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Abstract:



The hydraulic fracturing boom in Texas required massive water flows. Beginning in the summer of 2011, water became scarce as a prolonged heat wave and subsequent severe drought spread across the state. Oil and gas producers working in drought areas needed to purchase expensive local water or transport water from a non-drought county far from the drill site. In response to decreased water availability in drought areas, these producers completed fewer wells and completed wells that used less water. This decrease in well-level water use had a measurable effect on the amount of oil and gas produced by wells completed during exceptional conditions.






Keywords:


water; hydrocarbon resources; government policy




JEL:


Q25; Q35; Q48












1. Introduction


In the late 2000s, high global oil prices and technological innovation in hydraulic fracturing led to a dramatic increase in Texas oil production. Massive water flows were required to support this boom in hydraulic fracturing, as the average well completion used about 19,000 cubic meters, or five million gallons, of water. Though produced water can be treated and reused in multiple completions, fresh surface water and groundwater was typically used in hydraulic fracturing operations during the sample period. In the Barnett Shale, for example, nearly all the water used in hydraulic fracturing operations from the mid-2000s through 2014 was either fresh surface water or groundwater [1].



Purchasing, transporting, and disposing of this water accounts for a significant portion of the total cost of hydraulic fracturing. Completion fluids and disposal represent 12% of the cost of onshore completions for oil and gas wells in the United States (U.S.), though those costs can vary widely by location and time [2]. For example, in Pennsylvania’s Marcellus Shale, water purchase and transportation costs account for as much as 25% of the total hydraulic fracturing costs [3]. In the Bakken Formation in North Dakota, water and sand jointly account for 30–40% of the costs [4]. In the Permian Basin in Texas, water costs typically make up 10% of the capital budget for a well [5]. The average purchase price of water for mining in Texas, which does not reflect transportation or disposal costs, rose rapidly during the hydraulic fracturing boom, from $0.10 per cubic meter in 1987–2008 to $3.90 per cubic meter in 2009–2014 [6]. This price increase likely reflected both increased demand and decreased supply. The demand increase was driven in part by hydraulic fracturing, and the supply decrease was driven in part by drought conditions in Texas, which began in 2011.



We examine the effect of an increase in the cost of a key input, water, due to drought on oil and gas well completions. As water became scarcer during the drought, operators could adjust drilling and completion activity along two margins. The operator’s first margin of adjustment would be to complete fewer wells in drought areas and focus their completions in non-drought areas where water was less scarce. If operators only used input costs to determine where to drill and complete wells and faced no other constraints, we would expect adjustment on this margin. Because operators face several constraints in addition to input costs, including lease expiration and location-specific capital investments, drilling and completion activity is not solely determined by water scarcity. The operator’s second margin of adjustment is the amount of water used per completion. Operators choose both the length of the perforation zone (the section of the well to that is perforated to allow for hydraulic fracturing) and the amount of water used to hydraulically fracture the well. Facing high water prices, an operator could reduce water consumption by a combination of shorter perforated zones and less water use per foot of the perforated zone.



Texas provides an ideal setting to investigate how operators respond to water scarcity. In the summer of 2011, water became scarce throughout Texas as a prolonged heat wave and subsequent severe drought spread across the state. Commercial, agricultural, and residential water users faced extraordinarily low surface water levels and increased competition for groundwater, which led to high water prices. Unconventional energy producers facing increased competition for surface and groundwater could either purchase higher priced water near their wells or acquire water from other areas, which required expensive transportation. Our empirical approach uses exogenous geographic and intertemporal variation in drought severity to estimate the causal effect of drought on hydraulic fracturing. Texas has a variety of climatic regions, and during the 2009–2015 sample period, all but two counties experienced extreme drought conditions, and all counties also experienced non-drought conditions. Texas also has shale deposits throughout the state, and in the sample period, horizontal wells were completed in 206 of the 254 counties in Texas. This variation in drought conditions and hydraulic fracturing activity is essential to identifying the effect of water scarcity on hydraulic fracturing.



Using several empirical models, we found that operators responded to drought by completing fewer wells in drought areas and completing shorter, less water-intensive wells in drought areas. Between 2011 and 2015, drought caused a measurable reduction in the number of wells completed in counties with exceptional drought. This result suggests that operators have some flexibility in determining location, as drilling and completion activity was higher in non-drought counties and completion was lower in drought counties. Drought also caused a decrease in the perforated zone of horizontal wells and the total water used per well. In drought areas, operators completed wells with shorter perforated zones and that used less water.



These adjustments in the type of well completed in drought counties have important implications for production. The total amount of water, as well as the ratio of proppant, water, and chemicals in the hydraulic fracturing fluid, determine, in part, the production level of a well. We would expect, all else equal, that reducing the perforated zone and decreasing the total amount of water used to hydraulically fracture a well would decrease that well’s production. We used a fixed effects model to investigate whether wells completed in drought areas had lower oil and gas production levels. We found that wells completed during drought were slightly less productive, with drought causing a 12% decrease in oil and gas production during the first six months. Despite the lower oil and gas production, we found no evidence that these wells were recompleted at a higher rate than wells completed in non-drought areas.



These results have important policy implications for the oil and gas regulator in Texas, the Texas Railroad Commission (RRC), which is required by statute to, “prevent waste of the state’s natural resources”. While some operators respond to drought conditions by completing fewer wells, our results show that operators also responded to drought conditions by completing somewhat less water-intensive wells with shorter perforation zones, which had a measurable effect on production. These wells recovered less oil and gas than would have been recovered with a well completed in non-drought conditions. In other words, wells completed in exceptional drought conditions are less efficient than wells completed in normal conditions. There is no evidence that these wells are recompleted at a higher rate, meaning that these operators are not returning to wells completed during drought and recovering additional oil. While this behavior could be optimal for individual operators, the RRC may have an interest in prohibiting drilling and completion during exceptional drought to prevent inefficient completions.



It is important to note that throughout the paper, we investigate the causal effect of drought on hydraulic fracturing. We implicitly assume that there is no causal effect of hydraulic fracturing on drought, because the total amount of water used in hydraulic fracturing is dwarfed by the amount consumed by other water users. The total amount of water used in hydraulic fracturing in the U.S. from 2012 through 2014 represented only 0.04% of total fresh water use [7]. Even at the peak of the shale oil boom, the water used for oil and gas well completions accounted for a negligible amount of the total water consumption in Texas and would not be responsible for the drought during the sample period.



The remainder of the paper is organized as follows. Section 2 provides an overview of the data sources used in this paper. Section 3 presents the models we used to estimate the effect on the number and type of wells completed during drought periods. Section 4 shows that the results of the benchmark model hold under alternative identifying assumptions that incorporate external information. Concluding comments are contained in Section 5. Robust standard errors in parentheses. ** p < 0.01, ** p < 0.05, p < 0.10.




2. Data


Estimating the relationship between drought and hydraulic fracturing requires several sources of data. Well-level oil and gas data come from the Texas Railroad Commission, which include detailed information on well characteristics, as well as lease-level production. We supplement these data with well-level water use data collected by Primary Vision. Our measures of drought, drought length, and drought intensity, are provided by the United States Drought Monitor, which is produced jointly by the National Oceanic and Atmospheric Administration, the U.S. Department of Agriculture, and the National Drought Mitigation Center at the University of Nebraska–Lincoln.



The RRC, which regulates oil and gas production in Texas, maintains a comprehensive dataset of all oil and gas wells in the state. This dataset includes information about the well, including the spud date, completion date, wellbore type (vertical, horizontal, and/or directional), perforated zone length, production, and location. The summary statistics for these well-level data are listed in Table 1. From 2011 through 2015, there were 39,365 horizontal or directional wells drilled in Texas. During this period an average of 0.72 wells were completed per county per week, with a mean perforated zone of about 1507 m. The average production from these wells during the first six months of production was about 6400 cubic meters for oil wells and 5600 cubic meters for natural gas wells.


Table 1. Summary Statistics.





	
Variable

	
Mean

	
Std. Dev.

	
Min.

	
Max






	
Dependent Variables




	
Well Counts

	
0.72

	
1.94

	
0

	
36




	
Perforated Zone Length (m)

	
1,507.51

	
650.17

	
4.88

	
5,820.77




	
Oil Production, first 6 months (m3)

	
6,393.02

	
6,483.38

	
0.16

	
14,8047.22




	
Gas Production, first 6 months (m3)

	
4,754.72

	
6,597.90

	
0

	
177,448.19




	
Total Water Volume (m3)

	
21,348.69

	
17,533.70

	
380.43

	
1,152,625.70




	

	

	

	

	




	
Independent Variables




	
Exceptional Drought (percent)

	
13.32

	
31.26

	
0

	
100




	
Drought Spell (weeks)

	
3.9

	
10.93

	
0

	
142




	

	

	

	

	




	
Control Variables




	
West Texas Intermediate Price (real $)

	
37.8

	
8.95

	
15.70

	
48.51




	
Permian Basin

	
0.19

	
0.39

	
0

	
1




	
Eagle Ford Shale

	
0.12

	
0.32

	
0

	
1




	
Barnett Shale

	
0.07

	
0.26

	
0

	
1




	
Haynesville Shale

	
0.06

	
0.23

	
0

	
1




	
Well Observations

	
39,365




	
Sample Period

	
2009–2015








Note: Only horizontal and directional wells are included in the sample. Sources: Railroad Commission of Texas, DrillingInfo, U.S. Energy Information Administration, and Primary Vision.








Well-level water use data is reported by operators and collected by Primary Vision. During the sample period, the average well in Texas used about 21,000 cubic meters of water per completion (Table 1), though water use varies widely by shale play (Figure 1a). Water use has also increased markedly over time (Figure 2b); in 2011, mean water use per well was about 15,000 cubic meters, and by the end of 2015, mean water use per well had more than doubled to about 33,000 cubic meters per well.


Figure 1. Water Use in Hydraulic Fracturing.



[image: Sustainability 10 01218 g001]





Figure 2. Percentage Area of Texas in Drought by Severity.
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High-frequency regional drought measures are provided by the United States Drought Monitor, which is produced collaboratively by the National Oceanic and Atmospheric Administration (NOAA), the U.S. Department of Agriculture (USDA), and the National Drought Mitigation Center (NDMC) at the University of Nebraska–Lincoln. The U.S. Drought Monitor provides a weekly measure of drought intensity by county according to five distinct drought intensity categories. The drought categories are abnormally dry (D0), moderate drought (D1), severe drought (D2), extreme drought (D3), and exceptional drought (D4). The weekly drought measure reports the percent of each county classified in each drought category. The drought status of a county is determined by five indicators: Palmer drought severity index, NOAA Climate Prediction Center’s soil moisture model, the United States Geological Survey weekly streamflow data, the standardized precipitation index model data, and NOAA objective blends of drought indicators.



Figure 2 plots the area of Texas in each drought category as a percent of the total area in the state over the sample period. The figure shows that both the severity of drought and the area in drought increased sharply beginning in late 2010. The drought severity peaked in the summer of 2011, and the most severe drought conditions abated by the end of 2012. However, a majority of Texas remained in some level of drought until 2015, with significant portions of the state in exceptional drought during that period.



The spatial variation of the Texas drought is illustrated in Appendix Figure A1, Figure A2 and Figure A3, which plot the drought severity in Texas. Prior to 2011 (Appendix Figure A1), there was no exceptional drought in Texas. At the peak of the drought (Appendix Figure A2), nearly the entire state was in extreme drought. By 2012 (Appendix Figure A3), exceptional drought remained in many counties. This spatial variation in drought data is a key component of our identification strategy.


Figure A1. Drought in Texas: 28 September 2010.
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Figure A2. Drought in Texas: 27 September 2011.
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Figure A3. Drought in Texas: 25 September 2012.
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In our sample, about 64% of observations are in the no drought category. Of the 46% of observations that fall within a drought condition, 13.3% are in category D4, exceptional drought. The average daily temperature in the sample was 19 °C. Our humidity measure, dew point temperature, measures the temperature at which water vapor condenses out of the air. The difference between dew point temperature and air temperature measures relative humidity (a large difference means very humid; a small difference means less so); during the sample period, the weather across Texas was somewhat humid.




3. Theory and Empirical Models


A stylized economic model motivated our empirical work, in which an oil producer completes wells, W, using inputs of capital, K, and labor, L. The three capital inputs for well completion are water, proppant, and chemicals, [image: ]. Oil, O, is the output of the well completion process and is a function of the completion inputs, O = W(K, L). This simple model takes geological conditions as constant, which means that oil production depends solely on inputs into the well completion process. The producer chooses inputs to optimize oil revenue minus costs of completion,


[image: ]








where P is the price of oil and C(K, L) is the input cost function.



If we assume that the operator spends a fixed price for labor and capital inputs, the profit function becomes


[image: ]








where [image: ], and [image: ] are wages, the costs of water inputs, proppant, and chemicals, respectively. This model shows that the profit-maximizing energy producer responds to an increase in water costs by lowering water input, thereby decreasing production. If we assume that second-order cross-derivatives of capital and labor inputs are zero, this can be shown by the partial derivative,


[image: ]








where [image: ], [image: ] and [image: ] are the second-order derivatives of the oil production function with respect to labor, chemicals, and proppant, respectively, which are all assumed to be negative from concavity in the production function. The denominator, det:H is the determinate of the Hessian matrix of the model, which is positive from the second-order sufficient condition for a maximum. The derivative is taken at the optimal values for all choice variables.



Given the results of the theory model, the key query for this paper is whether this reduction in water use is economically meaningful. That is, can we measure a reduction in water use and production during drought periods? We used several empirical models to estimate the effect of drought on unconventional energy production by examining whether operators cut back on the number of wells drilled or the water intensity of wells drilled in drought areas. The models shared a common identification strategy. We used exogenous variation in drought conditions to identify the effect of water scarcity on hydraulic fracturing activity. In the short run, technology is fixed, and producers can only respond to drought-induced input scarcity by some combination of decreasing input usage and/or increasing input spending. We estimated several reduced form regressions to understand the producer response to increased water scarcity. The drought variables provided the net effect of water scarcity on water prices accounting for producer responses. The reduced form parameters of interest were identified using cross-sectional and intertemporal variation in drought intensity across the counties in Texas, which was driven by exogenous weather shocks.



We used a panel data model, where the unit of observation is the county-week, to examine whether there were fewer wells drilled in counties during exceptional drought. We modeled the total number of wells drilled in county i at time t as follows,


[image: ]



(1)




where [image: ] is the count of wells drilled. The controls, [image: ], include the real West Texas Intermediate (WTI) price, which affects drilling decisions [8], and county and month-of-sample fixed effects to control for county-level variation in geological conditions and trends over time in drilling, respectively. We used three different measures of drought conditions in county i at time t, [image: ]. First, we used drought intensity during week i, to capture the contemporaneous drought conditions. Next, we used the average drought intensity in the twelve months preceding date t, to capture the drought conditions when operators were likely sourcing water. The relationship between these two drought measures and well counts is plotted in Figure 3. Finally, we used drought spell, or number of consecutive weeks of exceptional drought in county i at time t, to capture the effect of longer droughts. There is significant variation in drought spell; the average duration of an exceptional drought was about 20 weeks, though exceptional drought lasted over 140 weeks in some counties.


Figure 3. Well Counts and Drought.
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Next, we examined the effect of drought on well-level water use in well i, [image: ], using direct and indirect measures of well-level water use. Operator-reported water use data were used to directly measure water use, and the perforated zone length was used to indirectly measure water use. In the water use models, the unit of observation is the well, and the exogenous variation in weather conditions identifies the effect of drought on water intensity. The total amount of water used in well i,


[image: ]



(2)




where [image: ] is a measure of the water used in well i. The drought measures and controls used in Equation (1) were used with one addition: the operator fixed effect. The operator fixed effect controls for time-invariant operator characteristics that impact water use choices. The drought measure for well i, [image: ], captured the drought conditions on the date that well i was completed (lag drought intensity and drought length (weeks)).



Given that gas and oil production is a function of the hydraulic fracturing inputs, we next investigated whether drought, at the time of the well completion, had an impact on production. The only mechanism through which drought could impact a well’s production is if the operator used less water because of water scarcity. The operator could lower water use by reducing the perforated zone or by simply using less water. The effect of drought at the time of completion on subsequent production from well i is modeled as,


[image: ]



(3)




where [image: ] is the total (allocated) oil and gas production in first six months from well i that was drilled at time t. Importantly, the drought conditions measures for well i, [image: ], reflect drought conditions during well i’s completion. This model uses the same set of controls, [image: ], as the model presented in Equation (2): operator, county, month-of-sample fixed effects, and the WTI price.




4. Results


We begin by estimating the causal effect of exceptional drought on the number of wells drilled in a county using the panel data regression model specified in Equation (1). The results for two separate regressions, each with a different drought measure, are presented in Table 2. The first column reports the effect of lag exceptional drought intensity (measured in terms of percent of county in drought, from 0 to 100) on well counts in a given week. The lag drought intensity is the average drought intensity in a county during the previous three months. The second column reports the effect of exceptional drought length, in weeks, on well counts. For each specification, the county-level clustered standard errors are reported.


Table 2. Drought and Drilling Regression Results.





	
Dependent Variable: Well Count




	
Explanatory Variables

	
(1)

	
(2)






	
Lag Drought Intensity

	
−0.0058 ***

	




	
(0.0018)

	




	
Drought Length

	

	
−0.0064 ***




	

	
(0.0019)




	
Month-Year, County Fixed Effects

	
YES

	
YES




	
Observations

	
47,214

	
47,214




	
[image: ]

	
0.0228

	
0.0202




	
Sample

	
2011–2015

	
2011–2015








Standard errors clustered at the county level. *** p < 0.01, ** p < 0.05, * p < 0.10.








Across specifications, we found a negative, statistically significant effect of exceptional drought in a county on the number of wells drilled in that county. In the first specification, where the lag exceptional drought measure was used, we found that exceptional drought covering 50% of a county would reduce the number of wells drilled in a week by 0.29. The estimated effect of drought length on well counts was similar; a year-long exceptional drought in a county would reduce the number of wells drilled in that county by 0.32. These declines were economically meaningful. In the Eagle Ford Shale, drilling reductions of this magnitude would represent about a 13% decline in the total number of wells drilled in a week. Taken together, these results confirm a fundamental result of the theory model; when a key input to hydraulic fracturing is extremely scarce in a given area, operators will complete relatively fewer wells in that area.



Next, we present the results from Equation (2), which estimates the causal effect of exceptional drought on well-level water use, as shown in Table 3. The estimated effect of drought on our direct measure of water use, total water per well, is reported in columns 1 and 2. Using the two different drought measures, lag drought intensity and drought spell, during the well completion, we found a negative, statistically significant relationship between drought and well-level water use. Wells drilled in a county that is 50% covered by exceptional drought would see a decline in water use per well of about 17%, and wells drilled in a county experiencing a year-long exceptional drought would reduce water use by 18%. The effect of exceptional drought on the indirect measure of water use, perforated zone length, is reported in columns 3 and 4. Again, there is a negative, statistically significant relationship between the two drought measures and this indirect measure of well-level water use. The magnitude of the effect of exceptional drought on perforated zone length (1–4%) is smaller in magnitude than the effect of exceptional drought on total water use. These regressions, which control for operator and county-level characteristics, demonstrate that operators completing wells in exceptional drought conditions directly respond to drought by adjusting the amount of water used per well and by reducing the perforated zone of the well.


Table 3. Drought and Water Use Regression Results.





	
Dependent Variables:

	
Water (Thousands of Gallons)

	
Perforated Zone (Feet)




	
Explanatory Variables

	
(1)

	
(2)

	
(3)

	
(4)






	
Lag Drought Intensity

	
−70.28 ***

	

	
−0.281 **

	




	
(4.929)

	

	
(0.135)

	




	
Drought Length

	

	
−76.58 ***

	

	
−1.183 ***




	

	
(10.14)

	

	
(0.387)




	
Operator, County, Month FE

	
YES

	
YES

	
YES

	
YES




	
Observations

	
28,942

	
28,942

	
33,544

	
33,544




	
[image: ]

	
0.494

	
0.492

	
0.539

	
0.539




	
Sample

	
2011–2015

	
2011–2015

	
2011–2015

	
2011–2015








Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10.








These results suggest that oil producers respond to exceptional drought conditions by both drilling fewer wells in drought areas and by completing wells with less water in drought areas. Exceptional drought causes reductions in both the total amount of water used in wells and the length of the perforated zone of the well. We estimated the empirical model presented in Equation (3) to determine whether these differences in the characteristics of wells completed in exceptional drought areas had a measurable effect on production from those wells. In other words, we investigated whether the drought-induced reduction in an input of hydraulic fracturing (water) caused a decline in the outputs of hydraulic fracturing (oil and natural gas). The results of the regressions for oil and natural gas wells are presented in Table 4. The results for the oil well model are presented in columns 1 and 2, and the results for the natural gas model are presented in columns 3 and 4. For both oil and natural gas wells, exceptional drought at the time of well completion had a statistically significant, negative effect on production during the first six months. The magnitude of the effect was similar for oil and gas wells using both drought measures: wells completed in a year-long exceptional drought, or in a county 50% covered in exceptional drought, produced about 12% less oil and gas.


Table 4. Drought and Production Regression Results.





	
Dependent Variables:

	
Oil Production (First 6 Months)

	
Natural Gas Production (First 6 Months)




	
Explanatory Variables

	
(1)

	
(2)

	
(3)

	
(4)






	
Lag Drought Intensity

	
−13.67 ***

	

	
−13.12 ***

	




	
(1.943)

	

	
(2.564)

	




	
Drought Length

	

	
−13.45 ***

	

	
−19.21 ***




	

	
(4.244)

	

	
(5.243)




	
Operator, County, Month FE

	
YES

	
YES

	
YES

	
YES




	
Observations

	
32,058

	
32,058

	
32,058

	
32,058




	
[image: ]

	
0.412

	
0.412

	
0.561

	
0.561




	
Sample

	
2009–2015

	
2009–2015

	
2009–2015

	
2009–2015








Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10. Natural gas production presented in columns 1–2, oil production presented in columns 3–4.








It is important to note that these results only applied to production during the first six months. Given that these wells were drilled fairly recently, and production can continue for years, we cannot estimate the impact of drought on long-term or cumulative production. Oil and gas production typically falls by 65–80% over the first twelve months, though production can continue for many years [9].



While these results suggest that wells completed during exceptional drought use less water during completion and produce less oil and gas relative to a counterfactual well completed in the same location in non-drought conditions, it is not clear that these effects are permanent. Operators could return after drought conditions subside and recomplete the wells, which would involve stopping production and hydraulically fracturing the well again to stimulate additional production. We conclude by investigating whether wells completed in drought conditions are recompleted at higher rates than wells completed in non-drought conditions. Recompletions are modeled as,


[image: ]



(4)




where [image: ] is an indicator that well i is recompleted at some point in the future; [image: ] are drought conditions during first completion of well I; and [image: ] are the controls used in previous regressions, which include the real price of oil at time of completion and fixed effects for operator, county, and the month-of-sample of the original completion. As in the previous regressions, exogenous variation in the location and time of drought is used to identify the causal effect of exceptional drought conditions during completion on subsequent recompletion.



The results of the recompletion regressions are presented in Table 5. Neither the lagged exceptional drought nor the exceptional drought length at time of completion had a measurable effect on recompletions. As with production, it is important to note that these regressions estimated the short-run effect of drought on recompletions. The sample period covers wells recompleted between 2011 and 2017, so this regression would not capture recompletions occurring outside of the sample period. If, for example, drought at the time of well completion causes recompletions to rise five years later, our regressions would not capture this lagged effect.


Table 5. Drought and Recompletion Regression Results.





	
Dependent Variable: Recompletion Indicator




	
Explanatory Variables

	
(1)

	
(2)






	
Lag Drought Intensity

	
−0.00002

	




	
(0.00005)

	




	
Drought Length

	

	
−0.00004




	

	
(0.00011)




	
Operator, County, Month-Year FE

	
YES

	
YES




	
Observations

	
35,793

	
35,793




	
[image: ]

	
0.294

	
0.294




	
Sample

	
2009–2015

	
2009–2015








Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10.









5. Conclusions


Beginning in 2011, a prolonged heatwave and severe drought covered Texas. During this period hydraulic fracturing drastically increased drilling in shale basins throughout the state, requiring massive water inputs. We found that energy firms facing scarcity of a key input in the hydraulic fracturing process, changed their completion behavior in two key ways. First, we used a fixed effects model to show that operators completed fewer wells in counties experiencing exceptional drought, and these effects were pronounced for prolonged drought spells. Second, we found that operators working in drought areas reduced the amount of water used in each well. These operators also completed wells with shorter perforated zones, which means these wells required less water to fracture hydraulically. The reduction in the amount of water used to hydraulically fracture wells is the mechanism through which exceptional drought conditions during well completion reduced oil and natural gas production. Using well-level oil and natural gas production data, we found that exceptional drought during completion had a modest effect on oil and gas production. Though these wells appeared to extract less oil and gas than wells drilled in non-drought conditions, there was no evidence that these wells are recompleted at a higher rate.



These results have important implications for regulators, who have typically been concerned with the effect of water use in hydraulic fracturing on drought [10], though this research demonstrates that the important causal effect runs in the opposite direction, namely, drought has a measurable effect on hydraulic fracturing operations. The Railroad Commission of Texas, which is the state’s oil and gas regulator, is required by statute to, “prevent waste of the state’s natural resources”. Efficient extraction of oil and gas is in the interest of the state, which benefits from the economic activity, employment, and tax revenue generated by energy production. Allowing unconventional wells to be drilled and completed during periods of exceptional drought does not lead to efficient extraction of oil and natural gas. While the effect of drought oil and natural gas production may be relatively small for a given well, the aggregate impact on production from all wells completed during drought conditions is much larger. Between 2011 and 2015, 12% of wells were completed during drought conditions. This research demonstrates that these wells recovered less oil and gas than would have been recovered using wells drilled during non-drought conditions.
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Appendix A. Drought in Texas


Drought Monitor data describe the area of Texas, by county, in each drought category over the sample period. There is substantial variation in drought conditions over time and across counties from 2010 through 2015. The drought severity did not increase until late 2010, and most of the state was in non-drought conditions as late as September 2010 (Figure A1). The drought severity peaked during the summer of 2011. During the peak period, almost all of Texas was in the most severe drought category (Figure A2). While the most severe drought conditions abated in the next year (Figure A3), a majority of Texas remained in some level of drought until 2015.
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