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1. INTRODUCTION 80 

Past vegetation cover is a result of many environmental factors, of which soils, 81 

climate and human impacts are assumed to have been the most important during the 82 

Holocene, though their relative importance for various regions and time periods is a matter of 83 

debate. Strong palaeoecological evidence exists for anthropogenic forcing of vegetation in 84 

Europe since the mid-Holocene (e.g. Behre, 1988), and knowledge of how natural and human 85 

agents interacted to influence vegetation changes in the past and present is of major interest 86 

for conservation strategies and for improving projections of vegetation responses to climate 87 

change (Willis and Birks, 2006; Jönsson et al., 2015). Analysis of pollen records offers a 88 

potential approach to quantifying the relative importance of human- and climate-induced 89 

changes in Holocene vegetation but is hampered particularly by the differential production 90 

and dispersal of pollen. Models of pollen-vegetation relationships, and model-based 91 

reconstructions of vegetation composition and abundance at local and regional scales using 92 

fossil pollen data, have developed since the 1980s (e.g. Prentice and Parsons, 1983; Sugita, 93 

1994, 2007a, 2007b).Within the framework of the LANDCLIM project (Gaillard et al., 2010), 94 

pollen-based quantitative estimates of Holocene vegetation composition using the REVEALS 95 

model (Sugita, 2007a) have been produced for Europe north of the Alps (Nielsen et al., 2012; 96 

Fyfe et al., 2013; Marquer et al., 2014; Trondman et al., 2015, 2016). 97 

Major differences over space (at a sub-continental scale) and time (through the 98 

Holocene) exist in Europe between REVEALS-based vegetation (RV) estimates and 99 

untransformed pollen percentages (PP) that are commonly used for the interpretation of pollen 100 

diagrams (e.g. Gaillard et al., 2010). Marquer et al. (2014) found that the timing of major 101 

Holocene shifts and indices of vegetation change (rates of compositional change, turnover, 102 

RV evenness) are different between RV and PP, and that plant composition and abundance as 103 

indicated by RV were affected to a larger extent by Neolithic deforestation and agricultural 104 
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section 2.5.2) based on RV and potential natural vegetation simulated based on climate 198 

forcing by the dynamic vegetation model LPJ-GUESS (Smith et al., 2001) have also been 199 

used to assess the possible land-use effect on vegetation. Indices based on RV (both climate- 200 

and human-induced) and climate-induced potential natural vegetation (influenced by natural 201 

factors such as climate, soils and biotic interactions) are compared by applying a similarity 202 

index (S) in order to identify periods when land use might have influenced vegetation (i.e. 203 

periods when low similarity indicate the impact of human activities on vegetation). 204 

 205 

 206 

Figure 2 Flow chart of the methodological approach. 207 

 208 

2.3 Pollen-based REVEALS estimates of vegetation abundance 209 

The REVEALS model (Sugita, 2007a) was applied to obtain pollen-based 210 

estimates of regional abundances (in percentage cover) of 25 plant taxa (pollen-type 211 

equivalent groups), and associated standard errors, for each grid-cell using pollen data from 212 

all sites (small/large, lakes/bogs/mires) (see Appendix B for more details on the model and its 213 
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growth as growing season or moisture availability, but they capture efficiently the major 239 

trends of Holocene climate changes (Appendix C). Simulated temperature and precipitation 240 

were the only available recent climate data that we could use at the spatial and temporal scales 241 

of our study. 242 

 243 

Table 1 Taxa and groups of taxa used for the combination of REVEALS and LPJ-GUESS based estimates, and 244 
harmonization of the 25 REVEALS taxa and the 18 plant-functional types (PFTs) used in LPJ-GUESS 245 
simulations (Hickler et al., 2012), resulting in 14 tree and shrub taxa and one open-land PFT (C3 grasses) 246 
including all herb RV. Pollen productivity estimates (PPEs) with their standard errors, and fall speed of pollen 247 
for the 25 taxa used in the REVEALS reconstructions are shown. The PPEs of taxa are relative to a reference 248 
taxon, in this case Gramineae (PPE=1). Botanical nomenclature follows Flora Europaea (Tutin et al., 1964-249 
1980). 250 
 251 

REVEALS taxa PPE and 
standard errors 

Fall speeds of 
pollen (m/s) LPJ-GUESS PFT 

Taxa and 
groups of taxa 

used in this 
paper 

Trees and tall shrubs 
 Abies 6.88 +/- 1.44 0.12 Abies alba Abies 

Alnus 9.07 +/- 0.1 0.021 Alnus Alnus 

Betula 3.09 +/- 0.27 0.024 Betula pendula Betula 
Betula pubescens 

Carpinus 3.55 +/- 0.43 0.042 Carpinus betulus Carpinus 
Corylus 1.99 +/- 0.19 0.025 Corylus avellana Corylus 
Fagus 2.35 +/- 0.11 0.057 Fagus sylvatica Fagus 

Fraxinus 1.03 +/- 0.11 0.022 Fraxinus excelsior Fraxinus 

Juniperus 2.07 +/- 0.04 0.016 Tall shrubs 
evergreen Juniperus 

Picea 2.62 +/- 0.12 0.056 Picea abies Picea 
Pinus 6.38 +/- 0.45 0.031 Pinus sylvestris Pinus 

Quercus 5.83 +/- 0.15 0.035 Quercus pubescens Quercus 
Quercus robur 

Salix 1.22 +/- 0.11 0.022 Tall shrubs 
summergreen Salix 

Tilia 0.8 +/- 0.03 0.032 Tilia cordata Tilia 
Ulmus 1.27 +/- 0.05 0.032 Ulmus glabra Ulmus 

Dwarf shrubs 

Open land 

Calluna vulgaris 0.82 +/- 0.02 0.038 Low shrubs 
evergreen 

Herbs 
Artemisia 3.48 +/- 0.2 0.025 C3 grass 
Cerealia-t 1.85 +/- 0.38 0.06 C3 grass 

Cyperaceae 0.87 +/- 0.06 0.035 C3 grass 

Filipendula 2.81 +/- 0.43 0.006 C3 grass 

Gramineae 1 +/- 0 0.035 C3 grass 
Plantago lanceolata 1.04 +/- 0.09 0.029 C3 grass 

Plantago media 1.27 +/- 0.18 0.024 C3 grass 

Plantago montana 0.74 +/- 0.13 0.03 C3 grass 

Rumex acetosa-t 2.14 +/- 0.28 0.018 C3 grass 

Secale cereale 3.02 +/- 0.05 0.06 C3 grass 

 252 



 
 

12 
 

The KK10 scenario of anthropogenic deforestation (Kaplan et al., 2009) is used 253 

as a land-use variable. KK10 simulates the fraction of deforested land based on the 254 

relationship between estimates of human population density and land-use area per capita, land 255 

suitability for cultivation and pasture, and assumptions on the location/characteristics of the 256 

land used initially, as well as geographical disparities in technological advances. KK10 257 

simulations are modelled expressions of land-cover change as a consequence of land use, 258 

which provides fractions of anthropogenic deforestation at an annual resolution over the past 259 

8000 years at a 0.5º spatial scale. We up-scaled the spatial resolution of the KK10 scenario to 260 

1º by summing the fractions of deforestation and rescaling to a total sum of 1. KK10 is used 261 

rather than the HYDE scenario (Klein Goldewijk et al., 2011), on the basis of a recent 262 

comparison between KK10, HYDE 3.1, and pollen-based REVEALS estimates of landscape 263 

openness in northern Europe (Trondman et al., 2012). KK10 was chosen because it better 264 

matched the REVEALS estimates for landscape openness (e.g. Pirzamanbein et al., 2014). 265 

Information about the input data for KK10 runs is provided in Kaplan et al. (2009). Note that 266 

the KK10 data do not extend beyond 8000 BP. 267 

The implications and draw-backs of land-use scenario and model-simulated 268 

climate variables need to be considered. Thus, i) the KK10 dataset is highly dependent on the 269 

population estimates that are nation-dependent (e.g. Boyle et al., 2011); ii) the simulated 270 

climate variables do not account for all possible climate drivers on vegetation, but they 271 

represent a major part of the climate system; iii) the ESM simulation is one possible scenario 272 

of past climate and not a reconstruction; and iv) comparisons between GCM simulations and 273 

palaeoecological reconstructions of Holocene climate have shown seasonal and spatial 274 

discrepancies between the two (Hargreaves et al., 2013; Mauri et al., 2014; Harrison et al., 275 

2015). Both simulated and proxy-based climate data have their own critical issues. The GCM-276 

simulated climate variables provide general trends in Holocene climate change that are 277 




































































