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Abstract Reconstructing the past Antarctic climate commonly involves deep drilling of ice cores.
However, the ∼1% of the Antarctic ice sheet surface covered with blue ice also provides unique, yet largely
unexploited paleoclimatic opportunities. Here, we analyze 444 ice samples collected in blue ice surfaces located
around the Sør Rondane Mountains. Isotope measurements (δ18O) on these samples enable us to estimate
surface paleotemperatures for both the current interglacial period and the Last Glacial Maximum. Combining
these paleotemperatures with the spatially varying source elevation of the sampled blue ice provides new
insights on the (lack of) lapse rate evolution (i.e., changes in the elevation‐temperature relationship) outside the
40°N–40°S latitudinal band. This result contrasts with low‐latitude areas that have experienced elevation‐
dependent warming (EDW) during this period. Our results hint at a future (lack of) EDW in Antarctica, thereby
highlighting the potential of blue ice area paleoclimatic archives to better predict future climatic changes.

Plain Language Summary Accessing past climatic information in Antarctica typically involves
deep vertical ice drilling, a time‐consuming, expensive, and technically challenging process. Here, we present a
complementary method by sampling surface ice from the blue ice areas (BIA) that cover ∼1% of the total ice
sheet area. This blue ice, originating from deeper layers within the ice sheet, emerges at the surface due to local
climatic conditions, bedrock topography, and an upward ice flow. In this study, we sampled blue ice in and
around a mountain range located in East Antarctica. By analyzing the isotopic composition of the ice, we infer
surface temperatures during past warm and cold periods. We find a similar relationship between temperature
and elevation across both cold and warm periods. Our finding that warming events are not amplified at high
elevations in this region of Antarctica contrasts with previous studies that show the existence of elevation‐
dependent warming at lower latitude regions. As such, our study highlights that BIAs are a unique asset for
constraining potential future high‐elevation climatic conditions over the Antarctic ice sheet.

1. Introduction
Global warming has contrasting regional patterns, with amplified temperature changes at high latitude, a phe-
nomenon known as “polar amplification” (Masson‐Delmotte et al., 2006; Smith et al., 2019). Similarly, several
studies have suggested that low‐altitude warming may be amplified at high altitude (e.g., Garelick et al., 2022;
Legrain et al., 2023; Mountain Research Initiative EDW Working Group, 2015). Since ice sheets and mountain
glaciers are situated at high elevations, understanding how warming is amplified with altitude is crucial for
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predicting their response to climate change. Elevation‐Dependent Warming (EDW) has been documented in
several high‐altitude mountainous regions over the past two decades (Mountain Research Initiative EDW
Working Group, 2015; Wang et al., 2014; Williamson et al., 2020; Wu et al., 2023; You et al., 2020). Never-
theless, the scarcity of long‐term high‐altitude meteorological station observations drastically hampers the spatial
and temporal characterization of EDW (Menne et al., 2018). To circumvent this issue, recent studies have used
reanalysis data (Xie et al., 2023) and future projections from Global Climate Models (Zhu et al., 2024) to compute
modern lapse rate (LR) over Antarctica. However, the two alternative approaches yielded opposing conclusions.
The low signal‐to‐noise ratio of EDW also limits the detection of statistically relevant EDW patterns and the
identification of key mechanisms (Mountain Research Initiative EDW Working Group, 2015).

Paleoclimatic studies can provide insights into the temporal and spatial sensitivity of EDW during past warming
intervals. Several studies have investigated EDW during the last deglacial warming, which occurred between the
Last Glacial Maximum (LGM, ∼26–18 ka) and the Holocene (e.g., Hawaii: Blard et al., 2007; American
cordillera: Legrain et al., 2023; East Africa: Loomis et al., 2017; Papua New Guinea: Tripati et al., 2014). During
this deglaciation, sea‐level temperature increased by 5–6°C (Clark et al., 2024; Tierney et al., 2020) with con-
tinental warming being approximately ∼40% greater than over the ocean (Seltzer et al., 2023). By reconstructing
specific site temperatures at different elevations, paleoclimatic studies allow determining a mean annual thermal
LR along the surface slope. Whereas a change in the LR between the LGM and the Holocene (ΔLR) indicates
either an attenuation or amplification of the high‐altitude warming, a ΔLR close to zero implies a local absence of
EDW. Paleoclimatic studies indicate the existence of regional‐scale EDW spatial variability during the last
deglacial warming (Blard et al., 2007; Legrain et al., 2023; Loomis et al., 2017; Tripati et al., 2014).

To date, all paleoclimatic studies on regional changes in LR and concurrent EDW have relied on paleotemperature
reconstructions based on paleoglacier extents (e.g., Doughty et al., 2021), paleolake temperature (e.g., Garelick
et al., 2022), and/or pollinic reconstruction (e.g., Van der Hammen & Hooghiemstra, 2000). Despite the diversity
of used proxies, all these EDW reconstructions are restricted to the lower latitudes (40°N–40°S). Indeed, at higher
latitudes, mountain glaciers and ice sheets reached very low altitudes during the LGM, in many cases covering the
entire landscape (even at mid‐latitudes, e.g., Seguinot et al., 2018). As a consequence, vegetation, lake, and/or
frontal glacial moraines cannot be used at mid‐to high latitudes to reconstruct high‐elevation site paleotemper-
atures (Castillo‐Llarena et al., 2023; Palacios et al., 2020). Outside the 40°N–40°S latitudinal range, past changes
in local LR and the possible existence of EDW during major warming events are thus unknown.

Near the poles, the main paleotemperature proxies are the hydrogen and oxygen isotopic composition of ice (δD
and δ18O of H2O), which correlate with the surface temperatures where the snow was deposited. Two approaches
are used to reconstruct these temperature, using spatial (Jouzel et al., 2003; Masson‐Delmotte et al., 2008) or
temporal slope in ‰/°C (e.g., Buizert et al., 2021; Dahl‐Jensen et al., 1999). Each ice core usually represents a
single elevation, even if some sites could have evidenced significant elevation variations across glacial‐
interglacial periods, especially in West Antarctica (Buizert et al., 2021). As these elevation changes are also
associated with change in temporality, deriving paleotemperatures across different elevations for a single time
period is not feasible from a single ice core. While Greenland and Antarctic ice cores cover a wide range of
elevations, their low spatial density poses a challenge for studying EDW. The interplay of multiple factors, such
as latitude and regional climate, combined with elevation's influence on temperature changes, complicates
isolating the specific effect of elevation on temperature.

In this study, we present a new approach to investigate deglacial EDW in Antarctica during a major climate
warming event by analyzing the isotopic composition of surface blue ice samples. Blue ice areas (BIAs) make up
for ∼1% of the total Antarctic surface (Tollenaar et al., 2024) and are often explored for their potential to harbor
large concentrations of meteorites (Cassidy et al., 1992; Tollenaar et al., 2022; Whillans & Cassidy, 1983). In
these BIAs, old ice is directly exposed at the surface (in contrast to most of the continent that is covered by snow/
firn) due to a combination of strong ablation processes driven by katabatic winds, and a specific bedrock
topography that leads to a surface‐directed vertical (i.e., upward) ice flow (Bintanja, 1999; Higgins et al., 2015;
Sinisalo & Moore, 2010; Yan et al., 2019). As such, sampling surface ice in BIAs offers a unique method to
reconstruct past climatic conditions across different time periods (Lee et al., 2022; Spaulding et al., 2013;
Zekollari et al., 2019). Here, by sampling a variety of BIAs in and around an Antarctic mountainous range, we
reconstruct LR changes during the last deglacial warming, thereby providing a first high‐latitude EDW quanti-
fication between the LGM and the Holocene.
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2. Field Sites and Campaigns
The studied sites are situated in and around the Sør Rondane Mountains, in Dronning Maud Land, East Antarctica,
at latitudes between 71.8°S and 73.0°S and longitudes between 23.0°W and 24.5°W (Figure S1 in Supporting
Information S1). These sites extend from around the Belgian Antarctic research station (Princess Elisabeth
Antarctica, with the lower transect at an elevation of 1,100 m above sea level, m asl) and stretch up to ∼100 km
southward, to the Nansen blue ice field (at elevations from ∼2,600 to ∼3,100 m asl, Figure 1). The Sør Rondane
Mountains, which protrude from the ice sheet with elevations as high as 3,400 m asl, act as a transition between

Figure 1. Surface blue ice samples collected in the Sør Rondane mountains (b–g) and Nansen blue ice field (h). (a) Overview of the study area. (b–h) Samples location
along transects (b–g) and on the plateau (h) are represented by colored dots (legend in panel (h), with blue, red and orange dots representing the ice samples interpreted as
belonging to Last Glacial Maximum (LGM), Holocene and Last Interglacial (LIG) periods, respectively). In panel (b), the blue star is the location of Princess Elisabeth
Antarctica (PEA) station. In panel (h), the black stars represent dated meteorites from Zekollari et al. (2019). The corresponding light gray boxes denote the terrestrial
ages as determined by 14C dating, while the dark gray boxes correspond to the 36Cl dated terrestrial ages. Background imagery are 15‐m resolution Landsat images. The
elevation contours are from the RAMP2 product (H. Liu et al., 2015). Data were plotted using the QGIS Quantarctica module (Matsuoka et al., 2021).
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the high‐elevation East Antarctic plateau and the low‐lying coastal area, leading to strong horizontal elevation
gradients within a restricted area.

Here we rely on isotopic data measured from 617 blue ice samples, comprising 444 unpublished and 173 pub-
lished δ18O values (Zekollari et al., 2019), spanning a horizontal distance of 130 km and an elevation range from
1,050 to 3,063 m asl (Figure 1, Table S1 in Supporting Information S1). The data set comprises 276 samples
collected from the Nansen blue ice field (plateau), and 341 samples collected along seven horizontal transects
(over distances ranging from 500 to 6,000 m) in and around the Sør Rondane Mountains. Among the Nansen
samples, 185 blue ice samples were collected during the BELARE 2012–13/JARE‐54 expedition (Imae
et al., 2015) and have already been published (Zekollari et al., 2019). All the other water isotopes data are new
measurements of surface blue ice samples collected during four Antarctic field missions: (a) in 1989 (Brattnipane
transect, “Brat,” number of samples (n) = 81), (b) in 2012–2013 (Vikingshøgda transect, “VK,” n = 50; Otto
Borchgrevinkfjellet transect, “OB,” n = 47; Utsteinen transect, “UT,” n = 90), (c) in 2018–2019, (DV, n = 32;
WF, n = 22; WN, n = 19), (d) in 2019–2020 (n = 103, collected on the Nansen blue ice field) (Table S1 in
Supporting Information S1).

3. Isotopic Signal
Blue ice samples were collected using a chisel, by removing the upper∼5 cm of surface ice, and then crushing the
underlying ice below. The crushed ice was collected in small, sealed containers (50 ml) and transported in melted
form for laboratory analysis. The δ18O isotopic composition of the melted samples was analyzed at the Alfred
Wegener Institute (AWI) for the samples collected close to Brattnipane (in 1989), while all other samples
(collected in and after 2012) were analyzed at the Archeology, Environmental changes and GeoChemistry
(AMGC) large research unit of the Vrije Universiteit Brussel (VUB) (see Supporting Information S1). When δD
were also available, the mean isotopic values for each database location are well aligned on a local meteoric water
line, with a slope of 7.82‰ (R2= 0.99) and 8.02‰ (R2= 0.98) for the Nansen blue ice field and the Sør Rondane
mountains transects, respectively (Figure S2 in Supporting Information S1). This result indicates little to no
fractionation and the preservation of the original signal. Among the seven transects, three (BRAT, UT, OB)
exhibited a discernible spatial pattern in isotopic composition (Figures 2e–2g), with two distinct sections having
an average amplitude change in the δ18O composition larger than 5‰. This range of variation aligns with typical
climatic glacial‐interglacial range as observed from ice cores in Antarctica (Figure S3 in Supporting Informa-
tion S1) (Buizert et al., 2021; Jouzel et al., 2007; Masson‐Delmotte et al., 2011). In contrast, the isotopic
composition of the four other transects (DV, WF, WN and VK) remains relatively stable throughout the transects,
with values consistent with those expected during an interglacial period.

The central and northern parts of the Nansen C ice field exhibit δ18O values with an average of − 40.6 ± 1.4‰
(n = 98) and − 40.4 ± 1.4‰ (n = 31), respectively, indicative of an interglacial climate (Figure 2h, Table S1 in
Supporting Information S1). The southernmost sector of the Nansen C ice field is characterized by δ18O values
with an average value of − 45.1 ± 0.9‰ (n = 5), indicative of a glacial climate (Figure 2h). Furthermore, both the
northern and southern regions of the Nansen B ice field are composed of surface ice with isotopic values with
average values of − 45.4 ± 1.6‰ (n = 37) and − 45.6 ± 1.6‰ (n = 22), respectively, indicative of a glacial
climate (Figure 2h, Table S1 in Supporting Information S1).

4. Climate Periods Representative of the Blue Ice Transects
While some sections of the transects have been identified as belonging to interglacial or glacial periods based on
their isotopic signatures, the exact climatic periods they correspond to are uncertain. To identify the corre-
sponding time period, we performed four different types of analyses: (a) ice flow modeling, (b) statistical wiggle
matching, (c) analyzing of high‐resolution drone imagery, and (d) interpreting terrestrial ages of meteorites.

1. A 2D backtrack particle ice flow model was applied to the seven transects to estimate their likely age ranges
(see Figures S4, S5, and Table S2 in Supporting Information S1). This model, widely used in BIA studies,
provides an approximation of ice ages within the region (Grinsted et al., 2003; Kehrl et al., 2018). Although
uncertainties in input parameters (surface velocity, mass balance, and ice thickness) do not allow for this
approach to be used for absolute age dating for each transect, the estimated age magnitudes allow broadly
linking specific transects to time periods. Notably, none of the simulated surface ages for the seven transects
exceed 20,000 years (Figures S6, S7, and Table S2 in Supporting Information S1). Based on these results, it is
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highly likely that the interglacial signatures of the transects correspond to the Holocene. Furthermore, the lack
of isotopic variability within the interglacial composition is a defining feature of the Holocene, a stable cli-
matic period, in contrast to the more abrupt isotopic patterns observed in the Last Interglacial (Figure S6 in
Supporting Information S1). Consequently, all seven interglacial δ18O sections are interpreted as representing
the current interglacial period (Holocene, 11.7–0 ka), whereas the two transects that transition into a glacial
period contain ice from the end of this period, roughly corresponding to the LGM (Supporting Information S1).

2. Similarity analyses linking a reference curve (EDML δ18O record: Stenni et al., 2010) to the signal obtained
from the transects were performed using wiggle‐matching for the three transects that show a potential glacial/
interglacial transitions (OB transect, UT transect, and Brat transect). A heatmap illustrating the R2 correlation
between the reference (EDML) and tested records is shown in Figure S6 in Supporting Information S1. For the
UT and Brat transects, this wiggle‐matching analysis strongly supports the hypothesized transition including
ice from the LGM, the last deglaciation, and the Holocene. However, the results for the OB transect were
inconclusive. Consequently, we do not consider this transect representative of a deglaciation phase and instead
only rely on the Holocene section of the transect for further analyses.

3. During the BELSPO FROID Antarctic mission 2024/2025, high‐resolution drone imagery was acquired along
the UT transect to investigate the occurrence of potential discontinuities in the surface ice record. Visible ash
and ice layers show no evidence of folding or faulting, suggesting that the blue ice in this area is continuous at
the surface (Figure S7 in Supporting Information S1).

4. Interpreting the isotopic signals from the Nansen blue ice field is challenging, as the samples were not
collected along transects but are instead randomly distributed (Figures 1 and 2h). However, terrestrial ages
from meteorites collected on the ice field are available (Zekollari et al., 2019). While ages of meteorites are not
equivalent to surface ice age, they are good indicators to attribute clusters of isotopic values to specific climate
periods (Sinisalo & Moore, 2010; Zekollari et al., 2019). The terrestrial meteorite ages in this area date back to
the Holocene and the LGM period (Zekollari et al., 2019) (Figure 1). Finally, the central part of the Nansen B
ice field exhibits isotopic values with an average of − 41.9 ± 1.7‰ (n = 83), indicative of an interglacial
period. Nevertheless, the meteorite ages in this region (129 ± 28 ka) suggest that the ice within this specific

Figure 2. δ18O values of ice samples along seven transects in the Sør Rondane mountains (a–g) and on the Nansen ice field (h). (a–g) Thick lines are smoothing splines
computed with the Python module cspas (https://github.com/espdev/csaps) and used as a high‐pass filter to only preserve the orbital‐scale climate variability in the ice
isotopes record. Blue, gray and red colors refer to δ18O values associated to glacial, deglacial and interglacial periods respectively. Light blue shaded areas are the
sampling elevation profiles along the transect.
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area of the Nansen blue ice field is most likely from the Last Interglacial rather than the Holocene. Conse-
quently, the central part of the Nansen B icefield is not included in the following analyses.

5. Temperature Signal Derived From Isotopic Composition
Surface temperature estimates are derived from δ18O values using the relationship from Masson‐Delmotte
et al. (2008) of δ18O = 0.80 × T− 8.11, where T denotes the mean annual surface temperature in °C. This
calibration was established from a data set covering the whole Antarctic continent. Although regional variations
in the linear relationship between δ18O values and site temperature have been observed (Masson‐Delmotte
et al., 2008; Touzeau et al., 2016), the conversion factor determined locally for the Dome Fuji site (77.50°S,
39.70°E), which is approximately 700 km from the studied site, closely matches the global Antarctic value
(0.76 ± 0.02‰ C− 1 against 0.80 ± 0.01‰ C− 1; Dittmann et al., 2016). This comparison gives us confidence in
using the global Antarctic conversion factor at our location. The selected value for the conversion factor does not
affect the comparison of the vertical gradient of temperature between the glacial and the interglacial periods, as
the same coefficient is applied uniformly across all our investigated sites. The computed site temperature, which
is representative for the mean annual surface temperature at the site of snow deposition, is on average (over all
samples) − 33.1 ± 5.7°C (1σ) for the Holocene, and − 40.6 ± 6.6°C (1σ) for the LGM (Table S1 in Supporting
Information S1). Continuous temperature measurements from two weathers stations, PE_AIR and PE_GUN, are
available in the area at similar elevation range (1,382 and 2,346 m asl). The mean annual temperatures (− 18.7 and
− 27.9°C) are slightly warmer by 4.6°C on average, ranging from 1.6 to 8.1°C, compared to interglacial tem-
peratures derived from blue ice sites located at similar elevation (Table S1 in Supporting Information S1). This
discrepancy could be explained by the global Antarctic difference of temperature between the period of mea-
surement (2015–2019) and the interglacial period. In addition, it could reveal a potential overestimation of the
calibration coefficient of 0.8‰ C− 1 used in this study to convert isotopic signal into temperature. Nevertheless,
the order of magnitude of temperature range is similar between the measured temperature and the isotopes‐
derived temperature.

6. Source Elevation Identification
To link the derived temperatures to surface elevations, we identify the original location where the ice once fell as
snow precipitation before compaction and displacement by flowing (Jouzel et al., 1997). To this end, we use the
MEaSUREs surface ice velocities (Mouginot et al., 2012) and the RAMP2 surface elevation model (H. Liu
et al., 2015) both available in the QGIS Quantarctica module (Matsuoka et al., 2021). Using this approach, we
determine the most likely deposition elevation for each of the identified glacial‐interglacial clusters, computing it
as a broad range to account for the associated uncertainties (Figure S8 and Table S1 in Supporting Informa-
tion S1). The elevation range was estimated using the maximum surface elevation in the potential accumulation
area and considering the gradient of surface elevation (details provided in Supporting Information S1). In the
specific case of the Nansen area, ice flow modeling provides an additional constraint for the original area of
deposit (Zekollari et al., 2019).

To account for possible changes in ice sheet elevation over time, we rely on cosmic‐ray exposure ages in the Sør
Rondane mountains, which suggests that the ice sheet surface was 50 m higher during the LGM (Suganuma
et al., 2014). Therefore, to compute the elevation of the LGM samples, a correction was applied by adding 50 m to
the altitude for the Holocene samples. For the Sør Rondane surface transects, the seven deposition‐site elevations
range from 1,100 ± 50 m asl to 2,600 ± 100 m asl during the Holocene. For the LGM samples, the three
deposition‐site elevations range from 1,150± 50 m asl to 1,700± 50 m asl (Figure S8 and Table S1 in Supporting
Information S1). For the Nansen ice field, a previous study estimated the source elevation for the Holocene ice to
be 3,100 ± 100 m asl based on 2D ice flow modeling (Zekollari et al., 2019). For Nansen, by applying the 50 m
correction, we thus estimate the LGM source site elevation to be at 3,150 ± 100 m asl (Table S1 in Supporting
Information S1).

7. Lapse Rate Computation and Elevation‐Dependent Warming
In most studies, paleo LR estimates are computed through paleoelevation and paleotemperature calculated from
contrasting high‐altitude (e.g., paleo‐equilibrium line altitude of a glacier) and low‐altitude (e.g., sea surface
temperature) sites (e.g., Blard et al., 2007; Legrain et al., 2023; Tripati et al., 2014). In this study, we present a new
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method that relies on more than two sites, offering a statistically robust estimate of the paleo LR variations. More
specifically, we perform regression analyses using temperature and elevation data from nine Holocene sites and
six LGM sites, respectively (Figure 3). Here, we find a notably lower coefficient of correlation for the Holocene
(R2 = 0.76) compared to the LGM (R2 = 0.98) (Figure 3).

For the Holocene, the three sites located in high‐mountainous relief (VK, WN, DV) deviate from the general
elevation versus temperature pattern of the region. The higher reconstructed temperatures are interpreted as being
indicative of a microclimate within the valley, where local wind patterns may be altered by the mountainous
topography and albedo values are lower due to exposed bedrock (Takahashi et al., 1992) (Figure 2, Figure S8 in
Supporting Information S1). Unlike the other transects situated in more open environments, we hypothesize that
the surrounding relief likely shielded this area from the katabatic winds that are typical for the region, thereby
possibly facilitating the formation and persistence of a cloud cover in the vicinity. An alternative hypothesis in
which the ice was not deposited during the Holocene but rather during the Last Interglacial, which is warmer than
the Holocene period (Past Interglacials Working Group of PAGES, 2016), is not deemed realistic. The steep
slopes in this area result in a high surface velocity and do not allow for old ice to stagnate at these locations.
Therefore, we consider these three anomalous sites (VK, WN and DV) as outliers and exclude them from the
elevation vs. temperature regression, after which the temperature‐elevation relationship becomes much stronger
(R2 = 0.97 with the six remaining sites).

The reconstructed LR values for the Holocene and LGM periods, − 7.8 ± 0.7°C km− 1 and − 7.2 ± 0.5°C km− 1

respectively (Figure 3), are realistic in comparison to modern LR value derived from three weather stations
located in the studied area (− 7.9 ± 0.9°C.km− 1; Table S3 in Supporting Information S1). In our study area, the
change in LR between LGM and Holocene (ΔLR) is almost nonexistent (− 0.6 ± 0.9°C km− 1; not significantly
(1σ) different from zero), implying that there is very little to no EDW in this area. Note that if we repeat the
analyses with the three excluded high‐mountain sites, ΔLR is 0.5± 1.8°C km− 1, which still implies an absence of

Figure 3. Dependence of temperature on elevation. Each square corresponds to a (sub)transect or a region as defined in Figure 1. Blue squares represent palaeoelevations
and paleotemperature reconstructions from the Last Glacial Maximum (LGM), while red squares represent the Holocene period. The range of possible source elevations
and the range of δ18O (/temperatures) for a given (sub)transect are represented by horizontal and vertical bars, respectively. The four light gray squares are Holocene/
LGM data that were not included for the Holocene/LGM linear regression due to local climatic conditions (Holocene, VK, DV, WF, detailed in Section 5) and
uncertainty of dating (LGM, OB). Dashed blue/red lines are linear regressions for the Holocene/LGM data sets. The conversion factor between δ18O values and
temperature of 0.8‰.C− 1 is from Masson‐Delmotte et al. (2008). LGM, Last Glacial Maximum; LR, mean annual thermal lapse rate along the slope.
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EDW in the area. An analysis demonstrating the absence of sensitivity of our main results to computational
choices (exclusion of sites, isotopic calibration factor, source elevation correction) is presented in Supplementary
Materials (Text S5 in Supporting Information S1) and in Figure S9 in Supporting Information S1.

8. Discussion
The absence of EDW in this region of Antarctica during the last deglacial warming contrasts with most of the
lower‐latitudes regions that were subject to a clear amplification of warming at high elevation during this time
interval (e.g., Hawaii: Blard et al., 2007; East Africa: Garelick et al., 2022; Tropical Andes: Legrain et al., 2023).
Over the instrumental period, most of the mountainous areas in the world are experiencing an amplification of
warming with increasing elevation (Mountain Research Initiative EDW Working Group, 2015; Wang
et al., 2014). However, the scarcity of high‐elevation climate stations in Antarctica hampers establishing a direct
relationship between elevation and mean annual temperature changes. To address this challenge, two recent
studies have employed alternative approaches to circumvent some of the limitations of direct observations, using
(a) reanalysis data from the 1958–2020 period (ERA5 product, Xie et al., 2023) and (b) future projections from
Global Climate Models (GCMs) over the 2015–2100 period (CMIP6, Zhu et al., 2024). The two alternative
approaches yielded opposing conclusions. While the reanalysis approach suggested an attenuation of the recent
warming with elevation, that is, a negative EDW, the GCMs approach showed a future amplification of the
warming with elevation, that is, a positive EDW. A crucial methodological aspect and possible limitation in these
approaches is that they compute averages across the entire continent, necessitating a deconvolution of the
elevation and latitude effects on temperature, resulting in large uncertainties. In contrast, our approach overcomes
this issue by comparing high and low elevation sites located at very close proximity. This key methodological
difference may explain discrepancies between our study and the two other contrasting studies, although a part of
the differences may also be linked to different time periods studied, where we focus on glacial‐interglacial
timescales as opposed to recent past and future periods.

To understand the absence of EDW in this region of Antarctica during a major warming event as revealed in our
study, we analyze the potential drivers for a LR change. Although these drivers (e.g., albedo, aerosols, moisture
content, meridional heat transport) are still debated (Mountain Research Initiative EDW Working Group, 2015),
we can propose two primary mechanisms.

1. Moisture content. Based on paleoproxy reconstructions, Legrain et al. (2023) found a strong positive rela-
tionship between the occurrence of positive EDW and the increase of mean annual precipitation during the last
deglacial warming derived from paleoproxies. Through a modeling approach, they confirmed the role of
specific moisture, closely correlated with mean annual precipitation, as a driver for LR variations over the last
deglacial warming. These changes in moisture content have also been identified as a key mechanism to explain
EDW patterns under ongoing global warming (Mountain Research Initiative EDW Working Group, 2015).
Linking moisture and precipitation changes with LR changes in our study area is not possible since proxy‐
based reconstruction of LGM paleo‐precipitation are lacking. An alternative approach consists of relying
on LGM global climate modeling efforts, such as those included in the Paleoclimate Modeling Intercom-
parison Project (PMIP4; Kageyama et al., 2021). In PMIP4, most of climate models yield significantly wetter
Pre‐Industrial (PI) Holocene conditions compared to the LGM, with, on average, a 88 ± 79 % (1σ) increase in
mean annual precipitation in our studied area (Figure S10 in Supporting Information S1). Despite this pro-
nounced relative increase of precipitation, the total amount of precipitation remains low, increasing from
128 ± 51 mm yr− 1 during the LGM to ∼234 ± 116 mm yr− 1 during the PI time period. Using the relationship
between the changes in mean annual precipitation and LR (ΔLR = 0.0024⋅ΔP + 0.17 from Legrain
et al., 2023), an increase in LR between LGM and PI of 0.4 ± 0.4°C km− 1 is predicted. This very limited
(positive) change in LR agrees, within uncertainties, with our reconstructed LR change of − 0.6± 0.9°C km− 1.
However, this interpretation should be considered with caution because (a) there are large uncertainties in
paleoprecipitation model estimates, and (b) the original relationship was calibrated to data from low‐latitude
areas.

2. Surface albedo. Previous studies have highlighted how surface albedo changes affect the amount of solar
irradiance absorbed by the ground surface and thereby have the potential to substantially affect the LR (Minder
et al., 2018; Palazzi et al., 2019; Zhu et al., 2024). Currently, an estimated 99.6 % of the Antarctic continent is
covered by snow or ice (Brooks et al., 2019). Given the strongly negative mean annual temperatures in East
Antarctica, significant variations in snow coverage at the continent‐scale during deglacial warming are
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unlikely (Seo et al., 2016; Van Den Broeke et al., 1999). Although increased dust deposition during cold
periods in Antarctica may impact albedo, its effect is believed to be of secondary importance (Y. Liu
et al., 2013). The lack of potential for snow cover changes to occur during a warming event in Antarctica,
contrasting with most of other high‐elevation regions on Earth, may partly explain the absence of EDW
Antarctica. However, in our study area, a substantial part of the surface consists of rocks (mostly granitoids and
metamorphic rocks) or blue ice, both with lower albedos compared to snow. In the Sør Rondane Mountains,
the warming of the last deglaciation and the associated increase in snowfall thus has the potential to reduce the
extent of blue ice and rock‐covered surface at high elevation, increasing the temperature while remaining
below zero and resulting in higher albedo. At lower elevation, an increase of temperature results occasionally
in temperature to exceed zero during summer warm episodes, causing melting event that diminished snow
cover and counterbalance exceed in precipitation. Although the magnitude of the albedo changes is limited
overall, locally it could contribute to a small decrease in EDW. Consequently, it may have balanced the slight
EDW triggered by increased moisture in the atmosphere.

In summary, we propose that the absence of EDW in the study area probably results from a combination of the
effects of moisture and albedo changes, which have opposite impacts in this area (Figure S11 in Supporting
Information S1). Nevertheless, Buizert et al. (2021) suggest that during the LGM, the strong surface‐based
temperature inversions observed in modern Antarctica may have been altered, potentially influencing the tem-
poral variability of the LR. These inversions, driven by radiative cooling, are particularly pronounced in the cold,
stable boundary layer of East Antarctica. Changes in inversion strength during glacial periods could contribute to
differences between temporal and spatial temperature gradients (Buizert et al., 2021). Additional mechanisms,
specific to Antarctica, could further complicate the identification of causes for the LR reconstruction in our study.
Further research on the stability of these inversion layers over glacial periods is required to better constrain their
impact on LR variations in Antarctic regions during this time.

The absence of post‐LGM EDW in this region of Antarctica during the last deglacial warming underscores the
importance of considering local climatic factors when assessing how warming might amplify or reduce with
elevation. While EDW has been documented in various mountainous regions in tropical to mid‐latitude regions
across the globe (e.g., Legrain et al., 2023; Liu et al., 2023), the potential absence of this phenomenon in
Antarctica suggests that different mechanisms may govern the elevation‐temperature relationship in high‐latitude
polar environments, where the increase of temperature does not impact the snowline elevation. Nevertheless, it
can not be excluded that some of our findings do not apply to other parts of the continent that are not constrained
by local topographic effects specific to blue ice and mountainous areas of Antarctica. As we here provide the first
LR reconstruction over the LGM in Antarctica, further sites must be investigated to constrain the potential intra‐
continental variability of LR changes. A recent study estimated the global average atmospheric LGM LR using
the proportional abundance of 18O18O in O2 in polar ice cores to constrain the average temperature of the upper
troposphere, suggesting a nearly negligible LR change since the LGM (Banerjee et al., 2022). The contrasting
EDW pattern between the Tropics (e.g., Blard et al., 2007; Legrain et al., 2023; Loomis et al., 2017), the high‐
latitudes (this study) and the global climate regions (Banerjee et al., 2022) may underline a compensatory
mechanism that buffered the post‐LGM EDW observed in several tropical regions.

Data Availability Statement
Ice isotopes data used in this study are available to download at Legrain (2025).
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