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Mississippi River 2011 Post Flood 
Assessment 

Task 1 – Adequacy of MR&T Project Design Flood 

H.1 Comparison of Maximized 2011 Event to Project Design Flood 
Storms 

H.1.1 PURPOSE AND SCOPE 

The purpose of this report is to document the review of the storms that 
make up the Project Design Flood (PDF) for the Mississippi River and 
Tributaries (MR&T) project completed following the Mississippi River 
Flood of 2011.  This review involved comparing the PDF storms to the 2011 
Rainfall event maximized by increasing the dew points to maximum 
values. This comparison provides a technical basis to help determine if the 
current MR&T Project Design Flood is adequate or should be reviewed in 
greater detail.  

During the 2011 Mississippi River Flood, peak discharges exceeded 
historical record peak discharges on the Mississippi River downstream 
from Cairo, Illinois to Natchez, Mississippi. These discharges ranged from 
78% to 91% of the PDF peak discharges along this reach.  Record stages 
also occurred at several locations along the Mississippi River and the 2011 
peak stage approached the PDF stage at some locations. During 2011, the 
peak stage at Red River Landing was 63.4 feet, while the PDF stage is 64.8 
feet. At Natchez, the 2011 peak stage was 61.95 feet; about 4 feet above the 
previous record stage. 

Following the 2011 Flood, the MR&T PDF Adequacy Review was initiated 
as part of the 2011 Post Flood Assessment Task 1 – Assess the adequacy of 
the MR&T design flows. A kickoff meeting was held at the Mississippi 
Valley Division (MVD) office in Vicksburg, Mississippi on July 11, 2012 to 
discuss the scope of the review and set up the project review team. The 
project review team was charged with focusing on the technical aspects of 
the PDF and technical reasons why the PDF should or should not be 
revised. This portion of the review includes the analysis of the 2011 rainfall 
maximized and compared to the rainfall used in the PDF. Other portions 
of this review include an evaluation of the antecedent conditions prior to 
the 2011 event, and an analysis of the impacts of future climate change on 



maximum dew point temperatures 50 years in the future. These additional 
studies are being completed by other offices and will be addressed in 
separate reports. The results of the review and technical findings will be 
furnished to the Mississippi River Commission and the National System 
Performance Team to make recommendations on the PDF. 

Currently, the PDF for the MR&T project is based on a hypothetical storm 
that includes a combination of the January 1937 storm with runoff 
increased by 10 percent followed 4 days later by the January 1950 storm, 
and 3 days later by the February 1938 storm transposed 90 miles to the 
north and rotated 20 degrees clockwise about center at Calvin, Oklahoma. 
This combination of storms was selected from 35 different combinations of 
historical storms developed in the 1955 Project Design Flood Study and is 
designated as the storm used to produce HYPO-Flood 58A (USACE, 1957).  

This report consists of two parts. Part I contains the analysis of storm in-
place maximization of the 2011 event, while Part II contains the analysis 
and comparison of rainfall depth-area relationships for the PDF and the 
2011 maximized event.  This study was completed by the USACE Extreme 
Storm Team with the technical analysis and draft report prepared in the 
office of the Omaha District, Hydrology Section. Independent Agency 
Technical Review of this study was provided by another member of the 
USACE Extreme Storm Team in the Kansas City District and additional 
quality control reviews provided by other members of the Project Review 
Team from the St Paul District, Memphis District, St Louis District, 
Mississippi Valley Division and Institute for Water Resources.  

The USACE Extreme Storm Team was established in 2010 to provide 
technical services previously provided by the National Weather Service 
Office of Hydrometeorology, which discontinued those services in 2004 
following budget cuts and loss of experienced staff. The USACE extreme 
storm team consists of Meteorologists and Hydrologists from various 
Corps District offices and labs with experience in analyzing extreme 
storms and developing design floods for Corps projects. Projects being 
completed by the Extreme Storm Team include developing a database to 
store and disseminate data from historical extreme storms, performing 
site-specific Probable Maximum Precipitation studies, analyzing historical 
extreme storms and reviewing extreme storm and flood studies prepared 
by other district offices and private consultants.  



H.2 PART I – 2011 RAINFALL MAXIMIZATION 

H.2.1 INTRODUCTION 

During the period of April 19 to May 4, 2011, an unusually large amount of 
precipitation fell across the mid to lower portion of the Mississippi River 
basin (Figure 1). Five inches or greater of rainfall was observed from 
eastern Oklahoma to central Ohio with more than ten inches reported 
from western Arkansas to northern Kentucky. The greatest amount of 
moisture, were located throughout northern Arkansas, southern Missouri, 
far southern Illinois, and western Kentucky. Locally in those areas, some 
rainfall totals were near or in excess of twenty inches. The intent of this 
study is to determine, through the analysis of observed dew point 
temperatures, the extent of how much more precipitation could have 
occurred in the same region from the same storm if the maximum possible 
amount of moisture had been available. This process is referred to as “In-
Place Storm Maximization”. 

 

Figure 9.73: Precipitation totals 19 April - 4 May 2011 

 



H.2.2 BACKGROUND INFORMATION 

While extreme storms have been observed and documented for a 
considerable amount of time, great effort has been taken in order to 
determine how much additional precipitation these storms could have 
produced. This knowledge enables Hydrological Engineers and 
Hydrologists to consider the Probable Maximum Flood (PMF) that may 
occur in specific river basins as a result of a Probable Maximum 
Precipitation (PMP) event. These steps require the development of an in-
place maximum adjustment, which compares the moisture content or 
precipitable water (PW) of the observed storm with the maximum amount 
of PW that can be expected at that same location during the same season. 
This effort can be accomplished by utilizing the PMP steps outlined in a 
variety of Hydrometeorological Reports (Figure 2) from the National 
Oceanic and Atmospheric Administration (NOAA), in addition to other 
publications and resources such as the Manual on Estimation of Probable 
Maximum Precipitation published by the World Meteorological 
Organization (WMO). 

 

Figure 9.74: List of assorted HMRs and Technical Papers along with their representative 
regions; NOAA 



The methods utilized to determine the in-place maximization of an 
extreme storm require the computation of a storm representative dew 
point temperature to be compared to the established maximum dew point 
temperature for that same location. The standard predominately used by 
the National Weather Service is the maximum persisting 12-hour 1000 mb 
dew point temperature. A persisting dew point temperature would be 
defined as the value that is equaled or exceeded during a set period of 
time, in this case for 12 hours. The 1000 mb adjustment of surface dew 
points is necessary to compensate for elevation differences between the 
multiple weather observation sites included in the storm analysis. 

Once a storm representative dew point temperature has been determined, 
a corresponding PW value can be obtained from charts located in different 
HMRs as well as the WMO Manual referred to above. The ratio of the PW 
from the storm representative dew point temperature to the PW from the 
maximum persisting dew point temperature (found in the Climatic Atlas of 
the United States) produces the in-place maximization factor for the 
extreme storm being analyzed. It should be noted that an additional step 
in storm analysis incorporates a “seasonal” adjustment. That is, it is 
assumed that any storm could potentially occur at least 15 days closer to 
the warm season and the observed date of the storm representative dew 
point is moved accordingly. 

H.2.3 MOISTURE INFLOW ANALYSIS 

In order to determine the storm representative dew point, it is necessary 
to recognize the moisture source as well as the inflow trajectory from that 
source to the rainfall area. Hydrometeorological Report Number 34 
(1956), “Meteorology of Flood-Producing Storms in the Mississippi River 
Basin” provides a description of the meteorological characteristics of heavy 
rainfall events in the central portion of the basin (Figure 3) during winter 
and spring along with an analysis of several extreme storms within that 
region from 1904-1951. Not surprisingly, the Gulf of Mexico is identified as 
the primary moisture source for these types of storms. 

 



 

Figure 9.75: HMR 34 diagram of typical moisture inflow trajectory for mid-Mississippi River 
basin storms; NOAA 

A detailed examination of the synoptic weather conditions from mid-April 
through early May in 2011 indicates that two distinct systems impacted the 
region with heavy rainfall during that time period. Therefore, an in-place 
maximization factor will be determined for the period 19-28 April as well 
as 29 April-4 May. 

By early in the morning on 19 April 2011, a surface front was established in 
an almost east-west orientation across the continental United States 
(Figure 4, left) and became a focal point for precipitation as a series of 
weather systems moved along it. As the front sagged southward early on 
20 April 2011 (Figure 4, right), warm moist air was moving northward out 
of the Gulf of Mexico and continued to build near and south of the front. 
The warm and moist air, which was less dense than the cool and drier air 
north of the front, would be transported over much of the same area 
during the following week. 



 

Figure 9.76: Surface Maps for 12Z 19 April (top) and 20 April (bottom) 2011; NOAA 

Steady south to southeasterly winds over the next couple of days (Figure 5) 
resulted in the aforementioned front receding northward into the mid-



Mississippi River valley by 22 April 2011. This enabled some of the deepest 
plumes of moisture to move into the region that would ultimately receive 
the heaviest rainfall totals. 

 

Figure 9.77: Surface Maps for 12Z 21 April (top) and 22 April (bottom) 2011; NOAA 



Much of the heaviest rainfall from eastern Oklahoma into the Lower Ohio 
Valley occurred between 12Z 23 April and 12Z 26 April as the front 
remained nearly stationary along that axis (Figures 6 and 7) for much of 
that time period. The northward transport of warm tropical moisture 
continued nearly unabated thanks to persistent southerly winds moving 
across the Louisiana Gulf Coast and into the mid-Mississippi Valley. 

Due to the high level of instability created by the strong contrast of 
warm/moist to cool/dry air on opposite sides of the front, strong to severe 
thunderstorms with tornadoes were widespread during this time period. 
Many of these powerful storms originated in the lower to mid-Mississippi 
Valley and propagated eastward into the southeastern United States on a 
daily basis. 



 

Figure 9.78: Surface Maps for 12Z 23 April (top) and 24 April (bottom) 2011; NOAA 



 

Figure 9.79: Surface Maps for 12Z 25 April (top) and 26 April (bottom) 2011; NOAA 



 

Figure 9.80: Surface Maps for 12Z 27 April (top) and 28 April (bottom) 2011; NOAA 



As the surface front finally progressed eastward (Figure 8), cooler and 
drier conditions overspread the region and put an end to the heavy rainfall 
event. This front pushed far enough into the Gulf of Mexico to clearly 
demonstrate a change in air mass prior to the onset of the next round of 
heavy rainfall within the Mississippi River basin. 

While the quieter weather persisted for a couple of days, another storm 
system moved into the nation’s mid-section on 29 April 2011 (Figure 9) 
with strong cyclogenesis occurring in the Central Plains. This counter-
clockwise rotation enabled the re-development of an influx of warm moist 
air to return from the Gulf of Mexico into the lower and mid-Mississippi 
Valley. While there were less reports of severe weather with this second 
system, heavy rainfall was still observed for a significant portion of the 
basin. 



 

Figure 9.81: Surface Maps for 12Z 29 April (top) and 30 April (bottom) 2011; NOAA 



This heaviest rainfall within the region occurred during early May and fell 
between 12Z 1 May and 12Z 3 May (Figure 10) as the latest front slowly 
sagged southeastward. The slow movement, combined with the southwest 
to northeast orientation of the frontal boundary, enabled for the 
development of a “training” pattern to occur with many of the same 
locations repeatedly experiencing a series of strong thunderstorms with 
heavy rainfall. Some of the heaviest totals were found from the Arkansas 
Valley to the Lower Ohio Valley in close proximity to the axis of heaviest 
rainfall just days earlier. 



 

Figure 9.82: Surface Maps for 12Z 01 May (top) and 02 May (bottom) 2011; NOAA 



By mid-day on 3 May 2011, the front had exited the Mississippi/Ohio 
Valleys and moved into the central Gulf of Mexico (Figure 11). By the 
morning of 4 May, 2011, the atmospheric conditions across the lower to 
mid-Mississippi River Basin had dried considerably. Although the heaviest 
rainfall had come to an end, flooding concerns were elevated due to the 
subsequent moisture runoff. 



 

Figure 9.83: Surface Maps for 12Z 03 May (top) and 04 May (bottom) 2011; NOAA 



H.2.4 STORM REPRESENTATIVE DEW POINT CALCULATIONS 

It was important when analyzing dew point observational data to ensure 
that storm representative data was only selected for time periods where 
the moisture inflow could realistically have been expected to have 
contributed to the heaviest rainfall. Therefore, an examination of the wind 
flow patterns was conducted at both the surface level as well as higher 
elevations for the days preceding the event. In addition, data was not 
considered if it was determined that the winds were not moving fast 
enough to transport the moisture into the region prior to the completion of 
the heavy rain event. The window used for the 19-28 April 2011 time-
frame was from 12Z 20 April through 12Z 25 April. 



 

Figure 9.84: Surface Streamlines for 12Z 20 April (top) and 21 April (bottom) 2011; Plymouth 
State Weather Center 



As the moisture began to pool along and southeast of the stationary front 
20-21 April (Figure 12), it was quite evident that the trajectory of moisture 
was originating in the central portion of the Gulf of Mexico and lifting 
north-northwestward from far eastern Texas, Louisiana, and Mississippi 
into the mid-Mississippi Valley. 

That pattern continued the following day (Figure 13, left) with a slight shift 
westward for the morning of 23 April (Figure 13, right). The surface wind 
streamlines 24-25 April (Figure 14) illustrate that the general trajectory of 
moisture into the system continued across eastern Texas and Louisiana. 



 

Figure 9.85: Surface Streamlines for 12Z 22 April (top) and 23 April (bottom) 2011; Plymouth 
State Weather Center 



 

Figure 9.86: Surface Streamlines for 12Z 24 April (top) and 25 April (bottom) 2011; Plymouth 
State Weather Center 



The Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) 
model, developed and operated by Air Resources Laboratory (part of 
NOAA), was originally designed to compute air parcel trajectories. This 
enables the determination of source locations of various atmospheric 
aerosols or pollutants, particularly in the field of Air Pollution 
Meteorology. By utilizing the backward trajectory option of the model, 
especially when analyzing at several different heights above ground level, 
it is also possible to get a synopsis of the prevailing wind direction that 
feeds moisture into a storm system. In order to avoid the effects of surface 
friction, particularly from topographical features, the model should be run 
at several different heights above ground level (agl) in order to gain a 
better feel for the overall air trajectory. 

After determining that the bulk of the heaviest rainfall from the first 
frontal system occurred between 12Z 23 April and 12Z 25 April, backward 
trajectories were computed using the HYSPLIT model for the surface, 550 
meter and 1300 meter elevations (Figure 15). This was done in order to 
ensure that all of the moisture at the lower levels of the atmosphere was 
considered and to limit the effect of terrain. While the HYSPLIT model is 
designed to track individual parcels, it does provide the benefit of 
supporting the previous analysis (surface maps and surface wind 
streamlines) that indicated that the moisture responsible for the heavy 
rainfall 19-28 April moved along a trajectory that crossed far eastern 
Texas, Louisiana, and western Mississippi. 



 

Figure 9.87: Backward trajectories from heavy rainfall area for 12Z 23 April (top left), 24 April 
(top right), and 25 April (bottom); NOAA 



While it’s important to try to obtain storm representative dew point 
temperatures as near as possible to the rainfall region, it is also necessary 
to be cognizant of outflow boundaries and the potential effects of terrain. 
The moisture inflow trajectory for this storm had only limited terrain 
influences but was impacted repeatedly by outflow boundaries from the 
numerous squall lines of severe thunderstorms that originated along and 
propagated eastward from the stationary front. Therefore, the region along 
the inflow trajectory that was determined to be the least influenced by 
external factors was from far eastern Texas to southwestern Mississippi 
(Figure 16). 

The data used to perform the calculations were obtained from the National 
Climatic Data Center (NCDC) website and were adjusted pseudo-
adiabatically to 1000 mb. This was not a significant change to the values 
for many locations due to the low elevations found in southern Louisiana 
and surrounding areas. Once the data was prepared, it was placed under a 
series of quality assurance checks. Specifically, stations that were missing 
a large number of hourly observations were discarded, while those that 
had only a few missing data points were adjusted through an interpolation 
of surrounding hourly data. 

Finally, the data that was selected to represent the air mass of the inflow 
moisture to the storm was from locations that contained similar dew point 
observations. In other words, it was assumed that the air mass that 
produced an extremely heavy amount of rainfall would be nearly 
homogeneously moist and that dew point temperatures would generally 
vary by only a few degrees. 



 

Figure 9.88: General location of weather observation sites used to determine storm 
representative Td for 19-28 April 

After determining the average dew point temperature for the selected 
weather observation sites on an hourly basis, a rolling calculation was 
made for the 12-hour persisting dew point temperature for the inflow 
region. The maximum 12-hour persisting dew point temperature for the 
19-28 April system, which becomes the storm representative dew point 
temperature, was 72 at 14Z on 21 April 2011. The maximum persisting 12-
hour dew point temperature as obtained from the Climatic Atlas of the 
United States (1968) is 75 for April 21st and 76 for May 6th (Table 1). The 
latter value would be for the commonly used adjustment of 15 days into 
the “warmer season”. 

Time Period 12-Hour Persisting Dew Point Temperature (°F) 

 Observed Storm Td Maximum Td 
(Climate Atlas) 

Maximum Td 
15 Days “Warmer” 

(Climate Atlas) 

19-28 April 72 75 76 

29 April-4 May 71 76 77 

Table 9.15: Storm representative and maximum persisting 12-hour dew point temperatures for 19 April - 4 May 2011 Storm 
 

For the precipitation that occurred across the mid-Mississippi Valley 
during the 29 April - 4 May 2011 time-frame, the heaviest rainfall was 
observed from 00Z 01 May through 00Z 03 May. The return of moisture 
into the region had already begun by 12Z 30 April and was pooling along a 
stationary front from northeastern Texas to central Arkansas by the 
following morning and the trajectory of the moisture inflow was quite 
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similar to that from the previous system, with a slight shift westward. 
Once again, the bulk of the moisture from the Gulf of Mexico into the 
region of heaviest rainfall transited across eastern Texas and Louisiana. 



 

Figure 9.89: Surface Streamlines for 12Z 30 April (top) and 01 May (bottom) 2011; Plymouth 
State Weather Center 



As the front began to progress eastward, mesoscale convective systems 
(MCS) periodically rode along the boundary and enhanced the rainfall 
totals across some of the same locations that had received heavy 
precipitation just days earlier. This front was more progressive than its 
predecessor, however, and had moved into the northern Gulf of Mexico by 
the third of May (Figure 18). As the front exited the Mississippi River 
basin, drier conditions again returned to the region. 



 

Figure 9.90: Surface Streamlines for 12Z 02 May (top) and 03 May (bottom) 2011; Plymouth 
State Weather Center 



As with the previous analysis, backward trajectories were computed using 
the HYSPLIT model for the surface, 550 meter and 1300 meter elevations 
(Figure 19). This was again done in order to ensure that all of the moisture 
at the lower levels of the atmosphere was considered and to limit the 
surface effects on the moisture inflow. The HYSPLIT results showed that 
the inflow at 550 meters and 1300 meters above ground level was from far 
eastern Texas into Louisiana prior to the onset of the heaviest rainfall 
which was consistent with the surface streamline analysis. The ground 
level trajectory was further east, but was not taken as being as reliable of a 
factor to moisture inflow due to its higher degree of terrain influence. 



 

Figure 9.91: Backward trajectories from heavy rainfall area for 00Z 01 May (top left) through 
00Z 02 May 2011 (bottom); NOAA 



After combining the surface map analysis with those of the streamline and 
HYSPLIT, it was determined that the inflow trajectory was from the 
central Gulf of Mexico and nearly north-northwestward before arcing into 
northeastern Arkansas. The area along this path for the predominant 
amount of time with the least impact of rainfall or outflow boundaries was 
from far southeastern Texas into southern Louisiana (Figure 20). Dew 
point temperature observational data from this region was analyzed in the 
same manner as previously discussed, with pseudo-adiabatic adjustments 
and interpolations performed as necessary. 

 

Figure 9.92: General location of weather observation sites used to determine storm Td for 29 
April-04 May 

After performing another rolling calculation of the 12-hour persisting dew 
point temperature for the inflow region, the storm representative dew 
point temperature for 29 April – 4 May was determined to be 71. This 
value was observed from 04Z-15Z on 1 May 2011. Calculating the 
maximum persisting 12-hour dew point temperature, once again obtained 
from the Climatic Atlas of the United States (1968), produces 76 for 1 May 
and 77 for 16 May (Table 1). 
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H.2.5 IN-PLACE MAXIMIZATION ADJUSTMENT CALCULATIONS 

In order to finally calculate the in-place maximization of any particular 
storm, the storm representative and maximum dew point temperatures 
are used to locate their corresponding PW. These can be obtained in 
Tables of PW such as those found in hydrometeorological publications 
including HMR No. 55A (1988) and The Manual on Estimation of 
Probable Maximum Precipitation (2009). The ratio of the PW from the 
maximum persisting dew point temperature to that of the storm 
representative dew point provides a determination of how much greater 
the rainfall amounts “could have been” at a specific location if the storm 
had the maximum possible amount of moisture available. This assumes 
that the dynamics of the observed storm was 100% efficient at the 
conversion of PW to rainfall. 

Time Period In-Place Adjustment In-Place Adjustment 
(15 days “warmer”) 

19 - 28 April  1.16 1.22 

29 April - 4 May  1.28 1.34 

Table 2: In-Place Maximization Adjustments for 19 April - 04 May 2011 storm 
 

The calculations performed by this in-place maximization study produce 
two values for each storm system that moved through the mid to Lower 
Mississippi River basin 19 April – 4 May 2011 (Table 2). While the rainfall 
from the first system could have been 16% greater than observed, that rises 
to a 22% increase when factoring in the commonly accepted adjustment of 
moving 15 days closer to the “warm season”. Similarly, the 28% increase 
for the second system rises to a 34% increase. Therefore, the seasonal 
adjustment increases the potential rainfall from the storm by 
approximately 6%. 

H.3 POTENTIAL FUTURE (CLIMATE CHANGE) IMPACTS 

Much research has been conducted and will continue as to the impact of 
climate change to the increase (or decrease) of rainfall within various 
locations in the United States. Multiple studies have concluded that the 
surface air temperatures and dew point temperatures will be increased by 
several degrees over the next century. In order to make an analysis as to 
the potential impact of such a scenario to the storm systems that affected 
the lower to mid Mississippi River Valley 19 April – 4 May 2011, an 
additional study was conducted by the U.S. Army Engineer Institute for 
Water Resources (IWR) to determine a quantifiable estimation of the 



impact of climate change on dew point temperatures across the 
continental United States in general and, more specifically for this study, 
along the Louisiana Gulf Coast. 

The climate change analysis compared the maximum 12-hour persisting 
dew point temperature from an antecedent period, taken as 1995-2005, to 
a period 50 years in the future. While this study examined all months of 
the year, particular focus was placed on the April-May time period in order 
to correlate with the Mississippi River heavy rainfall event of 2011. Results 
indicated that different regions of the lower 48 states would potentially see 
varying degrees of changes in the maximum dew point temperatures 
(Figure 21) with a 2°-3° Celsius increase calculated in southern Louisiana. 

 

Figure 9.93: Dew Point difference oC between maximum simulated April 2045 – 2055 to 
1995 – 2005 

Therefore, the in-place maximization was re-calculated under an 
assumption of a 3° Celsius increase to the maximum persisting 12-hour 
dew point temperatures used from the Climatic Atlas of the United States 
(Table 3). Following the increases of the maximum persisting dew point 
temperatures, the new corresponding PW values were determined in order 
to calculate the in-place maximization values (Table 4) expected under the 
assumed climate change impacts. This resulted in a 55% increase in the 
rainfall totals for the 19-28 April time period and a 63% increase during 



the 29 April – 4 May interval. The latter was increased an additional 7% 
with the seasonal adjustment. 

Time Period 12-Hour Persisting Dew Point Temperature (°F) 

 Observed Storm Td Maximum Td Maximum Td 
15 Days “Warmer” 

19-28 April 72 81 81 

29 April-4 May 71 81 82 

Table 3: Storm representative and maximum persisting 12-hour dew point temperatures assuming 3° C climate change 
 

Time Period In-Place Adjustment In-Place Adjustment (15 days “warmer”) 

19 - 28 April 1.55 1.55 

29 April - 4 May 1.63 1.70 

Table 4: In-Place Maximization Adjustments for 19 April - 04 May 2011 storm assuming 3° C climate change 
 

It should be noted that HMR 51 places a cap of 1.5 (150%) on in-place 
maximum adjustments for storms located east of the Rockies, unless the 
maximized value “could be supported reasonably well by surrounding 
storms”, which would include this storm. Therefore, the values in Table 4 
that exceed 1.50 could possibly be lowered to that value in order to 
maintain consistency with prior studies and accepted hydrometeorological 
methods. 

H.4 PART II – RAINFALL DEPTH-AREA CURVE COMPARISON 

H.4.1 HYPO-FLOOD 58A RAINFALL 

Rainfall depth versus area curves were developed for the storms used in 
the PDF HYPO-Flood 58A and compared to the depth-area curves 
developed from the 2011 Rainfall event for observed and maximized 
conditions. HYPO-Flood 58A was based on three rainfall events including 
the 6-24 January 1937 storm with runoff increased by ten percent followed 
four days later by the 3-16 January 1950 storm, and three days later the 
14-18 February 1938 storm transposed 90 miles to the north and rotated 
by 20 degrees clockwise about center at Calvin, Oklahoma.  Historic 
isohyetal maps for these storms were digitized by the NWS into ArcGIS 
shape files (Allen, 2012) and provided to USACE for this study. Figure 22 
shows the isohyetal map for HYPO-Flood 58A. Maximum rainfall amounts 
from this combination of storms exceeded 33 inches with rainfall over 
50,000 square miles exceeding 25 inches. It should be noted that the 
maximum rainfall from the January 1937 storm alone was 22.6 inches at 
McKenzie, Tennessee. Other extreme rainfall values in the January 1937 



storm included 22.4 inches at Earlington, Kentucky, 21.6 inches at 
Lockport, Kentucky, and 20.0 inches at Marked Tree, Arkansas. 

 

Figure 22: MR&T Project Design Storm HYPO-Flood 58A 

H.4.2 APRIL 19 – MAY 4, 2011 RAINFALL 

For the 2011 storm, hourly Multi-Sensor Precipitation Estimator (MPE) 
radar images for the period April 19 – May 4 were obtained from the 
Lower Mississippi River Forecast Center in Slidell, LA.  In all, 384 hourly 
“.xmrg” format files were processed to obtain the total rainfall for the 16 
day period.  The radar data in .xmrg format were converted into gridded 
HEC-DSS files with 1 km x 1 km pixels using the gridLoadXMRG tool 
developed by the USACE Hydrologic Engineering Center (HEC). Once in 
the HEC-DSS format, the hourly precipitation data were converted to 
ArcGIS shapefiles using the dss2ascGRid tool which was also developed by 
HEC. Next, the Spatial Analyst Raster Calculator in ArcGIS 9.1 was used to 
combine the hourly radar data into daily values and summed up for the 
entire storm period from April 19 – May 4. This processing also created a 
table by counting the number of pixels for each rainfall value which was 
exported to an Excel file to compute the depth versus area curve. Total 
rainfall maps were also plotted spatially using the ArcGIS software. As 



shown on Figure 23, the maximum rainfall of 23.47 inches occurred in 
south central Missouri. Total rainfall exceeded 15 inches over 50,000 
square miles. 

 

Figure 23: April 19-May 4, 2011 Total Rainfall 

H.4.3 COMPARISON OF DEPTH-AREA CURVES 

Figure 24 shows the computed depth-area curves for the HYPO-Flood 58A 
compared to the 2011 Storm. As shown on that figure the 2011 total 
rainfall was only about 60 percent of the total rainfall used in the PDF 
HYPO-Flood 58A scenario. This compares to an estimated 69 percent 
based on studies performed previously (Jared and Frederick, 2012). 



 

Figure 24: Comparison of Depth Area Curves for 2011 Rainfall with PDF HYPO-Flood 58A 

H.5 MAXIMIZATION OF 2011 RAINFALL 

The next step in the analysis was to maximize the 2011 Rainfall for 
maximum persisting dew points. Adjustment factors for the in-place 
maximization used in this analysis are discussed in Part I of this report.  A 
factor of 1.16 was used for the period 19-28 April, while a factor of 1.28 was 
used for April 29- May 4. For the condition with maximum persisting dew 
points based on 15 days closer to the warm season, the adjustment factors 
were 1.22 and 1.34, respectively. These adjustment factors were applied to 
the hourly shapefiles and summed up to obtain the total maximized 
rainfall for period of April 19 – May 4, 2011. Total maximized rainfall for 
the 2011 event is shown spatially on Figure 25, while Figure 26 shows the 
total rainfall using maximum persisting dew points 15 days closer to the 
warm season. As shown on those figures, the highest rainfall amount with 
maximum persisting dew points was 27.67 inches while the highest rainfall 
amount with maximum persisting dew points 15 days closer to the warm 
season was 29.08 inches. 
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Figure 25: Potential 2011 Rainfall with Maximum Dew Points 

 

Figure 26: Potential 2011 Rainfall with Maximum Dew Points 15 Days Closer to Warm Season 



 

H.6 COMPARISON OF MAXIMIZED DEPTH AREA CURVES 

Figure 27 shows the depth area curves for the maximized 2011 rainfall 
compared to the PDF HYPO-Flood 58A and the observed rainfall. As 
shown on that figure, the maximized 2011 rainfall values would still be 
much less than the design storm HYPO-Flood 58A. For the maximized 
2011 event, the rainfall is about 70 percent of the rainfall used in HYPO-
Flood 58A. If the dew points 15 days closer to the warm season are used in 
the maximization, the maximized 2011 rainfall is about 75 percent of the 
rainfall used in HYPO-Flood 58A. 

 

Figure 27: Comparison of Depth Area Curves for 2011 Maximized and PDF HYPO-Flood 58A 

H.7 COMPARISON WITH OTHER HYPO-FLOODS 

After reviewing the preliminary results of this study during a 
teleconference on February 7, 2013, the review team requested additional 
comparisons with HYPO-Flood 52A and HYPO-Flood 63. Both HYPO-
Floods 52A and 63 were based on storms that occurred in late spring 
similar to the 2011 event while HYPO-Flood 58A was based on a series of 
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late winter storms in January and February. HYPO-Flood 52A is based on 
combining the May 7-11, 1943 storm, the May 15-20, 1943 storm and the 
June 28-30, 1928 storm. The May 7-11, 1943 storm was transposed over 
the Missouri and Upper Mississippi River Basins (430 miles north, 55 
degrees west and rotated clockwise 14.5 degrees about center at Warner, 
Oklahoma) and the rainfall was reduced by 20 percent, followed three 
days later by the actual May 15-20, 1943 storm and two days later by the 
actual June 28-30, 1928 storm. HYPO-Flood 63 was based on combining 
the April 12-16, 1927 storm, followed two days later by the May 15-20, 
1943 storm and three days later by the May 7-12, 1943 storm transposed 
over the area between Cairo, Illinois and the Latitude of Red River 
Landing (105 miles north, 55 degrees west, and rotated 21 degrees 
clockwise about the center at Warner, Oklahoma). Figure 28 shows a 
comparison of depth-area curves for the storms used in HYPO-floods 52A 
and 63 along with the observed and maximized rainfall for the 2011 event. 
As shown on that figure, the observed rainfall for the 2011 event exceeded 
the rainfall for HYPO-Flood 52A for all area sizes and exceeded the rainfall 
for HYPO-Flood 63 for areas larger than 75,000 square miles. The 
maximized rainfall for the 2011 event exceeded the rainfall for HYPO-flood 
63 for areas larger than about 25,000 square miles. 

 

Figure 28: Comparison of Depth Area Curves for 2011 Maximized and PDF HYPO-Floods 52A 
and 63 
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H.8 COMPARISON WITH FIRST TWO STORMS IN HYPO-FLOOD 58A 

Another request after reviewing the preliminary results of this study 
during a teleconference on February 7, 2013, was to compare the 2011 
rainfall with the total rainfall from the first two storms included in HYPO-
Flood 58A. Those storms included the January 1937 storm and the 
January 1950 storm. This comparison was requested since the 2011 event 
was basically two storms and HYPO-Flood 58A consisted of three separate 
storms. Figure 29 shows a comparison of the Depth-Area curves for the 
2011 event, the January 1937 storm, the January 1950 storm, and the 
combined January 1937 plus January 1950 storms. As shown on that 
figure, the January 1937 storm alone had similar rainfall as the total 2011 
event. Combining the rainfall from the January 1937 storm with the 
January 1950 storm greatly exceeded the total rainfall for the 2011 event. 
The third storm in HYPO-Flood 58A does not increase the rainfall depths 
significantly since it was centered over a different portion of the basin, 
while the January 1937 and January 1950 storms were centered over 
similar locations. 

 

Figure 29: Comparison of Depth Area Curves for 2011 with January 1937 and January 1950 
Rainfall 
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H.9 FUTURE CLIMATE CHANGE COMPARISON 

A final comparison was made using the 2011 rainfall depth-area curve 
adjusted for future climate change with maximum persisting dew point 
temperatures increased by 3° Celsius. Figure 30 shows a comparison of 
depth-area curves for the rainfall used in HYPO-Flood 58A, the 2011 
rainfall, and the 2011 rainfall adjusted for a 3° Celsius increase with and 
without the cap of 150 percent on the adjustment factors. The adjustment 
factors used in this analysis are shown in Table 4. 

 

Figure 30: Comparison of Depth Area-Curves for HYPO-Flood 58A and 2011 Adjusted for 
Climate Change 

H.10 LIMITATIONS AND UNCERTAINTY 

Precipitation estimates for the 2011 storm were based on Multi-Sensor 
Precipitation Estimator (MPE) hourly radar mosaics provided by the 
Lower Mississippi River Forecast Center. MPE radar provides rainfall 
estimates for 4km x 4km grids based on a relationship which computes the 
precipitation rate as a function of radar reflectivity. This relationship can 
vary based on the nature of the meteorological event or the season of the 
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year.  To attempt to compensate for the relationship either 
underestimating or overestimating precipitation rates, observations are 
collected from rain gauges which are located within areas of radar 
estimated rainfall. These observations from rain gauges are treated as 
ground truth. By comparing the mean observed rain gauge value with the 
mean radar estimated rainfall amount for a collection of gauge locations 
over varying spans of hours for a single radar site, a bias correction factor 
can be computed. When the estimated precipitation amounts are 
multiplied by the bias correction factor, the resulting precipitation 
estimates are closer to reality, essentially calibrating the radar to the 
ground truth. Additional corrections are made to combine radars from 
various sites and fill in areas where radar coverage is inadequate to create 
hourly radar mosaics. Although this process is not perfect, MPE datasets 
are considered one of the best sources of timely, high resolution 
precipitation information available but can contain errors from both the 
radar data and precipitation gauge data used to create the hourly 
precipitation estimates. These precipitation estimates are based 
substantially on radar which samples over a large area with each grid value 
representing average precipitation over roughly 16 square kilometers. 
Radar sampling errors that can create inaccuracies in the data include 
freezing or frozen precipitation, low topped convection, bright banding, 
accuracy of the reflectivity - rainfall relationship, calibration of the radar, 
radar location and elevation, and range degradation. Rain gauge sampling 
problems could include freezing precipitation, windy conditions, 
obstructions around the gauge, under-measurement by tipping bucket 
gauges in high intensity rainfall, and gauge maintenance.  

GIS shapefiles for the storms used in the HYPO-Floods were provided by 
the NWS to the study team. These shapefiles were based on digitizing 
rainfall isohyetal maps with large contour intervals plotted on a very small 
scale.  This could introduce error into the rainfall estimates and areal 
coverage of each storm and result in an over or under estimation of the 
total storm rainfall. Attempts were made to compare the depth area curves 
for individual storms to those in the Project Design Flood Study (USACE, 
1957) but it was not possible to compare the depth-area curves for the total 
rainfall based on the combined HYPO-Flood events. 

Maximum persisting 12-hour dew point temperatures were obtained from 
the Climatic Atlas of the United States published in 1968. The atlas has 
been republished in 2000 and 2010 but the maximum persisting dew 



points were not updated. It is unknown if the maximum persisting dew 
points would change if they were updated using additional dew point data 
collected since 1968. 

This study evaluated the total rainfall based on depth-area relationships 
and did not evaluate the impacts of different storm centering locations 
which could be an important consideration in estimating the amount and 
timing of the runoff and peak discharges along the Mississippi River.   

Two sets of radar images were processed for this study. The first was hourly 
precipitation estimates using the Multi-Sensor Precipitation Estimate (MPE) data 
obtained from the Lower Mississippi River Forecast Center in Slidell, La.  The 
second was 24-hour precipitation estimates using MPE data also obtained from 
the River Forecast Center. Both sets of data produced nearly identical results for 
the period of 19 April – 4 May, 2011. Precipitation estimates from this study were 
compared to estimates used in two different studies by the NWS (Allen, 2012) 
and (NWS, 2012). The highest amount of rainfall from the all three studies was 
located in south central Missouri. The maximum rainfall estimates from the two 
independent NWS studies ranged from 20.4 to 27.8 inches compared to 23.5 
inches for this study. Even if either of the NWS estimates were used in this 
analysis, the conclusion would remain the same. The maximized 2011 rainfall 
would still be less than the total rainfall used for the PDF. 

H.11 CONCLUSIONS AND RECOMMENDATIONS 

This study was conducted to examine the heavy rainfall event of 19 April – 
4 May, 2011 in the mid to Lower Mississippi River basin in order to 
determine how much greater in magnitude the event could have been. The 
intent behind this purpose is to compare the 2011 flood to the current 
Project Design Flood (PDF) for the Mississippi River and Tributaries 
Project. 

Due to the impact of several rounds of heavy rain producing MCSs along 
two distinct frontal boundaries, the period of study was separated into two 
time periods. This was in recognition that the air masses from 19-28 April 
and 29 April – 4 May were not entirely the same. A seasonal adjustment 
was also made to each time period in accordance with normal 
maximization studies. Finally, an analysis of the impact of climate change 
was made in order to compare the potential magnitude of future extreme 
storms with similar dynamical structures due to an increase in lower 
atmospheric moisture. The increase in dew point temperatures used in 



this study was assumed to be 5° Fahrenheit to provide an analysis of what 
could happen if maximum persisting dew point temperatures increase. A 
separate study is currently being performed by IWR to estimate any 
changes in future persisting dew point temperatures 50 years into the 
future. This information can be incorporated into this report at a later 
date. 

The period of 19-28 April was calculated to have been potentially 16% 
greater, which rose to 22% when factoring in a seasonal adjustment. The 
values for the period of 29 April – 4 May were 28% and 34%, respectively. 
As expected, the in-place maximization factors were significantly higher 
under the assumed climate change scenario. In fact, they were generally 
near or in exceedance of the 150% cap recommended by HMR 51 for 
storms east of the Rocky Mountains. 

It is recommended that any analysis of the 19 April – 4 May 2011 event 
recognizes the need to separate the storm into two separate systems. This 
is due to the air mass change that occurred following a frontal passage 
through the region during the 27-29 April timeframe. Furthermore, the in-
place maximization adjustments to be used should be 22% and 34% for 19-
28 April and 29 April – 4 May, respectively. Using these values adheres to 
previous methods and techniques of storm maximization studies as well as 
maintains a certain level of conservatism to the results. 

If the rainfall from the 2011 storms were maximized, it would exceed the rainfall 
used for HYPO-Flood 52A for all area sizes and would exceed the rainfall used 
for HYPO-Flood 63 for areas larger than 25,000 square miles. However, the 
maximized rainfall from the 2011 storms would be much less than the rainfall 
used for HYPO-Flood 58A. Even if only the first two storms (January 1937 and 
January 1950) were used for HYPO-Flood 58A, the combined rainfall from those 
two storms would exceed the maximized rainfall from the 2011 storm. 

It should be noted that the storms used in HYPO-Flood 58A resulted in a 
total storm duration of 42 days compared to the duration of 16 days for the 
2011 storms. Comparison of the 2011 storms to the 6-24 January 1937 
storm, which had a duration of 18 days, resulted in similar rainfall 
amounts for areas greater than 50,000 square miles. For areas less than 
50,000 square miles, the January 1937 storm exceeded the 2011 storms by 
about 1 to 2 inches. Combining the January 1937 storm with two other 
storms resulted in a design storm much larger than the 2011 event. 



Although the 2011 peak stages approached the PDF stages at some 
locations along the Lower Mississippi River and the peak discharges were 
within 78%-91% of the PDF in the reach from Cairo to Natchez, the total 
rainfall from the 2011 event was much less than that used in the PDF, 
approximately 60 percent of the HYPO-Flood 58A rainfall. Even if the 
persisting dew points were at the maximum possible values for that time 
of year, the 2011 rainfall would have been only 70-75 percent of the HYPO-
Flood 58A rainfall.  Therefore, it is concluded that the rainfall used for 
HYPO-Flood 58A was conservative in developing the PDF. Other factors 
including antecedent conditions, storm centering, flood control 
operations, and river hydraulics may have played a more significant role in 
why the 2011 flood approached the PDF discharges and stages at some 
locations. A major contributor to the 2011 event was the snow melt water 
from the upper basin that reached the Ohio River confluence in 
conjunction with the heavy rain.  The PDF assumes no significant snow 
melt water contribution because at the time it was developed, the science 
deemed that it was not a factor due to the fact that the major floods up to 
that time had all occurred prior to the first week of April. 

As a result of this analysis, a revision to the rainfall used in the PDF does 
not appear to be warranted at this time. If future climate change results in 
a trend of higher maximum persisting dew point temperatures, a revision 
to the rainfall used for the PDF should be considered. A three degree 
Celsius increase in maximum persisting dew point temperatures could 
result in rainfall amounts from a storm similar to the 2011 event which 
would be greater than those used in the PDF. This coupled with wetter 
antecedent conditions could result in a much higher PDF. 

Even without revisions to the rainfall used in the PDF, other changes in 
the MR&T system will periodically require review or revision of the PDF 
Flowline. These future studies of the PDF could include coupling the 2011 
rainfall event with a hydrologic model (HEC-HMS); a reservoir systems 
model (Res-Sim); and an unsteady flow hydraulic routing model (HEC-
RAS) to compute runoff and route flows through the system. Different 
storm centering locations and storm maximizations could be tested with 
the models to determine if more critical runoff combinations could occur 
and evaluate critical combinations of coincident flows from the Upper 
Mississippi River Basin.  This system of models could also be used for real 
time forecasting during a future flood event to evaluate and guide flood 
risk management decisions and identify any system vulnerabilities. 
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