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One of the basic tasks of PMIP (and its 
predecessor studies) is the comparison of 
climate-model simulations with paleoenvi-
ronmental observations. This is motivated 
by the dual objectives of using the observa-
tions to "benchmark" or test the models, 
and using the physically based models to 
provide mechanistic explanations for the ob-
served patterns in the data (Braconnot et al. 
2012; Harrison et al. 2015). These objectives 
have in turn motivated the synthesis of pa-
leoenvironmental data from both terrestrial 
and marine sources and their interpretation. 
Here we review some of the past terrestrial 
syntheses, and their evolution over time.

Early syntheses
Before the mid-1970s, syntheses of terrestrial 
paleoenvironmental data were available in 
book form, as textbooks (e.g. Brooks 1949; 
Zeuner 1959; Frenzel 1967; and R.F. Flint's 
evolving sequence: 1947, 1957, and 1971), 
edited volumes (e.g. Nairn 1961; Wright and 
Frey 1965), and H.H. Lamb's (1971, 1977) 
two-volume treatise. Although not data-
bases in any sense, such publications were 
the places to go for broad descriptions of 
past climates and the observations they were 
based on. 

Also of note from this era was a U.S. National 
Academy of Sciences report, Understanding 
Climatic Change, prepared by the U.S. 
Committee for the Global Atmospheric 
Research Program (USCGARP 1975). This 
study included Appendix A, a survey of past 
climates by Imbrie, Broecker, Mitchell, and 
Kutzbach, that included some temporal and 
spatial syntheses of climatic variations. Many 
of the themes and proposals for climate-
research action discussed there (such as the 
joint elaboration of paleoclimatic databases 
and development of simulation models of 
both present and past climates) would seem 
familiar today.

CLIMAP era
CLIMAP (Climate: Long range Investigation, 
Mapping, and Prediction) was a collaborative 
project aimed at reconstructing conditions 
at the Last Glacial Maximum, in particular 
the distribution of ice sheets, seasonal 
sea-surface temperatures, and land-surface 
albedo. The main results of the reconstruc-
tions appeared in Science (CLIMAP Project 
Members 1976), and more fully in an edited 
volume (Cline and Hays 1976), and a set of 
maps (CLIMAP Project Members 1981). In a 
companion paper, Gates (1976) described 

the results of a GCM simulation with surface 
boundary conditions provided by the 
CLIMAP reconstructions. Although not the 
first attempt at paleo simulation, the paper 
did feature what might be regarded as a 
canonical mode of data–model comparison—
dots on a map. 

Running through the CLIMAP-era discus-
sions was the notion that if the goal was com-
parison of paleo-observations and climate-
model simulations, then more paleo-data 
were surely needed. This began to be real-
ized late in the 1970s. For example, Bernabo 
and Webb (1977) described mapped 
summaries of Holocene pollen data from 
northeastern North America, and similar 
work was underway for Europe (Huntley and 
Birks 1983). A special issue of Quaternary 
Research (Hecht et al. 1979) contained the 
first really comprehensive syntheses of ter-
restrial paleoclimatic data on a global scale 
(Peterson et al. 1979; Street and Grove 1979). 

Peterson et al. (1979) brought together data 
for the LGM, and introduced the notion of 
"levels of analysis of the data: I: "raw" pollen, 
lake-level, etc. data; II: Level I data converted 
to estimates of specific climatic variables; 
and III: Level II data combined from various 
sources, and interpolated and contoured. 
(From a data-preservation perspective, we 
might now consider a Level 0—the materials 
themselves, e.g. Palmer et al. 2021, and Level 
IV—coordinated data sets of multiple kinds 
of data linked to one another, Grobe et al. 
2021). Peterson et al. also addressed chrono-
logical uncertainties, introducing a three-
level classification (later refined to seven lev-
els by Webb 1985a), and the question of how 
much data is enough for valid comparisons. 
Street and Grove (1979) described lake-
status data both temporally and spatially 
over the past 30 kyr. The syntheses were not 
electronic, and the results exist today only as 
.pdfs of the articles. However, they contained 
data-availability statements, perhaps some 
of the earliest. The 150-page Appendix to 
Peterson et al. could be obtained for the 
price of photocopying (probably ~USD 7.50), 
while the Street and Grove data would be 
furnished on microfiche for USD 2.50.

COHMAP era
COHMAP (Cooperative Holocene Mapping 
Project; Wright et al. 1993; Wright and 
Bartlein 1993) was an international, inter-
disciplinary research group that became 
organized in the late 1970s, benefiting from 

the experiences of several of the participants 
in CLIMAP. The project evolved to focus on 
a suite of paleoclimatic simulations at 3-kyr 
intervals from the Last Glacial Maximum to 
present, and parallel syntheses of terrestrial 
and marine data and climate reconstructions 
based on them (e.g. COHMAP Members 
1988).

By 1980, it became obvious that photocopy 
and microfiche distribution was not ideal. 
Personal computers were becoming widely 
available as were connections to the forerun-
ners of the internet, and this pushed along 
the electronic distribution of data.

What might be regarded as the first "mod-
ern" syntheses were a global compilation of 
the climate of 6000 yr BP and the supporting 
data (Webb 1985a) and a synthesis of lake-
level status for the COHMAP target times 
(Street-Perrott et al. 1989). These studies had 
both printed and electronic components (on 
magnetic tape), and remarkably, the .pdfs of 
the printed reports and the data files are still 
available online. The collections of individual 
files are easily recognizable as the elements 
of a relational database, and feature such 
components of 21st-century databases 
as "rich" site metadata, separation of the 
chronologies or age models from the data, 
adoption of common vocabularies, harmo-
nization of taxa, sediments, depositional 
environments, and links to publications and 
to the data originators. 

The databases of that era represented 
snapshots of data available at the time of 
publication, and, unlike today, there was no 
provision for updating. This led to another 
strategy for database development that is 
still in use today: a distinction between a 
database (in a repository) and a "research 
data set", which may include newer pub-
lished and unpublished data. The published 
databases, along with continuously updated 
research data sets, supported analysis of the 
data (e.g. Webb 1985b; Street-Perrott and 
Harrison 1985; COHMAP Members 1988; 
Harrison 1989).

PMIP era
By the mid 1990s, databases of the 1980s 
were being regularly elaborated and 
enlarged, while contributing to the evalua-
tion of newer sequences of climate-model 
experiments (e.g. Webb and Kutzbach 
1998) and to the first generation of PMIP 
experiments (Joussaume et al. 1999). 

Syntheses of terrestrial paleoclimatic data have a long history, but in the 1980s they rapidly developed into the 
database-in-a-repository form we know today. Over time they have anchored the productive interaction with climate-
model simulations aimed at both testing the models and explaining patterns in the data.
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Examplesinclude lake-status records for 
Europe and elsewhere produced by Sandy 
Harrison and associates, often published 
as a journal article and companion data 
release (e.g. Yu and Harrison 1995a; 1995b) 
– anticipating the current FAIR Principles 
for data management and stewardship. 
Pollen databases were organized for each 
continent (e.g. NAPD and EPD, the North 
American and European Pollen Database(s), 
Grimm et al. 2018 provides a history). The 
pollen databases contributed to Level III-
type syntheses, such as that represented by 
the reconstruction of vegetation at 6000 yr 
BP and the LGM (Prentice and Webb 1998; 
Boenisch et al. 2001). 

Over the past decade, databases or synthe-
ses that contribute to the design or evalu-
ation of the current (PMIP4) generation of 
simulations came online, including those 
for standard and "deep-time" experiments 
(e.g. Cleator et al. 2020; Hollis et al. 2019; 
Dowsett et al. 2016), as well as those for the 
last millennium, such as the International 
Tree-Ring Data Bank (Zhao et al. 2018) and 
the PAGES2k Consortium (2013; 2017) data-
base of temperature reconstructions. Other 
databases that have yet to "fully participate" 
in PMIP-style data–model comparisons 

include those for biomass burning and pa-
leofire (Marlon et al. 2016) and speleothem 
isotopes (Comas-Bru et al. 2020). Recently 
"databases of databases" have appeared 
including the Neotoma Paleoecology 
Database (Williams et al. 2018b; Grimm 
et al. 2018), which folded in many earlier 
paleoecological-focused efforts and greatly 
expanded the content and usability of the 
data.

Today the amount of data has begun to 
impact their usability (Khider et al. 2019), and 
external (to PMIP or to paleoclimatology in 
general) demands on paleoscience require 
answering more complicated questions than 
"What happened?" or "Do the models really 
work?" Those issues are being addressed; 
see, for example, the November 2018 issue 
of Past Global Changes Magazine (Williams 
et al. 2018a) and Grobe et al. (2021).

One common theme in the history of syn-
theses of terrestrial paleoclimatic data is the 
goal of making the data available, whether 
via book, edited volume, multiple-authored 
article, or adopted new technologies. A 
second common theme is the continuous 
interaction between scientific questions and 
data availability. Hypotheses about how the 

climate system works, expressed either as 
predictions from conceptual models or out-
put from climate-model simulations, demand 
data for testing. The patterns in the data, 
both temporal and spatial, demand expla-
nation and in turn generate new questions 
and hypotheses. That interaction between 
the data and models makes the intellectual 
environment of paleoclimatology rich and 
motivates continued data generation, cura-
tion, and synthesis.
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Figure 1: Forty-five years of progress in terrestrial data–model comparisons. (A) CLIMAP-era comparisons of 
simulated (values on the model grid) and reconstructed (circles and dots) July temperature difference (present-
day minus ice age); figure modified from Gates (1976). (B) Gridded reconstructions of the Last Glacial Maximum 
minus present mean temperature of the warmest month (colored dots, data from Cleator et al. 2020), plotted 
over CMIP5/PMIP3 lgm – piControl multi-model means on a 2-degree grid (see Harrison et al. 2014).
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