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Key points:  

 

• A peatland biogeochemistry model was parameterized and tested using long-term peat carbon 

accumulation rate data 

 

• The model estimated that 85-174 Pg C was accumulated in North American peatlands during 

the last 12,000 years  

 

• During the Holocene Thermal Maximum, the warmer and wetter conditions might have 

resulted in the carbon accumulation peak by enhancing plant photosynthesis in the region 
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Abstract. Peatlands are a large carbon reservoir. Yet, the quantification of their carbon stock still 

has a large uncertainty due to lacking observational data and well-tested peatland 

biogeochemistry models. Here, a process-based peatland model was calibrated using long-term 

peat carbon accumulation data at multiple sites in North America. The model was then applied to 

quantify the peat carbon accumulation rates and stocks within North America over the last 

12,000 years. We estimated that 85-174 Pg carbon were accumulated in North American 

peatlands over the study period including 0.37-0.76 Pg carbon in subtropical peatlands. During 

the period from 10,000 to 8,000 years ago, the warmer and wetter conditions might have played 

an important role in stimulating peat carbon accumulation by enhancing plant photosynthesis. 

Enhanced peat decomposition due to warming slowed the carbon accumulation through the rest 

of the Holocene.  While recent modeling studies indicate that the northern peatlands will 

continue act as a carbon sink in this century, our studies suggest that future enhanced peat 

decomposition accompanied by peatland areal changes induced by permafrost degradation and 

other disturbances shall confound the sink and source analysis.  
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1. Introduction 

 Among all terrestrial ecosystems, peatlands form the largest reservoir of soil organic 

carbon (SOC). Global peatlands occupy approximately 3% (4 million km2) of the global land 

area, but sequester 400-600 Pg C (1 Pg C = 1015 g C) (Gorham, 1991, 1995; Clymo, 1998; Yu et 

al., 2010; Maltby and Immirzi, 1993). Peatlands have accumulated carbon during the past several 

thousand years mainly because waterlogged soils decrease their carbon decomposition 

dominated by anaerobic respiration (Gorham et al., 2012; MacDonald et al., 2006; Jones and Yu, 

2010; Turunen et al., 2002). As a result, northern peatlands account for 85-89% of the global 

peatland SOC stocks (Harden et al., 1992; Kivinen and Pakarinen, 1981). In contrast, tropical 

and subtropical peatlands only contain 11-15% of the global peatlands SOC (Page et al., 2004, 

2011).  

 Northern peatlands are largely located in the boreal zone of Canada, Russia, Alaska and 

Fennoscandian countries (Lappalainen, 1996; Turunen et al., 2002) and have acted as a long-

term carbon dioxide (CO2) sink and methane (CH4) source during the Holocene period 

(Bridgham et al., 2006; Jones and Yu, 2010). Recent warming has been projected to intensify in 

the 21st century, particularly in northern high-latitudes (IPCC, 2014), which will change the 

balance between peat SOC production and decomposition in the future (Frolking et al., 2011; 

Turunen et al., 2002; McGuire et al., 2009). Recent studies have focused on the mechanism of 

the responses of peatland carbon accumulation to climate change in the northern high-latitude 

regions using long-term carbon dating and modeling approaches (Dorrepaal et al., 2009; 

Charman et al., 2013; Yu et al., 2009; Yu, 2012; Davidson and Janssens, 2006; Christensen and 

Christensen, 2007; Wang et al., 2016a,b). Warming may lead to greater net primary productivity 

(NPP) and subsequently enhance peat SOC accumulation, but it may also stimulate soil 
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decomposition and evapotranspiration (Hobbie et al., 2000; Loisel et al., 2012; Yu et al., 2009). 

In contrast to the view that warming may slow peat SOC accumulation (Dorrepaal et al., 2009), 

recent studies for the Holocene have indicated that higher temperatures may promote carbon 

accumulation at millennial timescales in northern peatlands (Wang et al., 2016a,b; Jones and Yu, 

2010, Loisel et al., 2014). Other climate factors such as the seasonality of photosynthetically 

active radiation (PAR), the seasonality of temperature, annual precipitation and growing season 

length may also play an important role in controlling carbon dynamics in northern peatlands 

(Jones and Yu, 2010; He et al., 2014; Wang et al., 2016a, 2016b).  

Tropical and subtropical peatlands are mainly distributed in Southeast Asia (~56%, Page 

et al., 2004, 2011), and South and Central America (~23%, Lähteenoja et al., 2009a,b). They are 

largely restricted to poorly drained coastal regions and inland fluvial plains (Gore, 1983; Maltby 

and Immirzi, 1993; Lähteenoja and Page, 2011). High evapotranspiration rates resulting from 

warm air temperatures could dry waterlogged areas, warm peat surface temperature, and increase 

carbon decomposition, limiting the formation of peatlands in tropical and subtropical regions 

(Gore, 1983; Chapin et al., 2002; Davidson et al., 2000; Trumbore et al., 1996). Recent research 

suggests that the prevailing climate along with the autogenic processes of peatlands could be 

important factors affecting tropical peat formation in the Amazon basin. Specifically, Wang et al. 

(2018) suggested that warming accelerates peat SOC loss while increasing precipitation 

stimulates peat SOC accumulation at millennial timescales. Therefore, under warmer and 

presumably wetter conditions over the 21st century, tropical peatlands are likely to switch from a 

carbon sink to a source. Further, SOC accumulation could also be largely controlled by non-

climate factors such as the transition from minerotrophic to ombrotrophic conditions and the 

active lateral migration of rivers (Lähteenoja and Page, 2011; Lähteenoja et al., 2012).  The 
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largest subtropical wetlands in the United States are the Everglades (Richardson, 2010).  These 

peatlands have their unique geological and hydrological processes and nutrient conditions that 

led to their development. In comparison to high-latitude peats, these subtropical peats tend to 

have lower carbohydrate and greater aromatic content, creating a reduced oxidation state and 

resulting in recalcitrance, allowing peat to persist despite warm temperatures (Hodgkins et al., 

2018).   

         

 Studies have been conducted to advance the understanding of peat carbon dynamics 

resulting from climate and geological factors for global peatlands (Turunen et al., 2002; Roulet et 

al., 2007; Yu et al., 2009; Lähteenoja et al., 2009a,b, 2012; Swindles et al., 2014; Kelly et al., 

2017; Roucoux et al., 2013). However, the interaction between peat carbon accumulation and 

climate change still remains difficult to assess (Loisel et al., 2012, 2014). Two main reasons are 

(1) the understanding of the mechanism of peatland responses to climate change is limited 

(Frolking et al., 2011; Loisel et al., 2014; Belyea, 2009) and (2) there are data gaps and large 

uncertainties in peat SOC measurements (Yu, 2012).  While a number of recent modeling studies 

have focused on peatland carbon dynamics (e.g., Spahni et al., 2013; Frolking et al., 2010; 

Kleinen et al., 2012; Quillet et al., 2013; Qiu et al., 2020; Chaudhary et al., 2020; Bona et al., 

2020), the peat basal data and carbon stock and flux data obtained in recent years in North 

America have not been adequately used to parameterize and test process-based peatland 

biogeochemistry models.   

 

A peatland Terrestrial Ecosystem Model (P-TEM) was recently developed by coupling a 

hydrological module (HM), a soil thermal module (STM), a methane module (MDM), and a 
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carbon and nitrogen module (CNDM) (Wang et al., 2016a). P-TEM has been parameterized and 

applied to estimate the regional peat carbon accumulation rates and stocks in Alaska (northern 

peatlands) and in the Amazon basin (tropical peatlands) (Wang et al., 2016a,b; 2018). Here, we 

further parameterized and evaluated the model using long-term peat accumulation rate data at 

multiple sites in Alaska, Canada, the northern conterminous USA, and the Florida Everglades. 

The model was then applied to simulating the peat SOC accumulation in the past 12,000 years 

and quantifying the current peat SOC stocks in North America.  We acknowledge that this study 

has not explicitly modeled peatland dynamics, but is a first step towards more detailed peatland 

C modeling for the region. 

 

2. Methods 

2.1 Model Framework 

2.1.1 Net Ecosystem Production  

The peat SOC accumulation rate in the model is equal to the net ecosystem production 

(NEP), determined by NPP and aerobic and anaerobic respiration (Zhuang et al., 2003; Wang et 

al., 2016a). NEP for the peatland ecosystem is calculated at a monthly step: 

NEP = NPP − 𝑅𝐻 − 𝑅𝐶𝐻4
− 𝑅𝐶𝑊𝑀 − 𝑅𝐶𝑀 − 𝑅𝐶𝑂𝑀 (1) 

NPP is the monthly net primary production. 𝑅𝐻 is the monthly aerobic respiration related to 

the variability of the water table depth, soil moisture, soil temperature, and soil organic C. 𝑅𝐶𝐻4
 is 

the monthly methane emission after methane oxidation. 𝑅𝐶𝑊𝑀 represents the CO2 emission due to 

methane oxidation (Zhuang et al., 2015). 𝑅𝐶𝑀 represents the CO2 release related to the 

methanogenesis (Tang et al., 2010). 𝑅𝐶𝐶𝑂𝑀 represents the CO2 release from other anaerobic 
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processes (e.g., fermentation and terminal electron acceptor reduction; Keller and Bridgham, 

2007). We assume Rcom/RCH4 is equal to 5. 

 

2.1.2 Net Primary Production  

Gross primary production (GPP, see Raich et al. 1991 for details) is defined as the total 

assimilation of CO2 by plants, excluding photorespiration. GPP is modeled as a function of 

photosynthetically active radiation (PAR), atmospheric CO2 concentrations, moisture availability, 

mean air temperature, the relative photosynthetic capacity of the vegetation, and nitrogen 

availability: 

GPP = (𝐶𝑚𝑎𝑥)
𝑃𝐴𝑅

𝑘𝑖+𝑃𝐴𝑅

𝐶𝑖

𝑘𝑐+𝐶𝑖
𝑓(𝑃𝐻𝐸𝑁𝑂𝐿𝑂𝐺𝑌)𝑓(𝐹𝑂𝐿𝐼𝐴𝐺𝐸)𝑓(𝑇)𝑓(𝑁𝐴) (2) 

where 𝐶𝑚𝑎𝑥 is the monthly maximum rate of C assimilation by the entire plant canopy under 

optimal environmental conditions (g m−2 month−1); PAR is photosynthetically active radiation 

at canopy level (J cm−2 day−1); 𝑘𝑖  is the irradiance at which C assimilation proceeds at one-half 

of its maximum rate; 𝐶𝑖 is the concentration of CO2 inside leaves (mL  L−1); 𝑘𝑐  is the internal CO2 

concentration at which C assimilation proceeds at one-half of its maximum rate. 𝑓(𝑃𝐻𝐸𝑁𝑂𝐿𝑂𝐺𝑌) 

is monthly leaf area relative to leaf area during the month of maximum leaf area and depends on 

monthly estimated evapotranspiration (Raich et al., 1991). 𝑓(𝐹𝑂𝐿𝐼𝐴𝐺𝐸) is a scaling function that 

ranges from 0.0 to 1.0 and represents the ratio of canopy leaf biomass relative to maximum leaf 

biomass. 𝑇 is monthly air temperature and 𝑁𝐴 is nitrogen availability. The function 𝑓(𝑁𝐴) models 

the limiting effects of plant nitrogen status on GPP.  

Plant autotrophic respiration (𝑅𝐴, see Raich et al. 1991 for details) is the total respiration 

(excluding photorespiration), including all CO2 production from the various processes of plant 
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maintenance, nutrient uptake, and biomass construction. 𝑅𝐴 is the sum of maintenance respiration 

(𝑅𝑚), and growth respiration (𝑅𝑔): 

𝑅𝐴 = 𝑅𝑚 + 𝑅𝑔 (3) 

The maintenance respiration is modeled as a direct function of plant biomass (𝐶𝑉). We assume 

that rising temperatures increase maintenance respiration logarithmically with a 𝑄10 of 2 over all 

temperatures: 

𝑅𝑚 = 𝐾𝑟(𝐶𝑉)𝑒0.0693𝑇 (4) 

where 𝐾𝑟 is the plant respiration of per unit of biomass carbon at 0℃ (g g−1 month−1), and T is 

the mean monthly air temperature (℃). Growth or construction respiration 𝑅𝑔𝑡 is estimated to be 

20% of the difference between GPPt and 𝑅𝑚𝑡: 

NPP′t = GPPt − 𝑅𝑚𝑡 (5) 

𝑅𝑔𝑡 = 0.2NPP′t (6) 

where NPPt′ is the potential net primary production assuming that the conversion efficiency of 

photosynthate to biomass is 100% and t refers to the monthly time step.  

Net primary production (NPPt) is the difference between GPPt and autotrophic respiration 

(𝑅𝐴𝑡): 

NPPt = GPPt − 𝑅𝐴𝑡 (7) 

2.1.3 Aerobic Respiration Related to Water Table Depth  

SOC aerobic respiration (𝑅𝐻) is related to the variability of water table depth: 

𝑅𝐻 = 𝐾𝑑𝐶𝑠1𝑓(𝑀𝑉)𝑒0.069𝐻𝑇
𝑊𝑇𝐷

𝐿𝑊𝐷
 (8) 

where 𝑀𝑉 represents the mean monthly soil water content (percentage of saturation) in the peat 

unsaturated zone above the water table depth (WTD). 𝐾𝑑 is a decomposition coefficient constant. 

𝐻𝑇 is the mean monthly peat temperature above the lowest water table depth (LWD, a fixed 
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parameter, the soil below is saturated: Granberg et al., 1999). Here LWD is the deepest water table 

depth at the site within a number of years, which is specified based on observational data or 

estimated during parameterization, while WTD varies daily. The SOC between LWD and soil 

surface (𝐶𝑠1) in the transient simulation is obtained after a 2000-year equilibrium run. 

2.1.4 𝑹𝑪𝑯𝟒
, 𝑹𝑪𝑾𝑴, 𝑹𝑪𝑴, and 𝑹𝑪𝑶𝑴 

𝑅𝐶𝐻4
 represents the monthly methane emission after methane oxidation (see Zhuang et al 

(2004) for details): 

𝑅𝐶𝐻4
= 𝑀𝑃 − 𝑀𝑂 (9) 

where 𝑀𝑃 is the monthly methane production via methanogenesis and 𝑀𝑂 is the monthly methane 

oxidation. 

𝑀𝑃 is modeled as an anaerobic process that occurs in the saturated zone of the soil profile. 

It is calculated as the integration of the hourly methanogenesis (𝑀𝑃(𝑧, 𝑡)) at each 1-cm layer: 

𝑀𝑃 = ∫ ∫ 𝑀𝑃(𝑧, 𝑡)
100

𝑧=1

24×30

𝑡=1
𝑑𝑡𝑑𝑧 (10) 

where  

𝑀𝑃(𝑧, 𝑡) = 𝑀𝐺0𝑓(𝑆𝑂𝑀(𝑧, 𝑡))𝑓(𝑀𝑆𝑇(𝑧, 𝑡))𝑓(𝑝𝐻(𝑧, 𝑡))𝑓(𝑅𝑋(𝑧, 𝑡)) (11) 

𝑀𝐺0 is the ecosystem-specific maximum potential methane production rate. 𝑓(𝑆𝑂𝑀(𝑧, 𝑡)) 

is a multiplier that enhances methanogenesis with increasing methanogenic substrate availability, 

which is a function of net primary production of the overlying vegetation. 𝑓(𝑀𝑆𝑇(𝑧, 𝑡)) is a 

multiplier that enhances methanogenesis with increasing soil temperatures. 𝑓(𝑝𝐻(𝑧, 𝑡)) is a 

multiplier that diminishes methanogenesis if the soil-water pH is not optimal (i.e., pH=7.5). 

𝑓(𝑅𝑋(𝑧, 𝑡)) is a multiplier that describes the effects of the availability of electron acceptors which 

is related to redox potential on methanogenesis.   
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𝑀𝑂 is modeled as the integration of hourly methane oxidation rate (𝑀𝑂(𝑧, 𝑡)) at each 1-cm 

soil layer: 

𝑀𝑂 = ∫ ∫ 𝑀𝑂(𝑧, 𝑡)
100

𝑧=1

24×30

𝑡=1
𝑑𝑡𝑑𝑧 (12) 

where  

𝑀𝑂(𝑧, 𝑡) = 𝑂𝑀𝐴𝑋𝑓(𝐶𝑀(𝑧, 𝑡))𝑓(𝑇𝑆𝑂𝐼𝐿(𝑧, 𝑡))𝑓(𝐸𝑆𝑀(𝑧, 𝑡))𝑓(𝑅𝑂𝑋(𝑧, 𝑡)) (13) 

𝑂𝑀𝐴𝑋 is the ecosystem-specific maximum oxidation coefficient; 𝑓(𝐶𝑀(𝑧, 𝑡)) is a multiplier 

that enhances methanotrophy with increasing soil methane concentrations; 𝑓(𝑇𝑆𝑂𝐼𝐿(𝑧, 𝑡)) is a 

multiplier that enhances methanotrophy with increasing soil temperatures; 𝑓(𝐸𝑆𝑀(𝑧, 𝑡)) is a 

multiplier that diminishes methanotrophy if the soil moisture is not at an optimum level. 

𝑓(𝑅𝑂𝑋(𝑧, 𝑡)) is a multiplier that enhances methanotrophy as redox potentials increase. 

 

2.2 Model Parameterization 

Key parameters of the individual modules including HM, STM, and MDM have been 

parameterized in our previous studies of northern peatlands and tropical peatlands (see Wang et 

al., 2016a, 2018 for details). Here, we re-adjusted those key parameters (Table 1) based on the 

annual C fluxes and pools at multiple sites in North America. We first conducted the initial Monte 

Carlo simulations to get the proper prior range of the parameter space for peatland ecosystems 

based on the original parameter space obtained from our previous studies. Annual C fluxes and 

pools taken from two sites in Alaska (APEXCON and APEXPER) were used to obtain the prior 

distribution for northern peatlands during the initial parameterization (Table 2). Annual C fluxes 

and pools taken from the large Shark River Slough (SRS) basin and the Taylor River/C-

111/Florida Bay Basin (TS/Ph) in South Florida were used to obtain the prior distributions for 

subtropical peatlands in the Great Everglades and other coastal regions (Table 2). A Latin 
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Hypercube Sampler (Iman et al., 1988) was applied to draw 5000 sets of parameters from their 

uniform distributions. The model was then driven by the climate data (Figure 1) from 1900 to 1990 

AD. We averaged the simulated monthly C fluxes and pools including aboveground NPP, annual 

belowground NPP, annual total NPP, aboveground vegetation carbon, belowground vegetation 

carbon, and total vegetation carbon to annual values and then averaged them from 1900 to 1990 

AD. All parameter sets were selected so the simulated annual C fluxes and pools were within the 

uncertainty ranges of the field measurements (Table 3). The prior distribution of parameters for 

Sphagnum open fen and Sphagnum black spruce bog were then merged to represent the prior 

distribution of parameters for northern peatlands. Similarly, the prior distribution of parameters 

for sawgrass swamp and mangrove tree island were merged to represent the prior distribution of 

parameters for subtropical peatlands.  These two sets of parameter priors were used to develop 

parameter posteriors.  

To select the most plausible sets of parameters, a Bayes’ framework was applied (see Tang 

and Zhuang (2009) for details): 

P(𝛉|𝐕) ∝ P(𝐕|𝛉)P(𝛉) (14) 

where P(𝛉|𝐕) is the posterior after the Bayesian inference conditioned on the available field 

measurements 𝐕. 𝛉 is the matrix of the parameters for adjustment. 𝐕 is the difference matrix 

between the Monte Carlo simulations and the corresponding field measurement. P(𝛉) is the prior 

distribution for peatland ecosystems obtained from the initial Monte Carlo ensemble simulation. 

P(𝐕|𝛉) is the likelihood function, which is calculated as the function of the difference between 

Monte Carlo simulations and available field measurement. We again applied the LHS algorithm 

to draw 1000 sets of parameters from the prior distributions obtained from the previous Monte 

Carlo simulations. The observational and field measurement data are peat SOC accumulation rates 
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in Alaska, Canada, north conterminous USA, and South Florida (Table 4) in 500-year bins from 

their basal ages to 2014 AD. We then averaged the simulated monthly SOC accumulation rates at 

those sites into 500-year bins and compared them with the field measurement data. We next applied 

the Sampling Importance Resampling (SIR) technique (Skare et al., 2003) to draw 50 highest 

plausible parameter sets as the posterior distributions. Finally, we grouped the posterior 

distributions obtained from different sites into 5 different groups based on their latitudes. We then 

averaged the posterior parameter space of each site within the corresponding group (Table 4).  

        

2.3 Regional Simulations and Uncertainty Quantification  

Basal ages were calculated by averaging the data of all peatland sites from Loisel et al 

(2014) and MacDonald et al (2006) (see Figure 1 in MacDonald et al (2006) for basal age 

distribution of northern peatlands). The averaged basal age for northern peatlands in Canada, 

Alaska, and northern conterminous USA is 12 ka (1 ka = 1000 years before present) and the 

averaged basal age for subtropical peatlands in North America is 4 ka. Northern peatlands were 

grouped into 4 sub-regions by their latitudes (e.g., latitude 40º-45º, latitude 45º-49º, latitude 49º-

60º, and latitude 60º-72º) based on the peatland distribution map taken from Yu et al (2010). The 

peatland map was then downscaled into 0.5º by 0.5º resolution (Figure 2). Regional simulations 

were conducted within each group by applying the averaged parameter sets from their posterior 

distributions in the corresponding group (see Table 4 for averaged parameter sets from their 

posterior distribution for each group). The regional peat SOC stocks were estimated based on  

current peat SOC in per-unit area and the corresponding peatland area at each pixel (Figure 2, see 

Aires et al (2017) for inundation distribution). The inundation map is assumed to be static over the 

simulation period (12 ka till 2014 AD) by averaging the annual variations within each grid from 
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1993 to 2007.  The peatland area for each grid is estimated based on the inundation map. A 500-

year run was conducted for peatland ecosystem ahead of the basal age using parameters of non-

peatland ecosystems to determine the initial SOC within the upper 1 m mineral soil underlying the 

peat deposit. The parameters used for the 500-year initial simulation were taken from Wang et al 

(2016b) for northern soils and Wang et al (2018) for subtropical soils.       

 We quantified the uncertainty of the total peat SOC stocks in North America due to 

uncertain parameters. Twenty sets of parameters were randomly drawn from the posterior 

distributions respectively from each latitude group. Based on the randomly-selected parameters, 

all pixels in the study area were assigned with the same climate forcing data (Figure 1). 

 

3. Results and Discussion 

3.1 Site-level Evaluation 

 Peat SOC accumulation rates were simulated at multiple sites individually to adjust and 

evaluate the model performance. In the region of latitude 60º-72º that covers Alaska and northern 

Canada, the simulations at 4 sites in Alaska in 500-year bins showed a large variation from 15 ka 

to 5 ka (Figure 3, see figures in Wang et al (2016a) for details). The large peak of SOC 

accumulation rates at 11- 9 ka (during the Holocene Thermal Maximum (HTM)) and the 

secondary peak at 6-5 ka were captured with the model at No Name Creek and Horse Trail Fen 

sites. Overall, the simulated trend was consistent with the curves from the observation (except at 

Swanson Fen). The 𝑅2 coefficient between the simulation and observation was 0.88 for Horse 

Trail Fen, 0.87 for No Name Creek, 0.38 for Gasfield and -0.05 for Swanson Fen. The negative 

correlation at Swanson Fen may result from the time shifted between the simulated accumulation 

peak in the late HTM and the observed peak in the early HTM (Wang et el., 2016a).  
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In the region of latitude 49º-60º that covers the main area of Canada, the 500-year bins 

indicated a largest peak at 9-8 ka at both Nordan’s Pond Bog and Slave Lake Bog sites (Figure 

4). This time period was consistent with the high SOC accumulation rate peak that occurred 

during the late HTM at four sites in Alaska. The largest peak at Sundance Fen and Joey Lake 

Bog sites shifted to 8.5-8 ka, while the peak at Patuanak Bog site shifted to 7.5 -7 ka. No peak 

was observed at JBL3 Bog site. The magnitudes of the largest peaks at the sites in latitude 49º-

60º were within the range of 55-90  g C m−2 yr−1, comparable to the largest peaks at the sites in 

latitude 60º-72º, indicating a similar long-term peat SOC accumulation pattern in northern 

peatlands. P-TEM captured the largest peaks at all sites but underestimated the SOC 

accumulation rates in non-peak time periods. At Sundance Fen site, the modeled primary peak 

shifted 1 ka (Figure 4). The observed pattern of SOC accumulation rates also showed a 

secondary peak of accumulation at 1.5 ka -2014 AD (0 ka), with the magnitudes varying from 10 

to larger than 100 g C m−2 yr−1. P-TEM underestimated the magnitude at Sundance Fen and 

Patuanak Bog sites while overestimated the magnitude at Joey Lake Bog, JBL3 Bog, Nordan’s 

Pond Bog, and Slave Lake Bog sites. The 𝑅2 coefficient between the simulation and observation 

was 0.43 for Patuanak Bog, 0.44 for Joey Lake Bog, 0.46 for Sundance Fen, 0.61 for JBL3 Bog, 

0.77 for Nordan’s Pond Bog, and 0.84 for Slave Lake Bog.  

In the regions of latitude 45º-49º and latitude 40º-45º in the northern conterminous USA, 

the observed long-term peat SOC accumulation rates at most sites again showed significant 

peaks at HTM (10 ka-9 ka) and early-to-mid Holocene (9-7.5 ka) (Figures 5 and 6). The 

magnitudes of the peaks range from 35 to 95 g C m−2 yr−1, comparable to the regions of latitude 

49º-60º and latitude 60º-72º (Figures 3 and 4). Caribou Bog site had the most significant increase 

of accumulation rate while no obvious peak was observed at South Rhody and FRON-2 Bog 
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sites. The model captured all the primary peaks overall. SOC accumulation peaks at Caribou 

Bog, Denbigh Fen, and MAL-2 Bog sites were underestimated with the model. The model 

accurately simulated the peaks at FRON-2 Bog, Sidney Bog, and Petite Bog sites. Similarly, a 

secondary peak of SOC accumulation rate was observed at all sites at 1 ka to 2014 AD (0 ka). 

The model reproduced this secondary peak at most of the sites. The 𝑅2 coefficient between the 

simulation and observation was 0.55 for MAL-2 Bog, 0.70 for Denbigh Fen, 0.74 for FRON-2 

Bog, 0.82 for South Rhody in the region of latitude 45º-49º. The 𝑅2 was 0.75 for Petite Bog, 

0.78 for Sidney Bog, and 0.84 for Caribou Bog in the region of latitude 40º-45º.   

 In the subtropical region within North America, observed long-term peat SOC showed a 

large variation between sawgrass (< 10 g C m−2 yr−1) peatlands and tree island peatlands (70-

200 g C m−2 yr−1) (Figure 7). SOC accumulation rates in 250-year bins showed a similar pattern 

at 02-05-21-5 and 02-05-21-2 sites with most of the rates below 10 g C m−2 yr−1. Tree island 

peatlands at the 98-4-23 site had much higher accumulation rates in 100-years bins after 1.1 ka 

when the transition from sawgrass to tree island was assumed according to the observation 

(Jones et al., 2014). Peaks at all three sites were captured after 0.5 ka, but non-peak periods were 

largely underestimated by the model (Figure 7). The 𝑅2 was 0.45 for site 02-05-21-5, 0.49 for 

site 02-05-21-2, and 0.80 for site 98-4-23. 

 

3.2 Carbon Accumulation in North America 

 The peat SOC stock distribution showed a large spatial variation in the region of latitude 

60º-72º (Figure 8). Peatlands were largely distributed in the west part of the region including 

Alaska and western Canada. Peatlands in Alaska had a relatively low SOC stocks ranging from 0 

to 150 kg C m−2 with higher values distributed in central Alaska. Western Canada has much 
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higher SOC up to 400 kg C m−2. In the region of latitude 49º-60º, most peatlands had the current 

SOC between 100 and 300 kg C m−2. Low SOC areas fell within the northern part, south central 

part, and eastern part of the region with SOC from 100 to 150 kg C m−2. The central part of the 

region exhibited a higher value with an average of 250 kg C m−2. In the region of latitude 45º-

49º, a lower SOC was simulated ranging from 0 to 100 kg C m−2. The northern and southern 

parts of the region had a small amount of SOC while the central part had a higher value at 

approximately 130 kg C m−2. A small region in the western part had highest SOC (>35 

kg C m−2). In the region of latitude 40º-45º, SOC stocks were moderate (~250 kg C m−2) and 

had small spatial variations. The peatlands were mainly located in upper Michigan and Maine. In 

the subtropical region, peatlands were mainly distributed in the Great Everglades and the coastal 

area of Mexican Gulf. Low SOC was modeled ranging from 0 to 120 kg C m−2. The relatively 

low stocks in the subtropical regions were presumably due to the much shorter basal age (4 ka) 

compared with the northern peatlands (12 ka). Peatlands in the whole Northern America showed 

a large variation and discontinuity, with the highest SOC stocks located within the Hudson Bay 

Lowland (HBL) in Manitoba, Ontario, and Quebec (Figure 8). The majority of the peatlands are 

in Canada, Alaska, and northern conterminous USA. Peatlands are not in the HBL and 

Northwest Territories of Canada had moderate SOC stocks while the northern part of the USA 

and Alaska had lower stocks. The large discontinuity among different simulation regions resulted 

from implementing different sets of parameters during the regional simulation (Table 1). It is 

worth noting that the model has not been parameterized for the Hudson Bay Lowland (HBL) 

peatlands, which might have biased our regional estimates given that the HBL peatlands are the 

largest peatland area in North America (e.g., Packalen et al. 2014; Humphreys et al. 2014; 

McLaughlin and Webster, 2014; Helbig et al., 2019).   
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 The model simulated the largest peak of peat SOC accumulation rate from 10 to 8 ka 

(Figure 9a). On average, the simulated SOC accumulation is 17.16 g C m−2 yr−1 from 12 ka to 

2014 AD. However, the SOC accumulation rates at 10-8 ka abruptly increased to 40 

g C m−2 yr−1, two times higher than the average rate during the whole simulation period. These 

were consistent with the findings of recent studies (Jones and Yu, 2010, Yu et al., 2009), 

indicating that, during the HTM, the expansion and formation of northern peatlands reached their 

highest. The simulated climate by CCSM3 (TraCE-21ka) model showed that the coolest 

temperature appeared at 15-10 ka (Figures 1a and 1b) in the whole North America (NA). The 

Arctic region of NA had colder and drier climate before the onset of the HTM (Barber and 

Finney, 2000; Edwards et al., 2001). It is worth noting that our simulations have not considered 

the impacts of peatland dynamics including initiation, expansion, shrinkage and shift from one 

type to another on carbon dynamics.  However, in Alaska and Canada, short-term peatland 

dynamics (e.g., at decadal time scales) are significant due to thawing permafrost and other land 

morphological changes as documented in Klein et al. (2005), McPartland et al. (2019) and Riordan et 

al. (2006), which will affect carbon accumulation rates.  Indeed, our previous study for Alaska 

peatlands shows that vegetation distribution has a significant influence on carbon dynamics, even 

larger than climatic forcing in our simulations (He et al., 2014).  Yet we have to admit it is 

challenging to document the vegetation and peatland dynamics for our whole study spatial and 

temporal domain given the limited amount of available data.  The assumption of static peatland 

distribution made in this study will no doubt introduce uncertainties in our estimates. Reconstruction 

of both vegetation and peatland dynamics is needed to evaluate their impacts on carbon accumulation 

in this region.  

The simulated long-term NPP at a yearly step reached its maximum at 10-8 ka, parallel to 

the peak in the SOC accumulation trend (Figures 9a and 9b). When NPP started increasing at the 
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beginning of the HTM, temperature started rising from 5 to 10 ℃ (Figure 1a). Meanwhile, 

annual precipitation during the HTM started increasing from 650 mm and continued until 5 ka to 

reach its highest level at 1000 mm (Figures 1c and 1d). Warmer temperature and wetter 

conditions during the HTM accelerated plant photosynthesis and subsequently increased NPP, as 

shown by several studies (Tucker et al., 2001; Kimball et al., 2004; Linderholm, 2006). Higher 

annual precipitation also raised the water table in peatlands and thus allowed more space for 

anaerobic respiration. While warming continued after the HTM, our model indicated a decrease 

in SOC accumulation rates accompanied by the continued increase of both aerobic and anaerobic 

respiration (Figure 9c). NPP also decreased after 8 ka (Figure 9b). The decrease in SOC 

accumulation could be due to the increased soil organic matter decomposition, as warmer 

temperatures stimulated soil decomposition (Nobrega et al., 2007). Simulated annual 

heterotrophic respiration (RH) followed a pattern similar to the temperature (Figure 1a). Warming 

also stimulated evapotranspiration and subsequently lowered the water table which had an 

opposing effect to the higher precipitation. The SOC accumulation rate slightly increased after 3 

ka, presumably due to the continued wetter condition after 5 ka (Figure 1a) where NPP might 

have compensated the increasing RH caused by warming. Our previous studies indicated that 

temperature had the most significant effect on peat SOC accumulation rate, followed by the 

seasonality of net incoming solar radiation (NIRR, Wang et al., 2016a,b). The seasonality of 

temperature, the interaction of temperature and precipitation, and precipitation alone are all 

significant causes. As warming continues in the 21st century, the rapid peat SOC accumulation 

during the HTM under warming and wetter climate might continue to be a larger C sink in this 

century, as predicted by recent studies (Yu et al., 2009, 2012; Jones and Yu, 2010; Loisel et al., 

2012; Spahni et al., 2013; Davidson and Janssens, 2006). However, our results suggested that 
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continue warming has positive effects on heterotrophic respiration in northern peatlands as 

indicated by the simulated long-term RH (Figure 9c). The future warming effect on soil 

decomposition might overwhelm its positive effect on plant photosynthesis and could possibly 

switch the role of the northern peatlands from a long-term carbon sink to a source. Moreover, 

periodic droughts and fire disturbances will also affect peatland dynamics and enhance carbon 

loss to the atmosphere (e.g., Burd et al., 2020; Swindles et al., 2019).  This carbon source estimate 

is contradicted by the recent modeling studies that suggested the northern peatlands will continue 

act as a carbon sink in this century (Qiu et al., 2020; Chaudhary et al., 2020).  While these 

studies have considered the impacts of peatland areal changes on carbon accumulation, the 

complex impacts of permafrost degradation and aggradation and other disturbances (e.g., peat 

fires) on hydrological and peatland dynamics shall be refined.  Subsequently, the quantification 

of the source and sink activities of these peatlands are still elusive.    

 The peat SOC stocks in each grid pixel at the resolution of 0.5 º by 0.5 º was multiplied 

by the percentage of peatlands from the inundation map (Figure 2). It was then multiplied by the 

corresponding grid area (56 km by 56 km) to get the total peat SOC stock for North America. 

Peats were estimated to store a total of 85-174 Pg C (1 Pg C = 1015 g C) with a mean of 122 Pg 

C. The uncertainty range results from the random selection of the parameter sets from their 

posterior distribution after the model parameterization. Approximately 0.53 Pg C (0.37-0.76 Pg 

C) is stored in subtropical peatlands and the majority amount is stored in northern peatlands of 

North America.  Specifically, the northern conterminous US, Alaska, and Canada account for 

0.64%, 0.62%, and 98.74% of the total 121 Pg peat carbon, respectively.  Our model was well 

parameterized and tested for subtropical, temperate, and Alaskan peatlands, but more carbon 

accumulation and flux data were needed for Canadian peatlands (Tables 3 and 4). This 
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deficiency might have biased our carbon estimates for Canadian peatlands.  If we consider the 

interannual inundation areal variations instead of using average values, the peatlands in North 

America would store from 84.7 to 85.3 Pg C by assuming the inundation area changes during our 

simulation period have the same uncertainty as during 1993-2007 (Figure 10).   

 In our previous studies on Alaskan peatlands SOC stocks (Wang et al., 2016a,b), 

vegetation distribution changes reconstructed from fossil pollen data (He et al., 2014) were 

applied through different time periods over the Holocene to mimic peatland expansion and 

shrinkage. In this study, we assumed that vegetation changes through time (e.g., peatland area 

changes) were static during the last 12,000 years. This may oversimplify the complicated 

variation and evolution of landscape by using modern peatland distribution map as vegetation 

shifts could happen within hundreds of years (Ager and Brubake, 1985).  In contrast, Qiu et al. 

(2020) modeled carbon dynamics of northern peatlands by estimating peatland areal changes, 

highlighting that undisturbed northern peatlands are small but persistent carbon sinks in the 

future.  Similarly, Chaudhary et al. (2020) employed an individual- and patch-based dynamic 

global vegetation model to quantify long-term carbon accumulation rates in northern peatlands. 

They found that peatlands in the pan-Arctic continue to act as carbon sinks under future warming 

scenarios, but rapid global warming could reduce the carbon sink capacity of the northern 

peatlands in the coming decades.  It will be important to compare these estimates to our future 

simulations for the 21st century while our current modeling was focused on the last 12,000 years. 

This study used modern inundation map to quantify carbon stocks within each grid pixel. 

Specifically, we superimposed the inundation map (Aires et al., 2017) to a peatland map (Yu et 

al., 2010) to estimate the peatland area, which was used to quantify carbon accumulation for each 

pixel. Averaging the annual variation of inundation in each grid from 1993 to 2007 to represent 
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the static inundation map over the simulation period also caused uncertainties as inundation data 

vary from year to year (Figure 10). Using a relatively coarse resolution (56km by 56 km) for 

regional model simulation and subsequent carbon stock estimation may also induce a large 

uncertainty. Additionally, there were uncertainties in estimating peatland basal ages by simply 

averaging the data from a number of peatland sites that might not be adequate to represent the 

whole North America. Thus using the averaged basal age during the regional simulation might 

also bias our estimates. In summary, while the model was incorporated with sufficient details of 

peatland processes including plant production and peat decomposition, more detailed basal age 

data are needed to adequately quantify the peat carbon accumulation at small spatial and short 

time scales for the region.  

 

4. Conclusions 

 This study applied a process-based biogeochemistry peatland model to quantify C 

accumulation rates and C stocks within North America peatlands over the last 12,000 years. The 

model parameters were optimized by comparing the modeled peat SOC accumulation rates with 

the long-term observed data at multiple sites in Alaska, Canada, the northern conterminous USA, 

and the subtropical regions in North America. Consistent with our previous studies on Alaska 

peatlands and other studies on northern peatlands, our regional simulation captured a primary 

peak with the highest C accumulation rates during the Holocene Thermal Maximum. Warmer 

temperature along with wetter conditions might have been the controlling factors to stimulate 

peat formation by increasing net primary production. Warmer climate decreased the peat 

accumulation through enhancing heterotrophic respiration and evapotranspiration over the rest of 

the Holocene. Model simulations indicate that 85-174 Pg C has been accumulated in North 
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American peatlands over the last 12,000 years with 0.37-0.76 Pg C stored in subtropical 

peatlands while the rest was mainly stored in Canada.  Our study provides an alternative way to 

quantifying the current peatlands carbon storage by explicitly modeling peatland carbon 

accumulation rate as a balance between plant productivity and peat decomposition based on 

existing peatland basal data as well as peatland carbon flux data.  Our simulation suggests that, 

while future warming may stimulate peat plant productivity, but this positive effect might not be 

able to fully compensate the peat carbon loss due to the enhanced peat decomposition, which 

might switch the northern peatlands from a long-term carbon sink to a source.  A significant 

uncertainty of our model estimates is from using a static vegetation and peatland distribution 

map in our simulation. Future model and data development of peatland dynamics including 

peatland initiation, expansion, shrinkage and shifting shall help constrain the uncertainty.  
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Table 1. Description of the model parameters and their final values after optimization via (1) 

initial Monte Carlo simulations, and (2) second step Monte Carlo simulations and Bayesian 

inference. The values are the means with 1.96 standard deviation from the posterior distributions 

for each latitude group after the optimization. 𝑇𝑚𝑖𝑛, 𝑇𝑜𝑝𝑡𝑚𝑖𝑛, 𝑇𝑜𝑝𝑡𝑚𝑎𝑥, 𝑇𝑚𝑎𝑥,  

𝐷𝑚𝑜𝑠𝑠 , 𝐷𝑜𝑟𝑔, and 𝑃𝑡𝑜𝑡 were prescribed. 

https://purr.purdue.edu/publications/3531/1
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Table 2. Description of sites in northern peatlands and subtropical peatlands and variables used 

for parameterizing the carbon fluxes and pools in core carbon and nitrogen module (CNDM). 

Sitea Vegetation Observed variables for CNDM 

parameterization 

References 

Variables Description Unit Latitude  

60º-72º 

Latitude  

49º-60º 

Latitude  

45º-49º 

Latitude  

40º-45º 

Subtropical  

𝐶𝑉  Initiala organic C 
stocks  in  

vegetation 

g m−2 633.45±108 633.45±108 633.45±108 633.45±108 13671.05±1291 

𝐶𝑆 Initiala organic C  

stocks in soil 

g m−2 11859.75±1542 11859.75±1542 11859.75±1542 11859.75±1542 12204.04±1636 

𝐶𝑚𝑎𝑥 Maximum rate of C 

assimilation  

through  

photosynthesis 

g m−2 month−1 586.35±54 1260.99±121 912.78±78 1300.99±153 859.42±65 

CFALL Proportion of  
vegetation C loss as 

litterfall 

g g−1 month−1 0.036±0.009 0.028±0.007 0.03±0.008 0.038±0.009 0.031±0.008 

𝐶𝑉𝐿𝑚𝑎𝑥 Maximum canopy 

leaf C  

g m−2 124.02±11 129.37±13 128.32±13 126.34±13 454.5±22 

𝐾𝑑  Aerobic  

heterotrophic  

respiration at 0℃ 

g g−1 month−1 0.011±0.0005 0.012±0.0005 0.0097±0.0003 0.012±0.0005 0.012±0.0005 

𝑇𝑚𝑖𝑛 Minimum  

Temperature 

for GPPb 

℃ -1.0 -1.0 -1.0 0.0 10.0 

𝑇𝑜𝑝𝑡𝑚𝑖𝑛 Minimum optimum 

temperature  
for GPP 

℃ 5.5 5.5 14.0 17.0 21.9 

𝑇𝑜𝑝𝑡𝑚𝑎𝑥 Maximum optimum 

temperature  

for GPP 

℃ 20.0 20.0 25.0 30.9 32.7 

𝑇𝑚𝑎𝑥 Maximum  
Temperature 

for GPP 

℃ 22.0 22.0 30.0 34.0 37.0 

𝐷𝑚𝑜𝑠𝑠 Thickness of  

moss layer 

Cm 10.0 10.0 10.0 10.0 10.0 

𝐷𝑜𝑟𝑔 Thickness of  

organic layer  

above LWB 

Cm 20.0 20.0 20.0 20.0 20.0 

LWB Lowest water-table 
depth 

Cm 30.0±5.2 30.0±5.2 30.0±5.2 30.0±5.2 30.0±5.2 

𝑃𝑡𝑜𝑡  Total porosity of  

the two layers 

% 94, 88 95, 88 95, 83 95, 88 98, 90 

𝑆𝑚𝑖𝑛 Minimum  

surface 

soil moisture  

Cm 25±2 33±2.7 38±3.2 33±2.7 30±2.7 

𝑑𝑚𝑎𝑥 Maximum depth  

below the peat  
surface above which  

the soil moisture 

 starts to 

decrease linearly 

 

Cm 7±3 7±3 8±3 7±3 7±3 
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APEXCON 

and 

APEXPER 

Moderate rich open 

fen with sedges 

(Carex sp.), spiked 

rushes (Eleocharis 

sp.), Sphagnum spp., 

and brown mosses 

(e.g., Drepanocladus 

aduncus); Peat plateau 

bog with black spruce 

(Picea mariana), 

Sphagnum spp. and 

feather mosses 

 

Mean annual aboveground and belowground 

NPP in 2009; Aboveground biomass in 2009 

 

Chivers et al. (2009);  

Turetsky et al. (2008); 

Kane et al. (2010); 

Churchill et al. (2011) 

 

SRS-3, 

SRS-4, 

TS/Ph-3 

TS/Ph-6 

 

Fresh water marshes 

dominated by 

sawgrass (Cladium 

jamaicense) 

Mean annual aboveground and belowground 

NPP in 2004; Aboveground and belowground 

biomass in 2004 

 

Ewe et al. (2006); 

Juszli et al. (2006); 

Castañeda-Moya et al. 

(2013) 

 

 

SRS-4, 

SRS-5, 

SRS-6 

TS/Ph-6, 

TS/Ph-7, 

TS/Ph-8 

 

Freshwater mangrove 

forests (C. 

jamaicense-Eleocharis 

sp. and scrub R. 

mangle-C. erectus, 

Avicennia germinans 

and L. racemose) 

Mean annual aboveground and below ground 

NPP in 2004; Aboveground and belowground 

biomass in 2004 

 

Same as above  

 

aThe Alaskan Peatland Experiment (APEX) site is adjacent to the Bonanza Creek Experimental Forest (BCEF) site, 

approximately 35 km southwest of Fairbanks, AK. (Hinzman et al., 2006). The large Shark River Slough (SRS) basin discharge 

is channeled via Shark River. The Taylor River/C-111/Florida Bay Basin (TS/Ph) drains southeast Everglades National Park and 

is a much smaller basin that drains into a considerably larger estuarine and subtidal area. A ratio of 0.47 was used to convert 

vegetation biomass to carbon for northern peatlands (Raich 1991). Annual NPP of sawgrass and mangrove were converted from 

biomass to carbon based on plant carbon content: sawgrass biomass contains 48% carbon and mangrove 44% carbon.  

 

 

 

 

 

 

 

 

Table 3. Carbon fluxes and pools in northern and subtropical peatlands used for parameter 

optimization of P-TEM. Values in the columns “Observation” refer to values taken from 
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literature, whereas values in the columns “Simulation” refer to the averaged values from all 

selected plausible parameter sets after the initial Monte Carlo simulations. 

 

 

Annual Carbon Fluxes or Poolsa 

 

 

Sphagnum Open Fen 

 

Sphagnum Black Spruce 

Bog 

 

References 

Observation Simulation Observation Simulation  

 

Turetsky et al. (2008); 

Churchill (2011); 

Saarinen et al. (1996); 

Moore et al. (2002); 

Zhuang et al. (2002); 

Tarnocai et al. (2009); 

Kuhry and Vitt (1996) 

 

NPP  445±260 410 433±107 390 

Aboveground Vegetation Carbon  149-287  423  

Belowground Vegetation Carbon  347-669  987  

Total Vegetation Carbon  496-856 800 1410 1300 

Litter Fall Carbon Flux 300 333 300 290 

Methane Emission Flux 19.5 19.2 9.7 12.8 

 Sawgrass swamp Mangrove tree island  

 Observation Simulation Observation Simulation  

 

 

Ewe et al. (2006); 

Juszli et al. (2006); 

Castañeda-Moya et al. (2013) 

 

Aboveground NPP  213±18    

Belowground NPP 213±49    

Total NPP 426±67 416 993 904 

Aboveground Vegetation Carbon  348±120  2888  

Belowground Vegetation Carbon  685±110  1632  

Total Vegetation Carbon  1033±230 984 4520 4139 
a Units for annual net primary production (NPP) and litter fall carbon are g C m−2 yr−1. Units for vegetation carbon are g C m−2. 

Units for methane emissions are g CH4 − C m−2 yr−1. The simulated total annual methane fluxes were compared with the 

observations at APEXCON in 2005 and SPRUCE in 2012. The observed aboveground and belowground NPP, and observed 

aboveground and belowground vegetation carbon are the mean values from SRS and TS/Ph sites. 

 

 

 

 

 

 

 

 

 

Table 4. Description of sites in Canada, Alaska, northern conterminous US, and subtropical 

regions in the USA used for optimizing the model parameters from their prior distributions. Sites 

were grouped into different latitude regions.  

Site name* Location Peatland type Latitude Longitude Basal age (cal yr BP)  

http://www.sciencedirect.com/science/article/pii/S037811271300443X?via%3Dihub#!
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Subtropical Region  

 
 

02-05-21-5 

02-05-21-2 

South Florida, 

USA 

Sawgrass 
swamp, ridge 

and slough 
25º17'N 80º53'W 4,500 

98-4-23     00-

8-7-1 

South Florida, 

USA 

Mangrove 

tree island 
25º17'N 80º53'W 3,000 

Latitude 40º-45º 

Caribou Bog Maine, USA Bog 45ºN 69ºW 12,500 

Sidney Bog Maine, USA Bog 44.39ºN 69.79ºW 11,000 

Petite Bog Canada Bog 45.1ºN 63.94ºW 11,000 

Latitude 45º-49º 

FRON-2 Canada Bog 45.97ºN 71.13ºW 12,500 

South Rhody 

Upper 

Michigan, 

USA Bog 46.55ºN 86.07ºW 10,559 

Denbigh 

North Dakota, 

USA Fen 48.22ºN 100.5ºW 12,455 

MAL-2 Canada Bog 47.6ºN 70.97ºW 10,500 

Latitude 49º-60º 

Sundance Fen Canada Fen 53.58ºN 116.75ºW 11,000 

Patuanak Canada 

Internal 

Lawn 55.85ºN 107.68ºW 9,000 

Joey Lake Canada Bog 55.47ºN 98.15ºW 8,500 

JBL3 Canada Bog 52.87ºN 89.93ºW 8,000 

Nordan’s 

Pond Bog Canada Bog 53.6ºN 49.17ºW 9,000 

Slave Lake 

Bog Canada Bog 55.01ºN 114.09ºW 10,500 

Latitude 60º-72º 

Kenai 

Gasfield Alaska, USA Fen 60.45ºN 151.25ºW 11,408 

Horse Trail 

Fen Alaska, USA Fen 60.42ºN 150.9ºW 13,000 

 

No Name 

Creek Alaska, USA Fen 60.63ºN 151.08ºW 11,526 

Swanson Fen Alaska, USA Fen 60.79ºN 150.83ºW 14,225 

*Sites are selected from studies for various latitudes regions (Hu et al. 1994; Lavoie and Richard 2000; Gorham et al. 2003; Booth et al. 

2004; Camill et al. 2009; Yu et al. 2010, 2014; Charman et al. 2013; Charman et al. 2015; Jones et al. 2014; Loisel et al. 2014; Wang et al. 

2016a,b) 

 

Figure captions: 
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Figure 1. Climate forcing of annual (a) temperature, (c) precipitation, (e) photosynthetically 

active radiation (PAR) and monthly mean (b) temperature, (d) precipitation, and (f) PAR for 

North America. 

Figure 2. Mean inundation (%) for the peatlands in North America (northern peatlands and 

subtropical peatlands) at the P-TEM resolution of 0.5º by 0.5º (Aires et al., 2017). Blank areas in 

the map indicate non-peatland.  

Figure 3. Simulated and observed carbon accumulation rates from 14.5 ka to 5 ka in 500-year 

bins in latitude 60º-72º for (a) No Name Creek; (b) Horse Trail Fen; (c) Kenai Gasfield; and (d) 

Swanson Fen (see Figure 4 in Wang et al (2016a)). 

Figure 4. Simulated and observed carbon accumulation rates from 12.5 ka to 2014 AD (0 ka) in 

500-year bins in latitude 49º-60º for (a) Sundance Fen; (b) Patuanak Bog; (c) Joey Lake Bog; (d) 

JBL3 Bog; (e) Nordan’s Pond Bog; and (f) Slave Lake Bog. Only the comparisons within the 

time period with available observed data were conducted. 

Figure 5. Simulated and observed carbon accumulation rates from 12.5 ka to 2014 AD (0 ka) in 

500-year bins in latitude 45º-49º for (a) South Rhody; (b) Denbigh Fen; (c) FRON-2 Bog; and 

(d) MAL-2 Bog. Only the comparisons within the time period with available observed data were 

conducted. 

Figure 6. Simulated and observed carbon accumulation rates from 12.5 ka to 2014 AD (0 ka) in 

500-year bins in latitude 40º-45º for (a) Caribou Bog; (b) Sidney Bog; and (c) Petite Bog. Only 

the comparisons within the time period with available observed data were conducted. 

Figure 7. Simulated and observed carbon accumulation rates from 4.5 ka to 2014 AD (0 ka) in 

250-year bins in subtropical region for (a) sawgrass; and from 3 ka to 2014 AD (0 ka) in 100-

years bins for (b) sawgrass and tree island. The transition from sawgrass to tree island was 

assumed according to the observation (Jones et al., 2014).    

Figure 8. Spatial distribution of the combination of current peat SOC stocks (kg C m−2) in the 

regions of latitude 60º-72º, latitude 49º-60º, latitude 45º-49º, latitude 40º-45º, and subtropics 

from 12 ka to 2014 AD.  

 

Figure 9. Simulated long-term (a) peat SOC accumulation rates (red bars) with uncertainty 

ranges (upper and lower black lines), values are accumulated amount over each century, (b) 

NPP, and (c) heterotrophic respiration (aerobic + anaerobic) of peatlands in North America.  

Values are annual averages over each century.  

 

 

 

Figure 10. Annual average of inundation fraction of the peatlands in North America from 1993 to 

2007. 
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