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Introductory Paragraph 10 

Peatlands contain one of the largest stores of terrestrial carbon and exert a considerable 11 

influence on the global climate cycle1. However, both the magnitude of the peatland carbon 12 

pool and the development of this pool through time are poorly constrained2. In a recently 13 

published article, Nichols and Peteet3 combine basal radiocarbon dates from palaeoecological 14 

studies with previously published datasets of peatland initiation to produce a revised estimate 15 

of northern peatland initiation and carbon stocks. The authors conclude that the amount of 16 

carbon stored in Northern peatlands is two to three times higher, i.e. 1055 GtC, than previous 17 

estimates (Gorham 1991; Yu et al., 2010). Nichols and Peteet argue this is due to peatlands 18 

initiating and expanding earlier than previously thought, as appears to be the case in the new 19 

dataset of peatland initiation they have compiled, of which dates from the palaeoecological 20 

literature (Neotoma database4) form a large component. The approach used by Nichols and 21 

Peteet relies on two assumptions 1) That the lateral peatland coverage expands linearly with 22 

time and 2) that the oldest basal date in a region is representative of peat initiation in that 23 

region. These assumptions have been repeatedly called into question5–9 as has the suitability 24 

of the Neotoma dataset for basal date information without modern re-processing10. We 25 

consider peat depth as a means to independently evaluate the 1055 GtC figure, concluding 26 

that this would require peatlands to be implausibly deep as compared to peat depth 27 

observations 11–13.  28 

Lack of peat depth and bulk density constraint 29 

A simple way to check the 1055 GtC figure is to consider whether peatland properties would 30 

permit such a large figure. Using the same peatland extent, bulk density and carbon content 31 

data14 as Nichols and Peteet, peatlands would have to be on average 7.1 meters deep, with 32 
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a possible range of 4.6 to 14.1 meters in order to accommodate 1055 Gt of C (Supplementary 33 

information) calculated using the mean and the standard deviation of organic matter bulk 34 

density (n=21220) and carbon content (n=18973)14. Peat depth in North America has been 35 

consistently estimated to be 2-3 meters11,12 and best estimates for Western Siberia is 2.6 36 

meters13. International inventories assume a peat depth of 2 meters where detailed inventories 37 

are missing15. This demonstrates that the peat depth, and hence C stock estimate of Nichols 38 

and Peteet are unrealistic and inconsistant with observed peat depth and physical peat 39 

properties.  40 

Linear lateral expansion assumption flawed 41 

Underpinning the time history approach used by Nichols and Peteet is the assumption that 42 

peatlands expand linearly over time from initiation. As such, the peatland area increase over 43 

time is proportional to the summed frequency of basal initiation5. This assumption has been 44 

repeatedly called into question5,6 and runs contrary to the overwhelming majority of evidence 45 

available from the literature6,16–20 spanning a considerable number of peatlands across a 46 

diverse range of regions. Importantly, the assumption of linear expansion is untenable as the 47 

literature points to non-linear lateral expansion being the rule rather than the exception. 48 

The reason for the restricted lateral expansion is that underlying and surrounding topography 49 

will have exerted a strong influence on peatland lateral expansion19,21,22. Even a relatively 50 

shallow slope (0.5%) may halt lateral expansion entirely19. After de-glaciation, peat initiation 51 

is thought to have begun predominantly in hollows and steep-sided basins9. In a practical 52 

sense, this often means that peat formation would have remained constrained, with little to no 53 

lateral growth for a long period of time. For example, this is seen in a Canadian peatland where 54 

peat expansion was confined to basins for 4000 years post-initiation17 with similar constraining 55 

effects found for peatlands in Finland16, Russia22 and the United Kingdom18. Importantly, 56 

neglecting the influence of topography will result in a systematic bias towards the earlier 57 

expansion of peatlands. It is notable that in studies that have directly investigated peatland 58 

expansion, rather than initiation, lateral expansion is consistently most rapid in the mid-59 

holocene6,13,18,23,24, even though initiation may have been much earlier. An exception to this is 60 

the episodic expansion of peatlands through terrestrialisation of kettle holes25.  61 

How Nichols and Peteet differs from earlier time-history approaches 62 

It is important to note that when the time history approach has been used before, the results 63 

have been more comparable to other approaches (e.g. 612 GTC in Yu et al. 201126 compared 64 

with an inventory-based estimate of 445 GTC in Joosten 200915, both estimates of global 65 

peatland extent). We argue that it is specifically the combination of the methodology of Nichols 66 
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and Peteet with the Neotoma dataset which makes the new 1055 GT estimate particularly 67 

prone to error. Nichols and Peteet gave un-due weight to the oldest date in the region, or grid 68 

square, making the approach highly vulnerable to outliers. It has been previously 69 

demonstrated that a more conservative requirement of the average of the three oldest dates 70 

per region considerably changed the shape of peatland initiation and projected expansion, 71 

leading to later initiation and growth5. 72 

Problems with Palaeoecological data in combination with the approach taken  73 

There have been a number of attempts to compile datasets of peatland initiation using 74 

published basal dates from the literature8,13,27. It is important when dates are being compiled 75 

that the supporting stratigraphic context is considered26. Palaeoecologists, in particular, are 76 

often concerned with getting the longest record possible, rather than dating the initiation of 77 

peat per se. As such, it is relatively common for basal dates to be taken in the sediment 78 

underlying peat, but it is often unclear whether this has occurred unless the accompanying 79 

stratigraphy is also published27. Nichols and Peteet make no mention of the quality control 80 

criteria used for the Neotoma dates, and indeed it has proved impossible to re-create the exact 81 

dataset using the scant information provided. However, in order to provide an indication of the 82 

quality of the Neotoma dates, we conducted our own search of the Neotoma database for all 83 

records from mires older than 10,000 BP (n=213). We then looked at a random sample of 84 

these (n=20). For two original records basal dates were taken from below peat initiation, in 85 

glacial gyttja28,29, and a further two records had no modern chronological control at all, with 86 

primary data sources dating from pre-1940, in these cases the age had been estimated by the 87 

original author. It was notable that for the vast majority of records (n=18) we could not obtain 88 

adequate stratigraphic information for quality control checking. Therefore, we regard the lack 89 

of inclusion criteria and quality control criteria in the methodology of Nicholes and Peteet to 90 

be a cause for concern.  91 

Furthermore, outdated calibrations, and the way they are treated, can influence the interpreted 92 

initiation dates, with large errors on uncalibrated dates having in the past been misinterpreted 93 

as indicative of earlier initiation8, this point is particularly relevant given the large errors 94 

associated with basal dates from the Neotoma database10. Several authors have also 95 

highlighted problems with the hard-water effect8,10,13,30, which is a valid concern given that peat 96 

may initiate at high pH (> 8) conditions after glacial retreat9,31. Thus, we again reiterate that 97 

the deliberate use of the oldest date for a region, or grid, makes the analysis of Nichols and 98 

Peteet highly vulnerable to bias towards older initiation, even with only a handful of erroneous 99 

dates.  100 

Moving forward in estimating the global peatland C stock 101 
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Unless realistic models of peatland expansion can be incorporated into estimates of peatland 102 

carbon stocks the time-history approach will remain severely flawed. The solution to modelling 103 

lateral expansion may lie in using topography surrounding peatlands to estimate topography 104 

underneath them, based on digital elevation information in combination with geostatistical and 105 

machine-learning approaches. Future carbon stock estimates must make clear the quality 106 

control criteria used when compiling dates from the literature. Additionally, we recommend 107 

that future model-based approaches for estimating peatland C stock make use of independent 108 

measurements of peat depth and carbon accumulation in order to evaluate model 109 

performance.  110 
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