International Conference on Advanced Communications Technology(ICACT)

Oilonomics: Making sense of the impact of
hydrocarbon production on socio-economics

Farrukh Hamza', Qian Sun', Abdunnaser Erwemi', Jin Haeng Lee?,
Ashfak Ahmed Chowdhury?, Quyen Vu Nguyen*

!Georgia Institute of Technology, North Avenue NW, Atlanta, GA, USA
’Borehole Seismic LLC, 10500 Northwest Freeway, Suite 224, Houston, Texas USA
3General Motors, 300 Renaissance Ctr Detroit, MI USA
‘Bright Health, 219 North 2nd Street, Minneapolis, MN USA

fhamza@gatech.edu, gian.sun@gatech.edu, aerwemi3@gatech.edu, jinhaeng.lee.87@gmail.com,
asif.chowdhury64@gmail.com, quyenvunguyen@gmail.com

Abstract— The development of the oil and gas industry has
stimulated local economic growth by creating employment
opportunities, attracting migrants, and increasing local business
investments. While previous research shows controversial results
of the oil and gas industry’s influence on the local society, very
few studies concentrated on visualizing the effect of such
influences and predicting the trends to serve business, local
government, job seekers, and the public. This study demonstrates
correlations between oil/gas production and the socio-economic
variables over time with multiple massive data sets extracted
from official websites. Our initial attempt is to visualize such
correlations and trends in Colorado while possibly generalize to
the national and even international levels for further study.
Keywords— Petroleum Industry, Employment Opportunities,
Qil/Gas, Socio-economics

I. INTRODUCTION

In a recent survey of 1200 people by Ernst & Young [1],
the public perception of the energy industry was “positive” by
only 40% of the participants, described by Ernst & Young as
“respectable but precarious.” The perceptions matter because
it affects the ability of the oil and gas (O&G) industry to
recruit and retain talent, raise capital, develop projects,
influence tax and regulation, and maintain its long-term
viability, as well as influence public policy [40]. Similarly, in
other studies, the researchers [2, 3, 4, 5, 6, 7] mentioned a few
reasons for public mistrust and stressed the need to highlight
the economic benefits and provide stakeholders with visibility.
Public engagement is essential to ensure the sustainable
development of energy resources.

The O&G industry boom has stimulated local economic
growth [10] by creating employment opportunities, attracting
migrants, and increasing local business investments [11, 12,
13]. Examples include North Dakota, Texas, Alberta,
Louisiana, Colorado, New Mexico, and Oklahoma. A 2011
New Mexico study [8] found a positive effect on employment,
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income, and population, while a Pennsylvania study [9] found
negligible income impacts on the general population. A
Permian Basin study [43] found significant spillover economic
effects to surrounding regions and indirect industries.
However, it can also cause a strain the local resources and has
potential risks related to public health [44]. As discussed
above, several researchers from many parts of the world have
discussed how expansion in oil production has directly
affected the country’s/region’s socio-economic growth [22, 23,
24, 25]. Nevertheless, no researcher has created any
interactive visualizations for the readers to observe this
concept using a combination of oil production data, census
data, and employment data. Our project attempts to
accomplish the shortcoming. Therefore, to help various
stakeholders to understand the O&G industry and provide an
unbiased view of data for policymakers, investors, job seekers,
and the public, our team has attempted to visualize the data of
0O&G production while overlapping with socio-economic
information using Colorado as an example. We extracted the
county-level O&G production data from the Colorado Oil and
Gas Conservation Commission (COGCC) [14]. Our approach
is to merge this dataset with socio-economic data such as
poverty, population, and employment record [15]. In this
project, we attempt to demonstrate correlations between
oil/gas production and the socio-economic variables over time.

II. SURVEY

Previous research has shown that population growth due to
the development of O&G can be rapid [26, 28]. Oil and gas
companies were also able to forge close working relationships
with state regulators who believed that building and
maintaining a strong economic base offered multiple benefits
for the state [27]. In 2009, Colorado ranked 6 in US natural
gas production. According to IHS Global Insight (2009), the
natural gas industry employs over 137,000 people in Colorado
directly or indirectly, accounting for approximately 6% of its
workforce [27]. However, researchers also found that public
health issues are a concern. For example, populations living
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near O&G development may experience potential rural,
economic, participatory, or distributive injustices and may
bear greater vulnerability to risks associated with O&G
development than the general population [26].

The O&G sector has reviewed the technologies of Industry
4.0 [35], which offers energy saving and environmental
protection as one of the potential benefits. Visualization has
been a vital component of the workflows of the O&G industry,
such as visualizing subsurface 3D seismic and reservoir data
[36, 37]. The study in [32] provided an introduction of
visualization techniques for non-experts in O&G. However, its
focus is on the surface, and subsurface characterization for
offshore data (Gulf of Mexico) is beyond the scope of our
project. Recent research [33] has focused on big data and
modern computing technologies, providing high-level ideas
and insights for data analytics workflow in O&G companies,
but they do not provide actual examples. A detailed
description of real-time data processing and user interaction
tools is available [34]—however, none of these researchers
[32, 33, 34] use socio-economic data.

More recently, there have been several O&G production
data visualization websites provided by companies such as
Enervus [16], RS Energy [17], ShaleProfile [18], and THS
Markit [19]. However, their focus is O&G production, and
hardly any visualizations involve socio-economic data.
Besides, these subscriptions are proprietary and expensive,
thus fail to provide access to the general public. Visualizations
provided by websites such as [20, 21] are free but with a
propagandistic view of oil and gas data. Therefore, our
visualization tool provides a much- needed service because we
include multiple datasets and aim to show the correlations of
the selected variables over time.

Proposed Method

A. Our Technical Approach

The team registered a domain to serve the visualizations
(http://www.theoilonomics.com). The technology stack we
have employed includes Azure offerings. The significant
components are virtual machine instances (Linux platform)
and CosmosDB, an emulation of MongoDB for Azure, stored
on a distributed cluster. We are using GitHub (Georgia Tech
student account) to share code and version control and host
the Tableau online app's current version.

We obtained detailed data from the COGCC website. To
survey the oil production data, we extracted the well's
identifications (API numbers) and their locations, based on
COGCC's website. Based on this list of wells, we then queried
the COGCC reports for each well per month, parsed the
returned HTML site for production data. We then queried the
cloud database to check if such a record already exists, and
populated the record. The data constitutes more than 120,000
wells and 20 million data points. For our local machine data
exploration, we have used SQLite and QGIS to understand
and visualize a subset of the data. Due to unknown and
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changing schema, we decided to use MongoDB, which is less
sensitive to a pre-defined schema.

Overall, the addition of a cloud database results in
expensive CRUD operations. Even though it allows freedom
to create a record, indexing and querying database are
inefficient. The Cloud database introduced priced request unit
cap and timeout limits, unnecessary for local databases. Data
aggregation is also an abstraction of query calls which were
not set up in our cloud database but leverage some form of
caching/hashing. Therefore, the non-optimized database
required the queries and aggregations to be optimized
externally or risked exceeding timeout limits. We ended up
using our SQLite database, and files cleaned using Jupyter
notebook scripts to populate our analyses that set up in
Tableau.

B. Design of Our Approaches

The design of our approaches has been proved to be useful
for stakeholders. Energy is a trending topic in policymaking in
modern times, and the public is interested in understanding the
0&G industry. Policymakers are eager to learn the available
data and how it relates to the local economy. Investors,
businesses, and job seekers urge to have an unbiased view of
the data. Discovered patterns and presented socio-economic
development related to the O&G industry can be used in
projecting future development [31]. A water usage report [38]
related to unconventional shale production in Colorado
highlights that the public needs to be informed on acceptable
trade-offs [39], thus diminishing conflicts.

A successful “Oilonomics” project can allow the State of
Colorado to make educated policies by mitigating negative
impacts and maximizing economic potential [29], which
benefits both the public and the O&G industry. If it is
successful, this tool can be used at national or international
levels. The success case can be an interactive web-based
visualization that allows access of the O&G production and
socio-economic factors. We can also measure this success by
user studies, user visits, and interaction statistics at the website.

There were some risks in this project. Our data has some
issues such as incompleteness or missing values [41,42
discuss various ways of working with data having missing
values]. In some instances, we had to change our approach
because too much or too little data to draw a valid conclusion.
Technical implementation proved to be challenging and time-
consuming. Combing different datasets collected by different
agencies at different scales [30] was difficult.

We synthesized datasets extracted from the United States
Department of Agriculture (USDA) Economic Research
Service, Bureau of Economic Analysis, and Colorado
Information Marketplace. Apart from running regressions to
explore the impacts of the oil/gas industry on various socio-
economic factors, we also examined how the associations
transformed along with the time within one or two decades.
We further explained our approaches for each experiment in
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the next section. The user interface is based on Tableau
dashboards (shown at http://www.theoilonomics.com) and
came about multiple iterations. The user interface's goal is to
let users interact with the data on the home page while making
our analyses available to them in simplified interactive
dashboards. The dashboard joins multiple data sources to
represent the wells' location on a satellite map which works as
a filter for all the charts such as Regression, Time Series &
Area Charts.

We adopted the methods of principal component analysis
(PCA), linear regression, and random forest to examine the
associations for the four hypotheses. We used Python for data
analyses and provided associated files in the CODE folder.
Based on the availability of production data, 38 Colorado
counties are involved in running the models. We adopted the
BOE (barrel of oil equivalent) metric to calculate the total
oil/gas production and oil value (=BOE * historical oil price
of the year) to synthesize oil and gas production. We also
calculate the change in oil production (oil diff) from 2010-
2018 for model prediction.

Intuition and List of Innovations: Our solution is better
than the existing tools because no such public tool currently
exists and comprises the following innovations.

e Examining the correlations between oil/gas
production information (production, location, and so
on) and socio-economic factors with multiple
datasets.

e Interactive visualization of oil/gas and all possible
socio-economic factors in the same visualization
interface.

e  Exploring the trend/correlation over time (i.e., time-
series) based on historical data of the oil/gas industry.

e Open source tech stack for visualization of oil/gas
and socio-economics (Enervus [16], RS Energy [17],
IHS Markit [19], and more are commercial oil/gas

vendors with proprietary data streams and tech stack).

III.EXPERIMENTS AND EVALUATION

A. Description of Testbed

The boom of the oil industry has attracted migration,
created employment, and enhanced local economics.
Employment and unemployment rates are much-discussed
attributes of the socio-economy concerning hydrocarbon
production. With advancing technology allowing remote
access of workflows and reduced project length, the impact is
on direct employment, indirectly attributable jobs, and non-
related jobs. As a global powerhouse, oil and gas also impact
the macro economies. Implying causation would be difficult
since there are many possible external factors such as
economics and fiscal policies. Therefore, we propose to test
the following hypotheses, using appropriate testing metrics
and datasets.

1. Migration is associated with oil/gas production.
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2. An increase in oil production will also increase the
employment rate over time.

3. Oil production is correlated with indirectly attributable
jobs as well as non-oil/gas-related employment.

4. Increase in oil production increases local trade volume.

B. Details of Experiments

1) Hypothesis: migration is associated with oil/gas
production. To examine the association of migration and
oil/gas production, we selected estimated total population, oil
value, change of oil production, and natural population
increase as top features that associate to the population
migration. Among them, the county-level estimated total
population and natural population increase (birth-death) are
control variables. The estimated total population in Colorado
grew every year, but the population migration varied with
different counties. In general, we found that the selected
features do not show associations with domestic migration and
net migration (the difference between international migration
and domestic migration). However, the independent variables
demonstrate associations with international migration. In the
attribute explained variance ratio, PCA's results indicated that
the first component contains 50.71% of the variance. The
second principal component contains 34.20% of the variance,
and the third principal component contains 12.69% of the
variance. Together, the three components contain 97.60% of
the information. Despite the collinearity of population and
natural increase, the linear regression model illustrates that
both variables of oil value and the difference in oil production
show statistically significant correlations with international
migration. The model has an adjusted R-square of 0.845. The
results of random forest also indicate the existing associations
between oil value, the annual change of oil production, and
international migration. The mean absolute error of random
forest is 107.96, indicating 83.36% ((648.81- 107.96)/648.81)
improvement over the baseline error.

As mentioned above, migration varied with counties in
Colorado. Therefore, we used the same model to test some
individual counties with the most synthesized oil production
(BOE), including Weld, Garfield, La Plata, Rio Blanco, and
Las Animas. With the same selection of dependent and
independent variables, we found that for the linear regression
model, the annual oil change demonstrates a statistically
positive correlation with international migration. In contrast,
the oil value did not have a significant correlation. The
random forest results illustrate that BOE shares a similar
weight associating with international migration (15%)
compared to the total estimated population (17%), with the
root mean square error of 24.8. Therefore, the results support
our hypothesis that migration and oil/gas production is
associated.
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Figure 1. Lincar Regression result using all the counties (left), versus only the
top 5 producing counties shows that our hypothesis of migration and oil/gas
production are associated. The x-axis label is “Measured”, while the y-axis

label is “Predicted”.

2) Hypothesis: an increase in oil production will also
increase the direct employment rate over time. To
investigate the hypothesis about the employment rate of jobs
that are directly related to oil and gas, we selected oil sales,
gas sales, oil production difference, wage and salary, and BOE
as features, with oil industry employment being the response
variable. The correlation matrix [figure 2.1] suggests that all
features are correlated with one another except BOE. PCA
demonstrates that one principal component is predominant in
terms of importance, consistent with LASSO result in that
‘Wage and salary’ dominate the importance. Ordinary least
squares (OLS) was performed and resulted in an R-square
value of 0.864, providing a good fit but no apparent
connection to accept the hypothesis. Finally, the random forest
was performed and resulted in 12% mean absolute error. We
also executed variable importance, which generated similar
results to PCA and LASSO, with ‘wage and salary’ to be the
dominant feature. To further analyse how BOE affects
employment, we performed Pearson’s’ linear correlation and
Spearman’s’ nonlinear correlation. Accounting for historically
known oil-producing counties (Weld, Arapahoe, Lincoln,
Cheyenne, Rio Blanco, Garfield), and gas-producing countics
(Weld, Rio Blanco, Garfield, Dolores, Las Animas,
Montezuma, La Plata), all oil-producing counties and the
majority of gas-producing counties are positively correlated
(figure 2.1). Their degree of correlation was related to oil
production or BOE. We found no meaningful correlation
between BOE of all counties and direct employment for each
year during 2010-2018. We conclude a robust correlation
between direct employment and features mentioned above;
however, mostly due to total wage and salary, not because of
BOE increase/decrease. According to our result, an increase in
wage and salary might have caused an increase in employment,
and thus further investigation is needed to observe the
relationship between total wage and salary with BOE.
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Figure 2. Linear Regression Result with direct employment as response
variable. The x-axis label is “Measured”, while the y-axis label is “Predicted”.

Figure 3. Pearson’s’ Linear Correlation of BOE with direct employment for
all Counties throughout year 2010-2018. The x-axis labels are Colorado
county names, while the y-axis label is “Linear Correlation”.

3) Hypothesis: oil production is correlated with indirectly
attributable jobs as well as non-oil/gas-related employment.
Features used here are totwage (total wage), estab (the number
of employer establishments in the industry), avgwkwage
(average weekly wage per worker), and BOE, with the
response variable being avgemp (number of workers
employed in the industry). As can be observed [Figure 3.1],
features are significantly correlated. We performed LASSO
and PCA, the results indicate one feature explaining most of
the variance. In contrast, BOE shows very weak importance.
We performed the OLS with an R-square of 0.994. The overfit
model might be the result of collinearity. Additionally, we
used the random forest as a secondary analysis, producing
only 3% of the mean absolute error. Nevertheless, when
observing variable importance, the importance of BOE was
negligibly low. Given prior information on primary oil-
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producing counties (Weld, Arapahoe, Lincoln, Cheyenne, Rio
Blanco, Garfield), and gas-producing counties (Weld, Rio
Blanco, Garfield, Dolores, Las Animas, Montezuma, La Plata),
results observed from the linear correlation bar graphs show
both positive and negative correlations, indicating no exact
way to accept the hypothesis. We speculate that the county
needs to produce an amount of oil and gas for a significant
increase in employment, exemplified in Weld County. Linear
correlation throughout years 2010-2018 for all counties seem
to follow oil price trend when falling and rising (note the oil
crisis took place in 2014-2016), yet when there is no
significant change, we saw a negative correlation. In
conclusion, we cannot accept the hypothesis without further
investigation.

Figure 4. Linear Regression result with indirect employment as response
variable. The x-axis label is “Measured”, while the y-axis label is “Predicted”.

Figure 5. Pearson’s’ Linear Correlation of BOE with indirect employment for
all Counties throughout year 2010-2018. The x-axis labels are Colorado
county names, while the y-axis label is “Linear Correlation”.

4) Hypothesis: an increase in oil production increases
local trade volume. Similar to the association with the
employment rate, oil production might also contribute to other
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local economies. With the data at the state level, we tried to
explore the associations between BOE production and all sorts
of expenditures.

First, we examined the Pearson correlation of BOE,
nondurable goods, personal consumption expenditures,
household consumption expenditures (for services), durable
goods, and final consumption expenditures of non-profit
institutions serving households. For BOE, we found a strong
correlation with all the selected features, among which
nondurable goods, personal consumption expenditures,
household consumption expenditures (for services), and final
consumption expenditures of non-profit institutions serving
households reached more than 90% of the correlation. In the
model, we included BOE, nondurable goods, household
consumption expenditures (for services), and wage and salary
employment after trials and experiments.

The features we selected demonstrate some associations
with furnishings and durable houschold equipment. PCA
results suggest that the first principal component has already
taken up 96.33% of the variance. The best score using built-in
LASSO cross-validation of 0.92. The model of linear
regression appeared overfit with adjusted R-square to be 0.996.
The model also fails to show any statistically significant
correlation between oil production (BOE) and the dependent
variable (furnishings and durable household equipment).
Based on the results of random forest, we found that the
furnishings and durable household equipment are top drivers
(24%), surpassing that of the nondurable goods (17%). We did
not find concrete evidence to support this hypothesis.

IV.CONCLUSIONS AND DISCUSSION

We successfully delivered our results at theoilonomics.com
website to disseminate information in an interactive and
accessible fashion. Our four hypotheses yielded the following
results:

e International migration is associated with oil
production (BOE)/oil value, yet the direction of
association varied across counties. No statistically
significant correlation between domestic migration
and oil production/oil value was found.

e Through various analyses, we conclude that direct
employment is correlated with BOE, and the degree
of correlation is related to the degree of BOE for oil
producing counties. Thus, we accept the hypothesis.

e We found that the variable importance of BOE was
low, along with other features that showed strong
collinearity. The strong nonlinear and linear
correlation seems to hold for counties that produced
oil/gas over a certain amount. Hence without further
investigation, we cannot accept the hypothesis.

e We are expecting the local expenditures would
increase along with the rise of oil production. Due to
the limited data, we did not find solid evidence to
support our hypothesis. However, the results of the
Pearson Correlation show promising potential for
further investigation of this hypothesis.
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