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Fraccidents: The Impact of Fracking on Road Traffic Deaths 

 

Abstract 

Hydraulic fracturing, a.k.a., fracking, requires intense truck trips to transport a large 

volume of water within a narrow time window, posing a safety threat to other road 

users. This paper examines how fracking-related trucking affects fatal crashes in 

North Dakota using the exogenous timing of fracking operations near a road 

segment. The results show that an additional post-fracking well within six miles of 

a road segment led to 8% more fatal crashes and 7.1% higher per-capita costs in 

accidents. Transport activities at wells’ other operational stages did not affect fatal 

crashes. These additional crashes emerged mainly from collisions involving trucks, 

resulting from a higher traffic volume rather than a higher crash rate and occurring 

during daytime rush hours rather than during the rest of the day. Alcohol-involved 

crash drivers increased most likely due to their vulnerability to heavier fracking-

induced traffic rather than more alcohol-involved truck drivers near the fracking 

sites.     

 

JEL Codes: O18, Q33, R41 

Keywords: Fracking; fatal crashes; truck traffic 
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Introduction 

Since the late 2000s, the prevalence of hydraulic fracturing, a.k.a. fracking, has triggered a 

nationwide shale oil and gas extraction boom in the United States. The literature on the regional 

economic effects shows that the shale energy boom generates employment, wage earnings, royalty 

and business income, and positive spillovers to neighboring regions (Munasib and Rickman, 2015; 

Feyrer et al., 2017; Maniloff and Mastromanaco, 2017). However, the created jobs and income 

may have exaggerated the regional welfare gains, because local amenities deteriorated as civil 

disturbances and violent crimes rose (James and Smith, 2017), water contamination was detected 

(Gopalakrishnan and Klaiber, 2013; Muehlenbachs et al., 2015), and dust, noise, and nightlights 

increased (New York State Department of Environmental Conservation (NYSDEC), 2015).  

 

Among these studies, the growing traffic burden borne by the fracking boomtowns remains an 

understudied area with scarce research (e.g., Food&Water Watch, 2013; Graham et al., 2015; 

Muehlenbachs et al., 2019). Compared with conventional oil and gas production, shale-energy 

extraction involves a more dispersed system of transport and infrastructure, which could affect a 

larger population and interfere with regional economic activity (Measham et al., 2016). From 2006 

to 2015, many fracking boomtowns in the United States witnessed a surge in road fatalities while 

the national fatal crashes decreased by 17% (FracTracker Alliance, 2014; National Highway 

Traffic Safety Administration, 2017). Despite various conjectures by the popular press about the 

reasons for the phenomenon (e.g., Urbina, 2012; Lohan, 2014), identifying a causal relationship is 

challenging because of confounders such as the influx of migrants and commuters to the fracking 

boomtowns (Food&Water Watch, 2013; Wilson, 2016). While part of the spike may be explained 
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by the growing population and commute vehicles, a more concerning cause is the heavy trucks 

servicing the energy sector. First, the truck trips required by a fracking well is two to three times 

higher than that needed by a conventional well due to a tremendous demand for fracking-induced 

water withdrawal and wastewater disposal (NYSDEC, 2015). The concentrated truck traffic near 

the fracking sites could lead to more truck-involved crashes and even collisions among cars due to 

increased traffic volume. Second, trucks pose greater threats to other vehicles in collisions due to 

their higher front ends and heavier body structures (Li, 2012; Jacobsen, 2013; Anderson and 

Auffhammer, 2014). Thus, fracking-related trucking could result in severer crashes.  

 

This study identifies the causal relationship between fracking-related truck traffic and fatal traffic 

crashes using empirical evidence from the Bakken Formation in North Dakota. Our identification 

strategy exploits monthly variations in truck traffic within a road segment arising from the 

exogenous timing of fracking activities nearby. Assuming that a road segment is more likely to be 

traversed by trucks servicing nearby wells than distant ones, we use the monthly-varying numbers 

of wells in various operational phases within a buffer zone of a road segment to capture the 

temporal changes in truck traffic. We measure the truck traffic related to fracking water withdrawal 

by the number of nearby horizontal wells completed in the current month, to which off-site water 

is hauled and injected for fracking immediately after well completion (i.e., “fracking wells”). We 

measure the truck use related to wastewater disposal by the number of nearby horizontal wells 

completed in the previous month, from which post-fracking wastewater flowbacks are hauled away 

to the disposal sites (i.e., “post-fracking wells”). We focus on the fracking effects on fatal crashes, 

as measured by the impact of one more well near a road on the count of fatal crashes and the 
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associated total and per-capita fatality and injury costs in terms of the Value of a Statistical Life 

(VSL). Our purpose differs from Muehlenbachs et al. (2019), which estimate the trucking effect, 

i.e., the effect of one more truck on the road on the number of car-on-car collisions and car 

insurance premiums paid by residents nearby. To isolate confounding traffic, we control for the 

number of newly drilled wells in the current month (“spud wells”) that captures the drilling 

equipment transport and commute vehicles. We also control for the number of producing wells 

that captures the traffic in regular oil and gas production. By contrast, Muehlenbachs et al. (2019) 

distinguish the effects of truck routes farther away from wells relative to those closer to wells, 

expecting that the confounder of workers’ commute vehicles is smaller for the former because 

workers are more likely to access wells through the latter. 

  

Our paper reveals a different aspect of accident externalities of the shale resources boom than what 

has been found in Muehlenbachs et al. (2019). In drilling towns of Pennsylvania, residents paid 

higher car insurance premiums because more trucks on the road induced more non-fatal car-on-

car crashes while fatal crashes did not change much (Muehlenbachs et al. 2019). By contrast, as 

more fracking wells emerged in North Dakota, we find an increased number of (the extensive 

margin) and higher severity of (the intensive margin) truck-involved fatal crashes while car-on-car 

fatal crashes were not affected. About 80% of these truck crashes were truck-on-car collisions 

while 20% were truck-only crashes. The identified effects occurred during the wastewater hauling 

stage after fracking rather than the water withdrawal phase. On the extensive margin, fatal crashes 

increased by 8% due to an additional post-fracking well within six miles of a road segment, which 

was equivalent to 0.0038 fatal crashes for an average road segment. A back-of-the-envelope 
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calculation suggests that an additional 17 fatal crashes took place per year across the sampled road 

segments, representing a 49% increase relative to the annual crash counts of the drilling counties 

in North Dakota in the baseline year of 2006. These additional fatal crashes cost $197 million, or 

1.26 times as much as the average annual federal non-tax revenues from the drilling counties in 

North Dakota from 2006 to 2014 (Office of Natural Resources Revenue, 2019). On the intensive 

margin, an additional post-fracking well within six miles of a road segment led to 7.1% higher per-

capita costs in accidents or additional costs of $18,883. A considerable portion of the increased 

costs, such as medical expenses and lost wages, might be borne by not-at-fault drivers. In nine 

drilling states that apply no-fault auto insurance laws,1 injured drivers in crashes cover the personal 

injury costs through their own insurance even when truck drivers are at fault since theses states 

restrict the right of motorists to sue unless their injury severity meets certain monetary or verbal 

statutory thresholds (Insurance Information Institute, 2018). Meanwhile, not-at-fault drivers have 

to bear the costs if truck drivers are underinsured or the trucking companies file bankruptcy, which 

is getting more common given the increased crash costs in medical services and the VSL over time 

(Hymel et al., 2013; Muehlenbachs et al., 2019).   

 

Our results provide evidence of the fracking effects on fatal crashes in a low-traffic scenario of 

North Dakota. This is a valuable addition to the findings of  Muehlenbachs et al. (2019), as fracking 

has been widely applied in more than thirty U.S. states while its traffic impact is expected to vary 

                                                 
1  These states include Florida, Kansas, Kentucky, Michigan, New Jersey, New York, North Dakota, 

Pennsylvania, and Utah. 
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dramatically with local road infrastructure, traffic regulations, population, etc. We estimate that 

one fracking well brought in an additional 3,404 traffic counts per year in North Dakota, which is 

higher than the estimate of 645-1,001 in Pennsylvania (Muehlenbachs et al. 2019), though the 

population density of the former is only 1/30 of that of the latter. Our estimate is nevertheless in 

the range of 2,300-4,000 reported by the FracTracker Alliance (2014). Given that the average daily 

traffic counts in our sample were 4,663 compared with an average of 7,574 in the Pennsylvania 

2008-2014 road-segment sample of Muehlenbachs et al. (2019), our findings imply a higher share 

of fracking-induced traffic among the total traffic in North Dakota. This feature could contribute 

to the increased accident severity identified in our study, which are in line with findings in the 

transportation safety literature that heavier vehicles impose greater risk on others (Li, 2012; 

Jacobsen, 2013; Anderson and Auffhammer, 2014). It could be the same case in other states such 

as Montana, Wyoming, and New Mexico that also experienced a massive influx of truck traffic to 

rural drilling towns that used to be sparsely populated. This new knowledge contributes to a 

broader perspective of the overall regional costs and benefits of the shale energy boom 

(Gopalakrishnan and Klaiber, 2013; Muehlenbachs et al., 2015; Munasib and Rickman, 2015; 

Feyrer et al., 2017; James and Smith, 2017; Maniloff and Mastromanaco, 2017).  

 

We improve upon the literature by providing new insights into the underlying mechanisms, 

including the crash rate, the crash time patterns, and shifts in the crash drivers’ characteristics and 

behavior. Our findings add to the literature about various legal interventions (Cohen and Einav, 

2003; Cohen and Dehejia, 2004; Abouk and Adams, 2013), regulatory policies (Deangelo and 

Hansen, 2014), and economic tools (Adams et al., 2012) that affect traffic fatalities. While we 
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estimate that each well resulted in 3,404 additional traffic counts in its fracking year, we do not 

find changes in the crash rate with the presence of fracking wells nearby. It suggests that the 

increased fatal crashes were caused by a higher traffic volume rather than a higher chance of 

accidents. We then show that fatal crashes occurred near the fracking sites mainly during the 

daytime rush hours but not during the rest of the day, which informs the specific hours that require 

traffic risk mitigation measures for the heavy vehicle transport sector and adds to the literature on 

safety management interventions in occupational health and road safety (Mooren et al., 2014). In 

contrast to the evidence from Pennsylvania (Muehlenbachs et al., 2019), we also find that alcohol-

involved drivers increased near the fracking sites, whereas over 95% of these drivers were driving 

cars. While wells’ fracking operations were unlikely to alter the spatial distribution of drinking 

behavior, the increased share of alcohol-involved drivers could result from the fact that their 

chance of running into fatal crashes increased faster than that of sober drivers with heavier traffic 

induced by fracking-related trucking. The suggestive evidence complements Levitt and Porter 

(2011) who find that alcohol-involved drivers are at least seven times more likely to cause a fatal 

crash than sober drivers.  

 

Background 

1. Operational Phases of Fracking 

Fracking is a stimulation technology used to enhance the productivity of oil and gas wells. The 

process involves pumping a high-pressure mixture of sand, chemicals, and large volumes of water 

to prop open underground cracks. As the pumping pressure is reversed, up to 70 percent of the 
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injected fracking fluids return to the surface, bringing out oil, gas, and wastewater that need to be 

collected and separated (United States Environmental Protection Agency, 2011). The fracking 

technology used to be limited to mature fields and conventional geological formations until the 

early 2000s when it started to be combined with horizontal drilling to extract shale resources 

(Morton, 2013). The rapid increase in the combined use of the two technologies prompted a large-

scale shale exploration in the Bakken Formation of North Dakota beginning in 2006 (Nordeng, 

2010).  

 

A conventional oil and gas well experiences three operational phases, including drilling, well 

completion, and production (Triepke, 2014). Panel A of Figure 1 shows that trucks are needed to 

serve the stage-specific transport purpose throughout the entire lifespan of a well. Operators start 

drilling a well by removing rock, dirt and other sedimentary material with drill bits, which is called 

spudding. The entire drilling phase lasts about 80 days (Muehlenbachs et al., 2019), during which 

multiple truck trips are needed to transport drilling rigs and other equipment. After finishing 

drilling a well, operators may wait for favorable market conditions to prepare the newly drilled 

wells for production in the phase of well completion (Smith, 2018). When extracting oil and gas 

from conventional formations, well completion consists of casing and perforation only, after which 

oil and gas can flow out readily (Triepke, 2014).  

 

Shale extraction differs from conventional practice in that fracking stimulation is necessary to 

release the trapped oil and gas before production begins. As is shown in Panel B of Figure 1, the 

fracking process lasts about 3-5 days at the end of well completion before oil and gas flow from 
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shale formations into wells (Coloradans for Responsible Energy Development (CRED), 2014). 

Over an average fracking period of 3 days, up to 2,300 truck trips are needed to transport water 

and fracking materials (New York State Department of Transportation (NYSDOT), 2011). The 

demand for trucks remains high within a few weeks after well completion, as a vast volume of 

liquid wastes is transported to disposal sites. The average volume of fracking wastewater in the 

first few months of production is more than twice the amount generated by a conventional well at 

the same production phase (Xu et al., 2018). In total, the trucking demand during and right after 

the fracking process accounts for over 90% of all truck traffic from a well over its productive life 

(NYSDOT, 2011).  

 

2. Exogenous Variations in Truck Traffic at the Road-segment Level 

This study exploits the temporal shock to truck traffic induced by fracking operations near a road 

segment to estimate the effects of fracking-related trucking on road safety. Since we do not have 

data on the trucking activities directly associated with fracking, we measure fracking-related truck 

traffic by the intensity of fracking activities within a buffer zone of a road segment. Figure 2 

illustrates that a buffer zone is defined by the distance from a buffer’s border to a road segment.   

 

In our sampled area atop of the Bakken Formation of North Dakota, the fracking technology is 

mostly combined with horizontal drilling to extract shale resources (Nordeng, 2010). To identify 

the onset of fracking activities, we use horizontal wells’ completion month to infer when fracking 

occurs, exploiting the fact that fracking occurs within a few days at the end of well completion 
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(CRED, 2014; Triepke, 2014). Thus, we treat horizontal wells completed in the current month as 

those currently undergoing the fracking procedure and those completed in the previous month as 

those that have just completed fracking. The two types of wells, which are referred to as fracking 

wells and post-fracking wells, capture the truck trips related to fracking water withdrawal and 

waste disposal respectively. Moreover, the precise dates of each operational phase for a well allow 

us to further control for the truck trips related to a well’s drilling and production activities. Since 

the transport demand of horizontal and vertical wells are similar in drilling and production phases, 

we consider wells of both drill types when counting spudding wells and producing wells.  

 

Data and Method 

1. Well-level Data 

We obtain proprietary well-level data from the Enverus company, which provides comprehensive 

information for each oil and gas well’s geographic location, drill type, length of the wellbore, spud 

date, completion date, and monthly energy and wastewater production. The precise dates of each 

operational phase of a well allow us to perform the analysis at the monthly level that matches the 

timing of fracking activities and traffic fatalities accurately. We focus on the period of 2006-2014 

when fracking had been combined with horizontal drilling to extract shale resources in North 

Dakota. We restrict the sample to active oil and gas wells with non-zero energy production reported 

in the data. Figure 3 shows that most wells are in the Bakken and Three Forks Shale formations, 

about 78% of which are horizontal while the remaining 22% are vertical. 
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We identify a well’s drilling and fracking status by its spud date and completion date. The former 

indicates the commencement date to drill a new well, while the latter denotes the time when a well 

finishes the completion phase. On average, a well’s spud date is four months before the completion 

date. Over 95% of wells in our sample started production from the same month of well completion. 

We then identify producing wells by their real production status observed in a month but exclude 

wells starting production in the recent two months to avoid double-counting, since the trucking 

demand of these new producing wells can be captured by fracking and post-fracking wells.  

 

2. Traffic Crash Data 

We obtain fatal crashes data from the Fatality Analysis Reporting System (FARS) of the National 

Highway Traffic Safety Administration. The FARS data are a nationwide census of fatal crashes 

that involve a motor vehicle traveling on a public trafficway and result in the death of a motorist 

or a non-motorist within 30 days of the accident. For each accident, the FARS data report the 

timing, location, and environmental conditions at the time of the crash, the in-transport motor 

vehicles involved, and the characteristics of drivers, passengers, pedestrians, and pedal cyclists. 

The FARS data distinguish the accidents including at least one large truck (“truck crashes”) from 

those involving other types of vehicles only (“non-truck crashes”). Figure 4 plots the annual 

number of fracking wells and fatal crashes by vehicle type of the drilling counties in North Dakota. 

Both truck and non-truck fatal crashes show an increasing trend over time, reflecting the massive 

influx of population and vehicles in the fracking boomtowns since the mid-2000s. By comparison, 
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truck crashes followed the time trends of fracking wells more closely, which outnumbered non-

truck accidents for the first time in 2013.  

 

We calculate the monetary costs of a crash using the Value of a Statistical Life (VSL). The VSL 

measures individuals’ marginal willingness to pay to reduce the expected number of fatalities by 

one, which is estimated to be $9.2 million in 2014 dollars by the United States Department of 

Transportation (US DOT) (2016). The benefits of preventing injuries of different degrees are 

assessed at an estimated fraction of the VSL depending on the injury severity. Thus, the total costs 

of a fatal crash equal the aggregated VSL of fatalities and injuries of different severity. An average 

fatal crash in our sample involved 1.169 fatalities, 0.258 incapacitating injuries, and 0.454 non-

incapacitating injuries, which is estimated to cost a total of $11.6 million.2 We do not include the 

property damages, which is estimated to cost $11,212 per person for fatal crashes in 2010 dollars 

(Blincoe et al., 2015). Including the property damage costs would not change our estimates since 

the share is less than 0.3% of the fatality and injury costs of an average fatal crash. 

 

3. Construction of the Spatial Data 

We project the 2006-2014 fatal crashes onto the North Dakota highway system provided by the 

Highway Performance Monitoring System (HPMS) public release,  covering interstate, state, and 

county highways. According to the HPMS data, a given road segment is identified by a unique 

route ID, a beginning mile point, and an ending mile point. The average length of a road segment 

                                                 
2 See Appendix for detailed calculation.  
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in our sample is 6.36 miles. Focusing on crashes within 300 feet from the centerline of a road 

segment, we identify 337 fatal crashes involving 560 motor vehicles in total. The HPMS data also 

report the annual average daily traffic counts for each year from 2011 to 2014, which are used for 

the traffic volume analysis in our study. 

 

We hypothesize that traffic on a road segment can be affected by well operations nearby but to a 

varying degree depending on the distance from the road to the wells. We first compute the distance 

from each well to the nearest road segment, the upper bound of which is about 12 miles. We then 

keep all road segments with at least one well within their 12-mile buffer zone. Thus, we obtain a 

baseline sample of road segments in the drilling region of North Dakota, which are more 

homogeneous in road conditions and the composition of potential road users.  

 

4. Empirical Method 

Our identification strategy relies on three assumptions. First, we assume that the timing of a well’s 

spudding, fracking, and production phase depends largely on the local geology and the market 

conditions and thus is exogenous to unobservable factors that affected road safety nearby. Second, 

we assume that trucks transporting water to and from a well are more likely to use nearby road 

segments. We thus use a buffer distance to define the explanatory variables of wells within a buffer 

zone. While more distant wells may affect the traffic nearby, the likelihood is expected to decrease 

with distance. To demonstrate this point, we show the distance decay effects of fracking operations 

on fatal crashes as a robustness check. We also show the robustness of the results by restricting 
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the sample to the road segments with wells in very close proximity (< 1 mile), i.e., the road 

segments that are highly likely to constitute the water-transport routes. Third, we assume that the 

count of traffic crashes varies linearly with the amount of traffic serving wells in different statuses. 

We relax this assumption by estimating a quadratic relationship in the robustness checks. 

 

We estimate the effects of fracking-related transport on the count of fatal crashes using the 

following fixed-effects Poisson model:  

(1) 𝐸(𝑦𝑖𝑡|𝑋) = exp(𝛽1𝐹𝑟𝑎𝑐𝑖𝑡 + 𝛽2𝑃𝑜𝑠𝑡𝑓𝑟𝑎𝑐𝑖𝑡 + 𝛽3𝑆𝑝𝑢𝑑𝑖𝑡 + 𝛽4𝑃𝑟𝑜𝑑𝑖𝑡 + 𝛼𝑖 + 𝜇𝑐𝑡) 

where the index 𝑖 denotes road segment, the index 𝑡 signifies month-year and 𝑦𝑖𝑡 is the count of 

fatal accidents. We interpret the transformation 𝑒𝑥𝑝(𝛽𝑘) − 1 as the percentage increase in the 

crash counts for a one-unit increase in wells of the corresponding status where 𝑘 takes the value 

from 1 to 4. The variable 𝐹𝑟𝑎𝑐𝑖𝑡 is the number of horizontal wells completed in the current month, 

which captures the traffic demand in the well completion stage at the end of which fracking occurs. 

The variable 𝑃𝑜𝑠𝑡𝑓𝑟𝑎𝑐𝑖𝑡 is the number of horizontal wells completed in the previous month, which 

captures the traffic related to wastewater collection after fracking. We control for the equipment 

transport demand in the drilling phase by the number of newly drilled wells, 𝑆𝑝𝑢𝑑𝑖𝑡. This variable 

also captures the commute vehicles since a dominant share of oil and gas employment is created 

at the drilling stage (Brundage et al., 2011). We further control for the traffic related to regular oil 

and gas production by the number of wells that have started producing oil and gas actively, 𝑃𝑟𝑜𝑑𝑖𝑡.  

 

Our model includes the road-segment fixed effects, 𝛼𝑖, to control for time-invariant differences 

across road segments, such as road capacity, the functional classifications, and access to water 
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withdrawal and disposal sites. Due to data limitations, we cannot control for the monthly-varying 

road conditions. However, as we focus on road segments in the drilling region, we assume that the 

sampled road segments are comparable in unobservable time-varying characteristics. If 

government expenditure were directed toward more frequent maintenance of heavily traversed 

roads, the road segments with more fracking activities nearby might be in better conditions than 

those elsewhere, which would bias our estimates downwards. We further control for the county by 

month-year fixed effects, 𝜇𝑐𝑡, to disentangle the traffic directly related to fracking from the county-

specific monthly shocks such as increased economic activity in non-fracking industries, new 

construction, population growth, demographic shifts, and changes in local regulations and policies.  

 

Main Results 

1. Sample Description 

In the baseline model, we control for the road-segment fixed effects and the county-month-year 

fixed effects. Since the fixed-effects Poisson model drops observations without variations in fatal 

crashes in the fixed-effects groups, we obtain an unbalanced panel of 225 road segments for the 

analysis of total crashes. The number of observations further decreases for the subsamples of truck 

and non-truck crashes, resulting in 97 and 155 road segments in the respective subsample. Table 

1 shows that, within six miles of a road segment in the total-crash sample, an average of 1.742 

wells were fracked, 1.669 wells just finished fracking, 1.640 wells were drilled, and about 67.917 

wells were in regular oil and gas production every month. The mean total crash counts were 0.047, 

which approximates to the sample variance of 0.045 (= 0.2132). Thus, the distribution of the 



16 

 

dependent variable obeys the assumption of the Poisson distribution. Among the total crashes, the 

likelihood of daytime crashes was twice that of nighttime accidents (3.1% versus 1.6%), while the 

likelihood of rush-hour and non-rush-hour daytime crashes were 2.3% and 0.7% respectively. For 

an average road segment, the per-accident fatality and injury costs were $543,041, while the per-

capita costs in accidents were $265,957. In the truck- and non-truck- subsamples, the average count 

of crashes per road segment per month was 0.072 and 0.055, respectively. The likelihood of truck 

crashes was higher than that of non-truck crashes during both rush and non-rush daytime hours but 

not during nighttime hours. In the truck-crash subsample, the per-accident fatality and injury costs 

were $814,690 with the average per-capita costs of $334,702. In the non-truck-crash subsample, 

the per-accident and per-capita costs were $651,059 and $353,294, respectively. 

 

2. Fatal Crashes Increased with Fracking 

We begin by estimating the effects of fracking operations within a baseline buffer of six miles of 

a road segment on the crash counts using equation (1). Table 2 reports the estimation results of the 

fixed-effects Poisson models for total crashes, truck crashes, and non-truck crashes in Columns 1-

3. We cluster the standard errors by road segment to account for correlations over time within a 

road segment. 

 

Column 1 shows that across a well’s various operational stages it was the post-fracking phase that 

was associated with a significant increase in fatal crashes. The count of total crashes increased by 

8% (= exp(0.077) − 1) (p-value < 0.01) with one more post-fracking well within six miles of a 



17 

 

road segment. Given the sample mean crash counts of 0.047, the percentage increase translates 

into an additional 0.0038 fatal crashes per month within six miles of an average road segment. 

Since the sample average number of post-fracking wells per road segment per month was 1.669, 

we extrapolate that an additional 17 fatal crashes occurred every year due to the fracking operations 

near the sampled 225 road segments (= 0.0038 ∗ 1.669 ∗ 225 ∗ 12), representing a 49% increase 

relative to the 2006 baseline crash counts of the eighteen drilling counties in North Dakota as well 

as additional costs of $197 million per year.  

 

By contrast, a one-unit increase in fracking wells did not have any significant effect on the crash 

counts. If water withdrawal affected more local roads, our study would underestimate the effects 

of water sourcing during the fracking process. While we do not find any significant effect of 

spudding wells, we show that an additional producing well decreased the crash counts by 0.5% 

(= exp(−0.005) − 1) (p-value <0.1). Part of the reason could be that older wells require less 

trucking due to a much lower wastewater output compared to wells at the post-fracking phase (Xu 

et al., 2018). As the number of producing wells accumulates, the share of older wells increases 

accordingly, which leads to a negative relationship between the number of producing wells and 

traffic accidents.  

 

Next, Column 2 shows that one more post-fracking well within six miles increased the count of 

truck crashes by 8.5% (= exp(0.082) − 1) (p-value < 0.01). Since 80% of the truck crashes in 

our sample were truck-on-car crashes rather than truck-only crashes, the results indicate negative 

effects of fracking-induced truck traffic on other vehicles in collisions. However, the effects of 
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fracking-related trucking on non-truck crashes were statistically insignificant (Column 3), 

suggesting a lack of evidence that fracking activities increased fatal crashes among cars. The 

results show that post-fracking activities threatened road safety mainly through fatal crashes in 

which wastewater-hauling trucks collided with cars. Our findings contrast with the case of 

Pennsylvania where fracking-related trucking resulted in more non-fatal car-on-car crashes but no 

change in truck crashes on highways (Muehlenbachs et al., 2019). Part of the reason for the 

regional difference lies in that the traffic volume in the drilling areas of North Dakota was much 

lower than other drilling states despite the influx of trucks. The average daily traffic counts in our 

sample were 4,663 from 2011 to 2014 compared with an average of 7,574 in the Pennsylvania 

2008-2014 road-segment sample of Muehlenbachs et al. (2019). An addition of fracking-induced 

traffic of similar size would account for a larger share among the total traffic in North Dakota than 

that in Pennsylvania. A lower absolute traffic volume and a lower share of cars both decreased the 

chance of car-on-car crashes.  

 

3. The Distance Decay Effects of Fracking-related Trucking  

Next, we incrementally vary the buffer distance up to twelve miles away from each road segment 

and rerun the baseline model using each buffer respectively. We expect that including more distant 

wells in larger buffers would lower the average effects of wells’ activities within the buffer since 

wells farther away are less likely to use the road. Panel A-Panel C in Figure 5 plot the coefficient 

estimates and the 95% confidence intervals of the number of post-fracking wells from the twelve 

regressions for total crashes, truck crashes, and non-truck crashes respectively. Overall, the figure 



19 

 

shows that, as the buffer’s border is extended, the coefficient estimates decrease in magnitude. In 

Panel A, the estimates become statistically indistinguishable from zero beyond eight miles away 

from a road segment. The pattern indicates that the traffic effects of fracking operations decayed 

with distance from wells to road segments, which implies a distance decay likelihood of traveling 

on the roads. We identify similar patterns for truck crashes in Panel B. We do not find any 

significant effects on non-truck crashes across selections of different buffer distance.  

 

It is worth noting that the spatial pattern of traffic could be sensitive to abrupt local disturbances. 

For instance, a crash on a road segment may alter the traffic volume on nearby roads immediately 

after the crash. Depending on the road configuration and the traffic destination, a spatial shift such 

as a detour could occur over a short or long distance. However, using a buffer distance to define 

the explanatory variables of wells at each stage allows the spatial shift to be internalized within 

the buffer zone, which leads the estimate of the per-well traffic impact to be the average effect of 

a well at the intersection of the buffers of all the road segments nearby. As larger buffers allow the 

possibility of detours for distant wells, the precision of the estimates increases with the buffer 

range as is evidenced in Figure 5.    

  

4. Robustness Checks 

In this subsection, we present several tests to demonstrate the robustness of the baseline results. 

Our baseline results show that it was the post-fracking activities that imposed significant negative 

traffic externalities controlling for wells in other operational phases. However, the estimates may 
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be sensitive to the model specification when the four indicator variables for wells’ operational 

phases are correlated with each other. As we find that the numbers of wells in the four statuses are 

indeed positively correlated (p-value < 0.01), we only include the number of post-fracking wells 

within six miles of a road segment as the explanatory variable to test the robustness of our results. 

Column 1 of Table 3 shows that the effect of one more post-fracking well is statistically and 

economically similar to the baseline estimate. 

  

We then run a placebo test exploiting the completion activities of vertical wells as a counterfactual 

to which operators seldom apply the fracking technology due to lower economic interest (Morton, 

2013). We expect that completing vertical wells would affect traffic to a lesser extent due to the 

absence of fracking operations. Thus, we add the numbers of vertical wells completed in the 

current and the previous month to the baseline model. In Column 2, the estimates of both variables 

are negative and statistically insignificant, which implies that activities during and after the 

completion phase of vertical wells did not affect the crash counts. By contrast, the presence of 

horizontal wells completed in the previous month still led to more fatal accidents significantly. 

Our findings show that the increased fatal crashes one month after well completion were less likely 

to be caused by activities other than fracking-related trucking.  

 

Next, we relax the baseline assumption of the linear relationship between traffic volume and fatal 

crashes, given that the increased risk generated by a higher number of vehicles might be offset by 

traffic congestion and a greater extent of caution or discipline of drivers (Martin, 2002; Wang et 

al., 2009; Romem and Shurtz, 2016). Thus, we estimate a model with the quadratic form of the 
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well counts. Column 3 of Table 3 shows that the count of fatal crashes grew first and then 

decreased with the number of post-fracking wells. The peak was achieved when the number of 

post-fracking wells was 28.8 (= −0.115/(2 ∗ (−0.002)), exceeding the maximum value of 25 in 

our sample. The results are in line with the expectation that, while fatal crashes usually increase 

with traffic volume, they may grow at a declining rate or even decrease due to traffic congestion. 

By comparison, the baseline model can appropriately predict a linear relationship between the 

count of fatal crashes and the number of wells in each status in a low-traffic scenario.   

 

We further refine the baseline sample of road segments to improve the precision of our estimates. 

In the baseline model, we proxy the truck trips serving fracking-related water hauling by the 

numbers of wells at the fracking and the post-fracking phases. In reality, trucks transporting water 

may not travel on the road segments near well sites if these road segments did not connect wells 

to water withdrawal or waste disposal sites. Including these road segments in the analysis would 

decrease the precision of the estimates. As a robustness check, we only include the road segments 

within one mile of wells in our sample as opposed to the baseline sample that covers all the road 

segments within twelve miles of wells in our data. We believe that highways within one mile of a 

well are highly likely to be used by trucks transporting water for the well regardless of destination. 

The chance of these road segments serving as water-transport routes would thus be substantially 

higher than the baseline sample. We re-estimate the baseline model using the one-mile sample and 

the number of wells within six miles of a road segment as the explanatory variables. Column 4 of 

Table 3 shows that the estimates of the one-mile sample are similar to the baseline estimates 
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statistically and economically, which suggests that the bias introduced by the road segments not 

traversed by water transporting trucks is negligible. 

 

5. Increased Monetary Costs and Intensified Severity Due to Fracking 

In this subsection, we estimate the additional fatality and injury costs of a post-fracking well. For 

each road segment in a month, we calculate the per-accident costs as the total fatality and injury 

costs of fatal crashes divided by the total crash counts. We then measure the accident severity by 

the average per-capita costs in accidents, including the fatalities, the injured, and the noninjured, 

for all the crashes on the road.3 We take the Inverse Hyperbolic Sine transformation4 of the per-

accident and the per-capita costs that are right-skewed continuous since some road segments did 

not experience any crashes or any associated costs during the sampled period. The coefficients are 

interpreted as percentage changes in the outcome variables. We control for the same fixed effects 

as the baseline analysis.  

 

Table 4 shows that the per-accident costs on an average road segment increased by 7.6% (p-value 

< 0.01) due to an additional post-fracking well within six miles (Column 1). In particular, wells’ 

post-fracking activities led to higher per-accident costs for truck crashes by 9% (p-value < 0.05)  

(Column 2). The percentage increase in the per-accident costs could potentially result from a 

                                                 
3 See Appendix for detailed calculation. 

4 The Inverse Hyperbolic Sine transformation is defined as follows: IHS(x) = ln(x + sqrt(x2 + 1)). 
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higher number of people involved in a crash or higher per-capita costs in accidents. Column 4 

shows that the per-capita costs increased by 7.1% with an additional post-fracking well within six 

miles (p-value < 0.01). In particular, the per-capita costs of truck crashes increased by 8.4% (p-

value < 0.05)  (Column 5). Thus, on the intensive margin, each post-fracking well led to higher 

per-capita costs of $18,883 given the sample mean of $265,957. The results indicate that the truck 

trips carrying fracking wastewater not only increased the count of fatal accidents but also led to 

severer crashes by inducing more fatalities and more critical injuries. The findings are in line with 

the fact that the large weight, frame, and height, and the rigidity of heavy trucks can increase the 

extent of damage inflicted on other vehicles (Anderson and Auffhammer, 2014).  

 

Mechanisms 

1. Traffic Volume versus Crash Rate 

Since the crash counts are a function of the traffic amount and the per-vehicle risk of getting into 

an accident (Romem and Shurtz, 2016), we explore the potential mechanisms in traffic volume 

and the crash rate that may drive our baseline findings. As the traffic counts data are available 

annually from 2011 to 2014 only, we perform the analysis using the road segments in the baseline 

sample at the annual level over this period. We measure the crash rate by the count of fatal crashes 

per million vehicle miles traveled (VMT). We then take the Inverse Hyperbolic Sine 

transformation of the annual traffic counts and the crash rates for total, truck and non-truck crashes, 

respectively, as the dependent variables. We control for the numbers of wells drilled and completed 

in a year and wells that had started production since the last year. Although we cannot distinguish 
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fracking and post-fracking wells at the year level, we expect the yearly traffic amount to be 

correlated with the number of wells ever completed in a year, since the surge in traffic volume 

during and post the fracking month would be reflected in the cumulative traffic counts of the year.  

 

In Table 5, Column 1 shows that the annual traffic counts increased by 0.2% with one more 

fracking well (p-value < 0.05),  which is equivalent to a rise in the yearly cumulative traffic counts 

by 3,404. We expect that these additional traffic counts were concentrated within a tight time frame 

near the well completion month instead of being evenly distributed throughout the year. Our 

estimate is in the range of 2,300-4,000 reported by the FracTracker Alliance (2014) but is higher 

than the road-level estimate of 645-1,001 by Muehlenbachs et al. (2019). Thus, the share of 

fracking-induced traffic among the total traffic was higher in North Dakota where the baseline 

traffic counts were much lower than other drilling states, which might explain the increased 

accident severity identified in our study. Columns 2-4 do not show any significant effects of 

fracking on the crash rates, indicating that fatal crashes grew proportionately with traffic volume 

without elevating the likelihood of an individual vehicle running into fatal crashes. Thus, the 

increased crashes near the fracking sites resulted from a higher traffic amount induced by fracking-

related trucking instead of a higher chance of accident given the traffic volume.  

 

2. Time Pattens of Increased Fatal Crashes 

Next, we examine the travel time of the fracking-induced fatal crashes. We first define daytime as 

the period between 5 am-9 pm and nighttime as the rest of the day. We then define rush hours to 
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be anytime during the period of 6 am-10 am or 4 pm-8 pm of a day inclusively and non-rush hours 

to be the rest of the daytime period. In the road-segment by month sample, the count of fatal crashes 

during each of the time windows defined above takes a value of either 1 or 0. We thus take them 

as binary variables to run a series of linear probability models, in which the value of 1 means that 

a crash occurred during the specified time window on an observed road segment in a certain month 

while the value of 0 means that a crash took place outside of the time window or no accidents 

occurred at all. We divide the number of wells in each status by 100. Thus, the coefficients are 

interpreted as changes in percentage points. 

 

In Table 6, Panel A shows that the likelihood of daytime crashes increased by 11.2 percent (=

0.348/3.1) (p-value < 0.01) due to an additional post-fracking well within six miles (Column 1). 

In particular, the likelihood of daytime truck crashes increased by 7.8 percent (= 0.407/5.2) (p-

value < 0.05) (Column 2). By contrast, we do not find any significant changes in the likelihood of 

nighttime accidents due to the presence of post-fracking wells nearby. During the rush hours (Panel 

C), the likelihood of total crashes and truck crashes increased by 12.1 percent ( =

0.278/2.3,Column 1) and 9.4 percent (= 0.347/3.7, Column 2) respectively (p-value < 0.05) due 

to an additional post-fracking well within six miles. However, we do not find any significant 

effects on the likelihood of non-rush-hour crashes. The results indicate that the fracking-induced 

fatal crashes occurred mainly during the rush hours in the daytime rather than during the other 

periods of a day. 
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3. Accident Drivers’ Characteristics 

We further test whether accident drivers’ characteristics and behavior varied with the intensity of 

well operations. If the accident drivers in areas of more intense fracking activities were riskier than 

those elsewhere, road fatalities in these areas could be caused by unobservable factors that attracted 

risky drivers to the areas. Since we cannot observe all the drivers in the fracking regions, we exploit 

the information of 560 drivers involved in the 337 fatal accidents in our baseline sample. We run 

a series of linear probability models in which the dependent variables are dummies indicating a 

driver’s demographic characteristics, driving behavior, mental and physical conditions, license 

validity, and conviction records. We estimate the baseline model excluding the road-segment fixed 

effects since 171 out of the 225 road segments in our sample only had one fatal crash during the 

sampled period. We are particularly interested in the coefficient of post-fracking wells, which is 

expected to be insignificant if risky driving was not the reason for the baseline findings. As we 

divide the number of wells in each status by 100, the coefficients are interpreted as changes in 

percentage points in the likelihood of a certain type of driver given one more well in a specific 

status. 

 

In Table 7, we find that one more fracking well and post-fracking well within six miles increased 

the likelihood of alcohol-involved drivers by 2.8 and 3.6 percentage points respectively (p-value 

< 0.05) (Column 5). In our sample, only 4.6% of these alcohol-involved drivers were truck drivers 

while the vast majority were non-truck drivers. While it was unlikely that fracking activities 

directly increased drinking behavior nearby, the chance of running into a crash might grow faster 

for alcohol-involved drivers than for sober drivers when traffic volume increased near the fracking 
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sites. The evidence suggests that alcohol-involved driving further worsened the highway safety 

near the fracking sites. Across the remaining columns, we do not find any significant correlation 

between the intensity of post-fracking wells and the accident drivers’ gender, mental and physical 

conditions, license validity or conviction records. Besides, the likelihood of drivers younger than 

24 was even lower by 4 percentage points with one more post-fracking well within six miles (p-

value < 0.1) (Column 2). The results indicate that the increased fatal crashes at the post-fracking 

stage were less likely to be confounded by factors such as demographic shifts, unqualified license 

or inferior driving history of the accident drivers.  

 

Conclusions 

This study identifies the causal relationship between fracking-related trucking and fatal traffic 

crashes using evidence from the Bakken Formation in North Dakota. We show that an increased 

number of and higher severity of fatal truck-involved crashes occurred when trucks hauled 

fracking wastewater to disposal sites. Fracking-related trucking thus causes additional fatality and 

injury costs that could be borne by not-at-fault drivers in drilling states under the no-fault auto 

insurance laws or when truck drivers are underinsured or trucking companies file bankruptcy. We 

find that these additional fatal crashes resulted from a higher traffic volume rather than a higher 

crash rate, which appeared in the daytime rush hours mainly. Evidence shows a higher likelihood 

of alcohol-involved drivers near the fracking sites whereas most were driving cars rather than 

trucks, suggesting a higher chance of alcohol-involved drivers running into fatal crashes with an 

increased fracking-induced traffic volume nearby.   
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Our study provides an estimate based on the North Dakota experience where population density 

and traffic volume is relatively low. The external validity of our findings depends on several factors 

that vary across regions. First, whether the estimated per-well, per-road-segment costs derived 

from the Bakken Formation applies to other regions generally depends on the truck trips per well 

and the accidents caused per truck. While the former varies with regional geological conditions 

and the primary disposal methods, the latter relies on local road conditions, traffic regulations, 

wells’ proximity to water sources and waste disposal sites, and drivers’ quality. Second, the total 

traffic effects may grow non-linearly with the number of wells in regions where fracking 

operations are more prevalent and intense, since fracking-related truck traffic may become so 

substantial that road congestion results. Nevertheless, the awareness of the potential traffic impacts 

and the prevention measures that could be learned provide implications for other regions to ensure 

the traffic and health safety of local communities in planning future shale development.    

 

To the extent that the patterns discovered in the Bakken Formation could be extended to other 

shale formations, our findings are informative for local and federal policymakers to evaluate the 

regional costs and benefits when exercising due diligence in shale development. Besides the 

fatality and injury costs in fatal crashes quantified in our study, other costs may occur as well, 

including injury costs in non-fatal crashes and indirect expenditures on emergency services, 

insurance administrative costs, jurisdiction, congestion, and infrastructure maintenance and 

replacement (Blincoe et al., 2015). Our study informs the public discourse about the Pigovian tax 

that can be charged per well to internalize the costs of fracking-related trucking activities, which 

shares the same rationale as the impact fee implemented in Pennsylvania (Black et al., 2018). The 
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tax could serve as an economic instrument that affects operators’ drilling and fracking decisions 

and thus alleviate the hazard of the associated truck traffic indirectly. Likewise, a toll fee by 

kilometers driven by trucks could be collected on highways to absorb the negative impacts of 

fracking-related trucking.   

 

This study also sheds light on practical measures that local governments can take to manage the 

traffic risks associated with fracking. As the fracking-induced fatal crashes are shown to take place 

mainly in the daytime rush hours, local governments may adopt policies such as reserving truck 

lanes during the rush hours, an analogy to high-occupancy vehicle lanes. An active traffic alert and 

warning system with live well operations updates could also help drivers to monitor traffic and 

avoid exposure to road hazards. Moreover, our study calls for the active involvement of oil and 

gas operators in seeking ways to improve their workplace safety and mitigate the traffic hazard of 

fracking to road users. Our findings suggest that oil and gas operators could redistribute the traffic 

loads over time to avoid concentrated water hauling during peak hours. In the long run, as a well 

may need to be fracked multiple times over its productive life, operators may improve the water 

supply system by constructing water wells serving multiple well pads via a piping system. They 

may also develop the onsite wastewater treatment and disposal facilities as opposed to trucking 

wastewater over a long distance. Such measures would reduce the long-term transport costs as well 

as the associated traffic effects.   
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Table 1. Summary Statistics  

 Mean Standard Deviation Min Max 

Full sample of total fatal crashes 

#Frac 1.742 3.122 0 25 

#Post-frac 1.669 3.011 0 25 

#Spud 1.640 2.967 0 22 

#Prod 67.917 80.255 0 692 

#Total crashes 0.047 0.213 0 2 

#Daytime  0.031 0.172 0 1 

#Nighttime  0.016 0.127 0 1 

#Rush-hour  0.023 0.150 0 1 

#Non-rush hour  0.007 0.086 0 1 

Per-accident costs ($) 543,041 2,668,211 0 37,030,000 

Per-capita costs ($) 265,957 1,305,969 0 9,200,000 

Obs.     7,162 

Subsample of truck fatal crashes 

#Truck crashes 0.072 0.260 0 2 

#Daytime    0.052 0.222 0 1 

#Nighttime    0.020 0.139 0 1 

#Rush-hour    0.037 0.189 0 1 

#Non-rush hour    0.015 0.122 0 1 

Per-accident costs ($) 814,690 3,242,559 0 37,030,000 

Per-capita costs ($) 334,702 1,297,006 0 9,200,000 

Obs.     1,935 

Subsample of non-truck fatal crashes 

#Non-truck crashes 0.055 0.228 0 1 

#Daytime    0.032 0.176 0 1 

#Nihttime   0.023 0.150 0 1 

#Rush-hour   0.026 0.159 0 1 

#Non-rush hour   0.006 0.078 0 1 

Per-accident costs ($) 651,059 2,920,531 0 33,736,400 

Per-capita costs ($) 353,294 1,575,515 0 9,200,000 

Obs.     3,450 

Notes: This table reports the summary statistics of the baseline samples at the road-segment 

by month level. The sample size varies across the three types of crashes since the fixed-

effects Poisson model drops observations without variations in the count of crashes of each 

type in the fixed-effects groups. Frac wells are horizontal wells completed in the current 

month. Post-frac wells are horizontal wells completed in the last month. Spud and Prod wells 

refer to newly drilled wells and actively producing wells, respectively, which include both 
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horizontal and vertical wells. All wells are counted within a six-mile buffer of a road segment. 

Total crashes include both truck and non-truck crashes, truck crashes refer to those involving 

at least one large truck, and non-truck crashes refer to collisions among non-truck vehicles. 

Daytime crashes occurred between 5 am-9 pm, whereas nighttime crashes occurred during 

the rest of the day. Rush-hour crashes occurred anytime during the period of 6 am-10 am or 

4 pm-8 pm of a day inclusively, whereas non-rush-hour crashes occurred during the rest of 

the daytime period. All fatal crashes occurred within 300 feet from the centerline of a road 

segment. Per-accident costs are the total fatality and injury costs of fatal crashes divided by 

the crash counts on a road segment. Per-capita costs are the average costs of each person 

among the fatalities, the injured, and the noninjured in accidents on a road segment. 
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Table 2. Fatal Crashes Increased with Fracking 

 (1) (2) (3) 

VARIABLES Total crashes Truck crashes Non-truck crashes 

#Frac -0.010 0.019 -0.024 

 (0.031) (0.038) (0.052) 

#Post-frac 0.077*** 0.082*** 0.045 

 (0.024) (0.031) (0.047) 

#Spud 0.029 0.036 0.042 

 (0.027) (0.040) (0.047) 

#Prod -0.005* -0.005 -0.003 

 (0.003) (0.003) (0.004) 

    

Observations 7,162 1,935 3,450 

Notes: Columns 1-3 use the baseline total-crash, truck-crash, and non-

truck-crash samples respectively. The dependent variables are listed as 

the column titles. Wells in each status follow the same definition as 

Table 1. All wells are counted within a six-mile buffer of a road segment. 

We control for the road-segment fixed effects and the county-month-

year fixed effects. The coefficient estimates from the fixed-effects 

Poisson models and standard errors clustered at the road-segment level 

in parentheses are reported. *** p<0.01, ** p<0.05, * p<0.1.  
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Table 3. Robustness Checks 

 (1) (2) (3) (4) 

VARIABLES Post-frac 

wells only 

Vertical wells as  

counterfactual 

Quadratic 

form 

One-mile  

sample 

#Frac  -0.009 -0.034 -0.003 

  (0.031) (0.066) (0.030) 

#Frac squared   0.002  

   (0.004)  

#Post-frac 0.054** 0.077*** 0.115** 0.080*** 

 (0.021) (0.024) (0.054) (0.024) 

#Post-frac squared   -0.002  

   (0.003)  

#Spud  0.029 -0.054 0.022 

  (0.027) (0.056) (0.028) 

#Spud squared   0.005**  

   (0.003)  

#Prod  -0.005* -0.006 -0.005* 

  (0.003) (0.005) (0.003) 

#Prod squared   0.000  

   (0.000)  

#Frac vertical  -0.145   

  (0.441)   

#Post-frac vertical  -0.584   

  (1.083)   

     

Observations 7,162 7,162 7,162 4,174 

Notes: Columns 1-3 use the baseline total-crash sample of road segments within 

twelve miles of wells, whereas Column 4 uses the sample of road segments within 

one mile of wells. The dependent variables across the columns are the count of 

total crashes. Frac vertical wells are vertical wells completed in the current month. 

Post-frac vertical wells are vertical wells completed in the last month. Other types 

of wells follow the same definition as Table 1. All wells are counted within a six-

mile buffer of a road segment. We control for the road-segment fixed effects and 

the county-month-year fixed effects. The coefficient estimates from the fixed-

effects Poisson models and standard errors clustered at the road-segment level in 

parentheses are reported. *** p<0.01, ** p<0.05, * p<0.1.  
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Table 4. Increased Monetary Costs and Intensified Severity Due to Fracking 

 (1) (2) (3) (4) (5) (6) 

 Per-accident costs Per-capita costs 

 Total  Truck  Non-truck Total  Truck  Non-truck 

#Frac -0.015 0.012 -0.021 -0.015 0.010 -0.021 

 (0.027) (0.043) (0.058) (0.026) (0.041) (0.056) 

#Post-frac  0.076*** 0.090** 0.057 0.071*** 0.084** 0.052 

 (0.026) (0.036) (0.057) (0.025) (0.035) (0.055) 

#Spud  0.032 0.047 0.052 0.030 0.044 0.050 

 (0.029) (0.050) (0.059) (0.028) (0.047) (0.057) 

#Prod  -0.004 -0.006 -0.004 -0.003 -0.005 -0.004 

 (0.002) (0.004) (0.005) (0.002) (0.004) (0.005) 

       

Obs. 7,162 1,935 3,450 7,162 1,935 3,450 

Notes: Columns 1(4)-3(6) use the baseline total-crash, truck-crash, and non-truck-crash 

samples respectively. The dependent variables of Columns 1-3 are the Inverse 

Hyperbolic Sine (IHS) transformation of the per-accident costs, whereas the dependent 

variables of Columns 4-6 are the IHS transformation of the per-capita costs in accidents. 

The coefficients are interpreted as percentage changes in the outcome variables. Wells 

in each status and the two types of costs follow the same definition as Table 1. All wells 

are counted within a six-mile buffer of a road segment. We control for the road-segment 

fixed effects and the county-month-year fixed effects. The coefficient estimates and 

standard errors clustered at the road-segment level in parentheses are reported. *** 

p<0.01, ** p<0.05, * p<0.1.  
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Table 5. Traffic Volume versus Crash Rate 

 (1) (2) (3) (4) 

 Annual traffic counts Total crash rate Truck crash rate Non-truck rate 

#Frac 0.002** -0.0009 0.0009 -0.002 

  (0.001) (0.002) (0.0006) (0.001) 

#Spud  -0.0003 0.001 0.0002 0.0009 

 (0.0009) (0.001) (0.0003) (0.001) 

#Prod  0.0007 -0.0003 -0.0006* 0.0003 

 (0.0008) (0.0006) (0.0003) (0.0005) 

     

Obs. 897 897 897 897 

Notes: The table uses a sample of the baseline 225 road segments with available 

information on the annual traffic counts from 2011 to 2014. The dependent variables of 

Columns 1-4 are the Inverse Hyperbolic Sine transformation of the annual traffic counts, 

the total-crash rate, the truck-crash rate, and the non-truck-crash rate. The coefficients are 

interpreted as percentage changes in the outcome variables. The crash rates are measured 

by the count of fatal crashes per million vehicle miles traveled. Frac wells are defined as 

horizontal wells completed in the current year. Spud and Prod wells refer to newly drilled 

wells in the current year and actively producing wells since the last year, respectively, 

which include both horizontal and vertical wells. All wells are counted within a six-mile 

buffer of a road segment. We control for the road-segment fixed effects and the county-

year fixed effects. The coefficient estimates and standard errors clustered at the road-

segment level in parentheses are reported. *** p<0.01, ** p<0.05, * p<0.1. 

  



40 

 

Table 6. Time Patterns of Increased Fatal Crashes 

 (1) (2) (3) 

 Total crashes Truck crashes Non-truck crashes 

Panel A: Daytime crashes 

#Frac -0.204 -0.213 -0.248 

 (0.128) (0.206) (0.259) 

#Post-frac  0.348*** 0.407** 0.294 

 (0.132) (0.175) (0.286) 

#Spud  0.293* 0.456** 0.260 

 (0.153) (0.218) (0.303) 

#Prod  -0.013 -0.016 -0.015 

 (0.011) (0.018) (0.023) 

Obs. 7,162 1,935 3,450 

    

Panel B: Nighttime crashes 

#Frac 0.130 0.294* 0.109 

 (0.100) (0.164) (0.189) 

#Post-frac  0.093 0.124 0.039 

 (0.088) (0.128) (0.183) 

#Spud  -0.079 -0.178 0.052 

 (0.087) (0.147) (0.168) 

#Prod  -0.009 -0.018 -0.008 

 (0.008) (0.012) (0.017) 

Obs. 7,162 1,935 3,450 

    

Panel C: Rush-hour crashes 

#Frac -0.222** -0.275* -0.214 

 (0.110) (0.165) (0.231) 

#Post-frac  0.278** 0.347** 0.205 

 (0.117) (0.161) (0.253) 

#Spud  0.288** 0.393** 0.303 

 (0.143) (0.187) (0.285) 

#Prod  -0.006 -0.012 -0.005 

 (0.008) (0.015) (0.019) 

Obs. 7,162 1,935 3,450 

    

Panel D: Non-rush-hour crashes 

#Frac 0.017 0.061 -0.034 

 (0.055) (0.098) (0.099) 

#Post-frac  0.070 0.060 0.090 

 (0.051) (0.057) (0.137) 

#Spud  0.004 0.062 -0.044 

 (0.072) (0.124) (0.066) 

#Prod  -0.007 -0.003 -0.010 

 (0.004) (0.007) (0.008) 

Obs. 7,162 1,935 3,450 

Notes: Columns 1-3 in each panel use the baseline total-crash, truck-crash, and non-truck-crash 

samples respectively. The dependent variables listed in the column titles are dummies indicating 

whether fatal crashes of each type occurred during specific time windows of a day. Daytime crashes 
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occurred between 5 am-9 pm, whereas nighttime crashes occurred in the rest of the day. Rush-hour 

crashes occurred anytime during the period of 6 am-10 am or 4 pm-8 pm of a day inclusively, 

whereas non-rush-hour crashes occurred during the rest of the daytime period. Wells in each status 

follow the same definition as Table 1 but are divided by 100 in the count. The coefficients are 

interpreted as changes in percentage points. All wells are counted within a six-mile buffer of a road 

segment. We control for the road-segment fixed effects and the county-month-year fixed effects. 

The coefficient estimates from linear probability models and standard errors clustered at the road-

segment level in parentheses are reported. *** p<0.01, ** p<0.05, * p<0.1. 
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Table 7. Accident Drivers’ Characteristics 

 (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES Male Younger  

than 24 

Speeding Improper belt/ 

helmet use  

Alcohol- 

involved 

Mental&physical  

conditions 

Invalid 

license 

Conviction  

records 

#Frac -0.064 0.246 0.135 0.751 2.842** 0.114 1.137 0.489 

 (0.922) (1.348) (0.138) (1.455) (1.287) (1.247) (1.118) (1.609) 

#Post-frac 0.598 -4.018* -0.124 -0.877 3.566** 1.419 -0.445 -0.441 

 (1.191) (2.115) (0.123) (1.950) (1.582) (1.551) (1.382) (2.361) 

#Spud 0.954 1.479 0.072 1.304 -0.293 -1.574 1.385 -1.238 

 (0.734) (1.635) (0.059) (2.183) (1.975) (1.907) (1.472) (1.843) 

#Prod -0.031 0.017 -0.003 0.009 -0.086 0.088 0.040 0.091 

 (0.051) (0.099) (0.004) (0.108) (0.096) (0.102) (0.074) (0.129) 

         

Observations 560 560 560 560 560 560 560 560 

R-squared 0.481 0.517 0.761 0.507 0.569 0.409 0.577 0.484 

Notes: The table uses the sample of drivers involved in the 337 fatal accidents in our baseline sample. The dependent variables 

listed in the column titles are dummies indicating each type of driver. A driver is classified as alcohol-involved if the driver has 

police-reported alcohol involvement or a positive alcohol test result. Mental and physical conditions is a dummy indicating 

whether a driver was drowsy driving, unconscious, using drugs, or careless driving at the time of the crash. Invalid license is a 

dummy indicating whether a driver’s license was invalid, held an invalid license for the class of vehicles, or was incompliant 

with restrictions on the license. Conviction records is a dummy indicating whether a driver had at least one previous crash, 

suspension or revocation, DWI conviction, speeding conviction, or other conviction. Wells in each status follow the same 

definition as Table 1 but are divided by 100 in the count. The coefficients are interpreted as changes in percentage points. All 

wells are counted within a six-mile buffer of a road segment. The model controls for the county-month-year fixed effects. The 

coefficient estimates from linear probability models and standard errors clustered at the road-segment level in parentheses are 

reported. *** p<0.01, ** p<0.05, * p<0.1.



43 

 

Figure 1. Operational Phases of Conventional and Shale Oil and Gas Wells 

Panel A.  Conventional Oil and Gas Wells 

 

 

 

 

 

 

 

 

 

 

 

 

 
Panel B. Shale Oil and Gas Wells 

 

 

 

 

 

 

 

 

 

 

Source: Created by authors referring to Triepke (2014) and Muehlenbachs et al. (2019). 

Notes: The average number of one-way truck trips required by a horizontal fracking well is 6,790 

while that required by a conventional well is 3,444 (NYSDEC, 2015).  

  

Spudding wells Fracking wells Post-fracking wells Producing wells 

Stage I: Drilling 

about 80 days 

Casing  Perforation  

Stage III: Production  

over months and years 
Stage II: Well completion:  

about 45-55 days 

Spud Date Completion Date  

 

Stage I: Drilling 

about 80 days 

Casing  Perforation  

Fracking stimulation:  

about 3-5 days 

Stage III: Production  

over months and years 
Stage II: Well completion:  

about 45-55 days 

Spud Date Completion Date  

 

Fracking wastewater 

flowback: a few weeks 



44 

 

Figure 2. Illustration of Buffers of A Road Segment by Distance 

 

Notes: The figure illustrates buffers by distance for the selected road segment.  
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Figure 3. Oil and Gas Wells and Fatal Traffic Crashes on Highways in North Dakota  

 

Source: Created by authors using highway shapefiles from the Highway Performance Monitoring 

System, the geographic location of fatal crashes from the Fatality Analysis Reporting System, and 

the location of wells from the Enverus data.  
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Figure 4. Time Trends of the Annual Number of Fracking Wells and Fatal Traffic Crashes 

 

Source: Created by authors using data from the National Highway Traffic Safety Administration 

and the Enverus.  

Notes: The figure plots the annual number of fracking wells and the annual count of fatal traffic 

crashes by vehicle type in the drilling counties of North Dakota. Fracking wells are defined as the 

horizontal wells completed in a year.  
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Figure 5 The Distance Decay Effects of Wells’ Post-fracking Activities  

 

 Notes: We run twelve fixed-effects Poisson regressions to estimate the effects of well operations 

using twelve buffers ranging from one to twelve miles respectively. The dependent variables in 

Panels A-C are the count of total crashes, truck crashes, and non-truck crashes respectively. The 

figure plots the coefficient estimates and the 95% confidence intervals of the number of post-

fracking wells from the twelve regressions.  
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Appendix 

The US DOT (2016) estimates that minor, moderate, serious, severe, or critical injuries 

cost 0.003, 0.047, 0.105, 0.266, and 0.593 of the VSL, respectively. Since the FARS data 

classify the severity of injuries by incapacitating and non-incapacitating, we treat the 

former as serious, severe, or critical injuries and the latter as minor or moderate injuries. 

We then take the average for each category to estimate that incapacitating injuries cost 

0.321 (= (0.105 + 0.266 + 0.593)/3) of the VSL while non-incapacitating injuries cost 

0.025 (= (0.003 + 0.047)/2) of the VSL.  

 

The total fatality and injury costs of a crash are calculated as 𝑐𝑜𝑠𝑡𝑠 = (#𝑓𝑎𝑡𝑎𝑙𝑖𝑡𝑖𝑒𝑠 +

#𝑖𝑛𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑡𝑖𝑛𝑔𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠 ∗ 0.321 + #𝑛𝑜𝑛𝑖𝑛𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑡𝑖𝑛𝑔𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠 ∗ 0.025) ∗ 𝑉𝑆𝐿 . 

Since an average fatal crash in our sample involved 1.169 fatalities, 0.258 incapacitating 

injuries, and 0.454 non-incapacitating injuries, the total fatality and injury costs of a typical 

crash equal to $11.6 million(= 1.169 + 0.258 ∗ 0.321 + 0.454 ∗ 0.025) ∗ $9.2𝑚𝑖𝑙𝑙𝑖𝑜𝑛).    

 

At the road segment by month level, we calculate the per-accident costs as 
1

𝑁
∑ 𝑐𝑜𝑠𝑡𝑠𝑖
𝑁
𝑖=1 , 

and the per-capita costs in accidents as ∑ 𝑐𝑜𝑠𝑡𝑠𝑖
𝑁
𝑖=1 /∑ (#𝑓𝑎𝑡𝑎𝑙𝑖𝑡𝑖𝑒𝑠𝑖 +

𝑁
𝑖=1

#𝑖𝑛𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑡𝑖𝑛𝑔𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠𝑖 + #𝑛𝑜𝑛𝑖𝑛𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑡𝑖𝑛𝑔𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠𝑖 + #𝑛𝑜𝑛𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠𝑖) , 

where 𝑖 indexes an individual crash, 𝑁 is the total count of fatal crashes on a road segment 

in a month and 𝑐𝑜𝑠𝑡𝑠𝑖 is the total fatality and injury costs of crash 𝑖.  

 


