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1 Introduction 

 

State and federal roadways are essential paths for the transportation of goods and people 

among states, thus, they require robust infrastructure designed to withstand stresses from 

weather-related hazards (Pedrozo-Acuna et al. 2016). Roadway resilience has become essential 

for cities and states as they support the safety and wealth of the economy, especially within the 

context of a global economy that has become increasingly reliant on the mobility of goods, 

information, and people (Rodrigue and Notteboom 2013). This is especially true for Nebraska, as 

the transportation system consisting of 10,000 miles of road and over 3,500 bridges are the 

backbone of the stateôs economy (Jamshidi 2021). On an annual basis, 19.4 billion miles are 

traveled in Nebraska, and this contributes to a non-trivial portion of the $229 billion worth of 

commodities shipped to and from the state annually (National Transportation Research Nonprofit 

(TRIP) 2022). Since the start of the 21st century, surface transportation mileage has increased 

17% while the stateôs population increased 13%. Safety, cost, travel time, and regularity of 

service are valued in reliable surface transportation systems (Koetse and Rietveld 2009). 

Furthermore, maintaining constant traffic flow volume and limiting disruptions is critical for 

production and logistics (Jenelius et al. 2006).  

Flooding can impact reliability, sustainability, and production of a roadway in a number 

of ways. This includes both direct impacts, such as physical damage to transportation 

infrastructure, and indirect impacts such as disruption to traffic flow, business interruptions, and 

increased emissions (Walsh et al. 2012; Hammond et al. 2015; Brown and Dawson 2016). The 

historic flooding events during March of 2019 across central and eastern Nebraska, along with 

the major flash flooding in the summer of 2019 across central Nebraska, continues to highlight 

the need to understand roadway water obstructions (which will be referred to as water 
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obstructions herein) and their frequencies more completely. Recognition of the significant 

economic impacts of disruptions in the transportation sector have attracted increased interest in 

such analyses due to the threat to human safety and infrastructure impacts of extreme flooding 

events (Pregnolato et al. 2017). Expected changes in climatic conditions, including increased 

frequency and intensity of precipitation will further complicate the water obstruction challenge.  

This research presents a unique analysis using Condition Acquisition Reporting System 

511 (CARS511) data providing specific insight into problem areas for roadway water 

obstructions in Nebraska that may prove critical for stakeholders. The CARS511 historical 

dataset, stored within the Nebraska Department of Transportation (NDOT), provides when and 

where water obstructions have occurred in Nebraska since June 2016. To reduce economic and 

infrastructure losses, it is necessary to utilize various datasets, like the CARS511 dataset, and 

methods that guarantee both highway safety and minimization of damages associated to service 

interruptions. Determining water obstruction patterns prior to any water over the pavement 

situation can produce valuable information regarding road vulnerability (Kalantari and Folkeson 

2013). The main objective of this investigation is to further the awareness of water obstructions 

on federal and state highways across Nebraska. In addition to the locations of the water 

obstructions, meteorological information was investigated for a specific weather-related cause of 

each water obstruction. Once the obstructions and their root weather-related causes are 

identified, increased knowledge of these roadway water obstruction situations will be better 

understood and could lead to some different forms of mitigation. Overall, this research will 

produce a better understanding of 1) where water obstructions have taken place for the study 

period, 2) the weather conditions associated with each water obstruction, and 3) how closely 

related water obstructions are to climate patterns across Nebraska.    
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2 Background 

 

Flooding and flash flooding, which are attributed to longer and shorter duration 

precipitation events, respectively, are the predominant causes of weather-related disruptions to 

surface transportation (Brown et al. 2014) and are expected to continue into the future (Dawson 

et al. 2016). Water obstruction events may lead to numerous direct and indirect damages and 

societal impacts derived from even a single closed road (Lwin et al. 2014). Water obstructions 

impact roadway production, logistics, and economics through direct impacts, for example, 

physical damage to roadway infrastructure and indirect impacts, for example, disruptions to 

traffic flow, business interruptions, increased emissions (Walsh et al. 2012; Hammond et al. 

2015; Brown and Dawson 2016). These impacts include the direct costs associated with water 

obstructions involving public agencies and utilities providing emergency management or any 

repairs needed to restore roads (Chang et al. 2011). The direct costs could include bridges, 

culverts, drainage repairs, pavement resurfacing or replacement, signs, guardrails, striping, 

landscaping, as well as repairs to public utility infrastructure (Chang et al. 2011). 

In addition, water obstructions can create a hazardous situation for drivers as more people 

are killed each year in the United States by flash floods than by any other weather-related hazard 

(Boselly 2001). A majority of these deaths have been noted to be on roadways (Boselly 2001). 

From 2015 through 2019, 1170 people died on Nebraskaôs highways, an average of 234 annual 

fatalities. Nebraskaôs traffic fatality rate of 1.17 fatalities per 100 million vehicle miles of travel 

is higher than the national average of 1.11 (TRIP 2022). It only takes 18ï24 inches of moving 

water on pavement to move a truck, while only six inches are needed to move a small car (Das et 

al. 2020). Existing approaches to assess the disruptive impact of water obstructions typically do 

not capture the dynamics and complex interactions between floodwater and surface 
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transportation (Pregnolato et al. 2016). While rainfall intensity creating flooding and flash 

flooding scenarios have repeatedly been shown to be a factor in transport disruption, the 

correlation is not always strong (Pregnolato et al. 2016). However, measuring only rainfall at a 

weather station does not take into account the spatial distribution of the falling precipitation, the 

surface puddling and subsequent runoff movements, which frequently makes these hazardous 

situations occur on such a local scale that it is difficult to forecast (Boselly 2001).  

 Highway water obstruction causes can be classified into natural causes (e.g, rainfall, 

groundwater, ice jamming), social causes, and human related impacts, although the 

meteorological conditions generally induce water on pavements (Ou-Yang et al. 2014).  

Figure 2.1 illustrates the complex interactions between natural causes, and damaging floods in 

general, that could result in water obstructions and damages to the roadway (Pielke Jr. and 

Downton 2000; Polemio and Lollino 2011). For natural causes, current meteorological 

conditions and past climate scenarios both contribute to water obstructions, while social and 

human-related causes can be grouped into three additional categories: 1) intensifying flood 

conditions from land use and land cover changes, 2) policies such as the current structural and 

non-structural mitigation implemented, and 3) floodplain occupancy, meaning properties and 

people at risk within the floodplain. Since natural causes are the primary inducers to water 

obstructions, it is critical to understand how precipitation event placement and total rainfall 

production affects the obstruction. Moreover, the sensitivity of select hydrological basins to 

flooding varies considerably and depends on a variety of the human and non-meteorological 

factors relating to local topography (Peters and Roebber 2014). Thus, the same precipitation may 

cause flooding in hydrological basins that are more susceptible to flooding, while having 

negligible effects on other basins. 
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Figure 2.1 Framework of factors that contribute to a damaging flood (Source: Pielke and 

Downton 2000). 

 

Nebraskaôs climate allows for a wide array of meteorological and hydrological factors to 

influence the onset of a water obstruction scenario. One scenario is severe convective storms, or 

thunderstorms in general, which can occur at any time of the year, though are more frequent 

during spring and summer in Nebraska. These thunderstorm conditions can cause infrastructure 

damage (e.g., lane submersion, debris on roads), and reduce the productivity of road maintenance 

crews, (e.g., impaired paving) which ultimately lead to some degree of disruption on the roadway 

(Pisano et al. 2002). Extreme rainfall events can be separated into five general types: mesoscale 

convective systems (MCSs), high-precipitation supercells, tropical, terrain forced, and synoptic 

scale systems such as extratropical cyclones (Schumacher and Johnson 2005). A substantial 
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percentage of these extreme rainfall events, especially in Nebraska, result from the organizations 

of deep convection, or heavy rainfall in MCSs, which causes a rather slow or repetitive storm 

motion over a particular area (Moore et al. 2003; Schumacher and Johnson 2005, 2006). In 

addition, high rainfall totals often occur when thunderstorm cells organize into an óóecho 

trainingôô event, or convective training, which is recognized as the movement of convective echo 

returns on radar over the same location (Doswell et al. 1996; Davis 2001). In other words, the 

training refers to the storm motion as it becomes tangent to the line of storms and redevelopment 

downstream continues, thus, an increase in the total rainfall occurs. Synoptic scale extratropical 

cyclones (ETCs), especially the ones that form around Colorado and have a mean track favoring 

Nebraska for frontal precipitation (Fritzen et al. 2021) and have been known to produce heavy 

and extreme precipitation events (e.g., March 2019 historical flooding). 

 Ice jams can cause substantial damage to highways and bridges annually as they are 

often attributed to very damaging flood events (Shattuck 1988; Healy and Hicks 2006). Ice jams 

pose a significant threat to human safety and property and represent one of the most dynamic of 

river ice processes (Healy and Hicks 2006). The occurrence of ice jamming is highly dependent 

on the hydrometeorological conditions, which is also the primary cause for the severity of each 

ice jamming event. Breakup ice jams are associated with rapid runoff, usually due to a 

combination of rapid melt and heavy rain (Shattuck 1988). Hydrodynamic forces in a river are 

adequate to lift and break the ice cover before substantial and widespread thermal deterioration 

of large blocks can occur. The main cause of breakup ice jam formation is a barrier of the 

downstream movement of ice blocks by stagnant ice cover segments, resisting the movement of 

the ice blocks downstream (Shattuck 1988). While an ice jam can form anywhere on a river, 

there are certain geomorphic features highly conducive to jamming which includes sharp bends 
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and abrupt reductions in slope or flow velocity in the river. In addition, ice jams are also known 

to most commonly occur at bridge locations (Shattuck 1988). 

Another contributor to roadway water obstructions is groundwater flooding. For 

Nebraska, the most groundwater obstructions are likely to occur in the Sandhills region because 

of the Ogallala Aquifer, also commonly known as the High Plains Aquifer. Groundwater 

provides a freshwater source that is relatively reliable, and contributes towards the security and 

sustainability of irrigated agriculture in the state (Steward and Allen 2016). The regionally 

extensive groundwater flooding scenario can be caused by the water table in an aquifer rising 

above the land surface due to precipitation (Macdonald et al. 2008). Precursor river basin 

conditions predetermine the likelihood and severity of a flood (Kundzewicz et al. 2014). When 

water storage is limited in basins because groundwater levels elsewhere are above normal and 

soil moisture is at maximum capacity, then even low to moderate rainfall totals can initiate a 

water obstruction (Kundzewicz et al. 2014). On the other hand, very dry soils after a prolonged 

period can also rapidly convert rainfall to runoff resulting in a potential water obstruction, which 

then would not be groundwater related (Kundzewicz et al. 2014). 

 There are several case studies documented across Nebraska where each of the primary 

weather-related causes as defined by this project have historically created flooding and water 

obstruction issues. In recent time, the most notable and perhaps most historical event to date was 

the flooding on March 13-15, 2019 across a large portion of the state. The event was the 

combination of meteorological, climatological, and hydrological conditions leading to largescale 

flooding across the Nebraska region (Flanagan et al. 2020). These conditions included:  

1) precursor soil moisture conditions from a warmer and wetter early winter relative to February 

and March, 2) above normal runoff in river systems prior to significant freezing in the river 

system in February which allowed for above normal river ice depths, 3) above normal 
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precipitation with frozen soils which did not allow for infiltration of moisture from melting 

snow, 4) rapid surface cyclogenesis of a synoptic scale extratropical cyclone that produced 

prolonged rainfall and blizzard conditions on March 13-15, and 5) rapid snow and ice melt due 

to warm air advection from the synoptic system resulting in substantial ice jamming and 

historical flooding. As a result, 104 cities, 81 counties, and 5 tribal nations in Nebraska received 

State or Federal Disaster Declarations due to the flood events (Nebraska Department of Natural 

Resources 2021). The Federal Emergency Management Agency (FEMA) declared a major 

disaster for both Nebraska and Iowa, with a preliminary damage estimate of at least $3 billion. 

Other events include September 2013 flooding which resulted in record water gage heights for 

the time in the Platte River, the May 2015 record rainfall, which caused cities in southeastern 

Nebraska to evacuate due to the fear that some levees may be overtopped, and the July 2019 

extreme rainfall in and around Kearney, Nebraska that resulted in evacuations and record water 

gage levels on the Wood River. 

There have been several studies that have investigated weather impacts on road networks, 

including research that considered aspects of the relationship between surface transportation and 

weather/climate hazards (e.g., Koetse and Rietveld 2009; Jaroszweski et al. 2014; Faturechi and 

Miller -Hooks 2015; Hammond et al. 2015; Kramer et al. 2016; Martínez-Gomariz et al. 2016). 

However, fewer research has been conducted on the performance of transportation-related 

infrastructure such as culverts and bridges exposed to future weather extremes (Kalantari et al. 

2014). In addition, when financial resources for flood risk management are restricted, it is crucial 

to understand where the impacts of water obstructions occur most often to prioritize investment 

decisions with the most informed analyses (Pregnolato et al. 2016). At the national level, there is 

a $786 billion backlog in needed repairs and improvements to roads and bridges across the 

United States. Consequently, it has been recommended by the Department of Transportation to 
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increase the nationôs current $105 billion investment in roads and bridges by 29% to $136 billion 

annually (FHWA 2020). The Infrastructure Investment and Jobs Act (IIJA), signed in November 

of 2021, will provide $2.43 billion in state funds for highway, bridge, and transit investments in 

Nebraska through 2026. Therefore, future highway development and or improvement in the 

transport system for specific areas across Nebraska will need an integrated approach for 

mitigation design that is reliable and resilient against extreme weather (Pedrozo-Acuna et al. 

2016).  

In terms of mitigation on roadways that flood frequently, non-structural options may 

include passive and active warnings used to warn drivers of water over a roadway (Boselly 

2001). The implementation of passive warnings involves warning signs that indicate a location 

on the road may flood or that there might be standing water during heavy rain events, while 

active devices require a sensor to determine if water is over a roadway before triggering flashing 

lights on signs to warn drivers (Boselly 2001). As for structural mitigation, these come at a 

higher cost; they may be worth implementing in some of the most flood prone areas to increase 

resilience and reduce risk of water obstructions. These may include a lift in the roadway, deeper 

culverts and ditches, drainage pipes, levees, and dikes to mitigate against ice jamming, river 

flooding, and water obstructing the roadway. Furthermore, land use planning is likely to focus on 

prevention and flood-risk/water obstruction mitigation that the parties affected may need to 

consider long-term protection of open space in floodplains or areas thought to be a cause of 

water obstructions on roadways (Chang et al. 2011).  

A related issue is that there is potential for drivers to misunderstand the potential or real 

danger of entering a location where there is an ongoing water obstruction (Boselly 2001). 

Furthermore, even if the location is known for a potential hazard, there is often no way for 

drivers to know whether the roadway condition is or is not a hazard which may cause the driver 
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to venture onward into a difficult situation. Therefore, the availability for driver education to 

learn about these situations in the form of an online course or facts sheet may prove beneficial, 

especially if never encountering these situations in the past. In addition, research has suggested 

that the National Weather Service (NWS) and other public warning agencies need to focus 

education efforts on ensuring that the public understand watches, advisories, and warnings, the 

importance of paying attention to these, and the dangers inherent in driving on a roadway with 

water obstructions (Drobot et al. 2007). 

 The Transportation Research Board (TRB) put forward three key climate factors that can 

challenge the surface transportation system in the United States: rising sea levels, increases in 

intense precipitation, and increases in hurricane intensity (National Research Council et al. 

2008). For Nebraska, increases in weather-related hazards are what makes research involving 

transportation and understanding these weather-related hazards to further assess mitigating the 

societal and economic impacts essential. There is high confidence that heavy precipitation events 

in most parts of the United States have increased in both intensity and frequency since 1901 

(Easterling et al. 2017; Flanagan and Mahmood 2021). The central United States, including 

Nebraska, has experienced an increase in MCSs, which are a main mechanism for warm season 

precipitation (Easterling et al 2017). In addition, the precipitation amounts associated with MCSs 

have increased, and the frequency and intensity of heavy precipitation events are projected to 

increase under both lower and higher CO2 emission scenarios (Easterling et al. 2017). Increased 

precipitation events include the intensity of synoptic scale ETCs, such as the one experienced in 

March 2019. As a result of increasing extreme precipitation and soil moisture content, water 

tables are likely to increase, leading to more frequent flooding and water obstructions in 

locations already frequently affected by precipitation and groundwater (Chang et al. 2011). 
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 In total, 18% of Nebraskaôs major roads are in poor or mediocre condition (TRIP 2022). 

Meanwhile, 42% of the stateôs bridges are at least 50 years old, while 8% of bridges in the state 

are rated in poor condition (TRIP 2022). Conditions on the surface transportation system are 

deteriorating, as the need for transportation improvements far outpaces the amount of state and 

federal funding available. While there are specific locations where water obstructions have 

occurred frequently, these locations may not be documented and are often only known to 

highway agencies and not to the local traveling public (Boselly 2001). Therefore, reemphasizing 

the importance of this projectôs analysis as it aims to quantify a spatiotemporal water obstruction 

climatology across Nebraska to better understand flooding and associated meteorological 

conditions. This project targets the high-frequency water obstruction locations to implement 

structural or non-structural mitigation strategies and to improve the predictability of the onset of 

potential future water obstructions on state and federal highways. 
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3 Data and Methods 

3.1 Data 

3.1.1 Water Obstruction Data 

 Raw historical water obstruction data from the CARS511 historical archive were 

obtained from the Nebraska Department of Transportation (NDOT) for the period June 2016 

through August 2021 (NDOT 2021). The study domain for this analysis is Nebraska, and 

obstruction data were summarized by NDOT district (Figure 3.1), by county (Figure 3.2), for all 

state and federal highways (Figure 3.3), and by river (Figure 3.4). These aforementioned figures 

are to serve as reference throughout the manuscript. Raw water obstruction data consisted of the 

event ID, date and time of obstruction, route designator, route mile marker of start and end of 

obstruction, latitude/longitude of the start and end of obstruction, link direction, and the level of 

obstruction (water on pavement, lane closure, or complete closure). The end date of the water 

 

Figure 3.1 Study area with NDOT District labels. 
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Figure 3.2 Study area with county outlines (gray) and labels along with NDOT district outlines 

(red). 

  

Figure 3.3 Study area with all state and federal highways examined. 
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Figure 3.4 Study area with the Nebraska major river network. 

 

obstruction was also included in the obtained dataset; however, due to data reliability and 

uncertainty, the end dates were not considered in the analysis. Ending dates were illegitimate, or 

unrealistic, with respect to the starting date of the water obstruction in many cases. Furthermore, 

the ending dates for a majority of events were set to 12/31/2020 no matter the starting date, thus 

making these unusable for the analysis. In addition, many event IDs were repeated in the dataset 

if an obstruction was reduced or expanded in mileage due to improving or worsening conditions. 

Therefore, any events that were duplicated were removed from the analysis to avoid potential 

spatial bias. In other words, only the first unique event ID is considered per water obstruction 

event, which resulted in 298 unique roadway water obstruction events over the 2016ï2021 

period. For the ending points to the water obstruction latitude and longitude points, there were a 

significant number of events that had ñNULLò instead of the actual latitude and longitude. Thus, 

only the starting point latitude and longitude points along with the starting and ending highway 

mile markers were used. Other information for each water obstruction event including the 

respective county, NDOT district, and obstruction distance were also obtained and incorporated 

into the analysis. 
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3.1.2 Meteorological and Climatological Data 

 To understand the occurrence of roadway water obstructions, better precursor weather 

and climatic conditions were assessed. With the given information in the water obstruction 

dataset, meteorological and climatological data were extracted (Figure 3.5). For the 

climatological analysis, which acts to ñset the stageò for the deeper analysis in the water 

obstructions, data from the National Centers for Environmental Information (NCEI) Climate at a 

Glance were gathered from 1991-2021 (NCEI 2021). Climate data consisted of monthly average 

temperatures, precipitation, Palmer Drought Severity Index (PDSI), and Palmer Hydrological 

Drought Index (PHDI) values. The PDSI was chosen because the index attempts to measure the 

duration and intensity of the long-term drought-inducing circulation patterns (Palmer 1965). 

  

Figure 3.5 Research framework. 
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Long-term drought is cumulative, so the intensity of drought during the current month is 

dependent on the current weather patterns plus the cumulative patterns of previous months 

(NOAA 2021). The reverse can be said for the non-drought (moist) periods of time when the soil 

is saturated. The PHDI also measures hydrological impacts of drought and moisture surplus 

scenarios (e.g., reservoir levels, groundwater levels, river levels) which take longer to develop 

and longer to recover from (Palmer 1965). This long-term drought index was developed to 

quantify these hydrological effects, and it responds more slowly to changing conditions than the 

PDSI. From here, the 30-year average (1991ï2020) was computed to understand the baseline 

means for each county across the state. The climatological data were collected for each county 

and were informed by meteorological season: winter (current yearôs December, following yearôs 

January and February); spring (March, April, May); summer (June, July, August); and fall 

(September, October, November). More specifically on the winter season, if the winter of 2019 

was being examined, then December 2019, January 2020, and February 2020 were considered. 

The PDSI and PHDI were the only variables that could not be informed by county, thus, were 

displayed by each climate division in Nebraska. For all climate variables, the 127-year seasonal 

and annual rankings were collected at Nebraska state-level aggregation to compare how the 

study period (2016-2021) and climatological period (1991-2020) compared with the entire 

climatological record (1895-2021). In addition, groundwater level percentiles were gathered for 

each of the prospective groundwater obstruction events to aid in the confirmation process 

(NDMC 2022). These 0.125 gridded cell units were based on the 1948 through 2014 period for 

the United States. 

Meteorological data were also collected with respect to the date and time of each 

roadway water obstruction. First, NWS advisory data were assembled to assess if there was a 

flood or flash flood watch/warning or related advisory ongoing during or prior to the water 
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obstruction (ISU 2021). Archived radar imagery was assessed to determine if there was 

precipitation ongoing or within seven days prior to the water obstruction, and if so, then what the 

duration of the precipitation was prior to the obstruction, start and end times, and if the 

precipitation return was convective or stratiform. Convective precipitation is defined as a radar 

return greater than 45 dBZ located 0ï250 km out from the radar site, and greater than 35 dBZ 

when the rainfall return is greater than 250 km from the radar site (Qi et al. 2013). Any 

precipitation not meeting these radar-return requirements is classified as stratiform precipitation. 

The categorization of stormôs precipitation type was determined by the initial precipitation over 

the water obstruction location. In other words, if a storm had convective precipitation followed 

by stratiform, then that storm was classified as convective. Precipitation assessed by radar was 

also categorized by storm mode or storm type. These storm type categories were subjectively 

assigned from radar analysis using guidance from Schumacher and Johnson (2005), as either 

being a part of a synoptic scale extratropical cyclone (ETC; which is a Colorado-Low in this case 

having a mean track from the southwest direction), an Alberta-Clipper system (mean storm track 

from the northwest direction), mesoscale convective system (MCS), supercell, multi-cluster 

cells, or convective training.  

Automated surface observing system (ASOS) precipitation data from the nearest 

observing location to the water obstruction were obtained at 1-hour, 3-hour, 6-hour, 12-hour,  

1-day, 2-day, 7-day, and 30-day intervals for each water obstruction (ISU 2021). These data are 

different than the already collected precipitation data for the climatological analysis since these 

are actual precipitation amounts for a specific location and time, while the climate precipitation 

data were summarized by county, month, season, and year by the NCEI. The closest ASOS 

station to the obstruction was used, and these data along with the NWS advisory and radar 

imagery were obtained through the Iowa Environmental Mesonet website (ISU 2021).  
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National Oceanic and atmospheric Administration (NOAA) Atlas 14 precipitation 

frequency and recurrence intervals were obtained for each water obstruction location based on 

the precipitation duration prior to the water obstruction (HDSC 2005). The NOAA Atlas 14 

database consists of precipitation frequency estimates with associated confidence limits for any 

given location in the United States where the nearby weather observing station has at least 20 

years of data for (NOAA 2008). Thus, there is not a definitive period of record the NOAA Atlas 

14 uses for daily, hourly, and sub-hourly durations. So long as the station has at least 20 years of 

data, there could have been upwards of 150 years examined. Though, the average length of data 

used for stations were 68 years for daily station durations, 41 for hourly station durations, and 26 

for sub-hourly station durations (NOAA 2008). For reference, Figure 3.6 shows the precipitation 

totals in a 24-hour period that would be representative of a 50-year reoccurrence precipitation 

event.  

 

Figure 3.6 NOAA Atlas 14 precipitation estimates (in) for a 24-hour period that is considered a 

50-year precipitation event in Nebraska (Source: NOAA 2008; HDSC 2005). 
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The Atlas provides these estimates for 5-minute through 60-day durations at average recurrence 

intervals of 1-year through 1000-years (NOAA 2008). Therefore, the duration of the 

precipitation event prior to the water obstruction being documented is what was used to 

determine the duration. For example, 3 inches of precipitation may have fallen over the course of 

1 hour prior to the water obstruction, which translates to a 10-year reoccurrence precipitation 

event according to the NOAA Atlas 14 for the selected location in Nebraska.  

In addition, Nebraska river ice jam data from 1991ï2021 were gathered from the Cold 

Regions Research and Engineering Laboratory, or CRREL (CRREL 2021). These data include 

the name of the water body, the city and state where the ice event took place, the month, year, 

and date of the ice event, the ice event type (if known), a brief description of damage (if known), 

the names of the Corps personnel familiar with the event or site (points of contact), latitude and 

longitude, and United States Geological Survey (USGS) gage number (if available). This 

database is especially useful, not only for the historic records of river ice jam events, but also for 

potential applications using this information including the identification of potential ice jam 

stages, problem areas, and mitigation areas (White and Eames 1999). An important note with the 

CRREL ice jam database is that the USGS gaging station records consist of about 80% of the 

historical information in the database, while the National Weather Service (NWS) is the primary 

source since near-real-time monitoring began in the mid 1990ôs. Both rely in large part on 

hydrometeorological gages, making them highly reliable data sources and making the ice jam 

database reliable (White et al. 2007). Nebraska ice report summaries were collected, if available, 

to increase the confidence if an ice jam event was taking place (NDNR 2022). 

Streamflow conditions in the form of river gage levels and river discharge were obtained 

via the USGS and Nebraska Department of Natural Resources (NDNR 2021; USGS 2022). Thus, 

the data on streamflow were compiled using both USGS and NDNR stream gage sites. 
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Streamflow data were obtained before, during, and after the time of the obstruction to understand 

if river levels or river discharge increased due to the precipitation, contributing to the roadway 

water obstruction. If there were no stream gage sites near the water obstruction (within ~5 

miles), then data were not collected for that specific roadway water obstruction. The stream gage 

data for each qualifying water obstruction were then subtracted from the daily 40-year median 

for that gage height and discharge number to form the departure at that time.  

Finally, climatological data in the initial analysis were also used with respect to the 

occurrence of each water obstruction event. This includes the values, means, and anomalies of 

average temperature, minimum temperature, precipitation, PDSI, and PHDI for the month when 

the water obstruction occurred and for the month prior to the water obstruction. River ice jam 

data gathered for the climate analysis were also used with respect to potential ice jam-induced 

water obstructions. 

3.2 Methods 

3.2.1 Determining Root Weather-Related Cause 

The next step in the research framework was to use the NDOT water obstruction data and 

the meteorological data to determine the root weather-related cause for each roadway water 

obstruction event (Figure 3.7). To determine the root weather-related cause for each roadway 

water obstruction, a combination of location and precursor meteorological conditions were used 

to make the most accurate judgement. The types of flooding most prominent in Nebraska 

highlighted in Section 2 were used as the four root weather-related causes for this analysis. 

Throughout this analysis, these root causes are displayed alphabetically in each of the figures. 

Thus, they were not formatted by importance or relevance. For each water obstruction, the 

method for determining the root weather-related cause is highlighted in Figure 3.7 and 

summarized below: 
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Figure 3.7 Framework for determining root weather-related cause. Green path represents 

groundwater induced obstructions; gray path represents ice jamming induced obstruction; red 

path represents long-duration precipitation induced obstructions; blue path represents 

short-duration precipitation induced obstructions. 

 

¶ Groundwater ï PHDI values exceeding +3.0 (very moist conditions) were observed. 

Precipitation does occur prior to the water obstruction, though precipitation duration 

did not matter. Locations of groundwater-induced water obstructions need to be over 

the Ogallala Aquifer, generally located in the Sandhills region of Nebraska. Archived 

groundwater level percentiles were also used to confirm the occurrence of 

groundwater flooding. 

¶ Ice Jamming ï A combination of below freezing (<32°F) temperatures for at least a 

10-day duration, followed by a rapid warming of temperatures to above freezing 
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(>32°F) temperatures. Confidence of the ice jam increased when the rapid warming 

was associated with either short- or long-duration precipitation. Location of water 

obstruction needs to be within 5 miles of a waterway. CRREL ice jam data and 

Nebraska ice report summaries were also used to aid in this assessment.  

¶ Long-Duration Precipitation (LD Precip) ï Typically associated with flood warnings, 

which is defined as longer, more gradual flooding usually beginning after 6 hours of 

excessive rainfall (NWS 2017). Therefore, obstructions were flagged as long-duration 

precipitation if the precipitation prior to the water obstruction was 6 or more hours in 

duration (if the possibility of groundwater or ice jamming have been eliminated). 

¶ Short-Duration Precipitation (SD Precip) ï Typically associated with flash flood 

warnings, which is defined as short-duration (less than 6 hours), intense flooding 

resulting from torrential rain (NWS 2017). In other words, precipitation events that 

were less than 6 hours in duration prior to the water obstruction were flagged as 

short-duration precipitation (if the possibility of groundwater and ice jamming have 

been eliminated). 

While these may be the root weather-related cause to each water obstruction, it is important to 

understand there are likely other physical processes contributing to these obstructions, including 

land-use, infrastructure, etc., as highlighted in Section 2. In addition, each analysis was 

performed with and without March 2019 to avoid potential bias since the aforementioned March 

2019 historic flooding event was responsible for 171 (58%) of the total roadway water 

obstructions from June 2016ïAugust 2021. 

3.2.2 Statistical analysis 

Given the information in the CARS511 historical dataset, other information was extracted 

using a merge geoprocessing technique. In other words, the point locations of each water 
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obstruction were tagged to its respective county and NDOT district. Thus, summary statistics 

were able to be computed to inform the number of water obstructions that occurred in each 

county and NDOT district. Furthermore, summary statistics were computed on a monthly, 

seasonal, and annual basis by county, NDOT district, and for Nebraska as a whole. For climate 

averages, a simple mean was computed over the 30-year period to inform county, climate 

division, or state-wide averages. In order to assess trends in climate variables, Theil-Sen slope 

analysis was chosen due to its efficient computation and insensitivity to outliers (Wilcox 2010). 

Kendallôs Ű was used to assess the statistical significance of the trend to the 95% confidence 

level. In addition, for all box and whisker plots presented in the analysis, Tukey HSD (ñhonestly 

significant differenceò) multiple comparison test was computed at the 95% confidence level. 

Tukey HSD determines if the relationship between two sets of data is statistically significant in 

terms of their difference in sample means (Ott and Longnecker 2015). In other words, it is a way 

to quantify the statistical differences between each box and whisker plot in each chart. 

Furthermore, each box and whisker plot presents a six number summary: whiskers represent the 

1.5x multiple of the interquartile range; outliers (values outside the 1.5x multiple of the 

interquartile range); the boxes represent first quartile (25th percentile) and third quartile (75th 

percentile) values; black line horizontal within boxes represent the median value; white squares 

represent the average value. 

 3.2.3 Spatial analysis 

ArcMap (ESRI 2019a) was used to perform all spatial analyses for this study. This 

allowed for in-depth assessments of specific water obstruction spatial patterns and causes. All 

water obstruction events, along with their respective meteorological observations and root 

weather-related causes, were imported into ArcMap using the ñAdd Route Eventsò tool. Water 

obstruction hot-spots were identified by using the Line Density and Kernel Density tools, which 
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calculate a magnitude-per-unit area from point features that fall within a neighborhood around 

each cell (ESRI 2019b, c). Only the lines (road segments) within the neighborhood are 

considered when calculating the density, then returning a density raster for the output. Kernel 

densities were calculated on a seasonal and annual basis by root weather-related cause, and also 

when the four primary causes and all years in the study were compiled together. Line densities 

were used for a finer analysis when examining obstruction overlap in specific areas identified as 

hot-spots with the Kernel Density tool. 
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4 Results 

4.1 Roadway Water Obstructions 

4.1.1 Overview of Water Obstructions 

 Over the study period June 2016 through August 2021, long-duration precipitation and 

ice jamming water obstructions are the most common in occurrence and account for 71% of all 

water obstructions (Figure 4.1a). With March 2019 possessing 58% of the water obstruction total 

in the study period, it is no surprise that long-duration precipitation and ice jamming account for 

over two-thirds of the obstructions (Figure 4.1a). However, the distribution of water obstruction 

root weather-related causes shows distinct differences when March 2019 is removed from the 

dataset (Figure 4.1b). 

         

Figure 4.1 a) Distribution of water obstruction by root weather-related cause. First number 

represents the total number of obstructions while percent in brackets signify the distribution of 

100% (2016-2021); and b) is the same as (a), without March 2019 obstructions. 
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 Without March 2019 in the dataset, the distribution of long-duration precipitation and ice 

jamming water obstructions decrease to only 48% of the total water obstructions, with most of 

this new distribution being accounted for by long-duration precipitation. Overall, long-duration 

and short-duration precipitation are the two leading causes for water obstructions in Nebraska 

between June 2016 and August 2021, which consist of 80% of the water obstructions in 

Nebraska when March 2019 is removed. With the removal of the extra summer in the dataset, 

whether it is summer 2016 or summer 2021, long- and short-duration are still the two leading 

causes. The prevalence of groundwater water obstructions remains relatively consistent when 

considering March 2019, as the range of the distribution is on the magnitude of only 5%. When 

all is considered, the order of frequency in which these causes lead to water obstruction is as 

follows: 1) long-duration precipitation, 2) short-duration precipitation, 3) groundwater, 4) ice 

jamming. With March 2019 in the dataset, ice jamming takes the number 2 spot while  

short-duration moves to 3 and groundwater move to 4. 

Over the study period, there are 19 total multi-obstruction events, which are defined as 

having at least two or more roadway water obstructions associated with the event (Table 4.1). 

These multi-obstruction events can include both long- and short-duration precipitation water 

obstructions along with groundwater and ice jamming obstructions. The non-trivial role these 19 

multi-obstruction events play in the overall distribution warrants further examination, as not only 

do they contribute to the overall distribution, the events also contribute to the monthly and 

annual water obstruction climatologies. The March 2019 event has the most water obstructions 

(171), which leads to the highest number of accumulated miles impacted (1334), and the most 

obstructions that resulted in a road closure (121 out of 171; 71%). Over 88% of those closures 

are due to ice jamming and long-duration precipitation, which occurs during a time of year when 

ice jamming occurs frequently and when/where extratropical cyclones indicative of  
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Table 4.1 All multi-obstruction events (Ó 2 obstructions) with 1) the total mileage that closed 

and remained open within the roadway water obstructions, and 2) the root weather-related 

cause associated with each event. 

 

long-duration precipitation events occur frequently (more on this climatology in Section 4.2). No 

other multi-obstruction event over the 5-year period caused ice jamming water obstructions in 

Nebraska. In other words, all other ice jamming water obstructions contribute to the single 

obstruction case total, in which ice jamming accounts for 6 of the 40 total single obstruction 

cases. Two months following the March 2019 historic flooding event, the next highest water 

obstruction event (or multi-obstruction event) occurred in May 2019 across central and eastern 

Nebraska with 15 total obstructions, nine of them leading to a road closure from long-duration 

precipitation. Not even two months later, the July 2019 central Nebraska long-duration multi-

obstruction event caused 14 total obstructions, 12 of these leading to a road closure. In summary, 

the top three multi-obstruction events, in terms of total water obstructions in Nebraska since June 

2016, occur within a five-month period in 2019. However, the second and third leading multi-

obstruction events do not possess the highest number of accumulated miles impacted (Table 4.1). 

The June 2018 multi-obstruction event in northeast Nebraska has the second most mileage 

impacted behind March 2019 with 135 obstructed miles, with most of these obstructions being 
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caused by long-duration precipitation further leading to 92% of the obstructions causing a road 

closure. Otherwise, there are 15 other multi-obstruction events where short-duration precipitation 

is the dominant cause of the obstructions, and 40 total single obstruction cases where 

groundwater and short-duration precipitation are the primary causes over the 5-year study period. 

Overall, every year in the study period (2016ï2021) has at least one multi-obstruction event: 

2016 with two; 2017 with six; 2018 with one; 2019 with six; 2020 with two; and 2021 with two. 

 Multi -obstruction events and single water obstruction cases alongside their root  

weather-related cause may contribute to whether or not a road closure or lane closure is in place 

(Figure 4.2). Over 80% of the ice jamming water obstructions cause either a lane closure or a full 

road closure. With the removal of March 2019, all ice jam water obstructions result in a full 

closure. Long-duration precipitation events also cause a larger number of roadways to have a 

lane closure or a full closure accounting for 74% (84 of 114) of long-duration precipitation water 

obstructions. Thus, 25% (30 of 114) of long-duration precipitation obstructions result in water on 

 

Figure 4.2 Total number of water obstructions that resulted in just having water over a roadway 

(no closures), lane closure, or full road closure (a) with March 2019 and (b) without March 

2019 from 2016-2021. 
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The pavement and no lane or full closure recorded. However, this is not the case for  

short-duration precipitation water obstructions as only 41% (23 of the 56 short-duration water 

obstructions) of these events result in a lane closure or full road closure. The same can be said 

with groundwater water obstruction events as only 17% (5 of 29 groundwater obstructions) of 

these events result in a lane or full road closure. 

 Accumulating the number of miles impacted by each water obstruction, ice jamming and 

long-duration precipitation water obstructions cause the highest number of miles impacted by an 

obstruction on average at 10 and 6 miles, respectively (Figure 4.3a). Without March 2019, the 

averages drop slightly to 7 miles and 5 miles respectively, with both causes still having the 

highest number of miles impacted (Figure 4.3b). Also, miles impacted by ice jamming and  

long-duration precipitation are statistically significant differences than short-duration and 

groundwater water obstructions to the 95% confidence level (when excluding March 2019). In 

other words, the less frequent ice jamming and the more frequent long-duration precipitation 

water  

 

Figure 4.3 Box and whisker plots of distance (miles) impacted per water obstruction event by 

each obstructionôs root weather-related cause (a) with March 2019 and (b) without March 2019 

from 2016-2021. 
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Obstructions tend to not only result in road closures; they also impact a higher number of miles 

that close. However, when excluding March 2019, it is the short-duration precipitation induced 

water obstructions that have the most outliers, with distances of obstructions up to 29 miles 

impacted since June 2016. This suggests that short-duration precipitation obstructions tend to not 

close roads and to not impact as many miles as the other weather-related causes (average of  

3-4 miles impacted). There are short-duration precipitation obstructions causing outlier events 

that impact more extreme mileage than any other weather-related cause (Figure 4.3b). 

Groundwater obstruction miles show similar results with short-duration precipitation in terms of 

the average number of miles typically impacted; however, there are not any outliers when 

excluding March 2019. This increases confidence in determining the number of miles impacted 

during the onset of a groundwater water obstruction, ranging from 1 to 6 miles impacted (when 

excluding March 2019). An important caveat, and likely a larger contributor to some of the water 

obstructions than the meteorology, is the number of miles impacted per obstruction event is 

dependent on the location of the obstruction, thus impacting the detour of the route which can 

also be considered a direct impact of water obstructions. This is likely the case for obstructions 

that occur in a sparser road network, such is the case in the central and western portions of 

Nebraska (Figure 3.3). With less state highway options, the mileage on an obstruction detour 

may need to be much longer than the roadway segment being impacted by the obstruction. 

Where these obstructions occur and the density of the road networks cannot be controlled for; 

however, the mileage information provided in Figure 4.3 may still aid in where potential 

mitigation efforts could take place. 

4.1.2 Temporal Distribution of Water Obstructions 

 The top three events causing the most water obstructions occur within a five-month span 

in 2019. The year 2019 alone has 225 water obstructions, which accounts for 76% of the total 



31 

 

dataset (Figure 4.4a). Even when excluding March 2019, the year still has at least 25 more water 

obstructions than any other year (Figure 4.4b), further justifying that while 2019 is an outlier 

year in terms of obstructions, these years can continue to happen. Each year, except for 2021, has 

at least 13 or more water obstructions. While 2021 still has two multi-obstruction events, the 

events only cause a combined five water obstructions while all other years either have more 

multi-obstruction events, or more water obstructions per event. For example, 2018 only has one 

multi-obstruction event; however, that one event is responsible for 12 obstructions. When  

 

Figure 4.4. Number of obstructions by root weather-related cause on an annual basis (a) 

with March 2019 and (b) without March 2019. In addition, the annual distribution of 

obstructions by cause are represented out of 100% (c) with March 2019 and (d) without March 

2019 from 2016-2021. 
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Excluding March 2019, the average number of water obstructions annually is 21; while the 

median number of water obstructions per year, which is likely a better representation of the 

actual number of water obstructions per year given the skew 2019 brings to the results, is 16 

obstructions per year. This places the year 2016 (only 6 months included in the study period), 

2020, and 2021 (8 months included in the study) below normal in terms of total number of water 

obstructions. For the root weather-related causes of water obstructions, the annual median 

number per year (excluding March 2019) is as follows: groundwater, one; ice jamming, one; 

long-duration precipitation, seven; short-duration precipitation, seven. On a median basis, this 

places the annual distribution for groundwater and ice jamming at 6% each and 44% each for 

long-duration and short-duration precipitation (Figure 4.4d). Therefore, water obstructions in 

Nebraska are more likely to occur via long- and short-duration precipitation as they account for 

88% of the water obstructions in Nebraska annually.  

 Throughout the year, water obstructions tend to peak during late spring through late 

summer and are at an annual low during the fall, winter, and early spring due to the occurrence 

of long- and short-duration precipitation water obstructions (Figure 4.5a and b). While the study 

period does have an extra summer represented in the data as reflected in Figure 4.5, this does not 

change the frequency of water obstruction occurrences within these months. When removing 

summer of 2016 for the dataset, June had a total of 22 (4 less), July had 28 (same number if July 

2016 was included), and August had 15 (only 2 less). If the summer of 2021 is removed, June 

and July have the same amount if the data were included at 26 and 28, respectively, while 

August would only have 7 (10 less). The frequency of the weather-related causes for water 

obstructions are highly dependent on the time of year for their peak occurrence  

(Figure 4.5c and d). Groundwater induced water obstructions can occur at any time of the year, 

though typically peak in occurrence during late summer. During late fall through early spring 
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(November through March), groundwater and ice jamming are the top occurring causes to water 

obstructions accounting for 100% of the total water obstruction causes when excluding March 

2019. This is attributed to the climatology of long- and short-duration precipitation, as the 

frequency of these events are lower during this time frame. Except for ice jamming, it needs to 

be stated that the other three weather-related causes can happen at any time of the year with a 

varying level of frequency. This will be further investigated in Section 4.2 with the climate data. 

 

Figure 4.5. Number of obstructions by root weather-related cause summarized by month (a) 

with March 2019 and (b) without March 2019. In addition, the monthly distribution of 

obstructions by cause are represented out of 100% (c) with March 2019 and (d) without March 

2019 from 2016-2021. The Xôs represent months when no water obstruction occurred. 

 

 


