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Abstract The Northeastern Tibetan Plateau (NETP) is an important region influenced
by the interaction between the Asian monsoon and the Westerlies. Diverse
paleoclimate archives, including sedimentary profiles, ice cores, tree rings, surface
soils, and meteorological stations, record environmental changes across multiple
temporal scales. However, differences in temporal resolution, chronological depth,
and proxy sensitivity make direct comparisons among these archives difficult. We
present a paleoclimate database for the NETP that integrates these records within a
unified framework. The database includes 147 sedimentary profiles, 456 surface soil
samples, 23 tree ring width index (RWI) chronologies, 5 ice core records, and data
from 73 meteorological stations. The records were standardized using consistent
chronological processing and proxy normalization methods to improve cross archive

comparability. The database shows internal consistency among regional proxy records.

The dataset combines the long term continuity of sedimentary profiles with the
high-resolution climate signals preserved in tree rings and ice cores. In addition,
integrating surface soil proxies with meteorological observations provides a modern
calibration framework for evaluating proxy responses to temperature, precipitation,
and elevation gradients. By linking geological archives with instrumental observations
across multiple timescales, the dataset supports regional paleoclimate reconstruction
and environmental change research in the NETP. The Integrated Multi-proxy
Paleoclimate Database for the Northeastern Tibetan Plateau is available at
https://doi.org/10.17632/cp7kfinb94.1 (Li, 2026)

1 Introduction

Quantitative reconstruction of past climate change relies on a variety of
paleoclimate proxies archived in diverse natural records, including ice cores, tree
rings, sedimentary sequences, surface soils, and modern meteorological observations.
These archives provide climatic information ranging from interannual to
multi-millennial scales, enabling comprehensive analyses of climate variability across
multiple temporal dimensions. With the continuous accumulation of observational
data, the integrated application of multi-proxy indicators combining multiple proxies
is now a key focus in paleoclimate research. However, proxies form and respond
differently to the environment, resulting in varying temporal resolutions, climatic
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meanings, and uncertainties. These differences limit dataset comparability and make
integration difficult. This issue is especially prominent in regional studies involving
complex environments.

As the highest plateau on Earth, the Tibetan Plateau (TP) is recognized as the
"Third Pole" and an "amplifier of global climate change" (Pan et al., 1995; Wu et al.,
2005; Qiu, 2008; Liu et al., 2009a)The Northeastern Tibetan Plateau (NETP)
encompasses key geographical units, including the Qilian Mountains, the Qaidam
Basin, the Hexi Corridor, and the Lanzhou section of the upper Yellow River. Notably,
this region forms a critical intersection between the Asian monsoon and the Westerly
jet stream. Such a unique climatic position provides distinct advantages for recording
paleoclimatic evolution (Long et al., 2025; Li et al., 2025; Wang et al., 2026).
Extensive research has established the NETP as one of the most mature regions
globally for paleoclimate studies since the Last Glacial Maximum (LGM). It hosts the
richest variety of proxy types in the global mid to high latitudes, including surface
soils (Wang et al., 2017; Chen et al., 2020; Zan et al., 2022; Li and Peng, 2023),
sedimentary profiles (Gasse et al., 1991; Liu et al., 2014; Wiinnemann et al., 2010;
Herzschuh et al., 2011; Kasper et al., 2012; Bird et al., 2014; Doberschutz et al., 2014;
Hou et al., 2017a, 2017b; Conroy et al., 2017;), tree rings (Yang et al., 2012; Gou et
al., 2013; He et al., 2013; Qie et al., 2022), and ice cores (Thompson et al., 1997; Yao
et al., 1997). This dense network helps track spatial and temporal changes of climate
elements.

Despite this data wealth, integrating these diverse carriers remains challenging.
Meteorological stations provide high-precision modern records; tree rings offer clear
interannual resolution; ice cores record long-sequence climatic information; and
stratigraphic profiles provide continuous paleoenvironmental sequences over
multi-millennial scales. These differences in spatio-temporal resolution make direct
comparisons difficult. Also, differing proxy responses add to this complexity. For
instance, early Holocene lacustrine carbonate 8'®0 records from Lake Qinghai are
typically interpreted as indicating increased effective moisture and a strengthened
summer monsoon (Lister et al., 1991; Liu et al., 2007; An et al., 2012). However,
lake-level proxies and paleoshoreline evidence from the same lake indicate a
relatively dry climate during this period (Zhang et al., 1994; Liu et al., 2013; Wang et
al., 2014; Liu et al., 2015). Holocene temperature variations also exhibit discrepancies
between pollen-inferred early to mid Holocene warming (Tang et al., 1999, 2000,
2009; Herzschuh et al., 2006; Shen et al., 2008; Lu et al., 2011; Ma et al., 2014) and
the mid Holocene cooling phase recorded by the Guliya ice core §'*0 (Thompson et
al., 1997). To address these limitations,this study constructs a regional multi-proxy
paleoclimate database for the NETP. By systematically integrating sedimentary
profiles, surface soils, tree rings, ice cores, and meteorological observations, the
database integrating these records unifies the diverse data sources. All sedimentary
records were converted into a unified chronological sequence using age-depth models
and interpolated to a consistent temporal resolution. Subsequently, Z-score
normalization was applied to proxy indicators to eliminate dimensional effects. This
framework allows for cross-proxy comparisons and quantitative analysis, and
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provides constraints for climate model validation.

2 Study region
The study region is located on the Northeastern Tibetan Plateau (98.0°-103.5°E,
32.7°-38.2°N), situated in the transition zone between China's first and second
topographic steps, encompassing typical geographical units such as the Qaidam Basin,
the Hexi Corridor, the Lanzhou section of the upper Yellow River, and the Qilian
Mountains (Fig. 1). Regional elevation generally ranges between 2 and 4 km and
gradually rises from the basins and corridor areas to over 5000 m in the mountains,
forming a significant vertical altitudinal gradient. The complex terrain causes high
spatial variation in sedimentary and hydrological systems. It also creates gaps in the
climate records in the paleoclimatic information recorded by various carriers. The
NETP is jointly influenced by the East Asian Summer Monsoon (EASM), the Indian
Summer Monsoon (ISM), and the Westerly circulation, making it extremely sensitive
to global changes (Ding and Wang, 2005; Schiemann et al., 2009; Chen et al., 2020;
Huang et al.,, 2020; Li et al.,, 2022). Since the Late Glacial, the interplay and
fluctuation of these different circulation systems have resulted in strong
spatio-temporal asymmetry in regional hydrothermal configurations. This increases
the uncertainty of single-proxy reconstructions and complicates data integration
across different terrains.
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Figure 1. Spatial distribution of multi-proxy climate records in theNortheastern
Tibetan Plateau. (a) Extent and geographical units of the Northeastern Tibetan Plateau
(NETP); (b-f) spatial distribution of meteorological stations, surface soils, ice cores,
tree rings, and sedimentary profiles integrated in this database.

e ice core

3 Data compilation and processing
3.1 Data compilation

This study integrates five categories of data: sedimentary profiles, surface soil
samples, tree ring records, ice core records, and meteorological stations (Tab. 1). This
database covers timescales from modern observations to millennia and includes
various physical and geochemical proxies. Sedimentary profile data were acquired
through systematic literature searches across databases including Web of Science,
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Elsevier, CNKI, and Google Scholar, with studies containing original chronological
information specifically selected. A total of 147 profiles were integrated, including
metadata such as location, elevation, depth, and dating materials. This yielded a
compilation of 1,006 chronological data points and multi-proxy sequences, including
grain size, total organic carbon (TOC), magnetic susceptibility, C/N, §!3C, §'®0, as
well as carbonates, silicates, and Rb/Sr ratios. Surface soil data were derived from
field sampling and laboratory analysis, comprising 456 samples with location and
elevation information, providing records of grain size, C/N ratios, and 289 carbon and
oxygen stable isotope values. tree ring data were obtained from the NOAA database,
consisting of 23 tree ring width index (RWI) chronologies, along with information on
tree species and their distributions. Ice core data integrate five records from Dunde,
Malan, Tanggula, Muztagh, and Laohugou, sourced from the NOAA, China Tibetan
Plateau Data Center (TPDC) and published literature, providing 8'®0 sequences and
selected ionic proxies. Meteorological observation data were sourced from NOAA,
containing temperature and precipitation records from 73 stations for the period
1973-2025.

Temporal .
Proxy Number . Elevation
coverage Spatial coverage Parameters
type  of records (CE) range (m)

2.20-39.00°N.
Station 73 1973-2025 32.20-39.00°N 609-4877 MAT, MAP
85.60-105.00°E

grain size, 5"3Corg,

Surfac 456 36.17-41.35°N.  1037-415 3'%0, C/N,
e soil 94.3-103.64°E 8 temperature ,
precipitation
I 33.11-39.43°N.  5049-575  &"0, C204*, SO+*
c 5 520-2010 el
core 87.179-96.57°E 0 Ca?
Tree 32.66-38.57°N.  1050-432
. 23 -336-2020 RWI
ring 95.72-108.90°E 4
grain size, TOC,
magnetic
32.33-41.89°N. susceptibility, C/N,
Profile 147 -28050-2025 892-5133
94.00-104.00°E 83C, 80, OM,,

CaCO:s , carbonates,
silicates , Rb/Sr

Table 1. Dataset Overview

3.2 Data processing
3.2.1 Processing of sedimentary records

This study compiled 1,006 published dating records to establish temporal
frameworks for the sedimentary profiles. Radiocarbon dates were calibrated to
calendar ages using the IntCal20 calibration curve. The median probability age was
used as the chronological control point. For optically stimulated luminescence (OSL)
records, the original text data were cleaned to extract representative age values. To
reduce the influence of possible depositional disturbance, age inversions were
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identified and excluded before further processing. All original dating information and
uncertainties were preserved in the released database. The retained dating points were
used to establish approximate age-depth relationships for each profile. Simple fitted
relationships, including linear and low-order polynomial functions, were applied to
support temporal interpolation and alignment among different records. Because the
compiled profiles contain different dating methods and uneven chronological
resolution, the fitted relationships were intended to provide generalized temporal
support rather than high-precision chronologies. The fitted results do not replace the
original dating data, which remain fully available in the released database. To support
comparisons among different profiles, all proxy records were converted from the
depth domain to the time domain. Each sequence was resampled at 50-year intervals
to achieve a uniform temporal resolution. The corresponding depths for target ages
were calculated using the fitted age-depth relationships. Proxy values were then
obtained through linear interpolation. This procedure generated evenly spaced time
series for subsequent regional analyses. A total of 45 profiles with relatively complete
records and continuous proxy data were selected for integrated analysis. Each proxy
sequence was standardized independently using Z-score normalization based on its
own mean and standard deviation (Fig. 2). Ensemble statistics were then calculated
for the standardized records at the same time intervals, including regional means and
standard deviations. These results were used to describe overall environmental
variability and data dispersion across the study region.
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Figure 2. Standardized proxy time series from sedimentary records
3.2.2 Processing of surface soil dataset
Surface soil data in this study were collected from 456 sampling sites across
various altitudinal and environmental gradients to ensure regional representativeness.
All samples were processed and analyzed at the Key Laboratory of Western China’s
Environmental Systems (Ministry of Education), Lanzhou University. Grain size
analysis was performed using a Malvern Mastersizer 2000 laser diffraction particle
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size analyzer, with a measurement range of 0.02-2000 pm and a repetitive error
restricted to within 3%. The Carbon to Nitrogen (C/N) ratio was calculated by
measuring organic carbon (OC) and total nitrogen (TN) contents via an elemental
analyzer. Stable carbon and oxygen isotopic compositions were determined using an
isotope ratio mass spectrometer (IRMS), with §'3Co and 8'®0 values calibrated
against the Vienna Pee Dee Belemnite (VPDB) and Vienna Standard Mean Ocean
Water (VSMOW) standards, respectively. Additionally, the corresponding Mean
Annual Temperature (MAT) and Mean Annual Precipitation (MAP) for each sampling
site were obtained through spatial matching.
3.2.3 Processing of ice core records

This study integrated five ice core records from Dunde, Malan, Tanggula,
Muztagh, and Laohugou, sourced from the National Oceanic and Atmospheric
Administration (NOAA) and published literature. Significant variations exist in the
temporal coverage and resolution among these records; the Dunde ice core provides
the longest temporal span but with a decadal raw resolution, whereas the Tanggula
and Muztagh cores consist of annual-resolution data. Records for the Malan and
Laohugou cores were derived from published studies. For sequences sourced from
literature with inconsistent resolutions, linear interpolation was applied to unify the
data to an annual scale. The processed ice core data preserve their original variation
patterns under a unified temporal scale.
3.2.4 Processing of tree ring and instrumental data

Tree ring data were retrieved from the NOAA public database, consisting of tree
ring width index (RWI) chronologies within the study area at an annual resolution.
The RWI sequences used in this study were the standardized products provided by the
database, and no additional processing was performed. Meteorological observation
data were likewise obtained from NOAA, encompassing daily temperature and
precipitation records from 73 stations in the study area from 1973 to 2025. The
original units were converted from Fahrenheit and inches to Celsius and millimeters,
respectively, to ensure data consistency and comparability. Daily observations were
aggregated into annual sequences.

4 Results and discussions
4.1 Proxy relationships

Sedimentary profiles provide continuous, multi-proxy records for reconstructing
paleoclimates. (Chen et al., 2020). Organic geochemical proxies and
micro-biomarkers in lacustrine sediments can reconstruct the evolution of regional
ecosystem productivity, large oscillations in summer temperatures, and the
temperature-driven drying processes in inland basins (Hou et al., 2016; Wu et al.,
2020). Physical characteristics in aeolian and loess strata are vital indicators for
tracking dust transport dynamics, the intensity evolution of the East Asian winter
monsoon, and the history of regional aeolian desertification (Lehmkuhl et al., 2014;
Li and Morrill, 2015; Hu et al., 2017, 2018).

Correlation analysis (Fig. 3) based on profile data with multi-proxy records
demonstrates the statistical relationships among different proxy indicators and their
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associations with geographical factors. Correlation strengths vary, showing
inconsistent links between proxies. Among geographical factors, elevation exhibits
relatively strong negative correlations with both latitude and longitude, with the
corresponding scatter distributions showing an overall downward trend; however, the
point distributions still possess a certain degree of dispersion and do not present a
strictly linear relationship. 8'%0 exhibits a significant negative correlation with grain
size. Furthermore, 8'*0 shows significant positive correlations with TOC and C/N,
characterized by relatively concentrated scatter distributions. Magnetic susceptibility
(MS) presents relatively significant negative correlations with 8*C, §'*0O, longitude,
and latitude, with its scatter distributions being relatively dispersed. In contrast, 'O,
TOC, and C/N exhibit weak correlations with environmental factors, including
elevation, longitude, and latitude.
Grain Size TOC MS C/N 8C 8'%0 Lat Lon Elevation
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Figure 3. Correlation among proxy variables and geographic factors. (Note: MS
denotes magnetic susceptibility.)

4.2 Temporal characteristics

Ice cores provide strong sedimentary continuity, high dating precision, and the
coexistence of multiple proxy indicators, constitute crucial data for multi-timescale
environmental reconstructions on the Tibetan Plateau (Cheng, 2026). 6'®0 tracks the
regional water cycle and helps delineate the boundary of influence between the Asian
summer monsoon and the Westerlies (Tian et al., 2001; Wang et al., 2006). Pollen
assemblages and specific chemical microparticles preserved in ice cores show past
regional vegetation changes and surface material emissions (Liu et al., 1998; Cui et al.,
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2011a; Cui et al., 2011b). As shown in Fig. 4, the five ice core sequences (Dunde,
Malan, Muztagh, Tanggula, and Laohugou) integrated in this dataset can be classified
based on their temporal coverage. Dunde and Malan represent long timescale records;
Muztagh and Tanggula provide centennial scale observations; while Laohugou serves
as a high-resolution, 46-year short sequence. Across all records, Large '®0 variations
across all records indicate strong climate fluctuations. The long-timescale cores
distinctly capture historical cold phases likely corresponding to the Little Ice Age
(LIA). The Dunde ice core exhibits pronounced 6'*0 depletion during the 14th and
17th centuries. The Malan sequence records a more severe cooling episode, with
values plunging to an absolute minimum of -18.3 in the 1790s. The Malan record also
displays the widest isotopic range (-18.3 to -7.9), reflecting extreme climate
fluctuations. In the 20th century, the records show different trends. The Malan
sequence exhibits a continuous, long-term warming trajectory from 1900 to 1994. The
Dunde record peaked in the 1940s before experiencing a reversal in the 1960s and
1970s. This mid to late 20th-century cooling phase is concurrently recorded as distinct
low-value troughs in both the Muztagh and Tanggula centennial sequences between
the 1950s and 1970s. In recent decades, multiple cores indicate an intensified
warming signal, marked by positive §'*0 anomalies in the Muztagh and Tanggula
records during the early 2000s. The short Laohugou sequence captures
extremeenvironmental events. Its C204* concentrations generally remained at low
background levels, but showed sudden spikes in 1982, 1987, and 2004. These peaks
suggest sudden environmental events.
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Figure 4. Multi-timescale ice core proxy records. (a) Long timescale Dunde and
Malan ice cores; (b-c) medium timescale Tanggula and Muztagh ice cores; (d-g) short
timescale Laohugou ice core.

Tree rings provide precise interannual resolution and are highly sensitive to
environmental changes. This makes them key proxies for reconstructing the climate of
the Northeastern Tibetan Plateau over the past millennium. (Hou et al., 1999).
However, the response relationship between radial tree growth and climatic elements
is not singular. It is driven by interactions between climate and species-specific traits.

Open Access

Earth System
Science

Data

suoIssnoasiq



https://doi.org/10.5194/essd-2026-373
Preprint. Discussion started: 14 July 2026
(© Author(s) 2026. CC BY 4.0 License.

272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298

Even within the same type of habitat, the climate signals captured by different tree
species exhibit significant differences: for instance, in the eastern Qilian Mountains,
the ring width of Qilian juniper primarily responds to temperature fluctuations,
whereas Qinghai spruce is more sensitive to precipitation changes (Zhan et al., 2019).
Furthermore, the climate response patterns of the same tree species diverge across
different altitudinal and latitudinal gradients (Liang et al., 2010; Yang et al., 2013).
This sensitivity rule has allowed tree ring width to be widely and successfully applied
in reconstructing regional large-scale precipitation fluctuations (Gou et al., 2013; He
et al., 2013), historical runoff inversion (Liu et al., 2009b; Yang et al., 2012), and the
precise identification of extreme flood events (Qie et al., 2022). This dataset includes
23 high quality RWI chronologies to capture these complex responses (Fig. 5). High
altitude Qilian juniper sequences provide long and stable climate signals. Low altitude
Chinese pine sequences are highly sensitive to abrupt local environmental changes.
Under a unified annual resolution framework, Qilian juniper sampling sites
distributed in high-altitude regions generally possess ultra-long temporal coverages
ranging from hundreds to thousands of years, which is attributed to the extreme
natural longevity of this species (Yang et al., 2014; Zhang et al., 2014; Yin et al.,
2016). High altitude Qilianshan juniper chronologies exhibit relatively stable radial
growth trajectories. Their RWI series demonstrate low-amplitude variance and
attenuated low-frequency fluctuations. Conversely, low altitude Chinese pine
sequences are characterized by pronounced interannual volatility, with their RWI
series displaying extreme positive and negative anomalies. Statistical evaluation
reveals that the variance amplitude of the pine chronologies is approximately three
times that of the juniper records. This indicates that low altitude forest ecosystems are
sensitive to short term, localized hydroclimatic extremes. In contrast, the dampened
variance of the high altitude juniper sequences more reliably captures long term, large
scale regional climate forcing.
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Figure 5. tree ring width index (RWI) chronologies across elevation gradients. (a-t)
RWI chronologies of Qilian juniper (Sabina przewalskii Kom.) from high-altitude
regions in the Northeastern Tibetan Plateau (NETP); (u-w) RWI chronologies of
Chinese pine (Pinus tabuliformis Carriére) from low-altitude regions in the NETP.
4.3 Modern observations and proxy context
Station records and surface soils form the modern baseline for this database. (Shi
et al., 2022). Comparing surface soil proxies with station data reveals how
sedimentary proxies respond to regional climate gradients. (Li and Peng, 2023; Wang
et al., 2017). In the monsoon marginal zone, the significant positive correlation
between surface soil magnetic characteristics and station-observed precipitation helps
delineate the boundaries between semi arid and arid climates (Zan et al., 2022). The
spatial heterogeneity of surface soil grain-size distributions clearly records the
interaction between modern weathering dynamics and local hydrological processes
(Chen et al., 2020). However, in extremely arid inland interiors, some soil proxies do
not match precipitation records, suggesting that non climatic factors must be fully
considered when interpreting proxy records in specific environments (Huo et al.,
2025). This calibration validates the proxies and provides a modern baseline to isolate
non-climatic noise for calibrating high-resolution records. (Li and Peng, 2023; Wang
et al., 2017). Surface soil data (Fig. 6) quantitatively characterize the statistical
relationship structure between proxy indicators and modern climatic variables and
topographic factors. From the regression results, the C/N ratio exhibits a significant
negative correlation with precipitation, a weak positive correlation with temperature,
and a weak correlation with elevation, indicating variations in its response intensity to
different climatic variables. Grain size displays consistent trends across three
dimensions: decreasing with increasing elevation, decreasing with increasing

10
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precipitation, and increasing with increasing temperature. '*C is negatively correlated
with precipitation, while exhibiting weak relationships with temperature and elevation;
the correlation of 3'*0 across all variable directions is generally low . Regarding
distribution characteristics, the sampling sites are primarily concentrated in two
high-density intervals—temperatures of 5-10 °C, precipitation of 50-150 mm, and
elevations of 1000-1500 m and 3000-3500 m—revealing a distinct spatial
stratification structure. In the scatter distributions, most data points cluster around the
regression trends, with a limited proportion of outliers, indicating the overall stability
of the statistical relationships.
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Figure 6 Surface soil proxy-environment relationships

Meteorological station data provide modern climate baselines (Fig. 7). The
stations are primarily distributed within the altitudinal range of 2600-3500 m, with
spatial coverage concentrated in the mid to high altitude zones. Z-score heatmaps
based on 200 m elevation bins and 3-year averages indicate that temperature was
dominated by negative anomalies during most periods, with the extent of positive
anomalies expanding significantly after 2015; during the same period, precipitation
also exhibited episodic characteristics of transitioning from negative to positive
anomalies. Different altitudinal zones displayed similar anomaly signs during the
same periods, although their intensities varied.

In the multi-archive comparison (Fig. 7_d), the Muztagata ice core 6'30 and tree
ring width indices (RWI) provide medium to long timescale information (1900-1980),
while the precipitation data recorded by stations cover the modern stage (1973-2025).
Since high original ice core §'80 values indicate arid environments, which physically
contrasts with the humid conditions indicated by high RWI and instrumental
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350  precipitation, the 8'80 sequence was uniformly multiplied by -1 to facilitate direct
351  comparison.After unifying the environmental indications, the overall variation trends
352 of the 6180 and RWI between 1900 and 1980 are similar, showing a downward trend
353 during 1913-1919 and 1961-1967, and an upward trend during 1967-1969. However,
354  these two paleoclimate sequences demonstrated pronounced opposite trends during
355  the 1920s and 1930s. Furthermore, a comparison of their fluctuation characteristics
356 reveals that the overall variations of the RWI generally lag the §'%0 sequence by
357  approximately 4 to 5 years.During the overlapping period with station precipitation
358  data (1973-1980), the RWI, 8'30, and station precipitation data maintained
359  consistency in their overall variation trends. This trend consistency during the
360  overlapping period establishes an effective temporal calibration, logically allowing
361  the variations of paleoclimate proxies to extend into modern instrumental records.
362 Beyond the splicing of time series, the sedimentary profile and topsoil (Fig. 3) further
363  perfect the continuous record of regional environmental evolution. On this basis, the
364  co-variation of multiple profile proxies within a unified temporal framework reflects
365  the integrated response of this record to multiple environmental factors.
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368 Figure 7. Modern observations and cross-archive continuity. (a) Histogram of station
369 distribution across elevation gradients; (b-c) Heatmaps showing the spatiotemporal
370  variations of station-observed temperature and precipitation across elevation and time;
371 (d) Comparison of multi-archive proxies including ice core, tree ring, and
372 meteorological stations, where the orange line represents the standardized (Z-score)
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multi-year precipitation observations from stations.
4.4 Challenges and future directions of paleoclimate research in the NETP

Integrating diverse records in the NETP is challenging due to inherent
differences in temporal resolution. Meteorological station data and tree rings provide
precise annual or sub-annual records. In contrast, ice cores and sedimentary profiles
generally reflect decadal to centennial variations. Furthermore, surface soil samples
primarily offer modern spatial baselines rather than continuous time series. Disparities
in chronological control methods across different archives further complicate
integration. Sedimentary profiles rely on radiocarbon (AMS '*C) and optically
stimulated luminescence (OSL) dating to establish age-depth models, tree ring
sequences provide absolute chronological constraints through cross-dating, and ice
core records are calibrated based on layer counting or numerical modeling. The
inherent differences in precision and uncertainty estimation among these methods
may lead to temporal offsets or inconsistencies across multiple sequences (Reimer et
al., 2020; Bronk Ramsey, 2009). At the proxy level, parameters such as 80, grain
size, and C/N ratios respond to hydrological processes and associated climatic
conditions; however, their numerical ranges and environmental sensitivities vary,
which may introduce additional uncertainties during the unified standardization
process, particularly in cross regional or altitudinal comparisons (Bradley,
2015).Spatially, constrained by accessibility and preservation conditions in
high-altitude terrain, existing data tend to cluster in more accessible river valleys or
piedmont areas, resulting in a relative paucity of sampling sites in high-altitude
transition zones and key watersheds. This limits our ability to map temperature and
precipitation gradients. Regarding modern observations, although meteorological
station records provide high temporal resolution, their coverage is primarily limited to
recent decades, exhibiting only narrow overlap with tree ring and ice core records.
This restricts comparisons to short time windows and limits the direct validation of
long-term variations (PAGES 2k Consortium, 2017).

This multi-archive dataset integrates records by standardizing diverse proxies
into a single framework. Future research necessitates higher-resolution sampling in
key regions to reduce discrepancies in temporal intervals, alongside improvements in
age-modeling and uncertainty quantification to enhance temporal alignment precision
across sequences. Furthermore, with the advancement of data assimilation and
machine learning, coupling multi-source proxy data with climate models has become
a pivotal direction for exploring proxy relationships (Hakim et al., 2016; Dee et al.,
2016). The continuous optimization of sampling resolution, chronological frameworks,
and proxy systems, as well as the systematic integration of multi-archive data within a
unified framework can enhance the development of paleoclimate research in this
region.

5 Data availability

The Integrated Multi-proxy Paleoclimate Database for the Northeastern Tibetan
Plateau is now publicly available, and the data can be found at
https://doi.org/10.17632/cp7kfinb94.1 (Li, 2026)
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6 Conclusion

This study constructs the Integrated Multi-proxy Paleoclimate Database for the
Northeastern Tibetan Plateau integrating sedimentary profiles, surface soils, tree rings,
ice cores, and meteorological stations under a unified chronological and Z-score
standardized framework. Integration of multiple archives differentiates climate signals
across timescales. Sedimentary profiles provide continuous sequences on a millennial
scale. Deep ice cores and high altitude tree rings track low frequency background
shifts. Short ice core records and low altitude tree rings capture high frequency
environmental extremes. Cross validation between surface soils and modern
meteorological stations establishes a spatial calibration baseline. This clarifies the
sensitivity of proxy indicators to temperature, precipitation, and elevation gradients.
By bridging geological archives with instrumental observations, this database
provides fundamental data for regional multiple proxy comparisons and multiple
timescale paleoclimate reconstructions. This integrated dataset provides a long term
benchmark for understanding environmental evolution in this sensitive global climate
change amplifier. Furthermore, these standardized records offer critical observational
constraints for validating paleoclimate models and predicting regional climate
dynamics.
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