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Figure 1. Spatiotemporal distribution of the western North American Holocene paleoclimate database. (a) The database includes 381 proxy
records from a variety of archive and proxy types. Records include those in calibrated climate units (e.g., ◦C) and records in their native
proxy units (e.g., δ18O). (b) Distribution of records sensitive to hydroclimate including precipitation, flood frequency, and P -E (n= 150).
(c) Spatial distribution of the subset of records sensitive to temperature (n= 200) and (d) the spatial distribution of other records including
upwelling, sea ice, glacier extent, dust, circulation, and climate modes (n= 31). (e) Temporal availability of the records in the database by
proxy type (proxy general in Supplement Table S1) over the last 12 ka.

digital form as part of this data product. This database builds
on several previously published paleoclimate data compila-
tions overlapping the spatial domain encompassed by this
study. These include the global Holocene temperature recon-
struction of Marcott et al. (2013) (n= 4 records in west-
ern North America), Arctic Holocene Transitions database
(Sundqvist et al., 2014) (n= 30 records in western North
America), a collection compiled to characterize Holocene
North American monsoon variability (Metcalfe et al., 2015)
(n= 8 records in common with this database), the Northern
Hemisphere dataset used to reconstruct Holocene tempera-
ture gradients and mid-latitude hydroclimates (Routson et

al., 2019a) (n= 55 records in common with this database), a
network of Holocene pollen reconstructions (Marsicek et al.,
2018) (n= 71 records in common with this study), two col-
lections of records focused on the last 2 millennia (Rodysill
et al., 2018; Shuman et al., 2018) (n= 18 and n= 16 records
in common with this study respectively), and the global
Temperature 12k database (Kaufman et al., 2020a) (n= 161
records in common with this database). Two dust deposi-
tion records were included from the global dust compila-
tion (Albani et al., 2015). This database also complements
the recently published PAGES (Past Global Changes) global
multiproxy database for temperature reconstructions of the
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Common Era (PAGES 2k Consortium, 2017) and the PAGES
global database for water isotopes over the Common Era
(Konecky et al., 2020), which are both structured in the same
format as this database. A few of the records were not avail-
able from the original data generators, and therefore the time
series data were digitized from the source publication (as
noted in the metadata) using the MATLAB program digi-
tize2.m (Anil, 2020). Digitized records were mainly included
to fill geographic gaps in the network of proxy sites.

Other Holocene paleoclimate records were considered but
ultimately excluded because they did not satisfy the selection
criteria. The majority of excluded records either (1) lacked a
clear relation between proxy and climate, (2) were of insuffi-
cient duration, (3) possessed large gaps between chronologic
control points, or (4) did not meet the sampling resolution
criteria. In some instances selection criteria were eased to fill
geographic gaps or for reasons justified by the authors in the
QC (quality control) comments metadata. Removing records
from the database for subjective reasons, such as removing
records with outliers, was avoided.

2.2 Relation between proxy and climate

Only records with a demonstrated relation to a climate vari-
able were included, as interpreted by the original authors
of the site-level studies, but some records are not cali-
brated to a climate variable. Calibrated records, for exam-
ple, are presented in temperature units (◦C) and precipita-
tion units (mm). Other records are reported in their native
proxy variables (e.g., δ18, ‰, or sediment mass accumula-
tion, g/cm2/yr). Some calibrated records rely on statistical
procedures to determine the relationship between proxy and
instrumental data and to infer paleoclimate change, assum-
ing that the processes that control the proxy signal remain
constant down core (Tingley et al., 2012; Von Storch et al.,
2004). Other calibrations rely on transfer functions based
on the correlation of contemporary environmental gradients
(e.g., Juggins and Birks, 2012) or the modern analogue tech-
nique, which uses the similarity between modern and fossil
assemblages (e.g., Guiot and de Vernal, 2007). The original
species assemblage data (primarily pollen) for these records
are not included in this data product. However, a link to
the Neotoma Paleoecology Database dataset ID is provided
where available. The Neotoma Paleoecology Database is a
community-curated database that is a primary repository for
assemblage and other paleoecology data (Williams et al.,
2018).

The database also includes proxy records that have not
been calibrated to a specific climate variable but that display
a clear relation between the proxy and climate. These “rela-
tive” climate indicators are useful because they (1) attest to
the timing and relative magnitude of change, which is suffi-
cient for many statistical reconstruction methods, especially
those that do not assume linearity between proxy and climate
variables; (2) can be used in proxy system modeling and in

some cases (e.g., δ18O) can be compared directly to the out-
put of climate models; and (3) provide more complete spatial
coverage.

2.3 Record duration and resolution

The database aims to document paleoclimate variability that
ranges on the timescale of multi-millennial trends to cen-
tennial excursions. However, not all records encompass the
entire Holocene epoch. To be included, records must span
a duration of ca. 4000 years anytime between 0 and 12 ka.
To focus on records that can resolve sub-millennial patterns,
the database includes those with a sample resolution finer
than 400 years (i.e., the median spacing between consecutive
samples in the time series is less than 400 years over the past
12 000 years or over the full record length, if shorter).

2.4 Chronologic control

Age control is a fundamental variable underlying proxy
records. The database includes the chronologic data neces-
sary for reproducing original age–depth models for records
from sediment and speleothem archive types. Chronologic
data include depth, uncalibrated radiometric or other dates,
analytical errors, and associated corrections where applica-
ble. Other metadata, including material type analyzed and
sample identifiers, were included when available. Time se-
ries with a maximum of 3000 years between dates within
the 0–12 ka interval or with five or more relatively evenly
distributed Holocene dates were included in the database.
Overall, the age control screening retained a high proportion
of available records while recognizing that such coarse age
control often precludes the ability to address questions that
require fine temporal-scale accuracy (Blaauw et al., 2018).

2.5 Metadata

The database includes a large variety of metadata (Supple-
ment Table S1) to facilitate analyses and reuse. The metadata
included in this database are largely consistent with those de-
veloped and used in the Temperature 12k database (Kaufman
et al., 2020a), with some refinement for hydroclimate-related
records. Predominant metadata are subdivided into the fol-
lowing categories:

1. Geographic information includes “site name”, “lati-
tude”, “longitude”, and “elevation”. Geodetic data are
relative to the WGS84 (World Geodetic System 1984)
ellipsoid and in units of decimal degrees. “Country
ocean” is generated based on the NASA GCMD (Global
Change Master Directory) convention.

2. Bibliographic information includes the DOI (digital ob-
ject identifier) when available. The original study is
typically referenced in “publication 1”. “Publication 2”
generally corresponds to subsequent publications con-
tributing to record development or reuse.
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3. The original data source (“original data citation”) is the
persistent identifier (URL, Uniform Resource Locator,
or DOI) that connects to the publicly accessible repos-
itory (e.g., PANGAEA and NOAA WDS paleoclima-
tology when available). Fields with the entry “wNAm”
correspond to records transferred to a public repository
for the first time by this study. “Neotoma ID” includes
the Neotoma dataset ID when available for the original
assemblage data.

4. Metadata describing the proxy record include “archive
type”, “proxy general”, “proxy type”, “proxy detail”,
“calibration method”, and “paleo data notes”. Archive
type corresponds to the physical archive (e.g., lake sed-
iment, marine sediment, peat, and speleothem). Proxy
general simplifies plotting figures by grouping simi-
lar proxies from proxy type. For example, proxy gen-
eral for “other biomarkers” includes proxy type TEX86
(tetraether index of 86 carbon atoms) and GDGT (glyc-
erol dialkyl glycerol tetraether) but not alkenones,
which are treated separately. Proxy general for “bio-
physical” includes biogenic silica, tree-ring width, total
organic content, chlorophyll, and macrofossils. Proxy
general for “other microfossil” includes coccolith, di-
atom, dinocyst, and foraminifera. Pollen and chirono-
mid records are treated separately. Proxy detail corre-
sponds to specific species or material types. “Calibra-
tion method” is the statistical method used for proxy
calibration. Paleo data notes include information from
the original study to help users understand the proxy
record.

5. For climate interpretation, primary “climate variables”
include “T ” (temperature), “P ” (precipitation), and
“P -E” (precipitation minus evaporation). Other cli-
mate indicators include “MODE” (climate modes such
as ENSO), “upwelling” (coastal upwelling), “DUST”
(dust deposition), “ICE” (sea ice extent), and “ELA”
(glacier equilibrium line altitude). The “interpretation
direction” is the sign relation (“positive” or “negative”)
between the proxy value and the climate variable. Proxy
records originally reported as E-P were cataloged as
the climate variable of P -E, and the field interpre-
tation direction was inverted from the original inter-
pretation. “Variable name” corresponds to the specific
variable type (e.g., “temperature” or “δ18O”; oxygen-
18 isotopes). “Units ” correspond to the measurement
unit specified in the variable name (e.g., “degC” or
“permil”). “Climate variable detail” refines the climate
variable field. Temperature records follow the struc-
ture of the variable sensed (e.g., “air”) at a specific
level (e.g., “surface”). Examples include “air@surface”,
“air@condensation”, and “sea@surface”. Hydroclimate
and some other record types do not always conform
as well to this format. Climate variable detail for these
records specifies the variable sensed (e.g., “lake level”,

“runoff”, “river flow”, and “amount”), at a specific level
(e.g., surface). Examples include “lakeLevel@surface”
and “runoff@surface”. If the variable sensed is the same
as the climate variable (e.g., “precipitation”), the field
is left blank. In these cases only the level is speci-
fied (e.g., “@surface”). In cases where the level was
ambiguous, not specified, or not applicable (e.g., “soil
moisture”, “lake salinity”, or “El Niño”), only the vari-
able sensed was specified.

6. Seasonality information has been separated into two
fields of “seasonality” and “seasonality general”. Sea-
sonality includes the most specific seasonal infor-
mation available including specific months in num-
ber format (July = “7”) or reconstructed seasons
(e.g., “warmest month”, “summer”, “growing season”,
“winter”, and “annual”). “Season general” distills sea-
son details into queryable seasons (“annual”, “sum-
mer only”, “summer+”, “winter only”, and “winter+”).
Categories summer+ and winter+ indicate that another
season (or annual) has also been reconstructed from the
same site.

7. Metadata describing the underlying time series data in-
clude the youngest and oldest sample ages (“min year”
and “max year”), the median sample resolution (“reso-
lution”) over the past 12 000 years, and the frequency
of age control points (“ages per kyr”), which includes
radiocarbon and U-series (uranium) ages.

8. Quality control metadata include (“QC certification”)
and (“QC comments”). QC certification includes the
initials of the co-author of this data descriptor who
was responsible for reviewing the screening criteria for
records included in the data product. QC comments
were written by the person who completed QC to im-
prove reusability of the data.

9. Data access and visualization includes a website link
for viewing and downloading the data in .csv (comma-
separated value) or LiPD format (“link to LiPDverse”).

2.6 Database structure and format: Linked Paleo Data
(LiPD)

The site-level data and metadata are formatted in the
LiPD structure. The LiPD framework comprises JSON-
formatted files that are machine-readable with MATLAB,
Python, and R packages that enable rapid querying and
data extraction (McKay and Emile-Geay, 2016). LiPD en-
codes the database into a structured hierarchy that al-
lows for explicit descriptions at any level and aspect of
the database. Code packages for evaluating the database
can be accessed on GitHub (https://github.com/nickmckay/
LiPD-utilities, last access: 29 March 2021).
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