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S1. Model description and specifications

Table S1: Specifications of the participating models. AtreeFrac refers to the tree fraction. piControl year refers to the

branching year in which the deforest-globe simulation is started.

Model name | Land Spatial Num | Numbe | Dynamic Notes Simulation DOI
model resolution | ber r of vegetation
of years module
realiz | simulat
ation | ed
S
MPI-ESM- JSBACH | 192x96 7 150 Only in piControl year http://doi.org/10.22033/ES
1.2.0 3.2 ~1.9°x1.9° piControl 1899 GE/CMIP6.6542
ORCHI 144x143 3 80 no Deforested grid http://doi.org/10.22033/ES
IPSL- DEE 2.5°x1.27° cells are selected | GE/CMIP6.5163
CM6A-LR on a area (of
forest) basis, not
on a fraction (of
forest) basis
CESM2 CLM5 288x192 3 80 Only in AtreeFrac = 1929- | http://doi.org/10.22033/ES
1.25°x0.94 piControl 1850 GFICMIP6.7574
° cSoil =slow +
medium + fast
piControl year 501
CNRM- ISBA- 256x128 1 80 no cSoil = slow + http://doi.org/10.22033/ES
ESM2-1 CTRIP | ~1.4°x1.4° medium + fast GF/CMIP6.4000
Separate file for
AtreeFrac
BCC-CSM2- | BCC_A | 320x160 1 80 no AtreeFrac = 1900- | http://doi.org/10.22033/ES
MR VIM ~1.125°x1. 1850 GF/CMIP6.2899
1° piControl year
2289
CanESM5 CLASS3 | 128x64 1 90 no http://doi.org/10.22033/ES
BICTE ~2.8°x GF/CMIP6.3582
M1.2 2.8°
UKESM1-0- | JULES- | 192x144 1 80 Both on but | AtreeFrac =1900- | http://doi.org/10.22033/ES
LL ES-1.0 | 1.87°x1.25 off in 1850 GF/CMIP6.5919
° deforested
grid cell
fraction.
MIROC- Matsiro/ | 128x64 1 150 no No prescribing of | Not available on ESGF
ES2L VISIT ~2.8°x land cover types yet.
2.8° possible (forest
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regrowth);
separate file for
deforestation

mask;
EC-Earth3- HTESSL | 512x256 1 80 both Annual maximum | Not available on ESGF
Veg E/LPJ- ~0.7°x0.7° of AtreeFrac; yet.
GUESS separate file for
deforestation
mask;

cSoil = slow +
medium + fast
piControl year
1930

MPI-ESM-1.2.0:

The Max-Planch Institute Earth System Model (MPI-ESM-1.2.0) couples the submodels of MPIOM1.6
for ocean physics, HAMOCCSG6 for ocean biogeochemistry, ECHAM®.3 for the atmosphere and
JSBACHS3.2 for the land surface (Mauritsen et al., 2019). JSBACH3.2 simulates eight natural plant
functional types including tropical broadleaf evergreen and deciduous trees, extra-tropical evergreen and
deciduous trees and C3 and C4 grasses. Following the protocol of simulating prescribed instead of
dynamic vegetation, only net transitions between plant functional types occur. YASSO (Goll et al., 2015)
simulates the decomposition of litter and soil carbon based on observed processes and data. YASSO
distinguishes between above and below ground and woody as well as non-woody decomposition classes.
The process-based SPITFIRE model (Lasslop et al., 2014) simulates burnt area depending on lightning
and fire duration while the abundance, quality and moisture of fuel drive the spread rate. Trees are more
resistant to fires compared to grasses and do not fully combust. Vegetation distribution is affected through
mortality and nitrogen removal. The nitrogen cycle (Goll et al., 2017) is represented by using constant
carbon-to-nitrogen ratios following the nitrogen demand. Nitrogen is added and removed through
atmospheric deposition (biological fixation and denitrification) and leaching or fire, respectively. The
hydrology scheme consists of five layers (Hagemann and Stacke, 2015) with prescribed soil depths,
rooting depths, water holding capacities and soil textures.

IPSL-CM6A-LR

IPSL-CM6A-LR is the climate model developed by the Institut Pierre-Simon Laplace Climate Modelling
Centre (IPSL CMC, see https://cmc.ipsl.fr) that participated in the CMIP6 exercise. It is composed of the
LMDZ atmospheric model version 6A-LR, the NEMO oceanic model version 3.6 and the ORCHIDEE
land surface model version 2.0 (Peylin, et al., in prep.) Full description of the different components and
the coupling can be found in Boucher et al. (submitted). The vegetation heterogeneity is represented by 15
Plant Functional Types (8 for trees, 4 for grasses, 2 for crops and 1 for bare soil). In the configuration
used in CMIP6, vegetation distribution in each grid-cell is prescribed by land cover maps and only net
land-use changes are considered. Three independent soil water columns are computed per grid cell,
gathering some PFTs with similar properties together: one for bare soil, one for trees and another for
short-vegetation types. On each water column, vertical water fluxes that account for hydraulic
conductivity and diffusivity water are computed by a 11-layer soil hydrology scheme (de Rosnay et al.,



2002) down to 2 m and a free drainage condition at the bottom of the soil column. In contrast to the water
budget, a single energy budget is solved per grid cell. As a consequence, a single surface temperature is
computed, with no possibility of distinguishing surface temperatures for the different PFTs covering a
grid cell. Albedo values for soil, snow and vegetation for the different PFTs are set based on an
optimization procedure using remote sensing albedo data from MODIS sensor. Regarding biomass
modelling, carbon is the unique element represented in IPSL-CM6A-LR, nitrogen and other nutrient-
related limitations being not considered. Governing equations defining the assimilation of carbon by
photosynthesis and its flow within the plant-soil continuum are presented in (Krinner et al., 2005). Living
biomass is represented by six main pools (leaf, fine roots, sapwood, heartwood in above and below
grounds). Soil carbon biomass is modelled based on the CENTURY model (Parton et al., 1988) with three
pools of different decomposition time (active, slow and passive pools). Removal of carbon due to fire
activity is not considered in IPSL-CM6A-LR.

CESM2

The Community Earth System Model version 2 (CESM2, Danabasoglu et al., 2020) couples the
Community Atmosphere Model (CAM6), the Community Land Model (CLM5, Lawrence et al., 2019),
the Parallel Ocean Program model (POP2), and the Community Ice Sheet Model (CICES5). Full model
descriptions and the performance of each component are described in the above references and references
therein and in additional manuscripts in the AGU Special Issue on CESM2. CLM?5 is the latest version of
CLM and includes many updates to biogeophysical and biogeochemical and land use processes relative to
prior CLM versions including: updated parameterizations and structure for hydrology and snow (spatially
explicit soil depth, dry surface layer, revised groundwater scheme, revised canopy interception and
canopy snow processes, updated fresh snow density, simple firn model, and Model for Scale Adaptive
River Transport); plant hydraulics and hydraulic redistribution; revised nitrogen cycling (flexible leaf
stoichiometry, leaf N optimization for photosynthesis, carbon costs for plant nitrogen uptake);) global
crop model with six crop types and time-evolving irrigated areas and fertilization rates; updated stomatal
physiology; and new parameter estimates for many key parameters. In CLMS5, vegetation distributions
are prescribed according to MODIS and the land use transitions from the Land Use Harmonization dataset
(LUH2, Hurtt et al., 2020) CLM5 represents 14 natural plant functional types (PFTs) and 6 crop
functional types. The vegetation state (LAI, phenology, canopy height) is prognostic in the
biogeochemistry configuration used in default CESM2. This configuration includes full carbon and
nitrogen cycling. PFTs on the naturally-vegetated land unit compete for water and nutrients.

Deforestation in the model is represented by contraction of tree PFT area within the natural vegetated land
unit, as specified by a forcing dataset. In the idealized deforestation experiments, the tree PFTs are
replaced by either C3 or C4 grass depending on dominant grass type at each location. Carbon from these
trees is apportioned into several different streams including a direct carbon flux to the atmosphere, a
transfer into wood product pools, and a transfer into slash (coarse woody debris and litter carbon pools)
that is left on the soil column. CLMS5 additionally represents deforestation fires in tropical closed forests
(tropical tree PFTs > 60% coverage, Li et al. (2017) and references therein). Deforestation fires are
defined as fires caused by deforestation, including escaped deforestation fires, termed degradation fires.
Burned area of these fires is determined by the deforestation rate and climate conditions.



CanESM5

CanESMS5 (Swart et al., 2019) has evolved from its predecessor CanESM2 (Arora et al., 2011) that was
used in the Coupled Model Intercomparison Project phase 5 (CMIP5). The major changes relative to
CanESM2 are the implementation of completely new models for the ocean, sea-ice, marine ecosystems,
and a new coupler. The resolution of CanESM5 (T63 or ~2.8° in the atmosphere and ~1° in the ocean)
remains similar to CanESM2. The atmospheric component of CanESMD5 has several improvements
relative to its predecessor, including changes to aerosol, clouds, radiation, land surface and lake
processes. Relative to the 35 levels used in CanESM2, CanESMS5 uses 49 levels in the atmosphere and
most of the additional 14 levels were added in the upper troposphere and stratosphere.

The land surface in CanESMD5 is modelled using the Canadian Land Surface Scheme (CLASS) and the
Canadian Terrestrial Ecosystem Model (CTEM) that together form the land component of CanESM5.
CLASS and CTEM simulate the physical and biogeochemical land surface processes, respectively, and
together they calculate fluxes of energy, water, CO2 and wetland CH4 emissions at the land-atmosphere
boundary. Over land, three permeable soil layers are used with default thicknesses of 0.1, 0.25, and 3.75
m for which liquid and frozen soil moistures and temperature are prognostically calculated. The depth to
bedrock is specified on the basis of the global data set which reduces thicknesses of the permeable soil
layers where soil depth is less than 4.1 meters. In CLASS, snow is represented using one layer whose
snow water equivalent and temperature are modelled prognostically. The introduction of dynamic
wetlands and their methane emissions is a new biogeochemical process added since the CanESM2.
CTEM simulates photosynthesis and prognostically calculates the amount of carbon in the model’s three
live (leaves, stem, and root) and two dead (litter and soil) carbon pools. Photosynthesis in CTEM is
modelled at the same sub-daily time as the physical processes. The remainder of the biogeochemical
processes are modelled at a daily time step. These include, autotrophic and heterotrophic respirations,
allocation of photosynthate from leaves to stem and roots, leaf phenology, turnover of live vegetation
components that generates litter, mortality, and land use change. Nitrogen cycle over land is not
represented but a parameterization of photosynthesis down-regulation as CO2 increases is included.

The physical ocean component of CanESM5 is based on NEMO version 3.4.1. It is configured on the
tripolar ORCA1 C-grid with 45 z-coordinate vertical levels, varying in thickness from ~6 m near the
surface to ~250 m in the abyssal ocean. The horizontal resolution is based on a 1° Mercator grid, varying
with the cosine of latitude, with a refinement of the meridional grid spacing to 1/3° near the equator. Two
modifications have been introduced to the NEMO's mesoscale and small-scale mixing physics in
CanESMb5 and these are detailed in Swart et al. (2019). Sea ice is represented using the LIM2 sea ice
model, which is run within the NEMO framework. Ocean carbon cycle is represented using the Canadian
Model of Ocean Carbon (CMOC) which was developed for earlier versions of CanESM (Arora et al.,
2011; Christian et al., 2010), and includes carbon chemistry and biology. The biological component is a
simple Nutrient-Phytoplankton-Zooplankton-Detritus (NPZD) model, with fixed Redfield stoichiometry,
and simple parameterizations of iron limitation, nitrogen fixation, and export flux of calcium carbonate.



CNRM-ESM2-1:

CNRM-ESM2-1 is the second generation Earth System model developed by CNRM-CERFACS for
CMIP6 (Séférian et al., 2019). In CNRM-ESM2-1, ARPEGE-Climat_v6.3 forms the atmospheric core of
the model (Roehrig, n.d.), coupled to the NEMOV3.6 ocean model incorporating the sea-ice model
GELATOVG6.0 and the ocean biogeochemistry model PISCES-v2-gas (Berthet et al., 2019). The land
surface is represented by ISBA-CTRIP land surface model (Decharme et al., 2019; Delire et al., 2020).
The surface state variables and fluxes at the surface-atmosphere interface are simulated by the SURFEX
modeling platform version 8.0 over the same grid and with the same time-step as the atmosphere model.
SURFEXV8.0 encompasses several submodules for modeling the interactions between the atmosphere,
the ocean, the lakes and the land surface. Over the land surface, CNRM-ESM2-1 use the ISBA-CTRIP
land surface modeling system (http://www.umr-cnrm.fr/spip.php?article1092&lang=en) to solve energy,
carbon and water budgets at the land surface (Decharme et al., 2019; Delire et al., 2020). Its physical core
explicitly solves the one-dimensional Fourier and Darcy laws throughout the soil, accounting for the
hydraulic and thermal properties of soil organic carbon. It uses a 12-layer snow model of intermediate
complexity that allows separate water and energy budgets for the soil and the snowpack. It accounts for a
dynamic river flooding scheme in which floodplains interact with the soil and the atmosphere through
free-water evaporation, infiltration and precipitation interception and a two-dimensional diffusive
groundwater scheme to represent unconfined aquifers and upward capillarity fluxes into the superficial
soil. More details on these physical aspects can be found in Decharme et al. (2019).

To simulate the land carbon cycle and vegetation-climate interactions, ISBA-CTRIP simulates plant
physiology, carbon allocation and turnover, and carbon cycling through litter and soil. It includes a module
for wild fires, land use and land cover changes, and carbon leaching through the soil and transport of
dissolved organic carbon to the ocean. Leaf photosynthesis is represented by the semi-empirical model
proposed by Goudriaan et al. (1985). Canopy level assimilation is calculated using a 10-layer radiative
transfer scheme including direct and diffuse radiation. Vegetation in ISBA is represented by 4 carbon pools
for grasses and crops (leaves, stem, roots and a non-structural carbohydrate storage pool) with 2 additional
pools for trees (aboveground wood and coarse roots). Leaf phenology results directly from the carbon
balance of the leaves. The model distinguishes 16 vegetation types (10 tree and shrub types, 3 grass types
and 3 crop types) alongside desert, rocks and permanent snow. In the absence of nitrogen cycling within
the vegetation, an implicit nitrogen limitation scheme that reduces specific leaf area with increasing CO2
concentration was implemented in ISBA following the meta-analysis of (Yin, 2002). Additionally, there is
an ad-hoc representation of photosynthesis down-regulation. The litter and soil organic matter module is
based on the soil carbon part of the CENTURY model (Parton et al., 1988). The 4 litter and 3 soil carbon
pools are defined based on their location above- or below-ground and potential decomposition rates. The
litter pools are supplied by the flux of dead biomass from each biomass reservoir (turnover). Decomposition
of litter and soil carbon releases CO2 (heterotrophic respiration). During the decomposition process, some
carbon is dissolved by water slowly percolating through the soil column. This dissolved organic carbon is



transported by the rivers to the ocean. A detailed description of the terrestrial carbon cycle can be found in
Delire et al. (2020).

BCC-CSM2-MR

The land model in BCC_CSM is the Beijing Climate Center Atmosphere and Vegetation Interaction
Model (BCC_AVIM, Li etal., 2019). It is a comprehensive land surface model and can be coupled into
the BCC_CSM to simulate land surface biogeophysical and plant ecophysiological processes (Wu et al.,
2013, 2019). There are exchanges of energy, water, and carbon between the land surface and the
atmosphere. The terrestrial carbon cycle in BCC_AVIM operates through a series of biochemical and
physiological processes on photosynthesis and respiration of vegetation. A dynamic determination of leaf
unfolding, growth, and withering dates according to the budget of photosynthetic assimilated carbon
similar to the phenology scheme was implemented in BCC_AVIM.

MIROC-ES2L.:

This model is based on the global climate model MIROCS5.2 (Tatebe et al., 2018), which interactively
couples an atmospheric general circulation model (CCSR-NIES AGCM, Tatebe et al., 2019) including an
on-line aerosol component (SPRINTARS, Takemura et al., 2000), an ocean GCM with sea-ice component
(COCO, Hasumi, 2006), and a land physical surface model (MATSIRO, Takata et al., 2003). The land
and ocean biogeochemical components are represented in MIROC-ES2L by VISIT(Ito and Inatomi,

2011) and OECOZ2. The two land components (MATSIRO and VISIT) are coupled via soil water content,
runoff, and leaf area index (Arora et al., 2019; Hajima et al., 2020).

The model simulates the terrestrial carbon cycle, with vegetation (leaf, stem, and root), litter (leaf, stem,
and root), and humus (active, intermediate, and passive) pools and with a fixed biome distribution (based
on MODIS vegetation cover category). Details on carbon cycle processes in the model can be found in
(Ito and Oikawa, 2002). Nitrogen cycle is also simulated with pools of vegetation (canopy and structural),
organic soil (litter, humus, and microbe), and inorganic nitrogen (ammonium and nitrate). For installing
into MIROC-ES2L, the terrestrial ecosystem processes were modified such that photosynthetic capacity is
controlled by leaf N concentration (Arora et al., 2019; Hajima et al., 2020).

The LUC impact is modeled assuming two types of land use impact on the biogeochemistry. First, even
when a simulation is conducted with fixed areal fractions (e.g., a spin-up run under 1850 conditions), crop
harvesting, nitrogen fixation by N-fixing crops, and the decay of organic matter in product pools occur.
Second, when an areal fraction is changed within a year, carbon and nitrogen in the harvested biomass are
translocated between product pools. When cropland is abandoned and the area is reclassified as secondary
forest, the apparent mean mass density of secondary forest is first diluted because of the increase in the
less-vegetated area, and then secondary forest starts regrowth toward a new stabilization state (Hajima et
al., 2020).

UKESM1-0-LL:

UKESM1-0-LL is the low resolution version of the UK Earth System Model (Sellar et al., 2019). The
Met Office Unified Model at vn11.2 forms the atmospheric core of the model, coupled to the NEMO
ocean (vn3.6) incorporating version 2.0 of the MEDUSA ocean biogeochemistry model (Yool et al.,
2013). The land surface is represented by vn5.0 of the JULES land surface model (Clark et al., 2011).



JULES features 9 natural PFTs (three broadleaf trees, two needleleaf trees, two shrubs and two grasses
(Harper et al., 2016) with an additional 4 devoted to agriculture (C3 and C4 crop and pasture, Robertson
et al., submitted). The natural and agricultural PFTs form entirely separate units within the grid box; the
dynamic vegetation model, TRIFFID, allows the PFTs within each unit to compete with each other for
space in response to the evolving climate, but there is no competition between natural and agricultural
PFTs. Dynamic vegetation must therefore be switched on to determine the PFT composition within each
unit (natural / agricultural), but there is no possibility of natural trees and shrubs repopulating agricultural
regions. The fraction of the grid box devoted to agriculture is prescribed, with the fractions in which crop
PFTs and pasture PFTs are permitted to grow read in separately. As the fraction of the grid box devoted to
agriculture grows, natural vegetation is cleared away, to be replaced with bare soil; the leaf, stem and
coarse root carbon is added to three wood product pools which decay at different rates, leading to a land
use change CO2 emissions flux; fine root carbon from cleared vegetation is added to the soil.

The soil carbon component of JULES is based on the RothC four-pool soil Carbon model (Coleman et
al., 1997): the four soil carbon pools comprise Decomposable Plant Material (DPM), Resistant Plant
Material (RPM), Biomass (BIO), and Humus (HUM), each with a representative decay rate. Plant litter is
added to the DPM and RPM pools; carbon passes from these into the BIO and HUM pools where it
continues to decay, with some carbon lost as CO:z at each stage. Version 5.0 of JULES includes nitrogen
limitation of carbon uptake by plants; there are four organic soil nitrogen pools mirroring the four soil
carbon pools, as well as an additional inorganic soil nitrogen pool. Associated with the photosynthetic
carbon uptake by vegetation is a demand for nitrogen, calculated from the plants’ C:N ratio and the Net
Primary Productivity (NPP). The inorganic soil nitrogen pool is available to plants to meet this demand: if
there is insufficient nitrogen in the inorganic pool to satisfy it, the plants’ NPP is downregulated
accordingly. The inorganic pool is replenished by biogenic nitrogen fixation as a function of NPP, and
Nitrogen deposition from the atmosphere, which is prescribed. Crop PFTs are not nitrogen limited; they
are assumed to be fertilized perfectly, insofar as their N demand is met, and NPP not downregulated,
constituting an implicit nitrogen fertilization flux. A portion of crop litter is intercepted, representing a
harvest flux. Pasture PFTs are neither fertilized, nor subject to any removal by harvest or grazing. When
the model is configured to run in CO2 concentration-driven mode, the COz2 flux from the decay of the
wood product pools, the harvest flux, and the NPP carbon not assimilated by the plants are all diagnostic-
only, whereas when the model is in CO2 emissions-driven configuration, they combine to form a COz flux
added directly to the atmosphere COz2 store.

EC-Earth-Veg 3.3.1.1:

EC-Earth-Veg (Doescher, n.d.; Miller et al., n.d.; Wyser et al., 2019, 2020) a sub-configuration of the
Consortium Earth-system model EC-Earth (Hazeleger et al., 2012) that incorporates the atmospheric
model IFS cycle 36r4 including the Land-Surface model HTESSEL (e.g. Boussetta et al., 2013), the
ocean model NEMO3.6 (Vancoppenolle et al., 2009) including the sea-ice model LIM3, and the process-
based 2nd generation dynamic global vegetation and biogeochemistry model LPJ-GUESSv4.0 (based on
Lindeskog et al., 2013; Olin et al., 2015; Smith et al., 2014b). The coupling between the components is
handled by the OASIS3-MCT coupling library (Craig et al., 2017). Here, the standard resolution has been
applied (see Doescher, in prep.).

In this setup HTESSEL (biogeophysics and water-cycle) and LPJ-GUESS (dynamic vegetation and
biogeochemistry) act as a combined land-surface scheme.



LPJ-GUESS simulates vegetation dynamics, management and land use, as well as the terrestrial C and N
cycles on six different stand-types, of which five have dynamical grid cell fractions following LUH2
(Natural, Pasture, Urban, Crop, and Irrigated Crop) and one is fixed in gridcell-fraction (Peatland). On
Natural stands ten woody and two herbaceous PFTs are in competition (Smith et al., 2014a), while on
Urban, Pasture, and Peatland stands two herbaceous PFTs (according to the C3 and C4 photosynthesis-
pathways) compete. There are five crop functional types in the cropland fraction that do not experience
any competition from other PFTs. Dynamic vegetation, where cohorts of individual PFTs compete for
space, light and soil resources (water, N) within each replicate patch is a fundamental part of LPJ-GUESS
and cannot be switched off. Nonetheless, in the special deforest globe simulation described here tree
establishment is disabled on the stand areas that are deforested, after which only the two herbaceous PFTs
are in competition. The global C and N cycles are represented in vegetation, litter and soil organic matter
(SOM) pools. C-N dynamics induces nutrient limitation on natural vegetation and crop growth, and
decomposition rates of SOM that will influence soil biogeochemistry, CO2 fluxes and N trace gas
emissions. In this version, the fire-model GlobFIRM (Thonicke et al., 2001) is used, providing fire-related
C and N turnover and fluxes once per year.

In the EC-Earth3 setup LPJ-GUESS provides LAI and effective cover-fraction for the dominant high and
low vegetation classes used by HTESSEL on a daily basis, affecting phenology. The dominant high and
low vegetation types are determined at the end of each simulated year.

HTESSEL computes the energy and water balance for six potentially present surface tiles: bare-ground,
low and high vegetation, water intercepted by vegetation, and snow both exposed and shaded by
vegetation. Albedo, surface roughness, rooting depth and other parameters related to surface energy
balance and turbulent heat exchange depend on vegetation type and cover and are determined from fixed
values in IFS/HTESSEL look-up tables.

In this version, water cycling in LPJ-GUESS is decoupled from the rest of EC-Earth due to the different
evaporation and hydrology schemes in HTESSEL and LPJ-GUESS. HTESSEL has a single soil water
pool per gridcell, updated each sub-daily time-step based on the aggregated water fluxes to and from each
tile. Evaporation and soil water uptake does not take photosynthesis into account. In contrast, carbon and
water cycling is coupled in LPJ-GUESS (Peters et al., 2018; Smith et al., 2014a), such that
evapotranspiration is calculated independent in each patch and stand in every gridcell. This reflects the
sub-grid scale heterogeneity of hydrological cycling in each grid cell resulting from different ecosystem
functioning in each land use class, as well as vegetation in various stages of succession in the patches that
make up the Natural stands.

Deforestation has been implemented such that in an affected grid-cell every year a certain amount of
Natural land as primary forest is converted to secondary forest on which tree establishment is disabled.
The vegetation removal on the deforested stand area is implemented by our wood-harvest
implementation, which does remove most of the vegetation within the deforested stand area, but a portion
of leaves, wood, and roots are left on site and are transferred into the litter.

LPJ-GUESS has been evaluated in a multitude of studies, e.g. Peters et al. (2018); Piao et al. (2013); Sitch
et al. (2015); Smith et al. (2014a); Zaehle et al., (2014).



S2. Supplementary figures
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Fig. S1: Initial forest cover given in percent. Note that this is derived from the piControl simulation
unless stated differently in section 3.1 of the manuscript or Table S1.
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Fig. S2: Global deforestation extent in Mkm:2 (a) relative to the initial forest cover extent and (b) starting
from the initial forest extent; (c) shows the zonal deforestation pattern per latitude.
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Fig. S3: The surface energy balance (SEB) decomposition component-wise along latitudes including all
land and ocean (dashed lines) or only areas of deforestation (AF, solid lines). Smoothing was applied by

using an approximated 10° latitude running mean.
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Fig. S4: Latitudinal means of surface energy fluxes (in W m-2) and total cloud cover (in %). (a) turbulent
heat flux (sum of latent and sensible heat), (b) available energy (sum of net shortwave and downward



longwave radiation, (c) net shortwave radiation, (d) and (e) latent and sensible heat flux, respectively, (f)
total cloud cover (in percent), (g) and (h) display the downward shortwave and long wave radiation fluxes
at the surface, respectively. Smoothing was achieved by applying a running mean of approximately 10
degrees.
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Fig. S5 Changes in albedo given in percent from (mean over years t80 - t51). Only statistically significant
changes are shown.
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Fig. S6 Changes in total cloud cover fraction given in percent (mean over years t80 - t51). Only
statistically significant changes are shown.
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Fig. S7 Difference between downward all sky and clear sky longwave radiation (W m-2, mean over years
t80 - t51). Only statistically significant changes are shown.
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Fig. S8 Changes in evapotranspiration (mm year-1; mean over years t80 - t51). Only statistically
significant changes are shown.
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Fig. S9 Changes in near-surface temperature ATas scaled by the fraction of deforestation at year t50 (°C
frac-1; mean over years t80 - t51). Only statistically significant changes are shown.
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Fig. S10 Same as Fig. S9 but scaled with the area of deforestation at year t50 (°C per 2000kmz; mean
over years t80 - t51). Only statistically significant changes are shown.
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Fig S11 Relationship of changes in ATas to changes in AF (%). Only grid cells with statistically
significant changes as in Fig. 2 are selected. Lines denote a linear regression across tropical (23°S to
23°N), temperate (23°N to 50°N and 23°S to 50°S) and boreal regions (>50°N).
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Fig. S12 Remaining deforestation fraction (in percent) after the time of emergence (ToE) of ATas has
been reached.

MPI ESM 1 20 IPSL CM6A LR

ToE [years] of ANear Surface Temperature —
10 30 5 70 9 110 130 150 W sion.

non-sign.

Fig. S13 Time of emergence (ToE) of ATas using an alternative approach. The signal is defined as the
running mean of 30 years and the noise is defined as the standard deviation across the first 30 years of the



piControl simulation after the branching off of the deforest-globe simulation. The signal emerges if the
signal-to-noise ratio exceeds one (SNR=1) and stays emergent after detection. Only statistically
significant areas as found in Fig. 2 are shown.
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Fig. S14 Relationship of relative changes in near-surface temperature to relative changes in precipitation
(in percent). Only statistically significant grid cells according to Fig. 3 and Fig. 7 are shown. Lines denote
a linear regression across tropical (23°S to 23°N), temperate (23°N to 50°N and 23°S to 50°S) and boreal
regions (>50°N).
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Fig S15: Changes in land carbon storage, cLand (kg m-2).
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Fig. S16 Changes in emissions from fires (kg m-2 year-1).
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Fig. S17 Temporal changes in global soil carbon pools. Note, that not all models provide this distinction.
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by (Schlunegger et al., 2019). cLand is the sum of cSoil, cVeg and cLitter. Only statistically significant
changes of the mean (year t70 to t80) are shown.
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Fig. S19 Same as Fig S19 but for the ToE of gross primary productivity.
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Fig. S20 Same as Fig. S9 but for AcLand.
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Fig. S21 Same as Fig. S10 but for AcLand.
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Fig. S22 Same as Fig. 4 in the manuscript but for AcLand.
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