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REVEALS-based quantitative reconstruction of Holocene vegetation cover (expressed in plant functional
types, PFTs) is used in the LANDCLIM project to assess the effect of human-induced land-cover change on
past climate in NW Europe. Using the Czech Quaternary Pollen Database, this case study evaluates the extent
to which selection of data and input parameters for the REVEALS model applications would affect reconstruc-
tion outcomes. The REVEALS estimates of PFTs (grid-cell based REVEALS PFT estimates, GB REVEALS PFT-s)
are calculated for five time windows of the Holocene using fossil pollen records available in each 1°×1°
grid cell of the Czech Republic. The input data and parameters selected for testing are: basin type and size,
number of 14C dates used to establish the chronology of the pollen records, number of taxa, and pollen pro-
ductivity estimates (PPE). We used the Spearman correlation coefficient to test the hypothesis that there is
no association between GB REVEALS PFT-s using different data and parameter inputs. The results show
that differences in the basin size and type, number of dates, number and type of taxa (entomophilous includ-
ed or not), and PPE dataset do not affect the rank orders of the GB REVEALS PFT-s significantly, except for the
cases when entomophilous taxa are included. It implies that, given careful selection of data and parameter
and interpretation of results, REVEALS applications can use pollen records from lakes and bogs of different
sizes together for reconstruction of past land cover at the regional to sub-continental spatial scales for pur-
poses such as the study of past land cover–climate interactions. Our study also provides useful criteria to
set up protocols for data compilation REVEALS applications of this kind.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Quantitative estimates of land-cover changes during the Holocene
have become increasingly important for a better understanding of vege-
tation/land-use–climate interactions on a long-time scale (Gaillard et al.,
2010). Over the last few years several studies have attempted to esti-
mate the past anthropogenic land-cover changes, providing information
to assess the effects of land-cover changes on climate and carbon emis-
sions in the past (Klein Goldewijk, 2001; Olofsson and Hickler, 2008;
Pongratz et al., 2008; Kaplan et al., 2009; Lemmen, 2009; Klein
Goldewijk et al., 2010; Kaplan et al., 2011). These estimates are primarily
based on secondary information and assumptions such as the estimates
louseUniversity LeMirail, 5 allée
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of historical population growth, land suitability, and population size/
land-use relationships. However, those scenarios of past anthropogenic
land-cover change (ALCC) are inconsistent for several key time periods
of the past (Gaillard et al., 2010; Boyle et al., 2011; Kaplan et al., 2011).
Paleorecords, particularly pollen-based reconstructions, are thus invalu-
able to evaluate the existing ALCC scenarios (Gaillard et al., 2010; Boyle
et al., 2011).

One of the major objectives of the LANDCLIM (LAND cover–CLI-
Mate interactions in NW Europe during the Holocene) initiative
(supported by the Swedish [VR] and Nordic [NordForsk] Research Coun-
cils) is to obtain pollen-based reconstructions of past land-cover at a spa-
tial scale relevant to regional climate and vegetation modelling in order
to assess the possible effects of land-cover/land-use changes on the
past climate (see Gaillard et al., 2010 for description of the LANDCLIM
project). The project uses the REVEALS model (Sugita, 2007a) to recon-
struct the past land-cover changes in NW Europe (Fig. 1). The study
area of the LANDCLIM project is NW and W Europe North of the Alps
(Fig. 1), for which pollen productivity estimates (PPEs) of major plant
taxa – one of the important parameters for REVEALS – are available
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Fig. 1. Study area of A) LANDCLIM project (Gaillard et al., 2010) and B) the Czech Quaternary Palynological Database (PALYCZ) (Kuneš et al., 2009). Pollen productivity estimates
(PPEs) for major plant types were obtained from datasets of modern pollen (from moss polsters, filled squares, or surface lake sediments, empty squares) and related vegetation
data (Broström et al., 2008). Grid cell-based REVEALS estimates of 10–11 PFTs (GB REVEALS PFT-s) were estimated for 1°×1° grid cells covering the Czech Republic and
neighbouring areas (B and C). The dots and stars show the location of bogs and lakes, respectively, when using a minimum of 5 14C dates (B) or 3 14C dates (C) to establish the
depth-age model. The black and grey colours represent small (b50 ha) and large (≥50 ha) sites, respectively.
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(Broström et al., 2008). In a first stage, the project focuses on two
time-windows, 100–350 cal. BP (Little Ice Age) and 5700–6200 cal. BP
(Early Neolithic), because they represent contrasting anthropogenic
land-cover climate characteristics (Gaillard et al., 2010). In addition,
land-cover reconstructions from the recent past (x–100 cal. BP, with
x=date of the surface of the core), 350–700 cal. BP (Black Death) and
2700–3200 cal. BP (Late Bronze Age) are used for data-model compari-
son within another ongoing project (LUCCI, Lund University, Broström
et al., in prep.).

The pollen–vegetation relationship is influenced by factors such as
the size of sedimentary basins and inter-taxonomic differences in pol-
len productivity and dispersal characteristics. The REVEALS model
corrects for biases caused by these factors and provides regional veg-
etation composition and land-cover within a 104–105 km2 area
(Sugita, 2007a; Hellman et al., 2008b; Sugita et al., 2010a). There are a
number of parameters necessary for the application of the REVEALS
model: basin size, basin type (lake or bog), pollen productivity estimates
(PPEs) and fall speed of pollen (FSP) for individualmodelled taxa, and the
maximum extent of the regional vegetation (Sugita, 2007a). Hellman et
al. (2008a) have shown that different selection of input data and param-
eters may affect the REVEALS results. Therefore, it is critical to establish a
protocol for parameter setting to ensure consistency of results in research
projects such as LANDCLIM.

In order to evaluate the extent to which selection of input data and
parameters for REVEALS runs would influence the REVEALS results,
this study uses the Czech Quaternary Palynological Database, PALYCZ
(Kuneš et al., 2009). Ideally it would have been more logical to use all
pollen data available in the study area for testing; however, the collec-
tion of pollen records for such a large region is time-consuming, and
the data quality and quantity vary from region to region. We thus se-
lected PALYCZ for testing and setting up the protocol of parameter se-
lection for the LANDCLIM project, because it was the best database
available in the region in terms of the quality control of chronology,
metadata necessary for REVEALS, and ease of use at the start of the
project (2009). Similar tests and complementary evaluations of data
and parameter selection for REVEALS using data from different parts
of the LANDCLIM study area are in progress and will be published else-
where (e.g. Nielsen et al., 2012). In this paper, we present the rationale
behind the tests and discuss the implications of the results for the appli-
cation of the REVEALS model in general, as well as for the LANDCLIM
project itself.

2. Rationale

2.1. The REVEALS model for reconstructing regional vegetation
and land-cover

The LANDCLIM project uses the REVEALSmodel to estimate the per-
centage cover of plant functional types (PFTs) (Table 1) at a 1°×1° spa-
tial resolution. REVEALS (Sugita, 2007a), a generalized form of the
R-value model (Davis, 1963), expresses the regional vegetation compo-
sition as “the ratio of the pollen counts of each taxon weighted by its
pollen productivity and dispersal term to the total sum of those for all
taxa” (Sugita et al., 2010a). The “dispersal term” is a function that in-
cludes factors and parameters such as size and type of sedimentary
basin (i.e. lake and bog), taxon-specific pollen dispersal and deposition,
and spatial extent of regional vegetation (Zmax in eq. (1) of Sugita et al.,
2010a). In essence, Zmax is the spatial resolution of the regional vegeta-
tion and land-cover to be reconstructed. Hellman et al. (2008b) showed
that the correlation between the plant cover estimates from available
vegetation survey data and those modelled by REVEALS in southern
Sweden was satisfactory at the spatial scales of 0.25×104 km2 and
104 km2, the correlation being slightly better for the latter. On the
Swiss Plateau, the REVEALS estimates of plant cover matched fairly
well with those in the actual vegetation within a 200-km radius around
the study sites (Soepboer et al., 2010). In addition, models of vegetation
dynamics (LPJ-Guess: Smith et al., 2001, 2011) and regional climate
(RCA3: Samuelsson et al., 2011), which will be used for data-model



Table 1
Plant functional types (PFTs) and corresponding pollen morphological types. Three data sets of pollen morphological types (GP1, GP2, and GP3) and three data sets of PPEs (PPE.st1,
PPE.st2, and PPE.st3) are used to test the effect of different selections of data and parameter inputs on REVEALS estimates. GP1 (all taxa), GP2 (all entomophilous taxa excluded), and
GP3 (entomophilous taxa seldom found excluded) include 35, 25 and 28 taxa, respectively. Fall speed of pollen (FSP) and means of PPEs for standards 1, 2 and 3 (with their SE) are
also listed (see text for more information and Table 3 for PPE values included in the calculation of the mean).

PFT PFT definition Plant taxa/pollen-morphological types GP1 GP2 GP3 FSP 
(m/s)

PPE.st1 PPE.st2 PPE.st3

TBE1 Shade-tolerant evergreen trees Picea 0.056 3.24 (0.10) 2.62 (0.12) 2.62 (0.12)

TBE2 Shade-tolerant evergreen trees Abies 0.120 6.88 (1.44) 6.88 (1.44) 6.88 (1.44)

IBE Shade-intolerant evergreen trees Pinus 0.031 5.12 (0.35) 6.38 (0.45) 6.38 (0.45)

TSE Tall shrub, evergreen Juniperus 0.016 2.07 (0.04) 2.07 (0.04) 2.07 (0.04)

Alnus 0.021 9.07 (0.10) 9.07 (0.10) 9.07 (0.10)

Betula 0.024 3.99 (0.17) 3.09 (0.27) 3.99 (0.17)

Corylus 0.025 1.99 (0.20) 1.99 (0.20) 1.99 (0.20)

Fraxinus 0.022 1.03 (0.11) 1.03 (0.11) 1.03 (0.11)

Quercus 0.035 5.83 (0.15) 5.83 (0.15) 5.83 (0.15)

Acer 0.056 0.80 (0.23) 0.80 (0.23) 0.80 (0.23)

Carpinus 0.042 3.55 (0.43) 3.55 (0.43) 3.55 (0.43)

Fagus 0.057 3.43 (0.09) 2.35 (0.11) 3.43 (0.09)

Tilia 0.032 0.80 (0.03) 0.80 (0.03) 0.80 (0.03)

Ulmus 0.032 1.27 (0.05) 1.27 (0.05) 1.27 (0.05)

TSD Tall shrub, summergreen Salix 0.022 1.22 (0.11) 1.22 (0.11) 1.79 (0.16)

Calluna vulgaris 0.038 1.79 (0.17) 0.82 (0.02) 1.09 (0.03)

Empetrum 0.038 0.11 (0.03) 0.11 (0.03) 0.11 (0.03)

LSD Low summergreen shrub Ericaceae 0.038 0.07 (0.04) 0.07 (0.04) 0.07 (0.04)

Apiaceae 0.042 0.26 (0.009) 0.26 (0.009) 0.26 (0.009)

Artemisia 0.025 3.48 (0.20) 3.48 (0.20) 3.48 (0.20)

Comp. SF Cichorioideae 0.051 0.16 (0.02) 0.16 (0.02) 0.16 (0.02)

Cyperaceae 0.035 0.83 (0.04) 0.87 (0.06) 0.96 (0.05)

Filipendula 0.006 2.81 (0.43) 2.81 (0.43) 2.81 (0.43)

Poaceae 0.035 1.00 (0.00) 1.00 (0.00) 1.00 (0.00)

Leucanthemum (Anthemis-t) 0.029 0.10 (0.008) 0.10 (0.008) 0.10 (0.008)

Plantago lanceolata 0.029 3.97 (0.46) 1.04 (0.09) 1.04 (0.09)

Plantago media 0.024 1.27 (0.18) 1.27 (0.18) 1.27 (0.18)

Plantago montana 0.030 0.74 (0.13) 0.74 (0.13) 0.74 (0.13)

Potentilla-t 0.018 1.19 (0.14) 1.19 (0.13) 1.72 (0.20)

Ranunculus acris-t 0.014 1.96 (0.36) 1.96 (0.36) 1.96 (0.36)

Rubiaceae 0.019 2.61 (0.23) 2.61 (0.23) 3.71 (0.34)

Rumex acetosa-t 0.018 2.14 (0.28) 2.14 (0.28) 0.85 (0.05)

Trollius 0.013 2.29 (0.36) 2.29 (0.36) 2.29 (0.36)

Cerealia-t 0.060 1.85 (0.38) 1.85 (0.38) 1.18 (0.04)

Secale-t 0.060 3.02 (0.05) 3.02 (0.05) 3.02 (0.05)

Shade-intolerant summergreen 

trees

IBS

Shade-tolerant summergreen 

trees

TBS

AL Agricultural land − cereals

Low evergreen shrubLSE

GL Grassland − all herbs
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comparisons in the LANDCLIM project, commonly use 0.25°–1°×0.25°–
1° as a spatial unit. Accordingly, the LANDCLIM project selected a 1°×1°
grid cell as an appropriate spatial scale for both the REVEALS reconstruc-
tions and the vegetation- and climate-model runs.

2.2. Selection of basin size and type

In theory the REVEALS model was developed for pollen records
from large sites (>100 ha), but extensive simulation studies showed
that multiple small-sized sites (b1 ha) can be used when large sites
are not available in a region (Sugita, 2007a). However, the performance
of REVEALS using pollen from multiple small-sized sites has not been
empirically evaluated yet. Moreover, the minimum number of small
sites required to obtain reasonable outcomes depends on spatial pat-
terns of vegetation. Empirical testing of REVEALS using small sites is
currently underway in southern Sweden and Scotland (Trondman et
al., in progress; Fyfe et al., in progress). REVEALS also assumes that no
pollen-bearing plants grow on a sedimentary basin; thus pollen records
frombogs could be problematic. This study is a first step in clarifying the
robustness and reliability of the REVEALS resultswhen fossil pollen data
from differently-sized sites and/or different site types are used for data
analysis.

2.3. Selection of dated pollen records and number of pollen records

The chronological control of the pollen records is essential for every
paleoecological study. The pollen records with the best chronological
control should be selected as much as possible. However, the stricter
the criteria used for chronological quality, the lower the number of
sites available. In addition, the number of pollen records from large
sites is limited in Europe and elsewhere; thus, we are bound to use mul-
tiple small-sized sites to increase the spatial cover of the REVEALS recon-
structions. It is important to choose a reasonable compromise between
quality of chronology as well as pollen data, and number of sites used
(i.e. spatial cover of reconstruction achieved). This study evaluates how
differences in chronological control, and number and type of sites affect
the REVEALS results.

2.4. Selection of pollen taxa and pollen productivity estimates (PPEs)

At the start of the LANDCLIM project (2009), pollen productivity
estimates (PPEs) and fall speed of pollen (FSPs) were available for
36 taxa (15 tree and 21 herb taxa) from nine study areas in Europe
(Hjelle, 1998; Sugita et al., 1999; Broström et al., 2004; Nielsen, 2004,
2005; Bunting et al., 2005; Räsänen et al., 2007; Broström et al., 2008;
Mazier et al., 2008; von Stedingk et al., 2008) (Fig. 1). REVEALS assumes
that themajor agent of pollen transport is wind; thus inclusion of ento-
mophilous taxamay affect the results because of the departure from the
assumption. This study also tests and evaluates the extent to which se-
lection of plant taxa, and the inclusion of entomophilous taxa in partic-
ular, would affect the REVEALS outcomes.

Hellman et al. (2008a) showed that the selection of PPE values influ-
ences the REVEALS estimates in southern Sweden; the PPEs obtained in
Denmark for cereals and Plantago lanceolata provided REVEALS esti-
mates of vegetation abundance more similar to the survey data than
the PPEs obtained in southern Sweden. A review of the PPEs available
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in Europe (Broström et al., 2008) showed that, in some cases, PPEs for a
given taxon could differ significantly between the study areas. Some of
those discrepancies might be related to differences in climate, soils,
land-use practices, or field methodologies of pollen sampling and vege-
tation survey (Broström et al., 2008; Bunting and Hjelle, 2010, Bunting
et al., in progress). However, the number of PPEs available for individual
taxa is still too limited to ascribe and discriminate between causes with
confidence. Thus, this study uses means of the PPEs available and eval-
uates the extent to which selection of a set of PPE values influences the
reconstruction results and comparability among the outcomes.

3. Material and methods

3.1. The Czech Quaternary Palynological Database (PALYCZ)

The Czech Quaternary Palynological Database (PALYCZ) contains
Holocene pollen records from the Czech Republic with some additional
records from Slovakia and bordering areas in Germany (Kuneš et al.,
2009). In the database, a pollen record is termed “entity” and is defined
as a series of pollen assemblages from a set of levels/depths in a sedi-
ment stratigraphy; thus the same site (lake, mire, bog or soil) may
have several entities. Hereafter, we use “pollen record” as a synonym
of “entity”. The chronology and pollen taxonomyof the 152 unrestricted
pollen records are carefully checked, updated and corrected. The pollen
nomenclature in PALYCZ is standardized to conform to Beug (2004).
The database stores the raw pollen counts and the metadata related to
each pollen record, i.e. the name of the author(s), a description of the
locality, information on the lithology, the basin type (lake or bog) and
size (ha), the radiocarbon dates, the type of age-model, and the number
of 14C dates retained in the age-depthmode. The software clam (Blaauw,
2010) is used to construct the age-depth models. Clam is applied for
calibrated BC/AD radiocarbon dates and the most common age-depth
model selected is the linear interpolation between the midpoints of the
dates using 2 sd calibrated ranges.

3.2. The REVEALS-model runs

The REVEALSmodel requires rawpollen counts and parameter inputs
including site radius (m), fall speed of pollen (FSP,m.s−1), pollen produc-
tivity estimates (PPEs) and their standard errors (SEs). This study uses a
computer programme, reveals.v2.2.2.exe (Sugita, unpublished; hereafter
referred to as “REVEALS programme”), assuming neutral atmospheric
conditions and wind speed of 3 m.s−1 as in Prentice (1985) and Sugita
Table 2
Number of pollen records from small and large sites (bogs and lakes) per 1°×1° grid cell u
character. Each grid cell is named by its upper left corner position in WGS84. Degrees Minu

Criteria number of dates≥5

x–100 BP 100–350
BP

350–700
BP

2700–3200
BP

5700–6200
BP

Bogs Lakes Bogs Lakes Bogs Lakes Bogs Lakes Bogs Lak

N51:E13
N51:E14 3 3 1 3 1 3 1 1
N51:E15 2+1 2+1 2+1 1
N51:E16 2 2 1 2 2
N51:E17
N50:E12 2 2 2 2 2
N50:E13 1 1 1 1 1
N50:E14 1 1+1 1+1 1+1 1+1 1
N50:E15 1 1 1 1
N50:E18
N50:E19 2 2 2 3 2
N50:E20 1 1
N50:E21
N49:E13 1 1 1 1
N49:E16
N49:E17 1 1 1 1 1 1 1 1
(Sugita, 1993, 1994, 2007a, 2007b). Zmax, the maximum spatial extent
of the regional vegetation from the centre of the site is set to 50 km,
roughly corresponding to a 1°×1° grid cell. Although Zmax can be larger,
a first test run showed that different values of Zmax (i.e. 50, 100 and
200 km) did not affect the REVEALS estimates using the PALYCZ data
(results not shown).

For the REVEALS runs pollen counts from all samples in a given
time-window are aggregated; the time windows are, (1) modern
(age of core top) to 100 cal. BP, (2) 100–350 cal. BP, (3) 350–700 cal.
BP, (4) 2700–3200 cal. BP, and (5) 5700–6200 cal. BP. Hereafter we
use BP with the meaning “cal. BP” for all ages. The number of pollen re-
cords available for the reconstruction varies between grid cells and time
windows (Fig. 1, Table 2). The REVEALS programmeestimates themean
regional vegetation composition and its standard error for each taxon
(Sugita, 2007a, 2007b) in each grid cell with available pollen data for
a given time window (hereafter referred to as the grid cell-based
REVEALS taxon estimate(s) or GB REVEALS taxon (-s)).

The grid-cell based REVEALS taxon-s are then grouped according to
the definition of plant functional types (PFTs) used in the LANDCLIM
project (Table 1) and converted to grid cell-based REVEALS estimates
for PFTs (hereafter referred to as GB REVEALS PFT (-s)). The PFT clas-
sification system for this study and the LANDCLIM project follows
Wolf et al. (2008) with a few modifications. The standard error of
each GB REVEALS PFT is calculated using the delta method (Stuart and
Ord, 1994).
3.3. Tests of the influence of different input data and parameters on the
GB REVEALS PFT-s

3.3.1. Effect of basin size and type on GB REVEALS PFT-s
Pollen records from all sites regardless of their size are used to

maximize the number of pollen records per grid cell. The site radius
(m) is calculated from the total area (ha) provided in the PALYCZ da-
tabase, assuming that the site shape is circular. The database does not
include information on changes in basin size through time, and the li-
thologies available do not indicate clear transitions from lake sediments
to peat over the last 6000 years. Thus, we assume for this study that the
basin type and area-based estimate of the radius are consistent through
time.

Simulations have shown that pollen assemblages from lakes>48 ha
(mean radius>ca. 390 m) can be used reliably for regional vegetation
estimates even when the vegetation and land-cover are patchy
sed to run REVEALS for each time window. Large sites (≥50 ha) are indicated in bold
tes Seconds—DMS.

Criteria number of dates≥3

x–100 BP 100–350
BP

350–700
BP

2700–3200
BP

5700–6200
BP

es Bogs Lakes Bogs Lakes Bogs Lakes Bogs Lakes Bogs Lakes

1 1 1 2 1 2 2 1
3 3 1 3 2 3 1 1
6+1 4+1 6+1 4
4 3 3 4 4
2 2 2 1
4 3 3 3 4
1 1 1 1 1
2 1+1 2+1 2+1 3+1 1
1 1 1 1
1 1 1 1
2 2 2 3 2

1 1 2 1 2 1
1 1 1 1 1
1 1 1 1 1 1 1 1 1
2 2 2 2 1
2 2 2 1 2 1 1 1
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(Sugita, 2007a). Accordingly “large” sites are defined in this study by
sizes≥50 ha.

Depending on the type of site, a different model of pollen dispersal
and deposition is used, Sugita's model for lakes and ponds (Sugita,
1993) or Prentice's model for bogs and mires (Prentice, 1985, 1988).
For the grid cells that include pollen data from both lakes and bogs,
we apply REVEALS separately for the lake and bog data, and then calcu-
late the GB REVEALS taxon-s and PFT-s for lakes, bogs, and lakes+bogs.

In this study, we use the grid cells including pollen records from
both large and small sites to evaluate differences in GB REVEALS
PFT-s when using i) several pollen records from “small” sites, or ii)
one or two pollen records from “large” sites. We also use the grid cells
with pollen records from bog and lake sites to test how GB REVEALS
PFT-s would differ using data from one basin type or the other.

3.3.2. Effect of number of pollen records and the inclusion of pollen re-
cords with three and four 14C dates on GB REVEALS PFT-s

We selected all pollen records with at least three or five 14C dates,
regardless of the time length covered by the pollen record, with the
restriction that it should at least cover one of the five selected time
windows studied. There are in total 47 (3 dates), respectively 23
(5 dates) pollen records in PALYCZ that meet these criteria (Fig. 1,
Appendices 1A and 1B). The number of pollen records available in
each grid cell and each time window differs depending on whether a
threshold of three (d3) or five (d5) dates is chosen (Table 2).

We evaluate the extent to which the inclusion of pollen records
that have only three or four 14C dates to support their chronology
(i.e. 24 pollen records, in total 47 pollen records) affects the GB RE-
VEALS PFT-s when compared to the GB REVEALS PFT-s obtained
using only the pollen records with≥5 14C dates, i.e. 23 pollen records.
Therefore, significant differences between results will be caused ei-
ther by the difference in the site number and/or in the quality of the
chronology. Separating the two causes is not possible.

3.3.3. Effect of type and number of pollen taxa and PPE datasets on GB
REVEALS PFT-s

We ascribed the available PPEs and related fall speed of pollen
(FSPs) (Tables 1 and 3) to the corresponding pollen morphological
types included in the PALYCZ database by taking into account plant
morphology, biology, and ecology of the species that are included in
the pollen-morphological type. For instance, pollen types such as
Cichorium type (-t), Compositae SF Cichorioideae, and Crepis-t, are
classified as Compositae SF Cichorioideae, for which a PPE is available.
The pollen sum for e.g. Compositae SF Cichorioideae is then calculated
by summing up the counts of the grouped pollen types (Table 1).
Appendix 2 lists all pollen morphological types found in the database
and their attributed PPE (expressed as a taxon name).

We evaluate how the GB REVEALS PFT-s would differ when three
sets of different combinations of pollen types are used (Table 1):

• GP1 includes all taxa (35) for which reliable PPEs exist.
• GP2 (25 taxa) excludes all entomophilous taxa (i.e., Acer, Apiaceae,
Compositae SF Cichorioideae, Empetrum, Ericaceae, Leucanthemum
(Anthemis-t), Potentilla-t, Ranunculus acris-t, Rubiaceae, and Trollius).
Tilia, Artemisia and Filipendula are not excluded because they are as-
sumed to be partly anemophilous.

• GP3 (28 taxa) excludes the entomophilous taxa except three common
pollen taxa inNWEurope: Empetrum and twohuman-impact indicators
(i.e., Compositae SF Cichorioideae and Leucanthemum (Anthemis-t)).

The LSD (Low summergreen shrub) PFT (see Table 1) is reconstructed
only in GP1 in which Ericaceae are included. Significant differences in
results between the three alternatives above will imply that the inclu-
sion of entomophilous taxa and/or the number of taxa have an effect
on the GB REVEALS PFT-s. Discriminating between the two causes will
not be possible.
This study also uses three sets of different combinations of PPEs
(Table 1) to evaluate the effect of PPE selection on the GB REVEALS
PFT-s (Table 1):

• Standard 1 (PPE.st1). For each taxon, calculation of the mean PPE
value and its SD uses all available PPE values for that taxon (Table 3)
except PPE values that are not significantly different from zero consid-
ering the lower bound of its SE, and those values thatwere considered
as uncertain in the original publications (e.g., Vaccinium for Finland
(Räsänen et al., 2007), Pinus for Central Sweden (von Stedingk et al.,
2008)). The PPE values that are not used in PPE.st1 are also excluded
from PPE.st2 and PPE.st3 below.

• Standard 2 (PPE.st2). For each taxon, calculation of the mean PPE and
its SE applies the following rules: (i) when 5 or more estimates of
pollen productivity (N≥5) are available for a pollen type, the largest
and the smallest estimates (generally outlier values) are excluded,
and the mean is calculated using the remaining estimates, (ii) when
N=4, themost deviating value is excluded, and themean is calculated
using the other three, and (iii) when N≤3, the mean is based on all
values available.

• Standard 3 (PPE.st3). For each taxon, calculation of the mean PPE and
its SE excludes PPE values that are assumed to be outliers or unreliable
based on experts' knowledge on the plants involved and the field
characteristics and conditions of the related pollen/vegetation studies.
For example, the PPEs for Cyperaceae, Potentilla-t and Rubiaceae
obtained in SW Norway (Hjelle, 1998) and those for Salix and Calluna
vulgaris from Central Sweden (von Stedingk et al., 2008) were as-
sumed to be too low compared to the values obtained in other study
areas. Therefore, they were not used in the calculation of the mean
PPEs.

The standard errors (SEs) of the mean PPEs are estimated using
the delta method (Stuart and Ord, 1994). When individual PPEs did
not have any SE (i.e. Picea and Pinus in southern Sweden, Table 3),
SE was set to zero. In such cases, the SE of the mean PPE is expected
to be underestimated. All the covariances of the PPEs between indi-
vidual taxa are set to zero for REVEALS calculations.
3.4. Data analysis: the Spearman rank-order correlation test

The non-parametric Spearman rank-order correlation test measures
the degree of association between two pairs of data series that are
ranked in two ordered series. The calculated correlations and their sig-
nificance are used to test whether there is an association or not (Siegel
and Castellan, 1988). We chose the Spearman correlation instead of
the Pearson product‐moment correlation coefficient because signifi-
cance tests of the latter is entirely appropriate only when two sets of
data compared are bivariate normal variables (Sokal and Rohlf, 1981),
which is not likely for the REVEALS results.

We compare, in pairs, the following sets of GB REVEALS PFT-s:
(i) basin type (bogs—B or lakes—L, two sets), ii) minimum number
of 14C dates (3 dates—d3 or 5 dates—d5, two sets), iii) number of taxa
used (35 taxa — GP1, 25 taxa — GP2, or 28 taxa — GP3, three sets), and
iv) PPE selection (PPE.st1, PPE.st2 or PPE.st3 (see Table 1), three sets),
i.e. ten pairs of sets in total. For instance, when comparing GP1 and
GP2 at a given grid cell, time window and basin type, we get the
following six combinations of GB REVEALS PFT-s sets: GP1.PPE.st1.d3

vs GP2.PPE.st1.d3, GP1.PPE.st2.d3 vs GP2.PPE.st2.d3, GP1.PPE.st3.d3 vs
GP2.PPE.st3.d3, GP1.PPE.st1.d5 vs GP2.PPE.st1.d5, GP1.PPE.st2.d5 vs
GP2.PPE.st2.d5, and GP1.PPE.st3.d5 vs GP2.PPE.st3.d5.

We then test the null hypothesis (H0) that there is no association
between two sets of GB REVEALS PFT-s, and use a two-tailed test with
the significance probability p=0.05. H0 is rejected if there is an asso-
ciation between the two sets, i.e. the rank orders of the two sets of GB
REVEALS PFT- are not independent.



Table 3
PPEs (with their standard errors SEs) of 21 herb and 15 tree pollen taxa obtained from 9 study areas. The type of surface sample and the ERV submodel used to calculate the PPEs are indicated. The PPE values used for the calculation of the
mean PPEs and their corresponding SE for the three PPE datasets st1, st2, and st3 (Table 1) are indicated by the numbers 1 to 3. For comparison with all other PPEs, the British PPEs (originally calculated in relation to Quercus=1) were
recalculated assuming that Quercus PPE (in relation to Poaceae 1.00) in Britain is the same as the mean PPE of the other regions (Table 1). In order to estimate the SEs of the GB REVEALS PFT-s, the SEs of PPEs (unpublished data) are necessary.
No SEs were published for the Norwegian PPEs, they were therefore calculated using the original dataset (Hjelle, 1998). Values for the FSP (Table 1) were obtained from the literature (Eisenhut, 1961; Sugita et al., 1999; Broström et al., 2004;
Mazier et al., 2008) or, when not available (i.e. Apiaceae and Leucanthemum (Anthemis-type)), they were estimated from size measurements (Beug, 2004) of the pollen types belonging to the plant species included in the Norwegian pollen–
vegetation dataset in Hjelle (1998), and using the Stoke's law (Gregory, 1973).

Country Finland C Sweden S Sweden Norway England Swiss Jura Estonia Denmark Swiss Plateau
ERV submodel ERV 3 ERV 3 ERV 3 ERV 1 ERV 1 ERV 1 ERV 3 ERV 1 ERV 3

Poaceae (Reference taxa) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00) 1.00 (0.00)

Apiaceae 0.26 (0.009)

Artemisia 3.48 (0.20)

Calluna vulgaris 0.30 (0.03)3  4.70 (0.69)2,3 1.07 (0.03) 1.10 (0.05)

Cerealia-t 3.20 (1.14) 3 
1.60 (0.07) 0.75 (0.04) 0.00076 (0.0019)1,2,3

Comp. SF. Cichorioideae 0.24 (0.06) 0.06 (0.004) 0.17 (0.03)

Cyperaceae 0.002 (0.0022)1,2,3 0.89 (0.03) 1.00 (0.16) 0.29 (0.01)2,3 0.73 (0.08) 1.23 (0.09)2

Empetrum 0.07 (0.06)1,2,3 0.11 (0.03)

Ericaceae 0.07 (0.04)

Filipendula 2.48 (0.82) 3.39 (missing, 0.00)1,2,3 3.13 (0.24)

Leucanthemum (Anthemis-t) 0.10 (0.008)

Plantago lanceolata 12.76 (1.83)2,3  1.99 (0.04) 0.90 (0.23) 0.24 (0.15)

Plantago media 1.27 (0.18)

Plantago montana 0.74 (0.13)

Potentilla-t 2.47 (0.38) 0.14 (0.005)3 0.96 (0.13)

Ranunculus acris-t 3.85 (0.72) 0.07 (0.004)

Rubiaceae 3.95 (0.59) 0.42 (0.01)3 3.47 (0.35)

Rumex acetosa-t 4.74 (0.83)3
0.13 (0.004) 1.56 (0.09)

Secale-t 3.02 (0.05)

Trollius 2.29 (0.36)

Vaccinium 0.01 (0.01)1,2,3 

Abies 3.83 (0.37) 9.92 (2.86)

Acer 1.27 (0.45) 0.32 (0.10)

Alnus 4.20 (0.14) 8.74 (0.35) 13.93 (0.15)

Betula 4.6 (0.70) 2.24 (0.20) 8.87 (0.13)2 6.18 (0.35) 1.81 (0.02)2 2.42 (0.39)

Carpinus 2.53 (0.07) 4.56 (0.85)

Corylus 1.40 (0.04) 1.51 (0.06) 2.58 (0.39)

Fagus 6.67 (0.17)2 1.20 (0.16) 5.09 (0.22) 0.76 (0.17)

Fraxinus 0.67 (0.03) 0.70 (0.06) 1.39 (0.21)

Juniperus 0.11 (0.45)1,2,3 2.07 (0.04)

Picea 2.78 (0.21) 1.76 (missing, 0.00) 8.43 (0.30)2,3 4.73 (0.13) 1.19 (0.42) 0.57 (0.16)2,3

Pinus 8.4 (1.34) 21.58 (2.87)1,2,3 5.66 (missing, 0.00) 5.07 (0.06) 1.35 (0.45)2,3

Quercus 7.53 (0.08) 5.83 (0.00) 7.39 (0.20) 2.56 (0.39)

Salix 0.09 (0.03)3 1.27 (0.31) 1.05 (0.17) 2.31 (0.08)

Tilia 0.80 (0.03)

Ulmus 1.27 (0.05)

Number of taxa 6.00 10.00 26.00 12.00 6.00 11.00 11.00 7.00 13.00

Herb taxa

Tree taxa

Moss polster sites used to calculate PPEs Lake sites used to calculate PPEs
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Table 4
Synthesis of the Spearman's rank correlation test results: number of significant (H0 accepted) and not significant (H0 rejected) correlations in each grid cell (see text for more ex-
planations on the tests performed). Each set of GB REVEALS PFT-s was tested individually: basin type (two sets), number of dates (two sets), number of taxa (GPs, three sets), and
PPE data set (PPE.sts, three sets). The grey cells indicate the few cases where Ho is accepted.
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d3 vs d5 18/− 36/− 45/− 45/− 27/− 18/− 36

GP1 vs GP2 33/− 37/2 3/21 26/4 3/9 30/− 12/3 36/− 12/− 12/− 15/− 27/− 15/− 33/6 15/− 51/−
GP1vs GP3 33/− 39/− 3/21 30/− 3/9 30/− 12/3 36/− 12/− 12/− 15/− 27/− 15/− 33/6 15/− 51/−
GP2  vs GP3 33/− 39/− 24/− 30/− 12/− 30/− 15/− 36/− 12/− 12/− 15/− 27/− 15/− 39/− 15/− 51/−
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PPE.st1 vs PPE.st3 33/− 39/− 24/− 30/− 12/− 30/− 15/− 36/− 12/− 12/− 15/− 27/− 15/− 39/− 15/− 51/−
PPE.st2  vs PPE.st3 33/− 39/− 24/− 30/− 12/− 30/− 15/− 36/− 12/− 12/− 15/− 27/− 15/− 39/− 15/− 51/−
B vs L 23/4 27/9 18/− 9/− 36/− 45/−
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4. Results

4.1. Tests of the influence of different combinations of input data and
parameters on the GB REVEALS PFT-s

Table 4 summarizes the results of all coefficients calculated for all
pairs of GB REVEALS PFT-s sets for each of the 10 to 11 PFTs, grid cells,
and 5 time windows, e.g. a total of 2826 coefficients. The table does
not present all individual coefficients, but the number of combina-
tions for which H0 is rejected vs accepted. In most cases, differences
in data and parameter inputs do not affect the correlations GB REVEALS
PFT-s, i.e. there is an association between the GB REVEALS PFT-s and H0

is rejected. Out of 2826 test cases, there are only 97 cases for which
there are no associations between the GB REVEALS PFT-s, i.e. H0 is ac-
cepted. Of these 97 cases, 46%, 40% and 13% are related to the correlations
GP1 vs GP2, GP1 vs GP3, and bogs vs lakes, respectively.Moreover, ca. 50%
of those cases occur in grid cell N51:E15.

In conclusion, for most pairs of GB REVEALS PFT-s sets, the rank
orders of two sets are not independent, i.e. there is an association and
H0 is rejected. It implies that the rank orders are generally insensitive to
the differences in number and type of taxa, number of dates, and PPE
datasets except for some cases when GP1 (35 taxa, entomophilous taxa
included) is used. Therefore, the choice of input data in terms of taxa se-
lection, number of dates used for the chronology, and PPEs will not influ-
ence the rank orders of the GB REVEALS PFT-s, except in some cases with
the inclusion of entomophilous taxa.

4.2. Effect of basin size and type on GB REVEALS PFT-s

To evaluate the effect of basin size and type, we chose to maximize
the number of pollen records by selecting option d3 (47 pollen records),
to exclude all entomophilous taxa (option GP2, 25 taxa) and to use the
PPE dataset based on objective rules (option PPE.st2), i.e. we used the
combination GP2.PPE.st2.d3.

We then selected grid cell N51:E15 that includes six pollen records
from small bogs and one pollen record from a large bog (60 ha) for the
time windows x–100 and 350–700 BP, and four pollen records from
small bogs and one pollen record from a large bog for the timewindow
100–350 BP (Fig. 1, Table 2, Appendices 1A and 1B). Fig. 2 presents the
GB REVEALS PFT-s for the individual small (4 and 6) and large (1) bogs,
and the mean REVEALS estimates for small bogs (4 and 6) and all bogs
(5 and 7 small and large bogs together). The results show that the
site-to-site variation of the GB REVEALS PFT-s is large when small
bogs are used. Moreover, the GB REVEALS PFT-s obtained with the pol-
len data from the large bog do not differ significantly from themean es-
timates using GB REVEALS PFT-s from several small bogs, except for GB
REVEALS Grassland (time window 350–700 BP). In that case, the mean
of GB REVEALS PFT using pollen data from several small bogs is signif-
icantly higher than that from the large bog. To evaluate the effect of
basin type, we selected six grid cells that include pollen data from
both bog and lake sites (Fig. 1, Table 2). In two cases (grid cells N51:
E13 and N51:E14) and one time window, the rank orders of GB RE-
VEALS PFT-s for bogs are different from those for lakes (Table 4). More-
over, the results from grid cell N51:E14 illustrate the differences
between GB REVEALS PFT-s when using pollen records from bogs
and/or lakes applying two different sets of parameters GP2.PPE.st2.d3
and GP1.PPE.st2.d3. The Spearman correlation coefficients and their
probability are listed for the three time windows 100–350, 350–700,
and 2700–3200 BP in Table 5. The correlation between GB REVEALS
PFT-s obtained using pollen data from a single type of basin (lake or
bog) is not influenced by the parameter setting, i.e. H0 is rejected. The
sameholds for the three timewindows. The GBREVEALS PFT-s using pol-
len assemblages from bogs versus those from lakes are associated (H0 is
rejected) for the time windows 350–700 and 2700–3200 BP and not as-
sociated for time window 100–350 BP (H0 is accepted) (Table 5). It
should be noted that the number of lake pollen records available is low,
i.e. two for 350–700 BP and only one for the two other time windows.

Fig. 3 illustrates the similarities between the GB REVEALS PFT-s
using pollen data from bogs (left side) or lakes (right side) depending
on the parameter settings, GP2.PPE.st2.d3 or GP1.PPE.st2.d3, for the
three timewindows. The two sets of parameters produced similar GB RE-
VEALS PFT-s when standard errors are taken into account, irrespective of
the basin type used. The GB REVEALS TBE1-s (shade-tolerant evergreen
trees; Table 1) and their standard errors calculated with pollen data
from bogs are similar to those obtained with pollen data from lakes for
the three time windows. For the time window 350–700 BP (maximum
number of pollen records available, i.e. 3 bogs and 2 lakes), in addition
to the GB REVEALS TBE1-s, the GB REVEALS TBE2-s (shade-tolerant ever-
green trees), -TBS-s (shade-tolerant summergreen trees), -LSE-s (low ev-
ergreen shrubs), -GL-s (grassland herbs), and -AL-s (agricultural land)
are similar regardless of the basin type (i.e. H0 is rejected).

Fig. 3 also demonstrates that in some cases, even when the GB RE-
VEALS PFT-s have significant correlations (H0 is rejected), the GB RE-
VEALS PFT-s from one type of basin may not necessarily be similar to
the GB REVEALS PFT-s from the other type of basin. In all timewindows,
the GB REVEALS IBE-s (shade-intolerant evergreen trees) show higher
values when lakes rather than bogs are used. Further, the GB REVEALS
LSD-s (low summergreen shrub) from bogs are higher than those
from lakes. For the time-windows 100–350 BP (H0 accepted) and
2700–3200 BP (H0 rejected), the GB REVEALS GL-s and AL-s are higher
when the lake data rather thanbog data are used,while theGB REVEALS
TBE2-s, IBS-s, TBS-s, LSE-s and LSD-s are higher when bog data rather
than lake data are used.

5. Discussion

5.1. Use of the Spearman correlation test

The Spearman correlation measures the statistical association be-
tween two measurements using their rank orders. It is the non-
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Fig. 2. Grid cell-based REVEALS estimates of PFTs (GB REVEALS PFT-s) in grid cell N51:E15 (Fig. 1, Table 2). Three timewindows (x–100, 100–350 and 350–700 BP) are shown. Pollen
assemblages from 4–6 small bogs and one large bog were used for the REVEALS reconstructions for each timewindow. The GB REVEALS PFT-s obtained with pollen data from a single
small or large bog, and the mean GB REVEALS PFT-s obtained with pollen data from several small bogs (Means B) and from all bogs (Mean all) are shown with standard errors. The
PFTs are: TBE1, shade-tolerant evergreen trees; TBE2, shade-tolerant evergreen trees; IBE, shade-intolerant evergreen; TSE, tall shrub, evergreen; IBS, shade-intolerant summergreen
trees; TBS, shade-tolerant summergreen trees; TSD, tall shrub, summergreen; LSE, low evergreen shrub; LSD, low summergreen shrub; GL, grassland-all herbs; and AL, agricultural
land-cereals. The label of the pollen record (e#) is also indicated (see Appendices 1A and 1B for more details).
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Table 5
Spearman's rank-order correlation coefficients and their related two-sided significance level p (in bracket) for pairs of GB REVEALS PFT-s using different data and parameter inputs
in grid cell N51:E14. Bold characters indicate good correlation (see text and legend Table 4).

Site type Parameter setting 100–350 BP 350–700 BP 2700–3200 BP

Bogs vs lakes GP2.PPE.st2.d3 0.323 (p=0.33) 0.818 (p=0.002) 0.634 (p=0.03)
Bogs vs lakes GP1.PPE.st1.d3 0.123 (p=0.71) 0.736 (p=0.009) 0.669 (p=0.02)
Bogs GP2.PPE.st2.d3 vs GP1.PPE.st2.d3 0.855 (p=8×10−4) 0.973 (p=5.14×10−7) 0.984 (p=4.67×10−8)
Lakes GP2.PPE.st2.d3 vs GP1.PPE.st2.d3 1 (p=0) 1 (p=0) 1 (p=0)
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parametric alternative to the Pearson product‐moment correlation
(Sokal and Rohlf, 1981). In this study, we use the Spearman correlation
test to evaluate whether the rank orders of the GB REVEALS PFT esti-
mates are comparable when two different sets of parameters are used
for the REVEALS calculations (d3 vs d5, B vs L, etc.…). Because of the de-
partures from the basic assumptions and necessary conditions for the
REVEALS model (Sugita, 2007a), uncertainties on the results are
expected to be large. In addition, the REVEALS results are not normally
distributed, which violates one of themajor assumptions of the Pearson
correlation test. Nevertheless, we also applied the Pearson correlation test
for comparison and found that the conclusions weremostly consistent to
those based on the Spearman correlation test (results not shown); among
2826 test cases, the results (i.e. H0 accepted or rejected) are the same for
93.6% of the cases. Therefore,we chose the non-parametricmethod as the
most reasonable test to evaluate the correlations (or associations) be-
tween GB REVEALS PFT-s.

5.2. Effect of basin size and type on GB REVEALS PFT estimates

Previous studies have suggested that pollen data from 2–5 large
lakes (>100-500 ha) provide reliable estimates of regional vegeta-
tion composition using the REVEALS model (Hellman et al., 2008a,
2008b). It was also shown by model simulations and empirical stud-
ies that REVEALS can also use pollen records from a number of
smaller-sized sites for regional vegetation reconstruction by averag-
ing out the between-site differences in pollen assemblages, although
error estimates will usually be large (Sugita, 2007a). Our study is the
first empirical test at a larger scale of the theoretical implications of
the REVEALS model.

In the Czech Republic and its vicinities there are few pollen re-
cords from large sites, while those from small-sized bogs and mires
are common, particularly in the mountainous areas. In grid cell N51:
E15 (Fig. 2), the ranking orders of the GB REVEALS PFT-s based on
the pollen record from the large bog and from several small bog pol-
len records together are not significantly different (Fig. 2). The same
conclusion is drawn from the results in grid cell N50:E14 (three
small bogs, one large bog and one large lake). These results suggest
that the implication of the simulation outputs in Sugita (2007a) is
also true for empirical pollen data. However, the approach of using
several small sites instead of one or several large sites within a stan-
dard grid system – which is the case in the LANDCLIM project – may
have obvious drawbacks. Grouping sites within a grid cell irrespective
of their altitudes or locations in relation to vegetation zones (particu-
larly in mountains) might provide non-relevant GB REVEALS PFT-s. In
such cases, grouping sites according to topology would be sounder.
Further tests of differences in GB REVEALS PFT-s across topologically
simple and complex grids are underway within the LANDCLIM pro-
ject for target grid cells with a sufficient number of sites (Trondman
et al., in progress). Nevertheless, and in view of the LANDCLIM
project's aims, the selection of a 1°×1° grid-cell system as the opera-
tional geographic basis appears to be the most practical, objective,
and appropriate approach to produce a first-order approximation of
the regional land-cover at a sub-continental spatial scale such as
that of NW Europe.

The REVEALS model assumes that no source plants for pollen
grow on the basin (Sugita, 2007a). Therefore, pollen records from
bogs and fens could be problematic for REVEALS applications. Certain
trees (e.g., Pinus, Betula) and herbs (e.g., Calluna vulgaris, Ericaceae,
Poaceae and Cyperaceae) frequently grow on bog surfaces and produce
pollen. Pollen of those taxa can also originate from other upland vegeta-
tion types. Thus, the GB REVEALS PFT-s from bog records might be
biased and less representative of the regional vegetation than those
from lake records, particularly for GB REVEALS LSE (C. vulgaris), LSD
(Ericaceae), IBE (Pinus), and GL (Poaceae, Cyperaceae included). How-
ever, comparison of GB REVEALS PFT-s from bog and lake records in
several grid cells does not indicate systematic differences in the results
(Table 4). Even though theGBREVEALS PFT-s for LSE and LSD are clearly
too high in grid cell N51:E14 (Fig. 3) when small bogs are used, this is
not the case for IBE (Pinus) and GL (all herbs taxa). Meanwhile, one
should keep inmind that Poaceae and Cyperaceae both important com-
ponents in GL, can also be abundant in the littoral zones of lakes, which
may contribute important quantities of these pollen taxa into lakes as
well. Moreover, pollen grains from common reed (Phragmites) are sel-
dom differentiated from other Poaceae pollen types by pollen analysts;
this may explain the high values of Poaceae in the 100–350 and
2700–3200 BP windows (Fig. 3). Similar results are obtained in four
other grid cells (i.e. N51:E13, N50:E20, N49:E13, N49:E17). If high pol-
len counts of Poaceae and Cyperaceae are associated with large lake or
bog sites, the obtained high GB REVEALS GL-s might be biased by the
site's local vegetation and thus represent unreliable estimates of the
regional land cover and also, as a consequence, affect the other GB
REVEALS PFT-s in the grid cell. However, it should be noted that the
effect of such sites should decrease with the number of sites (bogs
and lakes, small and large) available in a grid cell for a given time win-
dow, as the influence of pollen counts from a few sites will be smaller if
the total pollen count for a grid cell is very large. Therefore, the more
sites available, the better the reliability of GB REVEALS PFT-s, which is
exemplified in Fig. 3 (350–700 BP). Further empirical testswill be useful
for this specific issue.

5.3. Effect of number of pollen records and the inclusion of pollen records
with three and four 14C dates on GB REVEALS PFT-s

The choice of options d3 or d5 influences the number of pollen re-
cords per grid cell and time-window available for application of the
REVEALS model. Moreover, the number of pollen records and time
windows in each individual grid cell varies. Based on the validation
of the REVEALS model using modern pollen samples and vegetation
data, Hellman et al. (2008b) suggested that REVEALS estimates are
more reliable when using one or two pollen samples per site from
several sites in a region rather than several samples from one single
site in the same region. Some results in this study also support this
observation; the within-site variations of the REVEALS PFT-s can be
larger than the between-sites variations (Fig. 2). The GB REVEALS
TBE1-s, IBS-s and GL-s for x–100 BP obtained by using three pollen re-
cords from the same site show significant within-pollen record differ-
ences (Appendices 1A and 1B) while the between-site difference in
the same grid cell and time window is small.

Our study also shows that theGBREVEALSPFT-s are not significantly
differentwhen the results using pollen recordswith chronologies based
on three or four 14C dates are comparedwith those using pollen records
with five or more 14C dates. This implies that, in the case of the Czech
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Fig. 3. Grid cell-based REVEALS PFT estimates (GB REVEALS PFT-s) in grid cell N51:E14 (Fig. 1) for which the Spearman-rank order correlation test indicates no significant correlation when comparing results using pollen data from bogs or
lakes for the time window 100–350 BP (Table 5). Significant correlation is found for the time windows 350–700 and 2700–3200 BP. Here we compare the GB REVEALS PFT-s obtained with pollen data from bogs (left side) or lakes (right side)
for two sets of combinations in terms of selection of taxa and PPEs, i.e. GP2.PPE.st2 (dark grey) and GP1.PPE.st2 (light grey) (see section text for details). All sites with a minimum of 3 14C dates per pollen record are used for this comparison.
The PFTs are the same as in Fig. 2 and Table 1.
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Republic, the uncertainties related to the chronologies are not severe
enough to influence the GB REVEALS PFT-s calculated for timewindows
of 100 to 500 years. Althoughwe acknowledge that robust chronologies
for pollen records of severalmillennia ought to be based on a large num-
ber of 14C dates, the research objectives of the LANDCLIM project justify
that a precision of±ca. 250 years for the selected time windows is suf-
ficient. Moreover, we had to take a decision onwhether to compromise
on the number of dates or the number of sites. In the first stage of the
project, we find it more relevant to work with the largest number of
sites possible to achieve higher pollen counts for individual grid cells
and higher geographical cover of the REVEALS reconstructions. Testing
the effect of using option d3 rather than d5 for the GB REVEALS PFT-s in
the entire study region of the LANDCLIMproject is underway (Trondman
et al., in progress).

5.4. Effect of pollen taxa and PPE datasets on GB REVEALS PFT-s

Pollen grains from entomophilous herbaceous taxa (i.e. Ericaceae,
Empetrum, most of the herbs taxa in GL) are generally less frequent in
lake sediments than in bog or mire deposits (peats). In our study en-
tomophilous taxa tend to affect the GB REVEALS PFT-s (Table 4), par-
ticularly when pollen records from bogs are used. The differences in
the GB REVEALS PFT-s between GP2 and GP1 are the most apparent
of all tests performed in this study. Therefore, and also because the
REVEALSmodel assumes that all pollen are airborne, it is justified to ex-
clude as many strict entomophilous taxa (i.e. transported by wind only
in very low quantities) as possible from REVEALS reconstructions.

The REVEALS model assumes that pollen productivity is constant in
space and time. Differences in abiotic (e.g. geology, soil types, and cli-
mate), biotic (e.g. genetics, species' range limits, grazing pressure, de-
mography, spatial structure of vegetation, and succession stages), and
anthropogenic (e.g. land-use, different forms of agricultural practices,
etc.) factorsmight – and in some caseswere shown to – influence pollen
productivity estimates (Hicks, 2001; Broström et al., 2008; Gaillard et al.,
2008; Sugita et al., 2010b; Mazier et al., 2012). Differences in the
methods and sampling designs can also affect the estimates (Bunting
and Hjelle, 2010). Our study shows, however, that the rank orders of
the GB REVEALS PFT-s are consistent in all cases regardless of the PPE
dataset used. Therefore, we select PPE.st2 for the first generation of
LANDCLIM GB REVEALS PFT-s in NW Europe, because we consider the
rules and assumptions applied for PPE.st2 to be more objective and
straightforward than those for PPE.st1 and st3.

Uncertainties associated with pollen productivity estimates and
the size of pollen counts also affect SE estimates of the REVEALS re-
construction. With total pollen counts of 300–500 grains per sample,
standard errors could be 10–20% larger than those with pollen counts
of 1000 grains (Sugita, 2007a). In this paper, summed pollen counts
in time intervals of 100–500 years are used; total pollen counts in a single
timewindow and pollen record varies from 238 to 35,841 grains. Among
all pollen records used, only ten have total pollen countsb500 in one of
the time windows tested (Appendices 1A and 1B). Pollen counts are in
general high in the pollen records included in the PALYCZ database,
which implies relatively small SE estimates for the obtained GB REVEALS
PFT-s, which is not always the case for other parts of the LANDCLIM pro-
ject study region.

6. Conclusions

Using the Spearman rank coefficient text, we have shown that dif-
ferent selections of data and parameter inputs applied on the Czech
pollen database do not affect the rank orders of GB REVEALS PFT-s
significantly, except for the use of entomophilous taxa. In general, the
results suggest that there are no significant differences between rank
orders of GB REVEALS PFT-s obtained with pollen data from lakes or
bogs. The number of 14C dates used for the chronology (i.e. ≥3 or ≥5)
and the PPE dataset do not influence the results notably either. Therefore,
we chose the following protocol for the LANDCLIM project's first gener-
ation of GB REVEALS PFT-s (Trondman et al., in prep.): we use options
d5, GP2 and PPE.st2, and all pollen records within a grid cell for a given
time window, i.e. those from lakes and bogs, large and small. In this
way, we increase the number of pollen records per grid cell and the
number of grid cells with pollen records, which in turn should generally
increase the quality of the REVEALS results per grid cell and maximise
the geographical cover of the GB REVEALS PFT-s.

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.revpalbo.2012.07.017.
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