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Table S1. List of variables and their acronyms used in the sub-daily GPP, R., and NEE model

Symbol Parameter name Unit
ALbior Biomass allocated to the part x (x=dead-wood, foliage, live-wood or oC/(m=h)
root)
APPED: Absorbed photosynthetic active photons flux density by the vegeta-
tion canopy at local time ¢
: ; ; : pmol/(m?2-s)
APPED Absorbed z (z.=d1rect, scattereftl or diffuse) photosynthetic .actlve pho-
tons flux density by y (y=sunlit or shaded) leaves at local time ¢
biox Total biomass in x (x=dead-wood, foliage, live-wood or root) gC/m?
Bk Empirical exponent depending on soil composition in kth soil layer
Bymineral Empirical exponent of mineral soil in kt soil layer ]
Do Empirically determined coefficient to calculate gsico2 (= 1000.0) Pa
fu Fraction of foliage biomass consumed by herbivores -
Sfi© Fraction of w (w=clay, sand, silt or organic carbon) in kt soil layer -
fiive-woodfoliage Live-wood to foliage biomass ratio -
fetabolic Fraction of metabolic carbon in litter fall -
fNpPAroot Fraction of NPP allocated to the root part -
Fraction of APPFD: absorbed by photosynthetic active vegetation
frav part -
frg Fraction of growth respiration -
frootifolinge Root to foliage biomass ratio -
fector A ratio of total CO:z emission by sector in 2000 to that in 2018 -
fo2p Fraction of soil slow carbon flowing to soil passive carbon pool
fasm Fraction of soil slow carbon flowing to soil microbe carbon pool
fomaL Fraction of leached soil microbe carbon -
fsmzp Fraction of soil microbe carbon flowing to soil passive carbon pool
fsmzs Fraction of soil microbe carbon flowing to soil slow carbon pool
Foinn Limitation scalar of soil water availability on photosynthesis
Fioir2 Limitation scalar of soil hydraulic condition on transpiration, i
Fi Fraction of carbon loss due to microbial respiration -
fo Fraction of y (y=sunlit or shaded) leaves at local time ¢ -
G(0r574) Projection coefficient of the leaf area -
Q0 Stomatal conductance of CO2 when P approaches 0 (= 0.01) m/s
Quico? Leaf boundary layer conductance of CO: m/s
GridCell EsectorEAGT42000japar - E AGrid2000Japan CO:z emission by sector in each grid cell kg CO:/s
GridCellEsecto?018 Adjusted CO: emission by sector in each grid cell in 2018 kg COq/s
GPP Gross Primary Production
GPPseamvs GPP calculated by BEAMS module pmol/(m?2-s) or
GPPriu GPP calculated by TLM module gC/(m*h)
GPPrower GPP estimated from flux tower monitoring data
gstCo2 Stomatal conductance of CO: m/s
HCDC High cloud cover %
hi Hour angle at local time ¢ °
i Day number of a year ([1,365] or [1,366]) -
Jieos Photosynthetic active photon absorbed by photosystem II (PSII) pmol/(m?2:s)
] Electron transport rate to PSII umol/(m?2-s)
Jnax Maximal electron transport rate to PSII umol/(m?2-s)
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Symbol Parameter name Unit
k 0-7 cm, 7-28 cm, 28-100 cm, and 100-289 cm -
Ko Extinction coefficient of PPFDdirect
Ky’ Extinction coefficient of PPFDirt accounted for leaves scattering ]
Kc Michaelis-Menten constant of Rubisco for CO2 Pa
Ka Extinction coefficient of PPFDiffuse
K/ Extinction coefficient of PPFD¢fst accounted for leaves scattering ]
Kie Hydraulic conductivity between kth and (k+1)t soil layers
Kines Saturated hydraulic conductivity between kth and (k+1)t soil layers mm/s
Ky minera Saturated hydraulic conductivity of mineral soil between kth and
(k+1) soil layers
K Extinction coefficient of leaf nitrogen content -
Ko Michaelis-Menten constant of Rubisco for Oz Pa
Kifice Clearness index (diffuse to global shortwave solar radiation ratio) at i
local time ¢
LN Lignin to nitrogen ratio
LAL Leaf Area Index at local time ¢ e/
LAIv Total LAI of y (y=sunlit or shaded) leaves at local time ¢
Le Effect of lignin content of structural material on structural decompo- i
sition
LCDC Low cloud cover %
LF~ Litter fall from the part x (x=dead-wood, foliage, live-wood or root) gC/(m2h)
LUEmax Maximal photosynthetic light use efficiency -
m Empirically determined coefficient to calculate gsico2 (=4.9) -
MCDC Middle cloud cover %
NEE Net Ecosystem Exchange Hn;(()jlj Elf;lj;)) or
Niea Leaf nitrogen content per leaf area at specific canopy depth g/m?
NPP Net Primary Production Hn;(()jljgzji)) or
Niop Leaf nitrogen content per leaf area at vegetation canopy top g/m?
P Photosynthetic assimilation rate umol/(m?2-s)
Pambient Surface atmospheric pressure Pa
Pc Rubisco limited photosynthetic assimilation rate umol/(m?2-s)
Picoz Intercellular CO: partial pressure Pa
Py Electron transport limited photosynthetic assimilation rate umol/(m?2-s)
Piscoz CO: partial pressure at leaf surface Pa
Pus Phc.)to.syn.thetic product export and utilization limited photosynthetic wmol/(me-s)
assimilation rate
P Net photosynthetic assimilation rate
P big-leaf Average net photosynthetic assimilation rate in big-leaf wmol/(me-s)
Py Average net photosynthetic assimilation rate in y (y=sunlit or
shaded) leaves
PPEDdiectifie lSurflelEe dil;ect or diffuse photosynthetic active photons flux density at wmol/(me-s)
ocal time
P et Actual photosynthetic assimilation rate at given conditions at local wmol/(me-s)

time ¢
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Symbol Parameter name Unit
Optimal photosynthetic assimilation rate at optimal conditions (i.e.
Poptimal 100% surface relative humidity and no soil water stress) at local time
t
R Ideal gas constant (m3-Pa)/(K-mol)
Rautotrophic Autotrophic respiration rate gC/(m2h)
Ra Dark respiration rate at given leaf temperature umol/(m?2-s)
Re Ecosystem Respiration Hr;g;gz;;)) or
Ryrowth Growth respiration rate of plant gC/(m2h)
RHambient Surface relative humidity %
Rieterotrophic Heterotrophic respiration rate
Heterotrophic respiration rate of the soil organic carbon pool 1 (I=sur-
RiSOC) face metabolic litter, surface structural litter, surface microbe, root gC/(m2h)
metabolic litter, root structural litter, soil microbe, soil passive, soil
slow)
Ror ot Base maintenance respiration rate of the biomass x (x=foliage, live- h
B wood or root)
Rinaintenance Maintenance respiration rate of plant
R Total maintenance respiration rate of the biomass (x=foliage, live- gC/(m>h)
wood or root)
SLA Specific leaf area m?/g C
Total biomass of the soil organic carbon pool I (I=surface metabolic
SOC litter, surface structural litter, surface microbe, root metabolic litter, gC/m?2
root structural litter, soil microbe, soil passive, soil slow)
SRdirectidiffuse Surface direct or diffuse shortwave solar radiation at local time ¢ W/m2
Stress: Photosynthetic stress caused by light, surface temperatures, soil i
moisture conditions, etc. at local time ¢
t Local time (0,1, 2, ...,23) -
Tambient Surface air temperature K
Tieoll Temperature in k" soil layer
Tn Effect of soil texture on SOC turnover -
Annual anthropogenic CO: emissions by sector (e.g., construction, in-
Total Esector000 dustry, agricultural waste burning, vehicle, ship, aircraft) in Japan in ton
2000
Annual anthropogenic CO: emissions by sector (e.g., construction, in-
Total Esector018 dustry, agricultural waste burning, vehicle, ship, aircraft) in Japan in ton
2018
Vemaxzs Maximal carboxylation rate at 25°C
Vemaxasteaf Maximal carboxylation rate at specific canopy depth at 25°C
Vo oy Average maximal carboxylation rate of y (y=sunlit or shaded) leaves pumol/(m?2-s)
at 25°C
Vemaxastor Maximal carboxylation rate at the top of vegetation canopy at 25°C
VP Surface vapor pressure hPa
VPD Vapor pressure deficit Pa
Qlblack-sky/white-sky Shortwave black-sky or white-sky albedo -
0 Solar declination angle on the it day of a year °
Ok Water content in kt soil layer m3/m?3




5 of 12

Symbol Parameter name Unit
Ok Saturated water content in k" soil layer
Qpsmineral Porosity of mineral soil in kt soil layer m3/m?3
Oteos Leaf response curvature to electron supply -
0:574 Cosine of solar zenith angle at local time ¢ -
pcb Vegetation canopy reflection coefficient of PPFDdirct
Ped Vegetation canopy reflection coefficient of PPFDiffse
ph Vegetation canopy reflection coefficient with horizontal leaves ]
o Vegetation canopy reflection coefficient of PPFD
T CO:2 compensation point with dark respiration Pa
T Vegetation canopy transmissivity of PPFD -
T* CO:2 compensation point without dark respiration Pa
0] Latitude of the vegetated area °
XLAD Empirical parameter representing leaf angle distribution -
Xn Empirical coefficient of Venns variation attributable to Nies m?/g
W Soil matric water potential at field capacity (=-3.37)
Wk Soil matric water potential in kt soil layer
Wi Saturated soil matric water potential in k* soil layer m
Whspineral Saturated matric water potential of mineral soil in k* soil layer
Wap Soil matric water potential at wilting point (= -152.96)
) Foliage clumping index -
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Table S2. Evaluation metrics for model calibration and validation of hourly Gross Primary Production (GPP),
Ecosystem Respiration (R.), and Net Ecosystem Exchange (NEE)

Standard Standard Root

Plant Sample . - Correlation

Functional Group Site size deviationof  deviation = mean coefficient
Type ) f1u>‘( tower of modeled square (R?)

estimates results error

DBF Calibration SAP 12522 7.84 7.85 3.33 0.84
Validation  API 4010 8.91 8.03 6.08 0.63
EBF Calibration ~ DIN 3857 5.41 6.00 4.59 0.53
H(;’I‘j;ly Validation  PSO 14650 7.37 8.59 4.56 0.72
BEAMS ENF Calibration  FJY 8103 9.26 9.10 4.90 0.79
Validation QIA 7403 7.07 6.67 3.86 0.75
GRS Calibration CNG 9493 5.16 4.82 3.05 0.66
Validation DU2 1074 3.78 4.65 4.03 0.49
DBF Calibration = SAP 12522 7.84 7.66 3.26 0.83
Validation = API 4010 8.91 7.86 5.55 0.67
EBF Calibration = DIN 3857 5.41 5.27 3.67 0.61
Hourly Validation = PSO 14650 7.37 6.62 4.37 0.75
GPPrim ENF Calibration  FJY 8336 9.21 8.79 441 0.79
Validation QIA 7403 7.07 6.30 3.75 0.74
GRS Calibration CNG 9498 5.16 4.93 2.99 0.68
Validation DU2 1078 3.78 4.40 3.78 0.50
DBF Calibration = SAP 78888 2.06 1.99 1.67 0.71
Validation = API 78888 2.17 2.03 1.31 0.74
Validation YMS 78888 1.52 1.70 1.08 0.68
EBF Calibration = DIN 6238 1.76 1.64 2.04 0.25
Hourly Validation = PSO 22344 1.71 1.20 2.61 <0.01
Re Validation YMS 78888 1.52 1.87 0.94 0.76
ENF Calibration  FJY 78888 2.97 2.31 1.64 0.80
Validation QIA 9261 2.12 1.94 1.57 0.52
GRS Calibration CNG 14655 1.96 1.81 0.83 0.82
Validation DU2 10924 0.98 1.22 0.78 0.66
DBF Calibration =~ SAP 78888 5.53 4.79 2.03 0.95
Validation = API 78888 6.05 5.45 1.42 0.96
Validation YMS 78888 4.52 3.62 3.21 0.51
EBF Calibration ~ DIN 6238 6.76 6.45 3.28 0.80
Hourly Validation = PSO 22344 10.21 8.88 5.43 0.74
NEE Validation YMS 78888 4.52 3.99 3.37 0.50
ENF Calibration  FJY 78888 6.39 6.28 1.79 0.94
Validation  QIA 9261 7.64 6.68 3.49 0.79
GRS Calibration CNG 14655 3.49 3.06 1.65 0.78
Validation DU2 10924 1.55 1.29 1.34 0.41

1 The unit of standard deviation and root mean square error is umolCO2/(m?s).
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Figure S1. Accumulated carbon (sum of SOCreorctural, SOCrootetatolic, SOCsoi™crebe, SOCsoir®, and SOCsoir*iz¢) (kgC m2) in
the 0-28 cm soil layer of the study area after model spin-up.

Calculation of hourly SRed#ffuse

The diffuse to global shortwave solar radiation ratio (clearness index) reaching the ground at local time ¢ is defined
according to Gu et al. [51] and Jacovides et al. [54] as

Kdiffuse = S R diffuse / (Sthirect + Sthiffuse) (Sl)

Here, SR#iffuse represents the diffuse shortwave solar radiation (W/m?) reaching the ground; SR#irt is the direct/beam
shortwave solar radiation W/m? reaching the ground. To estimate K2, an ANN was created with eight input variables:
Low Cloud Cover LCDC (%), Middle Cloud Cover MCDC (%), High Cloud Cover HCDC (%), surface atmospheric
pressure Pamvient (1 atm = 101325 Pa, as a proxy of elevation), shortwave black-sky albedo aviack-sky, shortwave white-sky
albedo auuhitesky, surface vapor pressure VP (hPa), and the cosine of the solar zenith angle 0:524 (90° — solar elevation angle)
at local time ¢t. Figure S2 presents a summary of the structure, layers, and nodes of ANN.

VP = (RHambient / 100) % 6.1078 x 10.017-5 * Tampient = 2731/ (Taypignt = 27315 +237.3) (52)
cos 01574 = sin 0 x sin ¢ + cos O x cos ¢ x cos ht (S3)
0 =123.44° x cos [2m x (i+193) / 365] (S4)

hi=15° x (t - 12) (S5)
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Here, Tamsient represents the surface air temperature (K), RHunient denotes the surface relative humidity (%), ¢ stands for

latitude (°), 6 signifies the solar declination angle on the it day of a year, and h: represents the hour angle.

input layer

Z1 =2 Xm X Wiy + biasy
Zr =2 Xm X Wop 1 biasll
Z3 =2 X X Wi + biasis

m=1,2,3,4,5,6,7,8

Hi=1.0/(1.0 + e-21)

H>=1.0/(1.0 + e-22)

H3;=1.0/(1.0 + e-%3)

hidden layer

Z =% Zy X W, + bias

n=1,2,3

Kdiffuse = 1.0 / (1.0 + e Z)

output layer

Figure S2. Structure, layers, and nodes of Artificial Neural Network (ANN) to estimate Kiffse,

To train the ANN, hourly averaged SReiffse and SRslebal (SRediffuse + SRydirect) of 2014— 2019 were extracted from three
World Radiation Data Centre (WRDC, [164]) sites (Fukuoka, 130.38°E 33.58°N; Tateno, 140.13°E 36.05°N; and Sapporo,
141.33°E 43.07°N) to calculate the observed Keifuse, The Adam algorithm of the Python keras library was applied to
reduce the error between observed K¢ and the predicted Keifse, To avoid unrepresentative validation, validation split
of hourly samples was set to 0.5. To avoid overfitting, early stopping in the Python keras library was used to monitor
the model performance and halt training when the decrease of root mean square error (RMSE) stabilized. Table S3

presents the calibrated parameters in the ANN.

Table S3. Parameters to activate the ANN and predict Keiffuse

H: H: Hs
X1 (LCDC) [1.3717216 3.9363568 2.9427488
X (MCDC) 2.4580557 3.1441848 2.2686243
X (HCDC) 11.0388604 1.8021374 -1.7345482
, , Xi (cttnc oty -1.0298406 1.0571014 11.0376163
Weights to predict Hnzs -y anmm_sky)) 0.2406344 0.41680366 0.35457167
Xs (Pantion) 10.24406493 -0.26760823 0.19336297
Xs (VP) 0.03414719 -0.01849018 0.06454528
Xs (0r524) 1.2372994 11.5896108 0.16927624
Biases to predict Hizs 0.14815871 -0.39750978 0.05327982
Weights to predict Z 11.1487454 2.6597986 11.2089859

Bias to predict Z 0.46301052
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To evaluate the ANN performance, the modeled SR« (calculated Keifse x observed SRube) was compared with
the observed SR#ifs at the WRDC sites, which is summarized by the Taylor diagram in Figure S3. The ANN modeled
hourly SR#ifse generally showed good agreement with observations. The centered pattern of modeled and measured
SR#iffise yariations was similar (> 0.7). The coefficient of determination (R2) was 0.63 at the Fukuoka site (WRDC-F, sam-
ple size =25689), 0.58 at the Tateno site (WRDC-T, sample size =26254), and 0.62 at the Sapporo site (WRDC-S, sample
size =25628). The RMSE between the hourly observed SR« and estimation at the Sapporo site was 102.67 W/m? which
was higher than that at the Tateno site (89.13 W/m?) and the Fukuoka site (88.00 W/m?). The standard deviations of
hourly modeled SR#iffuse was slightly larger than the observed ones, which were, respectively, 138.04 and 120.63 W/m?
(WRDC-T), 142.02 and 118.59 W/m? (WRDC-F), and 149.58 and 113.20 W/m?2 (WRDC-S).

4 obs WRDC-F Rd

¢ obs WRDC-S Rd
01 g2 " obs WRDC-T Rd
~ 03 4 modeled WRDC-F Rd
04 modeled WRDC-S Rd
05 ® modeled WRDC-T Rd
o
wn -
o
o —
o _|
D
© |

0 50 100 150
Standard deviation

Figure S3. Taylor diagram of hourly observed and modeled SR« (W m2) at the World Radiation Data Centre Fukuoka,
Sapporo, and Tateno sites.

Calculation of hourly APPDF:

With solved Kidiffuse, the PPFDyfsse and PPFDydirect were calculated based on equation A10 proposed by Ito and Oi-
kawa [65]. Then APPFD: was estimated using equations 20b (APPFD:_sumiedirect), 20c (APPF Di_suniirffuse), 20d (APPF D _suniscat-
tered) A26b (APPF Dt _shadeaifuse), A26¢ (APPF D _shadeascatiered), A4 (Ko', Ka”), A19 (pev), A20 (pr), A21 (ped) deduced by de Pury and
Farquhar [55]. In the sunlit/shaded leaves model with clumping index Q representing the randomness of leaf distribu-
tion, we assumed a planophile or plagiophile leaf angle (x.4ap=1.0) in broadleaf forests according to Pisek et al. [165] and
a spherical leaf angle (x140=0.0) in needleleaf forests and grasslands according to Stenberg [166] and Luo et al. [58]. The
extinction coefficient of PPFDdirct, Ky can be expressed as follows:

Ky = G(6:524) x (3 | cos 0:524 (S6)

where G(0:574) is the projection coefficient of the leaf area, as described by equation A4 reported by Sellers et al. [167].

Quality control screening and interpolation of the Leaf Area Index

The LAl is a key variable for estimating the total photosynthetic active leaf area (GPP module) and foliage biomass
(Re module). To remove cloud-contaminated data, only MODIS LAI (MCD15A3H v006 [107], 4-day 500 m) values for
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which the quality control layer FparLai_QC equaled to 0/2/32/34 were retained. In DBF and GRS, the LAI trend over
time was constrained by phenological metrics such as the date of Greenup, Peak, and Dormancy provided by the
MODIS Land Cover Dynamics dataset (MCD12Q2 v006 [119], annual 500 m). To be more specific, abnormal decline (<
-0.5 (m?/m?)/4-day) during the leaf green-up to peak period or abnormal increase of LAI (> 0.5 (m?/m?)/4-day) during the
peak to leaf dormancy period was neglected. Gaps of LAI in forest, grassland, and urban vegetated land were then filled
via temporal linear averaging interpolation [168].

Simplified Farquhar — von Caemmerer — Berry model

In C3 plants under the given meteorological conditions, the net photosynthetic assimilation rate P» (umol/(m?-s))
of sunlit (Pwit), shaded (Pnhded) or big-leaf (Puises) was quantified using a simplified Farquhar — von Caemmerer —
Berry model using equations 3 (P), 4 (Pc), 5 (P)), 6 (Pm), and 15 (P») presented by Sasai et al. [69], with intermediate
variables described by equations A1 (Nie), A2 (Vemaxzsesf), A3 (fsurlit and consequently LAIswiit), A4 (fsheded and consequently
LAIhaded), A5 (Vemaxzssenlit), and A6 (Vemarzssheded) in Luo et al. [58], equations 7 (Kc), 8 (Ko), 9 (Vemas), 10 (Fsoiiz), 11 (W), 12&13
(T*), and 19 (Fsoiz, Wwp set to -152.96 m / 1500 kPa and Wt to -3.37 m / 33 kPa according to Saxton and Rawls [169]) from
Sasai et al. [69], equation 16 (Ra) in Sellers et al. [75], equations 7.81 (O«), 7.82 (Ok-mineral), 7.83 (Bx), 7.84 (Bemineral), 7.86 (W),
and 7.87 (Wis-mireral) from Oleson et al. [170], equation 5 (J) from de Pury and Farquhar [55], whereas the maximal electron
transport rate Jmax was estimated based on Wullschleger [76] as

]mux =1.64 x Vemax +29.1 (57)

To estimate the flux density of photosynthetic active photon absorbed effectively by Photosystem II in leaf chloroplasts
(Lieos), which is a key variable to estimate ], a scaling factor frav was introduced to calculate the amount of APPFD ab-
sorbed by the photosynthetic active leaf part in each PFT.

Tir= 0.5 % foav x (APPED | LAI) (S8)

Stomatal and leaf surface conductance of CO:

The intercellular CO:z supply is controlled by stomata in C3 plants. According to Fick’s law, the net exchange of
COzbetween a leaf surface (where CO: partial pressure is denoted as Picoz (Pa)) and its intercellular environment (where
CO:2 partial pressure is denoted as Picoz (Pa)) is driven by the gradient of COz concentration and stomatal conductance
of CO2 (gstcoz). This relation is based on the ideal gas law, equation 16.9 and 16.10 in Bonan [77] and can be expressed as
follows:

Picoz = Piscoz — (R x Tambient x P [ gstcoz) (S9)

Piscoz = Pambientcoz — (Pn [ uicoz) (510)

Therein, R is the ideal gas constant. The temperatures at the leaf surface and in its intercellular environment were as-
sumed with ambient value for this study. The value of guico: is the leaf boundary layer conductance of COz, assumed as
1/1.4 of leaf boundary layer conductance of water vapor, which can be solved by equation 15.3 in Bonan [77]. According
to Leuning [79], gsicoz is

gstCOZ = g() + (m X Fsoiiz X R % Tampient % Pn) / [(PlsCOZ —T) X (10 + VPD / DO)] (Sll)

where g0 (0.01 m/s) is the CO: stomatal conductance when P» approaches 0. Also, m (4.9) and Do (1000.0) are empirically
determined coefficients for Quercus suber in Leuning [79]. T is the CO2 compensation point with dark respiration, solved
using equation 11 in Leuning [78]. The vapor pressure deficit (VPD) is solved by equation 3.32 in Bonan [77]. The equa-
tion of saturated vapor pressure was referred from page 348 of Jones [80].
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Iteration to solve photosynthetic assimilation rate
To solve the photosynthetic assimilation rates and Pico, the following iterative method was applied.
e  Setinitial Picoz to 0.7 of the partial pressure of ambient atmospheric CO..
. Calculate Pc, Pj, and Pum accordingly to solve Pu.
e  Calculate Picoz and gstcoz.
e  Update Pico: using solved variables in steps 2 and 3.

e  If the change of Picoz is negligible (<0.001 Pa in this study), Pico: and P» are considered solved; otherwise, apply the
updated Pico: to repeat step 2-5. To avoid infinite loops, iterations were limited to 100.

Allocation of Net Primary Production carbon

For this study, vegetation biomass pools were simplified to foliage biomass, wood (live-wood and dead-wood)
biomass, and root biomass pools in DBF, EBF, and ENF, and foliage biomass and root biomass pools in GRS. With a
given LAI: at local time ¢, each biomass pool was estimated based on equation 1.4 (bio/'izs¢), 1.5 (bior*), and 1.9 (biodive-
wood) from Heinsch et al. [82], except in DBF, where some live roots might remain active and respire even if LAI: appears
to be 0 in early spring or late autumn. When hourly NPP exceeded the cost of total growth in foliage and live-wood
biomass in DBF, the rest would be allocated to biosot and biosead-wood,

bio1root = bipsroot+ (NPP - ALbiOfaliage - ALbiOlizze-woud) XfNPPAroot — Ruroot — L Froot (512)

where ALbiogiinge is the biomass amount allocated to the foliage part (if LAI: < LAI+1, ALbiosisge equals [(biosil#se based on
LAl — biofase based on LAIY) x (1.0 + fu) + Rufliese]; if LAIi+1 < LAl but (bio#'sse based on LAI: — biow1/lisse based on LAIw1) <
[(bioiliase based on LAI: — biowiPlisse based on LAIw1) x fu + Ruflisse], ALbiogliage equals [(bioslisse based on LAI: — biowiflese based
on LAIi1) x (fu =1.0 ) + RuPlisse]). Here, fu is the fraction of foliage biomass consumed by herbivores (0.134 in DBF and
EBF, 0.068 in ENF, and 0.109 in GRS, Randerson et al. [155]); ALbiotive-wood represents the biomass allocated to the live-
wood part (if LAI: < LAI+1, ALbiOtive-wood @equals [(bios1tvewood based on LAl — biodivewood based on LAIr) + Rutivewood]; if [ AT <
LAI: but (biodivewood based on LAI: — biowlivewood based on LAIr1) < Rutivewood, ALbitive-wood equals to [Rutivewood — (biodivewood based
on LAI: — bionitveweod based on LAI+1)]). Also, farparet is the fraction of NPP allocated to roots, as calculated using equations
2 and 5 from Friedlingstein et al. [84]. Because of the lack of measurements, the resource availability scalar of nitrogen
was assumed to be unlimited (=1). LFr is the hourly root litter fall, assumed as 1.30 x 10-¢ of biortin DBF according to
hourly values converted from Ito and Oikawa [171].

In cases where the hourly NPP exceeded the total cost of foliage, live-wood, and root biomass growth (ALbiorot is
the biomass allocated to root part (if LAI: < LAlr1, ALbioreot equals [(biow17t based on LAIx1 — biort based on LAIr) + Rurot];
if LAl < LAl but (biorebased on LAI: — biow1t based on LAIn1) < Rwot, ALbioret equals to [Rurot — (bioreot based on LAl —
bioss1t based on LAI1)]), the rest is assigned to the dead-wood biomass pool.

biotdead-wood = o dead-wood + (NPP - ALbiOfoliage — ALDbiotive-wood — ALbiOroot) — LFdead-wood (513)

where LFuad-wood is the hourly deadwood litter fall (2.15 x 10-¢ of bigweed-wood in DBF and EBF, 8.3 x 107 of biodead-wood jn ENF
according to hourly values converted from those parameter settings by Ito and Oikawa [171]).

Maintenance respiration rate of vegetation

Maintenance respiration rates under ambient temperature conditions were calculated based on equations 1.6 (Ru/!-
age), 1.7 (Rwrt), and 1.10 (Rutivewood) from Heinsch et al. [82]. Quorm was set to 1.4 according to Mahecha et al. [172], whereas
other PFT-specific parameters are presented in Table S3.

Foliage and wood litter fall consists of soil surface litter biomass. If LAl < LAl and (bio/'sse based on LAI: — biorfliege
based on LAI:1) > [(bios'isse based on LAI: — bion'isse based on LAI1) x fu + RuPlisse], then the following equations are used.

LFjotiage = (bios e based on LAI+ —bion0'isse based on LAIk1) x (1 — fu) — Rusolisse (S14)

If LAl1 < LAI and (biodivewood based on LAI: — biowalivewood based on LAIr1) > Rufivewood, then
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LFiive-wood = (biodivewood based on LAIr —biowtivewod based on LAIw1) — Rmlivewood (815)

Litter fall of roots in evergreen forests and grasslands was calculated using an equation similar to S15. A 5% [64] loss of
foliage and root litter was also set to subtract quickly dissolved soluble matter, which does not contribute to CO:2 emis-
sions because of organic carbon decomposition.

Table S4. PFT-specific parameters used to calculate hourly Ruaintenance

Symbol Parameter Unit Plant Functional Type
DBF EBF ENF GRS
SLA Specific leaf area m?g C 0.0218 0.0259 0.0141 0.0375
Sfiive-woodifoliage Live-wood to foliage biomass ratio - 0.203 0.162 0.182 -
Sfrootifolinge Root to foliage biomass ratio - - 1.1 1.2 2.6

Run_taseflege - Base maintenance respiration rate of foliage /hr  0.000324 0.000252  0.000252  0.000408
Run_pasctivewood Base maintenance respiration rate of live-wood  /hr  0.000155  0.000165  0.000165 -
Ron_basert Base maintenance respiration rate of root /hr  0.000216  0.000216  0.000216  0.000341

Dynamics of carbon in SOC pools

Finally, the calculation of carbon flow in SOC pools was done following Figure 1 presented by Parton et al. [87]
and Figure 2 from Bonan et al. [88]. Intermediate variables in this part were quantified using equations 5 (Tw), 6 (Lc), 7
(Ft), 8 (fsmze), 9 (fsmzp), 10 (fsmzs), 11 (fszp), and 12 (fs2sm) from Parton et al. [87]; abiotic scalars of soil temperature and
moisture conditions on SOC decomposition rates were calculated using equations 5, 6, 7, and 8 from Ise and Moorcroft
[173] plus equations 18, 19, 20, and 21 presented by Cox [174]. Hydraulic conductivity mm/s between soil layers (Ki)
replaced the monthly saturated water flow to estimate leached carbon, following equations 7.80 (Kic), 7.90 (Knes-mineral),
and 7.91 (Ki) from Oleson et al. [170]. In terms of the metabolic carbon fraction in litter falls, it was assumed to be
related to L:N, the lignin nitrogen ratio (37.8 in broadleaf forests, 58.8 in needleleaf forests, and 25.5 in GRS according
to Osono and Takeda [175]).

fmetubolic =0.85-0.013 x L:N (516)

Because of the lack of measurements in our study area, the maximal hourly decomposition rate of each SOC and frac-
tions of respired CO:2 were set to hourly values converted from Bonan et al. [88].



