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Supplementary Materials: Thawing Permafrost as a Nitrogen
Fertiliser: Implications for Climate Feedbacks

S1. Soil Carbon Observations

There are several soils databases available which can be used to determine the soil
organic carbon content (SOC) in kg m−2. The SOC is typically calculated using the following
relationship:

SOC = 1000 forgρb(1 − fC)z (S1)

where forg is the organic carbon mass fraction in g kg−1, ρb is the soil bulk density in kg
m−3, fC is volumetric fraction of coarse fragments (>2 mm) and z is the thickness of the
soil layer (m). Bulk density is hard to measure and can be highly uncertain. Therefore
one way of calculating it is from the organic carbon content. Figure S1 shows two of the
relationships from the literature which relate the bulk density to the organic carbon content.

Figure S1. Bulk density derived from the organic carbon by [1,2]

The SOC used in this paper was calculated from a variety of different sources high-
lighted in Table S1. In all cases the data sets were regridded to 0.5 degrees.
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Table S1. Observations of soil organic carbon with information over the permafrost region. The bulk density column defines the source of the bulk density if we
needed to derive the SOC from forg.

Data set ρb Global total (Gt) Layer thickness (m) Max depth (m) Reference
Organic Carbon content
NCSCD - - 0.3, 0.7, 1.0, 1.0 3.0 [3]
WISE30sec [2] 2064 0.2, 0.2, 0.2, 0.2, 0.2, 0.5, 0.5 2.0 [4]
WISE30sec [1] 2424 0.2, 0.2, 0.2, 0.2, 0.2, 0.5, 0.5 2.0 [4]
WISE30sec WISE30sec 2824 0.2, 0.2, 0.2, 0.2, 0.2, 0.5, 0.5 2.0 [5]
S2017 - 3260 0.3, 0.7, 1.05 2.0 [1]
IGBP-DIS - 1501 1.0 1.0 [6]
GSDE (SOCDfilled.nc) - 2016 0.05, 0.05, 0.07, 0.12, 0.20, 0.34, 0.55, 0.91 2.3 [7]
GSDE (gapfilled) GSDE (gapfilled) 2914 0.05, 0.05, 0.07, 0.12, 0.20, 0.34, 0.55, 0.91 2.3 [7]
GSDE (SOCD5min.nc) - 1874 0.05, 0.05, 0.07, 0.12, 0.20, 0.34, 0.55, 0.91 2.3 [7]
Carvahlais - 2450 maximum soil depth - [8]
Organic Nitrogen content
GSDE 148 0.05, 0.05, 0.07, 0.12, 0.20, 0.34, 0.55, 0.91 2.3 [7]
IGBP-DIS - 148 1.0 1.0 [6]
WISE30sec [2] 145 0.2, 0.2, 0.2, 0.2, 0.2, 0.5, 0.5 2.0 [4]
WISE30sec [1] 147 0.2, 0.2, 0.2, 0.2, 0.2, 0.5, 0.5 2.0 [4]
WISE30sec WISE30sec 163 0.2, 0.2, 0.2, 0.2, 0.2, 0.5, 0.5 2.0 [4]
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S2. Observational Constraint on Permafrost Carbon

In order to evaluate the amount of labelled permafrost soil carbon represented by
the JULES-IMOGEN simulations we need an observational based estimate of the total
permafrost carbon. In general the large scale observational data sets of soil carbon in the
permafrost region give the amount of soil carbon in the whole soil profile rather than the
amount of carbon within the permanently frozen soil. However, this can be quantified
given an estimate of the top of the permafrost table. Figure S2 shows an observational
based relationship between the maximum summer thaw depth (a proxy for the top of the
permafrost table) and the annual mean air temperature (MAAT). The soil-based observa-
tions were taken from the Circumpolar Active Layer Monitoring Network [CALM: [9]] and
the Global Terrestrial Network for Permafrost [GTN-P; [10,11]] and used by [12]. The air
temperature observations were taken from the WFDEI gridded global data set [13]. The
box and whiskers plots in Figure S2 show the mean and 5th to 95th percentile confidence
interval. The solid lines show the fitted relationships for these statistics. The uncertainty in
the relationship is much larger at the warmer air temperatures where the active layer is
more sensitive to the local environmental conditions such as the soil type, aspect and land
cover type. Using the MAAT for the period 2000-2009 derived from the WFDEI gridded
global data set these relationships were extrapolated to give an estimate of the multi-annual
mean maximum summer thaw depth for the pan-arctic region along with its uncertainties.
These extrapolated thaw depths were superimposed on the profiles of soil carbon for the
top 3 m from the Northern Circumpolar Soil Carbon Database (NCSCD, [3]) which were
interpolated to 10 cm thick layers.

Figure S2. Observational-based relationship between maximum summer thaw depth and local
annual mean air temperature (MAAT).

Figure S3 shows the spatial distribution of soil carbon in the permanently frozen soils
for the mean and 5th and 95th percentile confidence intervals of the relationship shown in
Figure S2. The total estimated permafrost carbon ranges from 454 to 889 Gt (5th to 95th

percentile) with a median of 673 Gt C. The methodology described here is initially a simple
framework for approximately estimating permafrost carbon which could be revised in the
future by using additional environmental information in order to reduce uncertainties.
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Figure S3. Spatial distribution of the estimated permafrost carbon (Gt C) using the fitted 5th (left
plot), 50th (middle plot) and 95th (right plot) percentile confidence intervals from Figure S2.
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