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S1 List of crop functional types

Table S1. The 16 crop functional types (CFTs) simulated in LPIJmL5.1 (incl. 2 Bioenergy functional types).

Abbreviation  Definition Additional description
TeCer Temperate cereals wheat, rye, barley

Rice Rice paddy rice; rice

Maize Maize maize for food; maize millet,
TrCer Tropical cereals sorghum

Pul Pulses pulses; field peas

TeRo Temperate roots sugar beet

TrRo Tropical roots cassava

SunFl Sunflower sunflower

Soy Soybean soybean

GrNu Groundnut groundnuts

Rape Rapeseed rapeseed

SuCa Sugarcane sugarcane

- Others potatoes, oil palm, citrus, date palm, grapes, cotton, cocoa, coffee, pastures,

managed grasslands
- Managed grasslands
- Bio-energy grass

- Bio-energy grasslands




10

15

20

25

30

35

40

S2 Earth system processes affected by land use and land cover change

Freshwater change
Global terrestrial evapotranspiration is estimated to be reduced by 5.6% (~3,100 km® yr'), runoff increased by 7.6%
(~3,900 km?® yr!) and total soil moisture by 6% (14 kg m™), as a result of historic LULCC (Sterling et al., 2013).

The altered terrestrial water flux to the atmosphere affects moisture recycling affecting precipitation patterns globally (van

der Ent et al., 2010) which, in turn, leads to changes in plant available soil moisture, affecting plant growth and productivity

(Wang-Erlandsson et al., 2022) and the terrestrial carbon sink (Humphrey et al., 2018).

Climate change

It is further estimated that LULCC contributes to climate change by being responsible for approximately 23% of greenhouse
gas emissions (2007-2016), not only in the form of CO; but also through the emission of nitrous oxide and methane
(accounted for as CO; equivalents) (IPCC, 2022). While CO, emissions originate mainly from deforestation (Friedlingstein
et al., 2022), agricultural emissions of nitrous oxide stem predominantly from manure and fertilizer application, while
methane is released by livestock’s enteric fermentation and rice cultivation (IPCC, 2022). The global radiative balance is
influenced by LULCC-induced changes in physical surface properties, such as changes in albedo, surface roughness and leaf

surface area, altering the surface energy balance and surface temperature (Pongratz et al., 2021).

Atmospheric aerosol loading
LULCC alters the emissions of biogenic volatile organic compounds that contribute to the uncertainty of future climate

change projections (Zhu et al., 2019).

Changes in biosphere integrity
By driving landscape fragmentation and subsequent habitat loss, LULCC is a primary driver of eroding the integrity of the

terrestrial biosphere and pushes numerous species into extinction (Jantz et al., 2015).

Biogeochemical flows

Excessive fertilization and the application of manure significantly burden the nitrogen and phosphorus biogeochemical
cycles within the Earth system and represent the primary contributor to non-CO; greenhouse gas emissions (IPCC, 2022).
Soil erosion rates under agricultural land are >100 times higher (conventional tillage) than natural ecosystems (Montgomery,

2007). It is detrimentally affecting water quality (Issaka and Ashraf, 2017), aquatic and soil ecosystem health and nutrient

availability (Guerra et al., 2020). The emerging dust from aeolian erosion is increasing the atmospheric aerosol loading with
consequences for human health and Earth’s radiative balance (Katra, 2020).
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S3 IPCC reference region level

LUCATOO can be adjusted to operate on various spatial scales. Here we were testing to run in on the IPCC reference region
level, following Iturbide et al. (2020).

l. Preprocessing

dropping of ocean regions (STP*, WIO*) — no land cells

dropping of Antarctica (ANT*) — not included in LPJmL

dropping of Arctic (ARC*) — no forest

dropping of small island regions (CAR*, NTP*, ETP*) — too few cells
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Figure S1: IPCC Reference regions matching the LPImL grid.
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1. Calculation of the current (2015) distribution and PB-LSC status for each biome in each IPCC reference
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55  Figure S2: Biome distribution and PB-LSC status for IPCC reference regions.



1. Applying LUCATOO
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Figure S3: Running LUCATOO, adjusting LULCC to match PB-LSC transgression scenarios within IPCC reference regions.
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S4 Premises and assumptions

For the calculation of the boundary status defined as the remainder of PNV forest extent, we used a simulated PNV extent as
in earlier studies (Gerten et al., 2020; Heck et al., 2018; Tobian et al., 2024) both the PNV and historic LULCC simulations

were conducted within the same modeling environment LPJmL to ensure consistency and comparability. Other studies, e.g.

(Richardson et al., 2023; Steffen et al., 2015) have taken a different approach: they estimate the forest cover based on remote

sensing imagery. This affects the extent of the forest biomes and their current status according to PB-LSC definition.

Second, our approach depends on the quality of the environmental factors dictating the distribution of forest biomes (climate
data input forcing our LPJmL model) and the choice of the DGVM itself. Here, we use climate outputs from a single ESM,
GFDL-ESMA4. This model choice is justified as the ESM is included in the ISIMIP project (Frieler et al., 2017) and shows

close to average equilibrium climate sensitivity and transient climate response when compared to the other models of the

CMIP6 ensemble (Meehl et al., 2020). Future studies should, however, conduct an ensemble approach using multiple ESM

outputs from CMIP6 (Eyring et al., 2016) to overcome ESM forcing uncertainty. The ESM-induced uncertainty over the

historical period is, however, smaller than for future climate change scenarios (IPCC, 2023). We have chosen the LPJmL
DGVM as it is state-of-the-art and well established featuring key processes needed for estimating the PB-LSC in a process-
based manner. It is being constantly improved and extensively evaluated, e.g. the simulated vegetation cover against satellite

imagery (Schaphoff et al., 2018). Moreover, the model version 5 employed here features nitrogen (von Bloh et al., 2018)

potentially enabling studies targeted at the interactions of LULCC and biogeochemical cycles. The simulated biome
distribution and forest extent - both initial requirements for our allocation tool - however are highly dependent on the
employed DGVM and its representation of the underlying bioclimatic processes. Adjusting the tool to the output of multiple
DGVMs of the ISIMIP-ensemble could significantly reduce the uncertainty arising from the DGVM choice (Frieler et al.
2017). While there are no comparative biome distributions studies from the ISIMIP ensemble, a study conducted by Ito et. al
(2017) on GDP variability between DGVMs indicates that the simulated biome distributions are likely to vary significantly.
Changes in biome distribution and extent are affecting both the PNV extent and PB-LSC status level. The PFT distribution
simulated by the DGVM ultimately determines the need for afforestation / deforestation by our tool.

Next, the selected land use dataset and the uncertainties behind it directly affect the status of PB-LSC. This source of
uncertainty propagates through the tool as the land use datafile constitutes its starting point.

Lastly, the postprocessing of the PFT distribution of our model via the applied biome classification algorithm is built on a set
of assumptions. Here we employ a simplified biome classification algorithm based on Ostberg et al. (2013), as done in
Tobian et al. (2024).
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