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into individual storms.  For storm events prior to 1948 when HYSPLIT output become available, 
NWS synoptic weather maps and previous storm analysis data were used as guidance in identifying 
the storm representative moisture source regions. 
 
PMP calculation information was stored and analyzed in individual Excel spreadsheets and a GIS 
database.  This combination of Excel and GIS was used to query, calculate, and derive PMP depths 
for each grid point for each duration for each storm type.  The database allowed PMP to be 
calculated at any area size and/or duration available in the underlying SPAS data, from 1/3rd-square 
mile through the entire domain. 
 
When compared to previous PMP depths provided in HMR 51 the updated values from this study 
resulted in a wide range of reductions at most area sizes and durations, with some regions resulting 
in minor increases.  PMP depths are highest in southeastern North Dakota into southwestern 
Minnesota and lowest in the far western study region.  These spatial variations in PMP depth match 
the general weather patterns of the region related to moisture availability, topography, and storm 
dynamics.    
 
Many watersheds regulated by the North Dakota State Water Commission and the NRCS in the 
region are relatively small in area size, less than 100-square miles.  Therefore, emphasis was placed 
on developing PMP and temporal patterns most relevant for smaller area sizes and quick response 
basins.  This included extensive analysis of short duration, high intensity rainfall accumulation 
patterns (Local storms) and development of PMP depths for area sizes and durations that are 
important for these types of basins.  The larger basins in the region are often affected by snowmelt 
and combined rain-on-snow runoff.  These include the Souris River basin and the Red River of the 
North.  To ensure the worst-case, yet physically possible runoff scenario was met for these large 
basins, emphasis was placed on general storms that could produce significant rainfall in the spring 
snowmelt period that would be most important for these types of basins.  Providing PMP depths 
down to area sizes as small as 1/3rd-square mile by storm type and season, along with North Dakota 
specific temporal accumulation patterns were significant improvements for dam safety evaluations 
over what was previously available in the HMRs  
 
In general, the largest reductions were over western North Dakota, with smaller reductions and in 
some locations small increases, especially over the southwestern portions of North Dakota and 
western portions of Minnesota.  Tables E.1-E.6 provide the average percent difference (negative 
is a reduction) from HMR 51 across each of the transposition regions analyzed.   
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Figure 1.6:  PMP analysis grid placement over the Turtle River basin 
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7. Storm Selection 

7.1.  Storm Search Process 
The initial search began with identifying storms that had been used in other PMP studies 

in the region covered by the storm search domain (Figure 7.1).  These storm lists were combined 
to produce a long list of storms for this study.  As mentioned in Section 5, previous lists analyzed 
included numerous site-specific, statewide, and regional PMP studies in the region.  These 
previous storms lists were updated with data through the course of this study and from other 
reference sources such as HMRs, USGS, USACE, USBR, state climate center reports, 
Environment Canada storm studies, and NWS information.   

 
The direct interaction with the NWS that were part of the Steering Committee provided 

valuable information during the storm search process.  These discussions helped identify dates 
with large rainfall amounts for locations within the storm search domain and specifically within 
North Dakota.  Several storms were identified for further investigation, with full SPAS analyses 
completed as part of this study (Table 7.1).  This was beneficial in note only providing important 
in situ data but also provided two storms events that were important for setting PMP depths.  
This included the Leonard, ND June 1975 (SPAS 1725) and Turtle River, ND June 2000 (SPAS 
1726).  This helped improve the reliability of the study results and demonstrated the importance 
of the Steering Committee process. 

 
Storms from each of these sources were evaluated to see if they occurred within the 

overall region considered to be transpositionable to any location within the region and were 
previously important for PMP development.  Next, each storm was analyzed to determine 
whether it was included on the short list for any of the previous studies, whether it was used in 
relevant HMRs, and/or whether it produced an extreme flood event.  Storms included on the 
initial storm list all exceeded the 100-year return frequency value for specified durations at the 
station location.  Each storm was then classified by storm type (e.g., Local or General) and 
whether they were appropriate for all-season or cool-season based on their accumulating 
characteristics and seasonality as discussed in Section 2.  Storm types were discussed with the 
Steering Committee to ensure concurrence and cross-referenced with previous storm typing for 
consistency.  Storms were then grouped by storm type, storm location, and duration for further 
analysis to define the final short list of storms used for PMP development.  These storms were 
plotted and mapped to better evaluate the spatial coverage of the events throughout the region by 
storm type to ensure adequate coverage for PMP development.   

 
The recommended storm list was presented to the Steering Committee and other study 

participants for discussion and evaluation.  The recommended short list of storms was based on 
the above evaluations and experience with past studies and relevance for this project.  The 
recommended short storm list was reviewed and discussed in detail during review meetings and 
subsequently through the end of the project as various iterations of the PMP were developed.  A 
few storms were removed from final consideration because of transposition limits and others 
were classified as hybrid events when they exhibit rainfall accumulation characteristics of more 
than one storm type.  Iterations of how each storm was used can be found in the PMP Version 
log provided in Appendix I. 
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verified, and the utility explicitly evaluated (e.g., Tomlinson et al., 2006-2012; Kappel et al., 
2013-2021).   
 
 In determining the moisture inflow trajectories, HYSPLIT was used to compute the 
trajectory of the atmospheric moisture inflow associated with the storm's rainfall production, 
both location and altitude, for various levels in the atmosphere. The HYSPLIT model was run for 
trajectories at several levels of the lower atmosphere to capture the moisture source for each 
storm event.  These included 700mb (approximately 10,000 feet), 850mb (approximately 5,000 
feet), and storm center location surface elevation.   
 

For most of the analyses, a combination of all three levels was determined to be most 
appropriate for use in evaluation of the upwind moisture source location.  It is important to note 
that the resulting HYSPLIT trajectories are only used as a general guide to evaluate the moisture 
source for storms in both space and time.  The final determination of the storm representative 
dew point and its location was determined following the standard procedures used by AWA in 
previous PMP studies (e.g., Tomlinson, 1993; Tomlinson et al., 2006-2012; Kappel et al., 2012-
2021) and as outlined in the HMRs (e.g., HMR 51 Section 2.3) and WMO Manual for PMP 
(Section 2.2).   
 

The process involves deriving the average dew point values at all stations with dew point 
data in a large region along the HYSPLIT inflow vectors.  Values representing the average 6-, 
12-, and 24-hour dew points are analyzed in Excel spreadsheets. The appropriate duration 
representing the storm being analyzed is determined and data are plotted for evaluation of the 
storm representative dew point.  This evaluation includes an analysis of the timing of the 
observed dew point values to ensure they occurred in a source region where they would be 
advected into the storm environment at the time of the rainfall period.  Several locations are 
investigated to find values that are of generally similar magnitude (within a degree or two 
Fahrenheit).  Once these representative locations are identified, an average of the values to the 
nearest half degree is determined and a location in the center of the stations is identified.  This 
becomes the storm representative dew point value, and the location provides the inflow vector 
(direction and distance) connecting that location to the storm center location.  This follows the 
approach used in HMR 51 Section 2, HMR 55A Section 5, and HMR 57 Section 4, with 
improvements provided using HYSPLIT and updated maximum dew point climatologies.  
Appendix F of this report contains each of the HYSPLIT trajectories analyzed as part of this 
study for each storm (when used).   

9.2.1. Storm Representative Dew Point Determination Example 
As an example, Figure 9.1 shows the HYSPLIT trajectory model results used to analyze 

the inflow vector for the Glen Ullin, ND June 1966 (SPAS 1324) storm.  HYSPLIT trajectories 
showed a general inflow from the Gulf of Mexico flowing north, then northwest into the storm 
and a boundary that provided the focusing area and extra lift.  The turning of the moisture into 
the storm environment shows the convergence of the high levels of moisture along the boundary 
and at the northern edge of the high pressure covering much of the central and eastern US.  This 
is a common scenario for heavy rains over the region in the summer, where moisture is drawn up 
around the western edge of high pressure from the Gulf of Mexico and forced to lift over a 
frontal system stalled over the region.  In this case, surface dew point values were analyzed for a 
region starting at the storm center and extending southward through the Central Plains.  All the 
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11. PMP Results 

The PMP tool provides basin-specific PMP based on the area-size of the basin.  For each 
storm type analyzed, the tool provides output in ESRI file geodatabase format.  The output also 
includes a basin average PMP table.  If the sub-basin average option was checked, the tool 
provides averages for each sub-basin.  The depths are calculated for the area-size of the basin, so 
no further areal reduction should be applied.  The tool also provides a point feature class 
containing PMP depths and controlling storms listed by SPAS ID, in addition to gridded raster 
PMP depth files.  There are also temporally distributed accumulated rainfall tables for each 
temporal pattern applied to the basin described in Section 12.  Finally, a basin average PMP 
depth-duration chart in the .png image format is also included in the output folder.  An example 
depth-duration chart is shown in Figure 11.1.  Detailed output information is included in the 
PMP tool documentation in Appendix G. 
 

 
Figure 11.1:  Sample PMP depth-area chart image provided in output folder 

Gridded PMP depths were calculated for the entire study region at various index area-
sizes for several durations as a visualization aid.  The maps in Appendix A illustrate the depths 
for 1-, 10-, and 100-square mile area sizes for local storm PMP at 1-, 3-, 6-, 12-, and 24-hour 
durations and 10-, 200-, 1,000-, 5,000-, 10,000-, and 20,000-square mile area sizes for general 
cool season storm PMP at 6-, 12-, 24-, and 72-hour durations. 
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Figure 13.17:  Hypothetical 6-hour local storm pattern at 5-minute time step.  Red line is the 90th percentile 

curve, green line is the 10th percentile curve, and the black dashed line is the synthetic curve. 

 
Figure 13.18:  Hypothetical 24-hour general storm pattern at 15-minute time step.  Red line is the 90th 

percentile curve, green line is the 10th percentile curve, and black dashed line is the synthetic curve. 
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Figure 14.7:  General Storm 10,000 mi2 Percent Difference from HMR 51 – 24 hour 
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Figure 14.9:  General Storm 200 mi2 Percent Difference from HMR 51 – 72 hour 
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