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Table S1. A list of QUINCY simulations

Name Description Sites
QUINCY default default parametrization PLUMBER?2 & GLOBAL
default parametrization,
QUINCY Conly but C-cycle only enabled and PLUMBER2

with a fixed leaf stoichiometry

QUINCY fncn increase

Same as QUINCY default,
but fx e increased by 30 %

PLUMBER?2, only TeBS

QUINCY alter N frac

Same as QUINCY default,
but leaf N allocation with the

alternative scheme (see Section 2.1.2)

PLUMBER?2

QUINCY alter N frac, fx b increase

Same as QUINCY alter N frac,
but fy b increased by 30 %

PLUMBER?2, only TeBS




Table S2. Lanc cover (LC) classes used in the RS chljeas postprocessing. Based on ESA-CCI-LC documentation (ESA, 2017).

’ LC value ‘ LC description H LC value ‘ LC description
. Tree cover, needle-leaved,
10 Cropland, rainfed 81
deciduous, closed (>40%)
Tree cover, needle-leaved,
11 Herbaceous cover 82
deciduous, open (15-40%)
o . Tree cover, mixed leaf type
20 Cropland, irrigated or post-flooding 90
(broad-leaved and needle-leaved)
30 Mosaic cropland (>50%) / natural vegetation 110 Mosaic herbaceous cover (>50%)
(tree, shrub, herbaceous cover) (<50%) /tree and shrub (<50%)
Mosaic natural vegetation (tree, shrub,
40 120 Shrubland
herbaceous cover/ (>50%) / cropland (<50%)
50 | Tree cover, broad-leaved, evergreen, closed to open 121 Evergreen shrubland
60 | Tree cover, broad-leaved, deciduous, closed to open 122 Deciduous shrubland
61 Tree cover, broad-leaved, deciduous, closed 130 Grassland
62 Tree cover, broad-leaved, deciduous, open 140 Lichens and mosses
Sparse vegetation (tree, shrub,
70 | Tree cover, needle-leaved, evergreen, closed to open 150
herbaceous cover) (< 15%)
71 | Tree cover, needle-leaved, evergreen, closed (>40%) 160 | Tree cover, flooded, fresh or brakish water
Shrub or herbaveous cover,
72 | Tree cover, needle-leaved, evergreen, open (15-40%) 180
flooded, fresh/saline/brakish water
%0 Tree cover, needle-leaved,
deciduous, closed to open (>15%)

Table S3. QUINCY plant functional types and the corresponding land cover (LC) types. The LC classes are listed in Table S2

Abbreviation Long name LC classes

BNE Boreal needle-leaved evergreen 70, 71,72, 90, 160

TeNE Temperate needle-leaved evergreen 70,71, 72, 90, 160

BNS Boreal needle-leaved deciduous 80, 81, 82, 90, 160

TeBE Temperate broad-leaved evergreen 40, 50, 90, 160

TeBS Temperate broad-leaved deciduous 40, 60, 61, 62, 90, 160

TrBR | Tropical broad-leaved rain deciduous 60, 61, 62, 90, 160

TrBE Tropical broad-leaved evergreen 50, 90, 160
TeC C3 crops 10, 11, 20, 30, 110, 120, 121, 122, 130, 140, 150, 180
TeH C3 grasslands 10, 11, 20, 30, 110, 120, 121, 122, 130, 140, 150, 180
TrH C4 grasslands 10, 11, 20, 30, 110, 120, 121, 122, 130, 140, 150




Table S4. PFT means of chljeat, the 90th percentile of LAI, and GPP annual sums for the PLUMBER? sites for QUINCY, remote sensing
(RS), and flux tower observations of GPP. The numbers indicate the mean value of the site-level mean chlieo¢ & the standard deviation.
Values are calculated based on site-level mean chliear and GPP mean annual sum. Statistically significant (p < 0.05) correlation coefficients

are marked with an asterisk. The PFT abbreviations are defined in Table 1.

’ PET ‘ chljear (ug cm™2) LAI m?m™?) GPP (gCm2yr—1)

QUINCY RS r QUINCY RS r QUINCY Observations r
BNE | 444494 4134254 0.66* | 3.7+£1.0 3.5+1.1 0.80" 935+365 12354556  0.80*
TeNE | 599489 483£129 0.01 45+04 3.0£1.1 -048 1713377 1805+£241 0.30
TeBE | 40.5+5.8 20.4+5.4 0.85 4.8+03 3.0£14 0.88 19704350 16981369 -0.37
TeBS | 17.9£5.6 22.1+6.1 071" | 4.1£0.6 44+15 042" 1232+367 15394377 0.25

TrBR | 26.4+13.7 10.2£0.0 - 4612 19+1.1 - 182041018 14884483 -
TrBE | 45.7£9.0 55.8=£132 0.22 47+£02 45£13 042 2401607 24454872 0.64
TeC | 13.7£14 2844104 0.11 45+18 33£12 -0.03 14374469 12284303 0.13
TeH | 12.0£2.6 21.1£11.9 -0.04 | 3.1£19 2.6+1.5 0.55* 10044545 977+£687 0.77*
TrH | 453+£53 383£11.3 0.16 21+13 l.6£1.1 059" 756416 902£502 0.52*
all | 28.3+174 31.1£174 061" | 3.7+£1.6 3.1£1.6 051" 12294620 13044658 0.71*

Table S5. Group-based PFT means of chliens and LAI 90th percentile time series for the PLUMBER?2 and GLOBAL sites. The numbers
indicate the mean value = the standard deviation, and the minimum and maximum values are in parentheses. The values are calculated based

on the site-level mean chlieas and LAI 90th percentile.

’ PET ‘ chliear (Ug cm ™2 LAI (m? m™2)
QUINCY Remote sensing QUINCY Remote sensing
BNE | 39.0+7.0 (32.0-62.4) 33.1£17.9 (6.3-95.0) 3.1+1.1 (1.4-52) 3.5£1.0(1.0-5.9)
TeNE | 63.1+8.5(38.9-71.9) 44.5+12.6 (20.5-74.5) | 4.7£0.4 (3.7-5.0)  3.5+1.3 (0.4-5.6)
BNS | 11.8+£1.1(10.5-12.9) 10.7£7.2 (4.0-20.4) 1.24+0.5 (0.5-1.7)  3.0£0.9 (2.1-4.4)
TeBE | 42.3£5.4 (35.6-49.5) 22.748.6 (13.0-37.0) 49404 (4.3-54) 3.3£1.2(1.44.6)
TeBS 16.24+6.4 (5.3-32.8) 20.146.7 (6.7-35.5) 4.140.7 (1.0-5.0) 4.4+£1.3 (1.2-6.3)
TrBR | 20.6+10.4 (13.8-36.1)  13.2£3.5(10.2-16.8) 4.1£09 (3.4-54) 2.7+1.1(1.1-3.8)
TrBE | 46.845.0(33.0-59.7) 57.3£11.9(26.4-78.7) | 5.0+0.3 (4.2-5.5)  5.0£1.0 (2.0-6.1)
TeC | 13.7£1.4(10.5-16.7) 28.44+10.4 (13.2-46.3) | 4.5+1.8(1.9-7.3) 3.3£1.2(1.5-5.2)
TeH 10.0£3.1 (4.6-17.2) 21.9411.0 (2.0-47.1) 24£1.5(04-79) 1.9+1.4(0.2-5.5)
TrH | 49.34+8.6 (31.9-71.8)  38.7+10.3 (12.2-62.4) | 4343.1(0.6-12.2) 1.8+1.3 (0.1-5.4)
all | 31.9£18.7 (4.6-71.9) 32.5+£16.7 (2.0-95.0) | 3.74£2.1 (0.4-12.2) 2.9+1.7 (0.1-6.3)




Table S6. The annual average chljeas + std values and annual GPP sum for FI-Sod and US-NR1. DJF (December—February) and JJA (June—

August) mean values are also listed. The numerical ranges are shown in parentheses after the annual means.

Sodankyld (FI-Sod)
) RS, RS, .
Variable Season | QUINCY In-situ
Croft et al. (2020) | Sentinel-3
s yearly | 35.0£1.2 18.4+4.7 16.1£9.3 | 57.9+10.4
chlicar (Ugcm ™)
mean (33-39) (8-32) (0-51) (40-78)
chliear (ug cm™2) DIJF 33.940.3 18.2+3.8 - -
chlieas(ug cm™?) JJA 36.1+0.6 20.1£5.0 21.1+£6.8 62.6+7.8
o 1 annual
GPP (gCm™“yr ) 545452 - - 602+82
sum
Niwot-Ridge (US-NR1)
) RS, RS, .
Variable Season | QUINCY In-situ
Croft et al. (2020) | Sentinel-3
o yearly | 34.8+0.8 25.3+6.3 33.2+12.4 | 40.5+5.1
chljeat (Mg cm™ )
mean (33-38) (7--52) (3—55) (27—46)
chljear (ug cm™?) DIJF 34.0+0.3 25.5+£29 21.249.3 -
chljear (ug cm™?) JJA 35.5+0.6 24.3+8.9 46.74+4.8 43.242.3
5 annual
GPP (gCm™ yr ™) 467434 - - 845+44
sum




Table S7. PFT mean values for the mean chljeas, LAI 90th percentile and annual GPP for the PLUMBER?2 sites with default QUINCY ("Q

def.", QUINCY with alternative N fraction scheme ("Q alter N") and remote sensing (RS) and eddy flux covariance observations. fx siruct

values are calculated as average JJA (June-August) fractions.

| _ | e ) chlicat (g cm ) LAI (m*m) GPP (gCm™ yr')
T sites | Q Q Q Q RS Q Q RS Q Q Obs
def. alter N def. alter N def. alter N def. alter N

BNE 20 0.66 0.86 444494 16.4+3.2  41.3£254 | 3.7£1.0 3.2+09 3.5&£1.1 9351365 716295 12354556
TeNE 8 0.66 0.86 59.948.9 20.64+2.7  48.3+£129 | 45404 4.1+04 3.1£1.2 | 1713£377 1418+331 18051241
TeBE 4 0.53 0.77 40.5+5.8 22.14+1.7 204454 | 48+03 42403 3.1+£14 | 19704350 1468+236  1698+369
TeBS 25 0.51 0.69 17.945.6 14.9+4.4 22.1+6.1 | 4.1£0.6 3.84+0.5 4.5+15 1231£366 1044+£311 15394377
TrBR 2 0.52 0.69 26.4+13.7 21.7£11.9 10.2+£0.0 | 4.6£1.2 4.14+13 19+£1.1 | 18204+1019  1553+977 14881483
TrBE 9 0.58 0.76 45.74£9.0 26.64+4.7 55.8+13.2 | 4.84+0.2 45402 4.6+1.3 24011607 21254585  2445+£872
TeC 11 0.23 0.65 14.2+1.3 12.14£0.9  31.6+10.3 | 5.3£2.1 3.240.6 2.9+£1.0 1569+505 7904171 13294261
TeH 13 0.25 0.65 12.7£2.5 11.14+£1.6  28.6+11.0 | 3.1£2.1 2.1+1.1 2.1+£14 9724603 531 £319 774+619
TrH 20 0.3 0.42 453453 257444  383+£11.3 | 22414 2.6+1.8 1.6%1.1 756+416 974+596 902+502
all | 112 | 0.46 0.69 32.8417.2  18.1£6.5 3444175 | 3.8£1.6 3.3£1.2 3.24+1.6 | 1262 +648 1026 £570 1358 1664

Table S8. The mean chljens, mean 90th percentile of LAI and annual GPP for the PLUMBER?2 temperate broad-leaved deciduous (TeBS)

sites for different QUINCY simulations + standard deviation between sites.

chliear (ugecm™2) | LAI(m?m™) | GPP (gCm™yr™!)
QUINCY default 17.945.6 4.14+0.6 1231+£366
QUINCY default, 1.3x fncni 24.6+7.6 4.04+0.5 1153£338
QUINCY alter N frac 14.9+4.4 3.8£0.5 1044+£311
QUINCY alter N frac, 1.3x fxub 18.5+5.7 4.04+0.5 1170£337
observations 22.1+6.1 4.5+£1.5 15394377
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Figure S1. A map of the (a) PLUMBER?Z sites and of the (b) GLOBAL sites. Different colors and markers indicate the PFT. A separate map

of Europe is inserted in (a).



BNE BNS TeNE
. 1001(a) —~100(b) —~1001(c)
g g g
S 80 S 80 S 80
2 2 2 =
3 60 e 5 60 60 L < A=
= A s A& = =
S a0f hat x A > 40 > 40 #
6] O 6]
= 20 2 20 = 20
2 | A GLOBAL =) = < GLOBAL
c A PLUMBER2 =4 ¥ v GLOBAL 4 <4 PLUMBER2
0 y T 0 y T 0 . r
50 100 0 50 100 0 50 100
RS chlieat (ptg cm™2) RS chlicas (11g cm™2) RS chleas (g cm™2)
TeBS TrBR TeBE
100 (d) —1001(e) . 100(f)
g g g
S 80 S 80 S 80
2 2 2
:g 60 1 E 60 E 60
5 40 5 40 5 40 :g:ot‘
S 5 ¢ 5
2 2 2
S 201 e ® GLOBAL S 201 , ® GLOBAL > 20 ¢ GLOBAL
4 ® PLUMBER2 4 ® PLUMBER2 4 ¢ PLUMBER2
0 0 0
50 100 0 50 100 0 50 100
RS chlieas (g cm™2) RS chlicas (121g cm™2) RS chlieaf (11g cm™2)
TrBE TeH & TeC TrH
. 1004(g) —~60{(h) % TeH, GLOBAL ~1001()
‘T‘E “.‘E % TeH, PLUMBER2 ‘?‘E
@ TeC, PLUMBER2
= 40 ) L
5 60 - 3 0| LPREal
S “rs : S S o TRER
| = { ;
5 & = S 20 5 ¢ 34
2 20 = 2 20
2 ] m GLOBAL =) 2 ¢ GLOBAL
S ® PLUMBER2 S 4 4 PLUMBER2
0 0 0
0 50 100 0 20 40 60 0 50 100

RS chlieas (g cm?)

RS chlie,f (121g cm2)

RS chlieas (18 cm'z)
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Figure S5. The residual chlieas between the mean values of QUINCY and RS for (a) PLUMBER?2 and (b) GLOBAL sites. Each marker

represents one site.
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more red values correspond to high feature values.
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Figure S11. SHAP values of the random forest regression fit for the RS chlieat, using three-month and annual averages.
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