
Relieving Midstream Constraints in Natural Gas Flaring

Wint Myat Thu∗

Abstract

Natural gas extracted from the ground must be flared rather than sold in markets

when processing capacity is insufficient. Flaring releases carbon dioxide, methane, and

other pollutants harmful to the environment and human health. I theoretically derive

a subsidy that depends on the economic relationship between capacity and flaring,

which I quantify using a spatial instrument constructed from new, granular data that

connects processing plants and wells. I find that capacity bottlenecks significantly

increase flaring. Accounting for climate-related damages from flaring emissions, even

if 100% of the capacity costs were subsidized, the present value of avoided damages

would still exceed the upfront cost of the subsidy by roughly $70 million.
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1 Introduction

Every year, oil and gas producers in the U.S. burn off billions of cubic feet of natural gas in

order to dispose of it rather than selling it. This is a longstanding practice known as flaring,

and it poses three significant problems for the environment and human health. First, flaring

emits carbon dioxide, a major greenhouse gas that drives climate change, without generat-

ing useful energy for heating or electricity. Second, defective flares release large quantities

of methane, which holds a greater heat trapping potential than carbon dioxide despite its

shorter half life in the atmosphere. Lastly, flaring releases toxic pollutants into the air, en-

dangering the health of nearby communities, most of whom are low-income and non-white

(Cushing et al., 2021).

Despite numerous policies aimed at curbing natural gas flaring, the emissions from flar-

ing continue to soar over the years. In the U.S., carbon dioxide emissions from flaring more

than doubled from 40 million tons in 2010 to 85 million tons in 2019 (Global Carbon Project,

2025)– roughly equivalent to the annual tailpipe emissions of 18 million cars (U.S. Environ-

mental Protection Agency, 2025). In tight shale reservoirs where producers primarily drill for

oil, flaring may be largely driven by infrastructure constraints and bottlenecks throughout

the natural gas supply chain. This is because unlike oil, the extracted gas cannot be trans-

ported via trucking or rail, and must be delivered by pipelines to gas processing facilities that

produce clean, “dry”1 gas for sale. In this paper, I show that midstream bottlenecks play an

important role in natural gas flaring, and examine how policy can relieve these constraints

to curb the associated emissions.

To quantify the role of insufficient processing capacity in natural gas flaring, I construct

a new, granular dataset that connects gas-producing wells to processing plants in North

Dakota. Over the last decade, North Dakota has experienced a sharp increase in total pro-

duction of oil due to recent breakthroughs in hydraulic fracturing. While the producers drill

for oil from the Bakken shale reservoir, the existing infrastructure for natural gas has strug-

gled to keep up with the amount of associated gas produced by the oil wells. As a result,

producers in North Dakota have contributed to a significant share of total gas flared in the

U.S. in recent years (U.S. Energy Information Administration, 2026).

In an optimal setting, a regulator would tax flaring emissions. However, I study an al-

ternate policy: a subsidy which depends on the economic relationship between capacity and

gas flared, which merits consideration for two reasons. First, flaring efficiency varies with en-

vironmental conditions such as wind and precipitation (Leahey et al., 2001). Recent studies

1Dry natural gas is free from impurities and heavier hydrocarbons such as natural gas liquids.
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using aerial surveys have reported that most flares in the Permian Basin are unlit, releasing

five times more methane than previously estimated (Plant et al., 2022). Consequently, pro-

ducers may evade emissions taxes by leveraging hard-to-detect unlit flares, which could make

enforcement difficult. Second, although well operators may be let off the emissions taxes by

state regulators due to lax enforcement (Lade and Rudik, 2020), gas plants would want to

claim the processing capacity subsidy which directly incentivizes producers to capture and

market the gas.

I formally derive a capacity subsidy for gas processing plants that would ensure that

emissions from flaring remain at the socially optimal levels. The profit-maximizing capacity

decisions of gas processing plants do not account for damages they cause by forcing wells

to flare when capacity is insufficient. In contrast, the social planner determines the total

processing capacity to maximize social welfare accounting for all costs, including total dam-

ages from flaring. Therefore, gas plants underinvest in processing capacity compared to the

social optimum. To correct this, I theoretically describe a capacity subsidy that reconciles

the market incentives with the social planner’s equilibrium conditions.

The subsidy depends on the relationship between the quantity of natural gas flared and

the capacity available to the wells. However, estimating the causal effect of capacity on flar-

ing is complicated by shocks that can affect both variables of interest in any given month. For

example, pipeline extensions from plants to new wells take up a higher share of the available

capacity. This contributes to increased flaring by other wells connected to the same plant.

Wells may also engage in repeated fracking to increase the reservoir pressure that drives up

production, which then affects processing capacity at the plant, as well as how much gas

gets flared from increased congestion in the gathering network.

To address the endogeneity problem posed by the unobservables, I construct a spatial

instrument for processing capacity leveraging the granularity of the data. I instrument for

each well’s share of processing capacity at the plant using total natural gas production from

other wells connected to the same plant that are located away from the well of interest.

Changes in gas production at a given well are largely driven by reservoir pressure, while

changes in the number of wells drilled are driven by oil profitability. Production from con-

nected wells therefore generates fluctuations in available processing capacity at the plant,

which in turn affects flaring. However, production from nearby wells is endogenous to flaring

at the well of interest: they may share the same natural gas delivery pipelines or be exposed

to common local shocks, allowing their production to affect flaring through channels other

than capacity at the processing plant. By restricting the instrument to wells located away

from the gathering network of the well of interest, I isolate the variation in production that

affects flaring only through fluctuations in the plant’s available processing capacity.
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I �nd that on average, an additional 1 thousand cubic feet (mcf) of processing capac-

ity at a plant decreases 
aring by 79 cubic feet (cf) among all the wells connected to the

plant. This relationship is not exactly one for one because constraints beyond processing

capacity, such as pipeline congestion, may also drive 
aring. However, my results show that

constrained processing capacity plays an important role in natural gas 
aring, and that re-

lieving the midstream bottlenecks can reduce the emissions from 
aring.

Combining my theoretical analysis with the estimated economic relationship between

capacity and 
aring, I calculate a per-unit capacity subsidy equivalent to the present value

of 
aring damages avoided from additional processing capacity. When climate damages from

methane and carbon dioxide are accounted for alongside damages from local pollutants such

as �ne particulate matter (PM 2:5) and volatile organic compounds (VOCs), the optimal sub-

sidy exceeds the average cost of capacity by more than a factor of three. This gap implies

that additional processing capacity generates social bene�ts far above its private construc-

tion cost. Back-of-the-envelope calculations suggest that even if 100% of the capacity costs

were subsidized, the present value of avoided damages from 
aring would still exceed the

upfront cost of the subsidy by roughly $70 million under a 5% annual discount rate.

The environmental, health, and economic consequences of the U.S. shale revolution have

been extensively studied in recent literature. Existing work contends that the fracking boom

led to positive wage and consumption bene�ts from increased oil and gas production (Feyrer

et al., 2017; Bartik et al., 2019), as well as negative impacts on housing prices in locations

that rely on groundwater contaminated by fracking operations (Gopalakrishnan and Klaiber,

2014; Muehlenbachs et al., 2015). In addition, natural gas production accompanied by the

fracking boom has driven producers to burn o� the natural gas that cannot be captured due

to cost and capacity constraints.

The negative externalities associated with natural gas 
aring are well-documented. Com-

munities that live near 
are sites experience higher respiratory hospitalization rates as total

emissions from 
aring increase (Blundell and Kokoza, 2022), and symptoms for pediatric

asthma tend to worsen with increased drilling and natural gas production nearby (Willis

et al., 2020). In addition to health impacts, 
aring emissions translate to millions of dollars

in lost natural gas revenue (Rabe et al., 2020), as well as climate damages from greenhouse

gas emissions (Agerton et al., 2023). To reduce 
aring emissions, it is crucial to understand

why producers burn o� a valuable commodity, which begins with investigating the produc-

tion constraints throughout the natural gas supply chain.

To date, the most comprehensive review of mechanisms that drive 
aring comes from

Agerton et al. (2023), which also summarizes the economics surrounding producers' decision

to drill and 
are. How much gas gets 
ared versus captured is often in
uenced by the prof-
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itability of natural gas given oil production from the same well sites: on average, oil prices

are much higher than gas, and the additional investment required to capture and sell the gas

may be too costly (Gilbert and Roberts, 2020; Agerton et al., 2023). Mandates that restrict

the share of production 
ared can reduce 
aring by encouraging wells to connect to gathering

pipelines faster (Lade and Rudik, 2020), but the majority of 
aring in shale reservoirs still

stems from connected wells facing constraints along the supply chain (Agerton et al., 2023).

To my knowledge, the present paper is the �rst to formally examine the economic relation-

ship between processing capacity constraints and natural gas 
aring, and also the �rst to

propose a policy solution for 
aring through relieving the midstream capacity constraints in

natural gas production.

In the next section, I discuss the background on natural gas production and outline the

existing 
aring regulations in North Dakota. In Section 3, I formally derive the optimal

subsidy on processing capacity using a theoretical model that will motivate my empirical

estimation. In Section 4, I provide summary statistics on the data used in my analysis.

In Section 5, I describe the empirical model, threats to identi�cation, and instrument. In

Section 6 I present the results along with policy implications of my estimates. Section 8

concludes and provides directions for future research.

2 Institutional Background

2.1 Natural Gas Extraction and Processing

The oil and gas industry can be divided into upstream, midstream, and downstream seg-

ments. The upstream sector of the industry drills and operates the wells, where production

is primarily determined by the reservoir pressure. The extracted hydrocarbons are then

processed and transported by the midstream segment of the industry to the downstream

retail markets. Figure 1 demonstrates the process of production and delivery of natural gas.

Unlike oil, natural gas extracted from the wells cannot be transported via trucking or rail.

Wellhead gas must be delivered to nearby processing plants to remove heavier hydrocar-

bons and produce dry, market-grade natural gas �t to be transported through distribution

pipelines.

Most of the wells in North Dakota are drilled for tight oil in the Bakken shale formation

using fracking technologies. Therefore, natural gas is often an associated product of these oil

wells. Hence, the decision to drill these wells is exogenous to natural gas production. Upon
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Figure 1: Natural Gas Production and Delivery

Notes: This �gure shows the process of natural gas production, from wellhead to distribution across di�erent
consumers. This �gure is obtained from the U.S. Energy Information Association.

completion of the wells, producers are unlikely to wait for the gas gathering infrastructure

to be built in order to begin production, and hence 
aring can occur when wells are uncon-

nected to the gathering network. In this paper, I only consider 
aring from wells that are

connected to gas processing plants and therefore must be connected to gathering pipelines,

to better understand the role of processing capacity constraints in 
aring.

Oil and natural gas are separated at the extraction site and processed at di�erent facili-

ties. Oil is typically transported via liquids pipelines or trucks to re�neries, and natural gas

is delivered to gas processing plants via gas gathering pipelines. Producers generally do not

construct the gathering network themselves. Instead they purchase gathering services from

midstream �rms that directly invest in pipeline construction. Some of these midstream �rms

also own gas processing facilities, but not all processing plants provide gathering services.

Producers generally enter into long-term contracts with gas processing plants.

The primary term of the contracts can be anywhere from 7 to 15 years and can be re-

newed on a year by year basis afterwards. These contracts typically require producers to

dedicate the entire stream of production from an area to the processing plant, meaning that

a well cannot deliver their production to other plants during the contract term, even if the

contracted plant is at capacity. Acreage dedication agreements are often accompanied by

the minimum delivery requirement: producers are required to pay the processing fee for an

agreed upon minimum volume to be delivered to the plant, regardless of whether this volume
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is actually delivered.

More often than not, wells and plants will agree on a banking mechanism. Well op-

erators will bank the obligated minimum volume fees if the plant is at capacity for when

the minimum volume cannot be delivered due to unexpected changes in production (Howe,

2016). The plant typically does not need to guarantee processing capacity unless the con-

tract speci�es otherwise. When the processing capacity is fully utilized, producers will 
are

the gas that cannot be processed. Upon facing capacity constraints, natural gas transmitted

through gathering pipelines will 
ow back to producers who then burn o� the gas at the well

site.

Despite the growth of unconventional tight oil developments in North Dakota, the

Figure 2: Gas Processing Capacity in North Dakota

Notes: This �gure shows monthly gas processing capacity and utilization in North Dakota between 2012 and
2019. The left panel plots total processing capacity and unused capacity, and the right panel plots total gas
produced and total gas 
ared. All quantities are measured in billion cubic feet (Bcf). Data are aggregated
at the state{month level.

existing infrastructure to gather and process the gas co-produced has been insu�cient. Con-
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sequently, 
aring levels have been increasing over the years, at least until 2019 before the

pandemic. Figure 2 shows that over time, 
aring has increased and capacity has barely

kept up with production. It also highlights that 
aring occurs even in years with capacity

availability, indicating the spatially di�erentiated nature of constraints where spare capac-

ity might exist across the network but cannot accommodate producers far away. This is

demonstrated by Figure 3: wells that 
are the most tend to cluster in areas served by plants

operating at high utilization rates, while plants with substantial spare capacity tend to be lo-

cated away from the most productive areas where the infrastructure is especially constrained.

Figure 3: Spatially Di�erentiated Available Capacity

Notes: This �gure shows the spatial distribution of wells and gas processing plants in North Dakota. Wells
are colored by average monthly gas 
ared (mcf) over the sample period. Plants are colored by average
monthly capacity utilization rate (%) over the sample period. There are 13,486 wells and 26 plants in the
sample over the period 2012{2019. County boundaries are shown in grey.
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2.2 Regulatory Setting in North Dakota

North Dakota bans venting, which is the intentional and controlled release of unprocessed

natural gas into the atmosphere. Instead, producers are required to burn the unprocessed

gas through 
are stacks, and report the 
ared volumes to the North Dakota Industrial Com-

mission (NDIC). Prior to 2014, the regulatory framework governing gas 
aring was limited;

producers were merely required to pay royalties on any 
ared gas as if it had been sold, if


aring persisted beyond the calendar year the well was drilled. This one year exemption

allows gas-related infrastructure such as gathering pipelines to be built. In 2014, North

Dakota passed its �rst 
aring regulation which requires all oil and gas well operators in the

state to capture a minimum share of all gas produced. The gas capture target speci�ed in

the regulation is intended to increase over time to encourage producers to 
are less. How-

ever, gas capture goals have remained constant at 91% of total production since 2018 given

insu�cient infrastructure along the natural gas supply chain.

North Dakota's gas capture rules are ine�cient for three reasons. First, the rules imply

that operators are allowed to increase the quantity of gas 
ared as long as the total pro-

duction increases, which can be achieved by repeated re-fracturing of the wells. Second, the

gas capture rule applies uniformly across all operators regardless of their abatement costs.

Existing research shows that this results in misallocation of 
aring abatement driven by

heterogeneity in compliance costs across �rms (Lade and Rudik, 2020). Lastly, operators

facing gathering and processing constraints are exempt from the gas capture requirement

(NDIC, 2014). Considering the ine�ciency of current 
aring regulations, it becomes crucial

to examine policies that target the production bottlenecks by encouraging investment in

infrastructure necessary to capture the gas.

3 Theoretical Model

I present a theoretical model that formalizes the decisions of (1) the social planner seeking

to maximize welfare, and (2) gas processing plants maximizing pro�t. Using the �rst order

conditions at the market equilibrium and the social optimum, I derive the ex-ante capacity

subsidy that would o�set the damages from 
aring.

Suppose that there are j = 1; 2; 3; :::; J gas processing plants and i = 1; 2; 3; :::; N natural

gas producing wells connected to each plant in any given month t. Let qP
i;j;t be the monthly

natural gas produced by each well i connected to plant j. Total gas produced by all wells
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connected to the plant is the sum of production across all wells, QP
j;t =

P
i qP

i;j;t . I assume

that Q P
j;t is continuously distributed over [0;Qj;t ] in each month and is i.i.d across all j and

t.

In month t = t 1, gas plants set new processing capacity Kj that will last inde�nitely

given monthly discount rate � > 0. This decision can represent either the construction of a

new plant, or new capacity at the existing plant. In t1, plants incur a �xed cost of capacity

construction C(K j ) where C(�) is positive, strictly increasing, and strictly convex, as well as

a constant marginal cost ct � 0 to process the gas delivered to them each month.

Let Qj;t be the quantity of gas processed by plant j in month t. Plants earn monthly

pro�ts �(Q j;t ) = (p t �c t )Q j;t where pt is the exogenous market price of natural gas. Damages

from gas left unprocessed or 
ared are Dj (Q j;t ) = 
 j (QP
j;t � Q j;t ), where 
 j > 0 8j 2

f1; 2; 3; :::; Jg is the per unit social cost of 
aring. Although climate damages do not vary by

j, external health costs from particulate pollution likely vary by plant depending on density

and characteristics of the population nearby. Natural gas processed by all gas plants in each

month, Qt =
P

j Qj;t , is delivered to households via transmission pipelines.

The representative household gains utility u(Qt ) from consumption of the processed

natural gas in each month. Suppose that the household's marginal utility of natural gas

consumption is greater than the marginal processing cost over the relevant domain, i.e.

u0
Q j;t

(Qt ) > c t 8Qt �
P

j Qj;t . This implies that all of the natural gas processed by the

plants is eventually consumed in the market.

In each month, the total quantity of gas processed by each plant must be less than

the total monthly production of all connected wells, i.e. Qj;t � Q P
j;t . Moreover, total gas

processed cannot exceed the total available capacity at the plant, i.e. Qj;t � K j .

3.1 The Social Planner's Problem

I �rst derive the optimal quantity of monthly gas processed conditional on available capacity.

I then derive the conditions for setting the optimal capacity.

For a given vector of plant capacity fK1; K 2; K 3; :::; K J g in each month, the social planner

seeks to maximize the utility of consuming the natural gas processed by all plants, net of
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processing costs and damages from 
aring:

max
fQ j;t gJ

j=1

n
u(Qt ) � c tQt � D j (Qt )

o

s.t. Qj;t � K j ;

Qj;t � Q P
j;t 8j 2 f1; 2; 3; :::; Jg:

(1)

The solution to the optimization problem is symmetric across all periods. Therefore the

following Lagrangian solves equation (1) in each t:

L = max
fQ j;t gJ

j=1

n
u(Qt ) � c tQt � D j (Qt ) �

h JX

j=1

� 1
j;t (Q j;t � K j )

i
�

h JX

j=1

� 2
j;t (Q j;t � Q P

j;t )
io

:

Per the �rst order conditions, the marginal utility net of associated monthly costs is equal

to the shadow value of relaxing the constraints for each Qj;t :

u0(Qt ) � c t + 
 = � 1
j;t + � 2

j;t :

Following the assumption that u0(Qt ) > c t 8Qt �
P

j Qj;t , it must be that u0(Qt ) � c t > 0.

Given that � j
j;t ; � j

j;t � 0, and 
 > 0, the equilibrium conditions are satis�ed.

From the inequality constraints in equation (1), the following complementary slackness

conditions arise for each Qj;t :

� 1
j;t (Q j;t � K j ) = 0 and � 2

j;t (Q j;t � Q P
j;t ) = 0:

The capacity and production constraints cannot both hold with equality unless total capacity

just happens to be equal to the total production delivered each month, i.e. Kj = Q P
j;t . As a

result, the optimal quantity of gas processed in each month for each plant is

Q�
j;t = minfK j ; QP

j;t g:

This implies that all of the natural gas produced by the wells must be processed as long as

there is su�cient capacity at the plant. The total optimal quantity of natural gas processed

across all plants is Q�
t =

P J
j=1 Q�

j;t .

Now consider the planner solving for the optimal processing plant capacity as follows:

max
fK j gJ

j=1

1X

t=t 1

1
(1 + �) t

E

"

u(Q�
t ) � c tQ�

t �
JX

j=1

D j (Q�
j;t )

#

�
JX

j=1

C(K j ): (2)
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Per the �rst order necessary conditions for each Kj , we have that

1X

t=t 1

1
(1 + �) t

@E[u(Q�
t )]

@Kj
=

1X

t=t 1

1
(1 + �) t

�
@E[Dj (Q�

j;t )]

@Kj
+ c t

@E[Q�j;t ]

@Kj

�
+

@C(Kj )
@Kj

8j 2 f1; 2; 3; :::; Jg:

(3)

At social optimum, the present value of marginal utility from additional capacity must be

equal to the marginal costs of capacity setting and processing, plus the present value of

marginal damages from natural gas left unprocessed or 
ared.

The expected marginal damages in equation (3) for each j can be decomposed as:

E
�

@Dj (Q�
j;t )

@Kj

�
= E

�
@Dj (Q�

j;t )

@Q�j;t

�

| {z }

 j

E
�

@Q�j;t
@Kj

�
;

where E
h

@Q�
j;t

@Kj

i
6= 0 if and only if the capacity constraint can bind in some state of the

world. When total production exceeds total processing capacity at each plant, unprocessed

gas is burned o� at the extraction site and the marginal damages from 
aring are non-zero.

The expected marginal damages then depend on changes in total gas 
ared with respect to

changes in total processing capacity at each plant.

3.2 Market Equilibrium

Now, consider the market for natural gas. The price of processed gas pt is exogenous and

determined nationally. In each month t, the representative household maximizes their utility

from consuming the natural gas processed by gas plants as follows:

max
fQ j;t gJ

j=1

n
u

� X

j

Qj;t

�
� p t

X

j

Qj;t

o
: (4)

At market equilibrium, the marginal utility of consuming the processed gas is equal to the

market price of natural gas 8j 2 f1; 2; 3; :::; Jg:

@u(
P

j Qj;t )

@Qj;t
= p t : (5)
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For given capacity in each month t, gas plants choose the optimal quantity of natural

gas to process, accounting for the market price and processing costs:

max
Q j;t

n
(pt � c t )Q j;t

o

s.t. Qj;t � K j ;

Qj;t � Q P
j;t :

(6)

The solution satis�es the following Lagrangian in each period:

L = max
Q j;t

n
ptQj;t � c tQj;t � � 1

j;t (Q j;t � K j ) � � 2
j;t (Q j;t � Q P

j;t )
o

:

Per the �rst order conditions, we have that at equilibrium, pt �c t = � j;1 +� j;2 8j 2 f1; :::; Jg.

From the household's consumption problem in equation (6), the marginal utility of consuming

the processed gas is equal to the price of natural gas. Hence, plants' marginal pro�t of

processing each unit of gas is strictly positive, or pt � c t > 0, following the assumption that

the marginal utility is greater than the marginal cost of processing. Given that �j;1 ; � j;2 � 0

8j, the equilibrium conditions are satis�ed.

Note that both of the inequality constraints in equation (6) cannot hold except in knife-

edge cases where the plant's capacity happens to be exactly equal to the total production of

all connected wells. At equilibrium, each plant must then process all of the gas produced so

long as the capacity does not exceed total production:

Q�
j;t = minfK j ; QP

j;t g:

Comparing to equation (1) from the social planner's problem, we achieve e�ciency condi-

tional on capacity Kj for each plant.

Now consider the processing capacity chosen in the market. Given the optimal quantity

of gas processed each month, plants set their capacity to be operational in t = t1 by solving

max
K j

n 1X

t=t 1

1
(1 + �) t E[ �(Q �

j;t )
| {z }

(pt �c t )Q �
j;t

] � C(K j )
o

; (7)

where each plant maximizes the present value of expected monthly pro�ts net of processing

and capacity construction costs. The �rst order necessary conditions imply that at equilib-

rium, the present value of marginal pro�ts must be equal to the marginal cost of capacity
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construction,

1X

t=t 1

1
(1 + �) t

@E[u(Q�
t )]

@Kj| {z }
pt

@E[Q �
j;t ]

@Kj

=
1X

t=t 1

1
(1 + �) t

n
ct

@E[Q�
j;t ]

@Kj

o
+

@C(Kj )
@Kj

: (8)

Compared to the social optimum in equation (3), gas plants underinvest in processing ca-

pacity due to the external damages from 
aring that are unaccounted for.

Consider a corrective capacity subsidy that reconciles market incentives with the social

planner's equilibrium conditions. Comparing equations (3) and (8), the capacity at market

equilibrium would be e�cient if each plant j were o�ered the following per unit capacity

subsidy:

sj =
1X

t=t 1

1
(1 + �) t

@E[D j (Q�
t )]

@Kj
: (9)

Here, I recover a �rst-best capacity subsidy that varies by each plant given that damages

from 
aring may be heterogeneous across plants.

3.3 Optimal Single Subsidy

The subsidy sj derived in the previous section requires the regulator to o�er a di�erent

subsidy to each plant, depending on plant characteristics. For instance, health-related dam-

ages from 
aring could vary by plant, depending on the density of the population nearby.

However, the regulator may realistically only be able to o�er a single subsidy for all plants,

which I here formally examine.

The regulator now chooses a single subsidy s across all plants j = 1; 2; 3; :::; J that max-

imizes the utility of consuming all processed gas, net of associated costs including damages

from total gas 
ared:

max
s

n 1X

t=t 1

1
(1 + �) t

n
E

h
u(

X

j

Q�
j;t ) � c t

X

j

Q�
j;t � D(

X

j

Q�
j;t )

io
�

X

j

C(K j )
o

: (10)

The following proposition characterizes the optimal single subsidy o�ered to all gas processing

plants.
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Proposition 1. The optimal subsidy the regulator o�ers to all plants is

s� =
1X

t=t 1

1
(1 + �) t

� X

j


 j wj E
h@QFj;t

@Kj

i�
: (11)

Proof. See Appendix A.

The regulator's optimal subsidy is the weighted average of the marginal 
aring damages

with respect to capacity across all plants, where the weights are determined by how each

plant's processing capacity responds to the subsidy. If the e�ect of the subsidy on processing

capacity is homogeneous across plants, the weight then becomes1
J , and the subsidy is the

present value of discounted average damages from insu�cient capacity across all plants.

However, under heterogeneity, the subsidy in (11) depends on the weighted average over

marginal damages from 
aring. As a result, the size of the subsidy will vary depending

on the responsiveness of plant capacity to the subsidy, and how it covaries with marginal

damages.

In my empirical application, I assume that the e�ect of subsidy on processing capacity

is homogeneous across all plants. Consequently, the uniform subsidy depends on marginal

damages averaged across plants. Combining the tract-level marginal cost estimates of local

pollutants from Air Pollution Emission Experiments and Policy Analysis (APEEP) model

with marginal damage estimates for carbon dioxide and methane, I calculate plant-level social

costs of 
aring, 
 j . I then estimate the average changes in 
aring with additional processing

capacity across all gas plants using an instrumental variable model, and calculate the optimal

single subsidy that o�sets 
aring damages driven by insu�cient processing capacity.

4 Data

4.1 Wells

I obtain the data on well-level monthly oil and gas produced, sold, and 
ared during 2012-

2019 from North Dakota Industrial Commission (NDIC). I match this with well-level charac-

teristics provided by Enverus (previously Drillinginfo). There are 13,486 active wells in the

sample, all of which co-produce natural gas along with oil. Among them, 92% are horizon-

tally drilled, which is a common technology used in hydraulic fracturing. This aligns with
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Figure 4: Production, Flaring, and Well Tenure

Notes: This �gure plots the monthly oil and gas production, and gas 
ared against well tenure as observed
in the sample. Monthly gas produced and 
ared are both measured in thousand cubic feet (mcf), monthly
oil production is measured in barrels (bbl), and well tenure is measured as months since spud date. There
are 13, 486 wells in the sample over the sample period 2012-2019.

the industry outlook in the Bakken that most wells are drilled primarily to extract tight oil

from the shale formation, and that natural gas is an associated product. On average, gas

sales contribute to only 8% of the total monthly revenue for the wells in the sample.

Although the oldest wells in the sample were drilled in the 1950s, the median age is
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Figure 5: Gas-to-Oil Ratio and Well Tenure

Notes: This �gure plots the gas to oil ratio against well tenure for all wells in the sample. At each observation
of wells' age in the sample, the gas-to-oil ratio is calculated as total monthly gas production divided by total
monthly oil production across all wells at that age. Well tenure is measured as months since drilling. There
are 13, 486 wells in the sample over the sample period 2012{2019.

around 30 months or 2.5 years. Naturally, the reservoir pressure declines with age, and

production diminishes over time. The �rst two panels in Figure 4 show that the average

monthly oil and gas production in the sample decreases with the age of the wells. The top

panel shows clusters of relatively higher gas production as wells \die" out in cohorts, even

as oil production decreases in the second panel. The last panel shows 
aring decreasing as

wells age, but there are spikes in 
aring at older wells even after the overall oil production

has declined. This could be driven by the well-documented rise of gas-to-oil ratio (GOR)

in aging shale wells (Saputra et al., 2020): as reservoir pressure decreases, gas continues to


ow toward the surface even after oil production slows over time, since gas is more mobile

than oil. This can be observed in Figure 5 where the gas-to-oil ratio of wells in the sample

increases sharply over their lifetime.

4.2 Gas Plants

There are 27 gas processing plants that take in wet gas produced by wells in the state,

operating during all or some of the years between 2012 and 2019. I obtain the data on

annual plant capacity from North Dakota Pipeline Authority. The capacity is measured as
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Figure 6: Variation in Gas Processing Capacity Over the Years

Notes: This �gure plots the variation in processing capacity in North Dakota over the sample period 2012-
2019. The left panel shows (1) the statewide annual capacity, and (2) annual capacity per active plant, both
measured as million cubic feet per day (Mmcf/d) over the years. The right panel shows the number of gas
plants in the state over the years, along with entries and exits. There are 27 plants operational and receiving
gas deliveries from wells in North Dakota during the sample period.

millions of cubic feet per day (Mmcf/d) for each year from 2012 to 2019. To convert this

into monthly capacity, I multiply the daily capacity by the number of days in each month,

accounting for variation in month length (28{31 days) as well as leap years. The data on

where these plants are located are downloaded from North Dakota Industrial Commission's

geographic information systems server. I �ll in for missing locations using the Environmental

Protection Agency's records of gas processing plants across the country.

Figure 6 shows the total capacity along with plant entries and exits over the sample

period. Statewide processing capacity has been increasing over the years: by 2019, it has

grown to approximately 2.8 billion cubic feet per day compared to 775 million cubic feet per

day in 2012. The number of gas processing plants also increased over time, from 16 in 2012

to 25 by 2019. Over the sample period, a total of 11 plants entered the gas processing market

in North Dakota, and two shut down in 2013 and 2016 respectively. Plants also expanded

substantially during the sample period, contributing to the drastic increase in total capacity

statewide despite relatively few entries over the years.

Figure 7 shows the relationship between plants' capacity and the average natural gas

production of wells within 30 kilometers. In panel (a), it appears that new plants with

larger initial capacity tend to enter the areas populated by highly productive wells at the

time of entry. Panel (b) shows that over time, plants expand their capacity to accommodate
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Figure 7: Plants' Capacity and Average Gas Production of Nearby Wells

Notes: This �gure plots the capacity of the processing plants against the average natural gas production of
wells within 30 kilometers of each plant. Panel (a) shows the initial capacity for new plants and capacity at
the beginning of the sample period for the incumbents against average gas production of the existing wells
at the time of entry for new plants, and the beginning of the sample period for the incumbents. Panel (b)
plots plants' capacity by 2019 against average gas production of nearby wells over the entire sample period.
There are 26 plants in the sample over the period 2012-2019.

Figure 8: Plants' Capacity and the Number of Nearby Wells

Notes: This �gure plots the capacity of the processing plants against the number of wells within 30 kilometers
of each plant. Panel (a) shows the number of wells already drilled in proximity at the time of entry for new
plants, and at the beginning of the sample period for the existing plants. Panel (b) shows the number of new
wells drilled after the year of entry for new plants, and after 2012 for the existing plants. Panel (c) plots the
plants' change in annual capacity from beginning to end against the change in total number of nearby wells
from beginning to end. The beginning year is 2012 for the incumbents, and the year of entry for plants that
entered during the sample period. The end is the year before exit for plants that shut down before 2019,
and 2019 for all other plants. There are 26 plants in the sample over the period 2012-2019.
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the productive new drills in the area and the positive relationship between capacity and

average production is much more pronounced by 2019. Figure 8 shows a similar relationship

between plants' capacity and the number of wells nearby. Panel (a) shows that both the

incumbents and new entrants construct their capacity based on the existing demand for

natural gas processing in the area. For some of the new entrants, their initial capacity may

not be su�ciently high relative to the number of new wells drilled after entry, as shown in

panel (b). However, as shown in panel (c), plants expand substantially to accommodate the

new drills over time{ by the end of the sample period, most plants are much larger compared

to their initial capacity as the number of wells grows in the surrounding area.

4.3 Connecting Wells and Plants

To examine the relationship between 
aring and processing capacity, I construct a novel

granular dataset that connects gas processing plants and wells in North Dakota between 2012

and 2019. I obtain monthly gas plant receipts from the representatives at the North Dakota

Industrial Commission (NDIC) Oil and Gas Division, submitted by gas plants recording the

total gas processed and sold from all connected wells in each month. Figure 9 shows an

example of these receipts. Of 27 plants receiving gas deliveries from wells in North Dakota,

I was able to obtain these data for 26 plants.2 I extract the information from the monthly

scanned receipts using optical character recognition (OCR), and then use regular expressions

(regex) to standardize the OCR output and parse key �elds such as well identi�ers into a

structured, plant-month dataset.

All plants in the sample, except for �ve owned by a single operator, report gas

deliveries from wells separately for each plant. For these �ve plants, gas deliveries are

reported in aggregate across the group, as wells route gas along the path of least resistance

to the nearest plant within the operator's network.3 For wells associated with this operator,

I compute the great-circle distance between each well and each plant in the group and assign

each well to the closest plant, which I designate as its delivery plant. Results presented in

Section 6 are robust to excluding these wells from the sample.

Almost all the wells in the sample are connected to a single plant throughout their

lifetime. A total of 10 wells out of 13, 486 wells in the sample reconnected to a di�erent plant

when two plants shut down in 2014 and 2017, and no other wells in the sample switched plants

2The receipts for one of the plants were missing and cannot be recovered, according to the representatives
at NDIC.

3Con�rmed through phone interviews with representatives at the North Dakota Industrial Commission
in April 2023 and October 2025.
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Figure 9: An Example of Scanned Monthly Gas Plant Receipts

Notes: This is an example of scanned gas plant receipts obtained from North Dakota Industrial Commission.
This receipt, in particular, shows Spring Brook gas plant's August 2019 records.

Figure 10: Observations with Plant Capacity Utilization above 90%

Notes: This �gure plots the share of well-plant-month observations at or above 90% plant capacity utilization
over the sample period. In each month, wells are classi�ed as capacity-constrained if the utilization rate
at their processing plant is at least 90%, and as unconstrained otherwise. The red area shows the share
of well-month observations that are capacity-constrained, while the blue area shows the complementary
unconstrained share. By construction, the two shares sum to one in every month. Observations are at the
well-plant-month level over the sample period 2012-2019. There are 13,486 wells and 26 plants in the sample.

during the sample period. This aligns with personal accounts by plant managers in North

Dakota4 that it is customary for wells to maintain a relationship with one processing plant

over their lifetime since the construction of gathering pipelines requires lengthy permitting

4According to the manager of Red Wing Creek gas plant in McKenzie County, ND via phone interview
in 2023 March.
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Figure 11: Flaring and Plant Capacity Utilization

Notes: This �gure plots the monthly gas 
ared by wells in the sample against monthly capacity utilization
at the processing plant, both binned into 40 quantiles. Monthly gas 
ared is measured in thousand cubic
feet (mcf), and capacity utilization rate is measured as % of available capacity at the plant. Observations
are at the well-plant-month level over the sample period 2012-2019. There are 13, 486 wells and 26 plants
in the sample.

procedures and high costs.

Figure 10 shows that capacity constraints are typical among the well-month observations

in the sample. The share of well-months where plants operating at or above 90% capacity

utilization increases from roughly 25% at the start of 2012 to 40{45% by 2013, and 
uctuates

between roughly 35% and 55% throughout the later years. The share of capacity constrained

well-month observations is non-negligible in the sample, and in several stretches, particularly

around 2015, a majority of wells are served by plants at or near their monthly capacity. This

indicates that constrained processing capacity is a recurring phenomenon during the sample

period, which warrants exploring the extent to which it drives 
aring.

Figure 11 shows the relationship between monthly gas 
ared by wells in the sample

and plants' capacity utilization rate. Overall, the two are positively correlated{ wells 
are

larger quantities of gas each month as more of the available capacity is used up at the

plant. However, there are certain outliers where 
aring is high even when the capacity isn't

constrained at the plant. This implies that there are other contributing factors to 
aring
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Table 4.1: Well Characteristics and Heterogeneity in Flaring

Avg. Gas Flared (mcf) P-value Mean
Distance to Plant (km) 4.1277 0.004 30.07
Avg. Gas Production (mcf) 0.1100 0.000 3164.57
Avg. Monthly Oil Sales (bbl) 0.1230 0.005 1932.12
Avg. Tenure -0.3989 0.073 62.63
Publicly Traded -33.6691 0.241 0.70
No. of Wells within 100 meters -8.2960 0.337 2.43
Owned by Large Operators 87.1675 0.065 0.70
Same Operator as Plant -33.2559 0.497 0.11
Observations 13,486 13,486 13,486
Plant FE YES YES YES
Std. Errors Clustered by Plant Plant Plant

Notes: This table reports estimates from regressing the average monthly gas 
ared on average gas pro-
duction, average oil sold, average tenure, whether owner companies are publicly traded, whether the wells
are owned by large companies, whether the wells are owned by the same operators as the processing plant,
distance to gas plants, and number of wells within 100 meters. Observations are at the well-plant level and
the sample period is 2012-2019. There are 13, 486 wells and 26 plants in the sample. Included are plant
�xed e�ects, and standard errors are clustered by plants.

beyond processing capacity, such as congestion in the gathering lines.

I examine the heterogeneity in 
aring across wells in Table 4.1, where I regress the average

monthly gas 
ared on wells' distance to the processing plant, natural gas production, the

amount of oil sold by the well, well tenure, the number of wells within a 100-meter radius,

whether the well is owned by operators above $2 billion market capitalization, whether

the well is owned by the same operator as the processing plant, and whether the well is

owned by publicly traded operators. I include plant �xed e�ects to analyze the variation in


aring among the wells that share processing capacity. Standard errors are clustered at the

plant level given that the 
uctuations in 
aring are likely to be correlated among the wells

connected to the same plant.

Wells located farther from their processing plant 
are signi�cantly more gas, with each

additional kilometer of distance associated with roughly 4.1 mcf of additional 
aring. One

possible explanation is that longer gathering pipelines connecting wells to plants are more

susceptible to pressure decline and operational challenges (Szoplik, 2017), increasing the

likelihood of 
aring. Higher-producing wells, measured by both gas production and oil sales,

also 
are more. Wells owned by large operators 
are an average of 87.2 mcf more per month

than those owned by smaller operators, while older wells 
are modestly less. Whether a well

is publicly traded, whether it shares an operator with its processing plant, and the number of

wells in the immediate area do not predict 
aring at conventional levels. The results suggest
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that physical distance to the infrastructure, well productivity, and the size of the operating

�rm are meaningful sources of cross-sectional variation in 
aring intensity among the wells

connected to the same plant. In my estimating equation, I control for time-varying well

characteristics that drive 
aring and include well �xed e�ects to account for time-invariant

well attributes.

5 Empirical Model

Each month, natural gas produced by wells is transported via gathering pipelines to pro-

cessing plants that extract clean, dry gas ready for sale. When plants are at capacity, the

remaining gas that cannot be processed is 
ared o� at the production site, harming the

environment and those who live nearby. These damages from 
aring driven by insu�cient

processing capacity can be o�set via a subsidy outlined in Section 3 that depends on changes

in wells' 
aring with respect to available processing capacity. Using an instrumental variable

model, I estimate this relationship in the following equation:

qF
i;j;t = � 0 + � 1K R

i;j;t + X i;j;t � + 
 i + � m + � y + " i;j;t : (12)

Here, qFi;j;t is the quantity of gas 
ared by well i connected to plant j in month t, calculated

as the di�erence between total gas produced (qP
i;j;t ) and total gas processed (qi;j;t ). K R

i;j;t is

the residual capacity or the available slack at plant j to process gas from well i in month t,

calculated as:

K R
i;j;t = K j;t �

X

k6=i

qk;j;t ;

where Kj;t is the monthly capacity of plant j, and
P

k6=i qk;j;t is the total gas processed by

plant j for all other connected wells in month t. This can also be understood as the space

available at plant j to process well i's monthly gas production, after accounting for the ca-

pacity used up by all other connected wells5.

I control for time-varying well attributes that a�ect gas production and 
aring, such as

monthly oil and water production that proxy for gas injections or re-fracturing operations

at the well, and well tenure and well tenure squared that proxy for the declining reservoir

pressure. I also control for natural gas processed and sold by neighboring wells within a
5While residual capacity is non-negative in a physical sense, measurement error and short-run operational


exibility imply that this measure can be negative in the data. Negative values indicate months in which
plants are e�ectively capacity constrained. In the analysis, I treat residual capacity as zero in these cases
and interpret such observations as binding capacity months.
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50-meter radius, given that operations nearby might a�ect the underground and gathering

line pressure for the well of interest.

I include well �xed e�ects to account for time-invariant well characteristics that drive the

variation in 
aring, such as location, well depth, design, and reservoir geology. I also include

year �xed e�ects to control for potential annual shocks that could a�ect production-related

decisions of all wells in the sample, such as COVID-19 and statewide regulatory changes.

To account for seasonal patterns in production and 
aring across the wells over the sample

period, I include month-of-year �xed e�ects. Standard errors are clustered by groups of wells

within a 100-meter radius, since 
aring is likely to be correlated among wells in the same

well-pad that share the equipment for production and transport, and the average well-pad

size is about 5:6 acres in North Dakota (Fernando and Stika, 2021).

The coe�cient of interest, ^� 1, captures the average marginal e�ect of residual capacity

on 
aring, identi�ed from within-well deviations in residual capacity among the wells in the

sample. The residual capacity or the slack available at the plant each month for a given

well, K R
i;j;t , is composed of three components: (1) total monthly capacity available at the

plant, (2) the amount of capacity utilized by all other wells connected to the plant, and (3)

the amount of capacity used by the well itself when the plant is fully constrained. Even

after accounting for the time-varying controls and �xed e�ects in the estimation equation,

unobservable localized shocks that drive the variation in (1) and (2) may also drive 
aring

at well i. In addition, (3) implies that the outcome variable and the regressor are jointly

determined when plants are at capacity, which would lead to a biased estimate. I explain

these concerns below.

First, monthly capacity available at a given plant is determined by the plant operator's

expectations about future drilling activities in the area. Plants may expand their capacity if

they foresee a pro�table shale boom on the horizon. If the operators of the wells in the area

share these expectations, they might re-fracture their wells to boost production before new

drills enter. This would a�ect 
aring at (i) nearby wells through shared reservoir pressure

and congestion in the gathering lines, and (ii) wells owned by the plants via shared pri-

vate information. Since re-fracturing tends to spike gas production and 
oods the gathering

system, it drives up 
aring, while the lower pipeline capacity and plant expansions might

increase the slack available at the plant, biasing the OLS coe�cient upwards. Capacity could

therefore be correlated with unobserved local characteristics that directly a�ect 
aring.

Second, the amount of capacity utilized by other wells connected to the plant is deter-

mined by gathering-system conditions, such as pipeline pressure and compressor stations

along the infrastructure, as well as geological conditions, such as underground pressure.

These same conditions also in
uence 
aring at the well of interest when wells are located
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Figure 12: Spatial Instrument for Residual Capacity at Gas Processing Plants

(a) Construction of the Instrument (b) Expansion of Region 1 via a Bu�er Area

close together, thereby biasing the OLS coe�cient. In addition, if these wells are owned

by the same operator as the well of interest, coordinated operations would again lead to

endogeneity concerns.

Lastly, when the plant is at capacity, a reduction in well i's own 
aring, qF
i;j;t , mechan-

ically raises its residual capacity, KR
i;j;t , by occupying a larger share of available capacity.

Consequently, when the capacity constraint binds, residual capacity depends on the quan-

tity of gas 
ared, resulting in a simultaneity bias.

Some, but not all of the localized time-varying shocks are accounted for by the controls

and �xed e�ects included in the regression. To fully address both the endogeneity and simul-

taneity concerns discussed above, I construct an instrument for residual capacity, KR
i;j;t . This

instrument is calculated as the total natural gas produced by all other wells connected to the

same plant, but located far enough from i to not interfere with its gathering infrastructure.

Panel (a) of Figure 12 depicts the construction of the instrument for well i connected to

plant j. Centering plant j, I draw a �-degree angular sector towards well i, to denote a

region, labeled \Region 1" in the �gure, in which unobserved variables are correlated. Then

I aggregate the production of all other wells outside this area in \Region 2" to ensure that

these localized unobservables are excluded in the variation of the instrument.

Pipeline extensions from plant j to new wells outside this region allow for more gas to

be delivered to the plant, directly a�ecting available slack at the plant for well i. As gas pro-

duction from wells in \Region 2" increases, the residual capacity for well i decreases, which

I demonstrate in Section 6. Hence, the instrument is relevant. The instrument is plausi-
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bly exogenous to residual capacity, since production from wells in \Region 2" is unlikely to

contribute to congestion along well i's gas delivery path to plant j. Due to their location,

operations at wells in \Region 2" are also unlikely to a�ect the geological factors that drive

well i's 
aring. Therefore, the instrument should a�ect well i's 
aring only through the

available processing capacity at plant j.

The exogeneity of the instrument is reinforced by two key facts about natural gas produc-

tion in the Bakken. First, producers primarily drill for oil where natural gas is an associated

byproduct. Drilling decisions are driven mainly by expectations about oil pro�tability rather

than by considerations related to natural gas processing capacity or 
aring outcomes. Con-

sequently, producers are not likely to strategically adjust drilling activity in response to

congestion at plant j.

Second, conditional on drilling, production levels are largely determined by underground

reservoir pressure that governs the rate at which hydrocarbons can be extracted, which is

largely outside the producer's control. Consequently, 
uctuations in gas production from

wells in \Region 2" primarily re
ect underlying reservoir dynamics rather than operational

responses to processing constraints or 
aring behavior elsewhere in the area. Therefore the

variation in production from wells in \Region 2" is plausibly unrelated to the localized un-

observables that in
uence 
aring at well i. Instead, their production a�ects well i's 
aring

only indirectly, by competing for processing capacity at plant j and altering the residual

capacity available to well i.

One potential concern is that signi�cant new drilling activity located su�ciently close to

both well i and wells in \Region 2" could a�ect production and 
aring in both areas, thereby

violating the exclusion restriction. This concern is most relevant for wells located near the

boundary between the two regions, since such wells are more likely to be a�ected by activity

on the opposite side of the cuto�. However, the distribution of well-to-plant distances in

the sample indicates that most wells lie su�ciently far from this boundary for a reasonable

choice of �, which is set to 70 degrees in the baseline speci�cation. To address this concern

more directly, in Section 6.1.1, I augment the angular de�nition of \Region 1" by construct-

ing an additional r-meter bu�er around each well as illustrated in panel (b) of Figure 12. I

then vary both � and r to assess robustness. As these parameters increase, the de�nition

of \Region 1" becomes more inclusive, reducing the set of wells used in constructing the

instrument. This lowers the statistical power but strengthens the case that the exclusion

restriction is satis�ed.
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6 Results

Table 6.1 reports the estimation results for equation (12). Column (1) reports the OLS es-

timate, column (2) reports the second stage of the IV speci�cation, and column (3) reports

the �rst stage. The OLS estimate of the e�ect of residual capacity on 
aring is positive and

biased due to the concerns discussed in Section 5.

To see the direction of the omitted variable bias, consider a stochastic shock to the

Table 6.1: Estimation Results

(1) (2) (3)
Gas Flared (mcf) Gas Flared (mcf) Residual Capacity (mcf)

Model OLS IV Second Stage IV First Stage

Residual Capacity (mcf) 0.0000350��� -0.000158��� -
(0.00000705) (0.0000373)

Gas Prod. on the Opposite Side (mcf) - - -0.152���

(0.00322)

Gas Sold in Vicinity (mcf) -0.0350��� -0.0351��� 0.771
(0.00172) (0.00175) (0.545)

Oil Prod. (bbl) 0.462��� 0.462��� 2.472
(0.0153) (0.0153) (1.757)

Water Prod. (bbl) 0.0312��� 0.0305��� -5.867���

(0.00834) (0.00830) (1.375)

Well Tenure (months) -4.067��� -4.042��� 65.35
(0.730) (0.741) (998.3)

Well Tenure Sq. 0.00113�� 0.00343��� 7.201���

(0.000572) (0.000712) (1.366)

Gas Price ($/mcf) 53.30��� 77.39��� 90777.3���

(9.196) (10.84) (2115.9)

Oil Price ($/bbl) 1.362��� 3.125��� 8837.3���

(0.528) (0.588) (197.8)

Observations 1,293,696 1,293,696 1,293,696
Model OLS IV Second Stage IV First Stage
F-Stat - - 2227.26
Year FE YES YES YES
Well FE YES YES YES
Month-Of-Year FE YES YES YES
Std. Clustered By 100-meters 100-meters 100-meters

Notes: This table reports estimates from regressing the amount of gas 
ared by wells on residual capacity
in the IV speci�cation (see equation (12)), and the OLS speci�cation without instrumenting the regressor.
Observations are at the well-plant-month level and the sample period is 2012-2019. There are 13, 486 wells
and 26 plants in the sample. Standard errors are clustered by groups of wells within a 100-meter radius. ***
p < 0:01, ** p < 0:05, * p < 0:1.

gathering line pressure for a given well i connected to plant j in month t, pi;j;t , driven by
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malfunctioning compressor stations along the pipelines. A drop in pressure reduces the vol-

ume of gas that well i can deliver to the plant, increasing the quantity of gas 
ared at the

production site. The same shock reduces the volume of gas delivered to plant j from well

i and from wells served by the a�ected segment of the gathering network, which lowers the

share of plant capacity used by other connected wells and increases the residual capacity

available to well i. The pressure shock therefore increases both 
aring and residual capacity

at well i, so that Cov(pi;j;t ; qF
i;j;t ) < 0 and Cov(pi;j;t ; K R

i;j;t ) < 0, biasing �̂ 1 upward.

The IV speci�cation addresses this concern. The �rst stage estimate in column (3) shows

that an increase of 1 thousand cubic feet (mcf) in gas production from wells located on the

opposite side of the plant reduces the residual capacity available to the well of interest by

approximately 0:152 mcf. The coe�cient is statistically signi�cant at the 1% level, and

the corresponding F-statistic exceeds the conventional threshold of 10, indicating that the

instrument is su�ciently strong. The second stage estimate in column (2) shows that an

additional 1 mcf of residual processing capacity reduces 
aring by approximately 0:000158

mcf per well per month, statistically signi�cant at the 1% level. The IV estimate is opposite

in sign to the OLS estimate, consistent with the upward bias discussed above.

The regressions also control for time-varying well characteristics that may a�ect 
aring.

I �nd that 
aring decreases as total gas sold by neighboring wells within a 50-meter radius

increases, with an additional 1 mcf of gas sold in the vicinity associated with a reduction

of approximately 0:035 mcf in 
aring. This pattern is consistent with localized geological,

infrastructure, and market conditions a�ecting both gas production and 
aring. Oil produc-

tion is positively associated with 
aring; an additional barrel of oil produced is associated

with 0:462 mcf of additional 
aring, which may indicate that operators prioritize oil extrac-

tion even when the associated gas cannot be fully processed and sold. Water production

is also positively associated with 
aring, which may re
ect reservoir conditions at di�erent

stages of the well's life cycle that are not fully captured by well tenure.

Well tenure is negatively correlated with 
aring, con�rming that 
aring declines as wells

age. The positive coe�cient on the squared tenure term suggests that this decline is non-

linear over the well's lifespan, consistent with the rising gas-to-oil ratio in aging wells doc-

umented in Section 4. Finally, oil and gas prices are strongly correlated with the quantity

of gas 
ared. Higher oil prices increase 
aring, consistent with increased oil production

incentives when oil revenues rise. The positive coe�cient on gas prices likely re
ects in-

creased production activity when prices rise. In the presence of short-run processing and

transportation constraints, higher production volumes can generate additional associated

gas that cannot be fully processed, resulting in increased 
aring.
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6.1 Robustness of the Instrument

6.1.1 New Drills outside \Region 1"

A potential concern with the instrument constructed in Section 5 is that signi�cant new

drills located close to both well i and wells in \Region 2" may a�ect their production and


aring through shared reservoir pressure. If such drills are close enough to in
uence the

production of wells included in the instrument while also a�ecting 
aring at well i through

localized geological or infrastructure channels, the exclusion restriction may be violated.

This concern is most salient for wells located closest to plant j, where the angular sector

de�ning \Region 1" is narrower and a new drill just outside the sector may still lie within

the area of localized interference for well i.

To address this concern, I expand \Region 1" by adding a bu�er of radius r meters

Figure 13: Robustness of the Instrumental Variable Second Stage Results

Notes: This �gure reports the second stage estimates of �̂1 from the IV speci�cation in equation (12) as the
cone angle � and the bu�er radius r used to construct \Region 1" are varied. Each marker corresponds to
a separate IV regression in which the instrument is constructed as the total gas produced by wells located
outside the combined exclusion area de�ned by � and r. Observations are at the well-plant-month level and
the sample period is 2012-2019. Standard errors are clustered by groups of wells within a 100-meter radius,
and 95% con�dence intervals are displayed. The red diamond marks the main speci�cation (� = 70, r = 0).
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around well i, in addition to the �-degree angular sector centered on plant j and oriented

toward well i. The expanded exclusion area is the union of the angular sector and the circular

bu�er, and only wells outside this combined area are used to construct the instrument. As �

and r increase, the exclusion area grows, fewer wells contribute to the instrument, and any

new drill located near both well i and the wells contributing to the instrument is more likely

to be excluded. The resulting instrument is more likely to satisfy the exclusion restriction,

at the cost of reduced statistical power.

Figure 13 reports the second stage results from the IV speci�cation in equation (12)

as I vary the cone angle � from 10 to 130 and the bu�er radius r from 0 to 2;000 meters.

The estimated relationship between 
aring and residual capacity is consistently negative and

statistically signi�cant across all combinations. The magnitude of �̂1 moves modestly toward

zero as � increases, and within each value of �, the estimates are nearly indistinguishable

across values of r, indicating that the angular exclusion already removes most of the wells

that would otherwise contribute to this concern.

6.1.2 Ownership of Wells in the Instrument

A related concern is that wells owned by the same operator as well i may coordinate pro-

duction decisions through shared private information. If such wells are included in \Region

2" and contribute to the instrument, their gas production may be correlated with localized

unobservables that also a�ect 
aring at well i, violating the exclusion restriction. Although

the angular exclusion in the baseline construction described in Section 5 already removes

wells that share gathering infrastructure or reservoir conditions with well i on geographic

grounds, it does not directly address coordination among wells owned by the same operator

across the area outside \Region 1".

To address this concern, I re-construct the instrument as the total gas produced by wells

located outside \Region 1" that are owned by a di�erent operator than well i. This removes

from the instrument any variation that could plausibly re
ect coordinated production de-

cisions within an operator's portfolio, while preserving the variation driven by independent

drilling and production activity by other operators on the opposite side of the plant. The

IV speci�cation in equation (12) is then re-estimated using this modi�ed instrument.

Table 6.2 reports the estimation results. The �rst stage estimate in column (3) shows

that an increase of 1 thousand cubic feet (mcf) in gas production from wells outside \Region

1" that are owned by other operators reduces the residual capacity available to well i by

approximately 0:158 mcf. The coe�cient is statistically signi�cant at the 1% level, and the
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Table 6.2: Estimation Results Excluding Same-Operator Wells from the Instrument

(1) (2) (3)
Gas Flared (mcf) Gas Flared (mcf) Residual Capacity (mcf)

Model OLS IV Second Stage IV First Stage

Residual Capacity (mcf) 0.0000350��� -0.000157��� -
(0.00000706) (0.0000393)

Gas Prod. on the Opposite Side (mcf) - - -0.158���

(0.00334)

Gas Sold in Vicinity (mcf) -0.0350��� -0.0351��� 0.751
(0.00172) (0.00175) (0.540)

Oil Prod. (bbl) 0.462��� 0.462��� 2.538
(0.0153) (0.0153) (1.734)

Water Prod. (bbl) 0.0312��� 0.0305��� -5.687���

(0.00834) (0.00830) (1.362)

Well Tenure (months) -4.068��� -4.042��� -97.69
(0.730) (0.741) (981.3)

Well Tenure Sq. 0.00113�� 0.00343��� 8.177���

(0.000572) (0.000721) (1.362)

Gas Price ($/mcf) 53.30��� 77.30��� 93128.4���

(9.196) (11.00) (2192.7)

Oil Price ($/bbl) 1.362��� 3.119��� 8958.5���

(0.528) (0.598) (199.5)

Observations 1,293,600 1,293,600 1,293,600
Model OLS IV Second Stage IV First Stage
F-Stat - - 2218.32
Year FE YES YES YES
Well FE YES YES YES
Month-Of-Year FE YES YES YES
Std. Clustered By 100-meters 100-meters 100-meters

Notes: This table reports estimates from regressing the amount of gas 
ared by wells on residual capacity in
the IV speci�cation (see equation (12)), and the OLS speci�cation without instrumenting the regressor. The
instrument is constructed as the total gas produced by wells located outside \Region 1" that are owned by
a di�erent operator than the well of interest. Observations are at the well-plant-month level and the sample
period is 2012-2019. There are 13,486 wells and 26 plants in the sample. Standard errors are clustered by
groups of wells within a 100-meter radius. *** p < 0:01, ** p < 0:05, * p < 0:1.

F-statistic indicates that the instrument remains su�ciently strong after excluding same-

operator wells. The second stage estimate in column (2) is nearly identical to the baseline

result reported in Table 6.1, suggesting that operator-level coordination is not a concern

for wells su�ciently faraway, and that the baseline instrument captures variation in residual

capacity that is plausibly exogenous to 
aring at well i.
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6.2 Sub-Sample Analysis

6.2.1 Distance to the Processing Plant

The descriptive evidence in Section 4 shows that wells located farther from their processing

plant 
are more gas on average, with each additional kilometer of distance associated with

approximately 4:1 mcf of additional 
aring. One explanation might be that closer wells have

shorter delivery paths and higher line pressure, and their gas is processed �rst, while farther

wells are the marginal source of throughput and the �rst to be a�ected when the capacity

becomes constrained. If this is the mechanism through which plant capacity constraints

translate into 
aring, then the responsiveness of 
aring to residual capacity should be larger

for wells located farther from the plant. To examine this, I estimate the IV speci�cation in

equation (12) separately for wells above and below the median distance to their processing

plant.

The �rst stage estimates in Table 6.3 columns (2) and (4) show that the instrument

is su�ciently strong in both sub-samples. The �rst stage coe�cients indicate that gas

production by wells on the opposite side of the plant translates into larger reductions in

residual capacity for wells closer to the plant. The second stage estimates in columns (1)

and (3) show heterogeneity in how 
aring responds to changes in residual capacity. For wells

above the median distance, an additional 1 mcf of residual processing capacity reduces 
aring

by approximately 0:000384 mcf per well per month, statistically signi�cant at the 1% level.

This estimate is more than twice the baseline estimate reported in Table 6.1, indicating that

the response of 
aring to plant capacity is primarily driven by wells located farther from

the plant. For wells below the median distance, the estimate is small in magnitude and

not statistically distinguishable from zero, suggesting that 
aring at near wells is largely

unresponsive to 
uctuations in plant capacity.

The results imply that although closer wells experience changes in residual capacity in

response to the instrument, these changes do not necessarily translate to changes in 
aring.

In contrast, farther wells utilize the remaining capacity after plants have processed the

deliveries from closer wells', which puts them at the margin.

6.2.2 Well-Plant Coordination

Wells owned by the same operator as their plant may respond di�erently to changes in

residual capacity, since the operator can coordinate production decisions at the well with
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Table 6.3: Estimation Results by Distance to the Processing Plant

Below Median Distance Above Median Distance

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

Model IV Second Stage IV First Stage IV Second Stage IV First Stage

Residual Capacity (mcf) -0.0000563 - -0.000384��� -
(0.0000397) (0.0000703)

Gas Prod. on the Opposite Side (mcf) - -0.176��� - -0.132���

(0.00536) (0.00298)

Gas Sold in Vicinity (mcf) -0.0243��� 3.369��� -0.0453��� -1.946���

(0.00203) (0.873) (0.00259) (0.323)

Oil Prod. (bbl) 0.304��� -1.115 0.566��� 7.103���

(0.0175) (2.986) (0.0204) (1.738)

Water Prod. (bbl) 0.0967��� -7.053��� -0.00638 -5.055���

(0.0132) (2.495) (0.00942) (1.462)

Well Tenure (months) -4.653��� -5330.0��� -4.648��� 1507.3��

(1.050) (1898.1) (1.058) (745.6)

Well Tenure Sq. 0.00280��� 1.306 0.00823��� 13.57���

(0.000644) (2.100) (0.00152) (1.701)

Gas Price ($/mcf) 60.20��� 70007.9��� 114.2��� 110249.9���

(13.63) (2963.8) (17.27) (3007.4)

Oil Price ($/bbl) 2.802��� 8398.0��� 4.820��� 9381.4���

(0.656) (277.2) (1.048) (280.5)

Observations 646,560 646,560 647,136 647,136
F-Stat - 1075.7 - 1964.8
Year FE YES YES YES YES
Well FE YES YES YES YES
Month-Of-Year FE YES YES YES YES
Std. Clustered By 100-meters 100-meters 100-meters 100-meters

Notes: This table reports estimates from the IV speci�cation in equation (12) separately for wells located
below and above the median distance to their processing plant. Columns (1) and (3) report the second stage
estimates, and columns (2) and (4) report the �rst stage estimates. Observations are at the well-plant-month
level and the sample period is 2012-2019. There are 13,486 wells and 26 plants in the sample. Standard
errors are clustered by groups of wells within a 100-meter radius. *** p < 0:01, ** p < 0:05, * p < 0:1.

capacity decisions at the plant. To examine this further, I estimate the IV speci�cation in

equation (12) separately for wells owned by the same operator as the processing plant and

for wells owned by a di�erent operator. The same-operator subsample accounts for approx-

imately 12% of well-month observations in the sample.

For wells owned by di�erent operators as plants, which contributes to most of the

identifying variation in the main analysis, the �rst stage and second stage estimates are

similar to the baseline reported in Table 6.1. The results reported in Table 6.4 indicate an

additional 1 mcf of residual processing capacity reduces 
aring by approximately 0:000212
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Table 6.4: Estimation Results by Operator Ownership of the Plant

Di�erent Operator Same Operator

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

Model IV Second Stage IV First Stage IV Second Stage IV First Stage

Residual Capacity (mcf) -0.000212��� - 0.000175 -
(0.0000391) (0.000119)

Gas Prod. on the Opposite Side (mcf) - -0.149��� - 0.281���

(0.00361) (0.0374)

Gas Sold in Vicinity (mcf) -0.0391��� -2.201��� -0.0356��� 7.493���

(0.00205) (0.392) (0.00317) (1.038)

Oil Prod. (bbl) 0.453��� 8.486��� 0.561��� -31.43���

(0.0169) (1.702) (0.0316) (4.428)

Water Prod. (bbl) 0.0347��� -7.739��� 0.0363 44.06���

(0.00886) (1.430) (0.0294) (7.104)

Well Tenure (months) -1.931�� 3392.7��� -6.327�� -13590.5���

(0.787) (988.3) (2.450) (2519.6)

Well Tenure Sq. 0.00406��� 8.002��� 0.000512 -1.289
(0.000806) (1.491) (0.00195) (1.399)

Gas Price ($/mcf) 67.70��� 75195.7��� 111.4��� 269585.6���

(11.21) (2228.5) (41.52) (4797.8)

Oil Price ($/bbl) 3.732��� 8905.2��� -0.987 9773.5���

(0.594) (219.2) (2.012) (372.4)

Observations 1,145,280 1,145,280 148,416 148,416
F-Stat - 1700.9 - 56.4
Year FE YES YES YES YES
Well FE YES YES YES YES
Month-Of-Year FE YES YES YES YES
Std. Clustered By 100-meters 100-meters 100-meters 100-meters

Notes: This table reports estimates from the IV speci�cation in equation (12) separately for wells owned by
a di�erent operator than the processing plant (columns 1 and 2) and for wells owned by the same operator
as the plant (columns 3 and 4). Columns (1) and (3) report the second stage estimates, and columns (2) and
(4) report the �rst stage estimates. Observations are at the well-plant-month level and the sample period is
2012-2019. There are 13,486 wells and 26 plants in the sample. Standard errors are clustered by groups of
wells within a 100-meter radius. *** p < 0:01, ** p < 0:05, * p < 0:1.

mcf per well per month, and this estimate is statistically signi�cant at the 1% level. The

estimate is slightly larger in magnitude than the baseline, indicating that the response of


aring to plant capacity is stronger for the wells owned by a di�erent operator from the

plant.

For the same-operator subsample, the positive �rst stage coe�cient indicates that in-

creases in gas produced by wells on the opposite side of the plant is associated with higher

residual capacity for well i. The second stage estimate is also positive but not statistically

distinguishable from zero. An explanation could be that operators of vertically integrated
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plants strategically manage capacity and operations across their portfolio in response to local-

ized market conditions, reserving capacity for their own wells while simultaneously adjusting


aring and production decisions across their network. For wells with di�erent operators, no

such coordination exists, so the instrument fully captures the e�ects of capacity on 
aring.

7 Capacity Subsidy

The subsidy derived in Section 3 depends on the expectations over the marginal e�ect of

processing capacity on 
aring, which can be decomposed as follows using the estimated �̂1

for each of the wells i connected to plant j:

E
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@Kj;t
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= E
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@Kj;t

!

:
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Suppose that the treatment e�ect of increasing processing capacity on 
aring is homo-

geneous across all wells connected to each plant in the sample. This implies that there is no

correlation between changes in residual capacity from plant expansions and how much each

well 
ares from 
uctuations in the residual capacity:

E
h@qFi;j;t

@Kj;t

i
= �̂ 1 � E

h@KR
i;j;t

@Kj;t

i
: (14)

If treatment e�ects are heterogeneous and correlated with how plant expansions a�ect resid-

ual capacity across wells, the covariance term in (13) will be non-zero, and the decomposition

may under- or overstate the aggregate e�ect of capacity expansions on 
aring.

Having estimated �̂ 1, the calculation of marginal 
aring with respect to capacity in equa-

tion (14) now depends on E
h

@KR
i;j;t

@Kj;t

i
, which can be derived from residual capacity, de�ned

as the di�erence between total monthly capacity and total gas processed for all other wells

connected to the plant:

K R
i;j;t =

capacity
z}|{
K j;t �

gas processed from all wells except i
z }| {
(Q j;t � q i;j;t )

= K j;t � Q P
�i;j;t| {z }

gas produced by all wells except i

+ Q F
�i;j;t :

| {z }
gas 
ared by all wells except i
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Given the homogeneous treatment assumption above,
@qFi;j;t
@Kj;t

is symmetric across all wells. In

addition, the decision to drill is exogenous to natural gas production as discussed in Section 2

and QP
�i;j;t is independent of processing capacity. Therefore,

@KR
i;j;t

@Kj;t
= 1 +

@QF�i;j;t
@Kj;t

= 1 + (N � 1)
@qFi;j;t
@Kj;t

;

where N is the total number of wells connected to the plant.

Hence, changes in the quantity of gas 
ared for each well with respect to total capacity

can be expressed in terms of the estimated �̂1 as follows using (14):

E
h@qFi;j;t

@Kj;t

i
= �̂ 1 � (1 + (N � 1) E

h@qFi;j;t
@Kj;t

i
);

and therefore,

E
h@qFi;j;t

@Kj;t

i
=

�̂ 1

1 � �̂ 1(N � 1)
:

Note that well i's residual capacity is partly determined by the share of capacity used by

all other wells connected to the same plant. Consequently, accounting for the reduction in


aring by other wells takes up the available capacity for well i. This adjustment brings the

estimate closer to 0 when 
aring decreases with additional residual capacity (i.e. �̂1 < 0).

The average 
aring reduction from changes in capacity per plant per month can then be

aggregated as

E
h@QFj;t

@Kj;t

i
=

n �̂ 1

1 � �̂ 1(N � 1)

o
N � �0:079 mcf;

where N = 549:76 is the average number of wells connected to all processing plants in my

sample. This indicates that an additional 1 thousand cubic feet (mcf) of processing capacity

reduces 
aring by 79 cubic feet (cf) (or 0.079 mcf with a 95% con�dence interval of [-0.1139,

-0.0459]) per plant per month. The relationship isn't 1-to-1 given that 
aring can be driven

by constraints beyond processing capacity. However, my results show that processing capac-

ity plays an important role in natural gas 
aring, and relieving these constraints can reduce


aring that stems from insu�cient processing capacity.

The �rst-best capacity subsidy derived in Section 3 varies across plants because damages

from 
aring are location-speci�c. To calculate plant-level marginal cost of 
aring6, I begin

6Note that these costs do not include the forgone value of the natural gas 
ared since it is not considered
an externality at the market equilibrium.
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