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2. Dataset
Title: The SPECIAL Modern Pollen Data Set for Climate Reconstructions, version 2 (SMPDSv2)
Summary description: The dataset contains counts for the 5333 pollen taxa from individual modern samples from around the world and supporting metadata about each sample. The dataset has been specifically designed to make quantitative reconstructions of climate and vegetation parameters. 
Publication year: 2022
Creators:  Roberto Villegas-Diaz and Sandy P. Harrison 
Organisation: Geography and Environmental Science, University of Reading, UK
Rights Holder: University of Reading

3. Terms of use
This dataset is licensed by the rights-holder(s) under a Creative Commons Attribution 4.0 International Licence: https://creativecommons.org/licenses/by/4.0/. 
In order to assure traceability, any presentation, report, or publication that uses the SMPDSv2 should cite the dataset (https://doi.org/10.17864/1947.000389)

4. Contents
Pollen data are widely used to reconstruct past climate changes, using relationships between modern pollen abundance in surface samples and climate at the surface sample sites. These records can also be used in a similar way to reconstruct past vegetation. The quality of the climate and vegetation reconstructions is strongly influenced by whether the training data set provides an adequate sampling of the climate space. We have assembled modern pollen records from 10464 sites (22333 entities and 24649 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 (see Table 3 for a complete list of sources and their corresponding publications). 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 have privileged original records from repositories over data compilations. We then screened each of the data sets to remove any sites duplicated within the dataset or in other data sets, on the basis of comparison of the metadata and the pollen counts. In cases where there was still ambiguity, we contacted the original data providers for clarification. Site type, basin size and entity type provide important information for selecting samples for quantitative reconstructions. Although some of the datasets provided this information, the descriptions were freeform and not standardised; other sources did not provide these metadata. We have standardised the descriptions of site and entity type, and where this information was lacking we consulted the original publications for each site.

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 normalised before use. 

The original taxonomy was standardised using Plants of the World Online (www.plantsoftheworldonline.org/) and the Integrated Taxonomic Information System (https://www.itis.gov/). This "CLEAN" dataset consists of 4816 taxa (Table 1). 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. We therefore provide two date sets with the pollen combined to a higher taxonomic level. In the first ("INTERMEDIATE"), we preserved species-level identifications for trees, small trees and widespread erect shrubs but combined other taxa to genus level (a total of 3049 unique taxa, Table 1).  In the second ("AMALGAMATED"), woody species are generally combined at genus level and herbaceous species at sub-family or family level unless they are palynologically distinctive and geographically widespread. The "AMALGAMATED" dataset consists of 1338 taxa (Table 1).

To facilitate the use of these data for climate and vegetation reconstructions, we provide estimates of the 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. See Appendices 1 and 2 for a step by step of the derivation of the climate and vegetation reconstructions.

File structure: The data are stored in a relational database (MySQL), which consists of 4 linked tables, specifically: "entity", "climate", "taxon_name" and "pollen_count" (Figure 1). The database is also stored as 4 flat CSV files:
· "smpdsv2_metadata.csv": combines the "entity" and "climate" tables
· "smpdsv2_pollen_counts_clean.csv": contains the clean version of the pollen counts, where each row represents the samples and the columns are: ID_SAMPLE, taxon1, taxon2, …, taxonk
· "smpdsv2_pollen_counts_intermediate.csv": contains the intermediate version of the pollen counts, where each row represents the samples and the columns are: ID_SAMPLE, taxon1, taxon2, …, taxonm 
· "smpdsv2_pollen_counts_amalgamated.csv": contains the amalgamated version of the pollen counts, where each row represents the samples and the columns are: ID_SAMPLE, taxon1, taxon2, …, taxonn

As these are flat CSV files, no relationships are defined here but the tables can be joined using different programming languages (R, Python, etc.) based on the foreign keys (shared column names between tables such as ID_SAMPLE in the metadata and files with pollen counts). The different fields included in the database are summarised in Table 2. 

Additionally, a companion R data package has been created and can be found at https://github.com/special-uor/smpds (Villegas-Diaz and Harrison, 2022). This package contains the 4 tables in the database and the dataset as a single object, smpds::SMPDSv2, as well as a set of utilitarian functions to generate plots and create the climate and vegetation reconstructions. 

Additional documents: In addition to this README, there are three more documents that complement this publication:
· "a1-create_cru_ts_climatologies.docx":  this document contains details and R code on how to pre-process the CRU TS dataset (Harris et al., 2020) to be used for the climate reconstructions. The instructions are given for version 4.04 of the dataset; however, the same methodology should be applicable to future versions (if the resolution remains the same, 0.5 degrees).
· "a2-climate-and-pnv-reconstructions.docx": this document contains details and R code to reconstruct climate variables and potential natural vegetation (PNV), based on the location of individual entities.
· "table1-list-of-pollen-taxa.docx": this document contains a long table detailing the amalgamations that were done at the three levels previously described (clean, intermediate and amalgamated).

Access to the SMPDSv2 (SQL version): The SMPDSv2 is stored as a MySQL database file ("smpdsv2.sql"). Please check https://dev.mysql.com/downloads/ to download and install MySQL. Once MySQL Community Server and MySQL Workbench (or any other database client of your preference) are installed, the database can be imported and visualised. A schema must be created upon import. To import the SQL file, you follow: 
1. Open MySQL Workbench 
2. Connect to the connection you would like to store your database in. A connection is usually created during the installation process (usually root@localhost with the password defined during the installation process) 
3. Server > Data Import > Import from Self-contained file 
4. Browse to the SQL file you have downloaded 
5. Press New, next to the default target schema to create a new schema (name this as appropriate: e.g. SMPDSv2)
6. Press Import 

Changelog (version 2):
This version of the dataset extends the work done in version 1 to a global scale, entities from North & South America, Africa, Australia, Japan and the neotropics have been included. In addition to a new climate and vegetation reconstructions.









































Table 1: List of pollen taxa.
(See the file called "table1-list-of-pollen-taxa.docx", as the table is too long to be included in a single file).
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Figure 1. Entity-relation diagram showing the structure of the database, each individual table, their attributes, and relationships are shown. One-to-many relations indicate that it is possible for several entities in one table to be linked to a single record in another table (e.g. the same taxon_name can be represented in many pollen_count records, for different samples). The database uses foreign keys (FK) to allow for such linkages.



Table 2. Summary of the different fields in the SMPDSv2 and the tables in which they are found.
	Table
	Field name
	Definition
	Format

	entity
	ID_SITE
	Unique identifier for each site. A site can have multiple entities.
	Unsigned integer

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

	entity, climate, pollen_count
	ID_SAMPLE
	Unique identifier for each sample
	Unsigned integer

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

	entity
	site_name
	Site name as given by original authors or as defined by us where there was no unique name given to the site 
	Text

	entity
	entity_name
	Name of entity, where an entity may be a separate core from the same site or an alternative measurement type of the same core.
	Text

	entity
	latitude
	Latitude of the sampling site, given in decimal degrees, where N is positive and S is negative 
	Double precision number

	entity
	longitude
	Longitude of the sampling site in decimal degrees, where E is positive and W is negative 
	Double precision number

	entity
	elevation
	Elevation of the sampling site in metres above (+) or below (-) sea level
	Double precision number

	entity
	basin_size
	Size of sampled site (e.g. lake, bog, etc.) in km2 or given as a categorical estimated when precise information was not recorded or was not available
	Text

	entity
	site_type
	Information about type of site (e.g. cave, lake, glacial, terrestrial, etc.)
	Text

	entity
	entity_type
	Information about the type of entity (e.g. composite, core top, surface sample, etc.)
	Text

	entity
	age_BP
	Sample age in years before present (BP) or categorical estimate where not numeric values were available
	Text

	entity
	publication
	Citation for the publication where the data was originally published
	Text

	entity
	doi
	Digital Object Identifier (DOI) for the publication
	Text

	climate
	ID_BIOME
	Unique identifier for each potential natural vegetation (PNV)
	Unsigned integer

	climate
	PNV
	Potential Natural Vegetation based on the work by Hengl et al., 2018
	Text

	climate
	mi
	Reconstructed Moisture Index [unitless] using the CRU TS 4.04 (Harris et al., 2020) data set
	Double precision number

	climate
	gdd0
	Reconstructed Growing Degree Days above 0 ºC [ºC days] using the CRU TS 4.04 (Harris et al., 2020) data set
	Double precision number

	climate
	mat
	Reconstructed Mean Annual Temperature [ºC] using the CRU TS 4.04 (Harris et al., 2020) data set
	Double precision number

	climate
	mtco
	Reconstructed Mean Temperature of the Coldest Month [ºC] using the CRU TS 4.04 (Harris et al., 2020) data set
	Double precision number

	climate
	mtwa
	Reconstructed Mean Temperature of the Warmest Month [ºC] using the CRU TS 4.04 (Harris et al., 2020) data set
	Double precision number

	climate
	map
	Reconstructed Mean Annual Precipitation [mm/year] using the CRU TS 4.04 (Harris et al., 2020) data set
	Double precision number

	taxon_name,
pollen_count
	ID_TAXON
	Unique identifier for each taxon
	Unsigned integer

	taxon_name
	taxon_name
	Standardised taxon name
	Text

	pollen_count
	amalgamation_level
	Level of amalgamation for the pollen counts:
· amalgamation_level = 0: 
clean pollen counts
· amalgamation_level = 1:
intermediate pollen counts
· amalgamation_level = 2: 
amalgamated pollen counts
	Unsigned integer between 0 and 2

	pollen_count
	count
	Standardised pollen count
	Double precision number











Table 3: List of data sources and references
	source (metadata table)
	Number of entities
	Publications

	AMSS
	38
	(Jolly et al., 1996; Julier et al., 2019, 2018; Lebamba et al., 2009)

	APD
	90
	(Vincens et al., 2007)

	Australian pollen
	1540
	(Adeleye et al., 2021b, 2021a; Beck et al., 2017; Field et al., 2018, 2018; Fletcher et al., 2014; Herbert and Harrison, 2016; Luly, 1993; Luly et al., 1986; Mariani et al., 2017; McWethy et al., 2014, 2010; Pickett et al., 2004; Prebble et al., 2019)

	BIOME6000 Japan
	94
	(Takahara et al., 2000)

	Blyakharchuk
	144
	Author: Tatiana A. Blyakharchuk

	Bush et al., 2021
	636
	(Bush et al., 2021)

	CMPD
	4208
	(Hai-Yan et al., 2021)

	Dugerdil et al., 2021
	48
	(Dugerdil et al., 2021)

	EMBSeCBIO
	149
	(Harrison et al., 2021)

	EMPDv2
	3508
	(Davis et al., 2020)

	Gaillard et al., 1992
	124
	(Gaillard et al., 1992)

	Harrison et al., 2021
	3
	(Harrison et al., 2021/2022)

	Herzschuh et al., 2019
	595
	(Herzschuh et al., 2019)

	IBERIA
	243
	(Harrison et al., 2022)

	Neotoma
	6702
	(Williams et al., 2018)

	Phelps et al., 2020
	106
	(Phelps et al., 2020)

	SMPDSv1
	6345
	(Harrison, 2019)

	Southern Hemisphere pollen
	76
	 (Black, 2006; Dodson, 1978; Dodson and Intoh, 1999; Haberle, 1996, 1993; Hope, 2009; Hope et al., 1999, 1988; Macphail, 1980, 1979, 1975; Macphail and McQueen, 1983; Macphail and Mildenhall, 1980; Norton et al., 1986; Prebble et al., 2010; Shulmeister et al., 2003)
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