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Fig. S1. Comparison of land surface temperature sensitivity to tree cover gain () between this paper and the previous study(1). (a) Global pattern of  from the previous study. (b) Comparison of latitudinal pattern of  from this study and previous study. (c) and (d) Same with (a) and (b), but for maximum temperature sensitivity (). (e) and (f) Same with (a) and (b), but for minimum temperature sensitivity (). 
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Fig. S2. Annual mean temperature sensitivity to potential 100% tree cover gain derived from GFC tree cover data. (a) Global pattern of air temperature sensitivity (). (b) Global pattern of land surface temperature sensitivity (). (c) The variation of  and  across latitudinal bands, with the shaded area indicating the standard deviation across space. (d–g) The probability density of  and  across northern high-latitudes (>50°N), northern mid-latitudes (20°–50°N), tropics (20°S–20°N) and southern mid-latitudes (20°–50°S).




[image: ]





Fig. S3. Seasonally pattern of air temperature sensitivity () and land surface temperature sensitivity () to 100% tree cover gain in (a) northern high-latitudes, (b) northern mid-latitudes, (c) low-latitudes, and (d) southern mid-latitudes. The error bars indicate the spatial standard deviation. The figures below or above the bars indicate the ratio of  to . Only months with significant temperature effects are shown. 


[image: ]







[bookmark: _Hlk149730943]Fig. S4. Annual mean daily maximum air temperature and land surface temperature sensitivity to potential tree cover gain. (a) Global pattern of daily maximum air temperature sensitivity (). (b) Global pattern of daily max land surface temperature sensitivity (). (c) The variation of  and  across latitudinal bins, shaded area indicates the standard deviation. (d–g) The probability density of  and across northern-high latitudes (>50°N), northern mid-latitudes (20°–50°N), tropics (20°S–20°N) and southern mid-latitudes (<50°S).
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Fig. S5. Annual mean daily minimum air temperature and land surface temperature sensitivity to potential tree cover gain. (a) Global pattern of daily minimum air temperature sensitivity (). (b) Global pattern of daily minimum land surface temperature sensitivity (). (c) The variation of  and  across latitudinal bins, shaded area indicates the standard deviation. (d–g) The probability density of  and  across northern-high latitudes (>50°N), northern mid-latitudes (20°–50°N), tropics (20°S–20°N) and southern mid-latitudes (<50°S).
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Fig. S6. Validation of the land surface temperature and air temperature sensitivity to forestation using Berkeley Earth Surface Temperatures (BEST) dataset as the background. (a) Remote sensing-based relationships between daily mean temperature sensitivities ( and ) with background shortwave radiation (SWd). (b) In-situ-based relationships between daily mean temperature sensitivities ( and ) with SWd. (c) Same as (a), but for the maximum temperature sensitivities from remote sensing data ( and ). (d) Same as (b), but for the daily maximum temperature sensitivities from in-situ measurements ( and ).
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Fig. S7. Examples of air temperature sensitivity gap-filling results. (a) Global map of gap-filled mean air temperature sensitivity (). (b) Density scatter plot between the original  and gap-filled . The R2 indicates the coefficient of determination. (c–d) Same as (a–b), but for the gap-filling results of daily max air temperature sensitivity (). 
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Fig. S8. Global map of forest restoration potential. (a) Tree cover of 2020(2) (TC2020). (b) Potential tree cover under current climate(3) (PTC). (c) Tree restoration potential (ΔTC).
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Fig. S9. Biophysical annual temperature effect of potential tree restoration for regions with restoration area larger than 15%. (a) Global pattern of mean air temperature response to potential tree restoration (). (b) Global pattern of daily maximum air temperature response to potential tree restoration (). (c) Rank of eight countries with most tree restoration potential area (ΔTC). (d) Corresponding mean  in the eight countries. (e) The ratio of  to the biochemical temperature effect () in the eight countries. (f) Same as (d), but for . (g) Same as (e), but for the ratio of  to the biochemical maximum temperature effect (). 
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Fig. S10. Calculation process for biochemical temperature effects. (a) Global map of above ground biomass carbon sensitivity to forest cover (). (b) Global map of below ground biomass carbon sensitivity to forest cover (). (c) Global map of transient climate response to cumulative emissions of CO2 (TCRE) for mean temperature. (d) Same as (c), but for maximum temperature. (e) Global map of biochemical mean air temperature effect of tree restoration (). (f) Same as (e), but for maximum temperature effect ().
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Fig. S11. Examples of uncertainty analysis of the biophysical climate effect of potential forestation. (a) Uncertainty of the annual mean air temperature sensitivity to forestation (). (b) Uncertainty of the tree restoration potential (ΔFC). (c) Uncertainty of the local climate effect of tree restoration (). 







Table S1. Descriptions and access information of the datasets.
	Dataset
	Resolution
	Link

	GLOBMAP fractional tree cover
	250 m
	https://zenodo.org/records/10589730

	[bookmark: _Hlk158209389]Global 2010 Tree Cover
	30 m
	https://glad.umd.edu/dataset/global-2010-tree-cover-30-m

	Global potential tree cover
	1000 m
	Google earth engine script provided in ref.(19)

	MODIS land surface temperature (MOD/MYD11A1)
	1000 m
	https://ladsweb.modaps.eosdis.nasa.gov/search/

	Satellite based air temperature data
	1000 m
	https://iastate.figshare.com/collections/A_global_1_km_resolution_daily_near-surface_air_temperature_dataset_2003_2020_/6005185

	The Joint Research Center Global Surface Water Mapping Layers
	30 m
	https://developers.google.com/earth-engine/datasets/catalog/JRC_GSW1_4_GlobalSurfaceWater

	GMTED2010 digital elevation model
	250 m
	https://developers.google.com/earth-engine/datasets/catalog/USGS_GMTED2010

	CRU TS4.06 climate data
	0.5°
	https://catalogue.ceda.ac.uk/uuid/e0b4e1e56c1c4460b796073a31366980

	Berkeley Earth Surface Temperatures
	1°
	https://berkeleyearth.org/data/

	ERA5-Land reanalysis
	0.1°
	https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-land-monthly-means

	GLEAM soil moisture
	0.25°
	https://www.gleam.eu/

	Global cropland extent
	30 m
	https://glad.umd.edu/dataset/croplands/

	Global Forest Change (GFC) 
	30 m
	https://storage.googleapis.com/earthenginepartners-hansen/GFC-2022-v1.10/download.html

	Global artificial impervious area (GAIA) 
	30 m 
	https://data-starcloud.pcl.ac.cn/zh/resource/13

	Global Aboveground and Belowground Biomass Carbon Density Maps
	300 m
	https://developers.google.com/earth-engine/datasets/catalog/NASA_ORNL_biomass_carbon_density_v1

	CMIP6 simulations
	/
	https://esgf-node.llnl.gov/search/cmip6/.

	FLUXENET2015 dataset
	/
	https://fluxnet.org/



Table S2. Detailed information of the FLUXNET sites used in the sensitivity validation. The first row gives the site name; the second and third rows give the location information of each site; the fourth row gives the land cover type (ENF: evergreen needleleaf forests; EBF: evergreen broadleaf forests; DBF: deciduous broadleaf forests; MF: mixed forests; CRO: croplands; GRA: grasslands; OSH: open shrublands; CSH: closed shrublands; SAV: savannas; WSA: woody savannas; WET: permanent wetlands); the fifth row gives the whether the site was used in the attributional analysis. 

	Name
	Latitude
	Longitude
	Landcover
	Used in Attribution Analysis

	AT-Neu
	47.11667
	11.3175
	GRA
	√

	AU-Ade
	-13.0769
	131.117
	WSA
	√

	AU-ASM
	-22.283
	133.249
	ENF
	√

	AU-Cpr
	-34.0021
	140.5891
	SAV
	√

	AU-Cum
	-33.6152
	150.7236
	EBF
	√

	AU-DaP
	-14.0633
	131.3181
	GRA
	√

	AU-DaS
	-14.1593
	131.3881
	SAV
	√

	AU-Dry
	-15.2588
	132.3706
	SAV
	√

	AU-Emr
	-23.8587
	148.4746
	GRA
	√

	AU-Gin
	-31.3764
	115.7138
	WSA
	√

	AU-GWW
	-30.1913
	120.6541
	SAV
	√

	AU-How
	-12.4943
	131.1523
	WSA
	√

	AU-Lox
	-34.4704
	140.6551
	DBF
	√

	AU-RDF
	-14.5636
	132.4776
	WSA
	√

	AU-Rig
	-36.6499
	145.5759
	GRA
	√

	AU-Rob
	-17.1175
	145.6301
	EBF
	

	AU-Stp
	-17.1507
	133.3502
	GRA
	√

	AU-TTE
	-22.287
	133.64
	OSH
	√

	AU-Wac
	-37.4259
	145.1878
	EBF
	

	AU-Whr
	-36.6732
	145.0294
	EBF
	√

	AU-Wom
	-37.4222
	144.0944
	EBF
	√

	AU-Ync
	-34.9893
	146.2907
	GRA
	√

	BE-Bra
	51.30761
	4.51984
	MF
	√

	BE-Lon
	50.5516
	4.74613
	CRO
	

	BR-Sa3
	-3.01803
	-54.9714
	EBF
	

	CA-Gro
	48.2167
	-82.1556
	MF
	√

	CA-Oas
	53.62889
	-106.198
	DBF
	

	CA-Obs
	53.98717
	-105.118
	ENF
	√

	CA-Qfo
	49.6925
	-74.3421
	ENF
	√

	CA-SF1
	54.48503
	-105.818
	ENF
	√

	CA-SF2
	54.25392
	-105.878
	ENF
	

	CA-SF3
	54.09156
	-106.005
	OSH
	√

	CA-TP4
	42.71016
	-80.3574
	ENF
	

	CA-TPD
	42.63533
	-80.5577
	DBF
	√

	CH-Cha
	47.21022
	8.41044
	GRA
	√

	CH-Dav
	46.81533
	9.85591
	ENF
	√

	CH-Fru
	47.11583
	8.53778
	GRA
	√

	CH-Oe1
	47.28583
	7.73194
	GRA
	

	CN-Cng
	44.5934
	123.5092
	GRA
	

	CZ-BK1
	49.50213
	18.53686
	ENF
	

	CZ-BK2
	49.49443
	18.54285
	GRA
	

	CZ-wet
	49.02465
	14.77035
	WET
	

	DE-Geb
	51.1001
	10.9143
	CRO
	

	DE-Gri
	50.95004
	13.51259
	GRA
	√

	DE-Hai
	51.07917
	10.453
	DBF
	√

	DE-Kli
	50.89306
	13.52238
	CRO
	

	DE-Lkb
	49.09962
	13.30467
	ENF
	

	DE-Lnf
	51.32822
	10.3678
	DBF
	√

	DE-Obe
	50.78666
	13.72129
	ENF
	√

	DE-RuR
	50.62191
	6.30413
	GRA
	√

	DE-RuS
	50.86591
	6.44717
	CRO
	

	DE-SfN
	47.80639
	11.3275
	WET
	

	DE-Tha
	50.96235
	13.56516
	ENF
	√

	DK-Sor
	55.48587
	11.64464
	DBF
	√

	FI-Hyy
	61.84741
	24.29477
	ENF
	

	FI-Lom
	67.99724
	24.20918
	WET
	

	FR-Gri
	48.84422
	1.95191
	CRO
	

	FR-LBr
	44.71711
	-0.7693
	ENF
	

	FR-Pue
	43.7413
	3.5957
	EBF
	

	GF-Guy
	5.27877
	-52.9249
	EBF
	

	GH-Ank
	5.26854
	-2.69421
	EBF
	

	IT-BCi
	40.52375
	14.95744
	CRO
	

	IT-CA1
	42.38041
	12.02656
	DBF
	

	IT-CA2
	42.37722
	12.02604
	CRO
	

	IT-CA3
	42.38
	12.0222
	DBF
	

	IT-Col
	41.84936
	13.58814
	DBF
	

	IT-Isp
	45.81264
	8.63358
	DBF
	

	IT-La2
	45.9542
	11.2853
	ENF
	

	IT-Lav
	45.9562
	11.28132
	ENF
	√

	IT-MBo
	46.01468
	11.04583
	GRA
	√

	IT-Noe
	40.60618
	8.15117
	CSH
	

	IT-Ren
	46.58686
	11.43369
	ENF
	√

	IT-Ro1
	42.40812
	11.93001
	DBF
	

	IT-Ro2
	42.39026
	11.92093
	DBF
	

	IT-SR2
	43.73203
	10.29095
	ENF
	

	IT-SRo
	43.72786
	10.28444
	ENF
	

	IT-Tor
	45.84444
	7.57806
	GRA
	√

	JP-SMF
	35.2617
	137.0788
	MF
	

	MY-PSO
	2.973
	102.3062
	EBF
	

	NL-Hor
	52.24035
	5.0713
	GRA
	√

	NL-Loo
	52.16658
	5.74356
	ENF
	√

	NO-Adv
	78.186
	15.923
	WET
	

	RU-Che
	68.61304
	161.3414
	WET
	

	RU-Cok
	70.82914
	147.4943
	OSH
	

	RU-Fyo
	56.46153
	32.92208
	ENF
	

	SE-St1
	68.35415
	19.05033
	WET
	

	US-AR1
	36.4267
	-99.42
	GRA
	√

	US-AR2
	36.6358
	-99.5975
	GRA
	√

	US-ARM
	36.6058
	-97.4888
	CRO
	

	US-CRT
	41.6285
	-83.3471
	CRO
	

	US-GLE
	41.36653
	-106.24
	ENF
	√

	US-Goo
	34.2547
	-89.8735
	GRA
	√

	US-Ivo
	68.4865
	-155.75
	WET
	

	US-Los
	46.0827
	-89.9792
	WET
	

	US-Me2
	44.4523
	-121.557
	ENF
	

	US-Me3
	44.3154
	-121.608
	ENF
	

	US-Me6
	44.32328
	-121.608
	ENF
	

	US-MMS
	39.3232
	-86.4131
	DBF
	√

	US-Ne1
	41.16506
	-96.4766
	CRO
	

	US-Ne2
	41.16487
	-96.4701
	CRO
	

	US-Ne3
	41.17967
	-96.4397
	CRO
	

	US-NR1
	40.0329
	-105.546
	ENF
	√

	US-Oho
	41.5545
	-83.8438
	DBF
	√

	US-Prr
	65.12367
	-147.488
	ENF
	

	US-SRC
	31.9083
	-110.84
	OSH
	

	US-SRG
	31.78938
	-110.828
	GRA
	

	US-SRM
	31.8214
	-110.866
	WSA
	

	US-Syv
	46.242
	-89.3477
	MF
	

	US-Tw4
	38.10298
	-121.641
	WET
	

	US-UMB
	45.5598
	-84.7138
	DBF
	

	US-Var
	38.4133
	-120.951
	GRA
	

	US-WCr
	45.8059
	-90.0799
	DBF
	√

	US-Whs
	31.7438
	-110.052
	OSH
	

	US-Wkg
	31.7365
	-109.942
	GRA
	

	US-WPT
	41.46464
	-82.9962
	WET
	

	ZA-Kru
	-25.0197
	31.4969
	SAV
	√

	ZM-Mon
	-15.4378
	23.25278
	DBF
	√
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