
Figure 5a Smoothed 50
th

percentile depth area reduction factors (DARFs) for storm durations 1-

through 24-hours

Figure 5b Smoothed 90
th

percentile depth area reduction factors (DARFs) for storm durations 1-
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Table 2. Median Maximum Intensity (MMI) and 90th Percentile Maximum Intensity at 

each location. 

Location 

Maximum Intensity 

50
th

 

Percentile (MMI) 

90
th

 

Percentile 

Ely, NV 4.49 5.61 

Las Vegas, NV 3.61 5.60 

Sparks, NV 2.79 3.65 

 

Hydrologic Evaluation 

A hydrologic evaluation was performed to test the sensitivity of three watersheds to design storm 

hyetograph and DARF characteristics at three locations, Ely (HHA 5), Las Vegas (HHA 8), and 

Sparks (HHA 1). For comparative purposes, hyetographs at each location are based on the 

existing jurisdictional methodology as provided by NDOT, CCRFCD, and TMRDM for Ely, Las 

Vegas, and Sparks, respectively and the jurisdictional depth defined by jurisdictional return 

frequency rainfall input. At Ely and Sparks, the jurisdictional hyetographs are based on a 

balanced storm, determined using HEC-HMS. Outflow hydrographs were generated using each 

hyetograph within HEC-HMS for a hypothetical 100 mi
2
 watershed. The hydrologic analysis 

revealed that the balanced hyetograph produced using current NDOT procedures with HEC-

HMS produces higher response than even the 90
th

 percentile maximum intensity. Within the 

CCRFCD jurisdiction (HHA 8), the jurisdictional hydrograph (without losses) falls between the 

hydrographs from this study. With losses, the jurisdictional hydrograph falls closest to the 

hydrograph generated by the MMI and 90
th

 percentile DARF hyetograph. The 6-hour, 100 mi
2
 

DARF from CCRFCD (0.60) is closest to the 90
th

 percentile DARF (0.63) from this research. 

Interestingly, there is little difference in hydrograph peak, whether the MMI or 90
th

 percentile 

hyetograph is chosen. 

SUMMARY 

For this research we conducted a detailed analysis of storm events in the State of Nevada to 

develop design storms for use by NDOT throughout the state, excluding Clark County. The 

design storm includes a hyetograph shape and DARF relationships for the 1-, 3-, 6-, 12-, and 24-

hour storm durations. The recommended hyetograph shape is a general logistic curve determined 

as a function of the maximum intensity and cumulative rainfall depth. Two maps of maximum 

intensity were provided, one representing the MMI (50
th

 percentile maximum intensity) and the 

other representing the 90
th

 percentile maximum intensity. One set of DARF curves representing 

the median (50
th

 percentile) and 90
th

 percentile DARF relationships were provided for the entire 

state. 

RECOMMENDATIONS  

Recommendations for design storm parameters developed herein are as follows: 

 

• Depth-areal reduction factor at the 90
th

 percentile, and 

• Hyetograph at the 90
th

 percentile maximum intensity smoothed by the GLE and 

centered within the storm duration. 
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Procedures for applying the DARF and hyetograph are under development, and consist of 

determining the design storm depth and temporal distribution for a watershed. From the 

statewide 90
th

 percentile DARF curves, a reduction factor is selected for the watershed area. A 

large watershed typically > 500 sq. mi. may need to be broken down to subwatersheds and the 

DARF applied to these subareas. Storm centering should also be considered since there are 

multiple cells typically found in thunderstorms, and even wintertime frontal storms have limited 

spatial extent. For watershed areas less than 5 mi
2
, no reduction is recommended. The 

hyetograph should be selected for a watershed or subwatershed from the 90
th

 percentile 

maximum intensity CAI interpolated map of values. Values can be selected at the centroid of the 

watershed area. The temporal distribution should be centered with the maximum intensity 

occurring at the center of the storm duration. 
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Abstract:  

Historically, a systematic means of providing accurate, detailed analyses of precipitation 

associated with a recent extreme storm event has been difficult to achieve given lack of reliable 

data, particularly in near real-time.  Enhanced radar data, improved satellite data, consolidated 

rain gauge observations, and innovative method for integrating these sources are making detailed 

storm analyses faster and more accurate than in the past.  We help, manage, and maintain the 

largest known consolidated and quality-controlled precipitation gauge dataset in the United States, 

which is vital in �ground truthing� precipitation associated with extreme storms.  

Dual-polarization radar-estimated precipitation has shown to quantify extreme rainfall more 

accurately than traditional radar and has provided a significant increase in extreme event analysis 

accuracy.  Meanwhile, satellite-estimated precipitation data continues to improve and provide 

�gap filling� in areas lacking gauge and/or reliable radar data.  Using these datasets and a series of 

innovative algorithms makes near real-time near real-time, systematic storm analyses possible.  

Storm analyses of this nature support media inquiries, hydrologic modeling calibration and 

validation, flood responses, forensic cases, insurance claims, emergency management, situational 

awareness, and help build a storm database for use in future engineering design applications.  

This presentation will provide an overview of our efforts to advance the state-of-science associated 

with extreme precipitation event analysis. 
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occurrences and unusual weather phenomena; each storm listing contains storm paths, deaths, 

injuries, property damage, local storm reports, and a brief synopsis of the event.  Although 

helpful, these storm reports and Storm Data do not contain the summarized data needed for 

meteorological engineering applications such as PMP determination.  In the 1970s, systematic 

storm analyses all but ceased, except for some extreme flood-producing events, leaving 

hundreds of meteorologically-significant storms un-analyzed.  This left a void of statistically 

summarized extreme storms from 1973 through present day.  

The onset of site-specific PMPs in the late 1990s prompted a need to analyze �newer�, 

significant storms.  This necessitated the development of storm analysis programs, such as 

StormView and the Storm Precipitation Analysis System (SPAS).  StormView, developed by 

Meteorological Solutions Inc, never gained notoriety or wide use in the industry.  However in 

2002, SPAS was developed to produce Depth-Area-Duration tables for PMP studies, but 

quickly became a trusted hydro-meteorological tool providing accurate gridded precipitation 

data at a high spatial and temporal resolution for use in a variety of sensitive hydrologic 

applications (Faulkner et al., 2004, Tomlinson et al., 2006 and 2008). 

Later, in 2014, the next-generation of storm analysis software (MetStorm
®

) was 

designed to leverage new dual-polarization radar-estimated precipitation, satellite-estimated 

precipitation, quality-controlled rain gauge data, improved algorithms, richer output and more 

automation. (Parzybok and Laro, 2015 and 2016)  In order to maintain a high-degree of 

constancy among the growing extreme storm database, SPAS and MetStorm
®

 were designed to 

analyze storms similarly to those manually analyzed by the USACE. This helps in efforts to 

coordinate with Federal agencies, universities, and the private sector through an Extreme Storm 

Events Work Group under the Federal Subcommittee on Hydrology the establishment of a 

national inventory and database of extreme storms. (Sankovich and Caldwell, 2011)  

Furthermore, extreme storm analyses are a critical element of stochastic flood modeling efforts 

that support Risk-Informed Decision Making Approaches. (Federal Energy Regulatory 

Commission, 2016) 
 

METHODS 

 During the pre-computer era, storm analyses were a laborious exercise that took several 

weeks (or months) to compete for a single storm.  The analysis procedure was divided into two 

parts.  Part I consists of the compilation of precipitation data, mass curves of the precipitation, and 

a preliminary total storm isohyetal map.  Part I also includes all available ancillary data from 

miscellaneous storm reports, �bucket surveys�, newspapers, etc. Given the lack of radar or satellite 

data, �bucket surveys� � the comprehensive collection of precipitation measurements following an 

extreme storm � were invaluable for accurately quantifying the storms� precipitation. After 

consolidating, quality controlling and plotting all of the observed precipitation data, a 

hand-analysis was conducted to produce the total storm isohyetal map.  Using large-format 

drafting tables, tracing paper was overlaid on pre-existing maps of mean annual precipitation to 

help the hand-analyst draw contour lines consistent with the gauge data and orographics.  In areas 

without significant topography, the analysis was driven by the expertise of the analyst, weather 
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