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Appendix A: The vegetation type classification of the Circumpolar Arctic Vegetation Map (CAVM)
The CAVM displays the types of vegetation that occur across the terrestrial Arctic, from the Arctic Ocean in the north to the boreal treeline in the south (CAVM Team, 2003). The goal of the CAVM team was to map zonal vegetation, i.e. vegetation that develops over time on mesic soils in balance with the local climate (Walker et al., 2005) in order to effectively summarise the general distribution of arctic vegetation (Raynolds et al., 2019). The vegetation is first classified into five broad physiognomic categories, namely, barrens (B, five classes) graminoid-dominated tundra (G, four classes), prostrate, dwarf-shrub-dominated tundra (P, two classes), erect dwarf-shrub-dominated tundra (S, two classes) and wetlands (W, three classes). Barren classes are predominantly barren soils or bedrock or covered by biological soil crusts characterised by a lack of much vascular plant cover (Raynolds et al., 2019; Walker et al., 2005). Graminoid tundra are areas dominated by graminoid plants (sedges, grasses and rushes). Prostrate-dwarf-shrub tundra areas are dominated by prostrate-dwarf shrubs. Erect-dwarf-shrub tundra areas are dominated by erect-dwarf shrubs (<40 cm tall) or low shrubs (40–200 cm tall) and mosses. Wetland complexes are predominantly composed of wet tundra, often with many lakes and ponds, and patterned ground associated with periglacial landforms (Raynolds et al., 2019; Walker et al., 2005).
Appendix B: The 18 Maps of Future Arctic Vegetation Distribution (Henceforth vegetation projections).
Existing predictions for arctic vegetation under global change conditions had been predicted using the 2003 version of the CAVM (Pearson et al., 2013). However, due to the existence of newer vegetation, climate and carbon emission models, this present study recreated the models using these new datasets (see the main manuscript). The resultant models showed some significant changes in the abundance and distribution of these vegetation types across the Arctic from the existing models of Pearson et al. (2013), some in line with the differences between the two CAVM maps (Figure A1). For example, the extent of the S1 vegetation type decreased, while the extent of the P1 vegetation type increased [image: Chart

Description automatically generated]in the raster version of the CAVM (Raynolds et al., 2019), and this is also evident in future predictions.
Figure A1. Relative abundance (proportional to map units) of the vegetation projections of the Pearson et al. (2013) predictions to this present study. The models are paired with their respective successors. Firstly, the SSPP126 was used as the successor to the B2 scenario, and SSPP585 to the A2 scenario. For the climate models, we used MRI-CGCM3, EC-Earth3-Veg, and IPSL-CM5 as successors to the HadCM3, CSIRO and CCCMA models, respectively. The vegetation types can be summarised into barren tundra (B1: cryptogam herb barren; B2a: cryptogam barren complex; B2b: cryptogam, barren, dwarf-shrub complex; B3: noncarbonate mountain complex and B4: carbonate mountain complex), graminoid tundra (G1: rush/grass forb, cryptogam tundra; G2: graminoid, prostrate dwarf-shrub, forb tundra; G3: nontussock sedge, dwarf-shrub, moss tundra; G4: tussock sedge, dwarf-shrub, moss tundra), prostrate-shrub tundra (P1: prostrate dwarf shrub, herb tundra; P2: prostrate/hemiprostrate dwarf-shrub tundra), erect-shrub tundra (S1: erect dwarf-shrub tundra; S2: low shrub tundra), and wetlands (W1: sedge/grass, moss wetland; W2: sedge, moss, dwarf-shrub wetland; W3: sedge, moss, low-shrub wetland). The tree type T1 corresponds to Globe Land Cover 2000 database class 9 (mosaic of tree cover and other natural vegetation), while T2 corresponds to an amalgamation of classes 2 (broadleaved, deciduous, closed), 3 (broadleaved, deciduous, open), 4 (needle-leaved, evergreen), 5 (needle-leaved, deciduous) and 6 (mixed leaf type) (Joint Research Centre, 2003).

Appendix C: Map of Potential 2050 Refugia for Vulnerable Arctic Vegetation Types (Realistic Model)
A map of potential refugia for the vulnerable arctic vegetation types discussed in this paper has been made available in the geospatial portable document format (Geospatial PDF), which preserves GIS functions such as layers. This paper focuses on the realistic model (IPSL-CM6A-LR global climate model, the SS585 emissions scenario, and the intermediate tree dispersal rate), which is one of eighteen vegetation projections. However, as stated in the discussion, the data spread between vegetation type abundances and distributions across the models is large (Figure 2). Therefore, to account for this uncertainty, we have included the model agreement layer, which compares the vegetation classification in each pixel of refugia with the other fourteen vegetation projections, as three had been excluded due to data gaps.
Appendix D: Map of Potential 2050 Refugia for Vulnerable Arctic Vegetation Types (All projections)
While this present paper focuses on the realistic model (IPSL-CM6A-LR global climate model, the SS585 emissions scenario, and the intermediate tree dispersal rate), there are other ways to consider refugia. Refugia may also be defined as areas where the vegetation remained unchanged in at least one of the fifteen vegetation projections. This alternative refugia map has also been made available in the geospatial portable document format (Geospatial PDF), which preserves GIS functions such as layers. However, as this leads to an overestimation of refugia, we have included a model agreement layer, which computes how many of the fifteen vegetation projections made this assignment, as a degree of uncertainty.
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