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Supplementary Figure 1: Production of different crop types by area harvested for

different countries and world region®
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Supplementary Figure 2: Agricultural exports by value (billion US$) for different

countries and world regions*
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Supplementary Figure 3: Annual rate of land use change from HILDA+ between

1960 and 2019, aggregated by agro-ecological zones (retrieved from ITASA/FAO *).
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Supplementary Figure 4: Annual rate of land use change from HILDA+ between

1960 and 2019 for different countries and world regions.
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Supplementary Figure 5: Annual rates of land use change between 1960 and 2019
related to agriculture (gains, losses, multiple change events) from HILDA+ for different

countries and world regions. Lines are smoothed using a 3-yearly mean.
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Supplementary Figure 6: Spatial distribution of global mean uncertainty
information for HILDA+. Global land use/cover change 1960-2019: Multi-year mean of
A) maximum deviation of class area fraction, B) LUC class area fraction, C) number of

available datasets. Layers were derived on an annual basis for each indicated LUC
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category by HILDA+ and averaged for the entire period (1960-2019). Note that, for
LUC category 3: Pasture/rangeland, class area fractions refer to grassland and, for

LUC category 5: Unmanaged grass /shrubland, class area fractions comprise grassland
and shrubland.
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Supplementary Figure 7: Spatial distribution of multi-year mean quality flags for HILDA+
global land use/cover change 1960-2019. Quality flags: Good agreement with high (11),
moderate (12) and low (13) class coverage; Low agreement with high (21), moderate (22) and

low (23) class coverage.
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Supplementary Figure 8: Graphical overview of the HILDA+ (HIstoric Land
Dynamics Assessment+) framework, a data-driven global land use/cover change

allocation model.
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Supplementary Figure 9: Methodological steps of the land use/cover (LUC) change
allocation procedure. (1) Input datasets are pre-processed and harmonised. (2) LUC
change matrices are calculated for each time step (annually) and each country. In the
backward mode (2015-1960), LU, refers to LUC classes in a specific year (time step 0),
LUy refers to a LUC classes in the previous year (time step 1). In the forward mode
(2015-2019), LU refers to a LUC classes in the subsequent year (time step 1). (3) All
combinations of land transitions between LUC classes are iteratively allocated on the

map.
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Supplementary Table 1: Land use/cover (LUC) datasets used for HILDA+ LUC

reconstruction and their specifications (thematic, spatial and temporal coverage).

Dataset and reference Used Spatial Used Spatial Data
thematic coverage temporal resolution type
coverage coverage

Copernicus LC100 ! LCCS 22 global 2015-2019 100 m raster

https://land.copernicus.eu/global /pr  classes

oducts/lc

ESA CCI Land Cover ? LCCS 22 global 1992-2015 300 m raster
http://maps.elie.ucl.ac.be/CCI/view  classes

er/download.php

GLAD UMD VCF ? tree canopy, global 1982-2015 0.05 deg raster
https://glad.umd.edu/dataset /long- bare ground,
term-global-land-change short
vegetation
GLC2000 * FAO LCCS global 2000 1 km raster

http://forobs.jrc.ec.europa.eu/produc 22 classes
ts/glc2000/glc2000.php

GLCNMO°® LCCS 22 global 2003 30 arc sec raster
https://globalmaps.github.io/glecnmo  classes 2008, 2013 15 arc sec

html

Global Human Settlement Layer built-up area.  glohal 1975, 1990, 1 km raster
(GHSL) ¢ (fractional) 2000, 2014
https://ghslsys.jre.ec.europa.eu/data

sets.php

Global Urban Footprint (GUF) 7 built-up area  global 2011/12 2.8 arc sec raster

https://www.dlr.de/eoc/en/desktopd  (fractional)
efault.aspx/tabid-11725/20508 read-

47944

GlobCover *# LCCS 22 global 2005/2006, 300 m raster
http://due.esrin.esa.int/page globco  classes 2009

ver.php

Globeland30 ¢ 10 LULC global 2000, 2010 30 m raster
http://www.globeland30.org classes

Gridded Livestock World v3 (GLW)  density of global 2010 5 arc min raster
10 ruminants

http://www.fao.org/livestock-

systems/en/

Hansen GFC U tree cover global 2000-2015 30 m raster
https://earthenginepartners.appspot. (fI‘a(ftional)

com /science-2013-global- loss and gain

forest /download v1.5.html year

13


https://land.copernicus.eu/global/products/lc
https://land.copernicus.eu/global/products/lc
http://maps.elie.ucl.ac.be/CCI/viewer/download.php
http://maps.elie.ucl.ac.be/CCI/viewer/download.php
https://glad.umd.edu/dataset/long-term-global-land-change
https://glad.umd.edu/dataset/long-term-global-land-change
http://forobs.jrc.ec.europa.eu/products/glc2000/glc2000.php
http://forobs.jrc.ec.europa.eu/products/glc2000/glc2000.php
https://globalmaps.github.io/glcnmo.html
https://globalmaps.github.io/glcnmo.html
https://ghslsys.jrc.ec.europa.eu/datasets.php
https://ghslsys.jrc.ec.europa.eu/datasets.php
https://www.dlr.de/eoc/en/desktopdefault.aspx/tabid-11725/20508_read-47944/
https://www.dlr.de/eoc/en/desktopdefault.aspx/tabid-11725/20508_read-47944/
https://www.dlr.de/eoc/en/desktopdefault.aspx/tabid-11725/20508_read-47944/
http://due.esrin.esa.int/page_globcover.php
http://due.esrin.esa.int/page_globcover.php
http://www.globeland30.org/
http://www.fao.org/livestock-systems/en/
http://www.fao.org/livestock-systems/en/
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.5.html
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.5.html
https://earthenginepartners.appspot.com/science-2013-global-forest/download_v1.5.html

MODIS MCD12Q1 2
https://Ipdaac.usgs.gov /products/mc
d12q1v006

Ramankutty cropland (update from
IZ%)

http://www.ramankuttylab.com/dat

a.html

AAFC Land Use Canada *
https://open.canada.ca/data/en/dat
aset /18e3efla-497¢-40c6-8326-
aacla3d4aldec

Australia DLCD V2.1
https://ecat.ga.gov.au/geonetwork /s

rv/eng/catalog.search# /metadata /8
3868

CORINE '¢
https://land.copernicus.eu/pan-

european/corine-land-cover /view

LULC classification of India '
https://daac.ornl.gov/cgi-

bin/dsviewer.pl?ds id=1336

MoEF Indonesia **

http://webgis.dephut.go.id:8080 /kem

enhut/index.php/en/feature/downlo

ad

NLCD Land Cover (CONUS) "
https://www.mrle.gov/data?f%580%
5D=category%3Aland %20cover

RCMRD Land Cover 2°

http://opendata.rcmrd.org /search?ta

gs=land%20cover

South Africa Land Cover 22
http://www.sasdi.net /sresults.aspx?’t
ext=Land-+cover&offset=08&I text—

land%20cover

IGBP 17
classes

cropland

15 LULC
classes

LCCS 22
classes

44 LULC
classes with
change layers

11 LULC
classes
(IGBP
scheme)
22 LULC
classes

16 LULC
classes

6 LULC
classes with
country-
specific sub-
classes

35/72 LULC
classes

global

global

Canada

Australia

Europe
(changing
extent)

India

Indonesia

U.s.

Botswana,
Ethiopia,
Lesotho.
Malawi,
Namibia,
Rwanda,
Tanzania,
Uganda,
Zambia

South Africa

2001-2013 500 m
(yearly)
2000 5 arc min

1990, 2000, 30 m
2010

2002-2014 500 m

1990, 2000, 100 m
2006, 2012,
2018

1985, 1995, 100 m
2005

2000, 2003, 300 m
2006, 2009

2001, 2006, 30 m
2011

different 30 m
vears

between 2000

and 2014

1990, 30 m
2013-14

raster

raster

raster

raster

raster

raster

raster

raster

raster

raster

* LULC = land use/land cover, LCCS = Land Cover Classification System, IGBP = International Geosphere-

Biosphere Programme
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https://lpdaac.usgs.gov/products/mcd12q1v006/
https://lpdaac.usgs.gov/products/mcd12q1v006/
http://www.ramankuttylab.com/data.html
http://www.ramankuttylab.com/data.html
https://open.canada.ca/data/en/dataset/18e3ef1a-497c-40c6-8326-aac1a34a0dec
https://open.canada.ca/data/en/dataset/18e3ef1a-497c-40c6-8326-aac1a34a0dec
https://open.canada.ca/data/en/dataset/18e3ef1a-497c-40c6-8326-aac1a34a0dec
https://land.copernicus.eu/pan-european/corine-land-cover/view
https://land.copernicus.eu/pan-european/corine-land-cover/view
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1336
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1336
http://webgis.dephut.go.id:8080/kemenhut/index.php/en/feature/download
http://webgis.dephut.go.id:8080/kemenhut/index.php/en/feature/download
http://webgis.dephut.go.id:8080/kemenhut/index.php/en/feature/download
https://www.mrlc.gov/data?f%5B0%5D=category%3Aland%20cover
https://www.mrlc.gov/data?f%5B0%5D=category%3Aland%20cover
http://opendata.rcmrd.org/search?tags=land%20cover
http://opendata.rcmrd.org/search?tags=land%20cover
http://www.sasdi.net/sresults.aspx?text=Land+cover&offset=0&f_text=land%20cover
http://www.sasdi.net/sresults.aspx?text=Land+cover&offset=0&f_text=land%20cover
http://www.sasdi.net/sresults.aspx?text=Land+cover&offset=0&f_text=land%20cover

Supplementary Table 2: Defined target land use/cover categories of HILDA+

Final land use/cover

Definition and description

category

1. Urban Artificial surfaces, urban and built-up areas, including urban
parks and sports areas, green spaces, industrial, deposits,
extractions sites (mining etc.)

2. Cropland Herbaceous and woody crops (also for hay production)

3. Pasture/Rangeland

4. Forest

5. Unmanaged
grass- /shrubland

6. Sparse/no
vegetation

including tree/shrub crops, orchards, plantations,
multiple/layered crops, incl. mosaics (with cropland area
fraction = 40 %)

Managed herbaceous plants (cover > 10%) including managed
grasslands (e.g. prairies, steppes, savannah, mosaics with
tree/shrubs): grasslands or meadows used for e.g. livestock
grazing or hay production with different intensities

Trees with > 5m height (cover > 10 %) including forest
plantation, trees on seasonally or permanently flooded areas,
including mangroves

Natural herbaceous plants (cover > 10%) including grasslands
(e.g. prairies, steppes, savannah, mosaics with tree/shrubs) or
natural shrub cover (= 10 %), including permanently or
regularly flooded areas (wetlands), (herbaceous) wetlands
Bare areas, sparse vegetation (2-10 %), snow and ice, rocks,
sand, mudflats
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Supplementary Table 3: Generalised land cover classes used for dataset harmonisation

Land cover category Coper- ESA CCI  GLC2000 GLCNMO  Glob- Globe- MODIS Definition and description

nicus LC Cover land30 MCD-
LC100 12Q1

1. Urban 50 190 22 18 190 30 13 Artificial surfaces, urban and built-up areas,
including urban parks and sports areas, green
spaces, industrial, deposits, extractions sites
(mining etc.)

2. Cropland 40 10-12, 20,  16-18 11-13 11, 14, 20, 10 12, 14 Herbaceous and woody crops (also for hay

30, 40 30 production) including tree/shrub crops,
orchards, plantations, multiple/layered crops,
incl. mosaics (with cropland area fraction
> 40 %)

3. Grassland 30 110, 130 13 8-9 120, 140 30 9,10 (Natural) herbaceous plants (cover = 10%)
including grasslands: prairies, steppes,
savannah, mosaics with tree/shrubs

4. Forest 111-116, 50, 60-62, 10 1-5 40, 50, 60, 20, 27 1-5, 8 Trees with > 5m height (cover 2 10 %)

121-126 70-72, 80- 70, 90, including forest plantation, trees on seasonally

82, 90, 100 or permanently flooded areas, including

100, 160, mangroves

170

5. Shrubland 20, 90, 120-122, 11-12 6-7, 10, 15 110, 130, 40, 50, 70  6-7, 11 Shrub cover (= 10 %), including permanently

100 140, 180 150, 170, or regularly flooded areas (wetlands),
180 (herbaceous) wetlands
6. Sparse/no 70 150-153, 14,19, 21  16-17, 19 200, 220 90, 100 15-16 Bare areas, sparse vegetation (2-10 %), snow
vegetation 200-202, and ice, rocks, sand, mudflats
220



Supplementary Table 4: Quality flags for HILDA+ Global land use/cover change

1960-2019: Rules are based on the global multi-year mean deviation and class area

fraction of the respective LUC category from available datasets (see Supplementary
Table 5).

Quality flag

Category name

Definition /rules

11

12

13

21

22

23

good agreement /

high class coverage
good agreement /
moderate class coverage
good agreement /

low class coverage

low agreement/

good class coverage

low agreement/
moderate class coverage
low agreement/

low class coverage

deviation < 0.4/

class area fraction = 0.6
deviation < 0.4/

0.4 > class area fraction < 0.6
deviation < 0.4/

class area fraction < 0.4
deviation > 0.4/

class area fraction 2> 0.6
deviation > 0.4/

0.4 > class area fraction < 0.6
deviation > 0.4/

class area fraction < 0.4

Supplementary Table 5: Rules for assembling class probability maps for the target

LUC categories

Land use/cover category

Rule for probability maps

1. Urban
2. Cropland

3. Pasture/rangeland

4. Forest

5. Unmanaged

Mean (all available year-specific urban area fractions)
Mean (all available year-specific cropland area fractions)

Mean ( Mean [all available year-specific grassland area

fractions|, GLW ruminant density )

grass- /shrubland
fractions] )

Sparse/no vegetation

Mean (all available year-specific forest/tree cover area fractions)

Mean (Mean [all available year-specific shrubland area
fractions|, Mean [all available year-specific grassland area

Mean (all available year-specific other land area fractions)



Supplementary Table 6: Rule-set for calibrating the base map to FAO land use

statistics %

Land use category

IF
base map class > FAO land use

area

base map class < FAO land use

area

Forest
(FAO: Forest)

Cropland

(FAO: Arable land
and Permanent
cropland)

Pasture/rangeland
(FAO: Permanent
meadows and
pastures)

Forest cells with lowest forest
area fractions (ranked) were
converted to the non-forest
category with highest area

fraction.

Cropland cells with lowest
cropland area fractions (ranked)
were converted to the non-
cropland category with highest
area fraction (excluding forest).

Pasture cells with lowest
pasture probability (ranked sum
of grassland area fraction and
pasture/rangeland probability
mask 2015, see Table 4) were
converted to the non-pasture
category with highest area
fraction (excluding forest and
cropland).

Non-forest cells with highest
woody area fractions (ranked
mean of forest and shrubland area
fractions) were converted to forest
area (excluding woody area
fraction below 5 %).

Non-cropland cells (forest
excluded) with highest cropland
area fractions were converted to
cropland area (excluding cropland
area fraction below 5 %).

Non-pasture cells (cropland and
forest excluded) with highest
pasture probability (ranked sum
of grassland area fraction and
pasture/rangeland probability
mask 2015, see Table 4) were
converted to pasture area
(excluding pasture probability
below 5 %).



Supplementary Table 7: Countries with changes in area in 1960-2015:

Former/subsequent names and years of change (start of records from succeeding

country according to FAQO)

Former countries

Countries in 2015

Year of change

Sudan (former)

Serbia and Montenegro
Belgium-Luxembourg
Czechoslovakia
Ethiopia PDR

USSR

Yugoslav SFR

Pacific Islands Trust
Territory

Saint Christopher-Nevis-
Anguilla

Leeward Islands

Sudan, South Sudan
Serbia, Montenegro
Belgium, Luxembourg
Slovakia, Czechia
Ethiopia, Eritrea

Russian Federation, Ukraine, Belarus,
Armenia, Azerbaijan, Estonia, Georgia,
Kazakhstan, Kyrgyzstan, Latvia, Lithuania,
Republic of Moldova, Tajikistan,
Turkmenistan, Uzbekistan

Croatia, The former Yugoslav Republic of
Macedonia, Slovenia, Bosnia and
Herzegovina, Serbia and Montenegro

Marshall Islands, Micronesia (Federated
States of), Northern Mariana Islands, Palau

Anguilla, Saint Kitts and Nevis

Antigua and Barbuda, Saint Christopher-
Nevis-Anguilla, Montserrat, British Virgin
Islands, Dominica

2011
2006
2000
1993
1993

1992

1992

1991

1980

1961
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