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Introduction v

Corporate voluntary commitments to reduce deforestation fe% portant opportunity
to conserve tropical forests (Lambin et al. 2018). Yet, the N?x ss of these
commitments is difficult to evaluate (Garrett et al. 20 ahisms that align the
interests of agricultural producers and transnation ity traders as well as the
enforcing and monitoring of these mechanisms At eveloped (Newton, Agrawal,
and Wollenberg 2013; Lambin et al. 2018; Carval. 2019; Ermgassen et al. 2020). In
addition, supply-chain commitments inter ith goVernment policies that can help or
hinder private initiatives (Le Polain de Vyamg 1. 2017). Moreover, deforestation is a
global phenomenon mediated by mar, V"\s Gan and McCarl 2007; Villoria, Byerlee,
and Stevenson 2014; Taheripour, H aeRamankutty 2019); efforts to reduce

deforestation in one region may e offs8¢,by the displacement (leakage) of agricultural
production to other regions ail oNg and Hertel 2011; Villoria 2019). The leakage of

production from regions wi o-deforestation (ZD) commitments to other places with
less stringent environmen ations is a major threat to supply-chain ZD commitments

(Alix-Garcia and Gibbs whambin et al. 2018). Some critical aspects determining
offsetting supply regpgnsesinclude the number of commodities covered as well as the
geographic sco the gommitments (Garrett et al. 2019). Market structure also matters.
Companies c th each other for procuring commodities from farmers, so the extent
to which n mitted buyers compete with committed buyers ultimately can decide the
succes mitments (Reis et al. 2020; Cf. Sexton 1990).

T plores the role of leakage in offsetting the potential benefits of ZD

c@\ nts implemented in Brazil's soybean supply changes. Brazil has the largest forest
rese in the world and is a mighty agricultural producer, recently displacing the U.S. as
the major agricultural producer of soybeans. Soybeans are an important commodity
responsible for an important part of land clearing in Brazil and other parts of South
America (cite ). The soybean supply-chain in Brazil’s Amazon also offers what appears to
be a successful initiative of private-led forest conservation (Heilmayr et al. 2020).
Agricultural-driven deforestation has become an increasingly polarizing issue between the
European Union and Brazil and has the potential of becoming a central issue in a potential
trade agreement between the EU and the MERCOSUR countries (Rajao et al. 2020). Such



escalation of environmental issues in the context of economic agreements illustrates how
forest conservation in South America can affect the broader set of options for economic
development available to the region.

Leakage is determined by the degree to which producers in different locations compete in a
common market (Villoria and Hertel 2011). Within Brazil, adoption of ZD commitments in
the soybean supply change split Brazil into mutually exclusive areas: those subject to
commitments, or treated areas on the one hand, and those areas without commitmeats, or
non-treated areas, on the other hand. In the case of the ASM this segmentation is

biome lines (treated Amazon vs. non-treated parts of the Amazon, Cerrado and/Gtae
biomes) with leakage driven by the displacement of production from the tr t on to
the other biomes as relative prices change due to the restrictions on lan Xﬂ
stemming from the Moratorium. Existing assessments of zero-deforestatioigo
include some measure of localized within- or cross-biome leakage in t ndlysis

(Gollnow et al. 2018; Heilmayr et al. 2020; Soterroni et al. 2019), But toRQest of our
knowledge, the cross-border leakage associated with Brazil soyx ply-chain ZD

commitments remains unexplored. \)
In this paper we fill this gap by considering the ext e potential deforestation

ent o
benefits of soybean ZD commitments in Brazil can bgotfset¥Wy displacing production
elsewhere in the world, either within or outside q{ pay special attention to Bolivia,

itments

Argentina, and Paraguay (henceforth the BAP regitg). Together with Brazil these countries
are relatively land-abundant with ample sc or fuPther expansion of their agricultural

frontier (cite ). These countries have alsg-eyp ed expansion of soybean cultivation in
the recent past (cite ), increasing amo e orestation (cite ), and form part of the
supply-chain of a relatively reduced b&sof transnational traders (cite ). All: suggested
citations are welcome, particulag¥eif th®y nuance the assertions in the text.

Outside Brazil, the scope for; ag@will depend on the strength with which the BAP and
other competing regions price changes that are caused by the land conversion
restrictions in Brazil’s ions as well as on the ability of producers outside the
treated regions to change‘their production behavior in response to price changes. In turn,
the strength of ppige tPansmission from Brazil into other regions depends crucially on the
geographic p nsNgf bilateral trade flows. Tracking changes in prices and how they are
transformed i roduction and land use requires an economic, multi-region trade model
a®ment of sub-national land markets. For this, we modify the widely-used
dél (Hertel et al. 2009) and database (Baldos 2017) to divide Brazil into thee
on, Cerrado, and Others (see 4.1). In turn, each biome is split into treated
d™Mon treated areas using the TRASE database and other databases of land use in
Braz infer the spatial footprint of the five potential spatial footprint scenarios (SFS)
described below and depicted in in figure 1 (see subsection 4.2 for specific companies).
(Florian: we probably need more details here, some of which can go to the Materials and
Methods below. I also think your maps are very useful. We may try to craft a figure with
them next to the barplots in figure 1, or send them to the supporting online materials
SOM.):
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Figure 1: Percentage of Brazil’s soybean, for op and, and pastureland areas subject to
voluntary Zero Deforestation Commltme Ifferent assumptions of the market share

needed to make the commitments effe

11m1ted to the spatial footprint in the Brazilian

ented the moratorium in 2006.

2. Brazil-wide implementgtfog o commitments by the global signatories of the ... (All:
I seem to recall the i lirms signed some landmark pledge? can you fill in what
is accurate here). erfario is dubbed SFS-GZD and extends the ASM into Cerrado

and other biomes witi soybean production (see Soterroni et al. 2019 for a related

study).

*
3. EU adop%B le to only import ZD soybeans from Brazil (SFS-EU): We simulate

Amazon of the companies

t would have a total compliance of the companies that export to the EU
razil with a potential requirement from the EU to allow in their markets

§ P commitments beyond what is covered by the SFS-ASM and SFS-GZD to
%u e all the companies that export to the EU.

4 al compliance with a supply-chain commitment by Brazil’s soybeans supply chains
to only export deforestation-free soybeans to China (SFS-CHN): This experiment obeys
to the fact that it is China, and not Europe, the main market for Brazil’s soybeans. This
feature of global markets presents an interesting dilemma to the EU insofar they may

lack market power to influence soybean traders and producers in Brazil to adopt zero
deforestation supply changes. The difference between the effects of the SFS-EU and



SFS-CHN clarifies EU’s leverage (when compared to China’s) to shape deforestation
outcomes via supply-side restrictions.

5. Supply-side restrictions imposed by both the EU and China (SFS-EC): This scenario
explores any potential additional effect of joint restrictions.

An important feature of the SFS is that we assume that if either Europe or China impose
restrictions on one company, and that company decides to comply with such mandates in
order to preserve market share, the companies will apply those restrictions to their 4

trader when exporting to different destinations. This is a realistic assumption ; Ranies
consider supply-chain differentiation extremely costly due to the unwieldy o
would be needed to monitor, trace, and certify production (A cite will be a§iCe here].

reflect the uncertainty of how market structure influences the effgCtiveNes8 of ZD
commitments. The EA consist of assumptions about the minim arket share needed by
committed traders to ensure that farmers face enough ince iv&a forest conversion to
soybean production. We provide three possibilities. EA1 restrictive assumption
and requires that at least 75% of the soybeans in a giv, ipality are bought by
committed companies. EA2 is less restrictive and reduirdg ayiarket share of 50%. EA3 is an
upper bound of potential effectiveness and consi Q municipality will comply with
the imposed land conversion restrictions if at leastN§ne committed company is present in
the municipality. In addition we have two ativeforest definitions (see section
@ref(#experiments) for details). Each S orest combination is a model
experiment, for fifteen experiments t ustness section yet to be drafted we
document that the results of both fo efirfitions are very similar. In the main text of the

article we only report forest defjdtion
In each experiment we halt coryersion between forestry and agriculture in the areas

assumed under ZD com y way of a subsidy that compensates producers for the
economic losses of not ing forests on to agriculture. This subsidy captures the

economic incentives that soybean buyers would need to provide to producers so they
comply with ZD nﬁtglents.

A main findi ow s that due to the overlapping spatial footprint of the traders serving
ina’s market, EU supply-side restrictions are as effective as if these were
1a. In order to give some additional context to the potential effects of ZD
influenced by EU mandates, we also explore an scenario in which the EU
ilateral import tariff on all the soybeans sourced from Brazil. Demand-based
§ and import bans into the EU are increasingly discussed as potential instruments
to exert pressure on Brazil's soybean supply chain (Rajao et al. (2020)). We contrast the
land use outcomes of ZD supply-side commitment with the effects of the EU imposing
demand-side import tariffs (of 25%, 50% and 75%) on soybeans originated in Brazil.




Results

Impacts on Soy Production

Figure ?? summarizes changes in oilseed area in each scenario. For each region the height
of the bars correspond to the value obtained under EA2 (Market share >50%). The values
of EA1 (Market share >75%) and EA3 (Market share >0%) are indicated by the range lines
crossing each bar. In the text we report the values of E2 as central estimates and indidagte
the range implied by the effectiveness assumptions within parentheses. The val

may fall out of the range bounded by E1 and E3 because of the non-linearity o@ el

## NULL
| h 4

ion ' oilseed area
area in the non-
ction of 24.1

sults in perspective,
FAOSTAT ), therefore

Three patterns are common across all scenarios. First, some of the re
due to land restrictions in Brazil are compensated by increases infilse
treated Brazilian biomes. For example, under E2, the ASM leadsio\a re
(17.8-27 kha) kha of soybeans in the Amazon Biome—to ke, &
consider that Brazil harvested 24,300 kha of soybeans i TNci

the area reduced by the ASM is just 0.1% of Brazil’s so e8. This reduction is
partially offset within Brazil by an expansion of oilsegd 1.8 kha (0.9-1.92 kha) in the
Amazon, 3.2 kha (2.4-3.7 kha) in the Cerrado, an% 1.6-2.7 kha) in other biomes.

ce a reduction of their oilseed areas of
ctively. These are partially offset by

the Cerrado and the other biomes of Brazj

8.7 kha (4.1-12.4) and 2.4 kha (1.8-4.0,k %
increases in the non-treated parts ofegradgMhich experience an increase 2.88 kha (2.16-
2.54 kha) as well as an increase imthe ®gst of Brazil of 2.3 kha (1.7-2.0 kha). In the other
three scenarios, the commitm nconipass larger areas (figure 1), which are associated
with larger reductions of soa of = 12 kha (= 7-16 kha), which are also somehow

In the ZD scenario, in addition to the reduct%&'i(:1 ed area of the ASM commitments,
A .

offset by minor cross-biose dge within Brazil.

The second pattern of im ce across scenarios is that cross border leakage of
production into 1tina, Bolivia and Paraguay is almost nonexistent, in the order of 1-2
kha; instead, the%upply response outside of Brazil—10.1 kha (7.2-12.3 kha) in the
ASM; 15.3 kh -207 kha) under GZD commitments; and = 18 kha (13-23 kha) in the
other thre nagios—occurs in the the rest of the world, particularly North America
(figur

Q




Changes in oilseeds production.
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Figure 2: Changes in Oilseed Pr@nmder Different Zero Deforestation Commitments.
(By Country)
Finally, not all the redu@ieiNn SOybean areas in Brazil’s treated zones is replaced by cross-

biome and cross-border légkage. Under the ASM there is a net reduction of oilseed area of
5.7 kha (3.9-6.2 .t the case of the GZD commitments, the reduction is of 10.3 kha

(6.06-14.1 kh h ther three scenarios lead to a reduction in oilseed area of ~ 13 kha
(9-17 kha), Th ion in Brazil's area is associated with a reduction in global oilseed
production (7 8-9.51 kt) under the ASM, 11 kt (9-12.4 kt) under the GZD

d = 12 kt (9.8-13.5 kt) in the other three scenarios (figure 3). Consistent
ts above, these are small volumes relative to global soybean production (the
cd ilseed output of North America and Brazil in 2011 was 186 Mt) so global prices
are ally unchanged across scenarios (table 1)—that is, the ZD commitments have little
price effect beyond the price increase of around 9.8% obtained in the baseline.
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Table 1: Percentage Changes in Oilseed World Prices from 2011 to 2016 under Baseline and
ZD Scenarios

Experiment Scenario 1 2 3

BA SM 9.84 984 9.84
ZD CN 9.84 984 9.84



ZD EC 9.84 9.84 9.85

ZD EU 9.84 9.84 9.85
ZD SM 9.83 9.83 9.84
ZD ZD 9.83 9.84 9.84

Land Cover Change

Figure 4 shows that in the case of the Amazon Soy Moratorium, the zones with la
restrictions amount to avoided deforestation of 528 kha, with a range of 385 60
depending on the assumption effectiveness about market shares. Around h %
avoided deforestation in the GZD zones if offset by increases in deforest on-
restricted areas in the Amazon [119 kha (98.9-124 kha)], Cerrado 8 -99.9
kha)], and other parts of Brazil [58.1 kha (42.1-65.9 kha)]. Cross-b ll vers are
negligible, with deforestation in the rest of the world increasin <1 2.4Xkha (9.9-13.6 kha).
After accounting by leakage in land cover, the ASM leads to net ded deforestation
of 247 kha (168-289 kha). (TODOthis is a quarter million h put in perspective?)
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Ir%s of the GZD scenario, the addition of GZD commitments in the Cerrado and other
parts ®f Brazil to the ASM result increases avoided deforestation in Brazil to 818 kha (274-
419 kha) out of which 525 kha (384-591 kha) are in the Amazon, 227 kha (113-331 kha)
are in the Cerrado, and 66.2 kha (51.9-122 kha) are in other biomes. Consistent with the
results above, deforestation leakage in the BAP region is almost negligible in the order of
4.48 kha (2.9-5.8 kha). The rest of the world also sees a limited increase in deforestation in
the order of 16.9 kha (12.2-21.1 kha).



The other three scenarios have similar outcomes. By increasing the spatial footprint of the
commitments, total avoided deforestation in Brazil reaches 999 kha (728-1208 kha).
Breaking them down by biome indicates that the contribution of the ASM remains in the
order of = 520 kha ($$380-587 kha). Therefore the increase in avoided deforestation
relative to the GZD scenario comes mainly from further commitments in Cerrado [324 kha
(205-452 kha)] and other Brazilian biomes [155 kha (142-169 kha)]. Even with this
enlarged commitments, spillovers in the BAP region are in the order of 5.5 kha (3.9-6.7
kha) while the rest of the world experiences an increase in deforestation of 20.2 kha'§l5.1-

23.9 kha).
The limited spillovers into the BAP region and the ROW can be explai e@‘ofacts. First,
as indicated above, the restrictions on land conversion implied by ?:e%? itments

EU Border Restrictions to Brazilian Soybeans
have no discernible effect in soybean world prices because North @merigg’s producers

quickly fills in the limited reduction of Brazil’s soybean supplie itdining global supply

and Paraguay are relatively minor players in world sgarRe¢ts¥fith tenuous links to Brazil’s
producers. This can be seen in figure 5 (A table i |d that can go to SOM). In
particular, for Bolivia and Argentina, the EU mar&far more important than China’s
market. Argentina, on the other hand, does ete M the Chinese market by it is a minor
player when compared to Brazil and No rica. In addition to the weak competition
links in third markets, Brazil + BAP i trade flows are almost nonexistent (See
Validation section for some exceptichgDintPafegional trade flows in the recent past).
Together, the limited change in 1d pN¢es and the low direct trade connections among
the focus countries, result in :E&ed supply responses in Brazil’s neighbors that we

almost constant. \?

Second, in addition to a limited world price effect, the %\ ies, and specially Bolivia
a
1

discussed above.

@.
Q
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Figure 5: Soybeans Trade Network: Edge width repregen WSD. Only flows above 100 M
USD are included. Data are averages 2009-2018.

market is as effective as those that supply t ese market—-even though Europe has a

much smaller market share than China qff Big n soybean exports—is a strong indication

that supply-side restrictions can be tive than demand side restrictions. To test

the degree of this assertion, we cond n additional experiment in which the EU applies
}%W

The fact that forcing land use restrictions on éazil- ed traders that sell in the European

an import tariff to Brazilian so ns on¥%. We use three levels of tariff: 25%, 50%, 75%.
Given the limited market sh al soybeans absorbed by the EU (relative to China)
the EU tariff has a negligi on prices relative to baseline. As shown in figure 6, in
Brazil, the tariff do dis e®iseed production (for 2.9 to 4.4 Mt, depending on the size
of the tariff); however, a targéted import tariff is ineffective in slowing down deforestation:
®f 25% and 50% encourage some additional deforestation (30 kha),
iff 3 75% that some forests are save (18.7 kha). This is order of

harf what is achieved with supply side commitments. This result is in line
with the fingh (Taheripour, Hertel, and Ramankutty 2019), who find that supply-side

No erica has the most pronounced supply response to the land use restrictions in
BrazilYa tariff encourages production within the European Union. Brazil also increases its
exports to other locations, including China (Need a plot for this).

It%“ ting to note that, in contrast to the ZD commitment scenarios above, where
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GHG Emissions L

Emissions from the changes in land cov ted with the different experiments are
calculated using the Agro-ecological smn Factor (AEZ-EF) Model (Plevin et al.
(2014)). The AEZ-EF model closely foldws IPCC GHG inventory methods and relies on its
default values. The model incl cove specific (cropland, pastures and forests)

subnational carbon estimate
and soil carbon from (Gibls,

nd Plevin (2014)). It also includes data on carbon
remaining on harvestedmi@dd Products, non-CO2 emissions, and foregone sequestration.
The carbon stock data is cembined with assumptions about carbon sequestration from
forest growth (fop€gofte if converted), mode of conversion and CO_2 emissions from land
clearing usin , tRe fraction of carbon that remains sequestered in wood products

a! ass (above and below-ground), dead organic matter,

during a 30 yedghime’horizon. The AEZ-EF model is designed to estimate land use
emissions d use transitions predicted by comparative static economic models,
wher tdrts with a baseline and estimates the resulting final equilibrium. The AEZ-
EF erlies the emission estimates in several analysis of the indirect land use

e f Mofuels emissions and land conservation measures (Taheripour, Zhao, and Tyner
(20 aheripour, Hertel, and Ramankutty (2019)). (rewrite!)

Need to describe figure 7, but the point is that there is some GHG savings due to the
commitment. I need to check the size of this commitments to Brazil’s and Global LUC
emissions. Also need to discuss how an import tariff actually increases emissions. The main
point is that the costs are not very high and, in the case of the commitments, much falls on
China. An import tariff of the EU on Brazil's soybeans, in contrast, benefits BAP and North
America and Chinal!
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Discussion

The potential fo odbiction leakage is often seen as a potential factor hindering the
effectiveness g Supply-side commitments. What our results suggest is that, given the
structure of th ybean market;, cross-border leakage is a minor concern. The main
reason of thySYg tat reduction in exports coming out of Brazil (in our case because of

supp ictions to farming) are quickly replaced with North American (US)
ex obal volumes and world prices remain relatively constant.
The razil dominance of the market would not preclude a priory Argentina, Bolivia, and

Paraguay, filling the void of potential supply restrictions in Brazil. So, a natural question is
why these countries do not take some of the market shares lost to Brazil. The answer lies in
an additional feature of the soybean market. That is, intraregional trade is relatively low,
and therefore, direct price transmission from Brazil to most of the BAP countries is
tenuous. An additional and more subtle aspect is that most of the baseline growth in
Brazil’s soybean exports and world prices is driven almost exclusively by China (see also
7?77). For both, the US and Brazil, China is the main market where the producers of the two



countries are highly sensitive to developments in either country. In contrast, Bolivia and
Paraguay depend more on EU markets than on China’s market, and therefore their supply
response (relative to the US) is much more tenuous.

With limited cross-border leakage, the effectiveness of ZD commitments will depend on
how widely they cover the areas suitable for soy production within Brazil. ZD commitments
in a single swath of a biome will cause production displacement to other places without
commitments. As our results demonstrate, the more pervasive the commitments, thgleast
scope for cross-biome leakage within Brazil.

From an implementation perspective, this suggests that a Brazil-wide ZD co
would be effective and would have rather limited consequences elsewher % S

market structures remain constant. This suggestion of the models need&z pered by
th

the possibility of changes in international trade patterns as a respons eyestrictions.
This is an important limitation of our work, and of most trade an on models that
ot contexts, this

rely on bilateral trade flows to track changes in land use. As in a
underlies the fact that voluntary commitments cannot fill inghe réje 8f environmental
regulation for environmental protection. After all, even wjdh oWt cmimitments, countries

wishing to gain market share from Brazil could simplyd0 standards.

Another limitation of our work is that it assumes t pliance with ZD commitments
for the areas that we classify as likely to comply. reftf game theoretic an industrial
organizations approaches outside our modelimg fragwork could be mobilized for a more
detailed study of the incentives to comply. nse, our results could be more broadly
interpreted in the sense that any suppl imMgiative that restricts deforestation in Brazil
be more effective the more widesprgdd.t erage and will have limited spillover effects

in Brazil’s neighborhood.

toxgontrol deforestation offers a cost effective alternative
import-tariff or other boycott measures that try to stop
soybeans at the border, er of the better performance of supply-side measures
(using either avoided de tion, GHG emissions, or global welfare as a metric) is that
traders will prob be reltictant to differentiate their supply changes given the enormous
costs and practi iffichlties of monitoring and implementation. As our results indicate,
the fact that meYgroup of traders serving China’s market also serve the EU market
leverages bility to influence environmental outcomes in Brazil. As forest

e up to the forefront of the trade and economic joint agendas of Brazil
and t ir appreciation of the role of suppliers, and the scope of voluntary

The use of supply side meas
to demand-side measures,s

Ramankutty 2019) in Malaysia and Indonesia.



Materials and Methods

Modeling Framework

This paper uses a medium run applied general equilibrium (AGE) model (Hertel 1997) with
explicit treatment of subnational land markets, nicknamed GTAP-AEZ (Hertel et al. 2009).
Underlying the model there is a database that consistently represents production,
consumption and trade patterns of 140 regions and 57 sectors in year 2011 (Aguiar,

Narayanan, and McDougall 2016). In order to make model solution times and o‘

manageable, we aggregated the model to 11 regions: Brazil, Bolivia, Argentina, Y,
Rest of Latin America, US-Canada (North America), European Union (28 c 18 hina,
Malaysia and Indonesia, sub-Saharan Africa, and the Rest of the world. |so ®pllapse the
57 commodity sectors into 18 sectors. The database is complementedfwith on
agricultural land rents by land use and natural land covers at the @oecological

Zones (AEZ), also centered in 2011 (Baldos 2017).

As explained in the next subsection, we further modified th by splitting each AEZ

into biomes (Amazon, Cerrado, and Other). In turn, eac @ s divided into zones that
are likely to be compliant with ZD commitments based\Qn @ tiveness assumptions about
O alté

market shares (see below). In addition, we also us native forest definitions. The
result of this procedure is 36 distinct databases, ining an scenario of interest.

The GTAP-AEZ framework is based on deci estsfat which agricultural producers
decide on land cover conversions (figur mple, from pastures to cropland, and
then on the allocation of individual cr; % the cropland. As producers in different
AEZ are connected through factor s#dnd, labor and capital), competition among
land uses, as well as by supply & thg GTAP-AEZ model is ideally suited to study
P-

within-country changes land oss AEZs. Moreover, through an explicit treatment of
international trade flows, th EZ framework allows for tracking the effects of
regional policies on land u rns in other countries. The GTAP modeling framework
has played an importan in understanding market-mediated effects of important
policies including Jaiofyels (e.g., Hertel et al. 2010), the effects of productivity gains during
the Green Revo %ﬂevenson et al. 2013), and, more recently, policies to curb
deforestationqTaher

literature,
that se

of co

ur, Hertel and Ramankutty 2019). Based in this voluminous
e updated the standard GTAP-AEZ model to include a nesting structure
decision of converting from forests to agricultural land from the decision
om pastures to cropland; this modification follows Taheripour and Tyner
(20 1s justified on the observation that deforested lands transition first onto
p, and then onto cropland. We also adopt the regional elasticities of transformation,
from fatural covers to agricultural land, and between pastures and cropland, calibrated
based on recent historical changes in land use by Taheripour and Tyner (2013). A critical
assumption underlying the GTAP-AEZ framework is the productivity of marginal, hitherto,
uncultivated lands, as it determines the extensive margin of land expansion; Taheripour et
al. (2012) have used a terrestrial ecosystem model that suggests that in most parts of the
world, marginal lands would be as productive as those lands currently under production;
we use their parameters to update our model. Another key assumption in the GTAP-AEZ




model is the response of yields to changes in commodity and input prices (Golub and Hertel
2012); we use the assumptions embedded in GTAP-AEZ. Given the uncertainty regarding
these parameters, we conduct systematic sensitivity analysis.

Rice Wheat Coarse Raw Qilseeds
' ' Grains Sugar yd

Grazing Livestock

Pastureland CTOI?'ale @

Forests Agriculture
Land in AEZ-B@-

(#fig:gtapmodel) Land
the top Constant Elastici
profit-maximizinggxoduce

cture in the GTAP AEZ Model with Biome Splits. Notes: At
ansformation (CET) nesting structure, a representative, a
perating under constant returns to scale choose the crop mix

that maximizes, iLs sulbject to resource and technological constrains. The parameter _3 is
an elasticity ation that captures the ease of converting cropland into each use.
The mix of erates a change to the rents accruing to cropland. The optimal allocation
betwee, and pastureland is determined by comparing the changes in the rents
accrul two uses; _2 captures the ease with which pasturelands can be converted to

c nd vice versa. At the bottom of the supply tree, the land rents for the overall

agr ral activity are compared to the rents earned by forested lands. The relative size of

these rents in conjunction with the elasticity of transformation ), determine the ease with
which forests are converted into cropland, and vice versa. We implement Zero Deforestation
Commitments by setting _1 equal to zero for the intersections of Agroecological Zones (AEZ)
and Biomes (Cerrado and Amazonia) where companies with GZD pledges have a dominant
market share.

2



Table (#tab:gtapmodifications) Modifications to the GTAP-AEZ model.

Modfication

Split Brazilian AEZs with
soybean production
(4,5,6,12) into Biomes
and likelihood to comply
with commitments.

Nesting structure that
separates the decision of
converting from forests
to agricultural land from
the decision of
converting from pastures
to cropland

Regional elasticities of
transformation, from
natural covers to
agricultural land, and
between pastures and
cropland

Modified productivity of
marginal, hitherto,
uncultivated lands

<§

Inco stigjties of

de
Exp;ments

QO
N

Source Rationale

Companies’ pledges
(ADM, Amaggi, Bunge,
Cargill, Louis Dreyfus,
Cofco, Glencore, Denofa
do Brazil); land cover
and land use from
Prodes and Mapbiomas.

The AEZ #5 in Brazil encompasses
both the Cerrado and Amazon
Biomes, which have distinct

commitments.
'Qand

[t is better represe
use transitions i th erica.

%&based on recent historical
n

Taheripour and Tyner
(2013)

Taheripour and Tyner a
(2013) % s in land use. We use them
ystematic sensitivity analysis of
model results.
Endoge Q Endogenous determination of this
determinagon and parameters helps to cope with the
Tal@jpour et al. (2012) inability of the CET functions to

track physical land; For sensitivity
analysis we use Taheripour et al.
(2012), which are based on a
terrestrial ecosystem model that
suggests that in most parts of the
world, marginal lands would be as
productive as those lands currently
under production

Muhammad et al. (2011) Provide an updated set of

elasticities.

Florian, this is such an important part of the paper that I think it would be worthwhile to
develop a short narrative detailing the processing of each database beyond what we have
here. This may sound strange, but all the CGE exercises that [ am aware of, run a plethora of
experiments over a single database. We did not. We ran exactly the same experiment over
36 databases! This is what made this project so time consuming, and I think, innovative and
truly interdisciplinary. For reviewers familiar with economic modeling this will not escape



unnoticed so let’s give them a good sense about the spatial work underlying our results. We
also should think how to bring the maps that you have in your readme into the paper.
Perhaps as SOM?.

Each experiment consists of a combination of (1) a potential spatial footprint scenario

(SFS) of zero-deforestation commitments; (2) one assumption about the minimum market

share of the committed companies that is necessary to make the commitments effective,

and (3) two different definitions of land cover in Brazil. In the main text we report regults

of the fifteen experiments with forest definition “A”. In the sensitivity analysis bel

demonstrate that the results with either database are quantitatively similar. B
N

detail of the companies involved in each SFS, the market shares of each EA,
definitions. Sources of all these data are also discussed. <§\
Companies in each Spatial Footprint Scenarios (SFS): g}

1. SFS-ASM: Soy Moratorium Companies (implemented in 2006{ pres&ntin 2011 and in
2017): Abc Industria, ADM, Amaggi, Bunge, Cargill, Louis s, §eara, Fiagril,
Nidera, Noble, Cofco, Baldo, Imcopa, Agrex, CHS, CoamegEn rt CTP, Gavilon,
Glencore, Invivo, Marubeni, Multigrain, Nova Agri, %}J
Selecta, Binatural(not present), JBS(not present), IQ ?

Agribrasil(not present), Culturale(not present Q

2. SFS-GZD: Global ZD commitments + Soy Mora¥grium (scenario implementation in

2017): ADM, 2015 Company pledge A%(; Company pledge Bunge, 2015
QU

Company pledge Cargill, 2014 NYDEA fus, 2018 Company Pledge Cofco, 2019
Soft Commodities Forum Glencor, m t Commodities Forum DENOFA (DO

BBRAZIL), 2014 NYDF

e, Sodrugestvo, Timbro,

g
u(not present),

3. SFS-EU: EU exporting co ies + Soy Moratorium (scenario implementation in

2017): g
e 155 traders exportd SWITZERLAND (2017)
e  EU countries appearig a% importers: BELGIUM, BULGARIA, CROATIA, CYPRUS,

AND, FRANCE, GERMANY, GREECE, HUNGARY, IRELAND, ITALY,
1 NETHERLANDS, POLAND, PORTUGAL, ROMANIA, SLOVAKIA,

DENMARK,
LATVIA,
SLOVE

C:: EU China combined + Soy Moratorium

-% ers export to China Soy Moratorium (Mainland and Hong Kong) (2017)
3 traders (2017)

Effectiveness Assumption regarding Market Shares:

We define a treated region as a region where we think there will be high enough
compliance to block soy from going into forest areas if:



Data Sources:

Effectiveness Assumption 1: all munis where the market share of Soy Moratorium GZD
signatories is > 75% of the soy volume produced (i.e. exported) in that region.
Effectiveness Assumption 2: all munis where the market share of Soy Moratorium GZD
signatories is > 50% of the soy volume produced (i.e. exported) in that region.
Effectiveness Assumption 3: all munis where the market share of Soy Moratorium GZD
signatories is > 0% of the soy volume produced (i.e. exported) in that region.

SHARE (domestic production not included - implicitly assuming similar campan!i
involved in the domestic market as in the export market) &

GZD Market share: Trase v24 (www.trase.earth) - calculated as EXPORT Mi R
AEZ Shapefile from the GTAP AEZ model, (projection WGS-84)

Municipalities: IBGE 2015 (intersect with AEZ based on large$t intéséecting area)
Soy harvested area: IBGE (https://sidra.ibge.gov.br/ta%

Soy production: IBGE (https://sidra.ibge.gov.br/ta

Soy harvest also cropped with corn: IBGE - Co ndNafvest, calculated as the area of
2nd harvest corn that is <= the area of soy Stk
(https://sidra.ibge.gov.br/tabela/839 )

Cattle head (https://sidra.ibge.gov. a 3939)

Total cropland area: derived fr mas v4, classes: 18,19,20 (derived via
GoogleEarthEngine, http://pMapbi®gas.org/en/google-earth-engine)

Total pasture area: deri romg,Mapbiomas v4, class: 15 (derived via
GoogleEarthEngine, lgtt apbiomas.org/en/google-earth-engine)

A Total forest area:

g
Amazon Bi&‘o‘les (derived via GoogleEarthEngine)
d

(http:// yinpe.br/prodesdigital/dadosn/mosaicos/ #2018)

19
-Qzl forest area (including grasslands - Mapbiomas):

Amazon Biome: Prodes (derived via GoogleEarthEngine)
(http://www.dpi.inpe.br/prodesdigital/dadosn/mosaicos/ #2018)

Other Biomes: Mapbiomas v4, classes: 1,2,3,4,5, 12 (forest area was derived excluding
forest regrowth, with forest base year of 2006 - derived via GoogleEarthEngine,
http://mapbiomas.org/en/google-earth-engine)


https://sidra.ibge.gov.br/tabela/1612
https://sidra.ibge.gov.br/tabela/1612
https://sidra.ibge.gov.br/tabela/839
https://sidra.ibge.gov.br/Tabela/3939
http://mapbiomas.org/en/google-earth-engine
http://mapbiomas.org/en/google-earth-engine
http://www.dpi.inpe.br/prodesdigital/dadosn/mosaicos/
http://mapbiomas.org/en/google-earth-engine
http://www.dpi.inpe.br/prodesdigital/dadosn/mosaicos/
http://mapbiomas.org/en/google-earth-engine

Baseline Simulations and Model Validation

The base model is calibrated to the global equilibrium of production, consumption and
international trade in year 2011. The baseline simulation results from disturbing the base
year equilibrium with a comprehensive set of economic shocks that capture the changes in
the economy from 2011 to 2016. Therefore, the baseline simulation gives model estimates
of how different is the global economy in 2016 relative to 2011. We closely follow the
strategy of (Yao, Hertel, and Taheripour 2018) and (Taheripour, Hertel, and Raman
2019). The baseline includes the macroeconomic shocks in table 3, the shocks to
agricultural factor and input productivity in table 4 and the production shocks l
in the BBAP region and China in table 5. Shocks to the consumption of sug garse
grains, and vegetable oils for ethanol and biodiesel production are also i de®y(14% and
56% increase in the demand of vegetable oils and coarse grains by thexchem¥gal sector in
the EU, 19% increase in the demand of coarse grains for ethanol inshe 0% increase in
China, and 1% increase in the demand for raw sugar for ethanol if\Brazl

Table 3: Percentage Change in Macroeconomic Drivers of Lan® Use een 2011 and 2016
Region Capital Stocks Employment Investm @ation Real GDP
Argentina 22.72 4.58 % 5.11 3.23
Bolivia 40.38 4.62 % 7.73 25.78
Brazil 23.14 5.10 .88 4.41 0.62
China 59.74 % 25.10 2.59 36.10
EU_28 22.44 % 6.96 0.68 6.84
Indonesia 43.16 %)1 22.60 6.07 25.84
Malaysia 35.86 (& 15705 21.07 8.49 25.41
NAmerica 14.9 6.65 8.34 3.67 10.74
Paraguay 9.61 22.85 6.62 21.37
RestLatam 10.13 0.74 6.39 -1.87

2
RestofWorld * NA NA 7.49 656 1541
SSA Q 35.92 16.63 16.22 13.06 18.87
Notes: For e Wariables we take the averages during 2010-2012 and 2015-2017 as

endp 0 period.. Sources: Real GDP (Output side) comes from the World
D% ntndicators. The rest of the variables come from the Penn World Tables 9.1.



Table 4: Percentage Change in Agricultural Input and Factor Productivity between 2011 and
2016

Region Capital Productivity Fertilizer Productivity Labor Productivity
Argentina 10.07 7.51 12.86
Bolivia 6.33 -22.06 7.96
Brazil 0.49 -6.97 34.36
China -16.29 8.47 44.09
EU_28 7.07 492
Indonesia -16.17 -8.91
Malaysia -5.73 -5.76
NAmerica 9.23 -2.36

Paraguay 15.90 -10.44 ()
RestLatam 9.16 -0.61 \
RestofWorld 1.37 -2.

SSA 3.92 :%

Notes: Productivity is defined as 2004-2006 inteq S dollars per 40 CV tractor-

equivalent machinery unit (proxy for capital); per Metric ton of N, P205, and K2 nutrients
of fertilizer consumed (fertilizer); per 1000QeRsons &onomically active in agriculture, +15

yrs, male+female. We estimate the growphragt®or®ach ratio during 2009-2015 (last
available year) and then calculate the % entage change between 2016 and 2011.
1,

Source: International Productivity DA Economic Research Service which is

based on FAOSTAT. &

@.
Q



Table 5: Percentage Change in Harvested Area and Production of Oilseed Between 2011 and
2016

GTAPSector Region Area Production
Oilseeds Argentina 3.07 21.24
Oilseeds Bolivia 9.79 40.60
Oilseeds Brazil 31.24 38.37

Oilseeds China -11.15 -3.30

Oilseeds EU_28 4.73 13.07

Oilseeds Indonesia 33.58 38.16 \Q
Oilseeds Malaysia 0.62 5.57 &
Oilseeds NAmerica 11.97 30.28

Oilseeds Paraguay 20.37 33.64 ()

Oilseeds RestLatam 33.78 28.04

Oilseeds RestofWorld 10.88 10.76 %\}

Oilseeds SSA 8.57 11.99
Notes: For all the variables we take the averages in 10-2012 and 2015-2017 as

endpoints of the period. Sources: FAOSTAT.

Compared to observed exports, export prg are highly accurate for Brazil, and to a
lesser extent, Bolivia (table 6). In the c ntina, the sharp contraction in the
observed exports obeys to producer iDE soybean supplies during the 2016-2017

harvest as a response to delays ipaplanfgd reduction of export taxes (Mergen and Sandoval

2016). In the case of Paraguay ery niarginal soybean exporter to China—the rapid
growth from a very low initj u j6 not captured by the model. Regarding the

importance of the Chinesé , 37.8% of China’s soybeans imports came from Brazil in

atima. Bolivia and Paraguay are marginal players. The main

destination of Paraguayan\ilseed is Brazil. Intra-regional trade, particularly exports from
&

Paraguay to Brazi ave exploded, increasing by 2,250% from 2011 to 2016 of 67% .
Although tra osedly liberalized in the region, it was not until 2016 that Argentina
opened upits kets to Paraguayan soybeans in order to use underutilized crushing

' n¥nd Sandoval 2016).

ed and simulated %-changes in oilseed exports from BBAP to China, from 2011
ing baseline shocks.

RegioW.exp allmacrs observed

Argentina 29.69 -27.15
Bolivia 131.95 138.54
Brazil 52.83 69.56
Paraguay 56.79 1097.28



Simulated and observed changes in oilseed, cropland, and forest area, are displayed in
figure 10. The model correctly predicts the direction of changes in oilseed land use and
cropland and forest covers across the BBAP region.

Change in oilseed area

a0-
20-
10 -
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1 1
Argentina Bolivia Brazil Paraguay

Baseline

. allmacrs >
. observed

1000 ha

Change in cropland

2000-
1500 - _
Baseline
1000 - . allmacrs
. observed
500- .

1000 ha

Argentma Elnlma Elraz|l Paraguay

Change in forest

_1DDD_ . 1
< 2000-
L]
D
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Notes:

Baseline = allmacrs and ETA = ex.



The comparisons of simulated and observed data in figure 10 is subject to some caveats.
First, there are myriad of drivers governing land use process which our model is not
designed to capture. These drivers include improvement in market access, large scale fires,
deforestation decisions responding to expectations of higher prices in the future, and land
property rights. In the expanding agricultural frontiers of South America, some of these
factors may play an important role in changes in land cover and use. Second, the translation
of changes in land use calculated by applied equilibrium models rests on assumed land

productivity which are highly uncertain.
We will conduct systematically examining the robustness of our results to a di

assumptions about shocks, parameters, and data assumptions in order to b r@
uncertainty inherent to modeling the highly complex and dynamic procegg df over
and land use in the BBAP region.

In addition to uncertainty in the ingredients of the model, the co ri 0 observed
data should be taken as merely referential because there are i angdifferences in the
definitions of land cover used by FAOSTAT and the definitiogs us&d MPGTAP. In particular,
cropland in GTAP is equivalent to the sum of the harvest s 9f’all the crops in the
model, while FAOSTAT includes all arable lands, mead rmanent crops. Regarding
forests, the GTAP database only works with forests f@r whichAand rents can be imputed,
which is a function of their accessibility (Sohnge 009). This is a subset of all the
forests in a country, which is what is reported in@TAT. Finally, for consistency, in

GTAP, the weighted changes in land cover s p to ¥ero so changes in one land cover
must be matched by changes in other la that the total sum equals zero.

With these caveats in mind, there arg/stjl mber of important insights in figure 10. The
model estimated change in Brazilg 0ilS€ed harvested area is a third of the value of the
harvested area indicated by F AT. BEcause the simulated area is the area needed to
produce the observed chang€moilSged production (also from FAOSTAT, table 5), this
suggests that the model i imating either the productivity of land or the input use
response to changes infmigfs 11"Brazil (and also in Paraguay and Bolivia, but not in
Argentina). Both of these h¢sponses are regulated by model parameters, and we already

have or will exa ﬁ1e‘ robustness of our results to plausible ranges of variation of these
parameters.

&del overestimates cropland expansion in Argentina and Brazil (and
ropland expansion in Bolivia and Paraguay). The drivers of cropland
assumptions about productivity but also depend on demand for other land-

In general the model underestimates deforestation, which is not entirely surprising due to
very different definitions of forests in GTAP (accessible forests for which a land rent can be
imputed) which are a subset of the total forested area reported by FAOSTAT.

Sensitivity analysis

To be completed after we settle in the results and flow of the paper.
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