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AIR QUALITY IMPACTS OF SHALE GAS DEVELOPMENT IN PENNSYLVANIA

Ruohao Zhang1, Huan Li1, Neha Khanna1, Daniel Sullivan2, Alan Krupnick2, Elaine Hill3

1Binghamton University; 2Resources for the Future; 3University of Rochester

OBJECTIVE
To assess the local air quality impacts of unconventional
shale gas development in Pennsylvania.

AIR POLLUTION & SHALE GAS
DEVELOPMENT

• Well preparation and drilling: higher PM due to road
and construction dust and diesel combustion from vehicle
traffic (Litovitz et al., 2013))

• Gas production: on-site diesel combustion and fugitive
emissions (Litovitz et al., 2013)

TWO TREATMENTS
• Construction: spud date to day before production starts

• Production: first production date until last production
date during study period

DATA (2/24/2000-9/20/2018)

• Aerosol optical depth (NASA): daily AOD from
MODIS instruments on Terra satellite; 3 km grid (Liu et
al., 2004; Donkelaar et al., 2016)

• Well information (PA DEP, 2018): well location, spud
date, production dates

• Weather (University of Oregon): daily data from
PRISM database; 4 km grid

• In total: 20,677 wells, 4,691 days, 31,531,987 area-day
observations.

STUDY UNIT
• Study unit: Circular area of 3 km radius around each
well

• Matched sample: each treated area is matched with a
nearest neighbor control area whose centroid well is in
the same county and permitted in the same year

TREATED AREA
Centroid well is in either construction or produc-
tion phase.

CONTROL AREA
Centroid well is permitted but never spudded.

METHODOLOGY
Model 1: Difference-in-difference

qid = ηcT
c
id + ηpT

p
id + Ac

id + Ap
id + Zid

′ζ + µi + σd + uid

• qid: weighted average AOD of area i on day d
• T c

id and T p
id: centroid well of area i in construction or production period on day d

•Ac
id and Ap

id: construction and production wells densities (number of wells in construction and
production within 10km radius around centroid of area i on day d)

•Zid
′: a set of weather variables (precipitation, temperature, and dew point)

•µi and σd: area and day fixed effects
• standard errors are clustered by well pad

Model 2: Spatial difference-in-difference
qid = ηcT
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•W dist
id Hc

d: spillover treatment from wells at 0-2km, 2-5km, and 5-10km surrounding bins respectively
during their construction window

•W dist
id Hp

d: spillover treatment from wells at 0-2km, 2-5km, and 5-10km surrounding bins respectively
during their production window

• spatial weight matrix wdist
ijd :

w2
ijd = cos(θijd) if θijd ≤ π and 0 < xij ≤ 2, w2

ijd = 0 otherwise;
w5
ijd = cos(θijd) if θijd ≤ π and 2 < xij ≤ 5, w5

ijd = 0 otherwise;
w10
ijd = cos(θijd) if θijd ≤ π and 5 < xij ≤ 10, w10

ijd = 0 otherwise;

• standard errors are clustered by well pad

A shale gas well pad

Wells matched by distance, permit year, and county

RESULTS
DID unmatched matched
construction window 0.00610∗∗∗ 0.00574∗∗∗

production window 0.00542∗∗∗ 0.00494∗∗∗

construction density -0.00029∗∗∗ -0.00028∗∗∗

production density -0.00013∗∗∗ -0.00013∗∗∗

weather, day and well FE Y Y
observations 31,531,987 21,949,389
adjusted R2 0.76129 0.76222

Spatial DID unmatched matched
construction window 0.00441∗∗∗ 0.00423∗∗∗

production window 0.00333∗∗∗ 0.00295∗∗∗

construction (0-2km) 0.00100∗∗∗ 0.00090∗∗∗

construction (2-5km) 0.00044∗∗∗ 0.00043∗∗∗

construction (5-10km) -0.0015∗∗∗ -0.00015∗∗∗

production (0-2km) 0.00086∗∗∗ 0.00081∗∗∗

production(2-5km) 0.00041∗∗∗ 0.00040∗∗∗

production(5-10km) -0.00013∗∗∗ -0.00013∗∗∗

construction density −0.00030∗∗∗ −0.00029∗∗∗

production density −0.00014∗∗∗ −0.00014∗∗∗

weather, day and well FE Y Y
observations 31,531,987 19,735,061
adjusted R2 0.76140 0.76233

COMMON TREND TEST
& ROBUSTNESS CHECK

• Common trend assumption is validated by estimating the
following regression using pre-treatment data:
qid = Ac

id+A
p
id+Zid′ζ+µi+σd+σd×Treated P-Areai+uid

• The results remain unchanged when we consider:
• horizontal wells only
• treated horizontal wells only

MAIN FINDINGS
• Both construction and production activities increase
local AOD significantly by 1.5-3% compared to the
baseline average pre-treatment AOD

• Local AOD is increased by neighboring wells’
construction and production activities even after
considering the distance and wind direction


