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1. Project
Title: The SPECIAL Modern Pollen Data Set for Climate Reconstructions, version 3 (SMPDSv3)
Date: 2025
Funding organization: The creation of the SMPDSv3 was supported by funding from the Leverhulme Centre for Wildfires, Environment and Society (Grant number: RC-2018-023).

2. Dataset
Summary description: This dataset contains counts for 5012 pollen taxa from modern samples worldwide, and detailed metadata for each site and entity. It is designed to facilitate quantitative reconstructions of past climate and vegetation parameters.

Publication year: 2025
Creators: Sandy Harrison, Mary-Ann Egbudom, and Roberto Villegas-Diaz
Organization: Geography and Environmental Science, University of Reading, UK
Rights Holder: University of Reading

3. Terms of Use
This dataset is licensed under a Creative Commons Attribution 4.0 International License: https://creativecommons.org/licenses/by/4.0/

Please cite the dataset in any publications using the DOI: https://doi.org/10.17864/1947.001473

4. Contents
4.1 Pollen data
Modern pollen data are used as training data for the reconstruction of past climate and vegetation. The quality of the palaeoclimate and palaeovegetation reconstructions is strongly influenced by whether the training data set provides an adequate sampling of the climate space. The SMPDSv1 (Harrison et al., 2019) was created to provide a global data set of modern pollen records and was subsequently updated (SMPDSv2: Villegas-Diaz and Harrison, 2022). SMPDSv3 is a further updated version of this global data set incorporating new regional data sources, refining taxonomy, and improving the harmonization of metadata.
SMPDSv3 contains modern pollen records from 10783 sites (22977 entities and 26988 samples) worldwide, where modern is defined as post 50 cal. yr BP. For pollen trap and surface samples, the age was taken as the year of collection unless otherwise specified by the author. The ages of samples from cores or sections are based on the constructed (original) age model; multiple samples may be included from high-resolution records if they post-date 50 cal. yr BP.
The pollen data were compiled from multiple different published regional datasets, from data repositories (Neotoma, PANGAEA) or directly from data collectors/authors. The sources and corresponding publications for data added since the publication of version 2 of the SMPDS are summarized in Table 1.
Several of the regional data sets cover overlapping geographical areas and include some of the same sites; some of these data sets were created by combining smaller data sets put together by different people and themselves contain duplicated sites with slightly different metadata. We identified duplicate samples using metadata and comparison of the archived pollen counts and removed obvious duplicates. However, since the criteria used to select pollen taxa in these regional compilations differ, there may still be some samples that are duplicated.
Non-pollen palynomorphs (e.g. charcoal, spores, algae) were removed from the data set. Obligate aquatics, insectivorous plants, and cultivated plants were also removed from the data set, since their distribution is not primarily controlled by climate. Most of the records are raw counts, but some records were provided as percentages. No attempt was made to reconstruct the counts from these percentages because the basis of the pollen sum was not specified in every case. Given the mix of counts and percentages, the data from individual records need to be normalized before use.
As was the case for the previous versions of the SMPDS, the original taxonomy was standardized using Plants of the World Online (www.plantsoftheworldonline.org/) and the Integrated Taxonomic Information System (https://www.itis.gov/). The level of taxonomic identification varies across the data sets, between regions and between individual palynologists. The reliability of climate reconstructions can be compromised if pollen taxa are not routinely identified across all the sites in a training data set because of uneven sampling of the climate space. Furthermore, some of the clean pollen types are rare and were recorded at too few sites to allow the construction of robust relationships with climate. The SMPDSv3 therefore contains three count files: the “CLEAN” dataset consists of 5012 taxa (Table 2). The "INTERMEDIATE" data set preserves species-level identifications for trees, small trees and widespread erect shrubs but combines other taxa to genus level (a total of 3131 unique taxa, Table 2).  The "AMALGAMATED" data sets combines woody species to  genus level and herbaceous species at sub-family or family level unless they are palynologically distinctive and geographically widespread. The "AMALGAMATED" dataset consists of 1367 taxa (Table 2).

Table 1: table of datasets
The full reference list for contributing datasets is extensive and mirrors that in version 2 (see Harrison et al. 2022; Villegas-Diaz & Harrison 2022, etc.). 
	source
	No_of_entities
	publication

	[bookmark: _Hlk212140540]ACER
	2
	Pisias et al. (2001); Sánchez Goñi et al. (2017); McCarthy et al. (2010); Scott et al. (2002); Scott et al. (2008); Scott et al. (2003)

	[bookmark: _Hlk212140578]AUTHOR
	12
	Camuera et al. (2018); Camuera et al. (2022); Zhang (2013); Zhang (2006); Huang et al. (2009); Stevenson et al. (1988); Abel-Schaad et al. (2016); Xu et al. (2016); Chen et al. (2015); Jiménez-Moreno et al. (2013); Tao et al. (2010); Niu et al. (2022); López-Sáez et al. (2014); López-Sáez et al. (2009)

	[bookmark: _Hlk212140621]AWI
	5
	Courtin et al. (2021); Liu et al. (2020); Herzschuh (2023); Herzschuh (2021)

	Alpine PD
	25
	[bookmark: _Hlk212140668]Colombaroli et al. (2016a); Hubschmid et al. (2000); Hajdas et al. (2010); Lotter et al. (1999); Schworer et al. (2012); Tinner et al. (2009); Colombaroli et al. (2009); Tinner (2015); Tinner (2014); Glur et al. (2014); Ravazzi et al. (2010); Kaltenrieder et al. (2010); Eugster et al. (2013); Ammann et al. (1999); Tinner et al. (2003); Tinner et al. (2006); Allgöwer (2006); Vescovi et al. (2016); Vescovi et al. (2012); Hochuli et al. (2005); Hochuli et al. (2003); Gobet et al. (2017); Tinner (2019); Schwörer et al. (2019); Szidat et al. (2019); Carraro et al. (2006); Ammann et al. (1998)

	[bookmark: _Hlk212140741]Cao et al.
	14
	Yi et al. (2003); Schlutz et al. (2008); Andreev et al. (2004); Andreev et al. (2003); Herzschuh et al. (2005); Mischke et al. (2005); Lozhkin et al. (2013); Anderson et al. (2015a); Anderson et al. (2015b); Stebich et al. (2015); Stebich et al. (2007); Liu et al. (2008); Miehe et al. (2007); Borisova et al. (2011)

	Cao et al. (2019, 2020)
	11
	[bookmark: _Hlk212140782]Anderson et al. (1998); Cao et al. (2019); Cao et al. (2020); Müller et al. (2010); Shichi et al. (2009); Anderson et al. (2002); Lozhkin et al. (1996); Lozhkin et al. (1998); Leipe et al. (2015); Andreev et al. (2003); Andreev et al. (2002); Lozhkin et al. (2013)

	[bookmark: _Hlk212140819]EMPDv2
	3898
	Davis et al. (2020a); Davis et al. (2020b); Gaceur et al. (2017); Roche et al. (2007); Ben Tiba et al. (1995); Ben Tiba et al. (1987); Guiter et al. (2010); Bell et al. (2016)

	EPD
	433
	[bookmark: _Hlk212140846]Harrison et al. (2024)

	Legacy2
	52
	[bookmark: _Hlk212140860]Li, et al. (2025)

	[bookmark: _Hlk212140869]Pangaea
	20
	Hope et al. (2019); Sadori et al. (2017); Masi et al. (2018); Böttger et al. (1999); Frolova et al. (2021); Frolova (2012); Pozdnyakov (2017); Engels et al. (2021); Riedel et al. (2009); Herking et al. (2005); Tabares (2017); Ramos-Román (2018); Dietze (2022); Tylmann (2023); Zhilich (2020); Jahns et al. (2020); Daryin et al. (2016); Novenko (2022)

	Zhou et al. (2023)
	2
	[bookmark: _Hlk212140919]Zheng et al. (1990); Herzschuh et al. (2014)



Table 2 (in “Table_2_full_taxa_list” CSV Document) presents complete taxa.

4.2. Climate and vegetation information
The data set contains estimates of the modern climate and the potential natural vegetation at each terrestrial site. We do not estimate these for marine records, very large lakes (e.g. Caspian Sea), small islands, and for some coastal sites. The source area for marine records and large lakes is extremely large and cannot be defined accurately; small islands and coastal sites are difficult to co-locate with the gridded climate variables and/or potential natural vegetation. Modern climate data were derived from the Climate Research Unit CRU TS4.04 data set, which provides monthly mean precipitation, temperature and fractional sunshine hours for the period 1961 to 1990 at 0.5 degrees spatial resolution (Harris et al., 2020). We used a geographically weighted regression using latitude, longitude and elevation as predictors to obtain the climate at the location and elevation of each pollen site and calculated mean annual precipitation (MAP) and mean annual temperature (MAT) at each site. We then calculated bioclimatic variables using these data, specifically mean temperature of the coldest month (MTCO), mean temperature of the warmest month (MTWA) growing degree says above a baseline of 0°C (gdd0), and a moisture index (MI) calculated as the ratio of annual precipitation to the estimated annual equilibrium evapotranspiration, using the Simple Process-Led Algorithms for Simulating Habitats (SPLASH) model (Davis et al., 2017). The climate variables were chosen because they reflect distinctive physiological controls on plant growth. The modern potential natural vegetation (PNV) at each pollen site was extracted from an updated version of the Global PNV map produced by (Hengl et al., 2018). The original version of this map had a resolution of 1 km; the updated version has a resolution of 250m. 
File structure: The data set consists of four csv files:

1. SMPDSv3_metadata: This file contains site, entity and sample information, modern climate information for each sample and information on potential natural vegetation (see Table 3)
2. SMPDSv3_clean: This file contains taxonomically harmonized and cleaned pollen counts for each sample (5012).
3. SMPDSv3_intermediate. This file contains pollen counts aggregated at genus level for non-woody taxa, as described above (3131).
4. SMPDSv3_amalgamated: This file contains pollen counts aggregated at genus level for woody plants and at sub-family or family level for herbaceous plants. (1367).
Each csv file can be joined by ID_SAMPLE as the key (Figure 1).
Table 3: Fields in the SMPDSv3_metadata file. 
	Field name
	Definition
	Format

	ID_SITE
	Unique identifier for each site. A site can have multiple entities.
	Integer

	ID_ENTITY
	Unique identifier for each entity. An entity can have multiple samples at different depths.
	Integer

	ID_SAMPLE
	Unique identifier for each sample.
	Integer

	source
	Source from which the data was repatriated (e.g. Neotoma, EMPDv2).
	Text

	site_name
	Name of site, as given by original authors or standardised by compilers.
	Text

	entity_name
	Name of entity, e.g. core ID, trap ID.
	Text

	latitude
	Latitude of sampling site in decimal degrees (N positive, S negative).
	Float

	longitude
	Longitude of sampling site in decimal degrees (E positive, W negative).
	Float

	elevation
	Elevation of site in metres above sea level.
	Float

	basin_size
	Size of sampled site (e.g. lake, bog) or categorical description if unavailable.
	Text

	site_type
	Type of site (e.g. lake, bog, cave, terrestrial, marine).
	Text

	entity_type
	Type of entity (e.g. core, surface sample, composite).
	Text

	age_BP
	Sample age in years before present (BP), or categorical estimate.
	Text

	publication
	Citation for publication where the dataset was originally published.
	Text

	doi
	Digital Object Identifier (DOI) of publication.
	Text

	ID_BIOME
	Unique identifier for potential natural vegetation (PNV).
	Integer

	PNV
	Potential Natural Vegetation (after Hengl et al., 2018).
	Text

	mi
	Reconstructed Moisture Index.
	Float

	gdd0
	Reconstructed Growing Degree Days above 0°C.
	Float

	mat
	Reconstructed Mean Annual Temperature (°C).
	Float

	mtco
	Reconstructed Mean Temperature of Coldest Month (°C).
	Float

	mtwa
	Reconstructed Mean Temperature of Warmest Month (°C).
	Float

	map
	Reconstructed Mean Annual Precipitation (mm/year).
	Float

	count_type
	Specifies whether pollen values are counts or percentages.
	Text




5. Summary of updates implemented in Version 3 of the SMPDS
The updates made to SMPDSv3 include:
- The addition of 319 new sites with 668 new entities and 2339 samples.
- The integration and harmonization of additional regional datasets, including updates from Iberia, Africa, and Australasia.
- Improved standardisation of site type and entity type metadata.
- Climate reconstructions updated with extended CRU TS 4.04 climatology.
- Expanded vegetation classification (updated Global PNV maps, 250m resolution).
- Count type field added to metadata file.
- Enhanced R data package with additional functions and harmonized taxonomies to reconstruct climatology on small islands.
- Potential Natural Vegetation (PNV); the “warm-temperate evergreen and mixed forest” category has been replaced by “warm-temperate evergreen broadleaf and mixed forest” to align with the naming convention used in BIOME6000.
- The entity type has been expanded and standardized, specifically to introduce more explicit types such as “lake core”, “peat core”, “marine core top”. Some compound types, such as “moss polster or moss” have been renamed as “moss polster” to improve compatibility with repository naming conventions.
- The site types have also been standardized and expanded to include e.g. “delta”, “bog”, “peat exposure”, “palaeosol”, “wetland”, “forest hollow”.
- The basin_size variable name has been expanded to make the units (km2) explicit.
More details on updates are given in the “changes_log.csv” file.
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