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Appendix
A1: The Phytosanitary Footprint of EU Consumption

Data. To compute the phytosanitary footprint of EU consumption, we consider four data
sources. First, we rely on PEST-CHEMGRIDS (Maggi et al., 2019)", a dataset including
crop- and active substance-specific application rates (i.e., the amount of active
substance per harvested area) at the 5 arc-minute resolution (about 10 km at the
equator). Second, we use crop-specific data provided by GAEZ v4?. More specifically, we
consider information on actual yields (tonne per harvested area) and harvested areas
(thousands of hectares) at the 5 arc-minute resolution. Third, we use the Food and
Agriculture Biomass Input—Output (FABIO) database (Bruckner et al., 2019)% FABIO
provides a set of multi-regional physical supply-use and input-output tables covering
global agriculture and forestry. FABIO currently covers 191 countries plus Rest-of-World,
121 processes and 130 commodities for 1986-2013. Finally, we rely on the active
substance-specific toxicity measures provided by the Pesticide Property Database
(PPDB)* developed by the Agriculture & Environment Research Unit (AERU) at the
University of Hertfordshire. It contains information on pesticide chemical identity,
physicochemical, human health and ecotoxicology. Due to data constraints, we consider
two main primary crop groups: cereals and oil crops. Table 1A reports all the considered
crops by primary crop group.

Crops and Crop Categories

Cereals Barley, Maize, Millet, Oats, Rice, Rye, Sorghum, Wheat,
Other Cereals

Oil crops Groundnuts, Oil Palm, Rape and Mustard seed, Soybeans,
Sunflower Seed, Other Oil Crops

" The Global Pesticide Grids (PEST-CHEMGRIDS), Version 1.01 data set contains 20 of the most-used pesticide active
ingredients on 6 dominant crops and 4 aggregated crop classes at 5 arc-minute resolution (about 10 km at the
equator).

2 Information on Agro-Ecological Zones (AEZ) modelling framework and databases are available at this link:
https://gaez.fao.org/.

® For more information, see https:/www fineprint.global/resources/fabio/.
* For a comprehensive description of the database see https:/sitem.herts ac.uk/aeru/ppdb/en/index.htm.
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For each crop, we identify the ten most widely used active substances worldwide (Maggi
et al, 2019). In total, we analyze 32 active substances: 13 permitted in EU agricultural
production and 19 banned under EU regulations. Table 2A lists all the active substances
included in our analysis.

Active Substances

EU regulation | Active Substance

2,4-d, azoxystrobin, clomazone, clopyralid, dicamba,
Allowed dimethenamid(-p), fluroxypyr, glyphosate, mcpa, mesotrione,
metam, pendimethalin, tebuconazole

acetochlor, atrazine, bromoxynil, chloropicrin, chlorothalonil,
dichloropropene, fomesafen, glufosinate, imazethapyr,
metolachlor(-s), metribuzin, paraquat, propanil, propargite,
propiconazole, quinclorac, simazine, sulfentrazone, thiobencarb

Banned

As to the countries, we consider four main regions: “European Union” (EU27 and UK),
“Mercosur” (Argentina, Brazil, Paraguay, Uruguay), “North America” (Canada and United
States of America), “Rest of the World” (all other countries).

Methodology. To account for the phytosanitary footprint of EU’'s consumption, we adopt
a three-steps procedure. Firstly, we compute a country-, crop- and active
substance-specific measure for the amount of active substance used to produce one
unit of crop product in a given country. To do so, we combine PEST-CHEMGRID
(application rates) and GAEZ (actual yields) data. By matching them, we obtain the
amount of active substance used to produce one unit of crop at the 5 arc-minute
resolution. Then, within each country and for each crop- and active substance-specific

. . . . k,
observation, we average by using harvested areas as weights. As a result, we obtain 4 >

the amount of active substance s used in country i-production of crop k. Second, we
exploit input-output information in FABIO to obtain, for each country i,j and crop k, r

pair, the Leontief coefficients bz,r. This latter represents the amount of crop k produced

in country i which is contained in crop r consumed in country j. Hence, the active
substance s-specific footprint of EU consumption is computed as

s ks, kr .r

F = '

EU _2 Zi iEUEU’
ik,r
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where dZU is the amount of crop r consumed in the EU. The active substance s- and
country of origin i-specific footprint of EU consumption is

S ks, kr r
FEU o kzrci {EU EU’

Hence, the active substance s-specific footprint share is given by FfEU / F;U. Finally, we

compute the phytosanitary footprint by converting each active substance s-specific use
in the glyphosate equivalent. To do that, we use the active substance-specific acute oral
lethal dose, LD50. The total phytosanitary footprint of EU consumption (in
glyphosate-equivalent measure) is given by

LD509""™ ks kr

F =Y
EU $ i iEU " EU’
sikr LD50 L

and the country-specific component is

F =% LD507P (k,s kr r
EU_Skr Lps0° i iEU EU

Analogously to the active substance case, the country i-phytosanitary footprint share is
computed as FowlFoy

A2: Quantification of the border-adjusted pesticide tax

We discuss the impact of a 50 % cut in pesticide use on the change in EU demand for
domestic products and EU imports from a simplified version of trade model based on
Armington structure, i.e. agricultural products are differentiated by their region of
production. Such models are often used to evaluate the potential impacts of agricultural
policies. Then, we compute two types of import tax: (i) a tax on imported products to
avoid pesticide leakage (holding EU market share constant) and (i) a tax on the
pesticide content of agricultural products.

The model. We aggregate countries into four main regions: European union (EU),
Mercosur countries (MC), North America (NA), and rest of the world (RW). We index

exporting countries by  (with ¢ =EU, MC, NA, RW) and importing countries by J (with
J =EU, MC, NA, RW)). As many models with agriculture trade (like GTAP-BIO), we

k
consider two elasticities: (i) ' that captures the ease of substitution between domestic
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and foreign products; and (ii) " that represents the degree of substitution among

different countries of origin for imports. Both elasticities are assumed to be constant
(the so-called Armington elasticity). The magnitude of import responses with respect to

k
price change increases with 1" . This model implies that, in the home country (say EU),
the expenditures for domestic products are given by

A= BRI o

k .
with ?7 the price of crop kK produced in country / and purchased by domestic

0F . . : :
consumers, 7 is an exogenous demand shifter (it encompasses all attributes of

product k from j other than price which purchasers value, e.g. protein content, grain
hardness), and

1

K K % k 10"
P =[P} /6 + () |7 and Pf {Z(pﬁ /6) }
oy

(2)

k k k
where E; is the amount of income allocated to product # P is the price index, Pi s

the trade-cost and tariff inclusive price of goods produced in country ! and purchased

: k .
in country 7, and b is the import price index in country 7 5 The import demand for

commodities produced in country I is

(3) m]]; — ljmkch (P]k)O' -1 (p;c /eik)l—c Wlth 21;1,/( — (ij /ij)n -1

m,k
where 77 represents the share of expenditures allocated to imported products & in

| Ej =2 mj+d;
country /. Note that i and the import-to-domestic consumption ratio
(the import-domestic ratio)

Yomp S (PHT@Y Nl 16

k _ i#J _ =]

o\
N =—n = P = kPj kJ .
b4, (Pl 165" p; /9

(4)

® Our calibration requires demand-shifter adjusted prices before the implementation of border-adjustments (see, e.g.,
equation (10) below). Crop-specific monthly prices are computed from the Eurostat COMEXT database. We take the
average price ratio (EU vs non-EU) for the years 2023-2024. The demand shifters are calibrated to replicate the
observed import shares, computed from FAOStat data for the year 2023.
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The farm-to-fork strategy is expected to raise EU agriculture prices and, in turn, implies
an increase in EU imports from less-regulated countries, a decrease in EU exports, and

~k
more trade across less-regulated countries. Let Pe the variation in EU farm-gate prices
due to the farm-to-fork strategy (for any variable, X=x/x where ¥ denotes the factual

value and X denotes the counterfactual value). The magnitude of the price effects of
F2F strategy is discussed below. Using (2) and (3), the change in EU import demand for

commodities produced in country ¢ without border measures is given by

1

m" =(B:u)”k’l where %eu—(/l‘“(peu)l "k+/le’"u’k)m

(5) ,eu
la’k =1- A‘mk
with e a  the share of expenditure on domestic varieties of product k. Total

expenditures in country J on product 4 are assumed to be constant.

In addition, given (5), the change in EU exports is

x,k . A S mk Dkt -1 Al-cF
= Z Ay With my, =47 (P7)” " p,°

(6) ‘ eu ,Jj e, j eu
Jj#eu

i . z/lrk

where Al is the share of EU exports to country / in EU total exports (with /#
)and

A k A k
(7) 1}71,/( — (ﬁj /f)jk)n -1
with
k A L !
By =(A A (BT and B = (1AL 2L RAY )

eu,j eu,j eu

(8)

m,k .
where Ay is the share of imports from EU in total imports of country 7/ (with

Z %‘mk =1

i#j

Farm to Fork Strategy and market mechanisms

We now present the methodology to compute the impact of a farm-to-fork strategy

Ak
leading to a 50% cut in pesticides on the change in agricultural prices P« . The pesticide
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H/c — g/ch é’k
use associated with crop kis * i ¥i where i isthe application rate of a pesticide

k .
and & is the total production (quantity) of crop 4 in country I and

Of = Ef (RN (p)) " O+ LA EN (B () (6
J )

_
The objective is H, =1/2 with

A A ko ko ok R LI -y O R A
AL =CE @ Py T (BEY™ + 3 gk (B P (B (pE) }
(9) J#eu

k k
where P, is the share of EU production that is not exported, Deu is the share of EU

. k k Dk
production exported to country 7/ while Pu is given in (5) and BJ’ and 7 are given in

).

Two polar scenarios can be implemented: (a) EU farmers do not change their practices

A

k_
(the application rate keeps constant geu_l) and (b) all EU farmers adopt new

A

k
technologies (the application rate falls Cau <1 ). Under Scenario (a) where EU farmers do

A

ko_
not change their practices, Can =1

N ko
so that we can compute Pe by solving H,, _1/2.

Under scenario (b) where all EU farmers adopt alternative technologies, the change in

k Tk
application rate Cou is calibrated such that H, =1/2

A A

Ak k
where P depends on S as a

change in application rates modify yield and production costs.

2k ~k
We compute the impact of Cou on Pa as follows. First, assuming free entry (all farms

k k k k
pt=Ct/0! C

operate at zero “pure” profit), price of EU agricultural products is where 7/

k
denotes the total cost and Y agricultural production (price equals to average cost).
The price can be rewritten as follows

k 7k k

pk_Cj/Lj c;

J Kk rk k

(10) / Q.i/Ll Y
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L. : ch=Ct/Lt
where 7 is agricultural land area, 7~ /"7

k _ )k k
V=0 L g agricultural yield (crop specific). Using (10), the change in price is

is the production cost per hectare,

k
Second, public databases provide “ and i for organic farming (OF) and conventional
farming (CF) allow us to determine the change in application rate from a shift from C-F

Ly ~k
to O-F, denoted by Sor as well as the change in yield, denoted by Yof , and where the

~of

change in costs per ha, denoted by < , if farmers shift from C-F to O-F. Hence, the

change in yield and cost per hectare associated with the farm-to-fork strategy can be
computed as follows

A A

. . 1_ k ) . 1_ k
RS B T LR S PP | L
(12) 1-Co¢ and 1-Cy

The underlying assumption is that a change in yield and cost due to the farm-to-fork
strategy is proportional to the change associated with a shift from C-F to O-F. Hence, by

. e
inserting (12) and (11) in (9), we can determine Sa such that e =1/2

k
Trade policies. We can first determine an ad-valorem border tax Ta such that the EU

Ak Dk _ ~k
market share is constant, that is ’e =1 or, equivalently, Fu=Pa Under this scenario,

k k k Ak ik
EU purchasers pay Piae instead of ?i so that Pie =Ta and the change in the import

Dk _ ik k _ ~k
price index is Fu=Ta Hence, T =Pa

The F2F strategy can be also interpreted as equivalent to a tax Tt applied to pesticide

content in products paid by purchasers that we can compute. Indeed, " is such that

k kek _ k) k
P TT 60 = P where Cou is the pesticide content per unit of products (observable

0
variable) and Pe is the price of EU products under the counterfactual scenario. It
follows that
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k (~k
-1
o~ Pa(Pe =D

(13) Ch
kCik

k! k
Under this tax regime, the EU customers pay Piew = Pieu TT each unit of imported

k
products instead of e . Using (13), it follows that

k k s~k k k
c T .
~k _pr,eu i )4 C ~k
o = =14 Leu i ( _1)

(14) Pla Pla ot

Calibration. We simulate a 50% reduction in pesticide use within EU agricultural
production. We consider the case where all EU farmers adopt new technologies by
changing the pesticide application rate. We focus on three crops: corn, soybeans and
wheat and calibrate the model by combining different data sources. As to the
crop-specific Armington elasticities of substitutions, we use the estimates provided by
Taheripour and Tyner (2018). More specifically, we choose the following calibration:
n = [4.93, 4.90, 8.90] and o = [2.46, 2.45, 4.45] for corn, soybeans and wheat,
respectively.

Changes in yield, costs and application rates are obtained from the 2010 USDA ARMS?,
a survey collecting detailed information about the production practices and costs and
including a subsample of organic producers. Table 3A summarizes this information.

Yield, Cost and Application Rate Changes

0.76 0.65 0.70
0.98 117 0.95
0.01 0.01 0.10

5 For further details, see
NUpsS./WwWw.e 1S0a.JOV/aala-Progul
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The benefit of utilizing information from USDA ARMS is that it is specific to both crops
and farming type (i.e., conventional and organic). As a robustness check, we also
compare these measures with the information provided by FADN’.

Production and trade data are obtained from the FAOStat database. Information is
provided for both quantities (tonnes) and values (dollars). The amount of pesticide per
unit of product is defined as the total quantity of glyphosate-equivalent active
substances used to produce one unit of crop. We compute these rates according to the
methodology described in section A1.

A3: Other policy instruments

Maximum Residue Levels (MRLs). The EU's approach to MRLs illustrates both the
potential and limitations of product-based regulations. While WTO rules clearly
acknowledge the legitimacy of regulations on product-related production processes,
MRLs face significant technical limitations. They can only detect pesticides that leave
residues on the final product. Hazardous pesticides used during cultivation may not
necessarily persist until harvest or may degrade during transportation. This creates a
regulatory blind spot where products grown with intensive pesticide use might still
comply with MRL standards simply because the chemicals are no longer detectable.
This is where mirror measures could be required.

Mirror Measures. Mirror measures aim to guarantee that imported products are
produced under the same conditions as those imposed on domestic products. It is the
first-best solution to level the playing field. However, WTO does not provide clear rules
on production methods that do not affect the physical characteristics of final products.
The challenges of implementing mirror measures are well illustrated by the recent
controversy over the traceability and control of hormones - the use of which is banned in
the EU - in Brazilian beef exports (European Commission, 2024). There is also a lack of
relevant international standards on non-product-related production methods. The
internationalization of mandatory standards is challenging due to differences across
countries in societal preferences.

Vertical Targeting. The flow of pesticides and agricultural products may be targeted
across different stages of production and distribution. It has been documented that the
EU (and the UK) account for a significant share of the global production of pesticides —
some of those already prohibited for use within the EU (BASIC, 2021). Due to growing
public concern voiced by NGOs and the United Nations, France recently took steps to
restrict pesticide exports. However, the policy's effectiveness was limited since it
targeted final pesticide formulations rather than their active ingredients. This created a
loophole where chemical companies could still export the active ingredients, which

" FADN (https://agridata.ec.europa.eu/extensions/OrganicFarmsReport/OrganicFarmsReport.html) provides
information on conventional and organic farming for few crops. In particular, yields differences (t/ha) are available for
corn and wheat; cost differences are available only at the aggregated level.
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could then be formulated into pesticides in other countries. The experience shows the
importance of the design of export controls. Additionally, even comprehensive bans may
have limited impact if other countries continue to produce or start exporting these
substances. Firms producing phytosanitary products are indeed large multinational
corporations. Syngenta, producer of paraquat, was acquired by ChemChina, who
merged in 2021 with Sinochem creating the giant conglomerate Sinochem Holdings
Corporation. Similarly, other major agrochemical companies like Bayer, BASF, and
Corteva have production facilities and affiliates across the globe. That Brazil has
become one of the largest importers of Chinese pesticides reduces the leverage of the
European Union which accounts for approximately 20% of global pesticide production
only. Overall, vertical targeting may have some (modest) effects in the short-run and a
border-adjustment approach seems indispensable.
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