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S1 Comparison to field measurements and23

model-derived data sets24

To evaluate our simulated ALT differences between forested and unforested condi-25

tions, we compare our results with field measurements and model-based estimates.26

Our approach prioritizes capturing regional variability and relative changes rather27

than fine-scale spatial detail or absolute depths. The simulated ALTs show generally28

good agreement with Circumpolar Active Layer Monitoring (CALM) measurements29

across the three clusters [1], where measurements are available, despite sparse obser-30

vational data in forested continuous permafrost regions (Fig. 1). When compared to31

the spatially explicit ESA CCI ALT dataset [2], our forested simulations generally fall32

within the range and cluster around median values in 13 out of 15 cases, while our bare33

ground simulations consistently exceed the range (Fig. 1). The ALT product is derived34

from CryoGrid simulations driven by MODIS Land Surface Temperature merged with35

downscaled ERA5 reanalysis data and constrained by landcover satellite observations.36

While the product incorporates landcover-dependent snow parameterizations, it does37

not account for physical canopy effects. The large tails in CCI distributions reflect38

multiple landcover types modeled within heterogeneous grid cells. Differences between39

our simulated ALT and CGLite model outputs become particularly apparent in the40

southern regions of the continuous permafrost zone. CGLite, which initiates simu-41

lations around year 500 CE without explicit vegetation effects, does not simulate42

permafrost in these areas, as the model does not account for ecosystem-protected per-43

mafrost [3]. This leads to systematic absence of permafrost near the southern margins44

in CGLite results. In contrast, our analysis utilizes the permafrost zonation dataset45

by Obu et al. (2019) [4], which captures ecosystem-protected permafrost but also car-46

ries its own limitations and uncertainties in spatial delineation. These discrepancies47

highlight how model assumptions and input datasets fundamentally influence per-48

mafrost extent projections, especially near the margins of continuous permafrost zones49
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where ecosystems are critical for permafrost persistence. Our simulated ALT differ-50

ences between forested and bare ground conditions (δALT = 0.9–1.4m) partly exceed51

those reported in a recent synthesis of pre- and post-fire active layer depths in contin-52

uous permafrost zones (up to 1.1m) [5]. This discrepancy is expected for two reasons:53

(1) the synthesis includes varying burn severities with incomplete canopy removal,54

while our bare ground simulations represent complete vegetation absence; and (2) the55

synthesis dataset underrepresents Russian sites [5].56

Several limitations constrain absolute ALT validation in our study. Our simulations57

represent cluster-scale averages using broad climatic proxies rather than site-specific58

conditions, while CALM measurements are point-based. The coarse spatial resolution59

of climate zones, static plant functional type assignments, uniform leaf area index60

within clusters, and absence of soil stratigraphic variability limit our ability to capture61

finer-scale landscape heterogeneity. This explains poorer agreement in the two smallest62

clusters (evergreen needleleaf in BSk and deciduous needleleaf in Dsc climate zones63

in NA). Additionally, the CCI Permafrost dataset exhibits substantial uncertainty in64

ALT, which is its least constrained variable. Despite these limitations, our focus on65

relative changes between forested and bare ground conditions provides a robust basis66

for assessing canopy thermal buffering effects on permafrost carbon vulnerability, as67

the systematic bias in absolute depths cancels out when calculating differences.68
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Fig. 1 Violin plots showing probability densities of model-based estimates of cluster-wise ALTs
(light blue, [2]), with overlaid points from forested simulations (ForestedALT, green) and bare ground
simulations (BareALT, orange). Blue circles denote in-situ CALM measurements [1]. Violins depict
kernel-smoothed distributions with quartile markers (inner lines).
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S2 Forest canopy effects on permafrost thaw depth69

Fig. 2 Forest canopy effects on permafrost thaw depth. ALT change between forested and
bare ground simulations across (1) PFTs and (2) forest density categories (sparse: LAI = 1m2 m−2;
mid: LAI = 2m2 m−2; dense: LAI = 4m2 m−2) in NA and Eurasian boreal regions.
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Fig. 3 Spatial distribution of active layer thickness under simulated bare ground con-
ditions across boreal continuous permafrost regions. Map showing the active layer thickness
for bare ground conditions, calculated by subtracting the forest-induced ALT reduction (sparse sce-
nario) from the baseline permafrost ALT. The resulting values represent the potential ALT in the
absence of boreal forest cover.

Fig. 4 High ground ice content and confirmed Yedoma extent. Map showing the spatial
distribution of high ground ice content based on the Circum-Arctic Map of Permafrost and Ground-
Ice Conditions, V2 [6] and confirmed Yedoma extent [7, 8] in forested continuous permafrost.
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Table 1 Comparison of the effect of the temporal averaging of simulation output. The
comparison of 3-, 5-, and 10-year averaging windows reveals differences in modeled
ALT across climate zones and PFTs. Longer averaging periods generally reduce the
metric values, suggesting that interannual variability is considerable in some clusters.
The 5-year averaging window was selected as a compromise between capturing
interannual dynamics and reducing noise from extreme years, providing intermediate
values between the 3- and 10-year averages. Some region-PFT-climate combinations
show relatively high sensitivity to the averaging period (e.g., Eurasian DNF in Dfc,
Dsc, and Dsd climates, and North American ENF in Dsc and Dwc), as the 5-year
window may not fully smooth the interannual variability. Conversely, combinations
showing minimal sensitivity to averaging period (e.g., Eurasian DNF in Dwc) appear
more temporally stable.

Region PFT CZ 3-year mean 5-year mean 10-year mean
Eurasia ENF Dwc 0.913 0.910 0.907
Eurasia ENF Dfc 0.950 0.946 0.922
Eurasia DNF Dsc 0.950 0.952 0.916
Eurasia DNF Dwd 0.963 0.956 0.931
Eurasia DNF Dfd 1.000 1.000 0.996
Eurasia DBF Dfc 1.017 1.002 0.991
Eurasia DNF Dsd 1.047 1.036 1.004
NorthAmerica DNF Dsc 1.067 1.082 1.093
Eurasia DNF Dwc 1.097 1.086 1.086
NorthAmerica ENF Dsc 1.100 1.104 1.061
Eurasia DNF Dfc 1.110 1.102 1.097
NorthAmerica ENF BSk 1.203 1.186 1.151
NorthAmerica ENF Dwc 1.230 1.168 1.137
Eurasia DB Dwc 1.240 1.240 1.241
NorthAmerica ENF Dfc 1.277 1.272 1.267
NorthAmerica DBF Dfc 1.407 1.404 1.398
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S3 Size and vulnerability of carbon pools in NH70

permafrost regions71

Table 2 Size of carbon pools in NH permafrost regions. Values show SOC stocks (in Pg C) and their
fractional distribution across permafrost zones. “Frozen due to canopy” refers to SOC stabilized by forest
insulation, while “vulnerable to rapid-thaw” indicates additional deeper SOC at risk from abrupt permafrost
degradation upon deforestation in ice-rich areas. LAI scenarios (1, 2, 4) reflect sparse, medium, and dense
LAIs, respectively. Sources integrate land cover data [9], permafrost zonation [4], simulated active layer depths
[2], ground ice conditions [6], and soil carbon datasets [7].

Carbon Pool SOC (Pg C) % of Total % of PF Frozen Source

Within Permafrost Region
Total 1238.2 100.0 – [4, 7]

Frozen 915.3 73.9 100.0 [2]
Seasonally thawed 322.9 26.1 – [2]

Within Forested Continuous Permafrost
Total 183.1 14.8 – [4, 9]

Frozen 117.9 – 12.9 [2]
Seasonally thawed 65.2 – – [2]

Canopy-mediated SOC 39.5 3.2 4.3
Sparse LAI 41.1 – –
Medium LAI 39.5 – –
Dense LAI 37.9 – –

Rapid-thaw affected SOC 19.3 1.6 2.1 [6]
Sparse LAI 17.7 – –
Medium LAI 19.3 – –
Dense LAI 20.9 – –

Total Vulnerable to Thaw 58.8 4.8 6.4
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Table 3 SOC stocks and vulnerability across major forested continuous
permafrost soil classes. Reported for each soil class are the estimated SOC
stocks (in Pg), relative areal coverage (percentage of forested continuous
permafrost area), and qualitative assessment of the vulnerability to thaw.
Vulnerability classifications are based on susceptibility to permafrost
degradation and carbon release. Data from [7, 8].

Class Vulnerability SOC [Pg] Percent of area [%]
Yedoma Very high 1.7 4.8
Turbel High 15 32.6
Orthel Medium 17 48.6
Histel Low 6.4 8.9
Histosol Low 0.3 0.5
Unknown soil class unknown 0.9 4.5
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S4 Extended discussion72

S4.1 Land-use changes73

The critical role of permafrost and vegetation in protecting soil carbon is further74

emphasized by land-use change studies. Empirical evidence from permafrost-affected75

forest soils in the Yukon highlight the crucial role of permafrost presence and land-76

use change in shaping SOC dynamics. Sampling across 18 farms spanning permafrost77

and non-permafrost soils, revealed that conversion of forest to cropland and grassland78

on permafrost soils resulted in significant SOC losses, approximately 15.6±21.3% and79

23.0±13.0%, respectively [10]. In deforested soils permafrost was absent while soils80

without previous permafrost showed no significant SOC loss and, in some cases, slight81

SOC gains under grassland. The study also found that land-use change caused marked82

carbon losses in organic soils, while carbon associated with mineral soils increased.83

These results demonstrate that the response of SOC to deforestation strongly depends84

on initial permafrost abundance, governed more by climatic than soil properties [10].85

These findings are echoed across the boreal zone. In Alaska, agricultural development86

led to ecosystem carbon losses of up to 31 kgm−2, nearly 70%, within just six years on87

permafrost soils, compared to 11 kgm−2 (34%) on non-permafrost soils over several88

decades [11]. Such losses are far more rapid than long-term projections from warming89

or wildfire alone, which estimate 5–6 kgm−2 of carbon loss over 500 years. Deforesta-90

tion in boreal chronosequences shows similarly large impacts: agricultural soils were91

found to hold 44% less carbon than their forested counterparts, equivalent to an aver-92

age loss of 8.3 kgm−2 [12]. While some logged forests show short-term recovery of93

soil carbon and nitrogen, long-term carbon cycling remains disrupted for decades to94

centuries [11]. Moreover, conversion of northern lands to agriculture accelerates the95

mineralization of soil carbon, especially in the upper meter of soil, and warming-driven96

gains in net primary production cannot offset these losses [13]. Isotopic and biochem-97

ical evidence confirms these patterns: permafrost thaw reduces surface SOC stocks by98
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up to 50% within the top 0.125m, with signs of increased microbial decomposition99

and declining C:N ratios [14]. In northern Sweden, bulk δ14C values have been shown100

to mask the degradation of aged, highly biodegradable carbon pools, underscoring the101

need for more nuanced detection methods [15].102

S4.2 Disturbances103

The thermal protection capacity is increasingly undermined by disturbances. Pressures104

are intensifying from both natural disturbances as well as expanding human activities105

including logging and agricultural conversion [16, 17]. Warming temperatures, heat-106

waves, drying, and earlier snowmelt are accelerating both the frequency and severity107

of disturbances, with projections indicating future escalation [18–20]. Some distur-108

bance regimes exhibit strong positive feedbacks: disturbance-accelerated permafrost109

thaw leads to ground drying, thermokarst formation, and enhanced susceptibility to110

biotic stressors, further destabilizing forest cover and hydrothermal ground conditions111

[21, 22]. Recent findings suggest covariation of forest carbon balance with forest age112

and an increasing shift towards younger forest stands with lower aboveground carbon113

stocks due to higher frequency disturbances [23]. The relationship between canopy114

structure and thermal protection is non-linear, with implications for understanding115

partial disturbance impacts. Sparser canopies exhibit slightly stronger buffering per116

unit area 2, reflecting a delicate balance between competing processes: while denser117

canopies provide greater shading, they also enhance evapotranspiration that can dry118

soils and increase ALT. This suggests that moderate canopy thinning from drought119

stress, insect damage, or selective logging may not immediately compromise thermal120

protection in proportion to canopy loss. However, even partial canopy removal or den-121

sity changes have substantial impacts on active layer and permafrost hydrothermal122

conditions [24–26], and the non-linear response complicates predictions of carbon vul-123

nerability under gradual forest degradation. Critically, this also means that landscapes124
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experiencing chronic stress, such as drought-induced canopy dieback or partial insect125

defoliation, may cross thresholds of permafrost destabilization before complete forest126

loss occurs, mobilizing the carbon pools quantified above through incremental rather127

than catastrophic change.128

Wildfire represents the most immediate and widespread disturbance, with impacts129

operating across multiple timescales. Fire combusts biomass and near-surface SOC,130

directly transferring carbon and nitrogen to the atmosphere [27], but the longer-term131

thermal destabilization of deeper permafrost stocks may be more consequential. Fire132

accelerates active-layer deepening and soil warming by removing both the insulating133

organic layer and the canopy [26]. In burned and subsided soils, carbon pools in the134

upper 1.25m are reduced by more than half (from 7.3 kgm−2 to 3.1 kgm−2), with only135

approximately 10% lost during combustion and the remainder through subsequent136

thaw-driven microbial decomposition [14, 28, 29].137

Wind damage and insect outbreaks, intensified by climatic stressors, cause138

widespread tree mortality that creates deadwood fueling subsequent fires and pathogen139

attacks, with cascading interactions triggering compounding impacts on soil thermal140

stability and carbon release [30–32]. Changes in species composition, such as shifts141

towards broadleaf deciduous taxa that are less fire-prone, may partially counteract142

some feedbacks, although resilience is limited under rapidly changing disturbance143

regimes [33].144

In Yedoma regions, disturbances can destabilize ice wedge networks, trigger-145

ing thermokarst collapse that rapidly mobilizes millennia-old carbon and nitrogen,146

representing a powerful pathway for long-term SOC loss and permafrost-climate147

amplification [34, 35]. The interacting impacts of fire and Yedoma thaw on coupled148

carbon-nitrogen pools remain poorly constrained, though isotopic evidence provides149

initial indications of strongly altered biogeochemistry [14, 36]. Isotopic shifts (δ13C150

enrichment) and declining C:N ratios signal intensified decomposition and altered151
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nutrient cycling. Associated losses in total and labile nitrogen, along with depletion152

in foliar nitrogen, underscore that disturbance destabilizes both carbon and nitrogen153

reservoirs [14].154

S4.3 Vegetation Feedback and Carbon Sequestration155

Potential carbon release is influenced by vegetation changes, which may offset some soil156

carbon losses through increased growth and carbon uptake [37]. For instance, elevated157

atmospheric CO2 and higher temperatures can stimulate boreal forest greening, poten-158

tially compensating for soil carbon declines this century according to some models [38].159

Enhanced nitrogen availability from mineralization and newly thawed dissolved nitro-160

gen can further boost plant productivity if the excess nitrogen is retained in the soil161

rather than lost to leaching or denitrification [39, 40]. The balance between soil car-162

bon decomposition and vegetation regrowth depends critically on disturbance regimes,163

post-disturbance succession trajectories such as shifts in dominant tree species, and164

climatic trends [41–43]. However, increased plant growth does not necessarily translate165

into greater ecosystem carbon storage. For example, enhanced root-derived carbon166

inputs can stimulate microbial decomposition of existing soil carbon through priming167

effects, potentially offsetting gains [44]. Moreover, changes in vegetation type, such as168

shrub or tree expansion into tundra or changes in tree species composition, interact169

with snow cover, soil temperatures, and microbial activity in complex ways, and it170

remains unclear whether such changes increase or decrease soil carbon stocks [42, 45–171

47]. As such, the expansion of highly productive birch forest into tundra heath has172

been found to stimulate the decomposition of older soil organic matter through positive173

priming effects associated with high plant activity during the growing season. This pro-174

cess may lead to lower soil carbon storage in forested areas despite higher productivity,175

and suggests that forest colonization of tundra could accelerate the release of large176

tundra soil carbon stocks to the atmosphere [48]. Nevertheless, ongoing and future177
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climatic change might lead to exceeding tolerance thresholds of boreal plant species,178

leading to increased mortality and limited seed dispersal which could impact the vege-179

tation communities for centuries [49]. Consistent with decadal biomass trends in boreal180

forests, net carbon gains may initially occur through densification of sparse northern181

forests, offsetting thinning in southern stands [50]. However, this aboveground carbon182

accumulation would eventually plateau due to density-dependent growth limitations183

and limited land areas for expansion currently dominated by tundra. While warming-184

induced permafrost retreat could facilitate forest expansion in northern boreal regions,185

the thaw and decomposition of the frozen SOC in NH permafrost, a pool 10–20 times186

larger than boreal biomass stocks, would exceed any vegetation carbon gains across187

most of the biome [51]. Furthermore, after the onset of net-zero and negative emis-188

sions scenarios, vegetation carbon stocks stabilize or decline due to the decreased CO2189

fertilization effects, while soil carbon losses continue due to soil respiration, resulting190

in a net ecosystem carbon loss [52], additionally highlighting the differences in carbon191

pool vulnerabilities and sizes.192

S4.4 Uncertainties193

Our first-order estimates are subject to methodological uncertainties that reflect cur-194

rent data and process representation limitations. Most SOC assessments sample only195

to 1m depth [53], potentially missing deeper stores especially found in permafrost soils196

[54–56]. Total boreal region carbon estimates span a nearly five-fold range from 367.3–197

1715.8Pg [57, 58], when including vegetation, soil, and peatland carbon, reflecting198

methodological inconsistencies and spatial heterogeneity. Deadwood remains particu-199

larly uncertain, ranging from 15–25% of aboveground biomass in undisturbed stands200

to 40–60% post-fire in larch forests [59]. Further uncertainties arise from potential201

inclusion of biomass components in the SOC estimates from the Northern Circum-202

polar Soil Carbon Database, particularly as the data may include some near-surface203
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biomass components because the distinction between soil organic matter and live plant204

material (e.g. fine roots) is methodologically challenging.205

Post-thaw carbon vulnerability depends on organic matter sources and histo-206

ries, redox conditions, moisture, and temperature controlling mineralization versus207

export. Soil order creates distinct vulnerabilities: Histels contain labile compounds208

under anoxic conditions, Turbels bury undecomposed material through cryoturbation,209

while Orthels contain more processed organic matter that underwent surface decom-210

position before freezing, potentially reducing immediate vulnerability but creating211

uncertainty about long-term stability [60]. Forest type and wetland-upland gradients212

further modulate decomposition rates and stabilization mechanisms.213

Reducing projection uncertainties requires improved process understanding and214

model capabilities. Advances in representing vegetation-permafrost feedbacks require215

explicit treatment of canopy radiation partitioning, snow-vegetation insulation effects,216

and organic layer dynamics [61, 62]. Enhanced snow physics and soil thermal modules217

would improve ground thermal regime simulations [63–66]. Integrating these processes218

with vegetation dynamics and disturbance regimes is critical for capturing forest-219

permafrost interactions [4, 61].220

Several limitations affect interpretation of these PFT-specific patterns. The221

canopy’s insulating effect on ALT varied by PFT, with DBF showing the strongest222

reduction. ENF exhibited moderate effects, while DNF showed consistently weaker223

impacts across regions. However, (1) unequal sample sizes across PFT classes may224

affect representativeness, and (2) we did not account for spatial autocorrelation225

between nearby stands of the same PFT. These factors influence the apparent strength226

of PFT-specific effects and their regional patterns.227

Our analysis stratifies results by current Köppen climate zones to isolate per-228

mafrost response while acknowledging that this approach does not fully capture229

interacting feedback mechanisms. This stratification introduces uncertainty because230
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climate zones themselves are dynamic under projected warming. Arctic and subarc-231

tic regions are projected to experience strong warming that will move climate zones.232

Arctic tundra climates (ET) are expected to contract, replaced largely by subarctic233

boreal climates (Dfc). Under all medium to high emission scenarios, subarctic boreal234

zones (mostly Dfc) will shift toward warmer boreal and temperate wet climates (Dfb).235

[67]. Overall, the future climate distribution will be dominated mainly by Dfc, Dfb,236

and Dfa climate zones as Arctic amplification progresses. As climate zones migrate237

geographically, the vegetation-permafrost relationships we observe within current cli-238

mate zones may not remain stable, and existing forests will experience novel climatic239

conditions that alter canopy-snow-permafrost interactions.240

Reducing uncertainties requires: (1) standardized deep soil sampling beyond 1m241

across soil orders and forest types; (2) integrated SOC age profiling with disturbance242

history and spatial mapping; (3) coordinated observations from underrepresented243

forested permafrost regions; and (4) coupled model development linking canopy-snow-244

permafrost processes with vegetation succession and disturbance dynamics [61]. By245

isolating permafrost as the response variable we do not capture all the different feed-246

back mechanisms in play but gain process understanding with the aim to parameterize247

the biogeophysical impact of canopies on permafrost for implementation in land surface248

models.249

S4.5 Forest management250

Although forest diversification can buffer against climate uncertainty while enhanc-251

ing structural and functional diversity [68], our findings suggest that management252

priorities should emphasize maintaining sparse canopy cover rather than optimizing253

canopy density, productivity, or specific PFT compositions. Even if shifts toward high-254

productivity deciduous broadleaf taxa does not enhance soil carbon storage capacity255
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directly [48], the hydrothermal protection afforded by any continuous canopy struc-256

ture remains valuable for limiting SOC mobilization. From a management perspective,257

maintaining sparse, low-density canopies may offer additional resilience benefits under258

projected climate scenarios, particularly regarding drought tolerance, while preserving259

the critical shading function that protects substantial permafrost carbon pools from260

thaw-induced mobilization. Lowering stand density through thinning has been demon-261

strated to increase drought resistance and resilience at both tree and stand levels [69],262

reducing fire-proneness, with thinned forests exhibiting reduced canopy water stress263

and lower temperature increases during drought events compared to unthinned stands264

[70]. Meta-analyses confirm that thinning enhances forest resilience and resistance to265

multiple stressors including drought, pests, and fire, with benefits operating through266

reduced competition for water and decreased stand-level transpiration [71, 72]. Recent267

evidence from managed boreal landscapes indicates that drought responses vary with268

stand structure, with composition and density playing critical roles in carbon sink269

stability [73]. This approach aligns with adaptive management frameworks that pri-270

oritize ecosystem function preservation over structural optimization under increasing271

disturbance pressures [68], accommodating the amplifying uncertainties of climate272

change on boreal forest systems. Strategies to preserve key ecosystem functions, such273

as the thermal canopy-buffering of permafrost, include partial cutting and continuous274

cover forestry, which maintain multi-aged, structurally diverse canopies, or natural275

disturbance-based management, mimicking natural mortality patterns [74, 75].276
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S5 Model setup277
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Table 4 Overview of model parameters and constants.

Parameter Symbol Value Unit Source

CryoGrid soil parameters

Density falling snow ρsnow 300 kgm−3 [76]
Albedo ground α 0.3 [77]
Roughness length z0 0.001 m [78]
Roughness length snow z0snow 0.0001 m [79]

Geothermal heat flux Flb 0.05 Wm−2 [78]

Thermal conductivity, mineral kmin 3.0 Wm−1 K−1 [78]
Emissivity ϵ 0.99 [80]
Root depth DT 0.2 m [77]
Evaporation depth DE 0.1 m [81]

Hydraulic conductivity K 1 × 10−5 ms−1 [79]

Physical constants

von Krmn constant κ 0.4
Freezing point of water T0 273.15 K

Latent heat of vaporization Lv 2.501 × 106 J kg−1

Molecular mass of water Mw 18.016 × 10−3 kgmol−1

Molecular mass of dry air Md 28.966 × 10−3 kgmol−1

Specific heat, dry air cp 1004.64 J kg−1 K−1

Density of fresh water ρw 1000 kgm−3

Latent heat of fusion Lf 0.334 × 106 J kg−1

Thermal conductivity of water kw 0.57 Wm−1 K−1

Thermal conductivity of ice ki 2.2 Wm−1 K−1

Kinematic viscosity of air
(0 ◦C, 1013.25 hPa)

ν 1.33 × 10−5 m2 s−1

Specific heat, water vapor cpv 1810 J kg−1 K−1

Multilayer canopy parameters

Leaf angle dep. from spherical 0.01 Table 3, [82]
Leaf reflectance (VIS/NIR) 0.07/0.35 Table 3, [82]
Stem reflectance (VIS/NIR) 0.16/0.39 Table 2.8, [83]
Leaf transmittance (VIS/NIR) 0.05/0.10 Table 3, [82]
Stem transmittance (VIS/NIR) 0.001/0.001 Table 2.8, [83]
Photosynthetic pathway C3 Table 6, [84]
Leaf emissivity 0.98 Table 3, [82]
Quantum efficiency 0.06 µmolCO2/µmolphoton Table 6, [84]

Ball-Berry intercept (g0) 0.01 molH2O/m2/s
Leaf dimension 0.04 m Table 5, [84]
Momentum roughness length
ratio

0.055 Table 5, [84]

Displacement height ratio 0.67 Table 5, [84]
Root distribution (a/b) 7.0/2.0 Table 5, [84]
Min. vapor pressure deficit 100 Pa [85]
Plant capacitance 2500 mmolH2O/m2/MPa Table 3, [82]
Minimum leaf water potential −2 MPa Table 3, [82]
Stem hydraulic conductance 4 mmolH2O/m2/s/MPa Table 3, [82]

Atmospheric CO2 380 µmolmol−1

Atmospheric O2 209 mmolmol−1

Soil evaporative resistance 3362 sm−1 [76]

Specific heat, dry-wet soil 1396 J kg−1 K−1 Eq. 6.90, [86]

Specific heat capacity, H2O 4188 J kg−1 K−1 Table 2.6, [86]
Fine root biomass 500 gbio/m

2 Table 3, [76]
Leaf drag coefficient 0.25 Eq. 16.20, [85]
Foliage clumping index 0.7 Eq. 14.12, [85]

19



Table 5 PFT-specific parameters for deciduous needleleaf (DNF), evergreen
needleleaf (ENF), and deciduous broadleaf (DBF) PFTs.

Parameter DNF ENF DBF Unit

Max. carboxylation rate at 25 ◦C 39.1 62.6 57.7 µmolm−2 s−1

Specific leaf area (TOC) 0.024 0.008 0.030 m2/gC
Ball-Berry slope (g1) 6 6 9

Table 6 Overview of the forested (top) and bare ground (bottom) setups.

Depth
[m]

Mineral
θm

Organic
θo

Porosity/Water/Ice
θ0w

Soil
type

Comment

0–0.08 0 0.2 0.8 Peat Litter layer
0.09–0.16 0.1 0.2 0.7 Clay Organic layer
0.17–1.0 0.4 0 0.6 Clay Mineral layer
1.1–10.0 0.4 0 0.6 Clay Mineral layer
10.1–100 0.97 0 0.03 Sand Mineral layer

Depth
[m]

Mineral
θm

Organic
θo

Porosity/Water/Ice
θ0w

Soil
type

Comment

0–0.04 0.4 0.1 0.5 Peat Organic layer
0.05–0.1 0.6 0 0.4 Clay Mineral layer
0.11–1.0 0.6 0 0.4 Clay Mineral layer
1.1–10.0 0.6 0 0.4 Clay Mineral layer
10.1–100 0.97 0 0.03 Sand Mineral layer
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