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Supplement

Section S1: Model Descriptions

Here, we provide an overview of the hydrological processes and C cycling in LPJG-WHyMe-
TFM and more detailed descriptions of LPJ-GUESS and LPJ-GUESS WHyMe can be found in

the cited references below.

LPJ-GUESS is a climate-driven, process-oriented model with dynamic vegetation as well as soil
biogeochemistry (Smith et al., 2001). Vegetation dynamics are explicitly represented and include
stochastic plant establishment, mortality and disturbance, operating in a number of independent,
replicate patches in each grid cell. Each patch in the same grid cell is driven by the same climate
forcing. Vertical stand structure and dynamics in the model are represented in the replicate
patches, which contain potential plant function types (PFTs) of different age classes (cohorts)
competing for light and water. PFTs are grouped based on their physiological, phenological and
morphological characteristics. Bioclimatic limits determine which PFTs can establish in a given
climate (Wramneby et al., 2008). The parameterization of non-peatland PFTs in this study is
based on the previous studies conducted in arctic domains (Wolf et al., 2008; Hickler et al.,
2012; Miller and Smith, 2012; Zhang et al., 2013), while peatland PFTs are described in Wania
et al. (2009a) and Zhang et al. (2013). All PFTs simulated in the Stordalen catchment are listed
in Table S1. To account for peatland hydrology, methane emission and permafrost soils at high
latitudes, LPJ-GUESS has been developed to include the same implementations of these
processes first introduced to LPJ-DGVM (Wania et al., 2009a, b, 2010). We refer to this model
version as LPJ-GUESS WHyMe — see the following paragraphs as well as Miller and Smith
(2012), McGuire et al. (2012) and Zhang et al. (2013) for further details.

Table S1. Plant functional Types (PFTs) and typical species simulated in Stordalen catchment.

PFT name Typical Species
pmoss Sphagnum spp.
(peatland moss)

WetGRS Carex spp.
(Flood-tolerant graminoid)

IBS Betula pubescens

(Shade-intolerant broadleaved summergreen tree)




HSE Juniperus communis
(Tall evergreen shrub)

LSE Vaccinium vitis-idaea
(Low evergreen shrub)

HSS Salix spp., Betula nana
(Tall summergreen shrub)

C3G Gramineae

(Cold C3 grass)

BNE Picea abies

(Boreal shade-tolerant needle-leaved evergreen tree)

BINE Pinus sylvestris

(Boreal shade-intolerant needle-leaved evergreen tree)

Distributed Hydrology

In LPJG-WHyMe-TFM, the non-peatland hydrology scheme is mainly based on Gerten et al.
(2004) and considers the vertical water movement between atmosphere, vegetation and soil. The
modelled water processes include vegetation interception, transpiration, infiltration, percolation,
soil evaporation from bare soil and runoff. The vegetation-intercepted water amount is a function
of PFT type, leaf area index and precipitation, while transpired water is closely related to
photosynthesis, PFT root distribution and soil water content (Sitch et al., 2003). Soil evaporation
occurs on bare ground and is a function of soil water content. Before evapotranspiration is
calculated, surface and subsurface runoff can be generated if water reaching the soil column is in
excess of the soil water holding capacity. However, the generated runoff is assumed to leave the
model domain without considering routing to downslope areas in LPJ-GUESS and LPJ-GUESS
WHyMe. Recently, however, an algorithm developed by Tang et al. (2014b) has overcome this
limitation by incorporating topographical effects on water redistribution within a catchment
boundary. Topographic indices (drainage area, flow direction and slope) estimated from a digital
elevation model (DEM) are used to quantify the topographical variations and coupled into LPJ-

GUESS.

The first implementation of topographical indices in LPJ-GUESS (Tang et al., 2014b) was based
on a single flow (SF) algorithm, which directs water to the steepest downslope grid cell.
However, the substantial differences in water partitioning and routing between the single and
multiple flow algorithms are not negligible (Wilson et al., 2007; Pilesjo and Hasan, 2014).
Therefore, the hydrological and ecological consequences of different flow algorithms were

further quantified and investigated within the framework of LPJ-GUESS WHyMe. In Tang et al.



(2014a), an advanced multiple flow algorithm TFM was chosen (Pilesjo and Hasan, 2014) due to
its improved treatment of flow continuity and flow estimation over flat surfaces. The coupled
model, here referred to as LPJG-WHyMe-TFM was found to agree more closely with
hydrological measurements in the same domain used in this study and, moreover, greatly
enhanced the model’s simulation of carbon (C) fluxes for the study area’s low-lying peatland
(Tang et al., 2014a). Therefore, in this study, the model coupled with the TFM algorithm (LPJG-
WHyMe-TFM) is implemented to study the full C budget.

Peatland hydrology

In LPJG-WHyMe-TFM, the peatland hydrology is based on Wania et al. (2009a). In contrast to
the non-peatland soil layering, an acrotelm-catotelm soil structure was applied, assuming a
permanently inundated body of peat under the top 0.3 m, down to 2 m depth, while the top 0.3 m
has a fluctuating water table. In addition, standing water (up to 10 cm) is allowed for the peat
soils, to allow for water held by the peatland vegetation (Wania et al., 2009a). Fluctuations of the
water table position (WTP) are based on soil water volume together with soil porosity. The
detailed calculations of WTP can be found in Wania et al. (2009a) and Tang et al. (2014a). Both
peatland and non-peatland grid cells can receive water from upslope areas. The lateral water
movement within the catchment directly influences soil water content, and thereby vegetation

growth and soil processes.

Methane Biogeochemistry and Transport

In LPJ-GUESS WHyMe, an extra potential C pool for methanogens (Ccns) has been added for
peatland cells and it mainly includes root exudates and easily-decomposed materials (Wania et
al., 2010). The root exudates are also included for the upland cells. The Ccpy is proportionally
distributed in the soil layer following a fixed root biomass distribution. The C allocated to Ccna
consists of (see dashed red lines in Fig. 1): (1) the decomposed root exudate materials which are
a fixed fraction of NPP; (2) a fraction of decomposed litter; (3) a fraction of quickly
decomposing soil organic matter (fSOM); and (4) a fraction of slowly decomposing soil C pool
(sSOM). The overall decomposition rate in the model is strongly influenced by soil temperature
and moisture. The soil temperature response in both mineral and peatland soils is exponential

and based on the modified Arrhenius equation (Lloyd and Taylor, 1994). the moisture response



is a function of WTP, with a linear transformation from aerobic to anaerobic decomposition as
WTP increases from its minimum value of -300 mm to 100 mm above ground (see Eq. 5 in
(Tang et al., 2014a)). For peatland, the majority of Ccpa 1s located in the acrotelm layer and the
oxidation and production of CH4 together decide the net emission of CHa. In the model, oxygen
can enter into soil by diffusion or plant-transport. Oxidized methane with oxygen is turned into
CO,, and the remaining CH,4 can be released back to the atmosphere by plant-transport, diffusion
and ebullition (see the lines with a solid arrow in Fig. 1). The emission rate of CH4 in the model
depends on the degree of anoxia as well as on soil temperature and additionally, the plant-
transported CH,4 depends on the presence or absence of aerenchyma tissue in vascular plants.

Ebullition is determined by maximum solubility of CH4 in water (Wania et al., 2010).



Section S2: Flux comparisons between simulations with different CO, driving

Two simulations with different CO, concentration drivers are compared in Fig. S1, one assuming
a constant CO; concentration since 1960 (the dashed lines in Fig. S1) and the other with CO,
concentrations increasing to 639 ppm by 2080 (Fig. S1). Moreover, the Mann-Whitney U test
(based on the rank-sum function in Matlab, version R2014a) was implemented and the statistical

significance values (p) have been shown in Fig. S1.
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Figure S1. Carbon flux comparison between the simulation with constant CO2 inputs since 1960

and the simulation with increased CO2 concentration forcing from 1961-2080 (the majority of

the results are given in Figure 7).
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