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The Need for Sustainable Intensification
Food system redesign and climate adaptation necessary
to ensuring global food security

Sustainable Agricultural Intensification emphasized as a
key strategy for achieving food security and
environmental goals

Little causal evidence on effectiveness of sustainable
agriculture technologies in practice and at scale



The Gap We’re Filling
[…] there is little research on putting
the components together in viable
production systems, and in
quantifying [sustainable
intensification’s] potential in terms of
both production and environmental
performance in farmers’ fields rather
than small manicured research plots.

Cassman & Grassini (2020) Nat. Sus.



The Gap We’re Filling
We recently reviewed the effects of
specified changes to farming systems
on agricultural productivity, and
found that in the past six years, few
studies considered more than one or
two different sustainability metrics.
Less surprising but equally
problematic was the shortage of long-
term and broad-scale studies.

Gunton et al. (2016) Nat. Plants



How This Study Fits In
MasAgro: Large-scale extension program in Mexico
promoting Conservation Agriculture beginning in 2012

Causal evidence of environmental improvements and
subsequent health consequences

Suggestive evidence of profitability relative to alternative
technologies

Demonstration of one mechanism through which
Conservation Agriculture generates environmental
benefits: reduced agricultural burning
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Conservation Agriculture
Minimal soil disturbance, constant soil cover, and crop
rotation

One of the major Sustainable Intensification strategies
promoted worldwide (Pretty et al., 2018)

Aimed primarily at improving soil health



Potential Environmental Benefits
Aside from improving soil quality, Conservation Agriculture
may improve air quality when practiced at scale

Reduced-tillage found to be correlated with less dust
generated during planting period in US (Behrer & Lobell, 2022)

Crop residue used as soil cover replaces agricultural
burning, shown to have a number of negative
consequences (Rangel & Vogl, 2019; He et al., 2020; Graff Zivin et al.,

2020; Lai et al., 2022; Pullabhotla et al., 2023)



MasAgro
Nation-wide extension effort in Mexico launched in 2012
with technical backing from CIMMYT1

How it works:

Techniques developed at Experimental Stations

Side-by-side plots managed by farmers (Modules)

Farmers work with technician to adopt new technologies on Extension
Plots

Diffusion to Impact Areas observed by extension technicians
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Data: Analysis Sample
492 localities with minimal agricultural employment



Data: Technology and Production
Extension technicians record data in the Bitácora
Electrónica MasAgro (BEM)

Modules: Input usage and costs, output produced, sales
prices

All plots: Location, promoted technologies employed, year
of adoption

Conservation Agriculture is the most widely adopted
technology (32%)



Diffusion of Conservation Agriculture



Data: Wind Direction
ERA5 re-analysis

Combines weather station data with satellite imagery to
make a global gridded weather dataset

Daily wind direction and speed

0.25 degree resolution



Data: Air Quality
Two sets of air quality measurements

SINAICA Monitors: High quality sensors located in 78
localities (PM 10)

Aerosol Optical Depth (AOD): Daily satellite-imagery
based measurements, correlated with PM 10/2.5 (Zou

(2021), Gendron-Carrier et al. (2022))



Data: Infant Mortality
Publicly available administrative data on births and deaths in
Mexico

Deaths: Month and year of birth/death, locality of
residence

Births: Month and year of birth, locality only available
starting in 2013

Cannot link birth and death data



Data: MODIS Themal Anomalies and Fire
Daily measurements of fire in 1km  1km pixels. Restricted
to agricultural land

×
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Research Design
Compare effect of locality being
downwind from cells before and
after adoption of Conservation
Agriculture

Yl,m,t = +αl,m δt
+ Downwind Pos + Downwind Eveβdown

m tl,m,t γdown
m rl,m,t

+ Upwind Pos + Upwind Eveβup
m tl,m,t γupm rl,m,t

+ Lateral Pos + Lateral Eveβlat
m tl,m,t γ latm rl,m,t

+ εl,m,t



Monthly Downwind Effects
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Profits
Effects of Conservation Agriculture on Profits

Outcome Profit/ha
(1)

Log(Profit/ha)
(2)

Extension 1737.7
(58.8)

[<0.01]

0.407
(0.012)
[<0.01]

Extension  CA Module 584.8
(111.3)
[<0.01]

0.020
(0.022)
[0.36]

Observations 24098 17700
Notes: Profits are top and bottom Winsorized at 2.5%. All regressions include field fixed effects. Standard errors clustered at the producer-level are in
parentheses. P-values are in brackets.

×
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Agricultural Fires
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Conclusion
10-20% reduction in agricultural 🔥

1.3% reduction in PM  concentration in downwind
localities

Back-of-Envelope: 11.4K deaths averted 2012-2019, VSL
benefits ~31x greater than cost of extension

Suggestive evidence that Conservation Agriculture is
weakly more profitable than alternative technologies

Thanks!

joelferg@stanford.edu
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Appendix: Imputation Estimator
Model of untreated potential outcomes:

Subtract imputed untreated outcomes from treated obs

Average among observations of interest, e.g. a particular
event time 

Ag Fire (0) = + + Ag Are +si,t αi δt ηt ai εi,t

= Ag Fire (1) − (0)τ̂ i,t si,t Ag Firesˆ i,t

= {i, t : t − = k}Ωk Ei,t

=τ ̂ k
1

| |Ωk ∑
{i,t∈ }Ωk

τ̂ i,t





Appendix: Adoption Persistence



Appendix: Placebo Test



Appendix: Agricultural Productivity



Agricultural Fires




