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Table S1 Same as Table 3 but for the other nine experiments (CTL-D, HIST-NOLUC, HIST-BGC, 1PPY, 1PPY-
BGC, 1PPY-RAD, NO-NR, NO-NRD, and NO-FD).

CTL-D | HIST- | HIST- 1IPPY %’?C{' llg;' NO-NR II\I\IISD NO-FD
(Last 10 | NOLUC | BGC | (Last 10 (Last 10 (Last 10
ears) | (2000s) | (2000s) ears) (Last 10| (Last 10 ears) (Last 10 ears)
Y y years) years) y years) y
Gross primary
productivity (PgC yr 108.2 128.3 123.4 185.7 178.7 105 108.2 108.2 108.2
D)
Net primary
productivity (PgC yr 57.4 68.6 67.4 98.6 97.9 53.6 57.4 57.4 57.4
D)
Heterotrophic 56.6 64.4 58.9 9.6 89.4 55.7 56.6 56.6 56.6
respiration (PgC yr™)
*]
Net carbon uptake 0 32 3 47 72 2.9 0 0 0

(PgCyr")

Vegetation carbon

536.9 | 6247 | 5449 | 9249 | 9183 | 502.1 | 5369 | 5369 | 5369
(PgC)

(Slfgﬂc")rga“ic carbon 1480.8 | 15674 | 15159 | 17727 20132 | 12723 | 14808 | 14808 | 14808

Biological fixation™

(TeN yr') 96.8 98.9 134.5 107.5 103.8 100.5 96.8 96.8 96.8
Deposition (TgN yr') 19.6 65.5 65.5 19.6 19.6 19.6 19.6 19.6 19.6
Fertilizer (TgN yr'') 0 0 115.7 0 0 0 0 0 0




N2 emission (TgN yr~

N 717 812 |  109.9 67.6 55 88.8 77| 77| 717
;2_1(; emission (TgN 9.4 9.7 12.9 8.3 5.8 14.4 9.4 9.4 9.4
1;11)3 emission (TgN 2 22 19.5 2.1 1.1 3.9 2 2 2
N leaching (TgN yr') 17.3 21 28.1 21.1 86| 49.1 17.3 17.3 17.3
Net ecosystem

nitrogen uptake™ 0.3 26.1 478 3 35.7 -58.6 0.3 0.3 0.3
(TgN yr')

?;egglf]t)aﬁ(’“ nitrogen 4 43 3.8 4.6 3.6 43 4 4 4
Soil total nitrogen 749 759|757 752 785|708 749 | 749 749

(PgN)




10 Table S2 Same as Table 4 but for the other nine experiments (CTL-D, HIST-NOLUC, HIST-BGC, 1PPY, 1PPY-
BGC, 1PPY-RAD, NO-NR, NO-NRD, and NO-FD).

CILD 1 st | st | IPPY 115238 IIEAPB- NO-NR I\I;Ilgls NO-FD
(];%St NOLUC | BGC (Ll?)“ (Last | (Last (Ll?)“ (Last (LI*(‘)“
cars) (2000s) | (2000s) cars) 10 10 cars) 10 cars)
Y y years) years) y years) y
Net primary
productivity (PgC yr 28.7 28.2 29.1 26.1 27.9 272 28.0 27.7 26.9
D)
Sinking particulate
organic carbon at 8.0 7.8 8.1 7.1 7.7 7.4 7.7 7.7 7.1
100m (PgC yr'!)
Nitrogen fixation 130.2 1265 | 1232 1170 1246 | 127.8| 1226 1326 78.8
(TgN yr')
Nitrogen deposition
-1
(TgN y (TgN yr™) 142 35.2 35.2 142 142 14.2 142 0 14.2
Riverine nitrogen
input (TgN yr™") 17.6 21.5 28.5 23.6 8.6 54.3 0 0 17.6
Denitrification (TgN
-1
yr) 147.8 156.4 1712 | 1170 | 1384 143.5 133.6 133 92.6
N20 emission (TgN
-1
yr) 4.5 43 4.4 4.0 4.4 42 4.4 4.4 42
Nitrogen flux into the
: -1
sediment (TgN yr™) 0.012 0.013 0.013| 0011| 0012 o0012| o011 | o011 0.012
N cycle imbalance
-1
(TgN yr) 9.7 22.5 113 33.8 4.6 48.6 12 438 13.8
Atmosphere-ocean
-1
CO: flux (PgC yr™) 02 2.4 25 49 6.3 0.03 20.12 -0.05 -0.03




Carbon flux into the

sediment (Pg (PgC yr

D) 0.068 0.072 0.071 0.063 0.069 0.07 0.064 0.064 0.07
Mean O>
concentration (mmol
m'3) 191.2 189.8 191.2 181.3 191.2 181.1 191.5 191.6 194.1
Hypoxic volume
(10" m’; [02] < 80 33.8 34.5 34.2 41 329 433 322 32.1 25.1
mmol m™)
Suboxic volume (10'3

2.3 2.7 3.0 2.1 2.1 2.3 2.1 2.1 1.2

m’; [02] < 5 mmol m’
3

)




15 Table S3 Drift in % ky™! for oxygen(0O.), nitrate(NO3) and total alkalinity minus DIC (Alk-DIC) at surface, 150 and
2000m. The drift has been computed over the last 250 years of the spin-up simulation.

02 NOs Alk-DIC
Surface -0.04 3.0 0.21
150m -0.76 1.85 0.07
2000m 0.44 0.29 0.56




Biological fixation

FNgne N,O emission N,O emission
A FNnzon FNnzop
NH3 volatilization N, emission
FNypsy A FNp,
FNsgne, can Canopy FNuprk, can | Abiotic IoFst \ Abiotic loss
- IALOS, NH4 FN,
Symbiotic Nean ALOS, NO3
fixation Allocation Uptake
FNRALC NWTHD A <
FNssw, s76 Storage
Nsre FNuyprk, st6
Litter fall
FNMORT. CAN| FNMORT STG FNUPTK, NH4 FNUPTK, NO3
Non-symbiotic
fixation Nitrification
FNygne Litter FNunri, NH,* i NO,
Nyr Nirg FNirre Nnos
Mineralization

Vegetation N FNunre, Hum

Soil organic N Humification » -
FNpume Immobilization FNpero, nva Deposition FNpzro, noz Leaching

FNis FNerri, nwe Fertilizer  FNegrri, nos FNiecn

Ecosystem .
Internal N flow Illgnnahty M b
N flow into Humus IMORT, MCR iIcrope
ecosystem Nium Nucr
N flow out of
— ecosystem
Figure S1

Structure of nitrogen pool and flow in the land ecosystem component model. Boxes colored green, red, and blue
represent vegetation N, soil organic N, and inorganic N, respectively. Arrows indicate internal N flow within land
ecosystem (black), N flow into ecosystem (orange), and N flow out of ecosystem (cyan). Bold characters represent the

names of N cycle processes/pools and the italic text indicates variable names.
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Figure S2

Distributions of (a) vegetation typesused for VISIT-e (b) crop fraction (%) in 1850, and (c) crop fraction (%) in 2014.
Vegetation typesare based on MODIS vegetation cover category: 1 =evergreen needleleaf forest, 2 = evergreen broadleaf
forest, 3 = deciduousneedleleaf forest, 4 = deciduous broadleaf forest,5 = mixed forest, 6 = closed shrubland, 7 = open
shrubland, 8 = woody savanna,9 =savanna, 10 =grassland, 11 = permanent wetland,and 12 = desert. Cropland is not
included in the vegetation map,butit is simulated asone of the model tiles, the arealfraction of which follows CMIP6

forcing (LUH2 (Ma et al,, 2019); http://luh.umd.edu).
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40 Figure S3

Schematic of biogeochemical compartments and flows in OECO-v2.
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45 Figure S4

Historical emissions of labile Fe from biomassbuming (red lines) and fossil fuel and biofuel combustion (black lines)

during 1750-2014.
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Figure S5

History of MIROC-ES2L developmentand the spin-up presented by changesin (a) globalmean 2 m air temperature,
(b) atmosphere—land COz,and (c) atmosphere—ocean CO; flux (for CO: flux, positive means uptake). Colors represent
experimentalsets in development phases. Spin-up started at January 2017 (Exp.01, black line) with a fully integrated
system (i.e., physical core plus biogeochemical components). Spin-up ended atJanuary 2019 aftera series of finalphase
spin-up (Exp. 15,16, 17,and 18 colored gray, brown, green, and blue, respectively). All simulations performed in this
study were initiated from the endpointin the plots. Vertical dashed lines represent the time at which part of the initial
conditions of MIROC-ES2L was replaced by thatcreated by the offline component models. For example,atyear7283,the
initial condition of ocean biogeochemistry was replaced by that created by the offline OECOv2 spin-up after3000 years
with majorly updated source code. After the beginning of Exp. 15 (gray line, started atyear7283), continuous spin-up was
performed by MIROC-ES2L for 2483 years with minor source code modifications.
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Same asFig. 4 butabsolute precipitation rate of GPCP is shown in the right.
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Figure S7

Annual cycle of relationship between snow fraction (y-axis) and LAI (x-axis) in the northern high-latitude land region
based on 2000-2014 climatology. Colored dots indicate monthly mean snow fraction and LAI averaged for 50°-80°N.
75 Left panelis derived from MODIS data and the right panelis derived from a historical run of MIROC-ES2L.
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Figure S8

Same asFig. 9 butfor HIST-NOLUC simulation.
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(a) GPP, MIROC-ES2L. (b) GPP, Jung et al., 201
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85 Figure S9

Zonally averaged GPP seasonality [¢C m?day-']of MIROC-ES2L (left) and Junget al. (2011) (right), presented as the
monthly climatology in the 2000s.
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Figure S10

Zonally averaged distribution of AOU during the 2000sin the observations from WOA2013 (a) and in the model (b).
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Figure S11

SameasFig. 16 but for the HIST simulation.
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