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S1. Computation for net radiation (Rn)

S1.1. The MSWX-Past R

For comprehensively utilizing radiation variables [e.g., downward shortwave radiation (R4, W/m?), and downward

longwave radiation (Rz, W/m?)], the MSWX-Past R, (W/m?) can be expressed as:

R, =1 —a)R,s + Ry, (S1a)

a=ay — (a, —a;)exp(—0.56LAI) (S1b)
5.67 4

Rnl = SRdl - Sm (Tmean + 27316) (SlC)

where a is land surface albedo (unitless), which is related to the albedo of the “closed” canopy (i.e., om, unitless) and the bare
soil (o, unitless; Uchijima, 1976); R,; is net longwave radiation (W/m?); Ty.eqn is mean air temperature at 2 m height (°C); ¢
denotes land surface emissivity (unitless). Considering the major focus of PET in this study, os is set to 0.1 to represent the
albedo of the wet bare soil (Shuttleworth, 1993). an is collected from the literature and varies among land use/land cover

(LULC) types (Table S1; Zhou et al., 2006).

S1.2. The ERAS and MERRA-2 R,

The ERAS5 and MERRA-2 provide net shortwave radiation (R,,, W/m?) and R,;, and therefore the corresponding R, can
be obtained using the equation below:

Ry =Rys + Ry (82)

S1.3. The CRU TS4.06 R»

Due to lack of Ry within the CRU TS4.06, the CERES satellite-based Rgs will be used to estimate the1982-2015 Rgs time
series based on the physical relationship between Rgs and cloud cover (CId, unitless). In this study, the cloud-based Rgs

algorithm of Reddy (1974) is used, and the major equations and the detailed procedures are shown below.

Rys = [as + bg(1 — Cld)]R, (S3a)
1666.67 ) ) .
R, = — Gsod, [ws sin( @) sin(8) + cos(P) cos(d) sin(wy)] (S3b)
2m
dr =1+ 0.033 cos(%]) (S3¢)
. 2m
6 = 0.0409 sm(%] —1.39) (S3d)
Thimg + T R
Ry = a%m“""( [0.34 — 0.14Vea] (1.35R—"’S - 0.35> (S3e)
S0
Rs = (a5 + by)R, (S3f)

where Re (W/m?) and G (= 1366.67 W/m?) are extraterrestrial radiation and solar constant, respectively; dr denotes inverse
relative distance Earth-Sun; ws (rad), ¢ (rad) and 6 (rad) denotes sunset hour angle, latitude and solar decimation of a given
weather site, respectively; J represents the number of the day in the year between 1 (i.e., 1 January) and 365 or 366 (i.e., 31

December); ay is regression constant, expressing the fraction of R, reaching the Earth on overcast days (i.e., Cld=1); and astb



represents fraction of R, reaching the earth on clear days (i.e., Cld=0); o is Stefan-Boltzmann constant; Tmaxk (K) and Tmink
(K) denote maximum and minimum absolute temperature, respectively.

Despite that the reference values for a; (=0.25) and b, (=0.50) are given in Allen et al. (1998), their spatio-temporal
differences may impact the accuracy of the estimated Ry. Thus, we firstly resampled the CERES Rgs into 0.5° =<0.5° for meeting
the CRU TS4.06 CId resolution, and used the linear regression to fit a, and b, of EQ. S6a in each month at each CRU TS4.06
grid with the CERES Rgs and the Cld in 2001-2015 and the least square method. Subsequently, these coefficients were be
employed to calculate monthly Rgs at each grid during 1982—-2015 based on the CRU ClId data. In this study, we would like to
follow the computation procedures from Allen et al. (1998) to calculate Ry (i.e. EQs. S6e and S6f). At last, R, can be calculated

based on EQ. S4a.



S2. Computation for vapour deficit pressure (D)

S2.1. The MSWX-Past D

17.27T, 17.27T,,;
0.6108exp (5375 1 2%—) + 0.6108exp (5777 -
e, = 237.3 + Thax - 237.3 + Tin (543)

D = e,(1 - Rh) (S4b)

where e; is the saturated vapour pressure (kPa); Rk is the relative humidity (%); Toin and Tiey is the minimum and maximum

air temperatures (°C).

S2.2. The CRU TS4.06 D

D=e;—e, (S5)

where e; is estimated based on EQ. S4a and the CRU TS4.06 minimum and maximum air temperatures; ¢, is the actual vapour

pressure (kPa).

S2.3. The ERA-5 D

17.27dym

D = es — 061089Xp (m
: m

(S6)

where e, is estimated based on EQ. S7a and the ERA-5 minimum and maximum air temperatures; do, is the dewpoint

temperature (°C).

S2.4. The MERRA-2 D

Sh
0.622

D =e; — Pres (S7)

where e is estimated based on EQ. S7a and the MERRA-2 minimum and maximum air temperatures; Pres is the atmospheric

pressure (kPa); Sh is the specific humidity (kg/kg).



S3. Computation for soil heat flux (G)

The soil heat flux (G, W/m?) is computed according to the equation of Allen et al. (1998):

G = 0-81(Tmean,+1 - mean,—l) (58)

where Tmean-1 and Tmean+1 are the mean air temperatures in pervious and next months (°C), respectively.



S4. Computations for aerodynamic resistance (r%) and soil boundary layer resistance (%)

In this study, the formulation of Shuttleworth and Gurney (1990) is used to compute 7 and r}. Their equations are

shown as:
(a_ 1, Za—dy,  h 1-(Zy+d,p) ) s
W NG Tk, (5P| h (592)
hexp(n) NZyg n(Z0 + dp)
S — — J— R .
Ty = va X{exp( A ) exp A } (S9b)

where 4 is the vegetation height (m); n is the eddy diffusivity decay constant of the vegetation (unitless); K is the eddy
diffusion coefficient at the top of canopy (m?/s); zo. indicates the roughness length of ground (m), and varies with the vegetation
type (Table S1); Zy is the “preferred” roughness length (m), equaling to 0.13%; d, denotes the “preferred” zero plane
displacement (m), and is set to 0.63/%; k (= 0.41) is von Karman’s constant; u= is the friction velocity (m/s); z, is the reference
height (m) and equals to 2+4; dy is the zero plane displacement of canopy (m). All terms within EQ. S1 are parameterized
according to Monteith (1973), Choudhury and Monteith (1988), Shuttleworth and Gurney (1990), Federer et al. (1996), and

Allen et al. (1998), such as,

K, = ku,(h —d,) (S10a)
Zq — dO
. = kua/ln[ _ ] (S10b)
0
_ In(67.87, — 5.42) 510
Ya = Um 1, 67.8h,, — 5.42) (510¢)
h —2z,./0.3, (Closed canopy: LAI > 4)
do = { 025 | o (s10d)
1.1hIn[1 + (c4LAD)?#°], (Sparse growing vegetation: LAI < 4)
zp =min [0.3(h —dy),  zp4 + 0.3h(csLAD?] (S10e)
0.13h, Short vegetation: h < 1
Zoe = 0.05h, Tall vegetation: h > 10 (S10f)
0.139h — 0.009Ah?, Others: 1 < h <10
1.4 x 1073, h=0
Ca = {[—1 + exp (0.909 — 3.03zy./h)]*/4, h >0 (5108)
2.5, Short vegetation: h < 1
n= { 4.25, Tall vegetation: h > 10 (S10h)
2.306 + 0.194h, Others: 1 < h <10

where u, and u,, represent the wind speed at the reference height and the height of measurement above ground surface,
respectively (m/s); A, is the height of measurement above ground surface (m); zo is the roughness length of canopy (m),

however z. is that for a “closed” canopy (m); ¢, is the mean drag coefficient for individual leaves (unitless).



S5. Computation for vegetation boundary layer resistance (%)

According to Shuttleworth and Wallace (1985), Shuttleworth and Gurney (1990), and Brisson et al. (1998), all leaf

boundary layers are in parallel and then the 7{ can be expressed as:

) e (-3

= S11
Ta 2LAI (511a)
_ Winaxs for perennial vegetation
W= {wmax[l — exp(—0.6LAD)] for annual vegetation (S11b)

where w denotes canopy characteristic leaf width (m), while wy.qx is maximum vegetation leaf width (m; Table S1); uy is

the wind speed at the top of canopy (m/s).



S6. Computation for soil surface resistance (r3)

In this study, the parameter of 7;° is estimated based on Villagarcia et al. (2010), and can be written as:
s = x02, (812)
where 0y, is saturated water content in soil (cm3/cm?), while x and y are the fitting coefficients for this equation. Considering
differences in 7¢¥ under different vegetation coverage conditions, the coefficients of x (y) are set to 111.86 (-0.58) for plant

position but 36.821 (-1.42) for bare soil position. The global 6y, at the first soil layer (i.e., 0-0.0451 m) is used here, and

collected from http://globalchange.bnu.edu.cn/research/soil5.jsp (Dai et al., 2019a, 2019b).



(b) =

1.0 i _
08 0.4 T T
0.6
02
0.4 <
® 02 B
=
0 =
-0.2
-0.2
04 1 04
-0.6
2590 - 1.0{(
20 05
15 3

RMSE (W/m?)
>
KGE
s
wn

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure S1: Monthly validation result for net shortwave radiation estimated based on the CERES satellite-based observations and
the CRU T$S4.06 cloud cover data. The outer edges of the boxes and the horizontal lines within the boxes indicate the 25th, 75th, and

50th percentiles of the validation metrics.



1.000{( 3®) — =
0998 .
g
0.996 m&
o 5
0.994 Pt
=
0.992
-2
0.990 1 o I S I T TN SR T
=3
1.0000
© — 0001
2.5 N 0.9975
. 0.9950
2.0
e 0.9925
£
Zis & 0.9900
10 0.9875
0.9850
03 0.9825
0.9800
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure S2: Monthly validation result for CO: concentration estimated based on the Global CO: Distribution product from Japan
Meteorological Agency. The outer edges of the boxes and the horizontal lines within the boxes indicate the 25th, 75th, and 50th

percentiles of the validation metrics.
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Figure S3: Spatial distribution of the reconstructed canopy height in 1982 across the globe.
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Figure S4: Comparison of the monthly PET estimates based on the daily and monthly meteorological variables. The outer edges of

the boxes and the horizontal lines within the boxes indicate the 25th, 75th, and 50th percentiles of the validation metrics.
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Figure S5: Validation results for the calibrated SW model by the observations at all of 96 sites. (a): Comparison for daily PET at all
of 96 sites. (b-e): Comparison for daily PET for each LULC. (f): Comparison for site mean PET at all of 96 sites. (g-j): Comparison
site mean PET for each LULC. (k-n) Boxplots of the validation metrics of daily PET simulations for each LULC. The whiskers
represent the minimum and maximum values of the model performance metrics. The outer edges of the boxes and the horizontal

lines within the boxes indicate the 25th, 75th, and S50th percentiles of the validation metrics.
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Figure S7: Validation results for the SW model calibrated using the data points without gap-filling. (a): Comparison for daily PET
at all of 96 sites. (b-e): Comparison for daily PET for each LULC. (f): Comparison for site mean PET at all of 96 sites. (g-j):

Comparison site mean PET for each LULC.



Table S1: Some typical PET models

Proposed by Equation Timescale
Dalton (1802)? PET = (0.3648 + 0.07223u)(es — eg,) Monthly
Thornthwaite (1948)° PET = 16N, (10T eqn) Monthly
Turc (1961)° PET = 0.013[Nyean/ (Tmean + 15)](Ry, + 50) Daily/Monthly
Hargreaves and Samani (1985)° PET = 0.0145KRgR (T, + 17.8)T2*° Daily/Monthly/Yearly
Penman (1948)¢ PET = AH +y(es —ea)f (W) Daily
A+y
Monteith (1965)¢ pir < ABn = &) + [pcy(es — e/ Daily
A+y(1l+1/ry)
Allen et al. (1998) (FAO-56 ppr = ZA0BAR, — G) + yules — €a)[900/(Tinean + 273)] Hourly/Daily/Monthly

A+y(1+0.34u)
Penman-Monteith)¢

Note: ¢, °, ¢ and ¢ represent mass-transfer-based, temperature-based, radiation-based, and combination PET models, respectively. T, is
differences in the maximum (7max) and the minimum (7min) temperatures, i.e., Ty = Tnayx — Tmin- Krs is empirical coefficient fitted to Ras/R.

versus 7 data. f{u) is a function of wind speed. s represents surface or canopy resistance, while and 7, represents aerodynamic resistance.



Table S2: Basic information of the used 96 EC sites for calibrating the SW model in this study

IGBP LULC Latitude  Logtitude Altitude Unstressed
Names Country Date
type ©) ©) (m) days
US-SP1& 29.74 -82.22 50 USA 2005/1/1—12/31 8
US-Sp22 29.76 -82.24 50 USA 2000/1/1—2004/12/31 36
CA-Qcu? 49.27 -74.04 392 Canada 2002/1/1—2006/12/31 10
DE-Bay? 50.14 11.87 / Germany 1997/1/1—1999/12/31 11
DE-Lkhb¢ 49.10 13.30 1308 Germany 2009/1/1—2013/12/31 8
CA-SF2be 54.25 -105.88 536 Canada 2001/1/1—2005/12/31 13
CA-SF1be 54.49 -105.82 520 Canada 2003/1/1—2006/12/31 13
FI-Hyybe 61.85 24.29 181 Finland 1996/1/1—2014/12/31 11
IT-SRoP¢ 43.73 10.28 6 Italy 1999/1/1—2012/12/31 18
Evergreen IT-Renbe 46.59 11.43 1730 Italy 1998/1/1—2013/12/31 14
Needle Forest DE-ObeP¢ 50.79 13.72 735 Germany 2008/1/1—2014/12/31 13
(ENF) CA-TP1be 42.66 -80.56 265 Canada 2002/1/1—2014/12/31 27
CA-Qfobe 49.69 -74.34 382 Canada 2003/1/1—2010/12/31 18
RU-Fyobe 56.46 32.92 265 Russia 1998/1/1—2014/12/31 16
IT-Lavbe 45.96 11.28 1353 Italy 2003/1/1—2014/12/31 31
US-Blo®¢ 38.90 -120.63 1315 USA 1997/1/1—2007/12/31 46
The 38
NL-Loob® 52.17 5.74 25 1996/1/1—2014/12/31
Netherlands
DE-Thab¢ 50.96 13.57 380 Germany 1996/1/1—2014/12/31 52
US-Me2b¢ 44.45 -121.56 1253 USA 2002/1/1—2014/12/31 43
US-NR1P¢ 40.03 -105.55 3050 USA 1998/1/1—2014/12/31 79
AU-Cow*® -16.24 145.43 86 Australia 2010/1/1—2015/12/31 17
AU-Ctre -16.10 145.45 66 Australia 2010/1/1—2017/12/31 8
Evergreen US-Sp3? 29.75 -82.16 50 USA 1999/1/1—2004/12/31 23
Broadleaf AU-RobP¢ -17.12 145.63 710 Australia 2014/1/1—12/31 9
Forest (EBF) BR-Sa3b¢ -3.02 -54.97 100 Brazil 2000/1/1—2004/12/31 13
AU-WomPe -37.42 144.09 705 Australia 2010/1/1—2014/12/31 15
FR-Puebe 43.74 3.60 270 France 2000/1/1—2014/12/31 37




AU-Tumbe -35.66 148.15 1200 Australia 2001/1/1—2014/12/31 46
Deciduous FHKde 35.44 138.76 1100 Japan 2006/1/1—2013/12/31 17
Needle Forest
13
TMKdef 42.74 141.52 140 Japan 2001/1/1—2004/12/31
(DNF)
AU-LoxPe -34.47 140.66 / Australia 2008/1/1—2009/12/31 11
IT-PT1be 45.20 9.06 60 Italy 2002/1/1—2004/12/31 12
CA-TPDPe 42.64 -80.56 260 Canada 2012/1/1—2014/12/31 12
Deciduous DK-Sorb¢ 55.49 11.64 40 Denmark 1996/1/1—2014/12/31 10
Broadleaf IT-Ro2be 42.39 11.92 160 Italy 2002/1/1—2012/12/31 20
Forest (DBF) IT-Colbe 41.85 13.59 1560 Italy 1996/1/1—2014/12/31 16
DE-Hai®® 51.08 10.45 430 Germany 2000/1/1—2012/12/31 27
US-MOz? 38.74 -92.20 219 USA 2005/1/1—2006/12/31 13
FR-Hes? 48.67 7.07 / France 1997/1/1—2006/12/31 39
US-SyvPe 46.24 -89.35 540 USA 2001/1/1—2014/12/31 21
CA-GroPe 48.22 -82.16 340 Canada 2003/1/1—2014/12/31 21
Mixed Forest BE-VieP® 50.30 6.00 493 Belgium 1996/1/1—2014/12/31 17
(MF) 2001/8/1—2002/12/31; 27
TSEde 45.06 142.11 70 Japan
2004/1/1—2012/12/31
GDKde 37.75 127.15 252 Korea 2004/1/1—2008/12/31 10
Closed US-KS2be 28.61 -80.67 3 USA 2003/1/1—2006/12/31 18
Shrubland 2004/1/1—2014/12/31 25
IT-NoeP® 40.61 8.15 25 Italy
(CSH)
Open CA-SF3be 54.09 -106.01 540 Canada 2001/1/1—2006/12/31 17
Shrubland 2007/1/1—2012/12/31
ES-AmoP¢ 36.83 -2.25 1200 Espain
(OSH) 34
Woody AU-RDFb® -14.56 132.48 171 Australia 2011/1/1—2013/12/31 15
Savannah 2001/1/1—2014/12/31
US-TonPe 38.43 -120.97 177 USA
(WSA) 57
BW-Mal? -19.92 23.56 ~930 Botswana 2000/1/1—12/31 13
Savannah
ES-LMa? 39.94 -5.77 265 Spain 2004/1/1—2006/12/31 9
(SAV)
SD-Demb® 13.28 30.48 500 Sudan 2005/1/1—2009/12/31 16




AU-Drybe -15.26 132.37 180 Australia 2008/1/1—2014/12/31 20
AU-DasP¢ -14.16 131.39 53 Australia 2008/1/1—2014/12/31 29
AU-Cprbe -34.00 140.59 53 Australia 2010/1/1—2014/12/31 36
AU-Sam° -27.39 152.88 87 Australia 2011/1/1—2017/12/31 45
US-Aud? 31.59 -110.51 1469 USA 2003/1/1—2005/12/31 24
PT-Mi2? 38.48 -8.02 ~240 Portugal 2005/1/1—2006/12/31 9
ES-VDA? 42.15 1.45 / Spain 2004/1/1—2004/12/31 10
HU-Bug? 46.69 19.60 / Hungary 2003/1/1—2006/12/31 12
US-FPe? 48.31 -105.10 634 USA 2000/1/1—2006/12/31 30
CN-Du2b¢ 42.05 116.28 / China 2006/1/1—2008/12/31 12
CN-Du3b¢ 42.06 116.28 / China 2009/1/1—2010/12/31 12
RU-Ha1P¢ 54.73 90.00 446 Russia 2002/1/1—2004/12/31 13
US-ARbbe 35.55 -98.04 424 USA 2005/1/1—2006/12/31 16
US-ARcP® 35.55 -98.04 424 USA 2005/1/1—2006/12/31 16
CN-HamP#e 37.37 101.18 / China 2002/1/1—2004/12/31 15
IT-Torbe 45.84 7.58 2160 Italy 2008/1/1—2014/12/31 23
Grassland
US-LWwpbe 34.96 -97.98 365 USA 1997/1/1—1998/12/31 19
(GRA)
AT-NeuPe 47.12 11.32 970 Austria 2002/1/1—2012/12/31 13
AU-TTEP® -22.29 133.64 553 Australia 2012/1/1—2014/12/31 18
AU-RigPe -36.65 145.58 162 Australia 2011/1/1—2014/12/31 17
AU-Emrbe -23.86 148.47 / Australia 2011/1/1—2013/12/31 23
US-AR2b¢ 36.64 -99.60 646 USA 2009/1/1—2012/12/31 27
CN-CngP¢ 44.59 12351 / China 2007/1/1—2010/12/31 20
US-Goo®* 34.25 -89.87 87 USA 2002/1/1—2006/12/31 32
US-AR1be 36.43 -99.42 611 USA 2009/1/1—2012/12/31 31
DE-GriP¢ 50.95 1351 385 Germany 2004/1/1—2014/12/31 37
AU-Stpbe -17.15 133.35 225 Australia 2008/1/1—2014/12/31 39
US-SRGP® 31.79 -110.83 1291 USA 2008/1/1—2014/12/31 70
US-WkgPe 31.74 -109.94 1531 USA 2004/1/1—2014/12/31 80
US-Varbe 38.41 -120.95 129 USA 2000/1/1—2014/12/31 126
Cropland US-Bo1? 40.01 -88.29 219 USA 1997/1/1—2006/12/31 65




(CRO) IT-CA2be
US-CRTPe
US-Twtbe
BE-Lon®¢
DE-KIiPe
FR-Gribe
US-ARMbPe
DE-GebP¢
US-Nelbe
US-Ne2be
US-Ne3be

MSEde

42.38

41.63

38.11

50.55

50.89

48.84

36.61

51.10

41.17

41.16

41.18

36.05

12.03

-83.35

-121.65

4.75

13.52

1.95

-97.49

10.91

-96.48

-96.47

-96.44

140.03

200

180

-7

167

478

125

314

162

361

362

363

13

Italy
USA
USA
Belgium
Germany
France
USA
Germany
USA
USA
USA

Japan

2011/1/1—2014/12/31

2011/1/1—2013/12/31

2009/1/1—2014/12/31

2004/1/1—2014/12/31

2004/1/1—2014/12/31

2004/1/1—2014/12/31

2003/1/1—2012/12/31

2001/1/1—2014/12/31

2001/1/1—2013/12/31

2001/1/1—2013/12/31

2001/1/1—2013/12/31

2001/1/1—2006/12/31

11

13

10

13

19

46

56

87

95

92

22

Note: 2, P ¢ and 9 represent that the sites are from LaThuile (https://fluxnet.org/data/la-thuile-dataset/), FLUXNET2015 Tier-2

(http://fluxnet.fluxdata.org/data/fluxnet2015-dataset/),

OzFlux

(https://data.ozflux.org.au/portal/home.jspx),

and

AsiaFlux

(http://asiaflux.net/?page_id=23), respectively. ¢ (") suggests that LAI (CO2 concentration) is not measured at this site and the GLASS LAl

product (CO2 concentration at Mauna Loa) will be used instead.



Table S3: Typical height for the 5 CSCS-based GRA groups

CSCS-based GRA group Height (m) Sources or references of the used EC sites

Tundra and alpine steppe GRA 0.32 CN-HaM?, GL-ZaH?, QHB®, and DK-ZaH?

Semi desert GRA 0.39 Shapotou¢, CN-Sw2?, Xiziwang Banner¢, US-Cop?, AU-Ync?, US-SRG?, US-
Aud?, and AU-Same

Savanna 0.78 US-Wkg¢, AU-Emr?, AU-Stp?, AU-DaP?

Steppe GRA 0.28 US-FPed, KBUP, AU-Rig?, US-AR1Y, US-AR29, US-Vard, PT-Mi2?

Temperate zonal humid GRA 0.43 Inner Mongolia®, Xilinhot¢, CN-Du3?, DK-Eng?, IT-MBo, CN-Du2? DK-Lva?,
US-Bkg¢, Duolun®, Hulun Buir®

Temperate zonal forest steppe GRA 0.52 CN-Cng?, HU-Bug?, LSHP, YCSP, Ansai®, AT-Neu?, CN-Dan?, IT-Tor?, RU-
Hal?, SE-Deg? HBGP, Arou®, CH-Cha?, CH-Fru? CH-Oel? CZ-BK2? DE-
RuR?, DE-Gri?, FR-Lq1? FR-Lg2?, IT-Mala, ES-VDA?, IE-Dria, NL-Hor?, US-
1B23, IT-Amp?, and NL-Cal?

Sub-tropical zonal forest steppe GRA 0.46 US-Arbd, US-Arcd, US-LWW¢, AU-Sam?, US-Goo¢, and HFK®

Frigid desert GRA 0.33 Yin etal., (2019)

Warm desert GRA 0.50 White (1983), Suttie et al. (2005), Kadeba et al. (2015)

Tropical zonal forest steppe GRA 0.60 Prakash et al., (2020)

Note: 2, 5 ¢ and 9 represent that the sites are from FLUXNET (http:/fluxnet.fluxdata.org/), AsiaFlux (http://asiaflux.net/), ChinaFLUX

(http://www.chinaflux.org/), AmeriFlux (https://ameriflux.lbl.gov/), HIWATER (https://data.tpdc.ac.cn/zh-hans/special/heihe/), and OzFlux

(https://data.ozflux.org.au/portal/lhome.jspx), respectively.



Table S4: Cropland height (Allen et al., 1998)

Cropland types Height (m) Cropland types Height (m) Cropland types Height (m)
Arabica coffee 2.50 Other fibre crops 1.35 Small millet 1.50
Banana 3.50 Oilpalm 8.00 Sorghum 2.25
Barley 1.00 Other oil crops 0.55 Soybean 0.75
Bean 0.40 Other pulses 0.80 Sugarbeet 0.45
Cassava 1.25 Other roots 0.50 Sugarcane 3.00
Chickpea 0.40 Pigeonpea 0.50 Sunflower 2.00
Coconut 8.00 Plantain 5.00 Sweet potato 0.40
Cocoa 3.00 Pearl millet 2.00 Tea 1.75
Cotton 1.35 Potato 0.60 Temperate fruit 3.92
Cowpea 0.40 Rapeseed 0.60 Tobacco 1.35
Groundnut 0.40 Robusta coffee 6.00 Tropical fruit 0.90
Lentil 0.50 Rest of crops 0.98 Vegetables 0.43
Maize 1.75 Rice 1.00 Wheat 1.00
Other cereals 1.00 Sesameseed 1.00 Yams 1.60




Table S5: kex, w, 2og and am values for various LULC types

LULC types CRO FR GRA SHRB Tundra  Barren land Snow/Ice
kex* (unitless) 0.62 0.47 0.50 0.56 0.55 0 0

Wanar? (M) 0.01 0.034 0.01 0.01 0.01 / /

20g° (m) 0.005 0.02 0.01 0.02 0.01 0.001 0.001

an® (unitless) 0.20 0.17 0.23 0.18 0.23 0.15 0.70

491 co2° (%) 0.36 0.23 0.25 0.40 0.36 / /

Note: 2 represents this parameter is from Zhang et al. (2014) and van der Kolk et al. (2016), while ® indicates this parameter comes from
Zhou et al. (2006). ® indicates that this parameter is obtained from Morison and Gifford (1984), Field et al. (1995), Saxe et al. (1998),

Neitsch et al. (2002), Eckhardt and Ulbrich (2003), and Wu et al. (2017).



Table S6: The calibrated values of rsmin for each GLASS-GLC type

GLASS-GLC types Tsmin (/M)
CRO 52.96

FR 104.91
GRA 115.94
SHRB 115.56
Tundra 80.00%
Barren land 120.002
Snow/Ice 02

Note: 2 represents that rsmi» is from Zhou et al. (2006).
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