
3. Model implementation & optimization

• The model was implemented using three stages, including the accelerated 

spin-up (600 years) , final spin-up (50 years), and transient run (1980-

2020).

• The atmospheric forcing data (from 2018 to 2019) used in the model were 

obtained from the PE-QFR flux site. For all simulations, we repeatedly 

cycled the 2-year forcing data. 

• Surrogate model was used to do sensitivity analysis and also to do 

parameter calibration with Bayesian approach and Markov chain Monte 

Carlo (MCMC) sampling. Offline Land Model Testbed (OLMT) was used 

to manage parameter ensembles and postprocessing (Ricciuto et al. 2021).

5. Model performance & validation1. Quistococha peatland site

FIGURE 1. Location of PE-QFR AmeriFlux site. Also shown is the global

distribution of peatlands (Xu et al. 2018).

• AmeriFlux site ID： PE-QFR

• Established in 2017 

• Location: Quistococha, Peru (73º19′ 08.1“ 

W; 3º50′ 03.9" S)

• Elevation: 104 m

• Dominant vegetation: Mauritia flexuosa L.f.

(21.3m height)

• MAT=27.2 ºC ; MAP=2753.2 mm

• Current flux measurements:

(1) Eddy covariance system

(2) Automatic 16-chamber-based system
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6. Summary

• E3SM land model (ELM) branched from CLM4.5. 

• The model used in this study is based on ELM-SPRUCE version (Ricciuto 

et al. 2021; Yuan et al. 2021), and its key advancements included:

2a. Hydrological processes with varying microtopography

FIGURE 2. Main wetland framework of E3SM land model.
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2b. Mechanistic methane cycling

Griffis et al. 2020

(1) an improved wetland hydrology module including hummock-hollow 

microtopography, and the horizontal flow of water and associated 

biogeochemical variables between hummock and hollow columns (Shi et al., 

2015);

(2) an improved CH4 module including the processes of dissolved organic 

carbon fermentation, hydrogenotrophic and acetoclastic methanogenesis, 

aerobic and anaerobic methanotrophy, and hydrogen production (Xu et al., 

2015; Ricciuto et al. 2021). 

FIGURE 3. Workflow of observations‐based off-line modeling optimization.

• After several algorithm modifications and parameter optimization, the 

ELM model can capture the temporal CO2 and CH4 fluxes in the 

Amazonian swamp peatland overall, although large seasonal variations in 

measured CH4 flux existed which are less consistent with the daily 

modeled fluxes. 

• Since the identified high-sensitive parameters (photosynthesis, stomatal 

and microbial parameters etc..) we found are strongly affected by the 

changes in environmental conditions, the modeling results can partly 

explain our previous observational study which reported the strong effects 

of hydrometeorological forcing on the carbon fluxes in this site (Griffis et 

al. 2020).

2. E3SM land model 4. Sensitivity analysis

• New modifications in this study are mainly:

(1) soil hydraulic property functions involving a site-specific water 

retention curve with empirical tropical soil data;

(2) dynamic function of leaf carbon-to-nitrogen ratio according to seasonal 

phenological and physiological changes of tropical species; 

(3) water stress scalar function in CH4 processes was improved as a 

dynamic function of water table level. 

FIGURE 4: Sensitivity analysis for 

model responses to 20 parameters  in 

Table 1. S is negative if the direction of 

modelled response opposes the direction 

of the parameter change.

  Parameter Definition Parameter Definition
P1 bdnr Bulk denitrification rate P11 r_mort Mortality rate

P2 br_mr
Base rate for maintenance 

respiration (MR)
P12 stem_leaf New stem carbon per new leaf carbon

P3 decomp_depth_efolding
e-folding depth for 

decomposition
P13 k_dom

Decomposition rate of dissolved 

organic matter

P4 flnr Fraction of leaf N in RuBisco P14 m_dAceProdACmax 
Maximum rate of acetic acid 

production from available carbon

P5 froot_leaf Fine root to leaf allocation ratio P15 m_dACMinQ10
Temperature sensitivity of available 

carbon mineralization

P6 frootcn Fine root C:N ratio P16 m_dGrowRAceMethanogens
Growth rate of acetoclastic 

methanogens

P7 grperc Growth respiration fraction P17 m_dH2ProdAcemax
Maximum reaction rate of conversion 

of H2 and CO2 to acetic acid

P8 ksomfac
Decomposition fraction of soil 

organic matter
P18 m_dYAceMethanogens

Growth efficiency of acetoclastic 

methanogens

P9 leafcn Leaf carbon/nitrogen (C:N) ratio P19 m_dKCH4OxidCH4
Half-saturation coefficient of CH4 

oxidation for CH4 concentration

P10 q10_mr Temperature sensitivity for MR P20 Nfix Nitrogen fixation rate

Table 1. Parameters for sensitivity analysis.

• A sensitivity index (S) was used to quantify the sensitivity of the model 

outputs to key parameter changes from -20%~+20%, which is 

calculated as the ratio of the standardized change in outputs to the 

standardized change in the parameter values.

• flnr and mp were the two most sensitive parameters for CO2 cycling.

• CH4 flux was sensitive to most of the microbial parameters. 

• Over the four seasons of the 2-year simulations, significant changes 

occur in the parameter sensitivities.

FIGURE 7. Comparing diel patterns 

of modeled and observed CO2 and 

CH4 fluxes for wet and dry seasons 

in 2019.

FIGURE 6. Comparing seasonal 

patterns of modeled and observed CO2

and CH4 fluxes for wet and dry 

seasons in 2019.

FIGURE 5: Sensitivity analysis of 13 

parameters for the photosynthesis 

(FPSN) in the wet and dry seasons from 

2018 to 2019. FPSN1 represents 2018 

wet season; FPSN2 represents 2019 wet 

season; FPSN3 represents 2018 dry 

season; FPSN4 represents 2019 dry 

season. Sensitivity indices are indicated 

by the height of the colored bar.

FIGURE 8: Taylor diagrams showing 
correlation coefficients, standard 
deviations and RMSEs between daily 
observations and ELM simulations in 
wet and dry seasons.

Acknowledgments: This work is supported by the U.S. Department of Energy, Office of Science, Office of Biological and 

Environmental Research, Terrestrial Ecosystem Science Program (DE-SC0020167). The data used have been submitted to 

the AmeriFlux program and available at: https://ameriflux.lbl.gov/sites/siteinfo/PE-QFR.

References:

[1] Griffis T.J. et al. 2020. Hydrometeorological sensitivities of net ecosystem carbon dioxide and methane exchange of an 

Amazonian palm swamp peatland. Agricultural and Forest Meteorology, 295:108167.

[2] Ricciuto D.M. et al. 2021. An integrative model for soil biogeochemistry and methane processes: I. model structure and 

sensitivity analysis. JGR-Biogeosciences. 126, e2019JG005468.

[3] Yuan F. et al. 2021 An integrative model for soil biogeochemistry and methane processes : II. warming and elevated CO2

effects on peatland CH4 emissions. JGR-Biogeosciences. 126, e2020JG005963. 

[4] Shi, X. et al. 2015. Representing northern peatland microtopography and hydrology within the Community Land Model. 

Biogeosciences, 12(21), 6463– 6477.

[5] Xu, X et al. 2015. A microbial functional group based module for simulating methane production and consumption: 

Application to an incubation permafrost soil. JGR-Biogeosciences, 120(6), 1315– 1333.

[6] Xu J., et al. 2018 PEATMAP: Refining estimates of global peatland distribution based on a meta-analysis. CATENA 160: 

134–140.

FIGURE 9: The modeled hourly 
patterns of CH4 transport pathways 
in 2019. The pie chart shows the 
total contribution for each pathway 
to the annual sum of CH4 emissions.
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dleaf: Characteristic leaf dimension; fcur: Fraction of allocation that goes to currently displayed growth;

leaf_long: Leaf longevity; livewdcn: Live wood (phloem and ray parenchyma) C:N; mp: Ball-Berry stomatal 

conductance slope parameter; slatop: Specific Leaf Area at top of canopy
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