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S1 Adjusted respiration rate

We defined a new function following Natali et al. (2019), shown in Fig S1. The Q10 value was changed from the
previous value of 200.5 to 2.9. Additionally, the minimum temperature threshold was set to -20 °C instead of the

previously used -4 °C.
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Figure S1: The old and new function controlling respiration rate during cold conditions.
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S3 Pan-Arctic simulations

S3.1 Simulated physical variables

These figures show the spatial pattern of simulated variables averaged over 1990-2015. Summer season values are
averaged over June, July and August and winter season values are averaged over December, January and February.
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Figure S2: Simulated snow depth using the Static and Dynamic snow schemes and their difference.
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Figure S3: Simulated maximum annual active layer depth (ALD) using the Static and Dynamic snow schemes and their
difference.
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Figure S4: Simulated near surface soil temperature (25 cm depth) using the Static and Dynamic snow schemes and their
difference for winter and summer.
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S3.2 Simulated biogeochemical variables
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Figure S5: Simulated heterotrophic respiration normalised by soil carbon content, using the Static and Dynamic snow
schemes and their difference for winter and summer.
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S3.3 Simulated biogeochemical variables
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Figure S6: Simulated NPP using the Static and Dynamic snow schemes and their difference for winter and summer.
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Figure S7: Simulated NEE using the Static and Dynamic snow schemes and their difference for winter and summer.
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Figure S8: Simulated soil carbon content, using the Static and Dynamic snow schemes and their difference for winter and
summer.

S3.4 Nitrogen cycling

Besides the carbon-related fluxes, we also assessed the impact of snow on nitrogen cycling. Figure S9 shows the
nitrogen mineralisation (Fig. S9 (a)) and leaching (Fig. S9 (b)) normalised by soil carbon content. Nitrogen
mineralisation only changed markedly during the summer season within the permafrost region. Leaching is higher
for the Dynamic scheme in Eastern-Canada and Northern-Russia. Nitrogen use efficiency (NUE) on panel (c) was
calculated as the ratio between NPP and nitrogen uptake. The Dynamic scheme simulates a lower NUE than the
Static scheme, which indicates a higher N uptake per unit productivity.
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Figure S9: Nitrogen mineralisation, N leaching and NUE difference calculated by by subtracting the Static from Dynamic
simulation outputs.
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S3.5 Vegetation dynamics

Table S3: Applied PFTs and vegetation grouping, based on Wolf et al. (2008)

PFT Description Vegetation group
BNE Boreal needleleaved evergreen tree forest
BINE Boreal needleleaved evergreen tree forest
BNS Boreal needleleaved summergreen tree forest
IBS Shade-intolerant broadleaved summergreen tree forest
TeBS  Shade-tolerant temperate broadleaved summergreen tree forest
HSE Tall shrub, evergreen shrub
HSS Tall shrub, summergreen shrub
LSE Low shrub, evergreen shrub
LSS Low shrub, summergreen shrub
GRT  Graminoid and forb tundra grass
EPDS Prostate dwarf shrubs (needleleaved, evergreen) grass
SPDS  Prostate dwarf shrubs (broadleaved, summergreen) grass
CLM  Cushion forb, lichen and moss tundra grass
C3G C3 grass grass

Bl Forest
Shrubs
Open grass

(b)

Figure S10: Vegetation distribution for the Static (a) and Dynamic schemes (b).

Sites where PFT dominance changed between the Static and Dynamic simulations is shown in Fig. S11. These
transition sites are scattered across the Arctic, but there are some clear hotspots in Eastern-Russia, the Scandinavian
coastline and Northern-America.
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Figure S11: Direction of dominant vegetation group changes between the Static and Dynamic schemes. The size of arrows
are proportional to the number of sites transitioning. The percentages on arrows show the portion of total simulated sites.
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