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The global climate is changing rapidly, with cascading impacts across the world.
Even though the modern instrument-based record of Earth observations reflects
decades of critical work, multi-century time series may be required to understand
and forecast key elements of Earth system dynamics. Here, we review the potential
uses of non-traditional climate data records—observations reported without
using modern instruments or standardized measurement protocols—to identify
climate and ecosystem dynamics that predate modern methodologies and tools.
We compile a list of diverse datasets collected over more than 500 years, including
landscape paintings, sea lore, and animal migration data. This initial review presents
opportunities for further investigation to reconstruct past climate or to use non-
traditional records to complement modern instrument methods.
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1 Introduction

Modern Earth system instrumentation and recordkeeping began in the late 1800s, with
the Metre Convention in Paris on May 20, 1875 that established a standardized set of
international weights and measures (Ortiz and Jackson, 2022). The 1700s and 1800s were
crucial for European naturalists and emerging paleoclimatologists as they characterized the
ice ages, evolution, and speciation (Stone, 1913; Hankins, 2015). Instruments to directly
measure atmospheric gases, plant respiration, light refraction, and many other dynamics began
to emerge, as scientists tracked precipitation, temperature, circulation, vegetation ranges, and
animal movement utilizing standardized methodology (Edwards, 2011).

Today, as forecasting the range of potential climate extremes becomes critical, scientists
must understand both the baselines and boundaries of physical and ecological dynamics. In
many cases, long-term historical data is required as inputs to predictive models for forecasting
climate change. For example, over 300 years of regional ecological data may be required to
characterize critical global Earth system tipping points (Lenton et al., 2019), and ongoing
system dynamics (Lenton et al., 2024; Miner et al., 2024), informing models on topics as
diverse as regional temperature trends, sea level rise impacts, and glacier retreat timing. To
forecast these physical dynamics, baselining data that predate the 19th-century scientific
instrumentation revolution are required.

To date, the scientific community has often relied on global paleoclimate proxies including
ice cores, tree rings, and isotopes as historical inputs for climate and ecosystem models (Winski
etal., 2017; Christensen, 1993; Putnam et al., 2016). While these paleoclimate datasets store
critical information, multi-decadal trends are often the easiest to derive. For example, while
glacial ice cores may provide information about a particular glacier in addition to larger
regional snowfall and temperature trends, larger-scale trends over multiple years in the global
climate are most pronounced. Many proxies do not provide seasonal data, particularly for
specific regions of interest, and there are substantial complexities in preserving and analyzing
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the records (Putnam et al., 2016; Pelletier et al., 2019; Birkel et al.,
2011; Gajurel et al., 2020; Huhtamaa and Helama, 2017; Ungar
etal., 2021).

Further, while the diversity of data available from modern satellite,
airborne, drone, and in-situ measurements continues to grow (Bartsch
et al., 2023; Schimel and Schneider, 2019), these data cannot capture
changes predating the technological instrument expansion of the
1950’ (Miner et al., 2023). This dearth of information for baselining
Earth system dynamics past the mid 1900’ increases uncertainty in
forecasting the impacts of climate change.

As ecosystem baselines shift on even regional and seasonal scales
(Lenton et al,, 2019; Turner et al., 2020), there is increased urgency to
fill the gaps between modern records and lower-resolution
with
non-traditional data that spans centuries could support a greater

paleoclimate data. Expanding Earth system records
understanding of current environmental change (Turner et al., 20205
Keeley, 2002). Therefore, data that can supplement and extend the
instrument records past the last few centuries are necessary to support
climate change planning.

Though not typically regarded as scientific data, non-traditional
climate data including oral histories, personal written accounts, and
art may inadvertently or directly record key aspects of long-term
climate dynamics. From sea ice boundary observations to the
seasonality of vernal flowering, pre-industrial lore and art documented
weather, climate, and animal movement. Records of seafarers, land
trade routes, crop surpluses and failures, and fishing hauls proliferate
across cultures (Table 1; Figure 1). Though our understanding of the
drivers of natural change has evolved, important data may underlie
oral tradition and historical records.

While these records are often considered more a part of cultural
than scientific tradition, folk or non-traditional data that predate
modern scientific methods may be able to extend the current climate
and ecosystem records through specific and careful application
(Canavera, 2021; Bartlett et al., 2012; Canavera, 2023). For example,
while traditional climate proxies tell us that our current rate of
atmospheric warming is the most rapid in planetary history (Winski
etal, 2017; Santibanez et al., 2018), could non-traditional data help us
validate or falsify assumptions, point us toward additional key
research areas, or fill knowledge gaps?

Observations from British ship logs have already filled gaps in the
Indian Ocean record for sea surface temperatures (Ingold, 2010). Style
and color changes in Monet and Turner’s paintings have been used to
infer trends in air pollution during the Industrial Revolution (Martin
and Barboza, 2020). Glacier landscapes in paintings have been used
to extend photographic records of long-term glacier retreat (Lacina
and Halas, 2015; Winiger et al.,, 2019). Despite these successes,
non-traditional climate data have not been applied to many critical
climate change questions due to the challenges in confirming the
authenticity and accuracy of the records. For example, it may
be difficult to ascertain the influence of key artistic choices or elements
driven by imagination or cultural expectations. As a result, the applied
uses of oral, written and artistic records may be often overlooked.

This review is a first effort to identify and catalog a wide range of
non-traditional climate and ecosystem data from diverse sources that
could be applied to extend the instrument record or pre-screen
modern remote sensing retrievals. The compiled records span fine art
(Lacina and Halas, 2015; McLoughlin, 1999; Farag-Miller et al., 2013;
Metzger, 2020; Sillasoo, 2014; Rees, 2008; Rudolph, 1966; Ingold,
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2010), shipping manifests (Christensen, 1993; D’Alto, 2007; Garcia-
Herrera et al., 2018; Catchpole and Faurer, 1985; Teillet, 1988), oral
and written compendia, species movement records (Stone, 1913;
Stejneger, 1905; Arnott, 2007; Linglin et al., 2020; Reeb et al., 2020;
Martin et al., 2018; Martin and Barboza, 2020), and trade reports
(Sahrhage and Lundbeck, 1992; Wilcox, 1982; Jurabek, 2022). While
not geographically or temporally comprehensive, the non-traditional
data reviewed here offer a perspective of the possible climate
applications in specific regions. We highlight these records as an
example of diverse non-traditional data that could be useful in
establishing regional ecological and climate baselines that predate
instrument records (Miner et al., 2023).

While each non-traditional dataset will need to be assessed
individually for utility and cross-checked for accuracy, any
opportunity to extend the climate record cannot be overlooked. If
historical non-traditional data sources can provide an additional index
for climate change, the observations and stories of diverse naturalists,
healers, artists, historians and explorers across the globe could
supplement modern observations.

2 A review of non-traditional climate
records

2.1 Ship logs

Starting with the Voyages of Discovery in the 1500s and
transitioning into global commerce in the 1600s, European merchant
and naval vessels regularly recorded weather information, including
precipitation, atmospheric conditions, sea ice extent, and sea surface
temperature (D’Alto, 2007). These records contain numerous
observations across the global oceans and are of great potential value.
To that end, several international projects, such as the Climatological
Database for the World’s Oceans (CLIWOC) and the Recovery of
Logbooks and International Marine Data (RECLAIM), have digitized
thousands of shipboard logbooks. Most of these records are now
stored in the International Comprehensive Ocean-Atmosphere Data
Set (ICOADS), providing surface marine data from as early as 1,662
(Garcia-Herrera et al.,, 2018; Brohan et al., 2009). Together, these
programs extracted millions of observations on sea surface
temperature, sea level pressure, wind force, atmospheric circulation
indices, and weather conditions (Garcia-Herrera et al., 2018; Brohan
etal., 2009; Woodruff et al., 2005). The application of these logbooks
has so far included reconstructions of sea ice conditions in the Arctic
(Catchpole and Faurer, 1985; Teillet, 1988), understanding baseline ice
and snow cover thickness in the Antarctic (Worby et al., 2008), and
knowledge of historical hurricanes and monsoons (Garcia-Herrera
et al., 2018; Zooniverse, n.d.).

However, investigations have also revealed data inconsistencies due
to variations in observational methods across time and between ships
(Woodruff et al., 2005). Early ship observations primarily consisted of
subjective meteorological descriptions. The Beaufort wind scale was not
commonly used until the 1840s, and instrumental data did not become
widespread until barometer and thermometer reporting practices were
standardized in 1853 (Woodruff et al., 2005). As a result, digitizing
subjective records remains extremely labor-intensive, in some cases
requiring the support of citizen science, (Zooniverse, n.d.) or can
require expertise in deciphering archaic terminology across numerous
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TABLE 1 Non-traditional climate data cataloged for this review.

Dataset

Potential data applicability

to climate science

Source

10.3389/fcomm.2025.1518768

Long-term temperature and vegetation

Written records (Stone, 1913; Garcia-

Seasonal variability to inform predictive

models

Lundbeck, 1992; Wilcox, 1982; Aono,
2015; Carroll, 1981)

Species Migration changes; Historic migration trends; Herrera et al., 2018; Catchpole and Global
Informing predictive models Faurer, 1985; Teillet, 1988)
Written records, Woodcrafts, derelict
Long-term temperature changes; ships, and household items
Vegetation Range change Historic vegetation extent and location; (Christensen, 1993; Martin and Barboza, | Global
Informing predictive models 2020; Ossing and Brauer, 2006; Gapp,
2021; Butzer and Butzer, 1997)
El Nino or La Nina trends; Atmospheric
Ship logs, Traditional Knowledge (Rees,
circulation patterns; Ocean level
2008; Rudolph, 1966; Sahrhage and
Ocean dynamics response to climate; Weather trends; Global

Temperature trends; Seasonal variability;

Written records (Stejneger, 1905;

Historical coverage and extent of

vegetation, ice, or water

2020; Sillasoo, 2014; Brohan et al., 2009;

Zooniverse, n.d.)

Flowering Vegetation Vegetation response to global climactic Robinson, 2005; Albright and Huybers, Europe and Asia
changes 2023)
Precipitation trends; Temperature Landscape paintings (Winiger et al.,
impacts to landscape cover; Landcover 2019; Turner et al., 2020; McLoughlin,

Landcover changes to inform predictive models; 1999; Farag-Miller et al., 2013; Metzger, Europe and Asia

Land and Sea ice extent, type, density

Air and Sea Surface Temperature; Ocean
circulation trends; Informing predictive

models on ice extent and recession

Landscape paintings, Ship Logs,
Traditional Knowledge (Canavera, 2021;
Keeley, 2002; Ingold, 2010; D'Alto, 2007;
Jurabek, 2022; Woodruff et al., 2005;
Zooniverse, n.d.; Harden, 2022)

Europe and Asia

Air particulate density

Aerosol concentration; Historical
atmospheric circulation trends;

Historical precipitation trends

Impressionist paintings (Keeley, 2002;
Worby et al., 2008)

Europe

Rise and Fall of Empires

Historical temperature trends; Historical
precipitation trends; Agricultural and

vegetation changes

Written and oral records, archeological
records including agriculture and
subsequent cultural expansion (Putnam
etal, 2016; Izzo et al., 2016; Feinberg
et al., 2003; Harden, 2022; Erlandson
and Rick, 2010; Douglas et al., 2015)

e.g. Maya, Chinese, Roman, Viking

Historical temperature trends; Historical

precipitation trends; Seasonal variability;

Written and oral records, including from

the Little Ice Age, droughts, or periods

to global climactic changes

Arnott, 2007; Linglin et al., 20205
Eliasson and Nilsson, 2002)

Crop change or failure of extreme weather (Huhtamaa and Global
Vegetation response to global climactic
Helama, 2017; Patterson et al., 2010;
changes
Ebert et al., 2017)
Sea surface temperature trends; Ocean
species diversity; Physical ocean Port records, Archeological Records
Fish type and location Hauls dynamic trends; Informing predictive (Reeb et al., 2020; Martin et al., 2018; Global
models on sea level rise and coastal Hill, 1992; Eliasson and Nilsson, 2002)
extent
Written, Paleontological and
Temperature trends; Vegetation response | archeological records (Teillet, 1988;
Animal size Global
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TABLE 1 (Continued)

Dataset Source

Potential data applicability

to climate science

Historical temperature trends; Historical | Written and paintings (Bartlett et al.,
Reservoir Capacity precipitation trends; Historical 2012; Izzo et al., 2016; Douglas et al., Global
agricultural trends 2015; Patterson et al., 2010)
The data listed by type, followed by possible scientific applicability, sources, and region.
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FIGURE 1
Non-traditional climate data records are found in the oral and written traditions of cultures worldwide. This map marks the locations of the records
listed throughout this manuscript.

languages. Despite these limitations, ship logbooks have already
provided critical observations that predate modern ocean observations.
With extensive collections of logbooks still unprocessed, future efforts
will continue to expand the range and usefulness of this climate record.

2.2 Landscape paintings

Landscape paintings can also provide snapshots of the natural
world before modern instrumental records, and recent analysis has
illustrated their utility in reconstructing past environments (Lacina
and Halas, 2015; Farag-Miller et al., 2013; Metzger, 2020). Many
paintings, especially from artists with topographical landscape
training, may display consistent and accurate observations of surface
conditions, vegetation, species, and habitat (Lacina and Halas, 2015;
McLoughlin, 1999; Farag-Miller et al., 2013).

Researchers have identified reliable representations of cloud
formation, weather conditions, atmospheric phenomena, land cover

Frontiers in Communication

and ice extent which can be used to draw inferences about long-term
change and seasonal trends (Ossing and Brauer, 2006; Robinson,
2005). For example, impressionist paintings in London and Paris over
the 19th century accurately captured changes to the optical
environment due to anthropogenic aerosol emissions, recently
providing evidence for historical trends in air pollution before
quantitative measurements (Albright and Huybers, 2023). In another
example, the color of snow, ice, and watercolor in polar paintings may
reveal information about glaciers’ reflectance and health (Gapp,
2021). Yet, analyses also indicate that some paintings do not depict
the landscape entirely faithfully (Ossing and Brauer, 2006),
overrepresent certain climatic conditions (Metzger, 2020), or
romanticize natural features like fjords and glaciers (Gapp, 2021). The
artist’s subjective interpretation or depiction of the scene may also
influence the painting’s color, shape, or state, reflecting a stylistic
interpretation rather than a direct copy of the landscape at the time
of capture. Although more work is needed to assess how art can
inform quantitative science, paintings and other art forms may
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provide critical insights into ecosystems, land use, and ecosystem
change through the centuries.

2.3 Business and personal records

Archival records and oral knowledge may also have considerable
scientific value. For example, observations from old diaries of residents
and colonists have been used to characterize the vegetation and
landscape of the Mexican Bajio in the 16th century (Butzer and Butzer,
1997; Hill, 1992), to track the first arrivals of migrating birds (Stone,
19135 Stejneger, 1905; Arnott, 2007), and to reconstruct changes in
spring mean temperatures using phenological data deduced from
cherry blossom records and viewing parties in Japan (Aono, 2015).

Many historical accounts could also provide continuous
environmental records over decades to centuries. For instance, the
high demand for timber for shipbuilding worldwide in the 1500-
1900s led to detailed national records and surveys of trees, records
which could be used to assess ecological forest changes (Carroll, 1981;
Eliasson and Nilsson, 2002). Similarly, centuries of fishery catch data
could provide insights into fish population abundances or shifts in
aquatic ecosystems (Wilcox, 1982; 1zzo et al., 2016). Beyond these
written sources, ethical incorporation of Indigenous community
knowledge provides a baseline for understanding regional ecosystems
across scales (Feinberg et al., 2003; Harden, 2022).

2.4 Archeology and paleoclimatology
proxies

Finally, archeological and paleoclimate studies are critical in
understanding ancient ecosystem structure, human history, and
responses to environmental change. For example, archeological
research on prehistoric coastal settlements has provided
evidence of anthropogenic influence on marine ecosystems,
improving the accuracy of baselines for fisheries management
(Izzo et al., 2016; Erlandson and Rick, 2010). Historical trends
in crop cultivation and forestry could be supplemented with
studies of tree ring density to determine weather and climate
controls on growth at hyper-local scales (Christensen, 1993;
Huhtamaa and Helama, 2017).

Paleoclimate methods provide excellent proxy data for
precipitation, water availability, humidity, and seasonal
temperatures (Putnam et al., 2016; Douglas et al., 2015; Oh, 2013;
Patterson et al., 2010). Combined with historical documentation,
these data can reveal vital insights into the impact of the climate
on ancient societies. Studies have shown that during wet phases,
the Maya experienced rapid growth, while multi-decadal droughts
corresponded with social instability, depopulation, and collapse
(Douglas et al., 2015; Oh, 2013; Ebert et al., 2017; Scarborough
and Gallopin, 1991). Similarly, the failure of Norse colonies and
Northern European communities often coincided with a
prolonged period of low temperatures (Huhtamaa and Helama,
2017; Patterson et al., 2010; Worth, 1990; Guarin et al., 2020;
Osmaston, 1985), or sea level rise (Borreggine et al., 2023), and
the Mongol Empire’s expansion followed the spread of steppe
grassland after the wet conditions of the Little Ice Age (Putnam

et al., 2016).
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Adding relevant non-traditional data to modern instrumental
records could considerably expand the baseline of documented
climate conditions or provide an index for identifying hyper-local
changes. To continue to expand the breadth of records available,
identifying potential non-traditional records and integrating them
with modern tools will prove essential.

3 Next steps for utilizing non
traditional data

To forecast the impacts of climate change, we must fully
understand the recent and distant history of physical and
ecosystem processes. Reconstructing the climate signal at
spatiotemporal scales between the paleo record and modern
instrument science has been an ongoing challenge, increasing
uncertainty. It is possible that with the careful application of
non-traditional data records, key information could be extracted
to reconstruct past climate and provide context for
contemporary observations.

To successfully apply these non-traditional data, it will be critical
to develop methodologies for standardizing and scaling records across
regions and observers. For example, using industrial fish haul records
together with seasonal fishing lore could help illuminate the ecosystem
dynamics of a specific place and time. In some cases, these records
may reflect the cultural traditions or colonialism of a specific time and
must be taken within the context of a greater historical perspective. In
this regard, pre-colonial written or oral records from many cultures
could be compiled through additional effort within specific
local archives.

A methodology incorporating cross-verification could strengthen
the applicability of non-traditional data and help identify patterns of
bias or subjectivity, using stories and measurements from one
discipline to understand the veracity of another. To accomplish this,
diverse non-traditional data from the same region could be applied to
research questions, informing the context and characterizing data
gaps. Similar normalizing techniques for standardizing non-traditional
data have been used for specific use cases (Martin and Barboza, 20205
Robinson, 2005; Albright and Huybers, 2023; Erlandson and Rick,
2010) and could be applied more broadly.

The use of artificial intelligence and image extraction tools would
also be of specific benefit when characterizing both the availability and
content of non-traditional data. Applying AI tools would allow the
extraction of content from paintings and records recorded as copies
or images. While citizen science projects have successfully
implemented volunteers to identify difficult to read data including sea
records of monsoons and fish hauls (Zooniverse, n.d.), identifying
gaps and trends across the resulting large datasets is an ideal
application for AI (Gay et al., 2023). As AI becomes increasingly
useful for interpreting large datasets, the most modern tools help us
understand records from the distant past.

Folklore endures. Though records have been lost to fires, plagues,
violence, and colonization, many stories passed down through
generations persist. Non-traditional data could fill gaps in
understanding biodiversity and landcover change, provide a longer
record to strengthen model projections, and baseline changing
ecosystems (Lenton et al., 2019; Heinze et al., 2021). In this time of
unprecedented environmental change, it is more important than ever
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to elevate and utilize all the ways of knowing and understanding the
Earth, allowing the distant past to help us prepare for the future.
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