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Background
• 92% of corn planted acres in the US were transgenic by 2020 since the first 

commercial use of genetically engineered (GE) seeds in 1996.
• Ground-level ozone, a major source of environmental stresses in addition to 

climate change, has been identified as a hidden threat to U.S. agriculture.
• However, to the best of our knowledge, there have been no studies that consider 

the role of genetically engineered (GE) crops in understanding how ozone 
concentrations impact yields and yield risks.

Research Questions
• How do ozone influence crop average yields and yield risks when genetic 

engineering is involved? 
• Does agricultural genetic engineering either help or damage crops' ability to deal 

with environmental stress from ozone?

Motivation
Table 1. Effects of ozone and GM adoption on crop yields

• One within-county SD ↑ of ozone 7.1% (≈2.85%*2.49) ↓ of corn yields. 
• Omitting ozone could underestimate effects of GDD8,32 and overestimate GDD32+

• GE adoption has positive effects on crop yields (but marginally significant).
• GE adoption tends to amplify ozone’s negative effects on yields.

Empirical Model

This research compiled several datasets and finally constructed a county-level 
dataset with around 2260 counties for the years 2003 to 2020.
• Yield data: NASS-USDA
• Ozone data: Remote sensing data from EAC4-European Center for Medium-

Range Weather Forecast (baseline); EPA data (robustness)
• GE adoption data: survey data from dmrk (baseline); ERS-USDA (robustness)
• Weather data: CAMS-ECMWF
• Growing season data: NASS-USDA

Data

• Our results suggest the importance of detecting the trans-gene(s) that damage(s) 
crops' ability to cope with ozone and identifying molecular markers for ozone 
tolerance.

• Our results highlight the importance of breeding GE seeds that are resilient to 
environmental stress from ozone pollution in addition to existing traits.

Discussion

Two-way fixed effects model
𝑙𝑙𝑙𝑙𝑙𝑙 𝑦𝑦𝑐𝑐𝑐𝑐 = 𝛼𝛼1𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐 + 𝛼𝛼2𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐 + 𝜆𝜆𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐× 𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐+𝑾𝑾𝒄𝒄𝒄𝒄β + 𝛿𝛿𝑐𝑐 +𝜃𝜃𝑡𝑡+ 𝜀𝜀𝑐𝑐𝑡𝑡 (1)

• 𝑙𝑙𝑙𝑙𝑙𝑙 𝑦𝑦𝑐𝑐𝑐𝑐 : log of corn yield (Bushel/Acre) in county 𝑐𝑐 and year 𝑡𝑡
• 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐: growing season average of ozone in county 𝑐𝑐 and year 𝑡𝑡
• 𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐: GE seed adoption rate in county 𝑐𝑐 and year 𝑡𝑡
• 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐× 𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐: interaction term; 𝑊𝑊𝑐𝑐𝑐𝑐: weather controls
• 𝛿𝛿𝑐𝑐 : county FE; 𝜃𝜃𝑡𝑡: year FE; 𝜀𝜀𝑐𝑐𝑐𝑐: idiosyncratic error term
Farmers care not only about crop yields, but also about the yield risks to which they 
are exposed. Referring to Antle (1987 AJAE) and Cisse and Barrett (2018 JDE), we 
adopt a moment-based approach to measure risk exposure.
Motivation to instrument ozone
• Possible systematic measurement error of remote sensing data (Alix-Garcia & 

Millimet, 2021)
• Emissions of precursors from agricultural machinery, fertilizer use, tilling

2SLS estimation
Instrument focal ground-level ozone with upwind ozone inspired by Bayer et al. 
(2009 JEEM) 

Note: The yellow point represents the focal county centroid. The green points in the 
50-200km buffer zone are source counties when calculating upwind ozone 
concentrations. The green points not in the 50-200km buffer zone are counties that 
are not considered when calculating upwind ozone concentrations. The red arrow 
represents the wind direction.

Results I: Yield Effects

Figure 1. Illustration on how to calculate IV

Results II: Risk Effects
Table 2. Effects of ozone and GE adoption on yield risk patterns

• GE decreases the yield risk (variance), downside risk (skewness), and the 
likelihood of the rare events in the tails of corn yield distribution (kurtosis)

• Ozone increases the yield risk (variance), downside risk (skewness), and the 
likelihood of the rare events in the tails of corn yield distribution (kurtosis)

• GE amplifies ozone’s risk-increasing effects, downside risk-increasing effects, 
and amplifies ozone’s effects of increasing the likelihood of the rare events of 
corn yield distribution
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