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Table S1. Dataset for crop-related references available for OpenBench

Dataset Items Resolution Period Region Reference Download Link
. o lizumi and Sakai https://doi.pangaea.de/10.15
GDHY Crop yield  0.5°/Yearly 1981-2016 Global (2020) 94/PANGAEA 909132
https://dataverse.harvard.ed
. o 2000, 2010, u/dataset.xhtml?persistentld
SPAM Crop yield 0.5°/Yearly 2020 Global Yu et al. (2020) —doi-10.7910/DVN/SWPE
NT
Grogan202 . 0.083333°/Y https://doi.org/10.7910/DV
) Crop yield carly 2010 Global  Grogan et al. (2022) N/XGGIAV
Crop
developmen
t stage, Total
Wit2022 abOved 0.1% 1999-2023 Global Wit (2022) DOL:
! Sroum Monthly ) ova ! 10.24381/cds.b2f61916
production,
Total weight
storage
organs
Production,
Yield, http://www.earthstat.org/har
Monfreda2 Monfreda et al.
ontreca Harvested ~ 0.1°/Yearly 2000 Global onTeca et a vested-area-yield-175-
008 (2008)
area, Harves crops/
ted area
0.25°/Month https://doi.org/10.11888/hy
IWUED 2011-201 lobal  Zh 1. (2022
GIWU Water use ly 0 018 Globa ang et al. (2022a) dro.tpdc.271220
GGMSEU 0.5°/Monthl https://zenodo.org/records/1
1971-201 lobal H 1. (201
D Water use y 971-2010 Globa uang et al. (2018) 209296
ChinaCrop Crop . https://doi.org/10.6084/m9.f
Phenlkm phenology lkm/Yearly  2000-2019 China Luo et al. (2020) igshare 8313530
Crop R . https://doi.org/10.2480/agr
GCPE phenology 0.5°/Yearly 2020 Global Mori et al. (2023) met.D-23-00004
H
CROPGRI ar?ilvésrfd https://figshare.com/articles
. P 0.05°/Yearly 2020 Global Tang et al. (2024a)  /dataset/ CROPGRIDS/2249
DS (physical)
1997
area
https: .climate. i
AgERAS5 E 0.1°Daily  1979-2023  Global  Change Service ' pomBR e
forcing agrometeorological-

(2019)

indicators?tab=overview



https://doi.org/10.7910/DVN/XGGJAV
https://doi.org/10.7910/DVN/XGGJAV

15 Table S2. Dataset for urban-related references available for OpenBench

Dataset Items Resolution  Period  Region Reference Download Link
Urban- Atmospheric . Harris et al. s
PLUMB forcing, Flux Statli)ln/Hou 22(3)(;30— Global  (2020b); Lipson et https.//dm.org(/) L(;ngl/zenodo.ﬂ
ER measurement Y al. (2024)
ERAS- Heat inde 0.25°/Hourl ~ 1940- Global Di Napoli et al. ht;gz;//cis'./i;rtr;:z;z(;f.er:(icu::u/
HEAT maex y 2023 (2021) PP rvee-tiel
historical?tab=overview
Urban 1992- https://doi.org/10.6084/m9.figsha
UEHNL e lkm/Yearly 2020 Global  Zhao et al. (2022) re. 16602224 1
Surface . 2003- Zhang et al. https://doi.org/10.25380/iastate.c.
GSDLST perature ~ 1X/Daily 55 Global (2022b) 5078492
. . Verdin et al.
CHIRTS l\g‘l a;‘itl\in 0.05°/Daily 12?136 Ql‘;f; (202032412025 s/ Www'ic:t‘;‘;ffb'edu/ data/ch
S . 10:55:00 AM Y
MCD43A 500m/16- 2000- Schaaf and Wang  https://doi.org/10.5067/MODIS/
Al lobal
3 bedo daily 2004 Oloba (2015) MCD43A3.006
. ‘ . DOI:
ETl::Ir"mt Evap(;t;imp ira. 0.5Monthl 22%0119' Global Zh?;(;gzzt) 012237 cascarth.6253cddc819a
Y ec49731a4bc2
https://figshare.com/articles/datas
. et/Global_1-
AHéGU An‘ﬁler;pf(l)fznlc 1km/Hourly 2010 Global Var?;g; St al. km_present and future hourly a
nthropogenic_heat flux/1261245
8/6
http://www-
. old.ide.titech.ac.jp/~kandalab/ja/n
D Anth
ggg— n;;;tpgg:mc lkm/Hourly ~ 2013  Global Dongetal. (2017) ews/2016/AHE_release 2016121
. 2 files/AHE _release 20161212.h
tm
. https://data.tpdc.ac.cn/en/data/63
China_A  Anth 500m/ 2000-
:11;_ nh;’tpf(]’fzmc Yeag‘ Jo1¢  Global  Wangetal. (2020) 7¢99a1-be38-4a9f-8af9-
Y a8600e13d568
Anthropogenic 1970- . https://doi.org/10.6084/m9.figsha
PF-AHF heat flux lkm/Yearly 2050 Global Jin et al. (2019) re.c. 4182824 v1
Anthropogenic 500m/Yearly https://dataverse.harvard.edu/data
Qian2024 heatpﬂ gx , Month and - China Qian et al. (2024)  set.xhtml?persistentld=doi:10.791
. Hourly 0/DVN/VIJFPK
https://iastate.figshare.com/collec
tions/A_global seamless 1 km r
Surface . 2003- Zhang et al. - o T
MODIST 1km/Dail lobal 1 ly 1 f:
ODIS temperature m/Daily 2020 Globa (2022b) esolution_daily land_surface te

mperature_dataset 2003 2020 /5
078492


https://doi.org/10.25380/iastate.c.5078492
https://doi.org/10.25380/iastate.c.5078492

Surface . 2000- Tang et al. https://doi.org/10.11888/Meteoro.
TRIMS - omperature  </Daily 55, Global (2024b) tpdc.271252
SVCM- Air . 2003- Zhang et al. https://doi.org/10.25380/iastate.c.
1km/Dail lobal
SP femperature m/Daily 5 Globa (2022¢) 6005185
Table S3. Dataset for dam, river, and Lake -related references available for OpenBench
Resoluti . . .
Dataset Items on Period  Region Reference Download Link
Inflow, Outflow.
’ >~ Station/ 1930- Steyaert et al. https://doi.org/10.5281/zenodo.
ResOpsUS  Water storage and ) UsS
Dail 202 2022 41
Water depth aily 020 (2022) 58936
Surface area Vector/ 1984- Khandelwal et al.  https://doi.org/10.5281/zenodo.
ReaLSAT lobal
eals variations Monthly 2020  O1°P8 (2022) 4118463
The Global .
G-REALM Water depth Vectolr/ 1 1992- Global Reservoir and https://ipad.fas.usda. gov/c.ropex
0-daily 2023 ) plorer/global_reservoir/
Lake Monitor -
Lake surface Vector/ 1981- https://zenodo.org/record/83220
GLAST . Global T t al. (2023
water temperature Daily 2020 oba ong etal. ( ) 38
https:// .theia-
HydroWeb Water depth for Station/ 1992- Santos Da Silva et ps:iwvww.Hieta
2.0 lake and river Monthl 2021 Global al. (2010) land.fr/en/product/water-levels-
- v J ’ of-rivers-and-lakes-hydroweb/
GRDC- . Station/ 1980- . https://doi.org/10.18419/darus-
RSEG Discharge Monthly 2020 Global  Elmi et al. (2024) 3558
Surface water
extent, Water
level, River Station/ . Elmi and Tourian https://hydrosat.gis.uni-
HydroSat V: Global
yarosa discharge and Monthly arious ona (2023) stuttgart.de/php/index.php
Water storage
anomaly
. Station/ 1950- ) https://rda.ucar.edu/datasets/d55
Dai2021 Disch lobal Dai (2021
ai20 ischarge Monthly 2018 Globa ai (2021) 1000/
. Station/ 1806- https://doi.pangaea.de/10.1594/
IM Disch lobal D 1. (201
GS 1SEHatee Monthly 2016  O1°P3 oetal. (2018) PANGAEA 887477
. Station/ 1806- ) https://zenodo.org/records/1043
HA Disch lobal Y 1. (2024
GS ischarge Monthly 2021 Globa in et al. (2024) 3905
. Station/ 1980- Addor et al. https://gdex.ucar.edu/dataset/ca
CAMELS Discharge Monthly 2015  Giobal (2017) mels.html
Atmospheric and . https://www.hydroshare.org/res
AMELS- tat 1980-
¢ Chem 5 Stream water I\S/Ijnl;;l/ 290 o US  Sterleetal. (2024)  ource/841f5¢85085¢423889%ac
chemistry data Y 809c1bed4ac/
. https://doi.org/10.5281/zenodo.
K 1.
Caravan Discharge Sg:;;/ Various Global ra(t;zrzt;)t a 7540792;

https://github.com/kratzert/Cara


https://doi.org/10.11888/Meteoro.tpdc.271252
https://doi.org/10.11888/Meteoro.tpdc.271252
https://doi.pangaea.de/10.1594/PANGAEA.887477
https://doi.pangaea.de/10.1594/PANGAEA.887477
https://doi.org/10.5281/zenodo.7540792
https://doi.org/10.5281/zenodo.7540792

GRDC

GIEMS_v2

Glofas4.0

GRADES-
hydroDL
China_Maj
or_River
Reservoir_
area_storag
e_in_China

GCOS

HYDAT

Station/

Discharge Daily-
Monthly
Inundation 0.25°M
onthly
. 0.05°/D.
Discharge . e
ily
Station/
Disch
ischarge Daily
. Station/
Discharge Monthly
I
nundated areas Vector/
and Water storage
. Monthly
dynamics
Lake surface 0.05°/Da
water temperature ily
Discharge, Water
levels and Station/
Sediment Daily
concentrations

1806-
2023

1990-
2020
1980-

2023
1980-
2023

1950-
2023

2017-
2021

1995-
2023

Various

van/

The Global https://portal.grde.bafg.de/appli
Global Runoff Data cations/public.html?publicuser=
Centre (2022) PublicUser
Pricent et al https://catalogue.ceda.ac.uk/uui
Global %2 020) ’ d/1d01d0efb6c24c218489605b
Saad4cfs/
Harriean et al https://cds.climate.copernicus.e
Global (2g0 20) ’ u/cdsapp#t!/dataset/cems-glofas-
historical?tab=form
Global Linetal. (2019);  https://www.reachhydro.org/ho
Yang et al. (2023) me/records/grades-hydrodl
China Wei et al.. (In )
prepreration)
. https://doi.pangaea.de/10.1594/
China  Chen et al. (2024) PANGAEA 961148
Copernicus
Climate Ch:
Global imate BAMES T Kol: 10.24381/0ds.d36187ac
Service Climate
Data Store (2020)
Canada i https://collaboration.cmc.ec.gc.

ca/cmc/hydrometrics/www/

Table S4. Dataset for water cycle-related references available for OpenBench

Dataset Items Resolution Period Region Reference Download Link
. o . . https://www.ilamb.org/ILAMB-
ILAMB  Various 0.5°/Monthly  Various  Global  Collier et al. (2018) Data/DATA/
Soil vV tal
arquez et al.
ISMN  Moistur  Station/Daily  Various  Global ?2 021) https://ismn.earth/en/dataviewer/
e
https: hdata.edu.au/pl 2-
PLUM . Station/Hourl . ttps //res'earc data e?du au/plumber
BER2 Various Various Global  Ukkola et al. (2022) forcing-evaluation-surface-
Y models/1656048
Soil
GSSM1 . . 2000- https://doi.org/10.6084/m9.figshare.2
Km Moistur 1km/Daily 2020 Global Han et al. (2023) 1806457 v2
e
Total 1980- Hobeichi et al. https://geonetwork.nci.org.au/geonet
LORA 0.5°/Monthl lobal
o runoff oy 2012 Globa (2019) work/srv/eng/catalog.search#/metadat



GRUN-
ensembl
e
GRAIC
E

GRAC
E-REC

GRAC
E-SeDA

GlobSn
ow_v3

SnowEx
23

NH-
SWE

ERAS-
Land

Xu2024

BASE

FLUXC
OM

GLEA
M4.2a

NEON

Total
runoff

TWSC

TWSC

TWSC

Snow
water
equivale
nt

Various

Snow
water
equivale
nt

Various

Total
evaporat
ion
Total
evaporat
ion,
transpira
tion
Total
evaporat
ion

Various

Total
evaporat
ion,
Transpir
ation

0.5°/Monthly

0.5°/Monthly

0.5°/Daily

0.5°/Monthly

0.25°/Daily

Various

Station /Daily

0.1°/Hourly

0.1°/Daily

0.05°/Hourly

0.5°/Daily

0.1°/Daily

Station/Hourl
y

1902-
2019

1984-
2021

1979-
2019

2002-
2022

1979-
2018

2016-
2023

1950-
2022

1950-
2024

1950-
2022

2001-
2020

1950-
2016

1980-
2023

2019-
2023

Global

Global

Global

Global

Norther
n
Hemisp
here

US

Norther
n
Hemisp
here

Global

Global

Global

Global

Global

United
States

Ghiggi et al. (2021)

Palazzoli et al.
(2025)
Humphrey and
Gudmundsson
(2019)

Gou and Soja
(2024)

Luojus et al. (2021)

Fontrodona-Bach et
al. (2023)

Muiioz-Sabater et
al. (2021)

Xu et al. (2024)

Nelson et al. (2024)

Jung et al. (2019)

Miralles et al. (in
review)

Zahn and Bou-Zeid
(2024)

a/f9617 9854 8096 5291
https://doi.org/10.6084/m9.figshare. |
2794075.v1

https://doi.org/10.5281/zenodo.10953
658

https://doi.org/10.6084/m9.figshare.7
670849.v3

https://www.research-
collection.ethz.ch/handle/20.500.118
50/648738

https://www.globsnow.info/swe/archi
ve v3.0/

https://nsidc.org/data/snowex/data

https://doi.org/10.5281/zenodo.75156
03

https://cds.climate.copernicus.ecu/cdsa
pp#!/dataset/reanalysis-era5-
land?tab=overview
https://zenodo.org/records/10906128
https://meta.icos-

cp.eu/collections/zfwfl Ak21701ziGD
TX8XI16 T

https://www.fluxcom.org/EF-
Products/

https://www.gleam.eu/#downloads

https://zenodo.org/records/12191876



GLEA
M_hybi
rd

Li2024

CNRDv
1.0

GRFR

GRFR_
025

GRAD
ES

Lian202
2

SMCI1.
0
SMAPL
3
SMAPL
4

Total
evaporat

ion, Station/Daily

Transpir
ation
Transpir
ation
Total
runoff
Total
runoff
Total
runoff

Total
runoff

Canopy

0.1°/Daily

0.25°/Monthly
0.05/3-hourly

0.05°/3-hourly

0.25°/Daily

intercept  0.5°/Monthly

ion
Soil

moisture
Soil

moisture

Various

lkm/Daily

0.5°/Monthly

0.5°/Daily

Various

2000-
2020
1961-
2018
1980-
2019
1980-
2019

1979-
2013

2000-
2020

2000-
2022
2016-
2020
2016-
2024

Global

Global

China

Global

Global

Global

Global

China

Global

Global

Koppa et al. (2022)

Liet al. (2024)
Gou et al. (2021)
Yang et al. (2021)

Yang et al. (2021)

Lin et al.
(2019);Yang et al.
(2019)

Lian et al. (2022)

Shangguan Wei
(2024)

Oneill et al. (2023)

Reichle et al. (2022)

https://doi.org/10.5281/zenodo.58866
08

https://doi.org/10.6084/m9.figshare.2
4320866.v1
https://figshare.com/articles/dataset/C
NRDv1 0/13185410

https://www.reachhydro.org/home/rec
ords/grfr

https://www.reachhydro.org/home/rec
ords/grfr

https://www.reachhydro.org/home/rec
ords/grades

https://doi.org/10.5281/zenodo.73090
30

https://data.tpdc.ac.cn/en/data/49b22d
€9-5d85-44f2-a7d5-alccd17086d2
https://nsidc.org/data/spl3smp/versio
ns/9
https://nsidc.org/data/spl4smgp/versi
ons/7#anchor-documentation
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Table SS. Dataset for Ecosystem and Carbon Cycle -related references available for OpenBench

Dataset Items Resolution Period Region Reference Download Link
0.5°/Month https://www.ilamb.org/I[LAMB-
ILAMB Various Various Global  Collier et al. (2018)
ly Data/DATA/
GIMMS L 0.5°/Month https://doi.org/10.5281/zenodo.764
LAI 1982-2020  Global Cao et al. (2023)
Al4g ly 9107
500m/8- http://globalchange.bnu.edu.cn/res
Lin2023 LAI 2000-2023  Global Lin et al. (2023)
daily earch/laiv061#download
Station/Mo
Yuan2011 LAI Various Global Yuan et al. (2011) -
nthly
https://meta.icos-
GPPand 0.05/Hourl
X-BASE NEE 2001-2020 Global Nelson et al. (2024)  cp.eu/collections/zfwfl Ak2170lzi
y

GDTX8X16 T



FLUXCO
M

Zheng2020

Zhang2017

Soilgridv2

PLUMBER

2

CEDA

Huang2021

Xu2021

GFEDS

Liu2024

GPP and
NEE

GPP

GPP

Soil
organic

carbon

Various

Burn
area,
Above-
ground
biomass
Above-
ground
biomass,
Root
biomass
Above-
ground
biomass
Burn
area
Fraction
of
ground
covered
by green

vegetatio

0.5°/Daily

0.05°/8-
daily
500m/8-
aily
0.25°(rema
ped)/Const

ant

Station/Ho

urly

1km/Mont
hly,
1km/Yearl

y

1km/Yearl
y

0.1°/Yearly
0.25°/Mont

hly

250m/Year
ly

1950-2016

1982-2017

2000-2016

Various
1982-2018,
2001-2017
and 2019;

2010 and
2015-2021

2000-2019

1997-2020

2000-2021

Global

Global

Global

Global

Global

Global

Global

Global

Global

Global

Jung et al. (2019)

Zheng et al. (2020)

Zhang et al. (2017)

Poggio et al. (2021)

Ukkola et al. (2022)

Chuvieco et al.
(2018, 2020);
Santoro and Cartus
(2024); Van Der
Velde et al. (2024)

Huang et al. (2021)

Xu et al. (2021)

Chen et al. (2023)

Liu et al. (2024)

https://www.fluxcom.org/EF-
Products/
https://doi.org/10.6084/m9.figshare
.8942336.v3
https://doi.org/10.6084/m9.figshare
.c.3789814.v1

https://www.isric.org/explore/using

-soilgrids-interface

https://researchdata.edu.au/plumbe
r2-forcing-evaluation-surface-
models/1656048

https://data.ceda.ac.uk/neodc/esacc

i/biomass/data/agb/maps/v5.01/net
cdf:

https://data.ceda.ac.uk/neodc/esacc

i/fire/data/burned_area

https://doi.org/10.6084/m9.figshare
.12199637.v1

https://zenodo.org/records/416169
4

https://zenodo.org/records/766842
4

https://zenodo.org/records/105897
30


https://data.ceda.ac.uk/neodc/esacci/biomass/data/agb/maps/v5.01/netcdf
https://data.ceda.ac.uk/neodc/esacci/biomass/data/agb/maps/v5.01/netcdf
https://data.ceda.ac.uk/neodc/esacci/biomass/data/agb/maps/v5.01/netcdf

FLUXNET-
CH4

methane

Station/Ho

urly

Various

Global

Delwiche et al.

(2021)

https://fluxnet.org/data/fluxnet-

ch4-community-product/

Table S6. Dataset for Radiation and Energy Cycle -related references available for OpenBench

Resoluti
Dataset Items eS(:lu 10 Period Region Reference Download link
. 0.5°/Mont . Collier et al. https://www.ilamb.org/ILAMB-
ILAMB V: Vi Global
arous hly anous ova (2018) Data/DATA/
GLEAM Sensible 0.1Daily 19802023 Global M%ralles. etal.  https://www.gleam.eu/#download
v4.2a heat (in review) s
BRAS. g OMHowl 1950 Mamessabater e
Land y 2024 et al. (2021) S J
land?tab=overview
https: hdata.edu.au/pl
PLUMBER . Station/Ho _ Ukkolactql, ~ 1Ps:/researchdata.eduau/plumb
5 Various url Various Global (2022) er2-forcing-evaluation-surface-
Y models/1656048
Copernicus .
CLARA_A 0.25°/M https://doi.org/10.24381/cds.85a8
VHRR_ Various th " 1979-2020 Global Climate Change SRS f660 cas.e0a
J Service (2021)
Kato et al.
ERES E 1°/Monthl
¢ S_ Various /Mon 2000-2024 Global (2018); Loeb et https://ceres.larc.nasa.gov/data/
BAF_Ed4.2 y
- al. (2018)
.05°/Dail https://doi.org/10.5281 .
Xu2022 Net — 0.05%Dail - 50) 1019 Global Xuetal (2022) |ipsi/doiorg/10.5281/zenodo.55
radiation y 46316
ion/M il 1.
GEBA Various St;tll;ﬁ; 1902-2022 Global W(lzc(l) f;)a https://geba.ethz.ch/
Land
surface 0.25°/Dail ) D. Wang et al. . .
HOMT 1960-201 h https: .org/10.1002/joc.
OMTS temperatur y 960-2017 China (2021, 2023) ttps://doi.org/10.1002/joc.7959
e
SMAPL4 Various 0.1°/3- 2016-2024 Global Reichle et al. https://n51dc.org/data/spl4smgp/v
hourly (2022) ersions/7
FLUXCO . o Jung et al. https://www.fluxcom.org/EF-
M Various 0.5°/Daily  1980-2014 Global (2019) Products/
Surface do Letu et al.
25°/H 2023); http: slrss. h j
CARE wnward  0.25°/Hou 20002020 Global (2023); Wang ttp://www.slrss.cn/care_zh/cp/sj
longwave rly and Wang xz/
radiation (2022)
CLARA 3 Various 02>/ 19792024  Global Karlsson et al. ?ﬁiiﬁﬁgifiizjfffﬁiiﬁzg
i Monthly (2023) RR V0

A_AVHRR_V003




25 Table S7. Dataset for Forcing -related references available for OpenBench

Dataset Items Resolution Period Region Reference Download link
. o . . https://www.ilamb.org/I
ILAMB Various 0.5°/Monthly Various Global Collier et al. (2018) LAMB-Data/DATA/
https: .gloh2o.
MSWX  Various  0.1%3-hourly ~1979-2021  Global Beck et al. (2022) psi/l TS O ore/
MSWEPY | ccipitation  0.193-hourly 19792020  Global Beck ctal (2019)  lupsi//www.glohdo.org/
2.8 mswep/
CRUTS . . https://crudata.uea.ac.uk/
Vi .5°/Monthl 1901-202 lobal H t al. (202
v4.08 arious 0.5°/Monthly 901-2023 Globa arris et al. (2020a) cru/data/hrg/eru ts 4.08/
CERES _ . .
EBAF E Various 1°Monthly ~ 2000-2024 Global Kato et al. (2018); Loeb  https://ceres.larc.nasa.go
- etal. (2018) v/data/
d4.2
https://doi.org/10.5067/
MEASURES/GPCP/DA
s 0.5°/Daily and TA305:;
PCP P 1983-202 lobal Huffi 1. (202
GPC recipitation Monthly 983-2020 Globa uffman et al. (2023) https://doi.org/10.5067/
MEASURES/GPCP/DA
TA304
https://wui.cmsaf.eu/safi
CLARA _ . 0.25°/ ra/action/viewDoiDetails
3 Various Monthly 1979-2024 Global Karlsson et al. (2023) 2acronym=CLARA AV
HRR V003
Precipitation o/
CNO051 , Air 0.5%Dailyand 001 5021 China Xu et al. (2009) -
Monthly
temperature
https://cds.climate.coper
ERAS- . 1950- Muiioz-Sabater et al. nicus.eu/cdsapp#!/datase
.1°/ Hourl lobal
Land Various 0.1%/ Hourly 2024 Globa (2021) t/reanalysis-era5-
land?tab=overview
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