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Table. S1 | Categorization of vegetation indices based on three derivative forms of surface

reflectance with respect to wavelength. Details for the derivative forms can be found in ref. 1.

Type

Vegetation Index

Type 1

Type 2

Type 3

NDVI (Normalized Difference Vegetation Index; ref. 2), SR (Simple
Ration; ref. 3), SAVI (Soil Adjusted Vegetation Index; ref. 4), TSAVI
(Transformed Soil Adjusted Vegetation Index; ref. 5), OSAVI
(Optimized Soil Adjusted Vegetation Index; ref. 6), PVI (Perpendicular
Vegetation Index; ref. 7), WDVI (Weighted Difference Vegetation
Index; ref. 8), GCI (Green Chlorophyll Index, ref. 9), GNDVI (Green
Normalized Difference Vegetation Index; ref. 10), GRVI (Green Ratio
Vegetation Index; ref. 11), PRI (Photochemical Reflectance Index; ref.
12), DVI (Difference Vegetation Index; ref. 13), NDWI (Normalized
Difference Water Index; ref. 14), CCI (Chlorophyll/Carotenoid Index;
ref. 15)

GEMI (Global Environmental Monitoring Index; ref. 16), Greenness
(ref. 17), NLI (Non-Linear Index; ref.18), NIRv (Near-Infrared
Reflectance of Vegetation, ref. 19)

EVI (Enhanced Vegetation Index, ref. 20), ARVI (Atmospherically
Resistant Vegetation Index; ref. 21), SARVI (Soil Adjusted and
Atmospherically Resistant VVegetation Index; ref. 21), GARI (Green
Atmospherically Resistant Index; ref. 22)




Table. S2 | Summary of satellite global NDVI products.

NDVI _ _ Ground Sampling
Time span Data input source _ Frequency Reference
Product Distance
. 2000 (2002) —  Terra(Aqua)/MODIS C6 250 m, 500 m, 1 km,
MODIS* 16-day & Monthly Ref. 23
Present reflectance and 0.05°
. ) 500 m, 1 km, and
VIIRS* 2012 - Present ~ Suomi-NPP/VIIRS reflectance 0.05° 16-day & Monthly Ref. 24
DSCOVR* 2015 —Present DSCOVR/EPIC reflectance 10 km Hourly & daily Ref. 25
NDVI3g 1981 - 2018 AVHRR GAC level-1b data 1/12° Biweekly Ref. 26
LTDR3 AVHRO09C1 and Daily, 7-day, 15-day,
VIP4 1981 - 2016 0.05° Ref. 27
MODOQ09CMG data monthly
LTDR5* 1981 - Present  AVHRR GAC level-1b data 0.05° Daily Ref. 28
CGLS* SPOT/VGT & PROBA-V
1999 - Present 1/112° 10-day Ref. 29
(or GEOV2) reflectance

# The product has been operationally generated, archived, and disseminated.

“: EVI (Enhanced Vegetation Index) is also available in this product.



Table. S3 | Comparison of data and processing from AVHRR, MODIS, SPOT-VGT and MERIS sensors.

AVHRR MODIS SPOT-VGT MERIS
Broad red and near-infrared Narrow red and near-infrared Moderately narrow red and near- ~ Very narrow red and near-infrared
wavelength channels. These are not wavelength channels designed infrared wavelength channels wavelength channels designed

necessarily chosen to be responsive specifically to respond to vegetation designed specifically to respond to  specifically to respond to vegetation

to changes in vegetation as these are changes . vegetation changes®. changes.

meteorological sensors.

No on-board calibration. Sensor
calibrated before launch, but loses

calibration over time®,

Multiple sequential sensors with

little or no overlap®. Each sensor

On-board calibration. Sensor No on-board calibration. Sensor Sensor calibrated before launch and
calibrated before launch and during calibrated before launch, but loses  during operation regularly. MERIS

operation regularly. The sensoris  calibration over time®!. on-board calibration is based on on-
also periodically calibrated using the board measurements of sunlight®*.
moon®3,

Two near-simultaneous sensors. The Two sensors. VEGETATION 1 One sensor. The ENVISAT MERIS
Terra MODIS data stream started in (VGT1) on board SPOT4, launched LAI data stream started in July 2002

data span is about 3 to 4 years. Inter- Feb 2000 (Aqua MODIS stream in March 1998, and VEGETATION and ended in March 2012%. No

sensor data calibration is a major

problem.

started in May 2002). Overlaps 2 (VGT2) on board SPOTS5 launched official products for NDVI and EVI.
allows inter-sensor calibration. in May 2002%. After February 2003,

VGT1 has no longer been used for

VI products. Overlaps allows inter-

sensor calibration.




Satellite loses orbit over time. Data Both Terra and Aqua platforms

is collected over progressively lower maintain precise orbits. Any orbit
and lower sun angles®. Variations in loss is periodically corrected by
data due to sun angle changes are  pushing the satellites into their
conflated with changes in
vegetation. due to changes in sun-sensor
geometry are explicitly considered

during LAI retrievals®3

Minimal correction for atmospheric
contamination of signals emanating
from vegetation. Sensor lacks including high cirrus. Atmospheric
additional wavelength channels correction for molecular and
required for accurate cloud
screening, correction for daily is performed accurately with a
tropospheric aerosol contamination
and periodic stratospheric aerosol  a daily basis for each of the seven
contamination (following volcanic  vegetation channels*,
eruptions)“.

No physics-based processing is The physics-based processing
possible with AVHRR channel data. removes atmospheric effects and

NDVI and EVI generally correspond provides users with at-ground

reflectance data for each of the seven

designated orbits. Variations in data

Sensor has several channels that are A simplified physics-based

used to accurately screen for clouds, atmospheric correction algorithm

tropospheric aerosol contamination and tropospheric aerosol®.

radiative transfer-based algorithm on

The signal is stable. Irradiance Orbital information is unknown.
variations due to sun-earth distance
and sun-sensor geometry are

explicitly corrected®!.

Several different radiative transfer-
based algorithms are used for
(based on the 6S method) is

employed for water vapor, ozone,

atmospheric correction for aerosol
optical thickness, columnar water
vapor and surface reflectance, as

well as for LA retrieval®63.

A simplified physics-based No official products available for

processing removes atmospheric NDVI and EVI. Various approaches

effects and provides users with at-  were proposed based on top of




to the data with minimal

atmospheric contamination?6:44,

LAI products are derived using
black-box approaches such as neural
nets. Partial validation with ground
measurements*°. No suitable field
data prior to 2000 exist for

validation.

Low spatial resolution (8x8 km?)
and 15-day frequency for the period
July 1981 to December 201626,

channels, and for NDVI and EVI

products?:42,

The channel reflectance data are
used in other physics-based
algorithms to derive leaf area
estimates®*#°, The derived products
are extensively validated with
ground measurements®. All the
algorithms have been periodically

updated and the entire archive is re-

processed to produce newer versions

of the data products.

Moderate spatial resolution
(500500 m?), 8-day/16-day

ground reflectance data for NDVI

and EVI products.

LAI products are derived using
black-box approaches i.e., neural
networks. The product has been
extensively validated with ground

measurements®’.

1/112° x1/112° spatial resolution

atmosphere reflectance and surface

reflectance.

The LAl retrieval based on the
BEAM MERIS vegetation processor.
This algorithm is trained by neural
networks with a suite of simulated
top-of-atmosphere radiances, using
the Scattering by Arbitrarily Inclined
Leaves (SAIL), PROSPECT and a
simplified method for atmospheric

correction®.

1/360° x1/360° spatial resolution

(1x1 km?), 10-day frequency for the (300x300 m?), 10-day frequency for

frequency for the period Feb 2000 to period 1999-present*’.

Dec 2018204648,

the from 2002-2012%¢.




Table. S4 | Summary of satellite global LAI products.

. Ground
LAI Time . . )
Data input source Sampling Frequency Algorithm Reference
Product span )
Distance
2000 8-day (4-day for
Terra(Aqua)/MODIS C6 LUT based on 3D
MODIS* (2002) — 500 m Terra/Aqua Ref. 46,48
reflectance _ RT
Present combined)
2012 — _ LUT based on 3D
VIIRS* Suomi-NPP/VIIRS reflectance 500 m 8-day Ref. 49
Present RT
2015 — ) LUT based on 3D
DSCOVR? DSCOVR/EPIC reflectance 10 km Hourly & daily Ref. 50
Present RT
1981 - ) ANN trained with
LAI3g GIMMS NDVI3g 1/12° Biweekly Ref. 40
2018 MODIS LAI
1981 NOAA/AVHRR LTDR 0.05° (1km GRNN trained with
GLASS 2017 reflectance & Terra/MODIS available from 8-day CYCLOPES and Ref. 51
C6 reflectance 2000) MODIS LAIs
1981 - NOAA/AVHRR TCDR ) ANN trained with
TCDR* 0.05° Daily Ref. 52
Present reflectance MODIS LAI
Biweekly, 1982
1981 - GIMMS NDVI & —1999/2
GLOBMAP 1/13.75° LUT based on RT Ref. 53
2017 Terra/MODIS C6 reflectance 8-day, 2000/3 —

2017



CGLS*

1999 — SPOT/VGT & PROBA-V

(or 1/112° 10-day
Present reflectance

GEOV2)
2002-

MERIS 2012 ENVISAT/MERIS reflectance  1/360° 10-day

ANN trained with

CYCLOPES and Ref. 29
MODIS LAIs
ANN trained with

Ref. 36
1D RT

#: The product has been operationally generated, archived, and disseminated.

Data Archives

MODIS: https://earthdata.nasa.qov/

VIIRS: https://earthdata.nasa.gov/

GLASS: http://globalchange.bnu.edu.cn/research/lai

TCDR: https://www.ncei.noaa.gov/data/avhrr-land-leaf-area-index-and-fapar/access/
LAI3g: http://sites.bu.edu/cliveg/datacodes/

GLOBMAP: http://www.globalmapping.org/

CGLS LALI: https://land.copernicus.eu/global/products/lai
CGLS NDVI: https://land.copernicus.eu/global/products/ndvi
NDV13g: https://ecocast.arc.nasa.gov/data/pub/gimms/3g.v1/
VIP4: https://vip.arizona.edu/viplab_data_explorer.php

LTDRS5: https://ltdr.modaps.eosdis.nasa.gov/cqgi-bin/ltdr/ltdrPage.cqi?fileName=products



https://earthdata.nasa.gov/
https://earthdata.nasa.gov/
http://globalchange.bnu.edu.cn/research/lai
https://www.ncei.noaa.gov/data/avhrr-land-leaf-area-index-and-fapar/access/
http://sites.bu.edu/cliveg/datacodes/
http://www.globalmapping.org/
https://land.copernicus.eu/global/products/lai
https://land.copernicus.eu/global/products/ndvi
https://ecocast.arc.nasa.gov/data/pub/gimms/3g.v1/
https://vip.arizona.edu/viplab_data_explorer.php
https://ltdr.modaps.eosdis.nasa.gov/cgi-bin/ltdr/ltdrPage.cgi?fileName=products

Table. S5 | CMIP5 models used in this study.

Model abbreviation Historical RCP2.6 RCP4.5 RCP6.0 RCP8.5
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