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Abstract:  

Despite estimates of climate target’s remaining carbon budget (RCB) informing critical 

policy, most climate projections do not account for peatland ecosystem processes, 

including the contribution of current or future peatland wildfires to global carbon 

emissions. Here, we provide the first estimate of the carbon emissions associated with 

non-permafrost northern peatlands that specifically includes both wildfire combustion and 

post-fire carbon dynamics. The inclusion of wildfire reduced the carbon sink from -59.5 ± 

32.2 to -17.9 ± 45.7 g C m-2 yr-1 in natural (pristine) peatlands while degraded peatlands 

represented a consistent source of carbon (218.6 ± 48.1 g C m-2 yr-1). We find that small 

increases in average burn severity or peatland area burned (from 0.5 to 0.8 % yr-1) could 

tip northern peatlands from a net carbon sink to a net source, illustrating the critical 

importance of peatland wildfire emissions and their accounting to the RCB for global 

climate targets.  

 

  



 1 

Peatlands store approximately one-third of the soil carbon stock in 3% of the land area, 1 

making them the most carbon dense ecosystem on Earth1. Northern peatlands, in boreal 2 

and temperate regions, account for ~90% of global peatland area2 and have sequestered 3 

~500 Gt C since the last glacial maximum1,3, actively regulating the global climate 4 

throughout the Holocene4. Yet, the future of this peatland carbon stock is uncertain5-7, in 5 

part, due to the changing interactions of peatlands and wildfire8-10. Despite estimates of 6 

climate target’s remaining carbon budget (RCB) informing critical policy and funding 7 

decisions11, most earth system models and climate projections do not account for 8 

peatland ecosystem processes12, but some advances are now being made13. As 9 

atmospheric greenhouse gas concentrations rapidly accelerate towards levels that will 10 

negate the possibility of limiting global warming to less than 1.5 or 2oC 14 it is imperative 11 

to quantify the contribution of peatlands in the context of the RCB. While estimates of the 12 

contribution of peatland drainage to global GHG emissions have been made15,16, no such 13 

evaluation has been conducted for, or includes, peatland wildfires. 14 

 15 

Northern non-permafrost peatlands have developed over the last 7-12 millennia, 16 

experiencing recurrent wildfire disturbance17. Carbon emissions from pristine peatland 17 

wildfires can vary considerably, however, they typically average 1–3 kg C m-2 10,18,19. 18 

These relatively small peat combustion carbon losses can be re-accumulated within 10 19 

to 30 years post-fire20, enabling peatlands to remain a net carbon sink over typical fire-20 

free intervals21. Conversely, peatland degradation, such as peatland drainage, can 21 

enhance carbon emissions from peatland wildfires by one or more orders of magnitude, 22 

to 10–25 kg C m-2 equating to 500 to >1000 years of carbon sequestration10,19,22,23. Given 23 

that >25 Mha (7 %) of boreal and temperate peatlands have been drained for 24 

anthropogenic use24, with some regional or national estimates exceeding 50 % 25, these 25 

degraded peatlands represent high risk areas where wildfire could lead to large carbon 26 

emissions.  27 

 28 

The differences in carbon dynamics between pristine and degraded (such as drained) 29 

peatland wildfires are exacerbated when determining their net ecosystem carbon budget 30 

(NECB) by examining post-fire carbon dynamics. Alterations to CO2 and CH4 (methane) 31 

fluxes immediately after fire affect the short-term carbon balance26-28 while post-fire 32 

vegetation recovery controls the long-term carbon balance8,20,29. Evidence suggests that 33 

the greater burn severity in degraded peatlands increases the potential for ecosystem 34 

regime shifts8 and a reduction in the magnitude of the “recovered” carbon sink function, 35 

further increasing the carbon impact of peatland wildfires and our capacity to maintain 36 

current CO2 emissions within the RCB. As such, the inclusion of peatland degradation 37 

and post-fire carbon dynamics are paramount for the accurate evaluation of northern 38 

peatland wildfire carbon emissions.      39 

 40 
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Rapid changes to regional wildfire regimes are compounding the impacts of land-use 41 

change on peatland wildfire interactions. In the boreal zone, area burned30 and the 42 

frequency of extreme fire weather conditions31 are increasing as enhanced atmospheric 43 

moisture demand is leading to drier wildfire fuels, particularly in peatland ecosystems32. 44 

Similarly, in the temperate zone increased wildfire occurrence has been associated with 45 

severe droughts33, and long-term drying has been observed in peatlands34. Increased 46 

lightning occurrence in conjunction with reduced snowpacks and multi-year droughts are 47 

predicted to further promote large fire years35. Such combinations of climate change-48 

mediated stressors in northern peatlands, along with pervasive peatland degradation, are 49 

likely to increase peatland area burned, peat burn severity, and associated carbon 50 

losses9,10. Yet, and despite, evidence that individual northern peat fires can produce 51 

teragrams of carbon emissions19,22,36, the current and future contribution of northern 52 

peatland fires to global carbon emissions is unclear and poorly accounted, if at all, in both 53 

national inventories and RCBs14,37. Hence, here we provide the first estimate of the 54 

contribution of northern peatland wildfire and post-fire dynamics to global carbon 55 

emissions in the context of current climate change targets. 56 

 57 

Empirical modelling of peatland Net Ecosystem Carbon Balance 58 

To address this challenge, we undertook a synthesis of empirical datasets from natural, 59 

degraded (currently drained or previously drained and unrestored), and restored 60 

peatlands in non-permafrost boreal and temperate regions. We then used these data to 61 

model the net ecosystem carbon balance (NECB) of northern peatlands over time, 62 

integrating post-fire carbon dynamics and averaging over a distribution of fire free 63 

intervals (Table ED1, Methods). The inclusion of peat combustion carbon emissions and 64 

post-fire carbon dynamics reduced the mean (sd) NECB sink strength from -59.5 (32.2) 65 

g C m-2 yr-1 (No Burn) to -17.9 (45.7) g C m-2 yr-1 in natural (pristine) peatlands 66 

experiencing fire, evidencing the high resistance of the peatland carbon sink function. 67 

Across the variability in wildfire return interval and the impacts of the fire (i.e., severity, 68 

recovery rate) the NECB of degraded peatlands remained a consistent source of carbon 69 

at 218.6 (48.1) g C m-2 yr-1. Meanwhile, the restoration of peatlands prior to fire mitigated 70 

extensive carbon emissions, yet these peatlands remained a small source of carbon with 71 

an average NECB of 27 (45.0) g C m-2 yr-1 (Fig. 1). As such, our modelling indicates that 72 

excluding peatland wildfire from peatland NECB calculations results in a 73 

misrepresentation of peatland carbon balance and may impact regional to national 74 

emissions budgets, especially in fire-prone areas with a high proportion of degraded 75 

peatlands. 76 

 77 

Our empirical approach accounts for uncertainty in the magnitude of peat combustion 78 

emissions, the fire return interval, the rate of recovery, and the initial and final recovered 79 

net ecosystem exchange (NEE) (Methods, Figure ED1). Our synthesis highlighted limited 80 
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availability of post-fire carbon flux data, especially from degraded and restored sites, 81 

resulting in a wider distribution of modelled NECB in these scenarios. To further constrain 82 

peatland NECB distributions and accurately include peatlands in earth system models, 83 

plot- to ecosystem-scale carbon flux data at varying times post-fire, especially in 84 

degraded and restored ecosystems, is a critical research need.     85 

 86 

 87 

 88 
Fig. 1. Distribution of Net Ecosystem Carbon Balance (NECB) derived from Monte Carlo 89 

simulation model outputs accounting for variation in the magnitude of peat combustion emissions, 90 

the fire return interval, the rate of recovery, and the initial and final recovered carbon balance for 91 

peatlands. Scenarios include not accounting for wildfire (No burn), natural (pristine), degraded, 92 

and restored (prior to fire).  93 

 94 

Effect of degradation and climate-induced drying on peat fire emissions 95 

In addition to the impact of degradation, peatland NECB is also sensitive to the increasing 96 

pressures of climate-mediated drying and associated increases in smouldering 97 

combustion loss. By aggregating a global GIS dataset from 2001–2021 (FIRED38), we 98 

calculated the average burn rate (percent of land area burned per year) for boreal and 99 

temperate non-permafrost regions over the last two decades (Methods). Average burn 100 

rate varied between 0.05 and 1 % yr-1 amongst our six regions (Table ED2), with a 101 

spatially weighted average of 0.5 % yr-1. Assessment of national inventories found that 102 

degradation due to drainage for agriculture, horticulture, and forestry varied between <1 103 

and 54 % of peatland area per country25.    104 

 105 

At the broadest scale, without accounting for future climate change impacts to peatlands 106 

or wildfire regimes, we estimate that the total NECB for boreal and temperate peatlands 107 
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is a small net sink, however, they become a net source of carbon given an annual average 108 

peatland area burned of more than 0.8 % based on the current estimates of drained 109 

peatland area of ~7 % (26.1 Mha; 24) (Fig. 2a). Accordingly, and important for regional 110 

carbon balances, a greater percentage of degraded peatlands reduces the peatland area 111 

burned required to switch the system from a net carbon sink to a net carbon source by 112 

0.04 % yr-1 per 1 % degraded peatland area. 113 

 114 

Similarly, increased peat combustion carbon loss reduces the carbon sink strength of 115 

northern peatlands and may contribute to switching the system to a net source. Increasing 116 

the average carbon loss in pristine peatlands to represent a moderate climate change 117 

drying scenario (+1.5 kg C m-2; 10) reduces the annual burned area required to switch 118 

from a sink to source from 0.8 % to 0.6 % (Fig. 2b). This equates to a required lengthening 119 

of the fire free interval from 125 to 160 years to maintain active carbon sequestration. 120 

Further, there is a strong interactive effect of percent degraded and peat carbon loss on 121 

NECB (Fig. 2c). Using the spatially weighted average burn rate of 0.5 % yr-1, NECB is 122 

sensitive to changes in percent degraded, where relatively small reductions in percent 123 

degraded (e.g., from 15 to 10 %) via active restoration counteracts potential increases in 124 

average peat carbon loss from smouldering combustion caused by climate change.  125 

 126 

 127 

 128 

Fig. 2. The interactive effect of fire regime changes (peatland area burned; % yr-1 and peat carbon 129 

loss; kg C m-2) and the percent of peatland area that is degraded, on NECB (Gt C yr-1). a) Peatland 130 

area burned and percent degraded, where peat carbon loss is weighted based on % degraded 131 

(i.e., higher peat carbon loss with greater % degraded).  b) Peatland area burned and peat carbon 132 

loss, where percent degraded is held at 7 %. c) Peat carbon loss and percent degraded, given a 133 
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mean annual area burned of 0.51 % (spatially weighted average burn rate). The black filled dots 134 

represent the current northern non-permafrost peatland system in the NECB phase space.  135 

 136 

Peatlands contribution to the remaining carbon budget 137 

Lastly, we illustrate the importance of peatland wildfire emissions when incorporating 138 

peatland processes into earth system models. We contextualise the estimated carbon 139 

emissions in the 1.5oC and 2.0oC RCBs under a low-emissions (RCP2.6) and moderate-140 

emissions (RCP4.5) scenario by showing the cumulative median NECB for three 141 

simplified peatland scenarios (No burn, Natural, Degraded, and Restored, all 100 %).  142 

 143 

 144 

  145 
 146 

Figure 3. The cumulative median NECB for simplified scenarios of natural (blue solid), degraded 147 

(red dashed), restored (gray dot-dash), and no burn (blue dot) peatlands for all northern non-148 

permafrost peatland area over the 21st century, mapped onto the RCB for low- and moderate-149 

emissions scenarios (RCP 2.6 and 4.5, respectively) and 1.5oC and 2oC average temperature 150 

change targets. The difference between the intersections of the peatland NECB lines and the 151 

right-most line of each RCB shows the impact of different peatland emissions scenarios on the 152 

time-taken, or year in which, each RCB will be filled and the associated climate change target will 153 

be missed.  154 

 155 
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The inclusion of peatland wildfire emissions in earth system models will affect the 156 

estimates of RCB over the next century. The difference between the No burn and Natural 157 

scenarios shows the potential overestimation of impacts on RCBs (>5 GtC by 2100) if 158 

wildfire emissions are not accounted for. The impacts of peatland wildfire emissions and 159 

their inclusion in RCB calculations is limited by the pace at which society is consuming 160 

the 1.5oC RCB since the budget is exhausted by 2035 in both the low- and moderate-161 

emissions scenario. However, the considerable difference (>30 GtC by 2100) in 162 

cumulative emissions of Degraded and Restored (simplified, 100% area) scenarios 163 

illustrates the long-term benefit of peatland restoration. Further, we show that reducing 164 

anthropogenic emissions in line with the low-emissions scenario (RCP2.6) creates a 165 

buffer where peatland wildfire emissions constitute minimal change in the RCB over the 166 

next century. Therefore, the inclusion of peatland wildfire emissions in earth system 167 

models and global carbon accounting is important for the accurate calculation of timelines 168 

of the point at which limiting global warming to 1.5oC or 2oC becomes unachievable. 169 

Assessing the importance of peatland restoration and conservation for the 170 

remaining carbon budget  171 

This study highlights the strong resilience of pristine northern peatland ecosystems to 172 

wildfire, with natural peatlands returning to a net carbon sink in most of our simulations 173 

across the range of fire severity and post-fire dynamics. Conversely, we demonstrate 174 

unequivocally that degraded peatlands within temperate and boreal regions are 175 

responsible for the majority of peatland wildfire carbon emissions, indicating that the 176 

restoration of degraded peatlands prior to fire greatly reduces long-term emissions, even 177 

potentially reinstating the long-term net carbon sink function. Our results add to the 178 

growing literature base that suggests climate and land-use change increase the 179 

vulnerability of peatland ecosystems and their carbon stocks to fire, with significant and 180 

far-reaching ecological, hydrological, and societal consequences39-41. The impacts of 181 

wildfire can alter the complex feedback mechanisms that govern ecosystem resilience 182 

and underpin the interaction between peatlands and climate, such as the fate of 183 

“irrecoverable” carbon that, once lost to the atmosphere, will not be re-accumulated within 184 

timeframes relevant to the current climate crisis42. Consequently, our study further 185 

emphasises that the protection and conservation of pristine peatlands should be a priority, 186 

and that new peatland drainage and degradation should be strongly avoided16. 187 

 188 

While anthropogenic fossil fuel emissions can be curbed, due to the climatic changes 189 

already induced by rising atmospheric CO2 concentrations, peatland wildfire emissions 190 

will likely continue to increase in line with the increasing availability of critically dry 191 

peatland fuels9. Indeed, while we must restore and rewet degraded peatlands, climate-192 

mediated widespread peatland drying across the spectrum of peatland condition32,34 193 

could contribute to increases in peat carbon combustion emissions, via enhanced 194 
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smouldering combustion10. In regions where climate-mediated drying is more prevalent 195 

there is high potential for the initiation or strengthening of ecohydrological feedbacks that 196 

promote high severity fire43, along with detrimental effects on air quality and human 197 

health44. We show that such climate change impacts to average peat combustion carbon 198 

loss would push the system dangerously close to becoming a net carbon source. To 199 

maintain the northern peatland carbon sink function, decreases in the area of degraded 200 

peatland (i.e., peatland restoration) must occur to counteract potential increases in 201 

average peat carbon loss due to climate-mediated drying. Further, despite management 202 

interventions and protection to maximise landscape resilience, across western European 203 

peatlands, wildfires are predominantly ignited by people, accidentally or otherwise45. As 204 

the climate changes and wildfire risks increase, we strongly advocate for better 205 

management of carbon-rich ecosystems alongside behavioural changes to stop 206 

accidental and unnecessary ignitions.  207 

 208 

The enhancement of tree growth rates or shrubification due to drying increases the 209 

above-ground carbon stock but may lead to runaway drying effects43. Given the potential 210 

for peatlands to undergo an ecosystem regime shift following severe wildfire8, often 211 

associated with compounding disturbance such as drainage or drying46, our approach 212 

provides a conservative estimate of the future impact of wildfire on NECB. While we 213 

assume recovered net ecosystem CO2 exchange is always negative (i.e., carbon sink), 214 

ecosystem regime shifts cause divergence from typical recovery trajectories further 215 

depleting long-term peatland carbon stocks8. In combination with increases in extreme 216 

fire weather days31, repeated burns at shorter intervals or wildfires affecting areas 217 

previously thought of as fire refugia may become more common47. We show that while 218 

the peatland carbon sink is currently resilient, small changes in average fire free interval 219 

(peatland area burned per year) may lead to climate neutrality (NECB ~0) or net carbon 220 

emission.  221 

 222 

On a regional level we evidence the importance of accurately measuring (degraded) 223 

peatland area, as well as area burned, since these factors will affect the ability of 224 

countries/regions to account for emissions and potentially, to achieve targets. The 225 

interaction between land-use change and peatlands can be substantial but varies 226 

considerably between countries and regions (<1 to 54% peatland degradation; 25). While 227 

there are likely differences in the ignition potential of different peatland land-uses23 there 228 

is a scarcity of these data in the literature. Peatland type and landscape position have 229 

been found to impact ignition and fire severity48, yet peatlands are often misclassified in 230 

fire risk, spread, and emissions models, highlighting the need to improve peatland 231 

mapping for use alongside remotely sensed fire products (e.g.,49). Appropriate accounting 232 

of carbon emissions may guide national/regional restoration and conservation strategies 233 

(e.g., UK; 50). However, and given that the majority of peatlands in tropical regions (that 234 
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were outside the scope of this study) are degraded51, we also urge the peatland science 235 

community to gather data on the NECB of tropical peatlands, accounting for fire across 236 

the spectrum of degradation for inclusion in global carbon accounting. 237 

 238 

The direction and magnitude of the peatland-climate feedback will be driven by the 239 

combined effects of peatland degradation and restoration, climate-induced drying, and 240 

the global emissions pathway. The nature of the inclusion of boreal and temperate non-241 

permafrost peatland wildfire emissions in earth system models affects estimates of the 242 

time taken to exceed climate change targets. We show that not including peatland wildfire 243 

(No burn scenario) over-estimates the peatland carbon sink, and subsequent extension 244 

of time to exceed the RCB, and that the Natural scenario results in only a marginal 245 

increase in time to exceedance. While the strong power of peatland restoration over the 246 

centurial timescale is supported52, as society rapidly consumes the RCB there is a limited 247 

capacity for the benefits of peatland restoration (and return of carbon sink function) to 248 

extend the time taken to exceed the RCB, in particular for targets of 1.5oC of average 249 

warming. Further, if the predicted increases in peat burn severity9,10 and fire activity in 250 

some peatland-dominated regions31 outweigh carbon sequestration from moss expansion 251 

in northern regions53, the northern peatland system will become a shrinking carbon sink 252 

and potential future carbon source, exacerbating the rapidly closing window of time to 253 

avoid the most severe impacts of global climate change. Hence, our study further 254 

supports the overwhelming evidence to immediately curb anthropogenic emissions 255 

enough to remain below these critical climate targets.  256 

 257 

Against the global backdrop of increases in risks of extreme wildfires and shrinking RCBs, 258 

integrated regional wildfire management solutions are urgently required to mitigate severe 259 

climatic and societal impacts of peatland wildfire40,41. In regions with higher proportions 260 

of peatland degradation we find that a strong trade-off with burn rate (i.e., large 261 

investments in direct fire suppression) is required to preserve the critical climate 262 

regulation function of peatlands. Where this balance is not maintained peatland wildfire 263 

emissions represent an under-appreciated component in carbon accounting that could be 264 

detrimental to achieving climate targets. We demonstrate here that there is an immediate 265 

need to start including active restoration of degraded peatlands as a cost-effective tool to 266 

support the mitigation of carbon emissions and impacts on human health. Interdisciplinary 267 

collaborations will be crucial in accurately representing the global peatland carbon 268 

balance in earth system models and ensuring community- to international-level climate 269 

policies include important peatland processes, such as fire, in their strategies as we fight 270 

to maintain the impacts of climate change within liveable bounds.   271 

 272 

  273 
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 477 

Methods 478 

Peatland net ecosystem CO2 exchange (NEE) was estimated for northern peatlands 479 

using literature values for burned, pristine, degraded, and rewetted sites (Table ED1). 480 

NEE was estimated over a fire-free interval using values for post-fire (NEEburned) and 481 

recovered (NEErecovered) periods, where NEErecovered could represent one of undrained, 482 

drained, or rewetted NEE. Annual values of NEE were derived using a simple conceptual 483 

model of NEE recovery from its post-fire to recovered state (Figure ED1). The recovery 484 

of NEE was represented by a piecewise linear function with two input parameters (t1 and 485 

t2) which define the time period (time since fire; TSF) over which NEE transitions from its 486 

post-fire to recovered state (Eq. 1). NEE values were collated from plot-scale 487 

measurements alone due to the limited number of ecosystem-scale (i.e., eddy 488 

covariance) measurements for both drained and recently burned northern peatlands. 489 

Using the dataset from Webster et al.53 for Canadian peatlands, we filtered their data for 490 

plot-scale measurements. We supplemented the data set with additional NEE data from 491 

the northern hemisphere, including plot-level data from drained, restored, and recently 492 
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burned peatlands (Table S1). In order to ensure consistency, we calculated NEE 493 

according to the methods outlined by Webster et al.53 . For simplicity, methane fluxes 494 

were assumed to not vary systematically over the fire free interval, where again we 495 

supplemented the Webster et al.53 data set with CH4 flux data from drained and burned 496 

sites. Annual values of NEE and CH4 fluxes were converted to g C and summed to get 497 

the net ecosystem carbon balance (NECB), where fluvial exports were not considered. 498 

From the data set, we derived four distributions of NECB: (i) burned; (ii) undrained; (iii) 499 

drained; and (iv) restored. A Monte Carlo simulation was used to combine sources of 500 

uncertainty and generate an annual average NECB estimate for non-permafrost northern 501 

peatlands which included carbon emissions from wildfire. Two separate distributions of 502 

carbon emissions from wildfire were used for drained and undrained sites. No peatland 503 

eddy covariance flux monitoring has occurred which directly quantifies the recovery rate 504 

of NEE post-fire. However, chronosequence chamber measurement data (e.g., Wieder 505 

et al. 20) shows that recovery of NEE to a pre-fire state corresponds with vegetation 506 

recovery. 507 

 508 

 509 
 510 

Equation 1. Net ecosystem exchange calculation used in Monte Carlo modelling simulations.  511 

 512 

Fire-free interval was calculated for non-permafrost boreal and temperate biomes using 513 

fire polygon data from FIRED38 (Figure S1). Fire polygon data covers the period of 514 

November 2001 to July 2021, providing 19.75 years of data with consistent methodology 515 

used across the time series and all spatial regions (Table S2). Ecoregion polygons from 516 

the World Wildlife Fund Terrestrial Ecoregions of the World54 were used to obtain boreal 517 

and temperate biome polygons by joining ecoregion polygons based on biome attribute. 518 

These biome polygons were clipped to remove permafrost regions using a permafrost 519 

extent layer55. Where discontinuous, and continuous areas of permafrost were 520 

considered permafrost in our study. Data were then further separated by continent 521 

(Europe, Asia, North America) to identify continental and biome differences in area 522 

burned. Area burned over the 19.75 year period was calculated by summing the total area 523 

attribute (tot_ar_km2) from the FIRED data set which was contained within each biome × 524 

continent. The total area burned was then divided by 19.75 (years of data) and the land 525 

area of each biome × continent to produce a burn rate (% land yr-1) which was then 526 

converted to fire free interval (Table ED2). All analyses were conducted using QGIS 3.656.  527 

 528 

The distribution of calculated fire free intervals was in-line with fire free intervals (also 529 

called fire return intervals) recorded in the literature for boreal and temperate peatlands 530 

(Table S3) using a variety of methods (e.g., macroscopic charcoal analysis, tree ring fire 531 
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scars, GIS analyses). However, we do note the bias towards studies conducted in 532 

Canada, likely due to the dominance of anthropogenic ignitions (and therefore erratic 533 

nature) of wildfires in European peatlands. Further, given the relative sparsity of data on 534 

peatland wildfire frequencies, as well as the variation in peatland mapping accuracy and 535 

resolution across the broad study area and the conversion of peatlands to alternate 536 

landcover types (e.g., forest, agriculture25), we assume that peatland burn rate (peatland 537 

area burned yr-1) is equal to the calculated burn rate (% land yr-1). This is supported by 538 

research that found that peatlands in boreal Canada burn at their expected rate, based 539 

on landscape cover57,58, and that ignitions don’t vary based on landscape type. Moreover, 540 

methodologies that utilise macroscopic charcoal layers to determine fire free interval are 541 

likely to underestimate fire frequency due to the potential erasure of charcoal layers in 542 

higher severity fires21 and the possible loss or relocation of charcoal from a given peatland 543 

location before it is incorporated into the peat matrix57, all biasing towards longer 544 

estimates of fire free intervals than actually occur.  545 

  546 

We assessed the interactive effect of fire regime changes (peatland area burned; % yr-1 547 

and peat carbon loss; kg C m-2) and land use change (percent of peatland area that is 548 

degraded; %) on peatland NECB (Gt C yr-1) by varying two of the three parameters 549 

concurrently within realistic bounds. While two parameters were varied between their 550 

lower and upper limits, the third parameter was held (relatively) constant. In the case of 551 

varying peatland area burned and peat combustion carbon loss (Figure 2b), the third 552 

parameter, percent degraded, was held constant at 7 % given that there is no distribution 553 

associated with this parameter. Similarly, peatland area burned was held constant at 0.5 554 

%. Whereas, peat carbon loss was allowed to vary within its observed distribution from 555 

the data synthesis (Table ED1). Repeated simulations were run using a Monte Carlo 556 

framework where fire return interval, recovered and initial sink strength, and recovery time 557 

were varied as described in Table ED1. The black filled dots represent the current 558 

northern non-permafrost peatland system in the NECB phase space.  559 

 560 

To evaluate the global importance of peatland emissions we calculated the cumulative 561 

median NECB value from the Monte Carlo simulations over the current century for 562 

simplified scenarios of pristine (100 %), degraded (100 %), and rewetted (100 %) 563 

peatlands for all northern non-permafrost peatland area. The timeseries of RCB are 564 

based on low emissions scenario (RCP2.6) and moderate emissions scenario (RCP4.5), 565 

for two remaining carbon budgets of 440 Gt CO2 and 1,190 Gt CO2 starting at 2020 based 566 

on targets for limiting average global temperature rise to 1.5°C and 2.0°C, respectively, 567 

over the 21st century.  568 

 569 

Data Availability Statement 570 

Synthesized data will be uploaded to a certified repository and model simulations code 571 

are available upon request to the authors. Supplementary Information is available for 572 

this paper. 573 
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  594 

Extended Data 595 

 596 

Table ED1. Input parameters derived from data synthesis used in Monte Carlo simulations for 597 

calculation of peatland net ecosystem carbon balance. 598 

Input State Distribution Parameter 1 Parameter 2 

NEE (g C m-2 yr-1) burned Normal Mean = 142 SE = 38.0 

 degraded Normal Mean = 172 SE = 17.2 

 rewetted Normal Mean = -8.0 SE = 20.2 

 pristine Normal Mean = -59.5 SE = 10.2 

Fire C-loss (kg C) degraded uniform Min. = 2.3 Max. = 16.8 

 pristine log-normal Mean = 0.587 SD = 0.907 

Fire free interval – uniform 40 350 

t1 – uniform Min. = 1 Max. = 10 

t2 – uniform Min. = 11 Max = 60 

 599 

  600 
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 601 

Table ED2. Data from FIRED (non-permafrost land area) with area burned over a 19.75 year 602 

period from 2001 to 2021. 603 

Region Biome Total 
area  
(106 km2) 

Burned 
area 
(106 km2) 

Fire free 
interval 
(years) 

Burn rate 
(% yr-1) 

Asia Boreal 3.01 0.392 154 0.649 

 Temperate – – N/A  

Europe Boreal 2.35 0.025 1870 0.054 

 Temperate 4.44 0.889 100 1.00 

North 
America 

Boreal 3.45 0.261 264 0.379 

 Temperate 2.83 0.085 620 0.161 

 604 

 605 

 606 
Figure ED1. Conceptual diagram of the modelling design developed to incorporate peat carbon 607 

loss from wildfire (peat burn severity) and post-fire carbon dynamics (recovery rate and recovered 608 

net ecosystem exchange (NEE)) on net ecosystem carbon balance (NECB). Where Pt. 1 609 

represents the time lag between wildfire and the initiation of post-fire recovery and Pt. 2 represents 610 

the time at which “recovered” NEE is achieved and the magnitude of the recovered carbon sink. 611 

The variability in peat burn severity, time lag, recovery rate, and recovered NEE are depicted by 612 

the blue dash lines.  613 

 614 
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