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A Additional figures and tables

Figure A.1: GM-adoption rates
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Notes: This figure shows GM-adoption rates, defined as the share of GM varieties in the total planted area

of a crop. Note that planting may be in a different calendar year than harvest. See Appendix B for the data

sources.
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Figure A.2: Countries cultivating GM crops in 2019

Notes: This figure shows the countries that cultivated GM cotton (blue), GM soybean (green), GM maize

(yellow), and GM rapeseed (red) in 2019, the end of our sample period. See Appendix B for the data sources

and additional details
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Table A.1: Balancing tests on pre-GM characteristics

mean diff.

agricultural employment share, 1995 -0.904 (-0.14)

agricultural share of GDP, 1995 -2.968 (-0.74)

ln agricultural VA per worker, 1995 -0.621 (-1.44)

pesticide per area, 1995 -0.205 (-0.26)

population density, 1995 -0.0146 (-0.51)

ln GDP per capita, 1995 0.0769 (0.25)

absolute latitude 1.137 (0.30)

share frost days, 1960-90 -0.0182 (-0.36)

precipitation, 1960-90 -22.47 (-0.14)

temperature, 1960-90 -0.284 (-0.15)

growing period, 1960-90 -7.478 (-0.34)

rainfed soil suit., good or more, 1960-90 6.525 (1.01)

tropical and subtropical land, 1960-90 4.205 (0.48)

Notes: This table reports mean difference t-tests between GM and non-GM approving countries for different

pre-GM characteristics. The first column reports the mean difference, while the second column reports the

corresponding t-statistics in parentheses. The agricultural employment share (row 1) is from the International

Labor Organization, and the remaining three agricultural variables (rows 2-4) are from FAOSTAT. Population

density is from World Development Indicators (n.d.), GDP per capita is from Feenstra et al. (2021). Latitude

is from Galor and Özak (2016) and the remaining geographical and climatic variables are from FAO GAEZ

v3.0. “Absolute latitude” is the numerical latitude of the centroid of the country, “share frost days, 1960-

90” is the number of days with frost (out of a year) on agricultural land measured as an average over the

period 1960-1990, “precipitation, 1960-1990” is the average annual precipitation over the period 1960-1990,

“temperature, 1960-1990” is the average annual temperature over the period 1960-1990, “growing period,

1960-90” is the average number of days during the growing period measured over the period 1960-1990,

“rainfed soil suit., good or more, 1960-90” is the share of land in a country that FAO classifies a having

good or better than good suitability for rainfed agriculture using climate data for the period 1960-1990, and

“tropical and subtropical land, 1960-90” is the share of land in a country with tropical or subtropical climate.
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Figure A.3: Event-study estimates for all GM crops using 1996 to define the post-GM
period for all adopting countries
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Notes: This figure reports event-study estimates based on a specification similar to one used in Figure 2, but

using 1996 as the event-year (year 0) for all GM approving countries irrespective of when GM crops were

actually approved. The dashed lines are 95 percent confidence bands based on standard errors clustered at

the country-crop level. The dashed lines are 95 percent confidence bands based on standard errors clustered

at the country-crop level.
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Figure A.4: Event-study estimates for all GM crops using de jure approval years
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Notes: This figure reports DDD event-study estimates based on a specification similar to one used in Figure

2, but using the year after formal GM approval to define the events instead of the first actual harvest, which

may be both before or several years after formal approval. See Table B.2 for the dates we use.
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Figure A.5: Event studies with a 20-year post treatment window (balanced sample)
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Notes: This figure reports DDD event-study estimates from estimation Equation 1. We assume homogeneous

treatment-effects across GM crops. The event-window for adopting country-crop units is 10 years before and

20 years after the first unrestricted GM harvest. The estimation window is 1986-2019. Units treated in 1999

or later are omitted in order to balance the sample. The dashed lines are 95 percent confidence bands based

on standard errors clustered at the country-crop level.
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Figure A.6: Event studies with a 20-year post treatment window (unbalanced sample)
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Notes: This figure reports DDD event-study estimates from estimation Equation 1. We assume homogeneous

treatment-effects across GM crops. The event-window for adopting country-crop units is 10 years before and

20 years after the first unrestricted GM harvest. The estimation window is 1986-2019. All treated units are

included, which means that the sample is unbalanced in the later post-event years. The dashed lines are 95

percent confidence bands based on standard errors clustered at the country-crop level.
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Figure A.7: Event-study estimates using alternative rollout estimators
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Notes: This figure reports event-study estimates for our baseline specification (Figure 2) but using alternative

roll-out estimators as proposed by Sun and Abraham (2021); Borusyak et al. (2021); De Chaisemartin and

d’Haultfoeuille (2020); Callaway and Sant Anna (2020). To compare the OLS estimates with the alternative

rollout estimates, the omitted comparison year is 10 years before the first GM harvest in all specifications,

and not one years before as in the main paper.
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Figure A.8: Event-study estimates when restricting the control crops and countries
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Notes: This figure reports DDD event-study estimates based on a specification similar to one used in Figure

2, but where we restrict the number of control crops and countries included in the sample: “Cereals controls”

includes only cereal crops as controls; “Similar crop-type controls” includes only control crops of similar

types as the treated GM crops (i.e., fiber, oil crops, and cereals); “Excl. Sub-Saharan countries” excludes

Sub-Saharan countries; “Excl. frost countries” excludes countries with more than six month of frost per year.

The dashed lines are 95 percent confidence bands based on standard errors clustered at the country-crop level.

The indicator for Sub-Saharan countries is obtained from Galor and Özak (2016) and frost-country variable

is based on own calculations. See the main paper.
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Figure A.9: Adoption estimates for each GM crop
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Notes: This figure reports event-study estimates based on a modified version of Equation 1 in which we

interact the event indicators with GM crop indicators (cotton, soybean, maize, rapeseed). The modification

allows for heterogeneous speeds of adoption across the four crops. All possible interaction fixed effects are

included. The event-window for adopting country-crop units is 10 years before approval and 10 after. The

dashed lines are 95 percent confidence bands based on standard errors clustered at the country-crop level.
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Figure A.10: Crop-yield estimates for each GM crop
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Notes: This figure reports event-study estimates based on a modified version of Equation 1 in which we

interact the event indicators with GM crop indicators (cotton, soybean, maize, rapeseed). The modification

allows for heterogeneous treatment effects (on crop yields) across GM crops. All possible interaction fixed

effects are included. The event-window for adopting country-crop units is 10 years before approval and 10

after. Standard errors are clustered at the country-crop level. Note that the positive effect on maize yields

we find in Table 1 of the main paper is not visible here because this figure omits countries with less than

ten years of treatment in order to balance the sample. The omitted are all relatively poor and have had

substantial yield gains following GM adoption. The dashed lines are 95 percent confidence bands based on

standard errors clustered at the country-crop level.
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Figure A.11: Harvested area estimates for each GM crop
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Notes: This figure reports event-study estimates based on a modified version of Equation 1 in which we

interact the event indicators with GM crop indicators (cotton, soybean, maize, rapeseed). The modification

allows for heterogeneous treatment effects (on harvested area) across GM crops. All possible interaction fixed

effects are included. The event-window for approving country-crop units is 10 years before approval and 10

after. The dashed lines are 95 percent confidence bands based on standard errors clustered at the country-crop

level.
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Figure A.12: Net-export-share estimates for each GM crop
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Notes: This figure reports event-study estimates based on a modified version of Equation 1 in which we

interact the event indicators with GM crop indicators (cotton, soybean, maize, rapeseed). The modification

allows for heterogeneous treatment effects (on net-export shares) across GM crops. All possible interaction

fixed effects are included. The event-window for approving country-crop units is 10 years before approval

and 10 after. The dashed lines are 95 percent confidence bands based on standard errors clustered at the

country-crop level.

B Further data documentation: GM approval, first GM harvest,

and adoption rates

Table B.2 reports the years in which GM varieties of cotton, maize, rapeseed, and soybean were

formally approved. For each crop, we report information on all countries in which planting of

GM varieties have been approved by the national legislature. Approval did not necessarily mean

that farmers were free to plant GM crops. In some cases, GM varieties were approved at the

national level, but banned at the state level (e.g., rapeseed in Australia). In other cases, planting

of GM crops were heavily restricted. Chile and Nicaragua, for instance, only allow GM crops
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for the purpose of seed export, and the EU regulates how and where GM crops may be grown

to an extent that effectively bans GM cultivation. In certain low and middle income countries,

GM cultivation began before the government formally approved GM crops. Farmers in Brazil and

Paraguay imported GM seeds from Argentina without any government interference years before

legislation made them available for domestic purchase. Farmers in Pakistan likewise started to

grow GM cotton as soon as they could obtain seeds from India next door. In the tables, we

therefore report two sets of approval dates: the formal approval date by national legislation, and

one labeled ”first unrestricted harvest”, defines as the actual year in which farmers could harvest

GM crops without any government interference. The first unrestricted harvest is usually one or

two years after formal approval of GM varieties depending on the agricultural calendar. In some

cases, GM cultivation continued to be effectively banned due to regulatory restrictions, in others,

GM cultivation were tolerated long before any formal legislation. We describe such special cases in

the notes to the table. Table B.2 also reports the few cases of GM approval being repealed after

some years of commercial production.

On a side note, Scheitrum et al. (2020) also compare adopters to non-adopters, but count among

adopters countries that at some point formally have approved cultivation a GM variety even if they

still ban commercial production, or regulate it to an extent that it becomes unviable. Including

countries with no commercial GM production in the treatment group, while leaving countries with

extensive GM cultivation, but no formal approval in the control group, presumably helps to explain

why they find little effect on yields.

Our main sources of GM adoption rates are the International Service for the Acquisition of Agri-

biotech Applications (ISAAA) (James 1996-2019) and PG Economics Ltd. (Brookes and Barfoot

2008-2020). We supplement these data with data from country-specific sources for Argentina (Trigo

2011), Bolivia (Zeballos 2012), Canada (Smyth 2014), the United States (USDA Economic Research

Service n.d.), and Uruguay (USDA Foreign Agricultural Service 2009). The many different sources

we use means that our GM adoption data are more comprehensive than any other such data set

currently available.
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