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Text S1: Additional description of the representation of Non-structural (NSC) pool in ELMv1-
CNP

In the current model configuration, there are no direct feedbacks of the non-structural carbon
pool on plant activities. When soil nutrient supply is high, allocation to new NSC decreases and
allocation to biomass construction increases, and the size of the NSC pool declines; however,
existing NSC turns over to the atmosphere and is not utilized by plants.

The respiration from the NSC pool Rusc is calculated using the following equation:

_ (Tair—298.15)/10
RNSC - brcpool * CNSC * Q10

Where brepool is the respiration base rate at 25°C, which is set to 10° gC m2 s, This is
equivalent to roughly a 3-year turnover time for the NSC pool Cnsc, which is broadly consistent
with observations that indicate a range of values across plant components and NSC forms with
a weighted mean of 2-3 years (Richardson et al., 2015). The Q10 parameter, which has a value of
1.5 in these simulations, controls the strength of the temperature response. T, is the 2-meter
air temperature (K).

Nutrients are allocated from the non-structural pools using the following equation:
Ndemand

NNSmax )
max | ——=,1
< Nys

Nalloc =

Where Ngemand is the amount of nutrient (nitrogen or phosphorus) required to allocate all NPP
during a model timestep to plant structural pools given the stoichiometry. Nas is the size of the
non-structural nutrient pool, and Nusmaxis the size of the pool above which there is no nutrient
limitation.

NNS,max = Nstor * NPPN,anual

NPPw,annuaris the previous year’s total of annual net primary productivity for the nutrient of
interest. The parameter Nstor is set to 3 for these simulations. Therefore, nutrient limitation
only affects allocation when there are less than 3 years of non-structural nutrient storage. This
is consistent with the average age of NSC found by (Richardson et al., 2015), though that
analysis found a 2-pool NSC model may have more predictive skill, which we will consider
implementing in future work.

These computations of Naioc are done for both nitrogen and phosphorus. The actual allocation
of carbon, nitrogen and phosphorus is set by whichever nutrient is more limiting at that
timestep given the lower of the ratios Naioc:Ndemand.
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Figure S1: Time series of globally-integrated P pools for the control run, which is the

continuation of the normal spinup.
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Figure S2: Violin plots of nitrogen uptake (g N m yrt) and phosphorus uptake (g P m2 yr?)
from ELMv1-CNP and GOLUM-CNP for seven biomes: tropical rainforest (TRF), temperate
deciduous forest (TEDF), temperate coniferous forest (TECF), boreal coniferous forest (BOCF),
temperate grassland (TEG) and tropical grassland (TRG). Plots show the medians of all grid cells
in each biome (open circles) and the probability density distribution (balloons).
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Figure S3: Violin plots of NPP (g C m2 yr!) from ELMv1-CNP and GOLUM-CNP for seven biomes:
tropical rainforest (TRF), temperate deciduous forest (TEDF), temperate coniferous forest
(TECF), boreal coniferous forest (BOCF), temperate grassland (TEG) and tropical grassland
(TRG). Plots show the medians of all grid cells in each biome (open circles) and the probability
density distribution (balloons).
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Figure S4:: Violin plots of NPP allocation fractions to leaf from ELMv1-CNP and GOLUM-CNP for
seven biomes: tropical rainforest (TRF), temperate deciduous forest (TEDF), temperate
coniferous forest (TECF), boreal coniferous forest (BOCF), temperate grassland (TEG) and
tropical grassland (TRG). Plots show the medians of all grid cells in each biome (open circles)
and the probability density distribution (balloons).
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Figure S5:: Violin plots of NPP allocation fractions to wood from ELMv1-CNP and GOLUM-CNP
for seven biomes: tropical rainforest (TRF), temperate deciduous forest (TEDF), temperate
coniferous forest (TECF), boreal coniferous forest (BOCF), temperate grassland (TEG) and
tropical grassland (TRG). Plots show the medians of all grid cells in each biome (open circles)
and the probability density distribution (balloons).
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Figure S6: Violin plots of NPP allocation fractions to fine root from ELMv1-CNP and GOLUM-CNP
for seven biomes: tropical rainforest (TRF), temperate deciduous forest (TEDF), temperate
coniferous forest (TECF), boreal coniferous forest (BOCF), temperate grassland (TEG) and
tropical grassland (TRG). Plots show the medians of all grid cells in each biome (open circles)
and the probability density distribution (balloons).
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Figure S7: Simulated change in land carbon storage in response to changes in CO2, land use and
land cover change, N deposition, climate during 1850-2010. Unit: Pg C. CN is for ELMv1-CN and
CNP is for ELMV1-CNP
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Figure S8: The comparison of atmospheric CO; concentrations inferred from ELM v1-CNP land-
carbon fluxes (green lines) with in situ flask measurements from NOAA’s global Cooperative Air
Sampling Network (gray lines) in ILAMB: (a) the mean seasonal amplitude over flask sites [ppm],
(b) the range of interannual variability [ppm], (c) the average month-of-year when the peak
CO2 concentration occurs, and (d) the average month-of-year when the lowest CO2
concentration occurs. Observations and measurements are binned within 30° latitude
increments; small gray dots indicate individual flask sampling locations.
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Figure S9: The comparison of atmospheric CO; concentrations [ppm] inferred from ELM v1-CNP
land-carbon fluxes (green lines) with in situ flask measurements from NOAA’s global
Cooperative Air Sampling Network (gray lines) in ILAMB: Mean seasonal cycles (left) and full
time series (right) for four flask sites: (d) Barrow, (e) Azores, (f) Samoa, and (g) South Pole.



Table S1: PFT dependent parameters*

PFT Leaf Leaf | Fine | Fine Live live Dead | Dead
C:N C:P | root | root wood | wood | wood | wood
C:N C:P C:N C:P C:N C:P

Needleleaf 35 525 42 1000 50 3000 500 3000

evergreen tree -

temperate

Needleleaf 40 400 42 1000 50 3000 500 3000

evergreen tree -

boreal

Needleleaf 25 250 42 1000 50 3000 500 3000

deciduous tree -

boreal

Broadleaf 30 600 42 1000 50 3000 500 3000

evergreen tree -

tropical

Broadleaf 30 450 42 1000 50 3000 500 3000

evergreen tree -

temperate

Broadleaf 25 500 42 1000 50 3000 500 3000

deciduous tree -

tropical

Broadleaf 25 375 42 1000 50 3000 500 3000

deciduous tree -

temperate

Broadleaf 25 250 42 1000 50 3000 500 3000

deciduous tree -

boreal

Broadleaf 30 450 42 1000 50 3000 500 3000

evergreen shrub -

temperate

Broadleaf 25 375 42 1000 50 3000 500 3000

deciduous shrub -

temperate

Broadleaf 25 250 42 1000 50 3000 500 3000

deciduous shrub -

boreal

C3 arctic 25 250 42 1000

C3 grass 25 375 42 1000

C4 grass 25 375 42 1000

"The sources of the parameters are provided in detail in the supporting information of Yang et
al. (2016)



Table S2: Soil order dependent parameters*

Smax | Ks r_adsorp | r_desorp | r_weathering | R_occlusion
Andisol 1000 | 0.6 0.005 | 0.00022 0.005 le-6
Gelisol 500 | 0.6 0.005 | 0.00022 0.001 le-6
Histosol 500 | 0.6 0.005 | 0.00022 0.001 le-6
Entisol 432 | 0.49 0.005 | 0.00022 0.001 le-6
Inceptisol | 500 | 0.6 0.005 | 0.00022 0.001 le-6
Aridsol 700 0.3 0.005 | 0.00022 0.001 le-6
Vertisol 700 0.3 0.005 | 0.00022 0.001 le-6
Mollisol 700 0.3 0.005 | 0.00022 0.001 le-6
Alfisol 700 | 0.06 0.005 | 0.00022 0.001 le-6
Spodosol 925 | 0.03 0.005 | 0.00022 0.001 le-6
Ultisol 1000 | 0.03 0.004 | 0.00022 0.0001 le-6
Oxisol 1000 | 0.03 0.004 | 0.00022 0.0001 le-6

"The sources of the parameters are provided in detail in the supporting information of Yang et

al. (2016)

Table S3: List of Input Data

Input data

Reference

Meteorological forcing

The Global Soil Wetness
Project forcing dataset

http://hydro.iis.u-
tokyo.ac.jp/GSWP3/

pools

(GSWP3)
Land use change Land-Use harmonization data | Hurtt et al., 2020

set (LUH2)
N deposition Hegglin et al., 2016
CO; Meinshausen et al., 2017
P deposition Mahowald et al. (2008)
Soil P maps Global maps of different P Yang et al. (2013)




Table S4: Observational Dataset Used for Carbon Cycle Evaluation in ILAMB

Variable Datasets References

Biomass Saatchi et al.,2011
GEOCARBON
NBCD2000 Kellndorfer et al., 2013
USForest Blackard et al., 2008

Burned area GFEDAS Giglio et al., 2010

Carbon dioxide

NOAA.Emulated

Dlugokencky et al., 2020

Gross primary productivity Fluxnet Lasslop et al., 2010
GBAF Jung et al., 2011

Leaf area index AVHRR Myneni et al., 1997
MODIS De Kauwe et al., 2011

Global Nete Ecosystem GCP Le Quere et al., 2016

Carbon Balance Hoffman Hoffman et al., 2014

Net ecosystem exchange Fluxnet Lasslop et al., 2010
GBAF Jung et al., 2010

Ecosystem respiration Fluxnet Lasslop et al., 2010
GBAF Jung et al., 2010

Soil carbon HWSD Todd-Brown et al., 2013
NCSCDV22 Hugelius et al., 2013
Koven Koven et al., 2017
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Remote Sensing of Environment, 115(2), 767-780.
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https://doi.org/10.15138/wkgj-f215

Giglio, L., Randerson, J., Van der Werf, G., Kasibhatla, P., Collatz, G., Morton, D., & DeFries, R.
(2010). Assessing variability and long-term trends in burned area by merging multiple
satellite fire products. Biogeosciences, 7(3), 1171-1186.
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CMIP6-version 2.0. Earth System Grid Federation.
https://doi.org/10.22033/ESGF/input4MIPs.1125
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