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Figure 1: NDVI and production plants owned by U.S. multinationals. Panel
(a) shows the international establishments of public U.S. multinationals in SIC codes
01-39, obtained from D&B WorldBase overlayed with the gradient of NDVI value in
June 2006. Panel (b) zooms on the surrounding of Houston and adds the grid of cells of
0.1�0.1 degrees (our baseline level of analysis). Panel (c) repeats the image of Panel b
for January 2006.

(a) The global network of U.S.-owned facilities and NDVI values in June

(b) Houston with 0.1°�0.1°cells in June (c) Houston with 0.1°�0.1°cells in January
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Figure 2: NDVI and PRI ownership – by engagement intensity and OECD
location. The figure plots the coefficient estimates from a single regressions for the levels
of Basic, Moderate, and Advanced PRI IO, as well as their interaction terms with Outside
OECD. The average firm comprises about 58 facilities, including 6 outside the OECD.
Controls include institutional ownership, weather controls (temperature, precipitation
and their squares), economic controls (nighttime lights, buildings, population), and fixed
effects by cell–month, year–month, and agroclimatic-zone–year. Error bars show the 95%
confidence interval. Variable definitions and sources are provided in Appendix Table B-2.

PRI IO effect (baseline estimation)

−.08 −.06 −.04 −.02 0 .02

(a) Overall effect

Basic PRI IO

outsideOECD  ×  Basic PRI IO

Moderate PRI IO

outsideOECD  ×  Moderate PRI IO

Advanced PRI IO

outside OECD  ×  Advanced PRI IO

−.08 −.06 −.04 −.02 0 .02

Panels (a) and (b) use the same sample, but most signatories report a Basic involvement with PRI (60%), and most facilities are in the OECD (87%).

(b) Heterogeneous effects, by engagement level × firms location
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A NDVI: Literature Review, Relevance and Uses.

Spatio-temporal variation in vegetation quality and quantity can be caused by several
factors, which are in turn captured by the NDVI. In particular, precipitation, vegetation
type, soil type, temperature, and land use type are major driving forces that cause
variations in the NDVI over time.

In this paper, we rely on the established reactivity of NDVI to pollution. NDVI appears
to diminish with pollution through both air, soil, or water. Below, we describe a few
examples of these relations as presented in the environmental science literature:

� Atmospheric Pollutants: Gas forms (oxidized and reduced forms of carbon and ni-
trogen) and particulate matter (PM) (PM10 and PM2.5 and toxic heavy metals)
can harm vegetation either directly, through toxic effects, or indirectly, by altering
soil pH and making toxic metal salts, such as aluminium, more soluble. PM can also
have a detrimental mechanical effect by covering leaf surface and blocking stomata,
which reduces light penetration and impairs process of photosynthesis, leading to
a significant decline in rate of photosynthesis (Gheorghe and Ion, 2011; Rai, 2016).
For instance, Moraes et al. (2003) find that PM emissions of an industrial complex
had adverse impacts on surrounding vegetation. The forest species that were stud-
ied suffered visible injuries, reductions in net photosynthesis, growth parameters,
adsorbate concentrations, and increased F, N, and S foliar concentrations. A similar
study by Alfani et al. (2000) reports high levels of heavy metals and or elements in
plant leaves close to major industrial plants.

� Soil Pollution: Soil pollution for example through heavy metals may affect plants
through the soil or water, and phenomena such as soil salinity and soil erosion have
a harmful impact on vegetation health. Salinity occurs when salt is present in places
where it should not be, which can negatively impact quality of water and ability
of plants to absorb water and nutrients. Salinity can be caused by human-induced
factors such as contamination of soils with salt-rich waste waters and industrial
by-products (Louwagie et al., 2011).

� Water Pollution: Land use and human activities such as industrial production can
also alter quality of water, affecting uptake of nutrients by surrounding vegetation.
Mining, for instance, generates discharge wastewater that negatively impacts qual-
ity of surface and groundwater, and may pose risks to drinking water supplies and
losses of vegetation on land and in aquatic environments.1 In oil and gas indus-
try, process of extracting shale gas results in generation of significant quantities of
wastewater through hydraulic fracturing. This wastewater can have high levels of
dissolved solids, such as salts, along with naturally occurring radioactive materi-
als and metals, as well as or chemicals utilized during drilling and well completion
(Resende Vieira and Christofaro, 2024).

NDVI vs. pollutant-specific data Remote sensing measures that capture air quality
and pollution have been widely used in environmental studies as well as in economics.2

However, focusing on impact of industrial activities on air quality only is limiting given
evidence of pollution substitution. Gibson (2019); Bi (2017) find that plants in U.S.

1A relationship studied from an economic perspective by Aragón and Rud (2016); Vashold et al.
(2025).

2See Donaldson and Storeygard (2016) for a survey of literature.
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