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Introduction

The Tibetan Plateau (TP) is known as the “third pole,” which together with the Arctic,
the Antarctic is known as the “three poles of the Earth” (Xie et al., 2022). The “three poles”
play an important role in the formation of the global climate, and they are also sensitive
regions to climate change (Shepherd et al., 2018). Under global warming, rapid changes in
“three poles”will affect regional and even global hydrological, ecological and climate systems
(Pattyn et al., 2018; Mouginot et al., 2019; Li et al., 2021). The rapid changes of the Earth’s
three poles affect not only the local climate and hydrology, but also the large-scale
atmospheric and oceanic circulation through various feedback mechanisms (IPCC,
2019). “Three poles” are not independent and there are potential correlations among
“three pole.” Numerous studies have revealed correlations between the Arctic and the
TP (Zhang et al., 2019; Li et al., 2020). The negative Arctic Sea ice area anomaly could
influence the circulation in the TP by Rossby wave train (Li et al., 2020). Through
thermohaline circulation the Antarctic and the Arctic are also connected (Chylek et al.,
2010; Blunier and Brook, 2011).

Along with the Arctic and Antarctic, the TP which is recognized to have a profound
influence on regional and global climate systems, as well as the eco-environment and
ecological economy (Hu et al., 2018; Yang et al., 2019). Recently, the study of TP glaciers and
their response to climate change has shown a strong development (Bolch et al., 2011; Bolch
et al., 2012; Kääb et al., 2015; Brun et al., 2017; Yao et al., 2019). Glaciers change has suggested
that enhanced glacier melting has induced increased glacier runoff, and the consequent
glacier melting brought a series of response of regional eco-environment problems (Yao
et al., 2019).

A large number of studies have focused on the characteristics and impacts of past,
present, and future changes in the “three poles” (Kattsov et al., 2005), but many research
results are still controversial (Shepherd et al., 2018). For example, there is still a lack of
observational data in the “three poles,” and there are still great uncertainties in model
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simulation and influence mechanism (Screen et al., 2018). The
physical mechanisms of Arctic warming can be summarized as
local feedbacks (such as albedo, cloud and water vapor feedback,
etc.) and large-scale circulation forcing, but the relative contribution
of each feedback mechanism remains unclear (Wu et al., 2019).

This brief review of editorial focus on these studies of Frontiers
in Earth Sciences Research Topic examines various aspects of
Cryosphere and Climate Change in the Arctic, the Antarctic and
the Tibetan Plateau.

Glaciers change over the Tibetan
plateau

In this Research Topic, He and Zhou provide a
comprehensive analysis of ten glacier inventories. The
assessment results indicate that the overall quality of the
small-scale glacier inventories is higher than the large-scale
inventories. By merging the products of the eight glacier
inventories, a new glacier inventory product of the best
comprehensive quality was derived for the entire TP. We
think that this database will meet the needs of a variety of
potential researchers, including those who prefer to get
information for a particular parameter from a single glacier
inventory.

Glacier mass balance is a key factor in understanding the
relationship between glaciers and climate (Kääb et al., 2015;
Hock et al., 2017). Xu et al. present glacier mass budgets in the
Turgen Daban Range, over the western Qilian Mountain, from
1966/75 to 2020 by means of the digital elevation models
generated by the topographic maps and ASTER images. The
results show that glacier mass decreased by −18.79 ± 12.48 m
w.e. during the past 50 years. Similarly, Chang et al. also found
glaciers in the Altai Mountains had experienced an accelerated
shrinkage from 2000 to 2020 compared to the 20th century.
Based on multiple source data, Chen et al. reported mass balance
change of the Baishui River Glacier No. 1 (BRG1) in Yulong
Snow Mountain with contour line maps.

The latest IPCC (2019) report stated that under the influence
of global warming, changes in the cryosphere will lead to an
increase in glacier surges, snow/ice avalanches, glacial debris flow,
glacial lake outburst flood (GLOF), occurring frequently and
caused serious catastrophes on TP, thereby increasing local
infrastructure, cultural, tourism damage (Ding et al., 2018).
Sha et al. stated that the distance between Tuosu Lake and the
Qinghai-Tibet Railway has been shortened year by year, with the
shortest distance of 0.85 km in 2021. With the intensification of
climate change impacts, glacial hazards in TP and the hazards
chains triggered by glacier change are more frequent. Therefore,
in recent decades, the significant melting and retreating of
temperate glaciers along the TP region have drawn great
attention to the glacier hazards (Ding et al.,2021; Richardson
and Reynolds, 2000). In addition, the climate change of the TP
also attracts attentions of researchers. Yang et al. connect the
spring heat source over the TP with the winter warm Arctic–Cold
Siberia pattern. The results of EOF1 showed there was a
significant positive correlation between these two.

Climate change in the Antarctic

In this Research Topic, Zeng et al. evaluated the estimation
performance of the global solar radiation (DGSR) at the Great Wall
Station from empirical models and machine learning models. Thy
presented the first reconstruction of the Antarctica Great Wall
Station DGSR spanning 1986–2020 with a significant increasing
trend of 0.14 MJ/m2/decade. Besides, more people care the
relationship between the Antarctic change and low latitude sea
surface temperature. Yang et al. suggested that the winter
precipitation in the Lambert Glacier basin (LGB) in Antarctic is
closely related to the autumn sea surface temperature variability in
Southern Indian Ocean (SIO) without the influence of El
Niño–Southern Oscillation. It is shown that the positive autumn
SIO dipole of SST anomalies is usually followed by reduced
precipitation in the following winter over the LGB region and
vice versa. The positive (negative) autumn SIOD can persist into
the winter and excite cyclonic (anticyclonic) circulation and deepen
(weaken) SIO low in high latitude, corresponding to an enhanced
northward (southward) wind anomaly in LGB and central SIO. This
mechanism prevents (promotes) the transportation of warm and
moist marine air to the LGB region and hence decreases (increases)
the precipitation during the following winter.

Changes in typical drainage basins of
the Greenland ice sheet

Lu et al. investigated the spatial and temporal characteristics of
ice motions of three branches in the Northeast Greenland Ice Stream
(NEGIS) between 1985 and 2018. The temporal variability of ice
velocity of typical glaciers shows a clear regional speedup, with a
mean increase of 14.60% and 9.40% in 2001–2018 compared to
1985–2000, and a widespread slowing of Storstrømmen glacier with
a mean of 16.30%, which were related to a 184% surface runoff
increase. This work highlights crucial roles of subglacial topography
and surface runoff on ice motion, which helps to promote
understanding of dynamic changes of NEGIS response to
changing atmospheric circumstances.

In the future, comprehensive monitoring of “three poles” region
needs to be strengthened to improve the simulation capability of
models on the physical processes of the climate change and glaciers
shrinkage, and multi-model, multi-data and multi-method
integrated research should be carried out.

Author contributions

All authors listed havemade a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Frontiers in Earth Science frontiersin.org02

Huai et al. 10.3389/feart.2023.1150478

https://www.frontiersin.org/articles/10.3389/feart.2022.848007/full
https://www.frontiersin.org/articles/10.3389/feart.2022.848895/full
https://www.frontiersin.org/articles/10.3389/feart.2022.919051/full
https://www.frontiersin.org/articles/10.3389/feart.2022.883673/full
https://www.frontiersin.org/articles/10.3389/feart.2022.934033/full
https://www.frontiersin.org/articles/10.3389/feart.2022.835101/full
https://www.frontiersin.org/articles/10.3389/feart.2022.961799/full
https://www.frontiersin.org/articles/10.3389/feart.2022.920245/full
https://www.frontiersin.org/articles/10.3389/feart.2022.972291/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1150478


Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Blunier, T., and Brook, E. J. (2001). Timing of millennial-scale climate change in
Antarctica and Greenland during the last glacial period. science 291 (5501), 109–112.
doi:10.1126/science.291.5501.109

Bolch, T., Kääb, A., Huggel, C., Paul, F., Cogley, J. G., Scheel, M., et al. (2012). The
state and fate of Himalayan glaciers. Science 336, 310–314. doi:10.1126/science.
1215828

Bolch, T., Peters, J., Yegorov, A., Pradhan, B., Buchroithner, M., and
Blagoveshchensky, V. (2011). Identification of potentially dangerous glacial lakes
in the northern Tien Shan. Nat. Hazards 59, 1691–1714. doi:10.1007/s11069-011-
9860-2

Brun, F., Berthier, E., Wagnon, P., Kaab, A., and Treichler, D. (2017). A spatially
resolved estimate of High Mountain Asia glacier mass balances from 2000 to 2016. Nat.
Geosci. 10 (9), 668–673. doi:10.1038/ngeo2999

Chylek, P., Folland, C. K., Lesins, G., and Dubey, M. K. (2010). Twentieth century
bipolar seesaw of the Arctic and Antarctic surface air temperatures. Geophys. Res. Lett.
37 (8). doi:10.1029/2010gl042793

Ding, M., Huai, B., Sun, W., Wang, Y., Zhang, D., Guo, X., et al. (2018). Surge-type
glaciers in Karakoram Mountain and possible catastrophes alongside a portion of the
Karakoram Highway. Nat. Hazards 90, 1017–1020. doi:10.1007/s11069-017-3063-4

Ding, Y., Mu, C., Wu, T., Hu, G., Zou, D., Wang, D., et al. (2021). Increasing
cryospheric hazards in a warming climate. Earth-Sci. Rev. 213, 103500. doi:10.1016/j.
earscirev.2020.103500

Hock, R., Hutchings, J. K., and Lehning, M. (2017). Grand challenges in cryospheric
Sciences: Toward better predictability of glaciers, snow and Sea ice. Front. Earth Sci. 5
(64). doi:10.3389/feart.2017.00064

Hu, W. T., Yao, T. D., Yu, W. S., Yang, W., and Gao, Y. (2018). Advances in the study
of glacier avalanches in High Asia. J. Glaciol. Geocryol. 40 (6), 1141–1152. doi:10.7522/j.
issn.1000-0240.2018.0504

IPCC (2019). Special report on the ocean and cryosphere in a changing climate.
Geneva, Switzerland: IPCC.

Kääb, A., Treichler, D., Nuth, C., and Berthier, E. (2015). Brief communication:
Contending estimates of 2003–2008 glacier mass balance over the
pamir–karakoram–himalaya. Cryosphere 9 (2), 557–564. doi:10.5194/tc-9-557-2015

Kattsov, V. M., Källén, E., and Cattle, H. (2005). Chapter 4: Modeling and scenarios for
the arctic. Cambridge, UK: Cambridge University Press.

Li, F., Wan, X., Wang, H., Orsolini, Y. J., Cong, Z., Gao, Y., et al. (2020). Arctic sea-ice
loss intensifies aerosol transport to the Tibetan Plateau. Nat. Clim. Chang. 10,
1037–1044. doi:10.1038/s41558-020-0881-2

Mouginot, J., Rignot, E., Bjork, A. A., van den Broeke, M., Millan, R., Morlighem, M.,
et al. (2019). Forty-six years of Greenland Ice Sheet mass balance from 1972 to 2018.
Proc. Natl. Acad. Sci. U. S. A. 116 (19), 9239–9244. doi:10.1073/pnas.1904242116

Pattyn, F., Ritz, C., Hanna, E., Asay-Davis, X., DeConto, R., Durand, G., et al. (2018).
The Greenland and Antarctic ice sheets under 1.5 °C global warming.Nat. Clim. Change
8 (12), 1053–1061. doi:10.1038/s41558-018-0305-8

Richardson, S. D., and Reynolds, J. M. (2000). An overview of glacial hazards in the
Himalayas. Quat. Int. 65, 31–47. doi:10.1016/s1040-6182(99)00035-x

Screen, J. A., Deser, C., Smith, D. M., Blackport, R., Kushner, P. J., et al. (2018).
Consistency and discrepancy in the atmospheric response to Arctic sea-ice loss across
climate models. Nat. Geosci. 11 (3), 155–163. doi:10.1038/s41561-018-0059-y

Shepherd, A., Ivins, E., and Rignot, E., (2018). Mass balance of the antarctic ice sheet
from 1992 to 2017. Nature 558, 219–222. doi:10.1038/s41586-018-0179-y

Yang, M. X., Wang, X. J., Pang, G. J., Guo, N. W., and Zhao, C. L. (2019). The Tibetan
Plateau cryosphere: Observations and model simulations for current status and recent
changes. Earth-Science Rev. 190, 353–369. doi:10.1016/j.earscirev.2018.12.018

Yao, T. D., Yu, W. S., Wu, G. J., Liu, S., Wang, N., et al. (2019). Glacier anomalies and
relevant disaster risks on the Tibetan Plateau and surroundings. Chin. Sci. Bull. 64,
2770–2782. doi:10.1360/TB-2019-0246

Zhang, Y., Zou, T., and Xue, Y. (2019). An Arctic-Tibetan connection on
subseasonal to seasonal time scale. Geophys. Res. Lett. 46 (5), 2790–2799. doi:10.
1029/2018gl081476

Frontiers in Earth Science frontiersin.org03

Huai et al. 10.3389/feart.2023.1150478

https://doi.org/10.1126/science.291.5501.109
https://doi.org/10.1126/science.1215828
https://doi.org/10.1126/science.1215828
https://doi.org/10.1007/s11069-011-9860-2
https://doi.org/10.1007/s11069-011-9860-2
https://doi.org/10.1038/ngeo2999
https://doi.org/10.1029/2010gl042793
https://doi.org/10.1007/s11069-017-3063-4
https://doi.org/10.1016/j.earscirev.2020.103500
https://doi.org/10.1016/j.earscirev.2020.103500
https://doi.org/10.3389/feart.2017.00064
https://doi.org/10.7522/j.issn.1000-0240.2018.0504
https://doi.org/10.7522/j.issn.1000-0240.2018.0504
https://doi.org/10.5194/tc-9-557-2015
https://doi.org/10.1038/s41558-020-0881-2
https://doi.org/10.1073/pnas.1904242116
https://doi.org/10.1038/s41558-018-0305-8
https://doi.org/10.1016/s1040-6182(99)00035-x
https://doi.org/10.1038/s41561-018-0059-y
https://doi.org/10.1038/s41586-018-0179-y
https://doi.org/10.1016/j.earscirev.2018.12.018
https://doi.org/10.1360/TB-2019-0246
https://doi.org/10.1029/2018gl081476
https://doi.org/10.1029/2018gl081476
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1150478

	Editorial: Cryosphere and climate change in the Arctic, the Antarctic, and the Tibetan plateau
	Introduction
	Glaciers change over the Tibetan plateau
	Climate change in the Antarctic
	Changes in typical drainage basins of the Greenland ice sheet
	Author contributions
	Conflict of interest
	Publisher’s note
	References


