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Advancement of horizontal drilling and hydraulic fracturing technology has led to the 
rapid acceleration of production, changing the energy outlook and presenting new 
challenges in many areas of science and regulation.  While recent empirical literature 
is beginning to explore impacts to human health, air, climate, water, ecosystems, and 
labor markets at the community, regional, and global scales , the externalized costs, 
who bears them, and how long they persist are still largely unknown.

We assess ex-post cumulative impacts of natural gas development decisions in the 
Marcellus shale play, and assess optimal decisions, given equity constraints.   The 
following are preliminary findings:
• Employment from Marcellus development was on the order of 30,000 jobs in 2015, an 

order of magnitude fewer jobs than ex-ante predictions.
• Forest loss from natural gas development is on the order of 15,000 acres, and annual 

climate damages (from production only) in 2016 are on the order $15M.
• There is high inequity is the spatial distribution of forest loss and employment over time. 
• Given physical and economic constraints, there is the potential to increase equity with 

little impact to revenue.
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Figure 1. Conceptual Model

Figure 2. Cumulative environmental and labor market impacts of natural gas development in the Marcellus region 
from 2005 to 2016.  Mean (and 95% CI) simulated employment effects (top right).  Mean (and 95 % CI) simulated forest 

loss (top left).  Mean (and 95% CI) simulated climate damages from methane emissions from pre-production and 
production (bottom left). 

Figure 5. Temporal equity of natural gas development decisions.  A value of 0 represents complete equity and 
value of 1 represents complete inequity. Red line represents actual equity of development decisions.  Orange line 

represents maximization of employment.  Blue line represents minimization of climate change.  Green line 
represents minimization of forest loss. Black line represents maximization of revenue.

Research Objectives
To operationalize concepts of cumulative impacts and equity of natural gas 
development decisions in policy design:
Ø characterize cumulative environmental and labor market impacts
Ø characterize distributive and intergenerational equity
Ø develop multiobjective decision model to provide insight into implications of 

development decisions and policy interventions, accounting for cumulative impacts 
and equity constraints

We develop ex-post environmental and labor market impact models using fixed effects 
regression, geospatial analysis, and Monte Carlo simulation.  We then develop a 
multiobjective optimization model in which we maximize employment, minimize air 
quality impacts, minimize climate change, minimize forest loss, and maximize revenue, 
subject to equity constraints.

Figure 3. Spatial equity of natural gas development decisions in the Marcellus region from 2004 to 2016. The top map is 
of mean simulated cumulative employment based on fixed effects regression model, accounting for county and time fixed 

effects, as well as, temporal and spatial lags.  The bottom map is of mean simulated cumulative forest loss based on spatial 
analysis and fixed effects regression model, accounting for county and time fixed effects, as well as, temporal and spatial lags. 

• To complete the characterization of subset of cumulative climate, air quality, 
habitat, and labor market impacts of natural gas development at different temporal 
and spatial scales

• To refine multiobjective decision model to provide insight into the implications of 
development decisions and policy interventions, accounting for cumulative impacts 
and equity constraints
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Figure 4. Spatial equity of forest loss and employment (based on mean simulated values).  An Atkinson 
index of 1 represents complete inequity and a value of 0 represents complete inequity.
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