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All of these data and libraries are publically available, and these data are also
redistributed within the Moirai repository. If a license isn’t officially associated with
a contribution, we have received explicit permission from the original providers to
redistribute these data. Technical details for these listed items can be found in the
repository readme file or in the user guide. The citations are followed by the list of
contributions.

Please use the following citations when using Moirai:

Monfreda, C., Ramankutty, N. & Foley, J. A. 2008. Farming the planet: 2. Geographic
distribution of crop areas, yields, physiological types, and net primary production in
the year 2000, Global Biogeochem. Cycles, 22, GB1022.

Ramankutty, N., Evan, A. T., Monfreda, C. & Foley, . A. 2008. Farming the planet: 1.
Geographic distribution of global agricultural lands in the year 2000. Global
Biogeochem. Cycles, 22, GB1003.

Ramankutty, N. & Foley, ]. A. 1999. Estimating historical changes in global land
cover: Croplands from 1700 to 1992. Global Biogeochem. Cycles, 13,997-1027.

Klein-Goldewijk, K., Beusen, A., Doelman, J. & Stehfest, E. 2017. Anthropogenic land
use estimates for the Holocene - HYDE 3.2. Earth Syst. Sci. Data, 9, 927-953.

PORTMANN, F. T., SIEBERT, S. & DOLL, P. 2010. MIRCA2000—Global monthly
irrigated and rainfed crop areas around the year 2000: A new high-resolution data
set for agricultural and hydrological modeling. Global Biogeochemical Cycles, 24,
GB1011, doi: 10.1029/2008GB003435. Units are hectares.

Please cite these data and the forthcoming ISAM data paper when using Moirai.

Prior ISAM data version paper:
Meiyappan, P., A.K. Jain (2012). Three distinct global estimates of historical land-
cover change and land-use conversions for over 200 years.

Mekonnen, M.M. & Hoekstra, A.Y. (2011) The green, blue and grey water footprint of
crops and derived crop products, Hydrology and Earth System Sciences, 15(5):
1577-1600.



Lee, H.-L., Hhertel, T. W,, Rose, S., Avetisyan, M. An integrated global land use data
base for CGE analysis of climate policy options. Chapter 4, pp. 72-88, in Hertel, T. W.,
S.Rose and R. Tol (eds.) (2009). Economic Analysis of Land Use in Global Climate
Change Policy. Abingdon: Routledge.

Spawn, S.A., and H.K. Gibbs. 2020. Global Aboveground and Belowground Biomass
Carbon Density Maps for the Year 2010. ORNL DAAC, Oak Ridge, Tennessee, USA.
https://doi.org/10.3334/ORNLDAAC/1763

Spawn, S.A., Sullivan, C.C., Lark, T.]. et al. Harmonized global maps of above and
belowground biomass carbon density in the year 2010. Sci Data 7, 112
(2020). https://doi.org/10.1038/s41597-020-0444-4.

Hengl, T., Mendes de Jesus, ]., Heuvelink, G.B., Ruiperez Gonzalez, M., Kilibarda, M.,
Blagotic, A, ... &Guevera, M.A. (2017). SoilGrids250m: Global gridded soil
information based on machine learning. PLoS One, 12(2), e0169748.

Fischer, G., F. Nachtergaele, S. Prieler, H.T. van Velthuizen, L. Verelst, D. Wiberg,
2008. Global Agro-ecological Zones Assessment for Agriculture (GAEZ 2008). IIASA,
Laxenburg, Austria and FAO, Rome, Italy.

Florian Zabel, Birgitta Putzenlechner, & Wolfram Mauser. (2014). Global
Agricultural Land Resources - A High Resolution Suitability Evaluation and Its
Perspectives until 2100 under Climate Change Conditions (Version 2.0) [Data set].
Zenodo. http://doi.org/10.5281/zenodo0.3748350

Zabel F., Putzenlechner B., Mauser W. (2014): Global agricultural land resources - a
high resolution suitability evaluation and its perspectives until 2100 under climate
change conditions. Online available: PLOS ONE.

Delzeit, Zabel, Meyer, and Vaclavic: (2016). Addressing future trade-offs between
biodiversity and cropland expansion to improve food security. Regional
Environmental Change 17(5): 1429-1441.

Thenkabail, P.S., Teluguntla, P., Xiong, J., Oliphant, A., Congalton, R., Ozdogan, M.,
Gumma, M.K,, Tilton, J., Giri, C., Phalke, A., Yadav, K., Massey, M., Milesi, C., Sankey, T.,
Zhong, Y., Aneece, Y., Foley, D. 2020. Global Cropland Extent Map at 30m (GCEM30)
derived using Landsat Satellite Time-series Data for the Year 2015 using Multiple
Machine Learning Algorithms on the Google Earth Engine (GEE) Cloud. U.S.
Geological Survey Professional Paper 1868, 63 p., https://doi.org/10.3133/pp1868.

USGS & NASA (2017) Release of GFSAD 30 meter cropland extent products: U.S.
Geological Survey-National Aeronautics and Space Administration Land Processes
Distributed Active Archive Center website: https://Ipdaac.usgs.gov/news/release-
of-gfsad-30- meter-cropland-extent-products/.



Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova, A. Tyukavina,
D. Thau, S. V. Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A. Egorov, L. Chini,
C. O0.]Justice, and J. R. G. Townshend. 2013. “High-Resolution Global Maps of 21st-
Century Forest Cover Change.” Science 342 (15 November): 850-53. Data available
on-line from: https://glad.earthengine.app/view/global-forest-change.

IUCN (2018) Protected area vector data, March 2018 (WDPA_Mar2018_Public)
Only the newest version is available at:
https://www.protectedplanet.net/en/thematic-areas/wdpa

C NetCDF library (v4.1.1)

Available at: available at: http://www.unidata.ucar.edu/software/netcdf or at:
https://stash.pnnl.gov/projects/JGCRI/repos/moirai/browse/required_libs

Copyright 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002, 2003, 2004,
2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, University
Corporation for Atmospheric Research/Unidata.

Portions of this software were developed by the Unidata Program at the University
Corporation for Atmospheric Research.

Access and use of this software shall impose the following obligations and
understandings on the user. The user is granted the right, without any fee or cost, to
use, copy, modify, alter, enhance and distribute this software, and any derivative
works thereof, and its supporting documentation for any purpose whatsoever,
provided that this entire notice appears in all copies of the software, derivative
works and supporting documentation. Further, UCAR requests that the user credit
UCAR/Unidata in any publications that result from the use of this software or in any
product that includes this software, although this is not an obligation. The names
UCAR and/or Unidata, however, may not be used in any advertising or publicity to
endorse or promote any products or commercial entity unless specific written
permission is obtained from UCAR/Unidata. The user also understands that
UCAR/Unidata is not obligated to provide the user with any support, consulting,
training or assistance of any kind with regard to the use, operation and performance
of this software nor to provide the user with any updates, revisions, new versions or
"bug fixes."

THIS SOFTWARE IS PROVIDED BY UCAR/UNIDATA "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL UCAR/UNIDATA BE LIABLE FOR ANY



a.

SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN
AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING
OUT OF OR IN CONNECTION WITH THE ACCESS, USE OR PERFORMANCE OF THIS
SOFTWARE.

SAGE 175 crop harvested area and yield data, circa 2000,
potential vegetation, physical cropland area, and land
fraction

Available at: http://www.earthstat.org/data-download/

Please cite these data when using Morai:

Monfreda, C., Ramankutty, N. & Foley, J. A. 2008. Farming the planet: 2. Geographic
distribution of crop areas, yields, physiological types, and net primary production in
the year 2000, Global Biogeochem. Cycles, 22, GB1022.

Ramankutty, N., Evan, A. T., Monfreda, C. & Foley, J. A. 2008. Farming the planet: 1.
Geographic distribution of global agricultural lands in the year 2000. Global
Biogeochem. Cycles, 22, GB1003.

Ramankutty, N. & Foley, ]. A. 1999. Estimating historical changes in global land
cover: Croplands from 1700 to 1992. Global Biogeochem. Cycles, 13,997-1027.

Greenland has been added to the potential vegetation data, mostly as ice, but with
some tundra where the HYDE data show land area.

License: https://creativecommons.org/licenses/by/4.0/

Creative Commons Attribution 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be
bound by the terms and conditions of this Creative Commons Attribution 4.0
International Public License ("Public License"). To the extent this Public License
may be interpreted as a contract, You are granted the Licensed Rights in
consideration of Your acceptance of these terms and conditions, and the Licensor
grants You such rights in consideration of benefits the Licensor receives from
making the Licensed Material available under these terms and conditions.

Section 1 - Definitions.

Adapted Material means material subject to Copyright and Similar Rights that is
derived from or based upon the Licensed Material and in which the Licensed
Material is translated, altered, arranged, transformed, or otherwise modified in a
manner requiring permission under the Copyright and Similar Rights held by the
Licensor. For purposes of this Public License, where the Licensed Material is a



musical work, performance, or sound recording, Adapted Material is always
produced where the Licensed Material is synched in timed relation with a moving
image.

. Adapter's License means the license You apply to Your Copyright and Similar
Rights in Your contributions to Adapted Material in accordance with the terms and
conditions of this Public License.

Copyright and Similar Rights means copyright and/or similar rights closely
related to copyright including, without limitation, performance, broadcast, sound
recording, and Sui Generis Database Rights, without regard to how the rights are
labeled or categorized. For purposes of this Public License, the rights specified in
Section 2(b)(1)-(2) are not Copyright and Similar Rights.

Effective Technological Measures means those measures that, in the absence of
proper authority, may not be circumvented under laws fulfilling obligations under
Article 11 of the WIPO Copyright Treaty adopted on December 20, 1996, and/or
similar international agreements.

Exceptions and Limitations means fair use, fair dealing, and/or any other
exception or limitation to Copyright and Similar Rights that applies to Your use of
the Licensed Material.

Licensed Material means the artistic or literary work, database, or other material
to which the Licensor applied this Public License.

Licensed Rights means the rights granted to You subject to the terms and
conditions of this Public License, which are limited to all Copyright and Similar
Rights that apply to Your use of the Licensed Material and that the Licensor has
authority to license.

Licensor means the individual(s) or entity(ies) granting rights under this Public
License.

Share means to provide material to the public by any means or process that
requires permission under the Licensed Rights, such as reproduction, public display,
public performance, distribution, dissemination, communication, or importation,
and to make material available to the public including in ways that members of the
public may access the material from a place and at a time individually chosen by
them.

Sui Generis Database Rights means rights other than copyright resulting from
Directive 96/9/EC of the European Parliament and of the Council of 11 March 1996
on the legal protection of databases, as amended and/or succeeded, as well as other
essentially equivalent rights anywhere in the world.

You means the individual or entity exercising the Licensed Rights under this Public
License. Your has a corresponding meaning.

Section 2 - Scope.



License grant.

Subject to the terms and conditions of this Public License, the Licensor hereby
grants You a worldwide, royalty-free, non-sublicensable, non-exclusive, irrevocable
license to exercise the Licensed Rights in the Licensed Material to:

reproduce and Share the Licensed Material, in whole or in part; and
. produce, reproduce, and Share Adapted Material.

Exceptions and Limitations. For the avoidance of doubt, where Exceptions and
Limitations apply to Your use, this Public License does not apply, and You do not
need to comply with its terms and conditions.

Term. The term of this Public License is specified in Section 6(a).

Media and formats; technical modifications allowed. The Licensor authorizes You to
exercise the Licensed Rights in all media and formats whether now known or
hereafter created, and to make technical modifications necessary to do so. The
Licensor waives and/or agrees not to assert any right or authority to forbid You
from making technical modifications necessary to exercise the Licensed Rights,
including technical modifications necessary to circumvent Effective Technological
Measures. For purposes of this Public License, simply making modifications
authorized by this Section 2(a)(4) never produces Adapted Material.

Downstream recipients.

Offer from the Licensor — Licensed Material. Every recipient of the Licensed Material
automatically receives an offer from the Licensor to exercise the Licensed Rights under
the terms and conditions of this Public License.

No downstream restrictions. You may not offer or impose any additional or different
terms or conditions on, or apply any Effective Technological Measures to, the Licensed
Material if doing so restricts exercise of the Licensed Rights by any recipient of the
Licensed Material.

No endorsement. Nothing in this Public License constitutes or may be construed as
permission to assert or imply that You are, or that Your use of the Licensed Material
is, connected with, or sponsored, endorsed, or granted official status by, the
Licensor or others designated to receive attribution as provided in

Section 3(a)(1)(A)(i).

Other rights.

Moral rights, such as the right of integrity, are not licensed under this Public License,
nor are publicity, privacy, and/or other similar personality rights; however, to the
extent possible, the Licensor waives and/or agrees not to assert any such rights held
by the Licensor to the limited extent necessary to allow You to exercise the Licensed
Rights, but not otherwise.

Patent and trademark rights are not licensed under this Public License.



ii.
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A.

To the extent possible, the Licensor waives any right to collect royalties from You
for the exercise of the Licensed Rights, whether directly or through a collecting
society under any voluntary or waivable statutory or compulsory licensing scheme.
In all other cases the Licensor expressly reserves any right to collect such royalties.

Section 3 - License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following
conditions.

Attribution.
If You Share the Licensed Material (including in modified form), You must:

retain the following if it is supplied by the Licensor with the Licensed Material:

identification of the creator(s) of the Licensed Material and any others designated to
receive attribution, in any reasonable manner requested by the Licensor (including
by pseudonym if designated);

a copyright notice;

a notice that refers to this Public License;

a notice that refers to the disclaimer of warranties;

a URI or hyperlink to the Licensed Material to the extent reasonably practicable;

indicate if You modified the Licensed Material and retain an indication of any
previous modifications; and

indicate the Licensed Material is licensed under this Public License, and include the
text of, or the URI or hyperlink to, this Public License.

. You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based

on the medium, means, and context in which You Share the Licensed Material. For
example, it may be reasonable to satisfy the conditions by providing a URI or
hyperlink to a resource that includes the required information.

If requested by the Licensor, You must remove any of the information required by
Section 3(a)(1)(A) to the extent reasonably practicable.

If You Share Adapted Material You produce, the Adapter's License You apply must
not prevent recipients of the Adapted Material from complying with this Public
License.

Section 4 - Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your
use of the Licensed Material:



for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse,
reproduce, and Share all or a substantial portion of the contents of the database;

if You include all or a substantial portion of the database contents in a database in
which You have Sui Generis Database Rights, then the database in which You have
Sui Generis Database Rights (but not its individual contents) is Adapted Material;
and

You must comply with the conditions in Section 3(a) if You Share all or a substantial
portion of the contents of the database.

For the avoidance of doubt, this Section 4 supplements and does not replace Your
obligations under this Public License where the Licensed Rights include other
Copyright and Similar Rights.

Section 5 - Disclaimer of Warranties and Limitation of Liability.

Unless otherwise separately undertaken by the Licensor, to the extent
possible, the Licensor offers the Licensed Material as-is and as-available, and
makes no representations or warranties of any kind concerning the Licensed
Material, whether express, implied, statutory, or other. This includes, without
limitation, warranties of title, merchantability, fitness for a particular
purpose, non-infringement, absence of latent or other defects, accuracy, or the
presence or absence of errors, whether or not known or discoverable. Where
disclaimers of warranties are not allowed in full or in part, this disclaimer
may not apply to You.

. To the extent possible, in no event will the Licensor be liable to You on any
legal theory (including, without limitation, negligence) or otherwise for any
direct, special, indirect, incidental, consequential, punitive, exemplary, or
other losses, costs, expenses, or damages arising out of this Public License or
use of the Licensed Material, even if the Licensor has been advised of the
possibility of such losses, costs, expenses, or damages. Where a limitation of
liability is not allowed in full or in part, this limitation may not apply to You.

The disclaimer of warranties and limitation of liability provided above shall be
interpreted in a manner that, to the extent possible, most closely approximates an
absolute disclaimer and waiver of all liability.

Section 6 - Term and Termination.

This Public License applies for the term of the Copyright and Similar Rights licensed
here. However, if You fail to comply with this Public License, then Your rights under
this Public License terminate automatically.

Where Your right to use the Licensed Material has terminated under Section 6(a), it
reinstates:



automatically as of the date the violation is cured, provided it is cured within 30
days of Your discovery of the violation; or

. upon express reinstatement by the Licensor.

For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor
may have to seek remedies for Your violations of this Public License.

For the avoidance of doubt, the Licensor may also offer the Licensed Material under
separate terms or conditions or stop distributing the Licensed Material at any time;
however, doing so will not terminate this Public License.

Sections 1, 5, 6, 7, and 8 survive termination of this Public License.

Section 7 - Other Terms and Conditions.

The Licensor shall not be bound by any additional or different terms or conditions
communicated by You unless expressly agreed.

. Any arrangements, understandings, or agreements regarding the Licensed Material
not stated herein are separate from and independent of the terms and conditions of
this Public License.

Section 8 - Interpretation.

For the avoidance of doubt, this Public License does not, and shall not be interpreted
to, reduce, limit, restrict, or impose conditions on any use of the Licensed Material
that could lawfully be made without permission under this Public License.

. To the extent possible, if any provision of this Public License is deemed
unenforceable, it shall be automatically reformed to the minimum extent necessary
to make it enforceable. If the provision cannot be reformed, it shall be severed from
this Public License without affecting the enforceability of the remaining terms and
conditions.

No term or condition of this Public License will be waived and no failure to comply
consented to unless expressly agreed to by the Licensor.

Nothing in this Public License constitutes or may be interpreted as a limitation
upon, or waiver of, any privileges and immunities that apply to the Licensor or You,
including from the legal processes of any jurisdiction or authority.

HYDE 3.2.000 baseline land use data

Available at: ftp://ftp.pbl.nl/hyde/hyde3.2/2017_beta_release/

Please cite these data when using Moirai: Klein-Goldewijk, K., Beusen, A., Doelman, J.
& Stehfest, E. 2017. Anthropogenic land use estimates for the Holocene - HYDE 3.2.
Earth Syst. Sci. Data, 9,927-953.



License: https://creativecommons.org/licenses/by/3.0/

License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS
CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK IS
PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF THE
WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW
IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND
AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. TO THE EXTENT THIS
LICENSE MAY BE CONSIDERED TO BE A CONTRACT, THE LICENSOR GRANTS YOU
THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF
SUCH TERMS AND CONDITIONS.

1. Definitions

a. "Adaptation" means a work based upon the Work, or upon the Work and
other pre-existing works, such as a translation, adaptation, derivative work,
arrangement of music or other alterations of a literary or artistic work, or
phonogram or performance and includes cinematographic adaptations or
any other form in which the Work may be recast, transformed, or adapted
including in any form recognizably derived from the original, except that a
work that constitutes a Collection will not be considered an Adaptation for
the purpose of this License. For the avoidance of doubt, where the Work is a
musical work, performance or phonogram, the synchronization of the Work
in timed-relation with a moving image ("synching") will be considered an
Adaptation for the purpose of this License.

b. "Collection" means a collection of literary or artistic works, such as
encyclopedias and anthologies, or performances, phonograms or broadcasts,
or other works or subject matter other than works listed in Section 1(f)
below, which, by reason of the selection and arrangement of their contents,
constitute intellectual creations, in which the Work is included in its entirety
in unmodified form along with one or more other contributions, each
constituting separate and independent works in themselves, which together
are assembled into a collective whole. A work that constitutes a Collection
will not be considered an Adaptation (as defined above) for the purposes of
this License.

c. "Distribute" means to make available to the public the original and copies of
the Work or Adaptation, as appropriate, through sale or other transfer of
ownership.

10



d. "Licensor" means the individual, individuals, entity or entities that offer(s)
the Work under the terms of this License.

e. "Original Author" means, in the case of a literary or artistic work, the
individual, individuals, entity or entities who created the Work or if no
individual or entity can be identified, the publisher; and in addition (i) in the
case of a performance the actors, singers, musicians, dancers, and other
persons who act, sing, deliver, declaim, play in, interpret or otherwise
perform literary or artistic works or expressions of folklore; (ii) in the case of
a phonogram the producer being the person or legal entity who first fixes the
sounds of a performance or other sounds; and, (iii) in the case of broadcasts,
the organization that transmits the broadcast.

f. "Work" means the literary and/or artistic work offered under the terms of
this License including without limitation any production in the literary,
scientific and artistic domain, whatever may be the mode or form of its
expression including digital form, such as a book, pamphlet and other
writing; a lecture, address, sermon or other work of the same nature; a
dramatic or dramatico-musical work; a choreographic work or
entertainment in dumb show; a musical composition with or without words;
a cinematographic work to which are assimilated works expressed by a
process analogous to cinematography; a work of drawing, painting,
architecture, sculpture, engraving or lithography; a photographic work to
which are assimilated works expressed by a process analogous to
photography; a work of applied art; an illustration, map, plan, sketch or
three-dimensional work relative to geography, topography, architecture or
science; a performance; a broadcast; a phonogram; a compilation of data to
the extent it is protected as a copyrightable work; or a work performed by a
variety or circus performer to the extent it is not otherwise considered a
literary or artistic work.

g. "You" means an individual or entity exercising rights under this License who
has not previously violated the terms of this License with respect to the
Work, or who has received express permission from the Licensor to exercise
rights under this License despite a previous violation.

h. "Publicly Perform" means to perform public recitations of the Work and to
communicate to the public those public recitations, by any means or process,
including by wire or wireless means or public digital performances; to make
available to the public Works in such a way that members of the public may
access these Works from a place and at a place individually chosen by them;
to perform the Work to the public by any means or process and the
communication to the public of the performances of the Work, including by
public digital performance; to broadcast and rebroadcast the Work by any
means including signs, sounds or images.

i. "Reproduce" means to make copies of the Work by any means including
without limitation by sound or visual recordings and the right of fixation and

11



reproducing fixations of the Work, including storage of a protected
performance or phonogram in digital form or other electronic medium.

2. Fair Dealing Rights. Nothing in this License is intended to reduce, limit, or
restrict any uses free from copyright or rights arising from limitations or exceptions
that are provided for in connection with the copyright protection under copyright
law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor
hereby grants You a worldwide, royalty-free, non-exclusive, perpetual (for the
duration of the applicable copyright) license to exercise the rights in the Work as
stated below:

a. to Reproduce the Work, to incorporate the Work into one or more
Collections, and to Reproduce the Work as incorporated in the Collections;

b. to create and Reproduce Adaptations provided that any such Adaptation,
including any translation in any medium, takes reasonable steps to clearly
label, demarcate or otherwise identify that changes were made to the
original Work. For example, a translation could be marked "The original
work was translated from English to Spanish,” or a modification could
indicate "The original work has been modified.";

c. to Distribute and Publicly Perform the Work including as incorporated in
Collections; and,

d. to Distribute and Publicly Perform Adaptations.

e. For the avoidance of doubt:

i. Non-waivable Compulsory License Schemes. In those jurisdictions
in which the right to collect royalties through any statutory or
compulsory licensing scheme cannot be waived, the Licensor reserves
the exclusive right to collect such royalties for any exercise by You of
the rights granted under this License;

ii. ~Waivable Compulsory License Schemes. In those jurisdictions in
which the right to collect royalties through any statutory or
compulsory licensing scheme can be waived, the Licensor waives the
exclusive right to collect such royalties for any exercise by You of the
rights granted under this License; and,

iii. ~ Voluntary License Schemes. The Licensor waives the right to collect
royalties, whether individually or, in the event that the Licensor is a
member of a collecting society that administers voluntary licensing
schemes, via that society, from any exercise by You of the rights
granted under this License.

The above rights may be exercised in all media and formats whether now known or
hereafter devised. The above rights include the right to make such modifications as
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are technically necessary to exercise the rights in other media and formats. Subject
to Section 8(f), all rights not expressly granted by Licensor are hereby reserved.

4. Restrictions. The license granted in Section 3 above is expressly made subject to
and limited by the following restrictions:

a. You may Distribute or Publicly Perform the Work only under the terms of
this License. You must include a copy of, or the Uniform Resource Identifier
(URI) for, this License with every copy of the Work You Distribute or Publicly
Perform. You may not offer or impose any terms on the Work that restrict the
terms of this License or the ability of the recipient of the Work to exercise the
rights granted to that recipient under the terms of the License. You may not
sublicense the Work. You must keep intact all notices that refer to this
License and to the disclaimer of warranties with every copy of the Work You
Distribute or Publicly Perform. When You Distribute or Publicly Perform the
Work, You may not impose any effective technological measures on the Work
that restrict the ability of a recipient of the Work from You to exercise the
rights granted to that recipient under the terms of the License. This Section
4(a) applies to the Work as incorporated in a Collection, but this does not
require the Collection apart from the Work itself to be made subject to the
terms of this License. If You create a Collection, upon notice from any
Licensor You must, to the extent practicable, remove from the Collection any
credit as required by Section 4(b), as requested. If You create an Adaptation,
upon notice from any Licensor You must, to the extent practicable, remove
from the Adaptation any credit as required by Section 4(b), as requested.

b. If You Distribute, or Publicly Perform the Work or any Adaptations or
Collections, You must, unless a request has been made pursuant to Section
4(a), keep intact all copyright notices for the Work and provide, reasonable
to the medium or means You are utilizing: (i) the name of the Original Author
(or pseudonym, if applicable) if supplied, and/or if the Original Author
and/or Licensor designate another party or parties (e.g., a sponsor institute,
publishing entity, journal) for attribution ("Attribution Parties") in Licensor's
copyright notice, terms of service or by other reasonable means, the name of
such party or parties; (ii) the title of the Work if supplied; (iii) to the extent
reasonably practicable, the UR], if any, that Licensor specifies to be
associated with the Work, unless such URI does not refer to the copyright
notice or licensing information for the Work; and (iv), consistent with
Section 3(b), in the case of an Adaptation, a credit identifying the use of the
Work in the Adaptation (e.g., "French translation of the Work by Original
Author," or "Screenplay based on original Work by Original Author"). The
credit required by this Section 4 (b) may be implemented in any reasonable
manner; provided, however, that in the case of a Adaptation or Collection, at
a minimum such credit will appear, if a credit for all contributing authors of
the Adaptation or Collection appears, then as part of these credits and in a
manner at least as prominent as the credits for the other contributing
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authors. For the avoidance of doubt, You may only use the credit required by
this Section for the purpose of attribution in the manner set out above and,
by exercising Your rights under this License, You may not implicitly or
explicitly assert or imply any connection with, sponsorship or endorsement
by the Original Author, Licensor and/or Attribution Parties, as appropriate,
of You or Your use of the Work, without the separate, express prior written
permission of the Original Author, Licensor and/or Attribution Parties.

c. Exceptas otherwise agreed in writing by the Licensor or as may be otherwise
permitted by applicable law, if You Reproduce, Distribute or Publicly Perform
the Work either by itself or as part of any Adaptations or Collections, You
must not distort, mutilate, modify or take other derogatory action in relation
to the Work which would be prejudicial to the Original Author's honor or
reputation. Licensor agrees that in those jurisdictions (e.g. Japan), in which
any exercise of the right granted in Section 3(b) of this License (the right to
make Adaptations) would be deemed to be a distortion, mutilation,
modification or other derogatory action prejudicial to the Original Author's
honor and reputation, the Licensor will waive or not assert, as appropriate,
this Section, to the fullest extent permitted by the applicable national law, to
enable You to reasonably exercise Your right under Section 3(b) of this
License (right to make Adaptations) but not otherwise.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING,
LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS, IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES
OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE,
NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT
DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF
IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE
LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY
FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY
DAMAGES ARISING OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF
LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

7. Termination
a. This License and the rights granted hereunder will terminate automatically
upon any breach by You of the terms of this License. Individuals or entities

who have received Adaptations or Collections from You under this License,
however, will not have their licenses terminated provided such individuals or
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entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7,
and 8 will survive any termination of this License.

b. Subject to the above terms and conditions, the license granted here is
perpetual (for the duration of the applicable copyright in the Work).
Notwithstanding the above, Licensor reserves the right to release the Work
under different license terms or to stop distributing the Work at any time;
provided, however that any such election will not serve to withdraw this
License (or any other license that has been, or is required to be, granted
under the terms of this License), and this License will continue in full force
and effect unless terminated as stated above.

8. Miscellaneous

a. Each time You Distribute or Publicly Perform the Work or a Collection, the
Licensor offers to the recipient a license to the Work on the same terms and
conditions as the license granted to You under this License.

b. Each time You Distribute or Publicly Perform an Adaptation, Licensor offers
to the recipient a license to the original Work on the same terms and
conditions as the license granted to You under this License.

c. Ifany provision of this License is invalid or unenforceable under applicable
law, it shall not affect the validity or enforceability of the remainder of the
terms of this License, and without further action by the parties to this
agreement, such provision shall be reformed to the minimum extent
necessary to make such provision valid and enforceable.

d. No term or provision of this License shall be deemed waived and no breach
consented to unless such waiver or consent shall be in writing and signed by
the party to be charged with such waiver or consent.

e. This License constitutes the entire agreement between the parties with
respect to the Work licensed here. There are no understandings, agreements
or representations with respect to the Work not specified here. Licensor shall
not be bound by any additional provisions that may appear in any
communication from You. This License may not be modified without the
mutual written agreement of the Licensor and You.

f.  The rights granted under, and the subject matter referenced, in this License
were drafted utilizing the terminology of the Berne Convention for the
Protection of Literary and Artistic Works (as amended on September 28,
1979), the Rome Convention of 1961, the WIPO Copyright Treaty of 1996, the
WIPO Performances and Phonograms Treaty of 1996 and the Universal
Copyright Convention (as revised on July 24, 1971). These rights and subject
matter take effect in the relevant jurisdiction in which the License terms are
sought to be enforced according to the corresponding provisions of the
implementation of those treaty provisions in the applicable national law. If
the standard suite of rights granted under applicable copyright law includes
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additional rights not granted under this License, such additional rights are
deemed to be included in the License; this License is not intended to restrict
the license of any rights under applicable law.

MIRCA 2000 crop irrigated and rainfed harvested area
data, circa 2000

Available at: https://www.uni-frankfurt.de/45218031/data_download/

Please cite the MIRCA journal article when using Moirai: PORTMANN, F. T., SIEBERT,
S. & DOLL, P. 2010. MIRCA2000—Global monthly irrigated and rainfed crop areas
around the year 2000: A new high-resolution data set for agricultural and
hydrological modeling. Global Biogeochemical Cycles, 24, GB1011, doi:
10.1029/2008GB003435. Units are hectares.

ISAM land cover data

Available from Dr. Atul Jain.
Please cite these data and the forthcoming ISAM data paper when using Moirai.

Prior version available at:
http://climate.atmos.uiuc.edu/atuljain/AvailableData.html

Prior version paper:

Meiyappan, P., A.K. Jain (2012). Three distinct global estimates of historical land-
cover change and land-use conversions for over 200 years.

Water footprint data, circa 2000

Available at: http://waterfootprint.org/en/resources/waterstat/water-footprint-
statistics/

Please cite these data when using Moirai: Mekonnen, M.M. & Hoekstra, A.Y. (2011)
The green, blue and grey water footprint of crops and derived crop products,

Hydrology and Earth System Sciences, 15(5): 1577-1600.

The repository include the original files plus file converted to a different format for
reading in Moirai.

License: https://creativecommons.org/licenses/by-sa/3.0/

License
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THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS
CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK IS
PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF THE
WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW
IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND
AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. TO THE EXTENT THIS
LICENSE MAY BE CONSIDERED TO BE A CONTRACT, THE LICENSOR GRANTS YOU
THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF
SUCH TERMS AND CONDITIONS.

1. Definitions

a. "Adaptation" means a work based upon the Work, or upon the Work and
other pre-existing works, such as a translation, adaptation, derivative work,
arrangement of music or other alterations of a literary or artistic work, or
phonogram or performance and includes cinematographic adaptations or
any other form in which the Work may be recast, transformed, or adapted
including in any form recognizably derived from the original, except that a
work that constitutes a Collection will not be considered an Adaptation for
the purpose of this License. For the avoidance of doubt, where the Work is a
musical work, performance or phonogram, the synchronization of the Work
in timed-relation with a moving image ("synching") will be considered an
Adaptation for the purpose of this License.

b. "Collection" means a collection of literary or artistic works, such as
encyclopedias and anthologies, or performances, phonograms or broadcasts,
or other works or subject matter other than works listed in Section 1(f)
below, which, by reason of the selection and arrangement of their contents,
constitute intellectual creations, in which the Work is included in its entirety
in unmodified form along with one or more other contributions, each
constituting separate and independent works in themselves, which together
are assembled into a collective whole. A work that constitutes a Collection
will not be considered an Adaptation (as defined below) for the purposes of
this License.

c. "Creative Commons Compatible License" means a license that is listed at
https://creativecommons.org/compatiblelicenses that has been approved by
Creative Commons as being essentially equivalent to this License, including,
at a minimum, because that license: (i) contains terms that have the same
purpose, meaning and effect as the License Elements of this License; and, (ii)
explicitly permits the relicensing of adaptations of works made available
under that license under this License or a Creative Commons jurisdiction
license with the same License Elements as this License.
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"Distribute” means to make available to the public the original and copies of
the Work or Adaptation, as appropriate, through sale or other transfer of
ownership.

"License Elements" means the following high-level license attributes as
selected by Licensor and indicated in the title of this License: Attribution,
ShareAlike.

"Licensor" means the individual, individuals, entity or entities that offer(s)
the Work under the terms of this License.

"Original Author" means, in the case of a literary or artistic work, the
individual, individuals, entity or entities who created the Work or if no
individual or entity can be identified, the publisher; and in addition (i) in the
case of a performance the actors, singers, musicians, dancers, and other
persons who act, sing, deliver, declaim, play in, interpret or otherwise
perform literary or artistic works or expressions of folklore; (ii) in the case of
a phonogram the producer being the person or legal entity who first fixes the
sounds of a performance or other sounds; and, (iii) in the case of broadcasts,
the organization that transmits the broadcast.

"Work" means the literary and/or artistic work offered under the terms of
this License including without limitation any production in the literary,
scientific and artistic domain, whatever may be the mode or form of its
expression including digital form, such as a book, pamphlet and other
writing; a lecture, address, sermon or other work of the same nature; a
dramatic or dramatico-musical work; a choreographic work or
entertainment in dumb show; a musical composition with or without words;
a cinematographic work to which are assimilated works expressed by a
process analogous to cinematography; a work of drawing, painting,
architecture, sculpture, engraving or lithography; a photographic work to
which are assimilated works expressed by a process analogous to
photography; a work of applied art; an illustration, map, plan, sketch or
three-dimensional work relative to geography, topography, architecture or
science; a performance; a broadcast; a phonogram; a compilation of data to
the extent it is protected as a copyrightable work; or a work performed by a
variety or circus performer to the extent it is not otherwise considered a
literary or artistic work.

"You" means an individual or entity exercising rights under this License who
has not previously violated the terms of this License with respect to the
Work, or who has received express permission from the Licensor to exercise
rights under this License despite a previous violation.

"Publicly Perform" means to perform public recitations of the Work and to
communicate to the public those public recitations, by any means or process,
including by wire or wireless means or public digital performances; to make
available to the public Works in such a way that members of the public may
access these Works from a place and at a place individually chosen by them;
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to perform the Work to the public by any means or process and the
communication to the public of the performances of the Work, including by
public digital performance; to broadcast and rebroadcast the Work by any
means including signs, sounds or images.

k. "Reproduce" means to make copies of the Work by any means including
without limitation by sound or visual recordings and the right of fixation and
reproducing fixations of the Work, including storage of a protected
performance or phonogram in digital form or other electronic medium.

2. Fair Dealing Rights. Nothing in this License is intended to reduce, limit, or
restrict any uses free from copyright or rights arising from limitations or exceptions
that are provided for in connection with the copyright protection under copyright
law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor
hereby grants You a worldwide, royalty-free, non-exclusive, perpetual (for the
duration of the applicable copyright) license to exercise the rights in the Work as
stated below:

a. to Reproduce the Work, to incorporate the Work into one or more
Collections, and to Reproduce the Work as incorporated in the Collections;

b. to create and Reproduce Adaptations provided that any such Adaptation,
including any translation in any medium, takes reasonable steps to clearly
label, demarcate or otherwise identify that changes were made to the
original Work. For example, a translation could be marked "The original
work was translated from English to Spanish,” or a modification could
indicate "The original work has been modified.";

c. to Distribute and Publicly Perform the Work including as incorporated in
Collections; and,

d. to Distribute and Publicly Perform Adaptations.

e. For the avoidance of doubt:

i. Non-waivable Compulsory License Schemes. In those jurisdictions
in which the right to collect royalties through any statutory or
compulsory licensing scheme cannot be waived, the Licensor reserves
the exclusive right to collect such royalties for any exercise by You of
the rights granted under this License;

ii. ~Waivable Compulsory License Schemes. In those jurisdictions in
which the right to collect royalties through any statutory or
compulsory licensing scheme can be waived, the Licensor waives the
exclusive right to collect such royalties for any exercise by You of the
rights granted under this License; and,

iii. ~ Voluntary License Schemes. The Licensor waives the right to collect
royalties, whether individually or, in the event that the Licensor is a
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member of a collecting society that administers voluntary licensing
schemes, via that society, from any exercise by You of the rights
granted under this License.

The above rights may be exercised in all media and formats whether now known or
hereafter devised. The above rights include the right to make such modifications as
are technically necessary to exercise the rights in other media and formats. Subject
to Section 8(f), all rights not expressly granted by Licensor are hereby reserved.

4. Restrictions. The license granted in Section 3 above is expressly made subject to
and limited by the following restrictions:

a. You may Distribute or Publicly Perform the Work only under the terms of
this License. You must include a copy of, or the Uniform Resource Identifier
(URI) for, this License with every copy of the Work You Distribute or Publicly
Perform. You may not offer or impose any terms on the Work that restrict the
terms of this License or the ability of the recipient of the Work to exercise the
rights granted to that recipient under the terms of the License. You may not
sublicense the Work. You must keep intact all notices that refer to this
License and to the disclaimer of warranties with every copy of the Work You
Distribute or Publicly Perform. When You Distribute or Publicly Perform the
Work, You may not impose any effective technological measures on the Work
that restrict the ability of a recipient of the Work from You to exercise the
rights granted to that recipient under the terms of the License. This Section
4(a) applies to the Work as incorporated in a Collection, but this does not
require the Collection apart from the Work itself to be made subject to the
terms of this License. If You create a Collection, upon notice from any
Licensor You must, to the extent practicable, remove from the Collection any
credit as required by Section 4(c), as requested. If You create an Adaptation,
upon notice from any Licensor You must, to the extent practicable, remove
from the Adaptation any credit as required by Section 4(c), as requested.

b. You may Distribute or Publicly Perform an Adaptation only under the terms
of: (i) this License; (ii) a later version of this License with the same License
Elements as this License; (iii) a Creative Commons jurisdiction license (either
this or a later license version) that contains the same License Elements as
this License (e.g., Attribution-ShareAlike 3.0 US)); (iv) a Creative Commons
Compatible License. If you license the Adaptation under one of the licenses
mentioned in (iv), you must comply with the terms of that license. If you
license the Adaptation under the terms of any of the licenses mentioned in
(1), (ii) or (iii) (the "Applicable License"), you must comply with the terms of
the Applicable License generally and the following provisions: (I) You must
include a copy of, or the URI for, the Applicable License with every copy of
each Adaptation You Distribute or Publicly Perform; (II) You may not offer or
impose any terms on the Adaptation that restrict the terms of the Applicable
License or the ability of the recipient of the Adaptation to exercise the rights
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granted to that recipient under the terms of the Applicable License; (III) You
must keep intact all notices that refer to the Applicable License and to the
disclaimer of warranties with every copy of the Work as included in the
Adaptation You Distribute or Publicly Perform; (IV) when You Distribute or
Publicly Perform the Adaptation, You may not impose any effective
technological measures on the Adaptation that restrict the ability of a
recipient of the Adaptation from You to exercise the rights granted to that
recipient under the terms of the Applicable License. This Section 4(b) applies
to the Adaptation as incorporated in a Collection, but this does not require
the Collection apart from the Adaptation itself to be made subject to the
terms of the Applicable License.

If You Distribute, or Publicly Perform the Work or any Adaptations or
Collections, You must, unless a request has been made pursuant to Section
4(a), keep intact all copyright notices for the Work and provide, reasonable
to the medium or means You are utilizing: (i) the name of the Original Author
(or pseudonym, if applicable) if supplied, and/or if the Original Author
and/or Licensor designate another party or parties (e.g., a sponsor institute,
publishing entity, journal) for attribution ("Attribution Parties") in Licensor's
copyright notice, terms of service or by other reasonable means, the name of
such party or parties; (ii) the title of the Work if supplied; (iii) to the extent
reasonably practicable, the UR], if any, that Licensor specifies to be
associated with the Work, unless such URI does not refer to the copyright
notice or licensing information for the Work; and (iv), consistent with
Ssection 3(b), in the case of an Adaptation, a credit identifying the use of the
Work in the Adaptation (e.g., "French translation of the Work by Original
Author," or "Screenplay based on original Work by Original Author"). The
credit required by this Section 4(c) may be implemented in any reasonable
manner; provided, however, that in the case of a Adaptation or Collection, at
a minimum such credit will appear, if a credit for all contributing authors of
the Adaptation or Collection appears, then as part of these credits and in a
manner at least as prominent as the credits for the other contributing
authors. For the avoidance of doubt, You may only use the credit required by
this Section for the purpose of attribution in the manner set out above and,
by exercising Your rights under this License, You may not implicitly or
explicitly assert or imply any connection with, sponsorship or endorsement
by the Original Author, Licensor and/or Attribution Parties, as appropriate,
of You or Your use of the Work, without the separate, express prior written
permission of the Original Author, Licensor and/or Attribution Parties.

Except as otherwise agreed in writing by the Licensor or as may be otherwise
permitted by applicable law, if You Reproduce, Distribute or Publicly Perform
the Work either by itself or as part of any Adaptations or Collections, You
must not distort, mutilate, modify or take other derogatory action in relation
to the Work which would be prejudicial to the Original Author's honor or
reputation. Licensor agrees that in those jurisdictions (e.g. Japan), in which
any exercise of the right granted in Section 3(b) of this License (the right to
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make Adaptations) would be deemed to be a distortion, mutilation,
modification or other derogatory action prejudicial to the Original Author's
honor and reputation, the Licensor will waive or not assert, as appropriate,
this Section, to the fullest extent permitted by the applicable national law, to
enable You to reasonably exercise Your right under Section 3(b) of this
License (right to make Adaptations) but not otherwise.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING,
LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS, IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES
OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE,
NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT
DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF
IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE
LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY
FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY
DAMAGES ARISING OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF
LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

7. Termination

a. This License and the rights granted hereunder will terminate automatically
upon any breach by You of the terms of this License. Individuals or entities
who have received Adaptations or Collections from You under this License,
however, will not have their licenses terminated provided such individuals or
entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7,
and 8 will survive any termination of this License.

b. Subject to the above terms and conditions, the license granted here is
perpetual (for the duration of the applicable copyright in the Work).
Notwithstanding the above, Licensor reserves the right to release the Work
under different license terms or to stop distributing the Work at any time;
provided, however that any such election will not serve to withdraw this
License (or any other license that has been, or is required to be, granted
under the terms of this License), and this License will continue in full force
and effect unless terminated as stated above.

8. Miscellaneous
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Each time You Distribute or Publicly Perform the Work or a Collection, the
Licensor offers to the recipient a license to the Work on the same terms and
conditions as the license granted to You under this License.

Each time You Distribute or Publicly Perform an Adaptation, Licensor offers
to the recipient a license to the original Work on the same terms and
conditions as the license granted to You under this License.

If any provision of this License is invalid or unenforceable under applicable
law, it shall not affect the validity or enforceability of the remainder of the
terms of this License, and without further action by the parties to this
agreement, such provision shall be reformed to the minimum extent
necessary to make such provision valid and enforceable.

No term or provision of this License shall be deemed waived and no breach
consented to unless such waiver or consent shall be in writing and signed by
the party to be charged with such waiver or consent.

This License constitutes the entire agreement between the parties with
respect to the Work licensed here. There are no understandings, agreements
or representations with respect to the Work not specified here. Licensor shall
not be bound by any additional provisions that may appear in any
communication from You. This License may not be modified without the
mutual written agreement of the Licensor and You.

The rights granted under, and the subject matter referenced, in this License
were drafted utilizing the terminology of the Berne Convention for the
Protection of Literary and Artistic Works (as amended on September 28,
1979), the Rome Convention of 1961, the WIPO Copyright Treaty of 1996, the
WIPO Performances and Phonograms Treaty of 1996 and the Universal
Copyright Convention (as revised on July 24, 1971). These rights and subject
matter take effect in the relevant jurisdiction in which the License terms are
sought to be enforced according to the corresponding provisions of the
implementation of those treaty provisions in the applicable national law. If
the standard suite of rights granted under applicable copyright law includes
additional rights not granted under this License, such additional rights are
deemed to be included in the License; this License is not intended to restrict
the license of any rights under applicable law.

VMAPO country boundary data

Available at: http://gis-lab.info/qa/vmpa0-eng.html

These are shapefiles that have been converted from the original data format
originally published by the National Geospatial-Intelligence Agency. These data are
in the public domain.
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Bureau of Labor Statistics historical Consumer Price Index

Available at: https://www.bls.gov/cpi/data.htm
All urban consumers, centered at 1982-1984 (June 2018). The original file is
available as well as a reformatted input file for Moirai.

These data are in the public domain.

Food and Agriculture Organization of the United Nations
crop statistics

Available at: www.fao.org/faostat/

Terms of use and open access policy: http://www.fao.org/contact-us/terms/en/

Global Trade Analysis Project land rent data and original
Agro-Ecological Zone boundaries

Available at:
https://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=1900

The land rent data have been extracted from the larger dataset and reformatted for
input to Moirai.

Please cite these data when using Moirai: Lee, H.-L., Hhertel, T. W., Rose, S.,
Avetisyan, M. An integrated global land use data base for CGE analysis of climate
policy options. Chapter 4, pp. 72-88, in Hertel, T. W,, S. Rose and R. Tol (eds.)
(2009). Economic Analysis of Land Use in Global Climate Change Policy. Abingdon:
Routledge.

Vegetation carbon density data, circa 2010

Available at:
https://daac.ornl.gov/VEGETATION /guides/Global_Maps_C_Density_2010.html

These data have been processed to obtain the Moirai inputs, and the processing
scriptis included at .../moirai/ancillary/bash_scripts.

Please cite these data when using Moirai: Spawn, S.A., and H.K. Gibbs. 2020. Global
Aboveground and Belowground Biomass Carbon Density Maps for the Year 2010.
ORNL DAAC, Oak Ridge, Tennessee, USA.
https://doi.org/10.3334/ORNLDAAC/1763
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Please also cite the associated paper: Spawn, S.A,, Sullivan, C.C,, Lark, T.J. et al.
Harmonized global maps of above and belowground biomass carbon density in the
year 2010. Sci Data 7, 112 (2020). https://doi.org/10.1038/s41597-020-0444-4.

This dataset is openly shared, without restriction, in accordance with the EOSDIS
Data Use Policy:

The following is a statement with regard to the access of NASA data from the Earth
Observing System Data and Information System (EOSDIS). It applies to NASA
products downloaded from our collection. Non-NASA data is covered by the license
arrangement of the organizations that sponsor that dataset.

"NASA content, including but not limited to images, audio, video, and computer files
used in the rendition of 3-dimensional models, such as texture maps and polygon
data in any format, observation data, metadata, products, information, algorithms,
including scientific source code, documentation, models, images, and research
results, generally are not copyrighted. You may use this material for educational or
informational purposes, including photo collections, textbooks, public exhibits,
computer graphical simulations and Internet Web pages. This general permission
extends to personal Web pages.

NASA content used in a factual manner that does not imply endorsement may be
used without needing explicit permission. NASA should be acknowledged as the
source of the material.

NASA occasionally uses copyrighted material by permission on its website. NASA's
use does not convey any rights to others to use the same material. Those wishing to
use copyrighted material must contact the copyright holder directly.

As a government entity, NASA does not license the use of NASA materials or sign
licensing agreements. The agency generally has no objection to the reproduction
and use of these materials, subject to the following conditions:

NASA material may not be used to state or imply the endorsement by NASA or by
any NASA employee of a commercial product, service, or activity, or used in any
manner that might mislead. Please see NASA Advertising

Guidelines and Merchandising Guidelines for more information.

It is unlawful to falsely claim copyright or other rights in NASA material.

NASA shall in no way be liable for any costs, expenses, claims, or demands arising
out of the use of NASA material by a recipient or a recipient's distributees.

NASA does not indemnify nor hold harmless users of NASA material, nor release

such users from copyright infringement, nor grant exclusive use rights with respect
to NASA material.
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NASA material is not protected by copyright within the United States, unless noted.
If copyrighted, permission should be obtained from the copyright owner prior to
use. If not copyrighted, NASA material may be reproduced and distributed without
further permission from NASA."

SoilGrids carbon density data, 250m version 2.0, circa
2010

Available at:

https://data.isric.org/geonetwork/srv/eng/catalog.search#/metadata/ea80098c-
bb18-44d8-84dc-a8alfbadc061

These data have been processed to obtain the Moirai inputs, and the processing
scripts are included at .../moirai/ancillary/.

Please cite these data when using them with Moirai: Hengl, T., Mendes de Jesus, ].,
Heuvelink, G.B., Ruiperez Gonzalez, M., Kilibarda, M., Blagotic, A, ... &Guevera, M.A.
(2017). SoilGrids250m: Global gridded soil information based on machine learning.
PLoS One, 12(2), e0169748.

License: https://creativecommons.org/licenses/by/4.0/

Creative Commons Attribution 4.0 International Public License

By exercising the Licensed Rights (defined below), You accept and agree to be
bound by the terms and conditions of this Creative Commons Attribution 4.0
International Public License ("Public License"). To the extent this Public License
may be interpreted as a contract, You are granted the Licensed Rights in
consideration of Your acceptance of these terms and conditions, and the Licensor
grants You such rights in consideration of benefits the Licensor receives from
making the Licensed Material available under these terms and conditions.

Section 1 - Definitions.

Adapted Material means material subject to Copyright and Similar Rights that is
derived from or based upon the Licensed Material and in which the Licensed
Material is translated, altered, arranged, transformed, or otherwise modified in a
manner requiring permission under the Copyright and Similar Rights held by the
Licensor. For purposes of this Public License, where the Licensed Material is a
musical work, performance, or sound recording, Adapted Material is always
produced where the Licensed Material is synched in timed relation with a moving
image.
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m. Adapter's License means the license You apply to Your Copyright and Similar
Rights in Your contributions to Adapted Material in accordance with the terms and
conditions of this Public License.

n. Copyright and Similar Rights means copyright and/or similar rights closely
related to copyright including, without limitation, performance, broadcast, sound
recording, and Sui Generis Database Rights, without regard to how the rights are
labeled or categorized. For purposes of this Public License, the rights specified in
Section 2(b)(1)-(2) are not Copyright and Similar Rights.

o. Effective Technological Measures means those measures that, in the absence of
proper authority, may not be circumvented under laws fulfilling obligations under
Article 11 of the WIPO Copyright Treaty adopted on December 20, 1996, and/or
similar international agreements.

p. Exceptions and Limitations means fair use, fair dealing, and/or any other
exception or limitation to Copyright and Similar Rights that applies to Your use of
the Licensed Material.

g.- Licensed Material means the artistic or literary work, database, or other material
to which the Licensor applied this Public License.

r. Licensed Rights means the rights granted to You subject to the terms and
conditions of this Public License, which are limited to all Copyright and Similar
Rights that apply to Your use of the Licensed Material and that the Licensor has
authority to license.

s. Licensor means the individual(s) or entity(ies) granting rights under this Public
License.

t. Share means to provide material to the public by any means or process that
requires permission under the Licensed Rights, such as reproduction, public display,
public performance, distribution, dissemination, communication, or importation,
and to make material available to the public including in ways that members of the
public may access the material from a place and at a time individually chosen by
them.

u. Sui Generis Database Rights means rights other than copyright resulting from
Directive 96/9/EC of the European Parliament and of the Council of 11 March 1996
on the legal protection of databases, as amended and/or succeeded, as well as other
essentially equivalent rights anywhere in the world.

v. You means the individual or entity exercising the Licensed Rights under this Public
License. Your has a corresponding meaning.

Section 2 - Scope.

c. License grant.
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Subject to the terms and conditions of this Public License, the Licensor hereby
grants You a worldwide, royalty-free, non-sublicensable, non-exclusive, irrevocable
license to exercise the Licensed Rights in the Licensed Material to:

reproduce and Share the Licensed Material, in whole or in part; and
. produce, reproduce, and Share Adapted Material.

Exceptions and Limitations. For the avoidance of doubt, where Exceptions and
Limitations apply to Your use, this Public License does not apply, and You do not
need to comply with its terms and conditions.

Term. The term of this Public License is specified in Section 6(a).

Media and formats; technical modifications allowed. The Licensor authorizes You to
exercise the Licensed Rights in all media and formats whether now known or
hereafter created, and to make technical modifications necessary to do so. The
Licensor waives and/or agrees not to assert any right or authority to forbid You
from making technical modifications necessary to exercise the Licensed Rights,
including technical modifications necessary to circumvent Effective Technological
Measures. For purposes of this Public License, simply making modifications
authorized by this Section 2(a)(4) never produces Adapted Material.

Downstream recipients.

Offer from the Licensor — Licensed Material. Every recipient of the Licensed Material
automatically receives an offer from the Licensor to exercise the Licensed Rights under
the terms and conditions of this Public License.

No downstream restrictions. You may not offer or impose any additional or different
terms or conditions on, or apply any Effective Technological Measures to, the Licensed
Material if doing so restricts exercise of the Licensed Rights by any recipient of the
Licensed Material.

No endorsement. Nothing in this Public License constitutes or may be construed as
permission to assert or imply that You are, or that Your use of the Licensed Material
is, connected with, or sponsored, endorsed, or granted official status by, the
Licensor or others designated to receive attribution as provided in

Section 3(a)(1)(A)(i).

Other rights.

Moral rights, such as the right of integrity, are not licensed under this Public License,
nor are publicity, privacy, and/or other similar personality rights; however, to the
extent possible, the Licensor waives and/or agrees not to assert any such rights held
by the Licensor to the limited extent necessary to allow You to exercise the Licensed
Rights, but not otherwise.

Patent and trademark rights are not licensed under this Public License.

To the extent possible, the Licensor waives any right to collect royalties from You
for the exercise of the Licensed Rights, whether directly or through a collecting
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ii.
1il.

iv.

society under any voluntary or waivable statutory or compulsory licensing scheme.
In all other cases the Licensor expressly reserves any right to collect such royalties.

Section 3 - License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following
conditions.

. Attribution.

If You Share the Licensed Material (including in modified form), You must:

. retain the following if it is supplied by the Licensor with the Licensed Material:

identification of the creator(s) of the Licensed Material and any others designated to
receive attribution, in any reasonable manner requested by the Licensor (including
by pseudonym if designated);

a copyright notice;
a notice that refers to this Public License;
a notice that refers to the disclaimer of warranties;

a URI or hyperlink to the Licensed Material to the extent reasonably practicable;

. indicate if You modified the Licensed Material and retain an indication of any

previous modifications; and

indicate the Licensed Material is licensed under this Public License, and include the
text of, or the URI or hyperlink to, this Public License.

. You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based

on the medium, means, and context in which You Share the Licensed Material. For
example, it may be reasonable to satisfy the conditions by providing a URI or
hyperlink to a resource that includes the required information.

If requested by the Licensor, You must remove any of the information required by
Section 3(a)(1)(A) to the extent reasonably practicable.

If You Share Adapted Material You produce, the Adapter's License You apply must
not prevent recipients of the Adapted Material from complying with this Public
License.

Section 4 - Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your
use of the Licensed Material:

for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse,
reproduce, and Share all or a substantial portion of the contents of the database;
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if You include all or a substantial portion of the database contents in a database in
which You have Sui Generis Database Rights, then the database in which You have
Sui Generis Database Rights (but not its individual contents) is Adapted Material;
and

You must comply with the conditions in Section 3(a) if You Share all or a substantial
portion of the contents of the database.

For the avoidance of doubt, this Section 4 supplements and does not replace Your
obligations under this Public License where the Licensed Rights include other
Copyright and Similar Rights.

Section 5 - Disclaimer of Warranties and Limitation of Liability.

Unless otherwise separately undertaken by the Licensor, to the extent
possible, the Licensor offers the Licensed Material as-is and as-available, and
makes no representations or warranties of any kind concerning the Licensed
Material, whether express, implied, statutory, or other. This includes, without
limitation, warranties of title, merchantability, fitness for a particular
purpose, non-infringement, absence of latent or other defects, accuracy, or the
presence or absence of errors, whether or not known or discoverable. Where
disclaimers of warranties are not allowed in full or in part, this disclaimer
may not apply to You.

. To the extent possible, in no event will the Licensor be liable to You on any
legal theory (including, without limitation, negligence) or otherwise for any
direct, special, indirect, incidental, consequential, punitive, exemplary, or
other losses, costs, expenses, or damages arising out of this Public License or
use of the Licensed Material, even if the Licensor has been advised of the
possibility of such losses, costs, expenses, or damages. Where a limitation of
liability is not allowed in full or in part, this limitation may not apply to You.

The disclaimer of warranties and limitation of liability provided above shall be
interpreted in a manner that, to the extent possible, most closely approximates an
absolute disclaimer and waiver of all liability.

Section 6 - Term and Termination.

This Public License applies for the term of the Copyright and Similar Rights licensed
here. However, if You fail to comply with this Public License, then Your rights under
this Public License terminate automatically.

Where Your right to use the Licensed Material has terminated under Section 6(a), it
reinstates:

automatically as of the date the violation is cured, provided it is cured within 30
days of Your discovery of the violation; or
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. upon express reinstatement by the Licensor.

For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor
may have to seek remedies for Your violations of this Public License.

For the avoidance of doubt, the Licensor may also offer the Licensed Material under
separate terms or conditions or stop distributing the Licensed Material at any time;
however, doing so will not terminate this Public License.

Sections 1, 5, 6, 7, and 8 survive termination of this Public License.

Section 7 - Other Terms and Conditions.

The Licensor shall not be bound by any additional or different terms or conditions
communicated by You unless expressly agreed.

. Any arrangements, understandings, or agreements regarding the Licensed Material
not stated herein are separate from and independent of the terms and conditions of
this Public License.

Section 8 - Interpretation.

For the avoidance of doubt, this Public License does not, and shall not be interpreted
to, reduce, limit, restrict, or impose conditions on any use of the Licensed Material
that could lawfully be made without permission under this Public License.

To the extent possible, if any provision of this Public License is deemed
unenforceable, it shall be automatically reformed to the minimum extent necessary
to make it enforceable. If the provision cannot be reformed, it shall be severed from
this Public License without affecting the enforceability of the remaining terms and
conditions.

No term or condition of this Public License will be waived and no failure to comply
consented to unless expressly agreed to by the Licensor.

Nothing in this Public License constitutes or may be interpreted as a limitation
upon, or waiver of, any privileges and immunities that apply to the Licensor or You,
including from the legal processes of any jurisdiction or authority.

Harmonized World Soil Database v 1.2, carbon density
data, circa 2000

Available at:
http://www.fao.org/soils-portal /soil-survey/soil-maps-and-
databases/harmonized-world-soil-database-v12/en/
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These data have been processed to obtain the Moirai inputs, and the processing
scriptis included at .../moirai/ancillary/bash_scripts.

Please cite these data when using with Moirai: Fischer, G., F. Nachtergaele, S. Prieler,
H.T. van Velthuizen, L. Verelst, D. Wiberg, 2008. Global Agro-ecological Zones
Assessment for Agriculture (GAEZ 2008). [IASA, Laxenburg, Austria and FAO, Rome,
[taly.

Food and Agriculture Organization Terms and conditions for use:

Content on the FAO website is protected by copyright. To ensure wide
dissemination of its information, FAO is committed to making its content freely
available and encourages the use, reproduction and dissemination of the text,
multimedia and data presented. The use of publications and documents available in
the FAO Document Repository, is governed by an Open Access policy. Please consult
this policy for detailed terms and conditions applicable to the use of FAO
publications and documents.

All other content on the FAO website (except where otherwise indicated), may be
copied, printed and downloaded for private study, research and teaching purposes,
and for use in non-commercial products or services, provided that appropriate
acknowledgement of FAO as the source and copyright holder is given and that FAO's
endorsement of users' views, products or services is not stated or implied in any
way. FAO encourages unrestricted use of news releases provided on the FAO
website; no formal permission is required to reproduce these materials.

Agricultural suitability and protected area data, circa 2010

These data were provided by researchers at U.S. Environmental Protection Agency
(EPA) in support of research with the Global Change Analysis Model (GCAM).
Contact Aaron Sobel (Sobel.Aaron@epa.gov) for availability.

EPA contributes these data under a public domain license.

https://edg.epa.gov/EPA_Data_License.html

Data Licensing Information for the U.S. Environmental Protection Agency

Unless otherwise specified, all data produced by the U.S EPA is by default in the
public domain and is not subject to domestic copyright protection under 17 U.S.C. §
105. More details on the U.S. Public Domain license are available here:

32



http://www.usa.gov/publicdomain/label/1.0/

Additionally, please be advised that although these data have been processed
successfully on a computer system at the U.S. EPA, no warranty expressed or
implied is made regarding the accuracy or utility of the data on any other system or
for general or scientific purposes, nor shall the act of distribution constitute any
such warranty. It is also strongly recommended that careful attention be paid to the
contents of the metadata file associated with these data to evaluate data set
limitations, restrictions or intended use. The U.S. EPA shall not be held liable for
improper or incorrect use of the data.

These data are derived by integrating several sources, as follows:

Agricultural suitability 1981-2010, 1km, v2.0

Available at: https://zenodo.org/record/3748350#.X4jWLy3MzUI
Data DOI: 10.5281/zenodo0.3748350

License: https://creativecommons.org/licenses/by/4.0/
See above for license text

Please cite the data and the papers:

Florian Zabel, Birgitta Putzenlechner, & Wolfram Mauser. (2014). Global
Agricultural Land Resources - A High Resolution Suitability Evaluation and Its
Perspectives until 2100 under Climate Change Conditions (Version 2.0) [Data set].
Zenodo. http://doi.org/10.5281/zenodo0.3748350

Zabel F., Putzenlechner B., Mauser W. (2014): Global agricultural land resources - a
high resolution suitability evaluation and its perspectives until 2100 under climate
change conditions. PLoS ONE, 9, e107522.

Delzeit, Zabel, Meyer, and Vaclavic: (2016). Addressing future trade-offs between
biodiversity and cropland expansion to improve food security. Regional

Environmental Change 17(5): 1429-1441.

GFSAD30 cropland extent, 2015, 30m, v1.0

Available at: https://Ipdaac.usgs.gov/news/release-of-gfsad-30- meter-cropland-
extent-products/.

These data are provided to the public domain through the Land Processes
Distributed Active Archive Center (LP DAAC).

All data products distributed by NASA's LP DAAC are available at no charge.
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All LP DAAC current data and products acquired through the LP DAAC have no
restrictions on reuse, sale, or redistribution.

Full resolution view: www.croplands.org
Project website: www.usgs.gov/wgsc/gfsad30

Please cite as: Thenkabail, P.S., Teluguntla, P., Xiong, ]., Oliphant, A., Congalton, R.,
Ozdogan, M., Gumma, M.K,, Tilton, ]., Giri, C., Phalke, A., Yadav, K., Massey, M., Milesi,
C., Sankey, T., Zhong, Y., Aneece, Y., Foley, D. 2020. Global Cropland Extent Map at
30m (GCEM30) derived using Landsat Satellite Time-series Data for the Year 2015
using Multiple Machine Learning Algorithms on the Google Earth Engine (GEE)
Cloud. U.S. Geological Survey Professional Paper 1868, 63 p.,
https://doi.org/10.3133/pp1868.

Data citation: USGS & NASA (2017) Release of GFSAD 30 meter cropland extent
products: U.S. Geological Survey-National Aeronautics and Space Administration
Land Processes Distributed Active Archive Center website:
https://lpdaac.usgs.gov/news/release-of-gfsad-30- meter-cropland-extent-
products/.

ESA CCI Cropland, urban area, water, 2015, 300m

Available at: http://maps.elie.ucl.ac.be/CCI/viewer/index.php
Terms of use:

The present products are made available to the public by ESA and the consortium.
You may use one or several CCI-LC products land cover map for educational and/or
scientific purposes, without any fee on the condition that you credit the ESA Climate
Change Initiative and in particular its Land Cover project as the source of the CCI-LC
database:

Copyright notice:

© ESA Climate Change Initiative - Land Cover led by UCLouvain (2017)

Should you write any scientific publication on the results of research activities that
use one or several CCI-LC products as input, you shall acknowledge the ESA CCI
Land Cover project in the text of the publication and provide the project with an
electronic copy of the publication (contact@esa-landcover-cci.org).

If you wish to use one or several CCI-LC products in advertising or in any
commercial promotion, you shall acknowledge the ESA CCI Land Cover project and
you must submit the layout to the project for approval beforehand (contact@esa-
landcover-cci.org).
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Deforested area, 2000-2012, v1.0, 30m

Available at: https://glad.earthengine.app/view/global-forest-change

License: https://creativecommons.org/licenses/by/4.0/
See above for license text

Please cite as: Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova,
A. Tyukavina, D. Thau, S. V. Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A.
Egorov, L. Chini, C. O. Justice, and J. R. G. Townshend. 2013. “High-Resolution Global
Maps of 21st-Century Forest Cover Change.” Science 342 (15 November): 850-53.
Data available on-line from: https://glad.earthengine.app/view/global-forest-
change.

[UCN Protected area, March 2018 (WDPA_Mar2018 Public), vector

Only the newest version is available at:
https://www.protectedplanet.net/en/thematic-areas/wdpa

No Commercial Use. Neither (a) the WDPA Materials nor (b) any work derived from
or based upon the WDPA Materials ("Derivative Works") may be put to Commercial
Use without the prior written permission of UNEP-WCMC. "Commercial Use" means
a) any use by, on behalf of, or to inform or assist the activities of, a commercial
entity (an entity that operates 'for profit') or b) use by any individual or non-profit
entity for the purposes of revenue generation.
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