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Haotian Wu, H. Allen Klaiber, and Ani L. Katchova

Background

• Due to high oil and gas prices and advancements in
hydraulic fracturing and horizontal drilling
technology, oil and gas development in shale
formations became profitable in the U.S. in the late
2000s and early 2010s, resulting in a "shale boom.“

• Since many oil and gas development activities during
the "shale boom" have occurred in rural areas of the
U.S., there has been a growing concern about their
impact on agriculture.

• There are two direct local benefits brought by oil and
gas developments: royalty payments from resource
extraction and signing bonuses from lease
agreements between energy companies and
farmland owners.

• Research on relevant topic has been impeded due to
the lack of farm-level data provided by governments
and the unavailability of information regarding
royalty payment rates and signing bonuses included
in lease agreements.

Introduction to Our Research
• We aim to investigate the economic impact of oil and

gas well drillings and extraction on the agriculture
sector in the contiguous U.S.

• To achieve this, we utilize bank institution-level data
on agriculture production loans and their
delinquency information from the FDIC call reports
to measure local agriculture financial performance
from the perspective of banks.

• The oil and gas production and well drilling data
from Enverus® are integrated with institutional
financial data for analysis.

• Logistic regression and Tobit regression models are
employed in the research, with banks' agricultural
loan delinquency information serving as the
dependent variable.

Methodology

Data

• PRISM Climate Group at Oregon State University:
temperature and precipitation data (Control variables)

• USDA NASS: percentage of developed area within a
region, derived from Cropland Data Layer (Control
variables)

1. Royalty payments (highlighted by the blue part) from oil
and gas production during the shale boom may not
have a significant impact on local agricultural financial
performance.

2. In general, horizontal gas drilling (highlighted by the red
part) may have a more positive impact on the financial
condition of agricultural production compared to oil
well drilling or combined oil-gas well drilling.

3. During the period of 2012 to 2016, the rise in oil and gas
production within the region (highlighted by the orange
part) may have led to an increased probability of
agricultural loan delinquency and higher delinquency
rates. However, this effect diminished from 2017
onwards. This finding aligns with the period of oil and
gas glut, during which there was insufficient
infrastructure to transport the oil and gas products
within the inland areas of the United States.

Results of interest

1. Royalty payments generated by oil and gas production
may have been taken into account when assessing
agriculture financial risk.

2. Horizontal natural gas well drilling has the potential to
effectively alleviate agricultural delinquency, whereas
drilling related to oil may not have the same impact.

3. When the rapid expansion of oil and gas development
activities outpaces the construction of transportation
infrastructure, it can have detrimental effects on local
agriculture due to increased competition for shared
resources.

Key Findings
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Main regressors (highlighted in the methodology part):

• Oil and gas total income one year before

• Changes in oil and gas production in the year before
compared to two years before.

• Number of drilling in the last year, categorized by
combinations of:

* drilling method: horizontal, vertical, and directional

** product type: oil, gas, oil & gas (mixed)

Conclusion
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The regressions below have dependent variables regarding
bank institution 𝑖 in year 𝑡. 𝜇௕೔௧ shows resource basin-year
fixed effect, and 𝜂௦೔௧ shows state-year fixed effects.

1. Logistic regression:

log (𝑜𝑑𝑑𝑠 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑑𝑒𝑙𝑖𝑛𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑐𝑐𝑢𝑟𝑎𝑛𝑐𝑒௜௧)

= 𝜷𝟏 𝒍𝒐𝒈 𝒐𝒊𝒍 𝒊𝒏𝒄𝒐𝒎𝒆𝒊(𝒕ି𝟏) + 𝜷𝟐 𝒍𝒐𝒈 𝒈𝒂𝒔 𝒊𝒏𝒄𝒐𝒎𝒆𝒊 𝒕ି𝟏  

+𝜶𝟏𝑷𝒓𝒐𝒅𝑪𝒉𝒂𝒏𝒈𝒆𝑶𝒊𝒍𝒊(𝒕ି𝟏)  +  𝜶𝟐𝑷𝒓𝒐𝒅𝑪𝒉𝒂𝒏𝒈𝒆𝑮𝒂𝒔𝒊(𝒕ି𝟏) 

+ 𝑫𝒓𝒊𝒍𝒍𝒊𝒏𝒈௜ ௧ିଵ 𝜸 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠௜ ௧ିଵ 𝜙 + 𝜇௕೔௧ + 𝜂௦೔௧ + 𝜖௜௧

2. Tobit model

Define a latent variable 𝑦௜௧
∗ :

𝑦௜௧
∗ =  𝜷𝟏 𝒍𝒐𝒈 𝒐𝒊𝒍 𝒊𝒏𝒄𝒐𝒎𝒆𝒊(𝒕ି𝟏) + 𝜷𝟐 𝒍𝒐𝒈 𝒈𝒂𝒔 𝒊𝒏𝒄𝒐𝒎𝒆𝒊 𝒕ି𝟏  

           +𝜶𝟏𝑷𝒓𝒐𝒅𝑪𝒉𝒂𝒏𝒈𝒆𝑶𝒊𝒍𝒊(𝒕ି𝟏)  +  𝜶𝟐𝑷𝒓𝒐𝒅𝑪𝒉𝒂𝒏𝒈𝒆𝑮𝒂𝒔𝒊(𝒕ି𝟏) 

   + 𝑫𝒓𝒊𝒍𝒍𝒊𝒏𝒈௜ ௧ିଵ 𝜸 + 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠௜ ௧ିଵ 𝜙 + 𝜇௕೔௧ + 𝜂௦೔௧ + 𝜖௜௧

Then the delinquency rates of bank institution is:

𝑑𝑒𝑙𝑖𝑛𝑞𝑢𝑒𝑛𝑐𝑦 𝑟𝑎𝑡𝑒௜௧ = ቐ
𝑦௜௧

∗        𝑖𝑓 𝑦௜௧
∗ ≥ 0

0       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

• Federal Deposit Insurance Corporation: Consolidated
Reports of Condition and Income (“call reports”)

• Enverus®: oil and gas wells drilling and production
data, obtained from Drillinginfo and PRISM systems

Dependent variable:

• Logistic regression: the log odds ratio of (30-89 days)
as of the record date for a financial institution in a
year.

• Tobit model: The delinquency rate of agricultural loans
(calculated with money of delinquent divided by total
agricultural production loans) of a financial institution
within a year.


