this study are described in the following sections of this 
report. 

Annual peak stages also were used in the frequency 
analysis when annual peak streamflows were not available. 
Thus, frequency analyses for 13 streamgages were 
conducted using the annual peak stage. At 10 streamgages, 
the instantaneous peak stages were not available. Instead, 
the annual peak data were based on a daily maximum of 
hourly readings or the maximum of a single reading per 
day. This substitution seems reasonable because floods 
on these streams rise and fall slowly and the daily hourly 
stage or daily stage reading typically is nearly equal to the 
instantaneous peak stage. The flood-stage analysis was 
completed using a period of record that included historical 
streamflows that are representative of current hydraulic 
conditions. For example, the period of record used for a 
streamgage influenced by an impoundment began after 
the completion date. Flood-frequency estimates were not 
computed for streamgages with less than 10 years of annual 
peak data, the Interagency Advisory Committee on Water 
Data (1982) recommended minimum record length for flood-
frequency analysis.

Flood-frequency estimates for the streamgages were 
computed by fitting the LP3 distribution to the logarithms 
(base 10) of the annual peak data (Interagency Advisory 
Committee on Water Data, 1982). Fitting the distribution 
requires calculating the mean, standard deviation, and skew 
coefficient of the logarithms of the annual peak record, which 

Table 1. Total precipitation at selected National Weather Service precipitation stations, Arkansas, April and May 2011 (National 
Climatic Data Center, 2012b).

National Weather Service  
station name and identifier

April 
2011 
total  

precipi
tation  

(inches)

April  
normal  
precipi

tation 
from 1981  

to 2010  
(inches)

Departure  
from normal 
precipitation 

(April 2011 
total  

precipitation 
minus April  

normal  
precipitation)  

(inches)

Percent of  
normal  

precipitation  
for April 2011  

(April 
2011 total 

precipitation 
divided by  

April normal 
precipi
tation)

May 
2011 
total 

precipi
tation  

(inches)

May 
normal 
precipi

tation 
from 
1981  

to 2010  
(inches)

Departure  
from normal 
precipitation  

(May 2011 
total precipi

tation  
minus May  

normal  
precipita

tion)  
(inches)

Percent of  
normal  

precipitation  
for May 2011  

(May 2011 
total pre
cipitation 
divided by 

May normal 
precipi
tation)

Fayetteville, Ark., USW00093993 15.28 4.57 10.71 334 11.50 6.04 5.46 190

Harrison Ark., USW00013971 14.73 4.32 10.41 341 9.52 4.69 4.83 203

Jonesboro, Ark., USW00003953 2.72 5.02 -2.30 54 9.71 4.61 5.10 211

Fort Smith, Ark., USW00013964 9.54 4.30 5.24 222 11.91 5.47 6.44 218

Little Rock, Ark., USW00013963 7.23 5.14 2.09 141 11.08 4.87 6.21 228

West Memphis, Ark., USW00053959 2.85 5.38 -2.53 53 10.66 5.24 5.42 203

Texarkana, Ark., USW00013977 5.94 3.94 2.00 151 5.62 5.09 0.53 110

El Dorado, Ark., USW00093992 8.29 4.09 4.20 203 2.64 5.05 -2.41 52

Pine Bluff, Ark., USC00035754 14.21 4.87 9.34 292 4.12 4.84 -0.72 85
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describes the midpoint, slope, and curvature of the frequency 
curve. Estimates of the AEP flood are computed by inserting 
the three statistics of the distribution into the equation:

 = +P PlogY X K S  (1)

where
 Yp is the P-percent annual exceedance probability 

flood peak, peak streamflows in cubic feet 
per second , and stage, in feet;

 X  is the mean of the logarithms of the annual 
peak streamflow or peak stages;

 Kp is a frequency factor based on the skew 
coefficient and exceedance probability, P; 
and

 S is the standard deviation of the logarithms 
of the annual peak streamflows or peak 
stages.

The mean, standard deviation, and skew coefficient can 
be estimated from the available sample flood data (annual 
peak streamflows or stages), but a skew coefficient calculated 
from the small samples tends to be an unreliable estimator of 
the population skew coefficient. Accordingly, the guidelines 
in Bulletin 17B (Interagency Advisory Committee on Water 
Data, 1982) recommend that skew coefficients calculated 
from at-site sample peak streamflows (station skew) need 
to be weighted with the regional skew determined from an 
analysis of selected long-term streamgages in the study region. 
The value of the skew coefficient used in equation 1 is the 
weighted skew that is based on station skew and regional 
skew. However, at regulated sites or at sites where flood stage 
was used in the frequency analysis, the at-site (“station”) 
skew was used instead of a weighted skew in equation 1. The 
regional skew for peak streamflows at streamgages in this 
study was determined from the regional skew map of Bulletin 
17B (Interagency Advisory Committee on Water Data, 1982).

A series of annual peaks (streamflow or stage) at a 
streamgage may include outliers that are substantially lower or 

higher than the majority of peaks in the record. The flood-peak 
data also may include information about the peak streamflow 
or stage that occurred outside the period when peak data 
were systematically observed or recorded. These peak data 
collected outside the period of systematic record are referred 
to as historical peak data and frequently are known to have 
been the largest during an extended period of time longer than 
the systematic record. Bulletin 17B (Interagency Advisory 
Committee on Water Data, 1982) provides guidelines for 
detecting outliers and provides computational methods for 
appropriate corrections to the data distribution to account for 
the outliers and historical peak information. Although these 
adjustments generally improve flood-frequency estimates, 
the expected moments algorithm (EMA) incorporates 
censored data (high and low outliers) and historical data 
more effectively (Cohn and others, 1997; Griffis and others, 
2004) than the methods outlined in Bulletin 17B (Interagency 
Advisory Committee on Water Data, 1982). 

Expected Moments Algorithm (EMA) Method
The EMA method was used for all sites in this study to 

determine LP3 at-site frequency estimates. For sites having 
systematic annual peak data for complete periods, no low 
outliers, and no historical data, the LP3 values from the EMA 
method are identical to those from the conventional method-
of-moments procedure described in Bulletin 17B (Interagency 
Advisory Committee on Water Data, 1982). This is because 
EMA uses the method of moments and is compatible with 
all of the features of the current Bulletin 17B guidelines 
(Interagency Advisory Committee on Water Data, 1982). EMA 
can handle three types of at-site flood information: systematic 
record, information about the magnitude of historical floods, 
and information about the historical period when no large 
floods occurred. An iterative procedure is used to compute 
the method-of-moment estimates. Initially, these estimates are 
calculated from the systematic records, which are then updated 
by including the historical peaks and the expected moments 
from the historical period when no large floods occurred 
(below-threshold floods). The updated moments result in new 
estimates. The last two steps are repeated until the algorithm 
converges. A more rigorous and detailed explanation on EMA 
is given in Cohn and others (1997).

The EMA method also incorporates censored peak data 
into its computation. Censored data may be expressed in 
terms of perception thresholds that are most often used during 
historical periods outside the period of systematic data. For 
example, a site may have some historical information that 
indicates that a large recorded peak streamflow (Qhist) was 
the largest since 1900, before any systematic data collection 
was started in 1930. Each annual peak from 1900 to 1929 can 
thus be characterized as a censored streamflow whose value is 
known to have not exceeded the perception threshold (Qhist), 
and estimates of the bounded streamflow between 0 and Qhist 
can be used in the LP3 flood-frequency analysis. The EMA 
method also allows the use of interval values to characterize 

Table 2. Recurrence intervals with corresponding annual 
exceedance probabilities for flood-frequency estimates.

Recurrence interval  
(years)

Annual exceedance  
probability  
(percent)

2 50
5 20

10 10
25 4
50 2

100 1
200 0.5
500 0.2
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peak data that are known to be greater or less than some 
specific value or that can only be reliably estimated within 
a specific range. Interval values commonly are used by the 
EMA method to characterize missing data during periods of 
systematic data. For example, if a peak streamflow or stage 
was not determined because the water level was below a 
measureable level, the missing peak data can be characterized 
as an interval. The interval has a range that is bounded by 
zero and the stage at the bottom of the gage or the streamflow 
associated with the stage at the bottom of the gage. Missing 
peaks during periods of systematic data typically are ignored 
when the conventional method of moments is used as in the 
Bulletin 17B methodology.

The EMA procedure also incorporates the censoring of 
multiple low outliers. The procedure for identifying multiple 
potentially influential low outliers in data is the multiple 
Grubbs-Beck (MGB) (T.A. Cohn, U.S. Geological Survey, 
written commun., 2013), which is described in the following 
section.

Multiple Grubbs-Beck Test for Detecting Low 
Outliers

The Grubbs-Beck test is recommended (Interagency 
Advisory Committee on Water Data, 1982) for detecting low 
outliers that can be subsequently censored so they do not 
have a large influence on the fitting of the upper tail (in other 

words, larger peak streamflows with smaller AEPs) of the LP3 
distribution. The Grubbs-Beck test uses the at-site logarithms 
of the flood data to calculate a one-sided, 10-percent 
significance-level critical value for a normally distributed 
sample. The Grubbs-Beck test usually reports only one flood, 
the lowest flood, although there could be several floods with 
data that are below the critical value. Several streamgages had 
annual flood data that were substantially smaller than most 
of the recorded annual flood data where the Grubbs-Beck test 
identified only one or no low outliers for these streamgages. 
Thus, a method for statistically detecting multiple potentially 
influential low outliers using a generalized Grubbs-Beck test 
was developed and implemented in the EMA algorithm (Cohn, 
2011). The MGB test is based on a one-sided, 10-percent 
significance-level critical value for a normally distributed 
sample, but the test is constructed so that groups of ordered 
data are examined (for example, the eight smallest values) and 
excluded from the data when the critical value is calculated. 
If the critical value is greater than that eighth smallest value 
in the sample, then all eight values are considered to be low 
outliers. As described by T.A. Cohn (U.S. Geological Survey, 
written commun., 2011), the low outliers identified by the 
MGB test tend to closely match user-selected low-outlier 
thresholds determined from plotted flood-frequency curves. 
Therefore, the MGB test was used for this study. A flood-
frequency curve for a streamgage with 8 percent of the lower 
tail of the distribution identified and subsequently censored as 
low outliers is shown in figure 4. EMA results using a MGB 
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test were 8, 11, and 15 percent larger for the 1, 0.5, and 0.2 
AEP floods, respectively, than EMA results using a standard 
Grubbs Beck test (fig. 4).

Determining Joint Probability 

Joint probability, as used in this report, refers to 
the probability that locations on two paired streams 
simultaneously experience floods of a magnitude greater  
than or equal to a given annual exceedance probability,  
given that at least one of the streams flood with a magnitude 
greater than or equal to that same annual exceedance 
probability. For example, one might be interested in the 
probability of streams A and B simultaneously flooding with 
magnitudes greater than or equal to the 1-percent AEP flood 
given that either stream A or B is flooding with a magnitude 
greater than or equal to the 1-percent AEP flood. The joint 
probability of flooding of two streams in many studies is 
needed to determine design criteria for bridges in the potential 
backwater region upstream from the confluence with a 
second stream. If both streams peak simultaneously, a larger 
and potentially more expensive bridge may need to be built 
(because of backwater effects) than if the timing of the peaks 
is different for the two streams. For this study, however, 
information on the joint probability of flooding at paired 
streams can aid decision makers in understanding flood risks 
and make cost-effective mitigation decisions. Also, emergency 
managers will be able to use this information to better focus 
flood response and resources. Eleven streamgages were 
paired with the Mississippi River at Helena, Ark., streamgage 
(07047970) to understand the relation between coincident 
flooding, and because streams flowing into the Mississippi 
River can experience the backwater effects when flooding on 
the Mississippi River occurs. Each of the 11 streamgages are 
located on streams flowing into the Mississippi River. In many 
cases, high-frequency streamflow data (such as hourly or more 
frequent) at streamgages were not available to permit direct 
determination of the joint probability of flooding. Thus, the 
analyses were based on relations between instantaneous peak 
streamflows and daily mean streamflows or instantaneous peak 
stages and maximum daily hourly stages or maximum once 
daily stage observations at streamgages.

This section summarizes the methodology for 
determining the joint probability of flooding at paired 
streamgages. Both peak streamflow and peak stage were used 
in this analysis. The methodology for determining the joint 
probabilities at paired sites for this study is based on methods 
described by Koltun and Sherwood (1998). The methodology 
used in this study to calculate joint probabilities of flooding at 
paired sites is as follows:

1. Select the streamgage pairs. The streamgages must have 
at least 10 years of continuous and concurrent record of 
both daily mean and instantaneous peak streamflow or 
peak stage data.

2. Calculate flood-frequency estimates for the 39 
streamgages in the study area (fig. 1) using the EMA 
and MGB algorithms (Cohn and others, 1997; Cohn and 
others, 2001; Griffis and others, 2004) because these 
algorithms handle censored data (high and low outliers) 
and historical data more accurately than the Bulletin 17B 
methods (Interagency Advisory Committee on Water 
Data, 1982).

3. For each streamgage, determine the linear relation 
between instantaneous peak data and daily mean data 
occurring on the same days. Use ordinary least-squares 
(OLS) regression to determine the relation—its regression 
coefficients (slope and intercept) and correlation 
coefficient (r).

4. If Pearson’s r is weak (r less than 0.5), this method is 
not appropriate and the analysis should be discontinued. 
The r measures the strength and the direction of a linear 
relation between two variables (Zar, 1998). An r value 
of 0 indicates there is no linear relation between the two 
variables; whereas, an r value of 1 or -1 indicates a perfect 
linear relation. 

5. Calculate flood thresholds using the instantaneous peak 
flood-frequency values for the 50-percent, 10-percent, 
4-percent, 2-percent, and 1-percent exceedances from 
step 2 and input them into the regression equation in step 
3 for each streamgage. Flood thresholds represent daily 
mean data expected to occur on days when a specified 
instantaneous peak occurs.

6. Create a scatterplot of concurrent daily mean data for 
the paired streamgages and include flood threshold 
exceedances (50 percent, 10 percent, 4 percent, 2 percent, 
and 1 percent) for both streamgages as dashed lines on 
the scatterplot (figs. 5 and 6). Exclude paired values from 
the plot and subsequent analyses if the daily mean data 
at both streamgages are greater than the 50-percent flood 
threshold exceedance. 

7. Determine the number of events and trials in each  
flood threshold category. A flood threshold category is 
defined as the area between two flood thresholds. For 
example, a daily mean streamflow that exceeded the 
streamflow for the 50-percent exceedance flood threshold 
but not the streamflow for the 10-percent exceedance 
flood threshold was categorized as being in the 50-percent 
exceedance category. A “trial” occurs when the value of 
a threshold at one or both paired streamgages exceeds a 
given flood threshold. An “event” occurs when the value 
equals or exceeds the flood threshold at both streamgages 
in the pair. 
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8. Calculate the joint probability (JP) for each flood 
threshold exceedance (50 percent, 10 percent, 4 percent, 
2 percent, and 1 percent AEP) by dividing the number 
of events by the number of trials. This ratio provides 
an estimate of the likelihood that the flood magnitude 
corresponding to a given flood threshold is equaled 
or exceeded at both streamgages given that the flood 
threshold is exceeded at least one of the two streamgages.

9. On days when the instantaneous peak data also 
are available, the instantaneous peak data are used 
preferentially to determine threshold exceedance, and so 
the number of events or trials may be modified to better 
reflect threshold exceedances. For example, suppose there 
were two observations in which the 50-percent flood 
threshold was exceeded concurrently at both streams 
(that is, two events) based on the daily mean streamflow. 
However, for one of those two observations, there was 
a corresponding instantaneous peak streamflow that did 
not exceed the 50-percent AEP flood; consequently the 
total number of events would be revised to one instead of 
two. As compared to slow rising streams, flashy streams 
(where streamflow or stage rises and falls quickly) may 
have weaker correlation between peak and daily mean 
data increasing the likelihood that the number of trials or 
events need revision. In streams where the floods rise and 
fall slowly (such as the Mississippi River), no adjustments 
typically are needed. 

10. Recalculate the adjusted JP value for each threshold 
exceedance if the number of events and trials was revised.

Collection of HighWaterMark Data

After floodwaters recede, HWMs can be the best 
available evidence of the water-surface elevations reached  
by the flood peak at a particular location (Benson and 
Dalrymple, 1967). A total of 122 HWMs along the Black, 
White, and Cache Rivers and near the communities of 
Holly Grove and Cotton Plant, Ark., were located, flagged, 
and surveyed by USACE and USGS field crews. The 
Arkansas State Highway and Transportation Department 
(AHTD) provided additional information on HWMs near 
the Interstate-40 crossing with the White River as well as 
stream-channel-bathymetry data for the White River. At 
selected USACE and USGS streamgage locations, the peak 
stage recorded was converted to a water-surface elevation by 
adding it to the respective gage datum and then referenced 
to the North American Vertical Datum of 1988 (NAVD 88). 
The quality of HWMs collected by USACE were subjectively 
rated in the field in order of mark confidence as “Great,” 
“Good,” “Fair,” or “Poor,” respectively, by USACE field 
personnel (Catherine Funkhouser, U.S. Army Corps of 
Engineers–Little Rock, written commun., 2012). The quality 
of HWMs collected by USGS were rated in the field based 
on the perceived accuracy of the mark “Excellent,” “Good,” 

“Fair,” or “Poor” (Lumia, 1986). Details regarding the HWMs, 
including location, elevation, and description, are recorded in 
appendix 1. 

The survey of HWMs typically was completed by using 
a differential global positioning system (GPS) in conjunction 
with a real-time kinematic (RTK) system linked with a 
number of mobile GPS units. The HWMs were surveyed to an 
expected accuracy of 0.1ft. The vertical datum used was the 
NAVD 88. Quality-assurance procedures (Ellison and others, 
2011) included setting up the RTK–GPS base station at a high 
location (for example, on the roof of a municipal building 
or high on the valley ridge) for maximum satellite reception 
and radio coverage and locating a minimum of two control 
points that were surveyed multiple times during a given RTK 
deployment. The preferred method of surveying a HWM 
was to set the GPS unit on the HWM and directly collect the 
fixed-point data. If the HWM was too far above the ground to 
reach or safely occupy or if other factors prevented accurate 
measurements, then GPS elevation data were collected for 
an intermediate survey point a short distance away. The 
difference in elevation between the intermediate survey point 
and the desired HWM was later measured by means of total 
station survey equipment. 

Inundation Map Development

Inundation maps were produced by use of a geographic 
information system (GIS) and associated geoprocessing 
modules provided by the USGS Illinois Water Science Center 
(Jennifer Sharpe, U.S. Geological Survey, written commun., 
2012). These maps show the maximum extent and depth of 
the floodwaters as compared against the highest resolution of 
digital elevation model data available. Measured locations and 
elevations of HWMs were used to develop flood-peak cross 
sections. Cross sections were drawn through the location of 
the HWM perpendicular to the direction of streamflow and 
assigned with the elevation of the HWM. Cross sections also 
were drawn at selected streamgage locations based on the 
peak stage recorded during the flooding event. Each cross 
section was drawn with a wide lateral extent to ensure all areas 
with a terrain elevation lower than the corresponding HWM 
data were included between each upstream and downstream 
cross section. The maximum measurable elevation of the 
streamgage for the Beaver Dam Tailwater near Eureka 
Springs, Ark., was exceeded; therefore, the actual peak stage 
was higher than the recorded value at this location (953.00 ft) 
(Steve Bays, U.S. Army Corps of Engineers–Little Rock, 
written commun., 2012). 

A GIS application (Esri, Inc., 2010) was used to create a 
triangular irregular network (TIN) to represent a continuous 
surface of the flood-peak water-surface elevations from the 
HWM cross-section data. The reason for creating a TIN 
surface was because it can be created to match the exact 
water-surface elevation specified at each cross-section 
location. Water-surface elevations between cross sections 
were determined from distance-based linear interpolations 
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Figure 5. Concurrent daily mean streamflow for the Mississippi River at Helena, Arkansas (07047970), and daily mean streamflow for the White River at Newport, Ark. 
(07074500).

Daily mean streamflow for Mississippi River at Helena, Ark. (07047970), in cubic feet per second
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Figure 6. Concurrent daily mean streamflow for the Mississippi River at Helena, Arkansas (07047970), and daily mean stage for the Cache River at Brasfield, Ark. (07077600).
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of the HWM data and resulted in a decreasing continuous 
flood surface sloping in the downstream direction. Potentially 
inundated areas were identified by comparing the TIN water-
surface elevations to the land-surface (terrain) elevations 
(terrain elevation data described in more detail in the 
following section). Inundation areas were classified where the 
TIN water-surface elevations exceeded the terrain elevations. 
The extent of the TIN surface was derived from the cross 
sections, and if known areas of inundations were not identified 
during the comparison, cross sections were extended to 
produce a TIN surface, which covered a wider area.

Once potential inundation areas were identified from the 
comparison, all nonhydraulically connected areas (such as 
low-lying areas outside unbreached levees) were removed. 
The extent of inundation is only representative of the peak 
that occurred along the principal stream for which HWMs 
were collected. Therefore, the extent of the inundation does 
not necessarily correlate with the potential flooding that may 
have occurred on smaller tributaries. The inundation area 
determined for the Black River from Corning to Pocahontas 
was modified in Clay County, Ark., by removing inundation 
areas on the left bank of the stream that were protected by 
levees. These levees were not breached, and their spatial 
extents were represented in the terrain data (Elmo Webb and 
Catherine Funkhouser, U.S. Army Corps of Engineers–Little 
Rock, written commun., 2011). No changes were made to the 
inundation areas northwest of the levees on the Black River 
because Highway 62 was overtopped near Corning, Ark., 
allowing floodwaters to flow around the right bank side of the 
levees. The Black River breached 13 locations on the levees 
near Pocahontas, Ark., and 4 locations on the levees near 
Cord, Ark. (Elmo Webb and Catherine Funkhouser, U.S. Army 
Corps of Engineers–Little Rock, written commun., 2011). 
The inundation areas were left in the map near the breached 
levees. Along the White River in southern Jackson, Woodruff, 
and northern Prairie Counties, multiple levees protected 
lands to the east of the White River, and the generated flood 
surfaces in those locations were removed. The resolution of 
the digital terrain used in this area was not good enough to 
accurately represent the elevation of all mapped levees. Aerial 
photographs of the inundation along the White and Black 
Rivers in eastern Arkansas provided by the National Weather 
Service (Tabitha Clarke, National Weather Service, written 
commun., 2012) aided in the checking of inundation areas, 
where available. 

The presence and locations of collected HWMs governed 
the upstream/downstream limits and accuracy of each 
inundation map. The extent of the inundation areas shown 
for tributaries was limited by where it could no longer be 
reasonably estimated from the HWMs or known flooded 
areas. For example, Village Creek, a tributary of the White 
River, was flooded. Its road crossings were reported closed by 
AHTD at two locations in Newport, Ark.: at State Highway 
384 and at the Highway 18 spur from Highway 67. However, 
the mapped inundation area was ended at State Highway 
384 at Newport, approximately 1.8 mi to the south of the 

Highway 18 spur because the lack of upstream HWMs caused 
uncertainty in the water-surface elevations. The Little Red 
River was mapped from Searcy, Ark., to its confluence with 
the White River because HWM data were available. Inundated 
areas on the White River were not shown on the Cache River 
maps, and inundated areas on the Cache River were not shown 
on the White River maps in order to highlight the flooding of 
each river. “Limit of the study area” lines were added to the 
inundation maps to help differentiate between the extent of 
inundation and areas not mapped. 

The inundation maps were produced with a GIS gridded 
format file that contained the data for the maximum flood 
extent and depth. This format allows the maps to be overlain 
upon other maps and orthophotographs and to be imported 
into various GIS applications. All figures were generated with 
the GIS files overlaid on 2010 imagery from the National 
Agriculture Imagery Program (2010). 

Terrain Elevation Data
Light detection and ranging (lidar)-based data were used 

to generate highly accurate three-dimensional raster grid 
representations of the terrain elevation. The lidar data were 
processed according to the USGS National Elevation Program 
lidar specifications (Heidemann, 2012), which included  
hydro-flattening to a 2-ft contour accuracy and a vertical 
accuracy of 7.3 in. (William Penn, U.S. Army Corps of 
Engineers–Little Rock, written commun., 2012). The lidar 
derived raster grids were obtained from the USACE–LR 
(William Penn, U.S. Army Corps of Engineers–Little Rock, 
written commun., 2012).The lidar derived raster grids 
(hereafter referred to as lidar raster grids) had a minimum 
horizontal resolution of 3.28 ft and elevation values were in 
feet. The lidar raster grids were used as the terrain elevation 
data, where available, but otherwise, a 10-meter (m) raster 
digital elevation model (DEM) from the National Elevation 
Dataset (NED) was used (table 3; Gesch, 2007; Gesch and 
others, 2002). NED is available for the conterminous United 
States at a 1/3-arc second (10 m) horizontal resolution, an 
overall absolute vertical accuracy expressed as the root mean 
square error of 8.00 ft, and a mean relative vertical accuracy of 
5.4 ft (Gesch, 2007). NED data were converted from meters to 
feet, and when used in conjunction with lidar raster grid data, 
the NED was resampled to match the horizontal resolution 
of the appropriate lidar raster grid. In some areas, lidar and 
the NED data were mosaicked (merged) into one DEM to 
cover the entire study area and facilitate the use of the best 
available data (table 3). Finally, the DEM data were edited to 
include levee location and corresponding elevations provided 
by the USACE-LR (Elmo Webb and Catherine Funkhouser, 
U.S. Army Corps of Engineers—Little Rock District, written 
commun., 2011). AHTD provided bathymetry and survey  
data for area of the Interstate-40 crossing with the White  
River that was used to further refine the DEM (Brooks Booher, 
Arkansas Highway Transportation Department, written 
commun., 2012). 
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Uncertainty in Flood-Peak Inundation Maps
The accuracy of inundation mapping was a function 

of the amount and accuracy of available HWM data and the 
accuracy of the DEM. Generally when hydraulic models 
are used to develop inundation maps, the largest source of 
uncertainty is associated with the terrain data (Bales and 
Wagner, 2009; Merwade and others, 2008; Werner, 2001). 
However, provided the methods used in this particular study, 
a greater source of error may be related to the interpolation 
of the water-surface elevation between HWMs. HWMs 
were collected throughout the study area as discrete point 
measurements from a few feet to several miles apart, therefore, 
the water-surface elevations between HWMs were interpolated 
by a TIN algorithm. This process of interpolation between 
HWMs assumed changes in the water-surface elevations were 
gradual between collected HWMs; however, this assumption 
may not have been an accurate representation of the water-
surface elevations at every location. The assumption was 
based on several factors: streams have uniform and gentle 
sloping channels, streamflow rises and falls slowly, and 
contributions from tributaries between HWMs were minor in 
comparison to the overall streamflow. The error associated 
with water-surface elevation interpolations is difficult to 
quantify given the available data and therefore would be hard 
to ascertain if the interpolation of the water surface caused 
more uncertainty compared to the terrain data. As previously 
mentioned, in some cases, high resolution lidar raster data 
were mosaicked with a lower resolution 10-m raster from 
the NED. The NED data have less horizontal and vertical 
accuracy compared to the lidar raster data; therefore, the 
uncertainty is greater in areas where inundation maps were 

derived from NED data. Inundation depths derived from lidar 
are displayed at a finer resolution than those generated from 
the NED. Also, water depths in the stream channel are only 
estimates because traditional infrared lidar cannot penetrate 
water and will inaccurately represent stream-channel depths in 
water-filled channels. 

Inaccuracies in HWM elevations can occur if evidence 
of the true flood peak has degraded by the time data were 
collected. Thirty-eight HWMs were collected near the 
Interstate-40 crossing with the White River. The AHTD 
collected HWMs on and around the interstate and its 
embankments in May 2011. USGS survey crews collected 
additional HWMs upstream and downstream from the 
interstate crossing at two different periods after the flood 
occurred. The first period was in November 2011 and the 
second was in March 2012. This area floods frequently and 
HWM identification was difficult after the delay. As a result, 
some HWMs were not used for the Interstate-40 crossing 
with the White River map because their elevations were 
inconsistent with respect to the majority of the HWMs. For 
example, HWMs I-40LDN03, I-40LDN04, I-40LDN05, 
I-40LDN06, I-40HWMDN1, and I-40HWMDN2 were not 
used because they were from a smaller event or were an 
artifact of slowly receding floodwaters. The collection of 
HWMs for the communities of Holly Grove and Cotton 
Plant occurred during November 2011, more than 6 months 
after the flood event. Normal indicators of high water such 
as seed lines, mudlines, and debris lines were difficult to 
find because of cleanup or weathering. Consequentially, 
the resulting inundation maps for Holly Grove, Cotton 
Plant, and Interstate-40 crossing with the White River have 
more uncertainty than the other maps where HWMs were 

Table 3. Sources and resolution for the digital elevation models (DEMs) used for inundation mapping.

[Ark., Arkansas; lidar, Light Detection And Ranging; m, meter; NED, National Elevation Dataset; ft, feet; AHTD, Arkansas State Highway and Transportation 
Department; Mo., Missouri]

Inundation stream reach Terrain data and horizontal resolution
White River from Batesville to Newport, Ark. 3 ft lidar derived raster grids1 merged with 10 m raster from NED2

White River from Newport to Des Arc, Ark. 3.28 ft lidar derived raster grids1, merged with 10 m NED2

Black River from Corning to Pocahontas, Ark. 3 ft lidar derived raster grids1 merged with 10 m raster from NED2

Black River from Pocahontas to the confluence with the White 
River near Newport, Ark.

3 ft lidar derived raster grids1 merged with 10 m raster from NED2

Holly Grove, Ark., adjacent to a tributary of the White River, 
Maddox Bay

10 m raster from NED2

Cotton Plant, Ark., adjacent to the Cache River 10 m raster from NED2

Interstate-40 crossing with the White River, Ark. AHTD land survey and bathymetry data3 merged with 10 m raster 
from NED2

White River at Beaver Dam Tailwater near Eureka Springs, Ark. 3 ft lidar derived raster grids1

White River at Table Rock Dam Tailwater near Branson, Mo. 3 ft lidar derived raster grids1 merged with 10 m raster from NED2

White River at Bull Shoals Dam Tailwater near Flippin, Ark. 3 ft lidar derived raster grids1

1Lidar derived raster grids were obtained from William Penn, U.S. Army Corps of Engineers–Little Rock District, written commun. (2012).
210-m raster NED (Gesch, 2007; Gesch and others, 2002).
3Land survey and bathymetry data were obtained from Brooks Booher, Arkansas Highway Transportation Department, written commun. (2012).
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determined soon after the flooding. In spite of these issues, 
every effort was made to ensure a close approximation of the 
true flood-inundation characteristics.

Disclaimer for Flood-Peak Inundation Maps
Inundated areas and depths are only an estimate of 

flooding that occurred during the April–May 2011 flooding 
event in northern and eastern Arkansas and southern Missouri. 
Because unique meteorological and hydrological conditions 
preceded this flood, these inundation maps should not be used 
for navigation, regulatory, permitting, or other legal purposes. 
These maps are to be used as an estimated flood-peak surface 
for a specific flooding event. The USGS provides these maps 
“as-is” for a quick reference, emergency planning tool but 
assumes no legal liability or responsibility resulting from the 
use of this information.

Flood Analysis and Inundation 
Mapping for the Flood of April–May 
2011 in Northern and Eastern Arkansas 
and Southern Missouri

The magnitudes, estimated annual exceedance 
probabilities, and joint probabilities of peak streamflows for 
the April–May 2011 flood are presented in this section of the 
report. Inundation maps showing maximum flood extent and 
water depths also are presented.

Magnitudes and Estimated Flood Frequencies of 
Peak Streamflows

Peak stages and peak streamflows were tabulated for 
39 USGS and USACE streamgages (table 4), and annual 
exceedance probabilities are presented for 37 of those 
streamgages (table 5). Locations of streamgages are shown  
in figures 1 and 3. For the period of record used in this  
report, peak-of-record stage occurred at 24 of the 39 
streamgages, and peak-of-record streamflow occurred at  
13 of the 30 streamgages where streamflow was determined 
(table 5). Annual exceedance probabilities of flooding  
were computed for the 37 streamgages at the 50-, 20-, 10-,  
4-, 2-, 1-, 0.5-, and 0.2-percent AEP (table 5). For the 
streamgages not in backwater, the stage or streamflow 
recorded from the April–May 2011 flood were assigned  
annual exceedance probabilities. Annual exceedance 
probabilities were estimated to be less than 0.2 percent 
(recurrence interval greater than 500 years) at one streamgage, 
St. Francis River at Wappapello, Mo. Annual exceedance 
probabilities were less than 0.5 percent (recurrence interval 
greater than 200 years) at 3 streamgages, both Mississippi 
River streamgages at Memphis, Tenn., and Helena, Ark., 
and the White River near Augusta, Ark.; less than 1 percent 
(recurrence interval greater than 100 years) at 6 streamgages; 
less than 2 percent (recurrence interval greater than 50 years) 
at 12 streamgages; and the remaining 14 streamgages were 4 
percent or greater (recurrence interval less than 25 years). The 
final flood frequencies for a range of corresponding annual 
exceedance probabilities for the 37 streamgages are provided 
in table 5. 

Table 4. Site information for U.S. Geological Survey streamgage stations within the study area for water year 2011.—Continued

[ft3/s, cubic feet per second; ft, feet; mi2, square mile; Okla., Oklahoma; Ark, Arkansas; Mo, Missouri; Tenn., Tennessee; A water year is the 12-month period 
October 1 through September 30 designated by the calendar year in which it ends; Vertical coordinate data are referenced to the North American Vertical Datum 
of 1988 (NAVD 88)]

Station 
number  

(figs. 1 and 3)
Station name

Drainage area  
(mi2)

Peak streamflow and/or stage for 2011 water year

Date
Peak stream

flow  
(ft3/s)

Peak  
stage  

(ft)
07249985 Lee Creek near Short, Okla. 420 4/26/2011 70,100 26.08
07250935 Jones Creek at Winfrey, Ark. 20 5/23/2011 7,600 12.44
07250965 Frog Bayou at Winfrey, Ark. 54 4/25/2011 21,800 13.88
07250974 Jack Creek near Winfrey, Ark. 7 4/25/2011 2,700 7.71
07194800 Illinois River at Savoy, Ark. 167 4/25/2011 86,900 24.66
07195000 Osage Creek near Elm Springs, Ark. 130 4/25/2011 38,000 18.70
07195400 Illinois River at Highway 16 near Siloam 

Springs, Ark.
509 4/26/2011 87,100 26.23

07195430 Illinois River south of Siloam Springs, 
Ark.

575 4/26/2011 106,000 27.71

07048600 White River near Fayetteville, Ark. 400 4/25/2011 52,900 30.11
507049691 White River at Beaver Dam Tailwater 

near Eureka Springs, Ark.
1,192 4/26/2012–4/27/2012 70,000 1,2>953.00

Table 4. Site information for U.S. Geological Survey streamgage stations within the study area for water year 2011.

[ft3/s, cubic feet per second; ft, feet; mi2, square mile; Okla., Oklahoma; Ark, Arkansas; Mo, Missouri; Tenn., Tennessee; A water year is the 12-month period 
October 1 through September 30 designated by the calendar year in which it ends; Vertical coordinate data are referenced to the North American Vertical Datum 
of 1988 (NAVD 88)]



Flood Analysis and Inundation Mapping for the Flood of April–May 2011  17

Table 4. Site information for U.S. Geological Survey streamgage stations within the study area for water year 2011.—Continued

[ft3/s, cubic feet per second; ft, feet; mi2, square mile; Okla., Oklahoma; Ark, Arkansas; Mo, Missouri; Tenn., Tennessee; A water year is the 12-month period 
October 1 through September 30 designated by the calendar year in which it ends; Vertical coordinate data are referenced to the North American Vertical Datum 
of 1988 (NAVD 88)]

Station 
number  

(figs. 1 and 3)
Station name

Drainage area  
(mi2)

Peak streamflow and/or stage for 2011 water year

Date
Peak stream

flow  
(ft3/s)

Peak  
stage  

(ft)
507053401 White River at Table Rock Dam 

Tailwater near Branson, Mo.
34,020 4/27/2011 69,000 1727.86

507054501 White River at Bull Shoals Dam 
Tailwater near Flippin, Ark.

6,050 5/26/2011 53,000 1468.73

07074500 White River at Newport, Ark. 19,900 5/4/2011 292,000 34.17
07074850 White River near Augusta, Ark. 20,500 5/5/2011 262,000 40.70
07076750 White River near Georgetown, Ark. 22,400 5/6/2011 Backwater 33.95
07076900 White River at Des Arc, Ark. 22,111 5/6/2011 Backwater 39.43
07077000 White River at De Valls Bluff, Ark. 23,400 5/7/2011 Backwater 36.10
607077800 White River at Clarendon, Ark. 25,555 5/10/2011 Backwater 37.54
607077820 White River at St. Charles, Ark. 25,800 5/14/2011 Backwater 39.99
07062050 Black River at Clearwater Dam Tailwater 

near Piedmont, Mo.
898 5/2/2011–5/3/2011 4,258 58.42

07062500 Black River at Leeper, Mo. 987 4/24/2011 11,700 12.98
07062575 Black River above Williamsville, Mo. 1,007 4/24/2011 31,000 17.69
07063000 Black River at Poplar Bluff, Mo. 1,245 4/26/2011 24,400 21.41
07064000 Black River near Corning, Ark. 1,750 4/28/2011 40,700 18.12
07069000 Black River at Pocahontas, Ark. 4,840 4/28/2011 86,600 28.44
07072500 Black River at Black Rock, Ark. 7,370 4/26/2011 172,000 30.45
07074420 Black River at Elgin Ferry, Ark. 8,420 4/28/2011 for the peak 

streamflow 5/4/2011 for the 
peak stage and affected by 
backwater

212,000 34.77

07077380 Cache River at Egypt, Ark. 701 5/4/2011 8,500 22.15
07077500 Cache River near Patterson, Ark. 1,040 5/5/2011 Backwater 12.87
07077555 Cache River near Cotton Plant, Ark. 1,170 5/5/2011 Backwater 20.28
607077600 Cache River at Brasfield, Ark. 1,290 5/10/2011 Backwater 34.78
07039500 St. Francis River at Wappapello, Mo. 1,311 5/3/2011 28,100 35.64
607040000 St. Francis River at Fisk, Mo. 1,370 5/3/2011 18,600 27.10
607040100 St. Francis River at St. Francis, Ark. 1,770 5/3/2011 27,000 27.25
607040450 St. Francis River at Lake City, Ark. 2,370 5/3/2011 42,600 14.37
607047800 St. Francis River at Parkin, Ark. Drainage area not 

determined
5/6/2011 24,000 28.08

607047907 St. Francis River at Madison, Ark. Drainage area not 
determined

5/13/2011 Not available 39.81

607032000 Mississippi River at Memphis, Tenn. 932,800 5/9/2011–5/10/2011 for the 
peak streamflow 5/10/2011 
for the peak stage 

2,190,000 48.03

607047970 Mississippi River at Helena, Ark. 4939,300 5/11/2011 2,180,000 56.59
1Peak water-surface elevation (feet above NAVD 88).
2Water-surface elevation exceeded maximum recordable level of 953.00 ft.
3Drainage area from U.S. Army Corps of Engineers (2011b). 
4Drainage area from Moore and Frankenfield (1905).
5Streamgage operated by the U.S. Army Corps of Engineers–Little Rock District.
6Streamgage operated by the U.S. Army Corps of Engineers–Memphis District.
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Table 5. Flood-frequency analysis for selected streamgages.—Continued

[Annual exceedance probabilities were estimated to be minimally less than number in bold for the April–May 2011 flood; ft3/s, cubic feet per second; ft, feet; 
A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends; Ark., Arkansas; Mo., Missouri; Tenn., 
Tennessee; Okla., Oklahoma; AEP, annual exceedance probability; NAVD 88, North American Vertical Datum of 1988]

Station  
number  

(figs. 1 and 3)
Station name

2011 Peak 
streamflow  

(ft3/s)

2011 Peak 
stage  

(ft)

Period of record  
used in report  
(water year)

Data type 
used for esti
mating AEP

Lee Creek

07249985 Lee Creek near Short, Okla. 70,100 26.08 1993–2011 Streamflow

Frog Bayou

07250935 Jones Creek at Winfrey, Ark. 17,600 212.44 2001–11 Streamflow

07250965 Frog Bayou at Winfrey, Ark. 121,800 213.88 2003–11 Streamflow

07250974 Jack Creek near Winfrey,  
Ark.

2,700 7.71 2002–11 Streamflow

Illinois River

07194800 Illinois River at Savory, Ark. 186,900 224.66 1980–81, 1986, 1996–2011 Streamflow

07195000 Osage Creek at Elm Spring, 
Ark.

138,000 218.70 1950–79, 1996–2011 Streamflow

07195400 Illinois River at Hwy. 16 near 
Siloam Springs, Ark.

187,100 226.23 1980–81, 1986, 2003–11 Streamflow

07195430 Illinois River south of Siloam 
Springs, Ark.

1106,000 227.71 1996–2011 Streamflow

White River

07048600 White River near Fayetteville, 
Ark.

52,900 30.11 1964–2011 Streamflow

07053401 White River at Table Rock 
Dam Tailwater near 
Branson, Mo.

69,000 2,6727.86 1988–2011 Stage3

07054501 White River at Bull Shoals 
Dam Tailwater near Flippin, 
Ark.

53,000 2,6468.73 1988–2011 Stage3

07074500 White River at Newport, Ark. 292,000 34.17 1967–2011 Streamflow

07074850 White River near Augusta, 
Ark.

1262,000 240.70 1967–80, 1984–2011 Stage4

07076750 White River near Georgetown, 
Ark.

Backwater 233.95 1967–2011 Stage4

07076900 White River at Des Arc,  
Ark.

Backwater 239.43 1967–81, 1984–91, 1995–2001, 2005–11 Stage5

07077000 White River at De Valls Bluff, 
Ark.

Backwater 236.10 1967–70, 1989–2011 Stage

07077800 White River at Clarendon, 
Ark.

Backwater 237.54 1967–2011 Stage4

07077820 White River at St. Charles, 
Ark.

Backwater 239.99 1967–80, 1982–90, 1992–2000, 2002–11 Stage4

Black River

07062050 Black River at Clearwater 
Dam Tailwater near 
Piedmont, Mo.

4,258 58.42 1991–2011 Streamflow

Table 5. Flood-frequency analysis for selected streamgages.

[Annual exceedance probabilities were estimated to be minimally less than number in bold for the April–May 2011 flood; ft3/s, cubic feet per second; ft, feet; 
A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends; Ark., Arkansas; Mo., Missouri; Tenn., 
Tennessee; Okla., Oklahoma; AEP, annual exceedance probability; NAVD 88, North American Vertical Datum of 1988]
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Table 5. Flood-frequency analysis for selected streamgages.—Continued

[Annual exceedance probabilities were estimated to be minimally less than number in bold for the April–May 2011 flood; ft3/s, cubic feet per second; ft, feet; 
A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends; Ark., Arkansas; Mo., Missouri; Tenn., 
Tennessee; Okla., Oklahoma; AEP, annual exceedance probability; NAVD 88, North American Vertical Datum of 1988]

Station name
Percent of annual exceedance probability (AEP): streamflow (ft3/s) and stage (ft)

50 20 10 4 2 1 0.5 0.2

Lee Creek

Lee Creek near Short, Okla. 16,400 29,900 41,000 57,200 70,900 86,100 102,700 127,300

Frog Bayou

Jones Creek at Winfrey, Ark. 3,030 6,840 10,300 15,800 20,800 26,400 32,700 42,300

Frog Bayou at Winfrey, Ark. 9,020 12,800 15,500 19,000 21,700 24,600 27,600 31,700

Jack Creek near Winfrey,  
Ark.

1,660 3,240 4,480 6,210 7,590 9,030 10,500 12,600

Illinois River

Illinois River at Savory, Ark. 11,800 25,800 38,000 56,600 72,700 90,500 110,100 138,800

Osage Creek at Elm Spring, 
Ark.

3,720 9,030 13,980 21,800 28,800 36,600 45,400 58,400

Illinois River at Hwy. 16 near 
Siloam Springs, Ark.

14,600 35,100 53,600 82,200 106,800 133,900 163,500 206,400

Illinois River south of Siloam 
Springs, Ark.

24,700 43,500 57,700 77,100 92,500 108,400 125,000 147,900

White River

White River near Fayetteville, 
Ark.

25,400 46,100 62,900 87,400 108,100 130,800 155,600 192,100

White River at Table Rock 
Dam Tailwater near 
Branson, Mo.

711.1 714.2 716.8 721.2 725.5 730.7 737.2 747.9

White River at Bull Shoals 
Dam Tailwater near Flippin, 
Ark.

459.1 460.6 462.1 464.6 466.6 468.8 471.2 474.5

White River at Newport, Ark. 73,700 127,000 173,800 248,500 317,200 398,500 494,700 649,000

White River near Augusta, 
Ark.

32.52 34.95 36.21 37.55 38.41 39.18 39.88 40.73

White River near Georgetown, 
Ark.

21.94 25.12 27.25 29.96 32.00 34.07 36.17 39.03

White River at Des Arc,  
Ark.

24.09 29.04 31.72 34.62 36.49 38.17 39.70 41.53

White River at De Valls Bluff, 
Ark.

23.68 27.18 29.29 31.78 33.54 35.23 36.88 39.02

White River at Clarendon, 
Ark.

27.60 31.20 33.57 36.55 38.77 41.00 43.25 46.29

White River at St. Charles, 
Ark.

27.00 30.38 32.57 35.32 37.34 39.36 41.39 44.11

Black River

Black River at Clearwater 
Dam Tailwater near 
Piedmont, Mo.

3,740 4,280 4,690 5,260 5,730 6,220 6,750 7,510
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Table 5. Flood-frequency analysis for selected streamgages.—Continued

[Annual exceedance probabilities were estimated to be minimally less than number in bold for the April–May 2011 flood; ft3/s, cubic feet per second; ft, feet; 
A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends; Ark., Arkansas; Mo., Missouri; Tenn., 
Tennessee; Okla., Oklahoma; AEP, annual exceedance probability; NAVD 88, North American Vertical Datum of 1988]

Station  
number  

(figs. 1 and 3)
Station name

2011 Peak 
streamflow  

(ft3/s)

2011 Peak 
stage  

(ft)

Period of record  
used in report  
(water year)

Data type 
used for esti
mating AEP

07062500 Black River at Leeper, Mo. 11,700 12.98 1949–94, 2008–11 Streamflow

07063000 Black River at Poplar Bluff, 
Mo.

24,400 21.41 1948–2011 Streamflow

07064000 Black River near Corning, 
Ark.

140,700 218.12 1949–2011 Streamflow

07069000 Black River at Pocahontas, 
Ark.

186,600 228.44 1927, 1937–2011 Streamflow

07072500 Black River at Black Rock, 
Ark.

172,000 30.45 1905–2011 Streamflow

07074420 Black River at Elgin Ferry, 
Ark.

1212,000 234.77 1979–90, 1992–2011 Stage

Cache River

07077380 Cache River at Egypt, Ark. 8,500 222.15 1938–40, 1953–2011 Streamflow

07077500 Cache River near Patterson, 
Ark.

Backwater 12.87 1921–31, 1937–77, 1980–94, 1998–2009, 2011 Stage

07077555 Cache River near Cotton 
Plant, Ark.

Backwater 220.28 1987–2011 Stage

07077600 Cache River at Brasfield, Ark. Backwater 34.78 1943–45, 1949–2011 Stage4

St. Francis River

07039500 St. Francis River at 
Wappapello, Mo.

128,100 235.64 1941–97, 1999–2011 Streamflow

07040000 St. Francis River at Fisk, Mo. 118,800 227.10 1998–2003, 2005–11 Streamflow

07040100 St. Francis River at St. 
Francis, Ark.

27,000 227.25 1942–93, 1998–2011 Streamflow

07040450 St. Francis River at Lake City, 
Ark.

42,600 214.37 1942–93, 2000–11 Streamflow

07047800 St. Francis River at Parkin, 
Ark.

24,000 228.08 1930–78, 1982–94, 1998–2002, 2004–11 Streamflow

07047907 St. Francis River at Madison, 
Ark.

Not available 39.81 1901–42, 1946–2011 Stage4

Mississippi River

07032000 Mississippi River at Memphis, 
Tenn.

12,190,000 48.03 1927, 1932–2011 Streamflow

07047970 Mississippi River at Helena, 
Ark.

2,180,000 56.59 1927–2011 Streamflow4

1Peak-of-record streamflow for period of record used in report.
2Peak-of-record stage for period of record used in report.
3Annual peak data are based on a daily maximum of hourly readings.
4Annual peak data are based on a single reading per day.
5Annual peak data are based on a single reading per day for water years 1981 through 2011.
6Peak water-surface elevation (feet above NAVD 88).
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Table 5. Flood-frequency analysis for selected streamgages.—Continued

[Annual exceedance probabilities were estimated to be minimally less than number in bold for the April–May 2011 flood; ft3/s, cubic feet per second; ft, feet; 
A water year is the 12-month period October 1 through September 30 designated by the calendar year in which it ends; Ark., Arkansas; Mo., Missouri; Tenn., 
Tennessee; Okla., Oklahoma; AEP, annual exceedance probability; NAVD 88, North American Vertical Datum of 1988]

Station name
Percent of annual exceedance probability (AEP): streamflow (ft3/s) and stage (ft)

50 20 10 4 2 1 0.5 0.2

Black River at Leeper, Mo. 4,830 7,880 10,800 16,000 21,200 27,800 36,300 51,100

Black River at Poplar Bluff, 
Mo.

7,250 12,600 17,800 26,800 35,900 47,500 62,300 88,100

Black River near Corning, 
Ark.

11,700 18,800 23,900 30,500 35,500 40,600 45,800 52,800

Black River at Pocahontas, 
Ark.

24,100 42,100 54,900 71,600 84,100 96,500 108,900 125,300

Black River at Black Rock, 
Ark.

41,900 69,400 90,900 122,100 148,100 176,600 207,900 253,800

Black River at Elgin Ferry, 
Ark.

23.32 26.30 28.49 31.46 33.81 36.26 38.84 42.46

Cache River

Cache River at Egypt, Ark. 4,510 5,790 6,640 7,700 8,490 9,290 10,090 11,200

Cache River near Patterson, 
Ark.

10.50 11.55 12.25 13.12 13.77 14.42 15.07 15.94

Cache River near Cotton 
Plant, Ark.

19.32 19.95 20.22 20.47 20.62 20.73 20.82 20.92

Cache River at Brasfield, Ark. 26.09 28.31 30.60 32.85 34.52 36.18 37.86 40.10

St. Francis River

St. Francis River at 
Wappapello, Mo.

7,460 10,300 12,500 15,500 17,900 20,600 23,500 27,700

St. Francis River at Fisk, Mo. 6,660 9,460 12,000 16,200 20,100 24,900 30,800 40,500

St. Francis River at St. 
Francis, Ark.

11,600 17,000 20,800 25,700 29,500 33,300 37,300 42,900

St. Francis River at Lake City, 
Ark.

14,700 21,800 27,000 34,000 39,600 45,500 51,700 60,600

St. Francis River at Parkin, 
Ark.

10,200 13,600 15,900 18,700 20,900 23,000 25,200 28,200

St. Francis River at Madison, 
Ark.

25.50 31.57 34.49 37.80 40.06 42.16 44.16 46.66

Mississippi River

Mississippi River at Memphis, 
Tenn.

1,193,000 1,441,000 1,589,000 1,760,000 1,880,000 1,994,000 2,103,000 2,243,000

Mississippi River at Helena, 
Ark.

1,202,000 1,446,000 1,595,000 1,774,000 1,901,000 2,025,000 2,145,000 2,302,000
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Joint Probability Analysis

Eleven streamgages were paired to the Mississippi 
River at Helena, Ark. (07047970), streamgage. Seven of the 
11 streamgages are located on the White River (07074500, 
07074850, 07076750, 07076900, 07077000, 07077800, and 
07077820), 3 on the Cache River (07077500, 07077555, 
and 07077600), and 1 on the Black River (07074420). For 
the joint probability analysis, streamflow data were used 
from the stations on the Mississippi River at Helena, Ark. 
(07047970), and White River at Newport, Ark. (07074500), 
but stage data were used from all the other stations. Not all 
daily value data consist of means. The annual peaks at six 
streamgages (07047970, 07074850, 07076900, 07077600, 
07077800, and 07077820) are based upon an annual maximum 
of single readings per day. For example, the stage is recorded 
once a day at 9 a.m. at the White River at Clarendon, Ark. 
(07077800), and White River at St. Charles, Ark. (07077820), 
streamgages. The once-a-day readings were substituted as the 
daily means. This is probably reasonable because floods on 
these streams rise and fall slowly, and the difference between 
the once-a-day reading and daily mean are small. Thus, steps 
3 and 4 in the joint probability analysis methodology can be 
skipped, and the threshold exceedances in step 5 are set to the 
flood-frequency values calculated in step 2.

Thresholds for the streamgages used in the joint 
probability analysis were calculated (step 5) and are shown in 
table 6. The equations relating daily mean and peak values for 
streamflow or stage and their associated Pearson’s correlation 
coefficients (r) are shown in table 6. The correlations are all 
close to one indicating a strong positive linear association 
between daily mean and peak values.

The joint probabilities of flooding at the 50-, 10-, 4-, 
2-, and 1-percent flood threshold levels were computed at 
the 11 paired streamgages. Floods at paired streamgages 
were considered concurrent if they occur on the same day no 
matter the actual time that the peak occurred during the day. 
If thresholds were equaled or exceeded at both streams in the 
pair on consecutive days, each day was counted as a separate 
event.

Scatterplots of concurrent daily mean streamflows or 
stages (step 6) were developed for the 11 paired streamgages, 
but only 2 of the 11 are presented in this report (figs. 5 and 6) 
to help illustrate the results of the joint probability analysis. 
The results for all 11 are included in table 7. Figure 5 shows 
the concurrent daily mean streamflows for streamgages 
Mississippi River at Helena, Ark. (07047970), and White 

River at Newport, Ark. (07074500). Points that were less 
than the 50-percent threshold for both streamgages were not 
shown. The number of points where the 50-percent threshold 
was exceeded for at least one of the streamgages was 803 
(trials), which can be verified by adding all the red numbers 
(representing the count of points in each grid cell) on figure 
5. The number of points where the 50-percent threshold 
was exceeded at both streamgages was 145 (events), which 
can be verified by adding the red numbers that correspond 
only to grids cells in common for both streamgages that 
represent thresholds equal to or greater than 50 percent. Thus, 
the estimated joint probability for the 50-percent threshold 
exceedance was 0.181 (145/803). Similarly, the number of 
trials, events, and joint probability was determined for the 
other threshold levels (table 7). For these paired streamgages, 
the joint probabilities decreased as the threshold exceedance 
probabilities decreased. The 2-percent and 1-percent threshold 
exceedances were 0.000. Note that streamflows at the White 
River at Newport, Ark. (07074500), have not equaled or 
exceeded the 2-percent exceedance threshold since 1967 (a 
record length of 45 years). Thus, a “not determined” (nd) 
was given in place of a zero value in table 7 because in 
this instance, it does not mean there is not a chance of the 
two streams having coincident floods at these exceedances. 
Similarly, this occurred at seven other streamgage pairs 
(table 7) that had zero events, and thus, the joint probabilities 
were replaced with “nd.”

The concurrent daily mean streamflow for the Mississippi 
River at Helena, Ark. (07047970), and daily mean stage for 
the Cache River at Brasfield, Ark. (07077600), were graphed 
in a scatterplot (fig. 6). Again, points that were less than the 
50-percent threshold for both streamgages were not shown 
on the scatterplot. The number of trials for the 50-percent 
threshold exceedance was 1,291 (table 7), which is the total 
of all points on graph (red numbers provide total count of 
points within each grid cell). The number of events for the 
50-percent threshold exceedance was 287, which is the total of 
all points that correspond only to the grid cell in common for 
both streamgages that represent thresholds equal to or greater 
than 50 percent. Thus, the joint probability for the 50-percent 
threshold exceedance was 0.222 (287/1,291). Similarly, the 
number of trials, events, and joint probability was determined 
for the other threshold levels (table 7). For the 1-percent 
threshold exceedance, a nd was given in place of a zero value 
because the Cache River at Brasfield, Ark. (07077600), never 
exceeded the 1-percent threshold exceedance in the period of 
record (61 years).
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Table 6. Equation and flood thresholds for streamgages used for joint probability analysis.

[DV, daily mean streamflow or daily mean stage; PK, peak streamflow or peak stage; NA, not applicable because annual exceedance probability flows are not based on daily mean streamflow; A water year is 
the 12-month period October 1 through September 30 designated by the calendar year in which it ends]

Station 
number  
(figs. 1  
and 3)

Station name

Data type 
used for 

calculating 
thresholds

Equation

Correla
tion  

coefficient  
(r)

Flood threshold for indicated annual exceedance probability 
(percent)1 Period of record 

for joint prob
ability analysis  

(water year)50 10 4 2 1

07047970 Mississippi River at 
Helena, Ark.

Streamflow NA NA 1,202,000 1,595,000 1,774,000 1,901,000 2,025,000 1927–2011

07074420 Black River at Elgin 
Ferry, Ark.

Stage DV=0.986PK+0.235 0.999 23.27 28.20 30.95 33.09 35.31 1991–2011

07074500 White River at Newport, 
Ark.

Streamflow DV=0.928PK+2590 0.997 69,300 148,000 204,900 256,400 316,700 1967–2011

07074850 White River near Augusta, 
Ark.

Stage NA NA 32.87 37.03 38.86 40.15 41.39 1967, 1984–2011

07076750 White River near 
Georgetown, Ark.

Stage DV=1.003PK-0.223 0.988 22.35 27.99 30.59 32.46 34.27 1983–2011

07076900 White River at Des Arc, 
Ark.

Stage NA NA 25.68 33.05 36.02 38.02 39.87 1981, 
1984–1991, 
1995–2001, 
2004–11

07077000 White River at De Valls 
Bluff, Ark.

Stage DV=1.002PK-0.087 0.999 24.38 29.38 31.46 32.88 34.22 1967, 1969–72, 
1974–77, 
1979–82, 
1984–87, 
1989–93, 
1995–97, 
1999–2011

07077500 Cache River near 
Patterson, Ark.

Stage DV=0.994PK+0.04 0.999 10.48 12.22 13.09 13.73 14.38 1987–2011

07077555 Cache River near Cotton 
Plant, Ark.

Stage DV=0.997PK+0.015 0.999 19.28 20.18 20.43 20.57 20.68 1987–2011

07077600 Cache River at Brasfield, 
Ark.

Stage NA NA 26.09 30.60 32.85 34.52 36.18 1951–2011

07077800 White River at Clarendon, 
Ark.

Stage NA NA 28.36 33.01 35.00 36.39 37.71 1967–74, 1976–
77, 1979–84, 
1996–2011

1Flood thresholds represent daily mean streamflow magnitudes expected to occur on days when an instantaneous peak streamflow with a magnitude corresponding to the indicated annual exceedance 
probability occurs.
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Table 7. Results of streamgage joint probabilities at selected streamgages paired with the Mississippi River at Helena, Arkansas, streamgage (07047970).

[nd, not determined]

Flood threshold for indicated annual exceedance probability 
(percent)1

50 10 4 2 1 50 10 4 2 1
Station name (station number) Black River at Elgin Ferry, Ark. (07074420) Cache River near Patterson, Ark. (07077500)
Events2 84 9 3 0 0 125 5 0 0 0
Trials3 308 37 24 20 7 644 35 16 12 7
Joint probability4 0.273 0.243 0.125 nd5 nd5 0.194 0.143 nd5 nd5 nd5

Station name (station number) White River at Newport, Ark. (07074500) Cache River near Cotton Plant, Ark. (07077555)
Events2 145 6 2 0 0 61 0 0 0 0
Trials3 803 69 22 12 7 363 1 0 0 0
Joint probability4 0.181 0.087 0.091 nd5 nd5 0.168 50.000 nd5 nd5 nd5

Station name (station number) White River near Augusta, Ark.  (07074850) Cache River at Brasfield, Ark. (07077600)
Events2 65 6 3 2 0 287 12 6 1 0
Trials3 468 24 14 9 8 1,291 61 13 9 4
Joint probability4 0.139 0.250 0.214 0.222 nd5 0.222 0.197 0.462 0.111 nd5

Station name (station number) White River near Georgetown, Ark. (07076750) White River at Clarendon, Ark. (07077800)
Events2 98 2 0 0 0 249 16 12 7 0
Trials3 618 30 9 6 3 840 60 16 12 7
Joint probability4 0.159 0.067 nd5 nd5 nd5 0.296 0.267 0.750 0.583 nd5

Station name (station number) White River at Des Arc, Ark. (07076900) White River at St. Charles, Ark. (07077820)
Events2 165 14 9 5 1 363 28 13 8 3
Trials3 695 35 17 14 10 836 112 37 16 10
Joint probability4 0.237 0.400 0.529 0.357 0.100 0.434 0.250 0.351 0.500 0.300

Station name (station number) White River at De Valls Bluff, Ark. (07077000)
Events2 198 14 10 6 2
Trials3 818 65 16 13 9
Joint probability4 0.242 0.215 0.625 0.462 0.222

1Flood thresholds represent the equivalent of peak streamflow flood frequencies for daily mean streamflow.
2An event occurrs when the threshold is equaled or exceeded at both streamgages in the pair.
3A trial occurs when the threshold is equaled or exceeded in at least one streamgage in the pair.
4Joint probability is events divided by trials.
5The streamgage on one of the rivers (White, Black, or Cache) does not have any observations that exceed the flood threshold.
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Three streamgage pairs had a joint probability equal to 
or greater than 0.100 for the 1-percent threshold exceedance 
(table 7). The paired streamgages of Mississippi River at 
Helena, Ark. (07047970), and White River at De Valls Bluff, 
Ark. (07077000), had a joint probability of 0.222 for the 
1-percent threshold exceedance; the two events and nine 
trials occurred on two consecutive days, May 8 and 9, 2011. 
May 2011 was the highest flood of record for many streams 
in Arkansas. The paired streamgages Mississippi River at 
Helena, Ark. (07047970), and White River at Des Arc, Ark. 
(07076900), had a joint probability of 0.100 for the 1-percent 
threshold exceedance; the one event and 10 trials were also 
caused by the April–May 2011 flooding, which occurred in 
10 consecutive days from May 5 through May 14. The paired 
streamgages Mississippi River at Helena, Ark. (07047970), 
and White River at St. Charles, Ark. (07077820), had a joint 
probability of 0.300 for the 1-percent threshold exceedance; 
the three events and 10 trials were also caused by the 
April–May 2011 flooding, which occurred in 10 consecutive 
days from May 8 through May 17. If the April–May 2011 
flooding had not occurred, then the joint probabilities would 
have been zero at these streamgages. Steps 9 and 10 in the 
joint probability methodology were not necessary for these 
streamgages. The instantaneous peak data and daily mean data 
were checked to see if a revision to the number of events and 
trials was needed, but no changes resulted because of the slow 
rise and fall of floods on these streams.

The joint probability values presented in table 7 are the 
results with streamgages paired with the Mississippi River at 
Helena, Ark., streamgage (07047970). Overall, these values 
indicate a low probability of concurrent flooding on the 
two rivers (paired sites) as more than one-half of the values 
were less than 0.2 percent. However, five joint probability 
values were equal to or greater than 0.5 percent, which was 
associated with streamgages located near the downstream end 
of the White River. Also, values for each threshold exceedance 
generally increased with streamgages located downstream 
and the increasing drainage area. Some of the zero values 
in the 2-percent and 1-percent threshold exceedances are 
questionable and, in general, probably should not be applied 
with a high degree of confidence because no flood events 
occurred at these exceedances. 

FloodInundation Maps

Flood-peak inundation maps were created for two  
stream reaches on the White River and two on the Black 
River; the vicinity of the communities of Holly Grove, 
Ark., and Cotton Plant, Ark.; a reach of the White River 
that included the crossing of Interstate 40 north of De Valls 
Bluff, Ark.; and the Tailwaters of Beaver Dam near Eureka 

Springs, Ark., Table Rock Dam near Branson Mo., and Bull 
Shoals Dam near Flippin, Ark. (fig. 3, table 3). Personnel 
from the USGS, USACE, and AHTD collected 122 HWMs 
(appendix 1). 

Flood-peak inundation maps were generated for each 
selected area showing the maximum areal extents and depths 
of the floodwaters (figs. 7–16). The water depths for each map 
are continuous and show how the flood-peak inundation area 
and slope varied along each stream reach and the affected 
community. The inundation maps also contain locations and 
elevations of HWMs used to develop the map. The maps 
were checked by USGS surveying and HWM personnel, 
spatially checked against the HWMs for mathematical or 
other inconsistency errors, and compared with field collected 
photographs to ensure the inundations maps were as accurate 
as the available data. The digital data used to create the 
inundation map for each area are available in a downloadable 
GIS compatible format (http://pubs.usgs.gov/sir/2013/5148/
Downloads). 

Two stream reaches were mapped on the White River: 
(1) an approximately 40 river-mile reach extending from 
Batesville to Newport, Ark. (fig. 7), and (2) an approximately 
110 river-mile reach extending from Newport to Des Arc, 
Ark. (fig. 8). The first stream reach (fig. 7) includes the White 
River downstream from several flood-control impoundments 
and the confluence of the Black River near Newport, Ark. 
The flood plain was less than 2 mi wide along the upstream 
reach of the White River and expanded to nearly 9 mi wide at 
the downstream end of the reach. The reach from Newport to 
Des Arc, Ark. (fig. 8), becomes increasingly leveed, and this 
section includes the tributary of the Little Red River (fig. 3). 
For both stream reaches, the greatest water depths (maximum 
of 36 ft) were located at and downstream from the confluence 
with the White and Black Rivers.

The two stream reaches mapped on the Black River 
were from: (1) Corning to Pocahontas, Ark., approximately 
60 river miles (fig. 9) and (2) Pocahontas, Ark. (fig. 10), to 
the confluence with the White River near Newport, Ark., 
approximately 100 river miles. The Black River overtopped 
its banks and spread out 1 to 4 mi on either side of the channel 
from Corning to Pocahontas (fig. 9). Near Pocahontas, several 
levee breaches occurred that permitted the flood to extend 
beyond the levee structures. The maximum depth was 28 ft 
near the levee breaches (both stream reaches mapped include 
the area surrounding Pocahontas). Additional levee breaches 
occurred along the second stream reach of the Black River, 
south of Pocahontas and west of Swifton, Ark. (fig. 10), and 
both occurrences permitted the land behind levees to become 
inundated. The greatest depths (maximum of 39 ft) were along 
the Black River upstream from the confluence with the White 
River. 

http://pubs.usgs.gov/sir/2013/5148/Downloads
http://pubs.usgs.gov/sir/2013/5148/Downloads
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Figure 7. Flood-peak extent and water-depth inundation map for the White River from Batesville to Newport, Arkansas.
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Figure 8. Flood-peak extent and water-depth inundation map for the White River from Newport to Des Arc, Arkansas.
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Figure 9. Flood-peak extent and water-depth inundation map for the Black River from Corning to Pocahontas, Arkansas.

!!

!

!

!

!

!

!

"

"

"

"
"
"" "" """"
"

#

#
07069000

07064000

07069000

07064000

WP0045, 265.5

WP0044, 268.5

WP0043, 270.9

WP0042, 274.8

WP0041, 279.7

WP0040, 290.6

WP0039, 290.9

WP0045, 265.5

WP0044, 268.5

WP0043, 270.9

WP0042, 274.8

WP0041, 279.7

WP0040, 290.6

WP0039, 290.9

Lafe

Pocahontas

Corning

Reyno

OKean

Biggers

Maynard

Datto

Delaplaine

Peach Orchard

Knobel

McDougal

Success

Marmaduke

Oak Grove Heights

Lafe

Pocahontas

Corning

Reyno

OKean

Biggers

Maynard

Datto

Delaplaine

Peach Orchard

Knobel

McDougal

Success

Marmaduke

Oak Grove Heights

£¤62

£¤62

£¤67

£¤67

UV34

UV90

UV90

Area enlargedArea enlarged

ARKANSASARKANSAS

90°30'90°40'90°50'91°00'

36°25'

36°20'

36°15'

36°10'

Black Rive
r

Cu
rr

en
t R

ive
r

Cache R
iver

E
le

ve
n 

P o
i n

t R
i v

er

Black Rive
r

Cu
rr

en
t R

ive
r

Cache R
iver

E
le

ve
n 

P o
i n

t R
i v

er

DISCLAIMER:  Inundated areas and depths are only an estimate of
     flooding that occurred during the April–May 2011 flooding event in
     Arkansas and Missouri. Unique hydrologic and meteorologic
     conditions preceded this flood; and as such, these inundation maps
     should not be used for navigation, regulatory, permitting, or other legal
     purposes. These maps are to be used as an estimated flood-peak
     surface for a specific flooding event. The U.S. Geological Survey
     provides these maps "as is" for a quick reference, emergency planning
     tool but assumes no legal liability or responsibility resulting from the 
     use of this information.

WP0043, 270.9

07064000

Extent of light detection and
     ranging (lidar) data

Limit of study area

Levee

Flow direction

High-water mark with name
     and elevation, in feet

U.S. Geological Survey
     streamgage and number

Levee breach

   

Flood depth, in feet

   0

   2

   5

   10

   15

   20

   25

   30

!

#

EXPLANATION

"

0 5 10 MILES

0 5 10 KILOMETERS

Base imagery from U.S. Department of Agriculture
National Agriculture Imagery Program, 2010
Universal Transverse Mercator projection, zone 15
North American Datum of 1983
Central meridan -93°00'

In areas where lidar-based elevations were not available, flood depths
were determined by subtracting water-surface elevations from land elevations
determined from the National Elevation Dataset. Flooding extent of Cache River not shown



Flood Analysis and Inundation Mapping for the Flood of April–May 2011  29

Figure 10. Flood-peak extent and water-depth inundation map for the Black River from Pocahontas to the confluence with the White 
River near Newport, Arkansas.
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Two small communities where inundation maps were 
generated include: (1) Holly Grove, in southeastern Arkansas 
adjacent to the Maddox Bay (also known as Dial Creek; 
fig. 11), a tributary of the White River, approximately 1.5 
river miles, and (2) Cotton Plant, Ark., adjacent to the Cache 
River, just upstream from its confluence with the White River 
(fig. 12), approximately 15 river miles. Adjacent to Holly 
Grove, the extent of flooding reached a total width slightly 
more than 0.5 mi, and the maximum depth along the channel 
was 4 ft. Adjacent to Cotton Plant, flooding stretched from 
the stream channel to the west over 6 mi, nearly reaching 
the levees designed to regulate flow on the White River. The 
maximum depth reached by the flooding was estimated to be 
22 ft. 

A reach of the White River that included the crossing 
of Interstate 40 north of De Valls Bluff, Ark. (fig. 3), was the 
most downstream inundation map produced for a location 
on the White River and included approximately 5 river miles 
(fig. 13). Interstate 40 was inundated on both sides of the 
bridge over the White River. The eastern extent of the flood 
was controlled by the levee approximately 1.5 mi east of 
the stream channel. The maximum depth within the channel 
reached 69 ft, and the maximum depth over the surrounding 
land was approximately 22 ft. Stream channel bathymetry data 
improved the depth approximation with the channel.

The three White River lakes are artificial impoundments 
of the White River in northwestern Arkansas and southern 
Missouri managed by the USACE–LR and include the 
Tailwaters of (1) Beaver Dam near Eureka Springs, Ark., 
(2) Table Rock Dam near Branson, Mo., and (3) Bull Shoals 
Dam near Flippin, Ark. (fig. 3). The mountainous topography 
helped to confine the flood downstream from Beaver Dam 
Tailwater (fig. 14). About 7 river miles downstream from 
Beaver Dam, the maximum depth was approximately 36 
ft. The maximum recordable elevation of the Beaver Dam 
Tailwater streamgage (07049691) was exceeded and, 
therefore, the actual peak stage was higher than the recorded 
value at this location (953.00 ft). Downstream 0.4 mi from 
the Tailwater streamgage, the water-surface elevation was 
determined to be 953.4 ft at HWM WP0020 (appendix 1). 
Downstream from Table Rock Dam Tailwater, approximately 
22 total river miles (fig. 15), the greatest estimated depth 
was 28 ft, and the flood plain was generally less than 900 
ft wide for the first 15 river miles. The flood plain widened 
to near 2,600 ft in the last 7 river miles. The flood plain 
below Bull Shoals Dam Tailwater (fig. 16) generally was no 
wider than 1,200 feet and was less than 700 ft wide at the 
downstream boundary of the 30 river miles that were mapped. 
The maximum depth below Bull Shoals Dam Tailwater was 
approximately 21 ft near the downstream boundary of the 
mapped reach. 
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Figure 11. Flood-peak extent and water-depth inundation map for the town of Holly Grove, Arkansas, adjacent to a tributary of the 
White River, Maddox Bay (also known as Dial Creek).
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Figure 12. Flood-peak extent and water-depth inundation map for the town of Cotton Plant, Arkansas, adjacent to the Cache River. 
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Figure 13. Flood-peak extent and water-depth inundation map for the Interstate-40 crossing with the White River, Arkansas. 
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Figure 14. Flood-peak extent and water-depth inundation map for the White River at Beaver Dam Tailwater near Eureka Springs, 
Arkansas.
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35Figure 15. Flood-peak extent and water-depth inundation map for the White River at Table Rock Dam Tailwater near Branson, Missouri.

!(

UV76

UV465

UV160

UV165

UV76

UV76

£¤65

£¤65

0705340107053401

Branson

Forsyth

Branson

Forsyth

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
WP0004, 728.6

WP0019, 708.6
WP0018, 708.9

WP0017, 709.3

WP0016, 709.3

WP0014, 709.7

WP0013, 710.2

WP0012, 711.1

WP0011, 712.3

WP0010, 713.3
WP0009, 713.6

WP0008, 713.7

WP0007, 716.9

WP0006, 723.8

WP0005, 727.6

WP0004, 728.6

WP0019, 708.6
WP0018, 708.9

WP0017, 709.3

WP0016, 709.3

WP0014, 709.7

WP0013, 710.2

WP0012, 711.1

WP0011, 712.3

WP0010, 713.3
WP0009, 713.6

WP0008, 713.7

WP0007, 716.9

WP0006, 723.8

WP0005, 727.6

Roark Creek

Fall Creek

Coon Creek

Bee Creek

Turkey Creek

Bull Creek

Short Creek

Table Rock 
Lake

W
hi

te 
Rive

r

Roark Creek

Fall Creek

Coon Creek

Bee Creek

Turkey Creek

Bull Creek

Short Creek

Table Rock 
Lake

W
hi

te 
Rive

r

WP0012, 711.1

Extent of light detection and
     ranging (lidar) data

Limit of study area

Flow direction

High-water mark with name
     and elevation, in feet

U.S. Army Corps of Engineers
     streamgage and number

   

Flood depth, in feet

   0

   2

   5

   7

   10

   15

   20

   25

   30

!

EXPLANATION

07053401!

0 1 2 MILES

0 1 2 KILOMETERS

Base imagery from U.S. Department of Agriculture
National Agriculture Imagery Program, 2010
Universal Transverse Mercator projection, zone 15
North American Datum of 1983
Central meridan -93°00'

In areas where lidar-based elevations were not available, flood depths
were determined by subtracting water-surface elevations from land elevations
determined from the National Elevation Dataset.

Area enlargedArea enlarged

MISSOURIMISSOURI

DISCLAIMER:  Inundated areas and depths are only an estimate of
     flooding that occurred during the April–May 2011 flooding event in
     Arkansas and Missouri. Unique hydrologic and meteorologic
     conditions preceded this flood; and as such, these inundation maps
     should not be used for navigation, regulatory, permitting, or other legal
     purposes. These maps are to be used as an estimated flood-peak
     surface for a specific flooding event. The U.S. Geological Survey
     provides these maps "as is" for a quick reference, emergency planning
     tool but assumes no legal liability or responsibility resulting from the 
     use of this information.

93°5'93°10'93°15'93°20'

36°40'

36°36'



36  Analysis and Inundation Mapping of the April–May 2011 Flood at Selected Locations

Figure 16. Flood-peak extent and water-depth inundation map for the White River at Bull Shoals Dam Tailwater near Flippin, Arkansas.
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Summary
Precipitation that fell from April 19 through May 3, 2011, 

resulted in widespread flooding across northern and eastern 
Arkansas and southern Missouri. The first storm produced 
a total of approximately 16 inches of precipitation over an 
8-day period, and the following storms produced as much 
as 12 inches of precipitation over a 2-day period. Moderate 
to major flooding occurred quickly along many streams 
within Arkansas and Missouri (including the Black, Cache, 
Illinois, St. Francis, and White Rivers) at levels that had not 
been seen since the historic 1927 floods. The 2011 flood 
claimed an estimated 21 lives in Arkansas and Missouri, and 
damage caused by the flooding resulted in a Federal Disaster 
Declaration for 59 Arkansas counties that received Federal or 
State assistance. Extensive flood information was collected 
during and post-flood to appropriately document and analyze 
the flooding event.

To further the goal of documenting and understanding 
floods, the U.S. Geological Survey (USGS), in cooperation 
with the Federal Emergency Management Agency, the U.S. 
Army Corps of Engineers–Little Rock and Memphis Districts, 
and the Arkansas Natural Resources Commission, conducted 
a study to summarize meteorological and hydrological 
conditions leading up to the flood; computed flood-peak 
magnitudes for 39 streamgages; estimated annual exceedance 
probabilities for 37 of those streamgages; determined the joint 
probabilities for 11 streamgages paired to the Mississippi 
River at Helena, Ark., which refers to the probability that 
locations on two paired streams simultaneously experience 
floods of a magnitude greater than or equal to a given 
annual exceedance probability; collected high-water marks; 
constructed flood-peak inundation maps showing maximum 
flood extent and water depths; and summarized flood damages 
and effects. 

For the period of record used in this report, peak-of-
record stage occurred at 24 of the 39 streamgages, and peak-
of-record streamflow occurred at 13 of the 30 streamgages 
where streamflow was determined. Annual exceedance 
probabilities of flooding at the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, 
and 0.2-percent flood threshold levels were computed for 
the 37 streamgages. Annual exceedance probabilities were 
estimated to be less than 0.2 percent (recurrence interval 
greater than 500 years) at one streamgage, St. Francis River at 
Wappapello, Mo. Annual exceedance probabilities were less 
than 0.5 percent (recurrence interval greater than 200 years) 
at three streamgages, both Mississippi River streamgages at 
Memphis, Tenn., and Helena, Ark., and the White River near 
Augusta, Ark. The joint probability values for streamgages 
paired with the Mississippi River at Helena, Ark., streamgage 
indicate a low probability of concurrent flooding on the 
two rivers (paired sites) as more than one-half of the values 
were less than 0.2 percent. However, five joint probability 
values were equal to or greater than 0.5 percent, which was 
associated with streamgages located near the downstream end 
of the White River.

Inundation maps were produced by use of a geographic 
information system on the basis of high-water-mark data 
from 122 locations and the highest resolution digital elevation 
model data available. The inundation maps show the flood-
peak extent and water depth of flooding for two stream reaches 
on the White River and two on the Black River; the vicinities 
of the communities of Holly Grove, and Cotton Plant, Ark.; 
a reach of the White River that included the crossing of 
Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters 
of Beaver Dam near Eureka Springs, Ark., Table Rock Dam 
near Branson, Mo., and Bull Shoals Dam near Flippin, Ark. 
The data and inundation maps can be used for flood response, 
recovery, and planning efforts by Federal, State, and local 
agencies.
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Appendix 1. High-water-mark identifiers, locations, elevations, and quality indicators for two stream reaches on the White River and 
two on the Black River; the vicinities of the communities of Holly Grove and Cotton Plant, Arkansas; a reach of the White River that 
includes the crossing of Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters of Beaver Dam near Eureka Springs, Ark., Table 
Rock Dam near Branson, Missouri, and Bull Shoals Dam near Flippin, Ark.—Continued

[ft, feet; Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88); Horizontal coordinate data are referenced to the 
North American Datum of 1983; USACE, U.S. Army Corps of Engineers; USGS, U.S. Geological Survey; AHTD, Arkansas State and Highway Transportation 
Department; LR, Little Rock District; Mem, Memphis District; NA, not applicable; UNT, unnamed tributary; for bank of nearest watercourse, “right” and “left” 
refer to an observer looking in the downstream direction of the watercourse]

Agency
Highwater  

mark identifier
Elevation  

(ft above NAVD 88)
Latitude Longitude Bank Quality

Black River

USACE-LR WP0039 290.9 36°24′8.04″ 90°32′25.96″ Left Great1

USACE-LR WP0040 290.7 36°24′6.89″ 90°33′13.91″ Right Great1

USACE-LR WP0041 279.7 36°20′8.68″ 90°38′11.09″ Left Great1

USACE-LR WP0042 274.8 36°17′47.85″ 90°41′53.21″ Left Great1

USACE-LR WP0043 270.9 36°15′19.78″ 90°58′18.55″ Right Great1

USACE-LR WP0044 268.5 36°13′23.31″ 90°55′22.13″ Left Great1

USACE-LR WP0045 265.5 36°11′19.08″ 91°1′31.69″ Right Good1

USACE-LR WP0046 262.6 36°9′12.11″ 91°3′14.27″ Right Great1

USACE-LR WP0047 261.9 36°6′55.09″ 91°5′27.67″ Right Good1

USACE-LR WP0048 261.4 36°6′25.90″ 91°5′42.15″ Right Great1

USACE-LR WP0049 249.6 36°1′3.41″ 91°11′29.92″ Right Great1

USACE-LR WP0050 245.0 35°56′2.92″ 91°14′20.70″ Right Great1

USACE-LR WP0051 236.7 35°47′49.72″ 91°19′38.73″ Right Great1

USACE-LR WP0052 235.2 35°43′41.36″ 91°22′34.37″ Right Great1

USACE-LR WP0053 234.0 35°40′58.17″ 91°21′25.21″ Right Great1

Cotton Plant

USGS 67 179.4 34°56′16.50″ 91°16′14.21″ Left Poor2

USGS 68 177.3 34°55′59.50″ 91°16′19.99″ Left Poor2

USGS 69 182.0 34°58′14.44″ 91°17′33.95″ Left Poor2

USGS/USACE-MEM CACHE REW 180.5 34°58′42.75″ 91°21′55.72″ Right Poor2

USGS/USACE-MEM CACHELEFT 180.5 35°0′23.95″ 91°18′33.75″ Left Poor2

Holly Grove

USGS/ USACE-MEM HGT01 172.8 34°35′51.16″ 91°12′19.09″ Left Poor2

USGS/ USACE-MEM HGT02 172.8 34°35′51.45″ 91°12′19.71″ Left Poor2

USGS/ USACE-MEM HGT03 172.7 34°35′49.42″ 91°12′20.00″ Left Fair2

USGS/ USACE-MEM HGT04 172.9 34°35′59.29″ 91°12′45.51″ Right Good2

USGS/ USACE-MEM HGT05 172.0 34°35′10.61″ 91°11′52.72″ Left Good2

USGS/ USACE-MEM HGT06 172.1 34°35′11.08″ 91°11′54.25″ Left Good2

Lower White River

USGS/ USACE-MEM WHITE RDA 200.3 34°58′38.73″ 91°30′59.72″ Right Poor2

USGS/ USACE-MEM WHITE RDA1 200.3 34°58′38.59″ 91°31′0.46″ Right Poor2

USGS/ USACE-MEM WHITE RDA2 200.3 34°58′39.01″ 91°31′2.26″ Right Poor2

USACE-LR WP0027 260.7 35°45′17.87″ 91°37′59.97″ Left Great1

USACE-LR WP0028 244.8 35°40′30.30″ 91°31′17.60″ Right Great1

USACE-LR WP0029 236.2 35°37′59.28″ 91°27′49.19″ Right Great1

USACE-LR WP0030 230.4 35°36′56.72″ 91°21′46.33″ Right Great1

USACE-LR WP0031 226.8 35°33′51.35″ 91°21′21.97″ Right Great1

Appendix 1

Appendix 1. High-water-mark identifiers, locations, elevations, and quality indicators for two stream reaches on the White River and 
two on the Black River; the vicinities of the communities of Holly Grove and Cotton Plant, Arkansas; a reach of the White River that 
includes the crossing of Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters of Beaver Dam near Eureka Springs, Ark., Table 
Rock Dam near Branson, Missouri, and Bull Shoals Dam near Flippin, Ark.

[ft, feet; Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88); Horizontal coordinate data are referenced to the 
North American Datum of 1983; USACE, U.S. Army Corps of Engineers; USGS, U.S. Geological Survey; AHTD, Arkansas State and Highway Transportation 
Department; LR, Little Rock District; Mem, Memphis District; NA, not applicable; UNT, unnamed tributary; for bank of nearest watercourse, “right” and “left” 
refer to an observer looking in the downstream direction of the watercourse]
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Appendix 1. High-water-mark identifiers, locations, elevations, and quality indicators for two stream reaches on the White River and 
two on the Black River; the vicinities of the communities of Holly Grove and Cotton Plant, Arkansas; a reach of the White River that 
includes the crossing of Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters of Beaver Dam near Eureka Springs, Ark., Table 
Rock Dam near Branson, Missouri, and Bull Shoals Dam near Flippin, Ark.—Continued

[ft, feet; Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88); Horizontal coordinate data are referenced to the 
North American Datum of 1983; USACE, U.S. Army Corps of Engineers; USGS, U.S. Geological Survey; AHTD, Arkansas State and Highway Transportation 
Department; LR, Little Rock District; Mem, Memphis District; NA, not applicable; UNT, unnamed tributary; for bank of nearest watercourse, “right” and “left” 
refer to an observer looking in the downstream direction of the watercourse]

Agency
Highwater  

mark identifier
Elevation  

(ft above NAVD 88)
Latitude Longitude Bank Quality

USACE-LR WP0032 221.6 35°29′28.69″ 91°23′45.65″ Right Great1

USACE-LR WP0033 212.9 35°25′1.29″ 91°26′3.63″ Right Great1

USACE-LR WP0034 213.1 35°25′22.02″ 91°23′26.50″ Right Great1

USACE-LR WP0035 211.9 35°21′58.80″ 91°27′56.35″ Right Great1

USACE-LR WP0036 210.0 35°17′21.78″ 91°23′7.41″ Left Great1

USACE-LR WP0037 209.4 35°16′53.81″ 91°22′2.70″ Left Great1

USACE-LR WP0038 228.6 35°36′18.19″ 91°17′20.27″ Left Great1

USACE-LR WP0038a 228.3 35°36′17.46″ 91°17′25.24″ Left Great1

USACE-LR WP0054 208.1 35°14′16.81″ 91°20′39.40″ Left Great1

USACE-LR WP0055 204.4 35°7′34.08″ 91°25′17.96″ Left Great1

USACE-LR WP0056 212.1 35°16′12.72″ 91°42′29.34″ Right Great1

USACE-LR WP0057 210.7 35°15′19.08″ 91°40′28.02″ Left Great1

USACE-LR WP0058 208.4 35°16′4.04″ 91°38′23.42″ Left Great1

USACE-LR WP0059 207.4 35°12′30.20″ 91°36′47.99″ Right Great1

USACE-LR WP0060 204.4 35°9′46.76″ 91°30′9.40″ Right Great1

USACE-LR WP0061 204.4 35°7′36.37″ 91°26′57.70″ Right Great1

USACE-LR WP0062 199.4 34°58′41.52″ 91°29′38.87″ Right Great1

USACE-LR WP0063 202.0 35°3′8.10″ 91°26′8.34″ Left Great1

USACE-LR WP0064 207.5 35°11′6.60″ 91°24′21.71″ Left Great1

Beaver Dam Tailwater

USACE-LR WP0020 953.4 36°25′26.05″ 93°50′30.06″ Left Great1

USACE-LR WP0021 952.4 36°25′35.05″ 93°50′19.16″ Left Great1

USACE-LR WP0022 952.3 36°25′46.18″ 93°50′11.74″ Left Great1

USACE-LR WP0023 947.6 36°25′56.15″ 93°49′13.81″ Left Great1

USACE-LR WP0024 943.9 36°26′54.94″ 93°49′28.54″ Right Great1

USACE-LR WP0025 941.8 36°27′0.62″ 93°48′23.52″ Left Good1

USACE-LR WP0026 940.4 36°27′49.51″ 93°48′56.51″ Left Great1

Bull Shoals Dam Tailwater

USACE-LR WP15 466.7 36°21′58.51″ 92°34′43.67″ Right Fair1

USACE-LR WP16 464.9 36°21′43.75″ 92°35′14.43″ Right Great1

USACE-LR WP17 462.4 36°21′18.37″ 92°35′39.95″ Left Great1

USACE-LR WP18 445.0 36°19′45.13″ 92°33′51.76″ Left Great1

USACE-LR WP19 435.3 36°18′29.24″ 92°31′59.21″ Left Great1

USACE-LR WP20 431.2 36°17′3.71″ 92°31′44.87″ Right Great1

USACE-LR WP21 427.6 36°16′1.14″ 92°32′34.99″ Left Great1

USACE-LR WP22 413.0 36°13′56.65″ 92°28′29.50″ Left Great1
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Appendix 1. High-water-mark identifiers, locations, elevations, and quality indicators for two stream reaches on the White River and 
two on the Black River; the vicinities of the communities of Holly Grove and Cotton Plant, Arkansas; a reach of the White River that 
includes the crossing of Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters of Beaver Dam near Eureka Springs, Ark., Table 
Rock Dam near Branson, Missouri, and Bull Shoals Dam near Flippin, Ark.—Continued

[ft, feet; Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88); Horizontal coordinate data are referenced to the 
North American Datum of 1983; USACE, U.S. Army Corps of Engineers; USGS, U.S. Geological Survey; AHTD, Arkansas State and Highway Transportation 
Department; LR, Little Rock District; Mem, Memphis District; NA, not applicable; UNT, unnamed tributary; for bank of nearest watercourse, “right” and “left” 
refer to an observer looking in the downstream direction of the watercourse]

Agency
Highwater  

mark identifier
Elevation  

(ft above NAVD 88)
Latitude Longitude Bank Quality

USACE-LR WP23 402.1 36°9′54.16″ 92°26′27.83″ Left Good1

USACE-LR WP25 393.4 36°10′15.65″ 92°25′58.63″ Left Great1

Table Rock Dam Tailwater

USACE-LR WP0004 728.6 36°35′50.51″ 93°18′9.63″ Left Great1

USACE-LR WP0005 727.6 36°35′51.37″ 93°17′38.92″ Left Great1

USACE-LR WP0006 723.8 36°36′39.86″ 93°16′33.47″ Left Great1

USACE-LR WP0007 716.9 36°37′6.51″ 93°14′41.10″ Left Great1

USACE-LR WP0008 713.7 36°38′9.99″ 93°13′20.91″ Left Great1

USACE-LR WP0009 713.6 36°37′55.57″ 93°12′59.40″ Right Great1

USACE-LR WP0010 713.3 36°38′8.10″ 93°13′9.98″ Left Great1

USACE-LR WP0011 712.3 36°39′0.05″ 93°12′54.65″ Left Great1

USACE-LR WP0012 711.1 36°41′13.29″ 93°11′56.92″ Left Great1

USACE-LR WP0013 710.2 36°41′54.36″ 93°9′41.23″ Left Great1

USACE-LR WP0014 709.7 36°42′48.94″ 93°7′56.73″ Left Great1

USACE-LR WP0016 709.3 36°41′47.88″ 93°7′37.50″ Left Great1

USACE-LR WP0017 709.3 36°41′2.92″ 93°7′26.38″ Left Great1

USACE-LR WP0018 708.9 36°39′38.46″ 93°8′34.49″ Left Great1

USACE-LR WP0019 708.6 36°39′28.67″ 93°7′41.95″ Left Great1

Vicinity of the Interstate-40 crossing with the White River

AHTD 159b74 192.3 34°50′17.85″ 91°28′7.68″ Right NA
AHTD 159b7d 192.0 34°50′16.77″ 91°28′2.27″ Right NA
AHTD 159b86 191.5 34°50′18.05″ 91°27′42.13″ Right NA
AHTD 159b8f 191.5 34°50′8.47″ 91°28′0.26″ Right NA
AHTD 159b98 191.3 34°50′28.23″ 91°27′0.83″ Left NA
AHTD 159ba2 192.5 34°50′28.67″ 91°27′2.32″ Left NA
AHTD 159bac 192.9 34°50′8.01″ 91°28′25.77″ Right NA
AHTD 159bb6 192.1 34°50′8.47″ 91°28′1.11″ Right NA
AHTD 159bc0 192.6 34°50′16.95″ 91°28′2.70″ Right NA
AHTD 159bca 192.9 34°50′9.55″ 91°28′23.64″ Right NA
USGS 57 187.9 34°50′10.27″ 91°28′0.53″ Right Poor2

USGS 62 188.5 34°50′11.11″ 91°28′23.64″ Right Poor2

USGS 63 188.2 34°50′10.51″ 91°28′24.18″ Right Poor2

USGS 80 191.8 34°49′20.91″ 91°25′37.62″ Right Poor2

USGS 82 190.8 34°49′33.34″ 91°25′32.24″ Left Poor2

USGS 83 190.2 34°49′35.74″ 91°25′32.35″ Left Poor2

USGS Pt 86 188.4 34°47′38.08″ 91°26′21.34″ Left Poor2

USGS Pt 91 189.4 34°48′0.14″ 91°26′27.24″ Left Poor2

USGS Pt 93 189.5 34°48′6.19″ 91°26′29.94″ Left Poor2
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Appendix 1. High-water-mark identifiers, locations, elevations, and quality indicators for two stream reaches on the White River and 
two on the Black River; the vicinities of the communities of Holly Grove and Cotton Plant, Arkansas; a reach of the White River that 
includes the crossing of Interstate 40 north of De Valls Bluff, Ark.; and the Tailwaters of Beaver Dam near Eureka Springs, Ark., Table 
Rock Dam near Branson, Missouri, and Bull Shoals Dam near Flippin, Ark.—Continued

[ft, feet; Vertical coordinate data are referenced to the North American Vertical Datum of 1988 (NAVD 88); Horizontal coordinate data are referenced to the 
North American Datum of 1983; USACE, U.S. Army Corps of Engineers; USGS, U.S. Geological Survey; AHTD, Arkansas State and Highway Transportation 
Department; LR, Little Rock District; Mem, Memphis District; NA, not applicable; UNT, unnamed tributary; for bank of nearest watercourse, “right” and “left” 
refer to an observer looking in the downstream direction of the watercourse]

Agency
Highwater  

mark identifier
Elevation  

(ft above NAVD 88)
Latitude Longitude Bank Quality

USGS pt 99 189.2 34°47′57.77″ 91°26′36.92″ Left Poor2

USGS/USACE-MEM I-40HWM01 187.6 34°50′16.99″ 91°28′1.64″ Right Good2

USGS/USACE-MEM I-40HWM02 187.8 34°50′17.25″ 91°28′2.11″ Right Good2

USGS/USACE-MEM I-40HWM03 187.7 34°50′15.78″ 91°28′1.13″ Right Poor2

USGS/USACE-MEM I-40HWM04 187.7 34°50′15.24″ 91°28′1.45″ Right Poor2

USGS/USACE-MEM I-40HWM05 187.7 34°50′12.62″ 91°28′0.78″ Right Poor2

USGS/USACE-MEM I-40HWM06 187.8 34°50′10.27″ 91°28′0.53″ Right Poor2

USGS/USACE-MEM I-40HWM07 187.6 34°50′8.46″ 91°28′0.90″ Right Good2

USGS/USACE-MEM I-40HWMDN1 187.7 34°49′59.94″ 91°28′5.21″ Right Poor2

USGS/USACE-MEM I-40HWMDN2 187.8 34°49′50.82″ 91°27′58.90″ Right Fair2

USGS/USACE-MEM I-40HWMHSE 192.8 34°50′51.36″ 91°26′13.42″ Left Good2

USGS/USACE-MEM I40HWMUP1 187.8 34°50′23.57″ 91°28′8.86″ Right Poor2

USGS/USACE-MEM I-40LDN03 180.5 34°50′40.71″ 91°26′1.28″ Left Poor2

USGS/USACE-MEM I-40LDN04 180.5 34°50′40.58″ 91°26′1.75″ Left Poor2

USGS/USACE-MEM I-40LDN05 180.7 34°50′38.07″ 91°25′58.15″ Left Good2

USGS/USACE-MEM I-40LDN06 180.7 34°50′30.14″ 91°25′52.93″ Left Fair2

USGS/USACE-MEM I-40LUP01 192.6 34°50′53.76″ 91°26′6.50″ Left Good2

USGS/USACE-MEM I-40LUP02 192.9 34°50′59.58″ 91°26′6.53″ Left Good2

1The quality of high-water marks collected by USACE were subjectively rated in the field in order of mark confidence as “Great,” “Good,” “Fair,” or “Poor” 
by USACE field personnel (Catherine Funkhouser, U.S. Army Corps of Engineers–Little Rock, written commun., 2012). 

2The quality of high-water marks collected by USGS were rated in the field based on the perceived accuracy of the mark “Excellent,” “Good,” “Fair,” or 
“Poor” (Lumia, 1986).
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