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Abstract
Applied Weather Associates (AWA) has completed a regional probable maximum
precipitation (PMP) study for the state of Nebraska. This project provides a PMP
analysis that includes comprehensive evaluations of extreme rainfall storm events
including storm analyses, storm maximization, storm transpositioning, and storm aspect
ratio and orientation evaluations. The results of these analyses provide the basis for
computing PMP values across the entire state of Nebraska. All extreme rainfall storm
events that have occurred over meteorologically and geographically similar regions have
been included. Comprehensive analyses of both large scale synoptic extreme rainfall
systems and smaller scale Mesoscale Convective Complexes (MCCs) extreme rainfall
storms were completed.
This PMP study identified significant extreme rainfall storm events listed in HMR
51 and in the EPRI Michigan/Wisconsin Regional PMP Study that were appropriate for
Nebraska. Additionally, a storm search was completed that identified all other extreme
storms including storms not identified in HMR 51, along with extreme rainfall events that
have occurred since the publication of HMR 51. The most recent storm analyzed
occurred in August 2007. For extreme rainfall storm events that had not been previously
analyzed, the Storm Precipitation Analysis System (SPAS) was used with NEXRAD
weather radar data (when available) to develop storm isohyetal and depth-area-duration
relationships.
The rainfall amounts associated with all extreme rainfall storm events identified
were adjusted throughout the state of Nebraska using standard procedures. Published
storm analyses and maximization factors were used when available from the National
Weather Service. Appropriate more recent storms identified in the EPRI Wisconsin and
Michigan regional PMP study were included along with newer storms identified in the
storm search.
A reanalysis of transposition limits was completed which detailed areal rainfall
distribution differences for storms that occur over the higher, more western areas of
Nebraska versus the lower, eastern areas of the state. It was determined from this
analysis that storms that occur east of the 105th meridian and west of the Mississippi

River should not be transpositioned more than +/- 1000 feet from their original storm
center elevations. This procedure provided precise guidance and constraints on the
regions of influence for individual storms. A gridded analysis procedure was used with
the contribution of each transpositioned storm applied across a grid that not only covers
the state of Nebraska, but extended into bordering states to insure continuity across state
lines.
The largest of the adjusted rainfall amounts were used to compute PMP values for
all area sizes and durations included in HMR 51. Storm types that affect different area
sizes and durations were identified. Envelopment of the largest rainfall totals was applied
to insure spatial and temporal continuity of the final PMP values.
Statewide PMP values were produced for all area sizes and durations in HMR 51.
Comparisons with HMR 51 values show a range of differences. For eastern Nebraska,
for smaller areas and shorter durations there are approximately 15% to 25% reductions,
and for larger areas and longer durations, approximately no change to 20% reductions.
For western Nebraska, as a result of this study including elevation adjustments, larger
differences were noted; approximately 20% to 30% reductions for smaller areas and
shorter durations, and approximately 30% to 35% reductions for larger areas and longer
durations. The study results are available either in color-coded maps similar to HMR 51
or in GIS format.

Background
The Nebraska Statewide PMP study grew out of work performed by Applied
Weather Associates as part of a site-specific PMP study completed in April 2008 for the
proposed Lake Wanahoo Project in east-central Nebraska. The site-specific study was
sponsored by the Lower Platte North Natural Resources District, the project owner, and
coordinated by Olsson Associates, the project engineer.
The primary purpose for the Lake Wanahoo study stemmed from the belief that
PMP estimates provided by the National Weather Service document
Hydrometeorological Report No. 51 (HMR 51) are too conservative for the region. HMR
51 is a generalized study that provides PMP estimates for all of the United States east of
the 105th meridian, a large and climatologically diverse area. The developers of HMR 51
recognized that it is possible to analyze smaller, more site-specific regions within the
large area covered by HMR 51. Using data that is more site-specific and suitable for
those regions in the analyses can provide improved PMP estimates.
In addition, the Lake Wanahoo analysis provided the opportunity to include all
the additional storm data that has been gathered since HMR 51 was published in 1978.
The most recent storm included in the HMR 51 analysis was from Hurricane Agnes in
Pennsylvania in 1972 and the most recent storm in the Midwest was from Ritter, Iowa in
1953. Therefore, compared to the data gathered for HMR 51, the Lake Wanahoo study
included a comprehensive search of storms in the Midwest and an analysis of the
additional storms that have occurred since the publication of HMR 51.
It was understood that conducting similar site-specific PMP studies for other
dams throughout the state would result in lower PMP values and less costly requirements
for dam owners. However, most other dam projects are not nearly as large as the Lake

Wanahoo project and cannot justify the expense of site-specific PMP studies. Therefore,
it became clear a new state-wide study, building on the work already completed for the
Lake Wanahoo Project, would be of great benefit to the entire state.
A new state-wide study would help, not only in the development of new projects,
but also in the evaluation of the safety and risk associated with existing dams in the state.
Other benefits include uniformity of extreme precipitation values, the avoidance of
multiple site-specific studies, and lower overall cost to the state and dam owners.
The statewide project has received support and funding from a variety of agencies
in Nebraska. These include the U. S. Army Corps of Engineers; Lower Platte North,
Central Platte, Lower Elkhorn, Lower Platte South, and the Papio-Missouri River Natural
Resource Districts; Central Nebraska Public Power and Irrigation District; and the
Nebraska Department of Natural Resources.

Introduction
Applied Weather Associates (AWA) has completed a statewide Probable
Maximum Precipitation (PMP) study for the state of Nebraska. The purpose of the study
was to determine PMP values for the entire state, taking into account topography, climate
and storm types that affect Nebraska. The approach used was similar to development of
the EPRI Wisconsin and Michigan Probable Maximum Precipitation study completed in
1993.
As part of this study, a new dew point climatology was developed which
represented dew point values at a 100-year return frequency level for durations of 6hours, 12-hours, and 24-hours. This new dataset was used in the storm maximization and
transpositioning procedures. A set of 23 grid points was delineated that encompasses the
entire state and areas just outside the state with a 2° longitude x 1.5° latitude spacing (see
section titled Grid Point Methodology for details). This allows for proper spatial
distribution of PMP values across the entire state of Nebraska.
Nebraska lies within the domain of Hydrometeorological Report No. 51 (HMR
51). The EPRI Wisconsin and Michigan PMP study showed significantly different PMP
values from HMR 51, especially for shorter durations and smaller area sizes. Similar
differences were possible for Nebraska. This study is similar to other site-specific PMP
studies such as the Upper Deerfield drainage basin above Harriman Dam in Vermont
(Harriman Study, 1987), the Upper and Middle Dams drainage basins in Maine
(Tomlinson, 2002), the Stewarts Bridge drainage basin in New York (Tomlinson, 2003),
the Woodcliff Lake drainage basin in New Jersey (Tomlinson 2006), the Wanahoo
drainage basin in Nebraska (Tomlinson 2008), and the Blenheim Gilboa drainage basin in
New York (Tomlinson 2008). These studies have been accepted for use in computing the
Probable Maximum Flood (PMF) by the Federal Energy Regulatory Commission (FERC)
and/or the state dam safety regulatory agency (acceptance of the Blenheim Gilboa study
is pending).
The approach used in this study is basically the same as that used in these studies,
i.e., a storm-based approach that uses the same procedures used by the National Weather
Service (NWS) in the development of the HMRs. These same procedures are
recommended by the World Meteorological Organization (WMO) for PMP determination

(WMO Operational Hydrology Report No.1, 1986). This approach identifies extreme
rainfall events that have occurred over the central United States that have meteorological
characteristics similar to extreme rain storms that could occur over Nebraska. The largest
of these rainfall events are selected for detailed analyses.
The study maintains as much consistency as possible with the general methods
used in HMR 51 and the EPRI Wisconsin and Michigan study. Deviations were
incorporated if they were justified by developments in meteorological analyses and
available data. The basic approach identifies major storms that occurred within the
central United States from eastern Colorado, Wyoming, and Montana eastward to
western Michigan and Ohio, and from northern Oklahoma northward to the Canadian
border (see Figure 1). The atmospheric moisture available for each of these storms is
maximized to provide a worst-case rainfall estimation at the location where it occurred
(called in-place maximization). This is done by calculating the ratio of the actual
atmospheric moisture entrained into the storm to the maximum possible atmospheric
moisture that could have been entrained into the storm at that time of year. After
maximization, the storms are then transpositioned to the appropriate grid point(s) to the
extent supportable by similarity of topography and meteorological conditions. After all
appropriate storms are maximized and transpositioned to each grid point, values are
enveloped to provide PMP estimates for specific area sizes and durations at each grid
point.
Advanced computer-based technologies were used for storm analyses along with
new meteorological data sources. New technologies, such as an atmospheric parcel
trajectory model, were incorporated into the study when they provided improved
reliability, while maintaining as much consistency as possible with previous studies.
For some applications, this study applied standard methods (e.g. WMO
Operational Hydrology Report No. 1, 1986), while for other applications, new techniques
were developed. Moisture analyses have historically used monthly maximum observed
12-hour persisting dew points. For HMR 51, maximum dewpoint maps in the Climatic
Atlas of the United States, published by the Environmental Data Services, Department of
Commerce (1969) was used. This study used an updated maximum dew point return
frequency analysis. This dew point analyses incorporated data sets with longer periods of
record than were available for use in HMR 51and the EPRI study, and produced 20-year,
50-year and 100-year return frequencies for maximum average dew point values for 6hour, 12-hour and 24-hour duration periods. The ESRI Geographic Information System
(GIS) was used for the spatial distribution of the return frequency maximum dew point
climatology.

Storm Selection and Analysis
The initial storm search for this study included regions of the Midwest that were
considered meteorologically and topographically similar to at least some portion of
Nebraska. This region covered the United States from the 108th meridian between 49° to
35°N eastward to the 85th meridian. Figure 1 shows the storm search domain. Over the
western edges of this search domain, storms that occurred in the orographically

significant regions of the Black Hills and the Front Range of the Rocky Mountains were
eliminated.

Figure 1 Nebraska statewide PMP storm search domain
The storm search was conducted by searching the National Climatic Data Center
(NCDC) hourly and daily rainfall records for maximum 6-hr, 24-hr/1-day, and 72-hr/3day rainfall amounts within the storm search domain. Figure 2 shows the locations of the
storms identified during the initial storm search and their locations relative to Nebraska.
The database used in the storm search contained rainfall data from several sources. The
primary data sources are listed below:
1.
Cooperative Summary of the Day / TD3200 through 2000. These data are
published by the National Climatic Data Center (NCDC).
2.
Hourly Weather Observations published by NCDC, U.S. Environmental
Protection Agency, and Forecast Systems Laboratory (now National Severe
Storms Laboratory).
3.
NCDC Recovery Disk
4.
Other data published by state climate offices.
5.
Data from supplemental sources, such as CoCoRaHS, NexRAIN,
WeatherUnderground, Forecast Systems Laboratories, RAWS, and various
Google searches.

Figure 2 Storm locations identified in the initial storm search

The next steps involved determining which of the storms were the most
significant for the development of the PMP for Nebraska. Results of this analysis
produced the short list of storms. Locations of these storms are presented in Figure 3.
Each of the storms on the final short storm list has a full storm analysis completed that
includes a storm depth-area-duration (DAD) table, and maximization, transposition and
elevation adjustments using standard procedures.
All storms that have been previously analyzed in HMRs and/or US Army Corps
of Engineers Storm Studies (USACE) that occurred within our storm search domain were
used. Storms that were analyzed in the EPRI Michigan and Wisconsin regional PMP
study that fell within the storm search domain were included as well. A total of 36
extreme storm events are identified as storms having similar characteristics to extreme
rainfall events that could potentially occur over some Nebraska drainage basins. These
storms received detailed storm analyses. Twenty-one of these storms were considered in
the development of HMR 51, five were identified in the EPRI Wisconsin and Michigan
study and not in HMR 51, and ten storms were newly analyzed using Storm Precipitation
Analysis System (SPAS) (Holly 1965 and Hale 1935 were previously identified in HMR
51 but were reanalyzed with updated data and techniques). AWA’s SPAS software

produced a depth-area-duration (DAD) table, total storm isohyetal map, and mass curve
plots along with a host of other pertinent storm analysis results.
Each storm was placed into the standard AWA storm adjustment spreadsheet
where storm maximization, transposition and other adjustments are applied based on
transpositioning each of these storms to the appropriate grid point(s). These worksheets
compute adjustments to each storm’s DAD values for each of the grid point locations.
Use of these standard worksheets insures that adjustments are applied consistently for all
storms and that all storm rainfall adjustments are reproducible.

Figure 3 Locations for the storms on the short list

When available, DAD analyses of storms completed by the National Weather
Service (NWS) and/or the US Army Corps of Engineers (USCOE) were used. One of the
previously analyzed storms was re-analyzed (Hale 1935) in this study and the new DAD
used in this study. Another storm center previously analyzed (Holly 1965) was analyzed
as a separate storm center and the new DAD used. For other extreme storms that were
not previously examined, complete storm analyses were performed as part of this study.
These analyses include hourly and total storm rainfall isohyetals, DADs, mass curves,
and storm moisture adjustments. The HMR procedures for maximization, transposition,
and elevation moisture adjustment were used. New techniques (e.g. average vs.
persisting dew points) and data analyses (e.g. new dew point climatologies) were used to

increase accuracy and reliability, while adhering to the basic procedures used in the
HMRs and in the WMO Manual.
For storms that have previously had storm maximization factors determined, those
maximization factors were used (with some adjusted for use with the new maximum
average dew point climatology based on findings from the EPRI study). For the most
recent storms, maximization factors were determined in this study. A parcel trajectory
model (HYSPLIT-see Figure 4) was used along with the National Center for
Environmental Prediction (NCEP) Reanalysis database to assist in the determination of
inflow moisture vectors.

Figure 4 HYSPLIT trajectory model example for the Aurora College, Illinois storm

Storm Precipitation Analysis System (SPAS) Description
There are two main steps in a DAD analysis: 1) The creation of high-resolution
hourly precipitation grids and 2) the computation of depth-area rainfall amounts for
various durations. The reliability of the results from step 2) depends on the accuracy of
step 1). Historically the process has been very labor intensive. SPAS utilizes Geographic
Information Systems (GIS) concepts to create more spatially oriented and accurate results
in a more efficient manner (step 1). Furthermore, the availability of NEXRAD (NEXt
generation RADar) data allows SPAS to better account for the spatial and temporal
variability of storm precipitation for events occurring since the early 1990s. Prior to
NEXRAD, the NWS used the method described in the WMO Manual for Depth-AreaDuration Analysis of Storm Precipitation (1969). Because this process has been the
standard for many years and holds merit, the SPAS DAD analysis process attempts to
mimic it as much as possible. By adopting this approach, some level of consistency
between the newly analyzed storms and the hundreds of storms already analyzed can be
achieved. Comparisons between the NWS DAD results and those computed using the
new method for two storms (Westfield, MA 1955 and Ritter, IA 1953) indicated very
consistent results.
The areal extent of a storm’s rainfall is evaluated using existing maps and
documents along with plots of total storm rainfall. Based on the storm’s spatial domain
(longitude-latitude box), hourly and daily data are extracted from the database for the
specified area, date and time. To account for the temporal variability in observation times
at daily stations, the extracted hourly data must capture the entire observational period of
all extracted daily stations. For example, if a station takes daily observations at 8:00 AM
local time, then the hourly data needs to be complete from 8:00 AM local time the day
prior. As long as the hourly data are sufficient to capture all of the daily station
observations, the hourly variability in the daily observations can be properly addressed.
The daily rainfall database is comprised of data from National Climatic Data
Center (NCDC) TD-3206 (pre-1948) and TD-3200 (generally 1948 through present).
The hourly database is comprised of data from NCDC TD-3240. The daily supplemental
database is largely comprised of data from “bucket surveys,” local rain gauge networks
(e.g. ALERT, USGS, etc.) and daily gauges with accumulated data.
The most complete rainfall observational dataset available is compiled for each
storm. To obtain temporal resolution to the nearest hour in the final DAD results, it is
necessary to distribute the daily precipitation observations (at daily stations) into hourly
bins. This process has traditionally been accomplished by anchoring each of the daily
stations to a single hourly timer station. However, this may introduce biases and may not
correctly represent hourly precipitation at locations between hourly stations. A preferred
approach is to anchor the daily station to some set of the nearest hourly stations. This is
accomplished using a spatially based approach that is called the spatially based mass
curve (SMC) process.
At this point, SPAS can either operate in its standard mode or in NEXRAD-mode
to create high resolution hourly or sub-hourly grids. In practice both modes are run so
that a comparison can be made between the methods. Regardless of the mode, the
resulting grids serve as a basis for the DAD results.

The DAD extension of SPAS runs from within a GRASS 6.2 GIS environment
and utilizes many of the built-in functions for calculation of area sizes and average
depths. The following is the general outline of the procedure:
1. Given a duration (e.g. x-hours) and cumulative precipitation, sum up the
appropriate hourly or sub-hourly precipitation grids to obtain an x-hour total
precipitation grid starting with the first x-hour moving window.
2. Determine x-hour precipitation total and its associated areal coverage. Store these
values. Repeat for various lower rainfall thresholds. Store the average rainfall
depths and area sizes. Determine if the x-hour window includes the last hour of
the storm rainfall, if it does not, move the x-hour window forward one hour and
return to step 1.
3. The result is a table of depth of precipitation and associated area sizes for each xhour window duration. Summarize the results by moving through each of the area
sizes and choosing the maximum precipitation amount. A log-linear plot of these
values provides the depth-area curve for the x-hour duration.
4. Based on the log-linear plot of the rainfall depth-area curve for the x-hour
duration, determine rainfall amounts for the standard area sizes for the final DAD
table. Store these values as the rainfall amounts for the standard sizes for the xduration period. Determine if the x-hour duration period is the longest duration
period being analyzed, if it is not, analyze the next longest duration period and
return to step 1.
5. Construct the final DAD table with the stored rainfall values for each standard
area for each duration period.
Figures 5 through 7 give examples of the total storm isohyetal map, storm deptharea-duration, and mass curve table produced during the analysis of the Aurora
College, Illinois, July 1996 extreme rainfall event (this storm produced the new 24hour state precipitation record for Illinois).

Figure 5 SPAS total storm isohyetal example for Aurora College, IL

Figure 6 SPAS DAD example for Aurora College, IL

Figure 7 SPAS mass curve example for Aurora College, IL

Dew Point Climatology Development
An updated dew point climatology has been developed for use in determining
PMP values. Sophisticated interpolation procedures were applied to dew point data to
smooth the isodrosotherms and to incorporate terrain characteristics. This methodology
has been coded into a script file and run in a GRASS GIS environment.
Construction of the dew point climatology began with a search of NCDC hourly
datasets for the 6-hour, 12-hour, and 24-hour maximum dew point temperatures for each
reporting station within the pre-defined search box (49.0/-108.0, 49.0/-85.0, 32.5/-108.0,
and 32.5/-85.0). The domain of this search box covers upwind regions from extreme
storms that provide atmospheric moisture for rainfall production. A total of 77 hourly
stations met the 30-year or greater data requirement as applied by AWA (see Figure 8).
This ensured a sufficient period of record to create reliable statistics for the return
frequency analysis run against the dew point temperature database. A program was
written to extract and quality control (QC) the stations’ monthly maximum average dew
point temperatures for each duration (6-hour, 12-hour, and 24-hour) for each year, known
as the annual maximum series (AMS). The AMS for each month, at each station, served
as input to an Excel spreadsheet that calculated L-moment statistics. Using the
generalized-extreme-value (GEV) distribution, the 20-yr, 50-yr, and 100-yr dew point
temperature values were computed for each duration for each month for each station.

Figure 8 Hourly dew point temperature station locations
Once the dew point station data were gathered and organized, the next step was to
reduce all data to a standard level for comparison and analysis purposes. This was done
following the accepted methodology of reducing the dew point data moist pseudoadiabatically to a standard level, in this case 1000mb (near sea level). Further, the dew
point data were adjusted to the 15th of each month so the dew point climatology maps
represented the mid-month. The June 24-hour dew point data for Omaha, NE are shown
in Table 1. The table shows the original station data, the data adjusted to the 15th, and the
data adjusted to 1,000 mb.
Table 1

Original June station dew point data (°F), the adjusted June 15th data, and
the June 15th 1000 mb data for the 20-yr, 50-yr, and 100-yr frequencies.

Station Data
June15th Data
1000 mb Data

20-year
73.76
72.95
76.02

50-year
74.89
74.11
77.18

100-year
75.60
74.83
77.90

HMR and WMO procedures for storm maximization use a representative storm
dew point as the parameter to represent available atmospheric moisture to a storm. Prior
to the mid-1980s, maps of maximum dew point values from the Climatic Atlas of the
United States (1968) were the source for maximum dew point values. HMR 55 (replaced

by HMR 55A published in 1988) updated maximum dew point values for a portion of the
United States from the Continental Divide eastward into the central plains (Hansen
1988). A regional PMP study for Michigan and Wisconsin produced return frequency
maps using the L-moments method (Tomlinson 1993). The Review Committee for that
study included representatives from NWS, FERC, Bureau of Reclamation, and others.
They agreed that the 50-year return frequency values were appropriate for use in PMP
calculations. HMR 57 was published in 1994 and HMR 59 in 1999. These latest NWS
publications also updated the maximum dew point climatology but use maximum
observed dew points instead of return frequency values. For this study, the Review
Committee for this study agreed that the 100-year return frequency dew point
climatology maps were appropriate because this added a layer of conservatism over 50year return periods. This study added 15 years of data available since the EPRI study,
hence adding reliability to the 100-year return frequency analyses. Storm precipitation
amounts are maximized using the ratio of precipitable water for the maximum dew point
to precipitable water for the storm representative dew point, assuming a vertically
saturated atmosphere. This procedure was followed in this study using the updated
maximum dew point climatology developed.

Storm Maximization
For storm maximization, average dew point values for the appropriate duration
that was most representative of the actual rainfall accumulation period (6-, 12-, or 24hour) were used to determine the storm representative dew point. To determine which
time frame that was most appropriate, the total precipitation amount was analyzed. The
duration (6, 12, or 24 hours) closest to when 90% of the rainfall had accumulated was
used to determine the duration used, i.e. the 6-hour, 12-hour, or 24-hour.
In previous storm analyses performed by the National Weather Service
(previously the Weather Bureau) and the US Army Corps of Engineers, a 12-hour
persisting dew point was used for both the storm representative and maximum dew
points. However, as was established in the EPRI study, this dew point methodology
tends to underestimate the storm representative dew point value associated with the
rainfall event.
An example of the impact of using average vs persisting dew point values from
this study is the maximization calculations for the David City Nebraska 1963 storm. The
mass curve for the location with the greatest rainfall is shown in Figure 9. This storm
produced the flood of record at the Ithaca Gage (77, 400 cfs) located in eastern Nebraska.
During this extreme storm event, a narrow tongue of moisture was advected into the
region by a strong southeasterly flow during a short time period (known as a low-level
jet). Most of the rain with this event (approximately 15 inches) accumulated in less than
6 hours (Figure 9). For this storm, hourly dew point data were collected from several
locations near the rainfall event. These included Omaha, NE; Des Moines, IA; Topeka,
KS; and Kansas City, MO. Following standard procedures for determining a storm’s
representative dew point location, it was determined that Topeka, KS and Kansas City,
MO were the two stations that best represented the air mass that produced the extreme
rainfall. Using the hourly dew point data for these two stations clearly showed that the

use of 6-hour average dew point values better represented the atmospheric moisture
available to the storm event than did the use of 12-hour persisting dew point values. The
6-hour average dew point representing the moisture in the air mass associated with the
rainfall was 71.5°F at Kansas City, MO and 71°F at Topeka, KS. Using these dew point
values, a 1000mb 6-hour average dew point of 73.5°F was determined for Kansas City,
MO and a dew point of 73°F was determined for Topeka, KS. Using the old method, the
12-hour persisting dew point is 63°F (65°F at 1000mb) at Kansas City, MO and 66°F
(68°F at 1000mb) at Topeka, KS for an average 12-hour persisting 1000mb adjusted
value of 66.5°F (Table 2).

Figure 9 Mass Curve as analyzed by SPAS for David City, NE 1963 storm event

Table 2 Comparison of the use of the 6-hour average storm representative dew point vs.
the 12-hour persisting storm representative dew point for David City, NE 1963
Observed Dew Point Values for David City, NE 1963
Kansas City, MO
Hour 00Z
Dew Point 58

01Z
61

02Z
62

03Z
62

04Z
63

05Z
63

06Z
63

07Z
64

08Z
66

09Z
68

10Z
69

17Z
69

18Z
68

19Z
67

20Z
67

21Z
67

22Z
67

23Z
67

05Z
65

06Z
66

07Z
66

08Z
67

09Z
68

10Z
69

17Z
70

18Z
69

19Z
70

20Z
69

21Z
68

22Z
66

23Z
69

12-Hour Persisting Td 63 ( 65 reduced to 1000mb)
6-Hour Average Td 71.5 (73.5 reduced to 1000mb)

11Z 12Z 13Z 14Z 15Z 16Z
71
72
72
72
71
71
Air Mass Supplying Rainfall Event
12 Hour Persisting Td Timeframe
6 Hour Average Td timeframe

Topeka, KS
Hour 00Z
Dew Point 61

01Z
62

02Z
64

03Z
65

12-Hour Persisting Td 66 (68 reduced to 1000mb)
6-Hour Average Td 71 (73 reduced to 1000mb)

04Z
65

11Z 12Z 13Z 14Z 15Z 16Z
72
71
71
71
70
70
Air Mass Supplying Rainfall Event
12 Hour Persisting Td Timeframe
6 Hour Average Td timeframe

The 12-hour persisting dew point analysis included dew point values from a sixhour period not associated with the rainfall. The hourly dew point value that provides the
12-hour persisting dew point occurred outside of the rainfall period.

Transposition Limits and Methodology
Elevations across the state of Nebraska range from 840 feet at the far southeastern
border in Richardson County to 5424 feet at Panorama Point near Kimball in the
southwestern panhandle (Figure 10). This large range of elevations rising from east to
west across the state requires that only certain storms can be transpositioned
appropriately to specific areas within the state. The individual storm dynamics based on
moisture availability and storm efficiency were greatly affected by these elevation
changes across the state as well as the change in longitude from east to west.

Figure 10 Elevation contours across Nebraska at 500-foot intervals

The general procedure used in HMR 51 is to not make elevation adjustments
when transpositioning storms from their in-place location to other locations within their
transposition limits. The one exception to this procedure is when transpositioning storms
within the “Gentle Upslope Region”. HMR 51 shows the gentle upslope region on a map
of the United States and discusses storm transpositioning in this region in Section 2.4.5 of
that report (Figure 11).

Figure 11 HMR 51 Gentle Upslope Region (HMR 51, Figure 3, page 13)

Important guidelines to storm transpositioning in HMR 51 that affect storms
within and surrounding Nebraska are:
2.4.2 c. In regions of large elevation differences, transpositions were restricted to a
narrow elevation band (usually within 1000 ft of the elevation of the storm)
2.4.2 e. Westward transposition limits of storms located in Central United States
were related to elevation. This varied from storm-to-storm but in most cases the
3000- or 4000-ft contour.
2.4.5
This report did not apply an elevation adjustment when transposing storms
within limited differences in elevation. However, in the gently rising terrain west
of the Mississippi River to the generalized initial steep slopes in the western

portion of the study region (HMR 51, fig 3) patterns of tentative PMP were not
consistent with the patterns in the guidance material. The guidance material
indicated a greater decrease in areal rainfall towards the west in the gentle
upslope region….
Stratification of the rainfall by area size showed a decided trend toward greater
decrease for large-area rainfall than for small….
With the evidence from rainfall data of various kinds and meteorological analyses
within the gentle upslope region, we decreased large-area rainfalls when transposing
to higher elevations and increased them when transposing to lower elevations. Storm
depths for 1,000 mi2 or less were not adjusted…. Any discontinuity introduced in
PMP at 1,000 mi2 was eliminated by the various consistency checks.
There are a number of major large-area storms in the gentle upslope region with
limits of transposition east of the Mississippi River – beyond the boundaries of the
gentle upslope region. In calculating the adjusted rainfall for the eastward
transposition of these storms, the adjustment for gentle upslope was not applied.
What was explicitly done when transpositioning storms within the gentle upslope
region, i.e. how the elevation adjustments were computed and applied, and what
consistency checks were used to modify storm data in HMR 51 is not known. However,
the authors did recognize and tried to address what they described as a “decided trend
toward greater decreases for large-area rainfall than for small” as storms were
transpositioned towards the west. The discussion in HMR 51 also indicates that rainfall
values were increased when transposing to lower elevations but only for area sizes larger
than 1,000 mi2.
A site-specific PMP study was completed in 2003 by Applied Weather Associates
for the Cherry Creek drainage basin south of Denver, Colorado. The issue of differences
in the spatial distribution of rainfall between eastern Colorado storms and midwestern
storms was also identified in that study. In particular, the same storm rainfall spatial
distribution issue was identified and a conclusion consistent with the HMR 51
discussions was reached. That study concluded that although the storms in eastern
Colorado and Midwestern storms have some similar characteristics, storms from the
midwestern states should not be transpositioned into Colorado because of significant
differences in spatial rainfall distributions. Hence, the Cherry Creek study used only
Colorado storms in its PMP analysis.
This procedure is unique to HMR 51 and has not been used in any other HMR or
site-specific or regional PMP studies. Storms are transpositioned to regions where storms
with similar characteristics have occurred. When adjustments are applied during the
transpositioning process (moisture, elevation and/or barrier adjustments), the adjustments
are applied at all durations and all area sizes. To selectively apply these adjustments
distorts the storms’ temporal and/or spatial rainfall pattern, thereby creating a storm with
different characteristics at the transpositioned location than it had at its in-place location.
The most dramatic differences appear for short durations and small area size comparisons
(e.g. 10 square mile, 6-hour). For larger sizes the differences are less significant (e.g. 500
square miles, 24-hour).
Based on the HMR 51 discussions, AWA revisited the storm transposition
procedure for the Wanahoo, NE site-specific PMP study (Tomlinson 2008). The

transpositioning procedure should ensure an adequate storm database for each region
while insuring to the maximum extent possible that storms are not transpositioned beyond
appropriate limits.
This study implemented the procedure which constrains storm’s being
transpostioned beyond + or -1,000 feet of their in-place elevation. This procedure
constrained High Plains storms to approximately the western half of Nebraska while
allowing lower elevation storms to influence PMP values over eastern and central
Nebraska. This procedure, although not completely consistent with the NWS
transposition limits, maintains some consistency with NWS limits that appear to have
been used in HMR 51 while maintaining the integrity of the within storm rainfall
distributions of individual storms.

Grid Point Methodology
To develop and distribute PMP values across the state of Nebraska, a grid point
matrix was developed to cover the entire state and regions immediately adjacent to the
state (see Figure 12). Each of these grid points was effectively viewed as a site-specific
location to which the appropriate set of storms was maximized and transpositioned. Each
storm on the short storm list was maximized, transpositioned, and elevation adjusted for
the appropriate grid point(s) throughout the grid, both within and outside Nebraska.
Depth-Area (DA) plots were made for durations of 6-hour, 12-hour, 24-hour, 48-hour,
and 72-hour and enveloping curves constructed. Enveloping is a process for selecting the
largest value from a set of data. This technique provides continuous smooth curves based
on the largest precipitation values from the set of maximized and transposed storm
rainfall data values. The largest precipitation amounts provide guidance for drawing the
curves. Depth-duration (DD) plots were then made for 10-square mile, 100-square mile,
200-sqaure mile, 500-sqaure mile, 1000-square mile, 5000 square mile, 10000-square
mile, and 20000-square mile area sizes. Depth-Duration enveloping curves were then
constructed.

Figure 12 Grid point locations used for the Nebraska statewide PMP analysis
Storm maximization and transpositioning provided an indication of the maximum
amount of precipitation that a particular storm could have produced at the location of
each grid point. Use of these values alone did not ensure that PMP values were provided
for all of the area sizes and durations since some of the maximized values could be less
than the PMP. It seems reasonable to expect that by enveloping the values resulting from
maximizing and transposing the rainfall amounts from all the major storms, rainfall
values indicative of the PMP magnitude will result (WMO 1986). These enveloping
curves provide PMP values for each individual grid point. The PMP values were then
plotted and contoured using GIS (ESRI ArcView 9.1) methods.
During the enveloping process, values that are not consistent (are either high or
low) are re-evaluated to ensure reliability. High values are used unless an explanation
can be provided to justify undercutting the value. Undercutting was not used in the
construction of the enveloping curves for this study. Low values are also re-evaluated for
reliability. Accepted low values were enveloped to maintain consistency with
surrounding values. This enveloping procedure addresses the possibility that for certain
areas and durations, no significantly large storms have been observed which provide
large enough values after being maximized and transposed to represent the PMP. The
result of this procedure is a set of smooth curves that maintain continuity among temporal
periods and areal sizes.

The curves created from the above process defined the initial PMP values for the
study. These PMP values were then entered into GIS for plotting of the statewide PMP
maps for each area size and duration. The envelopment of the adjusted storms together
with the curve smoothing process ensured that all storm data were included and that the
resulting set of PMP values provides rainfall values that are consistent spatially and
temporally.

Results
Once these initial PMP values for each grid point were plotted in GIS, each map
was scrutinized to ensure spatial and temporal consistency across the state. This process
of adjustment for spatial and temporal consistency went through multiple iterations
before the final set of maps was completed. This final set of maps represents the PMP
values for the entire state of Nebraska. The study results are available either in colorcoded maps similar to HMR 51 or in GIS format. An example map is shown in Figure
13.
Comparisons of the study results with HMR 51 PMP values were made. These
comparisons show a range of differences. For eastern Nebraska, for smaller areas and
shorter durations there are approximately 15% to 25% reductions, and for larger areas
and longer durations, approximately no change to 20% reductions. For western
Nebraska, as a result of this study including elevation adjustments, larger differences
were noted; approximately 20% to 30% reductions for smaller areas and shorter
durations, and approximately 30% to 35% reductions for larger areas and longer
durations. An example map of the differences between this study and HMR 51 is shown
in Figure 14.

Figure 13 Example of a final statewide PMP map for Nebraska

Figure 14 Example of the comparison of the Nebraska PMP values with HMR 51
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