Supplementary Information Text

This Sl text presents first a detailed descriptbthe data and methods used to compile compaltafdteuse/cover

trajectories and controlling factors for the caselies, and second a detailed description of easé study.

Materialsand M ethods

Study design. Given the small number of cases, a meta-analgsisdon formal analytical methods was not
possible; rather, we compiled several quantital@vel use/cover trajectory variables as well as cstag
factors across cases. Using these quantitativesfiggoupled with rich qualitative knowledge of tases by
several of the main authors of these studies, weuds commonalities and divergences, and drawhitssig
regarding the role of the specific factors identifiabove. Cases differ in terms of geographic éxteiteria
used to define study area boundaries, and metheel$ 10 analyze land change pathways. We relied on
informed decisions from the original authors toimefcase study areas characterized by procesdaadf
change that are broadly homogeneous or for whielsthdy area can be considered as one land usensyst
Drawing on Letourneau et all]] we define land use systems as “distinct landsgagiterns of human
interactions with the environment (...) characterizsda specific combination of land cover, land use
(including livestock), population pressure and asd#lity”. Scale and boundaries of each system are
defined by the authors in each study. This is fygr@ach implicitly used in meta-analyses in landrde
science 2], and corresponds to the traditional geograptegsj@oach to deal with the Modifiable Areal Unit
Problem B]. Given the focus on trajectories of land use geaand sources of new commodity cropland, we
do not discuss factors that determine the aggredemeand for crops, such as population and income
changes, diets and specific consumer demand. TapreSents a summary of the basic characteristiteeo

case studies.

Land use/cover trajectories data. For each case, using mainly data from the origstadiies listed above
but also incorporating supplemental sources whegessary, we first calculated indicators of land (s
cover trajectories (Tab. S2): (i) gross deforestatate, expressed in percent of total landscagee [zar year;
(i) land use following deforestation; (iii) groasd net area changes for the target commodity amdpother
agricultural land uses; and (iv) land sources fommodity cropland— i.e. the percentage of landtfer
target commodity crop sourced from mature forestpadary forest, existing agricultural lands, odiavith
other or unknown use. Deforestation figures arediatctly comparable across cases due to diffeseirce
baseline conditions and boundaries of the studgsar€o facilitate comparisons in terms of studyiquky
and thematic content of land use/cover classes, fdain some of these papers were revised and nfi@y di
slightly from the figures originally published. [@e€station rates, gross and net changes in paateaeand

post-clearing share of pastures for Pucallpa wateutated based on the Alternatives to Slash anoh Bu



(ASB) maps for Pucallpa benchmark aré#[
Definitions of the variables used are as follows:

- “Land use following clearing”, is measured as pheportion of cleared land (% of total gross desbed
area) subsequently occupied by the target commodity, other agricultural land uses, and other or
unknown uses, as measured at the next remote gdimimstep. "Other or unknown uses" following
clearing vary across cases, being small deforestgtaitches (<25 ha) in Mato Grosso, burned / lzame |
without use in Dak Nong, or all non-forested peattaand burned, bare and built classes on mineitalis

West Kalimantan.

- "Secondary forest" refer to previously loggede&irin Kalimantan, and to fallows or regrowth ov8r5

years in other regions.

- Land sources with "other cover and/or unknown' geerespond to other natural vegetation, baredand
with uncertain land use, and, in West Kalimantdiman-forested peatlands and burned, bare and buil

classes on mineral soils.

Measuring land use displacement requires makingatdinks between commodity crop expansion in one
place and land use change elsewhere. This canrauri®eusing only land use/cover change data, edfyeci
for distant displacement as these study cases @ga eystems. Land use displacement was thus not
quantified, but is discussed for each case baseithem@ombined analyses of land use/cover changgs an

underlying processes.

Detailed results on land use/cover trajectoriesrafieab. S2.

Controlling factors. The following main factors associated with pathsv@f commodity crop expansion

were measured from various sources and qualitaekpert knowledge:

1) The pools of land potentially available for croplagxpansion at the start of each period — i.e., the
percentage of land covered by forest, existingcatjtiral lands, and other or unknown land uses —,

not considering land suitability, accessibility gmalicy constraints.

2) The main biophysical, infrastructure, and accebsilonstraints affecting cropland expansion into

these pools of land.

3) Population variables, i.e.: rural population dgnait the start of the study period, in people pef,k
rate of change in rural population density, in % gnd rural population density over already cleared
land.

4) The percentage of forested land area covered bBgduse zoning scheme fully or partly restricting
agricultural expansion through various forms oftpeted areas, indigenous lands with restrictions
on agriculture, and classification as forestry knat allocation to logging concessions, and

gualitative ranking of the enforcement of land peticies.



5) Land tenure, i.e. “the set of institutions and giek that determine locally how the land and its
resources are accessed, who can hold and use rimgmgrces, for how long and under what
conditions”, and its security, defined as the “aasuoe that land-based property rights will be ughel
by society” p]. Land markets can be broadly defined as “marketwhich to exchange rights to
land” [7].

6) Characteristics of the agricultural systems, inicigdhe types of agents primarily active in theyedr
crop and the other agricultural land use systeins.-mainly smallholders or large-scale actors, and
change in yields of the target crop, in %, yepresenting a widely used indicator of agriawaltu

intensification.

All numbers are calculated for the initial yeartbé period, using linear interpolation of data #erilable
years if necessary. Sources include: for Mato GroM¥GE agricultural statistics and population asses
2000 and 2010; for Peru: agricultural statisticsl @opulation censuses 1993 and 2007; for Costa: Rica
Instituto Nacional de Estadistica y Censos de CBgta 1984, 2000, and 2011, and FAOSTAT for yields
(respectively pineapple then banana in the tafide)Vietnam: Rural, agricultural and fishery censs12001,
2006, statistical yearbooks, forestry land zonirgpsfrom Dak Lak and Dak Nong provinces; for Indsiae
population censuses 1990, 2000, and 2010; Kabupg&ttapang and Kabupaten Pontianak Population
Projections 1981-2002; West Kalimantan RTRWP, 20@dpnesian Ministry of Forestry TGHK 1992;
Indonesian Ministry of Agriculture Production Ddkeiough 2010.

Some factors are assessed with quantitative iratkair qualitative rankings (Tab. S3), while othare
directly discussed in the text. Validation of thealitative assessments was achieved through chesking

by several authors. Given large differences in lhwal context and data definitions across cases, th
guantitative indicators were not directly comparkdt used to discuss the importance of these fdtor
each context. Considering that most of these factoork by interacting with the others, comparative
analysis was performed not by comparing each fdotividually across study cases, but by comparing,

across cases, the whole configuration and intenasf variables in each land use system.

Understanding the role of yield changes is comp#itdy the sensitivity of yields to fluctuationsalimate,

and the time lag between crop establishment astiHarvest, which can reach >5 years for oil pahah a3
years for soy. Rapid expansion of a crop can teogpobrarily decrease mean yields, as in Mato Gragso
Indonesia. Data on yields were thus not much usethé discussion, but were presented because this
indicator is among the factors traditionally comsetl in land change science as influential for @rpig

land use change. Detailed results on controllictpfa are in Tab. S3.

Detailed description of the case studies

Soy in Mato Grosso, Brazil. This study focuses on the shifting dynamics of saybcultivation at the forest

frontier in southeastern Amazonia during the 2060em 2000-2005, large-scale, intensive soy agtioel



expanded rapidly in the region, primarily replaciog/-productivity pastures but also directly intardésted
areas §]. Meanwhile, low-productivity cattle ranching comied to move into forested areas. Deforestation
rates skyrocketed during this period, then decrkeasecipitously from 2006-2009, likely in resportsea
contraction in global commodity markets and policgentives aimed at curbing deforestation. Durimg t
latter period, gross expansion of soy declined BYoSelative to the first period, and occurred alimos
exclusively into pastures and other previously r@dddands, with minimal expansion into foredsifi]. Net

soy expansion decreased even more strongly. Grpession of pastures strongly declined in the sécon
period, so that total pasture area decreased. Ooftr periods, pastures constituted the main lared us
following deforestation. Today, agriculture contsuto intensify, with ranching becoming more prdihec

and croplands moving towards double-cropping metheddere a second late-season commaodity crop (e.g.

corn or cotton) is planted following the soybearnvbat [L2].

Land use policies were strongly reinforced betwtenfirst and second period. Over 8,600%koh Mato
Grosso’s forest is legally designated as indigerregerves, as well as state and federal protecess.aln
2010, this corresponded to 17.1% of the total ke, and approximately 30% of the remaining fonesa.
Pairwise comparison of point showed that theseeptet areas effectively reduced deforestatid. [In
addition to these protected areas — which strigtbhibit forest conversion for agricultural prodoct — the
Brazilian Forest Code patrtially restricts deforéetaon private properties, including in ripariareas and
uplands. Within the Amazon forest biome, the Fo@de restricts clear-cutting of forests to a maximof
20% of large private properties and prohibits tlke af riparian forest areas for production actsitfL4].
Over the course of the study period, there wasrecanted effort to clarify land tenure in Mato Gross
through the creation of a land registry. In theelahalf of the decade, a suite of policy measuves
enacted aimed at reducing deforestation. Thesedadlrestrictions on credit for illegal deforesteeellite-
based monitoring and enforcement of deforestatémt two voluntary moratoria, declared by cattle and
soybean exporters, restricting the sale of catik soybeans produced in newly-deforested ai®alsif16.
Several of these measures were shown to be efectiveducing deforestation rates, including insieg
enforcement efforts of the Brazilian environmergalice [L7], deforestation monitoring by remote sensing
[18], and credit constraints in municipalities thad diot comply with environmental regulatiori®]. Large
national and multinational corporations are thenary producers in the region, with property sizasging
from a thousand to tens of thousands of hectaresaliing small properties are being consolidateth—
contract farming, property sales, or leases — liatge-scale production areas, focused on expaetted,
mechanized production of commodity crops. Biophaisifactors constrain the expansion of these
mechanized crop production systems, which favdr fleell-drained soils, and require sufficient sewdo
rainfall to support rainfed agriculture. Given thigh level of inputs required for intensive prodant(e.g.
seeds, fertilizers, pesticides, and heavy machjnang limited regional storage capacity, expansibn
commodity crops is somewhat constrained by aceessaids, though in many cases agricultural prodacti

is sufficiently profitable to spur new road-buildin



Oil Palm in Pucallpa, Peru. The study area near the city of Pucallpa is locatedne of the most active
deforestation hotspots in the Peruvian Amazii. [Pastures and shifting cultivation currently doate the
agricultural landscape, but oil palm plantationsehactively expanded since the mid-1990s. Largéesua
palm expansion (over 20-25 ha, typically of 250208@) is typically associated with private companigth
enough resources to optimize production. In conhtrasall-scale plantations, typically of 5-10 hat bu
possibly reaching up to 20 ha, are cultivated bwlBrolders with capital constraints preventing them
manage plantations at optimal levels. As a resufiall-scale oil palm plantations generally achitxeer
yields than large-scale plantatior&sl{23. Smallholders often used their degraded pastanesfallows or
secondary forests to plant oil palm, thereby insirgathe value of their already-cleared lands, \Wailer
conversion costs compared to mature forests. Thsinitially supported by incentives from governmaén
programs, including the USAID-funded anti-drug peog Programa Desarrollo Alternativo (PDA). Some
small-scale oil palm plantations with financial popt from external funders, including PDA, achidweher
yields compared to other smallholders. Soil charatics, related to differences in the types oidl@ver
which small- and large-scale plantations expandjhinalso play a role in yield difference22]. In this
study, oil palm plantations in 2010 were mapped] aaurces of land for oil palm were calculated by
overlaying new (<10 years old) plantation area$\wit2000 land cover ma@4,29. Large-scale oil palm
expanded mainly (74.8%) on mature forest, whilellaources for small-scale oil palm expansion weseem
diverse, with 30.2% being mature forest, 38.2% dpeiacondary forest (mainly regeneration after pastu
abandonment or fallowing), and 31.6% being pastare$ other mixed agricultural land uses, including
fallows younger than 3 years. Total expansion dadlsstale oil palm was larger than of large-scal@alm,
but pastures and mixed agriculture remained thd rapidly expanding land use, as well as the larigesl

use following clearing, while oil palm accounted 20.7% of newly cleared land.

Rural population density declined between 2000 2080. Demographic data, showing rural population
decline and urban population growth, indicate timatst of these migrants moved to nearby cities like
Pucallpa, while maintaining complex relations witieir rural place of origing6]. Forest zoning in the
Peruvian Amazon consists of protected areas angendus reserves (where agriculture is allowed)chvh
effectively reduced deforestation and logging pres®n forestsq,20. However, none of these protected
land zones was present in the study area. Propigtys on land holdings are generally informal and
managed within communities, although properties also be registered officiallys]. The study area is
characterized by a dense road netwdK] [so accessibility is not expected to be a big tramg for
expansion. In contrast the presence of seasorlaligdd areas can be a limitation for expansionomes

specific locations given the low tolerance of @lm to flooding.

Banana and pineapple in Saraquipi-San Carlos, Costa Rica. The Sarapiqui-San Carlos study region is

located in the Caribbean lowlands of northeastarst&CRica, encompassing the Sarapiqui, Greciasand



Carlos cantons (sub-provinces). Despite undergoindespread deforestation since opening as an
agricultural frontier in the 1960s, this landscames high remnant forest cover (>44%28]29. Low-
productivity cattle pasture dominates the agricaltdandscape, but expansion of large-scale, export
oriented, intensive crop production began in the0%9(30,31, predominantly of bananas and pineapples.
Expansion of these commodity crops has been rapit, pineapple and banana area respectively tgplin
and doubling over the last ten years. In 1996, £dédca enacted the Forest Law, which mandated a
complete nation-wide ban on deforestation and dpamsion of a payments for environmental services
(PSA) fund for tree plantation establishment anegb protection in specified are&&l[33. Prior to the
1996 Forest Law, forest clearing was allowed wipprapriate permits, illegal deforestation was commo
and only ~15% of the forests in the study area wéieially protected in riparian or protected zenteed
2003). Over the course of the study period, enfossg of the deforestation ban affected clearingsitats

by landowners39] and there was a strong demand for enrollmenSA Brograms32].

This study B3] tracked patterns of cropland expansion and dstfatien prior to (1986-1996) and after the
enactment of the forest protection policies (199&%). Prior to these policies, deforestation ratemature
(>30 years in age) and secondary (<30 years infage$ts were both high, although rates of refaitest
exceeded deforestation in remote areas due tcalaaddonment or establishment of plantation forédter

the new policies, rates of mature forest loss dedlisharply, but unprotected secondary forests aleeged

at higher rates. Indeed, following the legal deiim of forest (at least 70% cover over 2 ha bydérse
tree species >15 cm DBH), the majority of seconda&generation less than 8-12 years in age is not
protected from clearing. Today, increasing regigr@ulation, the availability of relatively low-dokabor,
and improving access to the capital, San Josefivéng the expansion of urban zones and intensive
pineapple and banana plantatioBS][ Across both time periods, the main land useofelhg forest clearing
was pasture, with banana and pineapple covering 4iil and 3.5% of the cleared land over the first a
second periods, respectively. Clearing of maturesfofor cropland declined dramatically after 1988% of
cropland was derived from mature forest prior te teforestation ban, compared to 1.9% after the ban
Consequently, an increasing share of land for bamaxd pineapple plantations was sourced from peEsstur

and other agricultural lands over the second period

Land tenure and private property rights were strdumgng this time period for actively managed pmips,
with steady declines in the area of absentee-owaéte ranches being taken over by landless snidén®
[28,34. Roads expanded and improved in quality over timien in response to expanding cropland
cultivation, and the region is linked by highwagsnearby markets in the capital, San Jose (1-2sh@und a
deepwater port, Limon (4-5 hours). Large-scalerachoe leading pineapple and banana expansionnBana
expansion has been constrained by access to rtesgvailability of fertile soil, and the high ctgi
investment required for drainage canals, contimuesticide applications, and packaging faciliti@§] [ Its
expansion is regionally concentrated in the flatarmpy coastal lowlands in fertile river floodplairBy

contrast, pineapple is able to grow on poor-qualitys [33], and its expansion has been constrained more by



access to highways and the availability of flatdsr; it is expanding along existing roads, witlvee roads
trailing the expansion front. Pineapple yields rbge310% in 1989 as new methods were introduceteo
country 36,37. In the last two decades, yields of both CostaaRipineapples and bananas were high
(ranking in the top 5 countries globallyd7] but have declined in the last decade, likely thuéarge rapid

expansion into low-quality lands.

Coffee and Rubber in Dak Lak and Dak Nong, Vietham. The two study areas in Vietham are located in
the Central Highlands, the country’s major defat@sh frontier. Both areas are characterized by an
extensive agricultural matrix of smallholders conibg various land uses — including shifting cultiga,
perennial plantation crops such as coffee, peu,fruit trees, and irrigated rice —, as well las main
forest remnants in the country, located mostly e s slopes. The central part of Dak Lak provimer
which the first study area is centered, is the majpffee-growing area in Vietnam. Coffee plantasion
require several years of growth before being adetjuadentified in remote sensing observations. SThu
sources of land where new perennial plantation® wletected in the period 2005-2010 were analyzéd wi
land cover data of 2000. With a coffee boom in 1880s, this area was the major deforestation firont
Vietnam. Along with the coffee bust in the early0R8 and then a slow recovery, the deforestatiom rat
decreased in the early 2000s and then increasdéd ager 2005-2010. Shifting cultivation subsequentl
occupied 96.1% of the deforested lands. In turiftistp cultivation lands were the main source ofida
(56.1%) for coffee expansion. Coffee expansion leji-aapitalized Kinh smallholders — the majorityheic
group in Vietham — resulted in displacement of gamuseholds of ethnic minorities, who resortedhiftiag
cultivation on increasingly marginal lan8g. Coffee expansion is limited by steep slopes ran#y soils in
mountains and water requirements to irrigate topmmmsate for the short wet season. A second stedyiiar
Vietnam, covering the neighboring Dak Nong provingighlighted rubber expansion into forests by d¢arg
scale actors (including former state forest eniseg) B9). Rapid deforestation (2.04%'ywas followed in
equal shares by rubber and by other land uses,lyrshiifting cultivation, and most of the expansioh
rubber (89.5%) encroached directly into forestsyuRing temperatures above 18°C, rubber expansiting

Central Highlands is limited to the Southern praes including Dak Nong.

Land zoning in Vietnam defines forestry land asdlaovered by forest or planned for forestry uses,
subdivided into the categories of protection, splaase and productio{)]. In both study areas, almost all
remaining forests are covered by this land zonolgeme, with respectively 41% and 67% in the twalystu
areas being classified as production forest whaesel ladministrations sometimes tolerate agricultusas.

In the Central Highlands, rubber is considered arategic crop, for which specific rules authoritse
expansion over “poor quality” production forestse- with timber stock below 110*ji39]. These policies
encourage a dynamic of forest degradation by laggiallowed by deforestation for rubber. Long-term
certificates granting rights for use of agricultuends were distributed to households during 1980 and

early 1990s. With the Land Law of 1993, people gdimights to sell, lease, inherit and mortgagerthei



allocated lands, thus effectively creating markfs land. Forestry land was similarly allocated to
households in several regions of the country, huthe Central Highlands most forestry lands rensiine

under the control of the state or large forestrpnises.

Oil Palm in West Kalimantan, Indonesia. The West Kalimantan study region is located in Katy and
Kayong Utara Districts, on the West coast of Indiewe Borneo (Kalimantan). Most of the human
population lives on mineral soils, which occupy %0f the study region; the remainder of this faegjion

is under peatlands. As a result of rapid oil palantation expansion, extensive logging since the-1880s,
and wildfires during El Nio Southern Oscillation (ENSO)-associated droughts,region has experienced
some of the highest deforestation rates in Indanj@4i47. Logged and intact forests are now concentrated
within protected areas and peatlands. Rural comtnesninaintain swidden agricultural lands, includirt

ha rain-fed rice fields as well as secondary radéws mixed with rubber and fruit tree agroforejgts).
Unlike the Dak Nong case study, where large-scelers dominate the rubber business, West Kalimantan

rubber gardens are small (~1-10 ha per househottjranaged primarily by smallholders.

Here, we report land cover change in the studyoregieasured in two eras: From 1996-2005, a peritd w
moderate oil palm expansion and a severe 1997-E®@8O-related drought, and from 2005-2008, years
characterized by rapid plantation expansion. Stgrin the early 1990s, logging concessions comtgini
previously logged forests and often enclosing géks and their mixed agroforest lands were conveded
large-scale (~10,000 ha) oil palm plantations, sitipport from state policies. By 2008, sixteen camigs
had established oil palm on 6% of regional landsida protected areadq]. From 1989-2008, 93% of the
deforestation in this study region resulted from,fincluding drought-related wildfire as well aseintional
burning to clear land. From 1996 through 2005,ghmary sources of oil palm plantation land wergadh
forests (44.1%, hereafter referred to as “matucegdts), and previously logged forests (32.8%, dftze
referred to as “secondary” forests). Only 13.5%oilf palm plantations were sourced from swidden
agricultural lands, including mixed fallows and efgrrests. From 2005 to 2008, the sources of neyadih
land shifted, with swidden agricultural lands beaurthe primary source (41.9%), and only 5.4% sedrc
from mature forests. Yet by 2005, the start of $beond study period, little remaining forest irstfacal
study region was available to be cleared; only lff%ands outside of protected areas contained matur
forest. In contrast, the greater Kalimantan rediarbors extensive mature forest area vulnerabdd fmalm
expansion44,47. The proportional increase in oil palm’s shargost-clearing land use from 3% to 18% in
the first and second study periods, respectivesflects both increased gross rates of plantation
establishment and extensive deforestation (toteftgof the study area) during the 1997-98 ENSO teven
with associated drought and wildfires. These ENS&baiated fires cleared a considerable land astais

later converted to oil palm plantation in a nonette$tation land transition.

Until decentralization policies were implemented2i®02, lands were controlled by the centralizedeSta

[49). Specific land types, defined in 1997 by provalailevelopment and land use plans (Rencana Tata



Ruang Wilayah Propinsi — RTRWP), are now controbgdlistrict, provincial, and/or federal agenci¥st,
these land use plans often bear little relatiofigldl conditions and practices. For example, dedtation
rates in Indonesian protected areas are not signifly different from deforestation in areas zofedimber
production 0]. Moreover, while agriculture is technically rasted in the forest estate, resident agrarian
communities are enclosed within logging and plamtateases. Thus, smallholder agriculture — primdoy
long-term residents — occurs throughout all landeso Althoughsmallholders may apply for land titles,
transaction costs are very high and titles rargbjugle State and private sector interests. Indase study
region, agricultural lands are often held withoatnfal titles, with usufruct land rights being negtad
among households within a community. In contraistp@lm companies purchase land leases for ~30syear
High-quality palm oil requires processing within-28 hours of harvest. Thus, extensive road netwarks
necessary to facilitate harvest and transport tllsmRoad maintenance and mill construction require

significant capital unavailable to a typical smaltker or rural community.

Representativeness analysiswith GLOBE
We performed a representativeness analysis usiag@hOBE system 51,52 http://globe.umbc.ed]/

“GLOBE (Global Collaboration Engine) is an onlinellaborative environment (...) to share, compare and
integrate local and regional studies with globahda assess the global relevance of their worletaBise
the GLOBE system is still under development, thepldiy of the representativeness analysis (Fig.isSa)

subset of the full capabilities planned for the too

First, we compared the frequency distribution afbgll gridded variables relevant for our study in set of
cases, compared with all tropical lands. All nurm@rivariables were stratified into five equal freqay
bins. This comparison shows whether the set of shslies can be considered as resulting from aorand
sampling of locations within tropical lands. If tsample was indeed random, for numerical varialthes,
five bins would be represented in equal proportionghe sample, and for categorical variables, each
category would be represented in the sample ingotigm of the actual share of tropical lands witkiiis
category. This comparison thus highlights bins ategories which are over- or underrepresented én th
sample. Then, we performed the same analysis &s¢h of deforestation case studies present in &,0B
using these same variables, compared with all¢edpands. This allowed comparing our set of cagids

the set of deforestation studies recorded in GLOBIE analyses were performed on tropical biomes, as
defined using the following units in Olson’s biomewmp B3]: Tropical and Subtropical Dry Broadleaf
Forests; Tropical and Subtropical Grasslands, Swmsmand Shrublands; Tropical and Subtropical Moist
Broadleaf Forests; Flooded Grasslands and Savamhadollowing global variables were used: a. Olson
biomes; b. World regions; c; Percentage of treeecov2001 $4,53; d. Percentage of land in protected area
(WDPA); e. Market Access Index and f. Market Infige Index $6]; g. Combined Land Suitability class



[57]; h. Population density in 2005§].

A summary of the results is presented in Fig. S@mg@ared to a hypothetical random sample of tropical
locations, our set of case studies is significabihsed towards Southeast Asia and Central Amags the
case for the whole set of tropical deforestatiarlists in land change science (Fig. S2b). Tropiaaasnas
and African regions are underrepresented both irsample and in deforestation studies in generak

for Western Africa (Fig. S2a). Compared with tr@picegions in general, our set of case studies is
concentrated within the class of areas with reddyinigh percentage of forest cover (35-65% inehgeal
frequency distribution of tropical lands) (Fig. $2€his bias is similar to deforestation studiegeneral,
and probably reflects a focus on frontier regioiere forest cover is still abundant but rates aivession
are high. The distribution of our studies acrossquted areas is similar to deforestation studiegeneral,
with an overrepresentation of studies in areas &vpeotected areas cover a small to medium fradfdhe
landscape (up to ~80%), but are not absent (Fid).¥yain, this is consistent with a focus on newaed
established frontier regions, which are neitheresoote and wild that no form of protection is neseeg, nor
already-settled regions with high protection cogergold frontiers). By contrast, our set of casalits is
biased towards areas with relatively high marketeas and influence compared to the bulk of tropical
regions, and compared to studies of deforestatiageneral (Fig. 2e,f). This reflects the focusto$ tstudy

on regions with large and rapid expansion of comitgoztops for export markets. Regarding population
density, our set of case studies is spread ovasawvéh relatively low, medium and high populatiensity,
with a bias toward regions with relatively high pégtion. In sum, our set of case studies displayesof the
well-known selection biases in tropical deforestatstudies (including a lack of studies in Afrieand a
focus on frontier regions with substantial foresver remaining, and intermediate levels of popatati
density and protected area coverage), and reffeaisly the dynamics in areas with relatively goodrket

access and high influence of external markets.

Supplementary Information References

1. Letourneau A, Verburg PH, Stehfest E (2012)ardluse systems approach to represent land-use
dynamics at continental and global scal&svironmental Modelling & Softwarg3: 61-79.

2. Rudel TK (2008) Meta-analyses of case studiestethod for studying regional and global environtakn
changeGlob Environ Changl8, 18-25.

3. Openshaw S (1983he Madifiable Areal Unit ProblenNorwich: Geo Books.

4. White D, Velarde SJ, Alegre JC, Tomich TP (20@B&rnatives to Slash-and-Burn (ASB) in Peru,
Summary Report and Synthesis of Phaseltérnatives to Slash-and-Burn Programme, Najrobi
Kenya.

5. Velarde SJ, Ugarte-Guerra J, Rugnitz M, Capitlle&Sandoval M, Hyman G, Castro A, Marin JA, Barona
E (2010)Reducing emissions from all land uses in Peru. [Fnagéional report for REALU Project-
Peru.World Agroforestry Center, Nairobi, Kenya.

6. Robinson BE, Holland MB, Naughton-Treves L (20I30es secure land tenure save forests? A meta-
analysis of the relationship between land tenucktaopical deforestatiorslob Environ Changin
press.



7. Deininger K, Feder G (2001) Land institutionsl $and markets. In Gardner B, Rausser G (Eds.),
Handbook of Agricultural EconomicElsevier, Amsterdam, pp. 288—-331

8. Morton DC, DeFries RS, Shimabukuro YE, Anders@ Arai E, Espirito-Santo FdB, Freitas R,
Morisette J (2006) Cropland expansion changes dsffation dynamics in the southern Brazilian
Amazon.Proc Nat Acad Sciences U3A3:14637-14641.

9. Macedo MN, DeFries RS, Morton DC, Stickler CMalferd GL, Shimabukuro YE (2012) Decoupling of
deforestation and soy production in the southerm2on during the late 2000Rroc Natl Acad Sci
USA109(4):1341-1346.

10. Rudorff BFT, Adami M, Aguiar DA, Moreira MA, Mie MP, Fabiani L, Amaral DF, Pires BM (2011)
The Soy Moratorium in the Amazon Biome MonitoredRgmote Sensing ImageRemote Serf3(1):
185-202.

11. Rudorff BFT, Adami M, Risso J, Alves de AguidrPires B, Amaral D, Fabiani L, Cecarelli | (2012)
Remote Sensing Images to Detect Soy PlantatiotiheiAmazon Biome—The Soy Moratorium
Initiative. Sustainability4(5): 1074-1088.

12. VanWey LK, Spera S, de Sa R, Mahr D, MustarRIB3) Socioeconomic development and agricultural
intensification in Mato Gross®hil Trans R Soc B68(1619): 20120168.

13. Soares-Filho B, Moutinho P, Nepstad D, AndespRodrigues H, Garcia R, Dietzsch L, Merry F,
Bowman M, Hissa L, Silvestrini R, Maretti, C (2018ole of Brazilian Amazon protected areas in
climate change mitigatio®roceedings of the National Academy of Scienb@g(24): 10821-10826.

14. Stickler CM, Nepstad DC, Azevedo AA, McGrath [813) Defending public interests in private lands
compliance, costs and potential environmental aqunseces of the Brazilian Forest Code in Mato
GrossoPhil Trans R Soc B68(1619):20120160.

15. Nepstad D, Soares-Filho BS, Merry F, Lima A,uticho P, Carter J, Bowman M, Cattaneo A,
Rodrigues H, Schwartzman S, McGrath DG, Stickler, Cibowski R, Piris-Cabezas P, Rivero S,
Alencar A, Almeida O, Stella O (2009) The End off@estation in the Brazilian Amazo8cience
326:1350-1351.

16. Brando PM, Coe MT, DeFries R, Azevedo AA (20E8dlogy, economy and management of an
agroindustrial frontier landscape in the south@asazon.Phil Trans R Soc B68(1619):20120152.

17. Hargrave J, Kis-Katos K (2013). Economic caugafeforestation in the Brazilian Amazon: A panel
data analysis for the 200@nvironmental and Resource Econonbdg¢4): 471-494.

18. Assuncéo J, Gandour C, Rocha R (2013a). DETigReforestation in the Brazilian Amazon:
Environmental Monitoring and Law Enforceme@timate Policy Initiative technical reporRio de
Janeiro, Brazil.

19. Assuncéo J, Gandour C, Rocha R, Rocha R (20D8les Credit Affect Deforestation? Evidence from a
Rural Credit Policy in the Brazilian Amazo@limate Policy Initiative reportRio de Janeiro, Brazil.

20. Oliveira PJC, Asner GP, Knapp DE, Almeyda Alva@a-Gildemeister R, Keene S, Raybin RF, Smith
RC (2007) Land-use allocation protects the Perufiasazon.Science317:1233-1236.

21. Bruinsma B (2009produccion de biodiesel de palma aceitera y jati@ph la Amazona del Pera y el
impacto para la sostenibilidad: Un Analisis Sostdmidel Ciclo de VidaPhD Thesis, Estudio de
Ciencias Naturales y de Medioambiente: Open Unitegr&ederland

22. Arevalo L, Nalvarte J, Torres J, Ramirez Y @Qénpactos socio-economicos de la produccion de
biocombustibles en la Amazonia Peruana SNV WWF .l(awailable at
www.minag.gob.pe/download/pdf/especiales/bioenésgidimpactos_Version Final FF%20Word_MV.pdf

23. Gobierno Regional de Ucayali (200Ian estrategico institucional 2007-2011

24. Gutiérrez-Vélez VH, DeFries RS, Pinedo-Vasddedriarte M, Padoch C, Baethgen W, Fernandes K,
Lim Y (2011) High-yield oil palm expansion sparasd at the expense of forests in the Peruvian
Amazon.Environ Res Let(4), 044029.



25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

Gutiérrez-Vélez VH, DeFries R (2013). Annualltimesolution detection of land cover conversiorotl
palm in the Peruvian AmazoRemote Sens Envird29, 154-167.

Padoch C, Brondizio E, Costa S, Pinedo-Vasijiegears RR, Siqueira A (2008) Urban forest andlrur
cities: multi-sited households, consumption pateamd forest resources in Amazortiaol Soc
13(2):2.

Gutierrez-Velez, VH, Uriarte, M, DeFries, R&ydtloVasquez, M, Fernandes, K, Ceccato, P, K,
Baethgen, WE, & Padoch, C. (In press). Land colkange interacts with drought severity to change
fire regimes in Western Amazoniacological Applicationshttp://dx.doi.org/10.1890/13-2101.1

Butterfield RP (1994) The regional contextdamlonization and conservation in La SelvaL@nSelva:
ecology and natural history of a Neotropical raordst.Eds McDade LA, Bawa KS, Hespenheide
HA, Hartshorn GS. Chicago: University of Chicage$, pp 299-306.

Morse WC, Schedlbauer JL, Sesnie SE, Fineg&taBiey CA, Hollenhorst SJ, Kavanagh KL, Stoian D,
Wulfhorst JD (2009) Consequences of EnvironmergaViSe Payments for Forest Retention and
Recruitment in a Costa Rican Biological Corridécol Socl4(1): 23.

Montagnini F (1994) Agricultural systems in tteeSelva region. iha Selva: ecology and natural
history of a Neotropical rain foresEds McDade LA, Bawa KS, Hespenheide HA, Hartshd® G
Chicago: University of Chicago Press, pp 307-316.

Steed B (2003) Completing the Mosaic: The Caagion of Private Lands in Costa Ridaurnal of
Land Use and Environmental L&®@: 173—-218.

Pagiola S (2008) Payments for environmentaises in Costa Ricdcol Econ65: 712—-724.

Fagan ME, DeFries RS, Sesnie SE, Arroyo JPk&W&V/, Soto C, Chazdon RL, Sanchun A (2013) Land
cover dynamics following a deforestation ban intihem Costa Ric&nviron Res LetB:034017.

Schelhas J, Sanchez-Azofeifa GA (2006) PosttienoForest Change Adjacent to Braulio Carrillo
National Park, Costa Ricelum Ecol34(3):407-431.

Bellamy AS (2013). Banana Production Systedentification of Alternative Systems for More
Sustainable ProductioAmbio42(3): 334-343.

Bartholomew DP, Hawkins RA, Lopez JA (2012) lawineapple: The Rise and Fall of an Industry.
Hort Sciencet7: 1390-1398.

FAO (2013) FAOSTAT agricultural statistics dsdae.

Meyfroidt P, Hoang VA, Vu TP (2013). Deforegtat commodity booms and marginalization of shitin
cultivation in the Central Highlands of Vietna@lob Environ Chan@3(5):1187-1198.

Hoang MH, Do TH, van Noordwijk M, Pham TT, Pdiin To XP, Doan D, Nguyen TX, Hoang TVA
(2010)An assessment of opportunities for reducing emisdimm all land uses — Vietnam preparing
for REDD. Final National ReportASB Partnership for the Tropical Forest MargiNairobi, Kenya.

Clement F, Amezaga J (2009) Afforestation amddtry land allocation in northern Vietnam: Anahgs
the gap between policy intentions and outcorbasd use polic6(2): 458-470.

Curran LM, Caniago |, Paoli GD, Astianti D, Ksi M, Leighton M; Nirarita CE, Haeruman H (1999)
Impact of El Nifio and Logging on Canopy Tree Rdanent in BorneoScience286: 2184-2188.

Curran LM, Trigg SN, McDonald AK, Astiani D, Hiiono YM, Siregar P, Caniago |, Kasischke E
(2004) Lowland Forest Loss in Protected Areas dbiresian Bornedscience303: 1000-1003.

Hansen MC, Stehman SV, Potapov PV, Arunarwa8tBlle F, Pittman K (2009) Quantifying changes
in the rates of forest clearing in Indonesia fra®@®@ to 2005 using remotely sensed data Estgiron
Res Let#(3), 034001.

Broich M, Hansen M, Stolle F, Potapov P, Mam8#\, Adusei B (2011) Remotely sensed forest cover
loss shows high spatial and temporal variationg&umatera and Kalimantan, Indonesia 2000—
2008.Environ Res Let6:014010



45,

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.
58.

Miettinen J, Hooijer A, Shi C, Tollenaar D, Yienmen R, Liew SC, Malins C, Page SE (2012). Extent
of industrial plantations on Southeast Asian peatan 2010 with analysis of historical expansion
and future projectionsslob Change Biol Bioenergy. 908-918.

Carlson KM, Curran LM, Ratnasari D, Pittman ASfares-Fllho BS, Asner GP, Trigg SN, Gaveau DA,
Lawrence D, Rodrigues HO (2012) Committed carboissions, deforestation, and community land
conversion from oil palm plantation expansion indMgalimantan, Indonesi&roc Natl Acad Sci
USA109(19):7559-7564.

Carlson KM, Curran LM, Asner GP, McDonald PaimA, Trigg SN, Adeney JM (2013) Carbon
emissions from forest conversion by Kalimantarpailm plantationsNat Clim Chang3:283-287.

Lawrence D, Peart DR, Leighton M (1998) Theawctmf shifting cultivation on a rainforest landgean
West Kalimantan: spatial and temporal dynamiesdscape Ecolog¥3: 135-148.

Wollenberg E (2008) Interactive land use plagnn Indonesian rain-forest landscapes: reconmgcti
plans to practiceEcol Socl4(1):35

Gaveau DLA, Curran LM, Paoli GD, Carlson KM, NMgeP, Besse-Rimba A, Ratnasari D, Leader-
Williams N (2012). Examining protected area effestiess in Sumatra: importance of regulations
governing unprotected landSonserv Letb:142-148.

Magliocca NR, Ellis EC, Oates T, Schmill M (3)1Contextualizing the global relevance of loaid
change observations. Working PaeiXiv:1307.6889

Schmill MD, Oates T (2014) GLOBE: Analytics fassessing Global Representativeness. Under review.

Olson DM, Dinerstein E, Wikramanayake ED, BeggBID, Powell GVN, Underwood EC, D’Amico JA,
ltoua |, Strand HE, Morrison JC, Loucks CJ, AlIn(iF, Ricketts TH, Kura Y, Lamoreux JF,
Wettengel WW, Hedao P, Kassem KR (2001). Terrdstdaregions of the world: a new map of life
on Earth Biosciences1(11):933-938.

Hansen M, DeFries R, Townshend JR, Carroll Myi€eli C, Sohlberg R (2003)/egetation Continuous
Fields MOD44B, 2001 Percent Tree Cover, Collect®nUniversity of Maryland, College Park,
Maryland, 2001.

Hansen MC, DeFries RS, Townshend JRG, CarrpIDivhiceli C, Sohlberg RA (2003) Global percent
tree cover at a spatial resolution of 500 meterst fesults of the MODIS vegetation continuousdise
algorithm.Earth Interactions7, 1-15.

Verburg PH, Ellis EC, Letourneau A (2011). Almhl assessment of market accessibility and market
influence for global environmental change studi@sziron Res Let6: 034019

IIASA (2011).Global Agro-Ecological Zones (GAEZ). Agro-Clima@ionstraints

Klein Goldewijk K, Beusen A, Janssen P (2010hg term dynamic modeling of global population and
built-up area in a spatially explicit way, HYDE B The Holocen®0(4):565-573.



Tab. S1: General description of the study cases

Case Mato Grosso Pucallpa Sarapiqui-San Carlos Dak Lak Dak Nong West Kalimantan
Country Brazil Peru Costa Rica Vietnam Vietnam Indonesia
Study periods (i) 2001-22(% (ii) 2006- 2000-2010 (i) 1986—12931E$i (ii) 1996- 2005-2010 2004-2008 (i) 1996—2;)8055;3 (i) 2005-
Geographic extent (km2) 500,915 2,134 6,617 7,478 6,513 12,038
Level of political Subset of state Subset of department Subset of two Subset of two Province Subset of two districts

organization

Criteria to select the
study area and define
the boundaries

Target expanding
commodity crop

Other agricultural land
uses

Remote sensing data
used in the original study

Summary of methods for
land use/cover and land
use/cover change
detection

Main source

Active front of
deforestation and soy
expansion; limits:
forested part of Mato
Grosso (excluding
Cerrado)

Soybean

Mainly pastures

Landsat TM; MODIS

Landsat TM for
detecting deforestation;
decision tree, based on

MODIS Enhanced
Vegetation Index (EVI)
phenology, for post-
deforestation land use

Macedo et al. 2012

Active deforestation
front with large- and
small-scale oil palm;
limits: Ucayali and
Aguaytia rivers

(i) Large-scale and (ii)
small-scale oil palm

Pastures, shifting
cultivation, coffee,
cacao

Landsat and
ALOS/PALSAR

Land cover
classification using
random forest for 2010
and decision tree for
2000, and visual
discrimination between
high and low-yield oil
palm plantations

Gutiérrez-Vélez et al.
2011, Gutiérrez-Vélez
and DeFries 2013

provinces

Active deforestation
front; limits: 20 km
buffer around San

Juan-La Selva
Biological Corridor

Pineapple and banana

Pastures, other crops
(heart-of-palm,
sugarcane, rice)

Landsat TM and ETM+

Land cover
classification of
Landsat time series
using random forest for
each image date, post-
classification change
detection

Fagan et al. 2013

provinces

Coffee basin and
surrounding forested
areas; limits: ASTER

footprints

Coffee

Shifting cultivation
(rice, cassava and
others), other
perennial crops

Landsat TM and
ASTER

Combination of post-
classification change
detection and
Normalized
Difference
Vegetation Index
(NDVI) differencing

Meyfroidt et al. 2013

Active deforestation
front; limits:
province
boundaries

Rubber

Shifting cultivation
(rice, cassava and
others), other
perennial crops

Landsat TM

Unknown

Hoang et al. 2010

Early front of oil palm
development; limits:
Landsat footprint

Oil palm

Swidden cultivation
(rice), other perennial
crops dominated by
rubber and fruit
agroforestry

Landsat TM and ETM+;
Quickbird

Object-oriented
nearest-neighbor
classification of
CLASIite data and
manual delineation,
post-classification
change detection

Carlson et al. 2012




Tab. S2: Land use/cover changesin the study areas

Sarapiqui

Case Mato Pucallpa - San Dak Lak Dak West
Grosso Nong Kalimantan
Carlos
2000- 2000-
. 2001- 2006- 2010, 2010, 1986- 1996- 2005- 2004- 2005-

Period or type of actors 2005 2009 large- small- 1996 2011 2010 o008 19962005 5448

scale scale

Deforestation (total, all causes)

Gross deforestation, in %y'1 of total landscape 1.86 0.47 1.66 1.66 0.72 1.32 0.49 2.04 1.80 1.66

Land use at next remote sensing time step

following clearing (% of gross total deforested

area)

Target commodity crop 10.1 2.2 5.3 154 4.7 3.5 3.7 37.0 2.7 17.6

Other agricultural land uses 62.0 51.4 79.3 79.3 95.3 96.5 96.3 39.1 41.7 38.5

Other or unknown uses 27.8 46.4 0.0 0.0 0.0 0.0 0.0 23.9 55.6 43.9

Gross and net land use changes (%y'1 over

total landscape)

Gross change in target commodity crop (%y™) 0.85 0.62 0.10 0.37 0.24 0.72 0.30 0.84 0.06 1.02

Net change in target commodity crop (%y'l) 0.45 0.18 0.10 0.37 0.08 0.74 0.30 5.42 0.06 1.02

Gross change in other agricultural land uses (%y™) 1.16 0.24 1.31 1.31 5.50 11.70 0.78 0.80 1.38 1.55

Net change in other agricultural land uses (%y'l) 0.66 -0.37 1.14 1.14 -0.25 0.33 0.37 -4.70 0.82 -0.12

Sources of new target commodity cropland (%)

Forest 27.7 1.7 87.4 68.4 23.8 11.2 8.6 89.5 76.9 28.5
of which, mature forest ? ? 74.8 30.2 21.9 1.9 ? ? 44.1 5.4
of which, secondary forest ? ? 12.6 38.2 1.9 9.3 ? ? 32.8 23.1

Existing agricultural lands 72.3 98.3 12.6 31.6 76.2 88.8 56.1 10.5 135 41.9

Land with other cover and/or unknown use 0.0 0.0 0.0 0.0 0.0 0.0 35.3 0.0 9.6 29.6

Displacement (* likely small; ** possibly large)

Local o * * b ? ? o * ? ?

Distant ? ? * ? o o * * ? ?

Notes: ? indicates uncertain/unknown information. “Gross deforestation” measures the area of forest being converted to another land cover, in percent of the total landscape
area per year. "Other or unknown uses" following clearing vary across cases, being small deforestation patches (<25 ha) in Mato Grosso, burned/bare land without use in
Dak Nong, or all non-forested peatlands and burned, bare and built classes on mineral soils in West Kalimantan. "Secondary forest" refers to previously logged forest in
Kalimantan, and to fallows or regrowth over ~3-5 years in other regions. Land sources with "other cover and/or unknown use" correspond to other natural vegetation, bare
lands with uncertain land use, and, in West Kalimantan, all non-forested peatlands and burned, bare and built classes on mineral soils. Sources: recalculated based on
primary data from Macedo et al. 2012, Gutiérrez-Vélez et al. 2011, Alternatives to Slash and Burn (ASB) maps for Pucallpa benchmark area (White et al. 2005, Velarde et al.
2010), Fagan et al. 2013, Meyfroidt et al. 2013, Hoang et al. 2010, and Carlson et al. 2012.




Tab. S3: Factors associated with pathways of commaodity crop expansion

Sarapiqui

Case Mato Pucallpa -San Dak Dak West
Grosso P Lak Nong Kalimantan
Carlos
2000- 2000-

. 2001- 2006- 2010, 2010, 1986- 1996- 2005- 2004- 2005-

Period or type of actors 2005 2009  large-  small- 1996 2011 2010 2008 19962005 5009
scale scale

Proportions of land use/cover in the landscape at onset
% forest cover 68.8 60.3 43.1 43.1 44.0 46.4 24.7 56.9 68.2 52.2
% of land covered by other agricultural land uses 30.0 36.5 56.3 56.3 49.1 455 48.7 33.1 18.0 254
% of land with other/unknown uses 0.0 0.0 0.1 0.1 35 35 7.2 8.6 12.8 20.9
% of land with target commodity crop 1.2 3.2 0.5 0.5 35 4.5 19.4 15 1.0 1.6
Population density and changes
Rural population density (p/km?) 0.46 0.50 3.65 3.65 22.58 40.40 83.81 53.99 19.05 23.79
Rate of change of population density (%y'l) 1.69 1.69 -0.56 -0.56 4.93 1.16 2.06 3.67 2.77 1.58
Rural population density over cleared land in p/km?) 1.22 1.09 5.94 5.94 40.29 75.42  277.83 125.25 59.97 49.75
Land use policies
0 . . . - .
% of for_ested land with land use zoning strictly restricting agricultural -30 -30 0 0 0 0 a1 27 73 75
expansion
o . . - .
% of for_ested land with land use zoning partly restricting agricultural -70 -70 0 0 15 ~100 52 67 0 0
expansion
Enforcement of land use policies (*: poor; ** medium; ***: strong) * Fokk * * * hid hid * * *
Land tenure
Clear and effective property rights on land (*: informal rights for most
smallholders; **: smallholders may have formal rights but not always enforced;
***: gverall, good enforcement of property rights for most actors)
on agricultural lands * ki * * ** Frk ki ki * *
on fOreStIandS *% *kk * * *kk *kk * * * *
Existence of land markets ( *: non-existent or poorly functioning; **: existing
but not functioning perfectly; ***: functioning well)
on angCU|tUra| |ands *k *kk * * *% *kk *% *% * *
On forestlands *% *% * * *% *kk * * * *
Agricultural systems
Types of actors (SH: smallholders, LH: large holders):
For the target expanding commodity crop LH LH LH SH LH LH SH LH LH LH
For the other agricultural land uses SH/LH SL':" SH SH  SH/LH SL':" SH SH SH SH
Produ_&:tlwty |ncrease_s (Average yields change of the target commodity crop, 06 12 0.7 0.7 40.7 / - -2.2/ 6.2 4.9 24 0.9
in %y~ over the period) 18 0.2

Notes: All numbers are calculated for the initial year of the period. Sources: Mato Grosso: IBGE agricultural statistics and population censuses 2000 and 2010; Peru: agricultural statistics and
population censuses 1993 and 2007; Costa Rica: Instituto Nacional de Estadistica y Censos de Costa Rica 1984, 2000, and 2011, and FAOSTAT for yields (respectively pineapple then
banana in the table); Vietham: rural, agricultural and fishery censuses 2001, 2006, statistical yearbooks, forestry land zoning maps from Dak Lak and Dak Nong provinces; Indonesia:
population censuses 1990, 2000, and 2010; Kabupaten Ketapang and Kabupaten Pontianak Population Projections 1981-2002; West Kalimantan RTRWP, 2004; Indonesian Ministry of
Forestry TGHK 1992; Indonesian Ministry of Agriculture Production Data through 2010.




Fig S1. Pathways of increase in agricultural praoiduc This is a generalized version of Fig. 1. Tihisease can occur through
four processes of land use change: intensificatiaitu or expansion into forest or undisturbecuratvegetation, or other
potentially available cropland. These farm-levedrmes may trigger three distant or indirect effdetsd sparing, rebound-
effect (which can be seen as negative land sparamg)) displacement/iLUC.

Pathways of increase in agricultural production

With land sparing

Causing more expansion
(rebound-effect)

Agricultural
intensification in

Potentially available  |r—
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- Low-intensity Possible
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Fig S2: Summary of the representativeness analgisGLOBE. For each variable, the left panel sholwespattern observed
in our set of case studies (points) overlaid ors Ipaesenting GLOBE data for tropical lands (eitheategorical distribution of
tropical lands, or equal frequency stratificatioffie right panel displays the pattern observedhferset of deforestation case
studies in GLOBE (points) for the same variable®laon’s biomes (1: Tropical Moist, 2: Tropicalyp7: Tropical
Savannas); b. World regions (5: Central Americ& astern Africa, 13: Middle Africa, 18: South Anwaj 19: Southeast Asia,
23: Western Africa); c; Percentage of tree cove2dfil; d. Percentage of land in protected area (AJP& Market Access
Index and f. Market Influence Index (0-1, with higher market access and influence); g. Combinex [Suitability class (2-
9, larger value = lower suitability); h. Populatidensity in 2005.
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