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EXECUTIVE SUMMARY
Places to Watch Palm and Soy (PTWPS) provides a 
method to filter thousands of deforestation alerts from the 
Global Land Analysis and Discovery (GLAD) laboratory at 
the University of Maryland, prioritizing clusters of defor-
estation alerts that are especially alarming (Hansen et 
al. 2016). PTWPS is a descendant of the quarterly, global 
Places to Watch (PTW) analysis, which provides inputs for 
curated stories about emerging deforestation. For PTWPS, 
these alerts are related to current palm and soy plantation 
areas that are likely to be in noncompliance with zero-
deforestation commitments made by large companies 
if planted with oil palm in Southeast Asia, specifically 
Indonesia and Malaysia, and if planted with soy in various 
countries in South America. In particular, the PTWPS 
method picks up large clearance events most likely caused 
by industrial palm concessions or large soy farms. The 
analysis is an automated process that is executed once a 
month with the curated results displayed as a layer on the 
Global Forest Watch flagship platform. The main differ-
ences between PTWPS and PTW is that PTWPS focuses 
only on potential oil palm expansion in Southeast Asia 
and potential soy expansion in South America rather 
than on any deforestation in the entire tropics. The sheer 
number of deforestation alerts produced weekly makes 
it difficult for most journalists and the media to find new 
clearing events of enough consequence to report to the 
public, and this method aims to elucidate those areas. 
This methodology is focused on clearing events geograph-
ically associated with agricultural commodity production 
but does not attempt to resolve direct attribution through 
geospatial analysis or other means. 
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LIST OF ABBREVIATIONS
GFW		  Global Forest Watch

GLAD		  Global Land Analysis and Discovery

PTWPS		  Places to Watch Palm and Soy

PTW		  Places to Watch

INTRODUCTION
Identifying Places to Watch Palm and Soy
Conversion of tropical forests into agriculture or mono-
culture tree plantations is the leading cause of tropical 
deforestation, leading to destruction of habitat and eco-
system services, increased carbon dioxide emissions, and 
increased risk of land conflict (Carlson et al. 2013; Pye et 
al. 2017). In Southeast Asia, one of the main plantation 
crops is oil palm (Elaeis guineensis). Oil palm is the most 
productive oil-producing plant, yielding up to eight times 
more oil per hectare than soybeans (Wahid et al. 2005). 
Since 1990, oil palm has been expanding at an increasing 
rate, with over 2 million hectares (ha) of oil palm devel-
oped on peat lands in 2010 (Miettinen et al. 2012). Oil 
palm has brought economic opportunities to the region, 
but large-scale industrial agriculture associated with it 
has also brought major destruction to large expanses of 
tropical and primary forest, which are critical for biodi-
versity, community health, and other ecosystem services 
(Marti 2008). 

Soybeans (Glycine max) from South America make up the 
largest portion of global soy exports and production. Five 
out of the top 10 soy-producing countries in 2018 were 
located in South America, specifically Brazil, Argentina, 
Paraguay, Bolivia, and Uruguay. Large-scale soy produc-
tion in Argentina began in the 1970s and by 2008 about 
50 percent of Argentina’s agricultural land (16.6 mil-
lion ha) was planted with soy. In Bolivia, soy expansion 
(mostly in the eastern lowlands) started in the 1990s and 
by 2009 it grew quickly to approximately 980,000 ha. 
After the “soy boom” in the 1990s, Paraguay’s soy area 
expanded to around 2.4 million ha by 2008. By 2012, the 
area of soy cultivated in Argentina, Bolivia, Brazil, and 
Paraguay was around 47 million ha (OSAS 2014). Most 
recently, Brazil’s soy planted area alone is expected to 
be around 36 million ha in crop year 2018–19 (Gomes 
2018; CONAB 2019). With the demand for soy increasing, 
the challenges of maintaining the forest cover in various 

South American countries are also increasing (Rudorff et 
al. 2011, 2015; Freitas and Mendonca 2016). 

Deforestation monitoring methods using near real-time 
alerts to identify deforestation near oil palm in Southeast 
Asia and soy production in South America are limited. 
However, in recent years, major advancements in satellite 
data availability, remote sensing techniques, and geo-
spatial analysis have been implemented through Global 
Forest Watch (GFW), an online forest monitoring and 
alert system. To complement the annual tree cover loss 
data from GFW, the Global Land Analysis and Discovery 
(GLAD) laboratory at the University of Maryland produces 
GLAD alerts, a deforestation alert product that details—
through thousands of pixels every week—where tree 
cover loss has occurred and provides a breakthrough in 
potential for monitoring zero-deforestation commitments. 
Thus, the goal of this project is to automate a filtering 
process for near real-time deforestation occurring around 
oil palm plantations in Indonesia and Malaysia and 
soy-planted areas in South America to find areas that if 
cleared and subsequently planted with palm or soy, are 
likely to be in noncompliance with zero-deforestation 
commitments. 

METHODS
Overview
Both Places to Watch (PTW) Palm and PTW Soy use a 
grid system for the basis of the analysis; however, they 
use slightly different methods to rank the top places to 
watch, due to the varying availability of information, 
commodity-specific criteria, and regulations regarding 
zero-deforestation policies and agreements in the palm oil 
and soy sectors. The majority of zero-deforestation com-
mitments in the palm oil sector in Southeast Asia use spe-
cific criteria to define areas that are noncompliant, such 
as clearance on protected areas and on peatlands. The 
information provided by these commitments contributed 
to the creation of the Places to Watch Palm “importance 
score,” which weights the grid cells used in the PTW Palm 
analysis. For soy, however, the broad range of land use 
regulations across the countries and biomes of production 
and the lack of a sector-wide consensus on land use and 
deforestation cut-off date criteria pose difficulties for the 
application of a continental-wide weighting system. Thus, 
the same method was applied across the entirety of the 
soy production area in South America.
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Input Data
GLAD alerts: The Global Land Analysis and Discovery 
(GLAD) alert system is produced by Hansen et al. (2013) 
at the University of Maryland and provides a weekly 
assessment of global tree cover loss at 30 meter (m) reso-
lution from 30°N to 30°S (Hansen et al. 2016).

Tree plantations (Brazil, Chile, Indonesia, Malay-
sia, Peru): Global Forest Watch has combined plantation 
data from a multitude of sources into a global plantation 
dataset separated by species and country (Harris et al. 
2019). 

PTW Palm
Peat: The two peat datasets used are the global peat 
distribution from the Center for International Forestry 
Research Tropical and Subtropical Wetlands Distribu-
tion, version 2 (Gumbricht et al. 2017), and a Southeast 
Asia–specific peat dataset (Miettinen et al. 2016). They 
are combined into one binary mask.

Protected areas: The World Database on Protected 
Areas provides spatial information on all categories of 
protected areas (IUCN and UNEP-WCMC 2016). The vec-
tor dataset is converted into a binary mask. 

Protected peat: This category of peat is included as 
a separate layer from the other peat dataset because it 
carries high significance in terms of zero-deforestation 
commitments, on top of being illegal to plant on. This 
dataset comes directly from the Ministry of Environ-
ment and Forestry in Indonesia (MoEF 2017) and is also a 
binary mask.

Primary forests: The Global Land Analysis and Dis-
covery Lab at the University of Maryland produced a 
30 m pantropical primary forest layer for the year 2001 
(Turubanova et al. 2018). This dataset is also a binary 
mask.

Palm oil mills: The Universal Mill List, created by 
Global Forest Watch in collaboration with Rainforest 
Alliance, is used to generate the 50 kilometer (km) road 
network extent from existing palm oil mills. This dataset 
is the most extensive and comprehensively verified palm 
oil mill dataset available (Global Forest Watch 2019).

PTW Soy
South America soybean extent: The South America 
soybean mapping and area estimation data were also pro-
vided by the GLAD laboratory (manuscript in preparation, 
following methods published in Song et al. 2017 and King 
et al. 2017). It shows areas of soy cultivation in 2017–18 in 
the following seven South American countries: Argentina, 
Bolivia, Brazil, Chile, Paraguay, Peru, and Uruguay. The 
output PTW layer displayed on the GFW platform will 
incorporate updated soy data as they are made available 
from the GLAD laboratory. Landsat and Moderate Resolu-
tion Imaging Spectroradiometer (MODIS) imagery were 
used to create soy classifications during South America’s 
growing season. The total area of soy cultivation in South 
America for the 2017–18 growing season was about 54 
million ha. 

Palm Grid
Grid
The PTW Palm method uses a grid and scoring system to 
filter tree cover loss alerts. A 5x5 km grid has been deter-
mined to parse out new areas of tree cover loss at a suitable 
level of detail (providing ~10 cells that are ranked signifi-
cantly higher than the rest) without requiring an overly 
onerous processing burden. This grid is clipped to the land 
extent of Indonesia and Malaysia using GADM 3.6 coun-
try boundaries (GADM 2018). All known tree plantations 
are removed from the grid. For all the islands except the 
Indonesian province of Papua, the grid is further clipped 
to a 50 km road network extent from known palm oil mills, 
which is a conservative distance estimate for a day’s travel 
on the known road network, and a 10 km buffer around 
known oil palm plantations, which hopes to capture expan-
sion around plantations that do not have roads within the 
road network datasets. New oil palm plantations need to be 
within a day’s travel to palm oil mills to ensure maximum 
oil production from fresh fruit bunches and are generally 
found near existing plantations and infrastructure. Papua 
is excluded from this step because of the lack of road and 
mill data in that area, though oil palm plantations are still 
emerging there (identified through high-resolution satellite 
imagery). Due to the clipping of this grid, not all grid cells 
may be the same size, but during the importance score 
assignment (described in the following section), the impor-
tance score is normalized by the area of the grid cell so that 
no small cells that have a large number of GLAD alerts on 
important areas are lost. It should also be noted that this 
grid will need to be updated when the input datasets are 
updated.
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Score
There are six main raster datasets and three vector 
datasets (described above) used as input data for the 
importance score and creation of grid cells, which are 
then combined with GLAD alerts to identify the top places 
to watch. The peat, protected peat, protected areas, and 
forest layers are projected into geographic coordinate 
system WGS 1984, resampled to 30 m using the nearest 
neighbor method, and reclassified to a value of 1. Then, 
all the input data are added together, resulting in a single 
raster with values from 0 to 4, indicating the presence or 
absence of the input datasets, with a value of 0 meaning 
no datasets were present and a value of 4 meaning all four 
datasets overlapped. This raster is converted to a polygon 
based on the value, and the ESRI Tabulate Intersection 
tool in ArcMap is used to generate a table that shows the 
percentage of each grid cell that overlaps with a specific 
value (i.e., 0–4), or the sum of proportions of each input 
layer in a grid cell (as shown in the equation below). 

The information is then joined to the grid as shown in 
Figure 1. This score ranges from 0 to 4 and indicates the 
likelihood that tree cover loss in a specific grid cell is 
going to be related to oil palm expansion in noncompli-
ance with zero-deforestation commitments.

Soy Grid
Grid
For the PTW Soy analysis, a grid system is used to fil-
ter the alerts occurring around the soy extent in South 
America. The study area includes soy cultivation areas in 
the following six South American countries: Argentina, 
Bolivia, Brazil, Chile, Paraguay, and Peru. 

A 5 km grid was created over the soy cultivated area in 
South America as shown in Figure 2. This 5 km grid 
includes grid cells that overlap the soy extent plus 5 km 
cells that are contiguous with the overlapping cells. Thus, 
the maximum distance from the current soy contained 
in the grid is 28 km. Each grid cell was assigned a unique 
identification (ID) number combined with the GADM 

Source: Places to Watch initiative, World Resources Institute. Using data from Global Forest Watch, a partnership convened by World Resources Institute.

Figure 1  |  Example of PTW Grid with Importance Score Values
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administrative level 2 name associated with the grid’s 
centroid to assist with additional filtering analysis. No 
importance score was used for the PTW Soy method to 
maintain consistency across all soy-producing regions.

Next, both the cultivated 2017–18 soy extent and tree 
plantations in Brazil, Peru, and Chile were removed from 
the 5 km grid around the soy extent, which resulted in 
126,080 grid cells representing a modeled area of poten-
tial soy expansion in proximity to existing soy throughout 
South America.

Filtering Criteria
To use the grids created by both methods to filter GLAD 
alerts, each month the number of GLAD alerts that falls 
within each palm grid cell is multiplied by the PTW 
importance score and the sum of GLAD alerts within 
each soy grid cell is taken at face value. The top 10 grid 
cells for palm and the top 10 grid cells for soy are visu-
ally inspected by an analyst with high-resolution imagery 

from Planet, Inc., to determine whether the results of the 
analysis are reasonable and to discard false positives (i.e., 
there are some roads or there is a clearing in a pattern 
known to be representative of plantations versus an area 
that is clearly still forest with no roads or recent clear-
ing or the pattern of alerts is more likely attributable to 
shifting agriculture/fires). Any grid cells that do not show 
any clearing or that fall within an existing tree plantation 
(that were otherwise not present in the GFW data) will be 
removed from the final output layer.

Results
Results of this analysis will provide users with timely 
and contextualized GLAD alerts without having to run 
additional ad hoc or offline analyses. The user will be able 
to immediately zoom to locations on the map that are 
concerning and have the potential to be in noncompli-
ance with zero-deforestation commitments. An example 
of newly cleared areas that would be identified by the 
PTWPS workflow can be seen in Figures 3 and 4. 

Figure 2  |  �Study Area—GLAD Alerts (2015–18) Overlaid on Soy Cultivation Areas (2017–18) and Tree Plantations (2014) in 
South America with 5 Km Grid

Source: Places to Watch initiative, World Resources Institute. Using data from Global Forest Watch, a partnership convened by World Resources Institute. 
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Note: An example of the results produced using PTW Palm methodology from a September 2018 (September 1–30, 2018) analysis, showing palm plantations (light tan areas in Figure 3a) and primary 
forest extent (dark green areas in Figure 3a) overlaid on DigitalGlobe Basemap imagery from 2014 in Kalimantan Timur, Indonesia. These grid cells had an importance score ranging from 0.91 to 0.98, due 
to almost full coverage by primary forest, which has been deforested since the creation of the primary forest dataset, as shown in Figure 3b. Figure 3b shows high-resolution Planet Basemap imagery 
from the fourth quarter of 2018, where there is visible evidence of the new clearing picked up in the PTW Palm analysis.

Source: Places to Watch initiative, World Resources Institute. Using data from Global Forest Watch, a partnership convened by World Resources Institute.

Note: An example of the results produced using PTW Soy methodology from a December 2018 (December 1–31, 2018) analysis with soy extent (light green areas, Figure 4a) overlaid on DigitalGlobe 
Basemap imagery from 2014 in Mato Grosso State, Brazil. Figure 4b shows high-resolution Planet Basemap imagery from the fourth quarter of 2018, where there is visible evidence of new clearing.

Source: Places to Watch initiative, World Resources Institute. Using data from Global Forest Watch, a partnership convened by World Resources Institute.

Figure 3  |  Behind-the-Scenes Output from PTW Palm Methodology 

Figure 4  |  Behind-the-Scenes Output from PTW Soy Methodology
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Curation and Distribution
This dataset will be available as a monthly layer on the 
GFW flagship interactive map, where users will be able 
to explore the results of the analysis as well as additional 
layers that may provide context for tree cover loss in these 
areas. The grid ID and PTWPS grid cells selected will not 
be shown to users on the web map, as they can be complex 
and confusing. Instead, users will be able to click on an 
icon at the center of the grid cell to zoom into the PTWPS 
area and see the GLAD alerts near the palm extent or 
soy extent for the chosen time period. A user will also be 
able to subscribe to this layer to receive a monthly email 
when a new layer has been published. Older layers will be 
archived for up to a year. 

This will provide journalists, advocacy groups, and 
nongovernmental organizations a straightforward and 
timely way to review filtered GLAD alerts related to oil 
palm plantation or soy farm production, and alert forest 
watchdogs about areas of clearing that are potentially in 
noncompliance with zero-deforestation commitments. 

DISCUSSION
Limitations and Assumptions
One limitation with this filtering method is that without 
combing through multiple companies’ individual zero-
deforestation commitments, and without knowing which 
companies are sourcing from each new plantation or 
production area, there is no clear mechanism to verify the 
noncompliance of each new plantation. In addition, there 
is no way at the time of publication to identify or verify 
the driver, or reliably predict subsequent land use as palm 
or soy. This method is strictly intended to help filter and 
contextualize the vast number of available GLAD alerts 
to find areas that are likely to be planted with oil palm 
and soybeans, and if so, are unlikely to be compliant with 
deforestation commitments. In particular, the PTWPS 
method will pick up large clearance events most likely 
due to industrial palm concessions or large soy farms. 
The input grid for this analysis will be updated on an 
annual basis. Future efforts to boost accuracy could focus 
on updating the grid every month as new plantations 
are identified, which is beyond the scope of the current 
project. 

The PTWPS also makes additional assumptions to relate 
clearing to palm and soy production. The PTW Soy 
method uses a 5 km grid around soy cultivation from the 

2017–18 growing season and the PTW Palm method uses 
oil palm plantations data published in 2019. This assumes 
both that future oil palm and soy expansion will be in the 
vicinity of current production areas and that the clear-
ing occurring near oil palm and soy is more likely to be 
intended for oil palm and soy production. As a result, the 
GLAD alerts identified as PTW Palm and Soy cannot be 
directly attributed to their expansion. 

In addition, unlike the PTW Palm method, the PTW Soy 
method contains no importance score. Thus, the PTW Soy 
method is based only on proximity to soy production and 
not contextualized with other layers like PTW Palm that 
might indicate potential sourcing policy or other viola-
tions. In addition, the PTW Soy method does not evaluate 
or indicate the likelihood of compliance with national, 
biome-specific, or local-land-use regulations such as the 
Brazilian Forest Code.

Comparisons with Other Methods
This method is aligned with the conceptual techniques 
of land use suitability mapping (i.e., overlaying criteria 
to find areas that are best suited for specific scenarios, 
like habitats, or construction sites) and has been used for 
almost 20 years for various geospatial analyses (Malcze-
wski 2004). The Places to Watch quarterly analysis uses a 
similar method to filter global GLAD alerts, but it focuses 
on protected areas and intact forests globally instead of on 
peat and primary forests.

Other methods include using additional context layers and 
field validations to confirm that loss was due to a specific 
commodity. For example, to identify soy plantations in 
recently deforested areas mapped by PRODES (INPE 
2017) in the Brazilian Amazon Biome, the area covered by 
the Soy Moratorium (a multi-corporation pledge to end 
soy planting in the Amazon forest) is limited to munici-
palities known to have planted more than 5,000 ha of soy 
in the most recent crop season. Soy sowing periods and 
vegetation indices were used to identify soy crop devel-
opment using Landsat and MODIS imagery (Rudorff et 
al. 2011). In addition, protected areas, indigenous areas, 
and land reform areas were removed from the study area 
since the Soy Moratorium has its focus on private rural 
properties. Field work and aerial surveys were also used 
to validate the findings, and, more recently, soy monitor-
ing within the context of the Soy Moratorium has been 
performed based on satellite imagery due to the higher 
temporal resolution of the current remote sensing satel-
lites (Rudorff et al. 2011).
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Areas for Future Work 
Future improvements for both methods would involve 
updating the inputs as newer data become available, 
especially for recently expanded or established plantation 
and agricultural extents. There are a number of avenues 
to improve upon the PTW Soy method for future analysis 
by further filtering and contextualizing for a number of 
values and distinct geographies. The application of an 
ecological importance score using contextual data such 
as protected area and intact forest proximity would more 
accurately reflect the relative impact of potential expan-
sion. Additionally, filtering the GLAD alerts for palm and 
soy production suitability based on altitude, slope, and 
soil type would further delimit potential areas of expan-
sion to those considered most likely to grow soy. The 
method could also be refined to include commercially 
relevant supply chain sourcing criteria from major soy 
supply chain actors and more accurately contextualize 
land use change within legal regulations, such as by using 
nationally and biome-level relevant land use zoning, 
cadaster, and environmental registry data.
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