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About myself
• Bachelor degree in geophysics from Wuhan University (2001-05)
• PhD degree, also in geophysics, from University of Colorado at Boulder (2005-11)
• Thompson Postdoc Fellow, Stanford University (2011-13)
• Joined The Chinese University of Hong Kong (CUHK) in 2014

• We use geophysical, remote sensing, and deep learning methods to study changes 
of the cryosphere (frozen part of the Earth system) in a warming climate.



The cryosphere is an important part of the global Earth system
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Antarctica Ice Sheet

Mountain 
Glaciers

Not shown on this map:
• Snow cover
• Lake/river ice
• Permafrost (frozen ground)

Cryosphere: frozen water on Earth’s surface 
•Stores 75% of world’s freshwater
•Linked to water cycle, sea level change, surface energy and gas exchange

•ALL cryospheric components are undergoing fast warming and area reduction



Ice sheet mass loss Glacial front dynamics

Permafrost degradation

Recent research projects

Rock glacier kinematics

+ Greening Antarctica, Martian ice-related landforms

Cryosphere Group @ CUHK
We use geophysical, remote sensing, and deep learning methods to study the cryosphere
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Cryosphere Group @ CUHK
We use geophysical, remote sensing, and deep learning methods to study the cryosphere
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Greenland contains ice that could raise global sea level by 6 m 

National Geographic



Solid earth deforms in response to surface loading

75 2.9. FLEXURE AND GRAVITY. 

investigate the flow beneath the lithosphere. The rate of flow is dependent on 
the viscosity of the mantle material. Viscosity plays a central role in under-
standing mantle dynamics. Dynamic viscosity can be defined as the ratio of the 
applied (deviatoric) stress and the resultant strain rate; here we mostly consider 
Newtonian viscosity, i.e., a linear relationship between stress and strain rate. 
The unit of viscosity is Pascal Second [Pa s]. 

A classical example of a situation where the history of (un)loading is suffi-
ciently well known is that of post-glacial rebound. The concept is simple: 

1. the lithosphere is depressed upon loading of an ice sheet (viscous mantle 
flow away from depression make this possible) 

2. the ice sheet melts at the end of glaciation and the lithosphere starts 
rebound slowly to its original state (mantle flow towards the decreasing 
depression makes this possible). The uplift is well documented from el-
evated (and dated) shore lines. From the rate of return flow one can 
estimate the value for the viscosity. 
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Figure by MIT OCW.
Two remarks: 

1. the dimension of the load determines to some extend the depth over which 
the mantle is involved in the return flow → the comparison of rebound 
history for different initial load dimensions gives some constraints on the 
variation of viscosity with depth. 

2. On long time scales the lithosphere has no “strength”, but in sophisticated 
modeling of the post glacial rebound the flexural rigidity is still taken into 
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Constraints placed by elastic crustal deformation measurements:
• average over large areas; within ~10 km radius
• provide estimates of present-day mass variability

Weighing ice mass

Glacial Isostatic Adjustment (GIA)

1. Start of Glaciation 2. Load causes subsidence 3. Ice loss causes uplift
Elastic + Visco-elastic (GIA)

Viscous mantle flows back



Greenland GNSS network (GNET): 65 continuous sites mounted on bedrock near ice

Bevis et al. (2012)
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Established by OSU, U of Luxembourg, UNAVCO, Technical U of Denmark (DTU Space), funded by NSF and the Danish Government
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problem#of#characterizing#vertical#velocities#for#GNET#and#its#sister#network#ANET#in#
Antarctica,#we#transformed#our#solutions#into#a#frame#which#minimizes#the#vertical#velocity#
of#575#GPS#stations#(Figure#S1).#The#RMS#residual#vertical#velocity#of#the#575#stations#in#
this#frame#is#0.76#mm/yr,#and#no#station#has#a#velocity#outside#the#range#\1.8#to#+#1.8#
mm/yr.#There#is#no#significant#latitudinal#trend#of#the#VREF#station#velocities#in#this#purely#
geometrical#frame.#
# The#velocities#of#the#GNET#
stations#in#this#frame#are#listed#in#
Table#S1,#along#with#pertinent#
metadata,#and#are#depicted#in#
Figures#1#\#3.##The#entire#velocity#
field#is#also#shown#in#a#single#map#
in#Figure#S2.#The#formal#standard#
error#estimates#for#station#velocity#
in#Table#S1#take#into#account#that#
GPS#time#series#have#a#colored#
noise#spectrum#(23).#That#is,#these#
error#estimates#have#been#subject#
to#a#‘red#noise#correction’.#

Figure#S2.##The#vertical#velocities#of#the#
GNET#stations#in#the#GNET#reference#
frame.#With#the#exception#of#stations#
THU2#and#KULU#all#these#results#are#based#
on#a#constant\velocity#trend#model,#and#
indicate#the#solution#obtained#using#all#
available#data#from#2000.0#to#2011.25.##We#
used#quadratic#and#cubic#trend#models#at#
THU2#and#KULU,#so#their#model#velocity#
varies#with#time#(see#Fig.#1),#so#we#show#
and#list#their#average#vertical#velocities.#
The#standard#errors#associated#with#these#
solutions#are#almost#always#very#small#
compared#with#the#velocity#estimate#itself,#
as#can#be#seen#in#Table#S1.#The#lateral#
gradients#in#uplift#velocity#can#be#seen#
more#clearly#in#Figures#1#\#3.#Note#that#
THU2#and#THU3#refer#to#the#same#GPS#
antenna#(but#distinct#GPS#receivers). 

All GNSS stations went up due to present-day ice melting

Bevis et al. (2012)



How does meltwater move within & out of ice sheet? 

Figure modified from van den Broeke et al., 2009



Agnieszka Gautier, NSIDC, adapted from Chu, V. W., 2014

How does meltwater move within & out of ice sheet? Complex processes poorly studied

Moulin mouth



Agnieszka Gautier, NSIDC, adapted from Chu, V. W., 2014

Our idea: use vertical loading deformation to infer buffered water storage
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crustal subsidence, whereas mass removal causes crustal uplift. In this 
way, each GNET station offers quantitative information on regional 
mass changes in glaciers, ice caps, the ice sheet and aquifers within a 
roughly 200 km radius (see Methods). Correcting for known nuisance 
signals yields time series of residual vertical displacements. A notable 
correction concerns the glacier surface mass balance (SMB), the sea-
sonal accumulation and ablation of snow and ice. For this, SMB models 
are used, which only account for local, shallow meltwater storage by 
capillary retention and refreezing in seasonal snow and firn; further 

meltwater is assumed to reach the ocean instantly. In reality, BWS causes 
a marked runoff delay: we expect the increase in BWS in the early melt 
season to result in a downward residual bedrock displacement, which 
slowly reduces to zero towards the end of the melt season, as meltwater 
is gradually released into the ocean.

In this study, we address three questions: (1) how does GrIS BWS 
evolve during the melt season?; (2) are there spatial variations in the 
duration of GrIS BWS?; (3) can GNET data be used to improve runoff 
estimates from SMB models?

Seasonal cycle and its spatial variations
We produce time series of vertical bedrock displacements (‘shifts’) at 
22 GNSS stations from GNET over the period 2009–2015. We isolate 
the BWS signal by subtracting SMB-related and other nuisance signals 
from the total displacements observed (Extended Data Table 1). Mass 
variations caused by SMB processes are provided by the RACMO2.3p2 
regional climate model35 covering the entire GrIS. Figure 2 shows the 
mean annual cycles of detrended residual vertical displacements for 
all GNET stations under consideration. The pattern is similar for all sta-
tions: a slow downward motion from February to April (corresponding 
to the accumulation of stored water), which accelerates in May and 
peaks in July. In general, residual downward motion corresponds to an 
accumulation of stored water that is not shallow and/or local, that is, not 
accounted for in the SMB models, and vice versa. Therefore, we inter-
pret this signal as BWS accumulation within roughly 200 km around the 
GNSS station starting from the onset of the melt season (Fig. 1), which 
is unaccounted for in the SMB models. After July, the stations show 
relatively constant upward motion until February the following year, 
which is attributed to a gradual reduction of BWS through discharge 
into the ocean. We conducted a comprehensive analysis, including vali-
dation with independent GRACE satellite gravimetry data (Fig. 3), which 
demonstrates that this signal is real and not an artefact resulting from 
errors in models or data, or a seasonality of ice discharge (Methods).

The time series also reveal a spatial variability superimposed onto the 
mean annual cycle of residual vertical displacements (Fig. 2). Details of 
vertical motion differ among the stations, notably starting from July. 
The stations in the south and southeast typically show a sharp and 
quick bedrock uplift after July, evidence of a rapid loss of BWS there. 
By contrast, most of the remaining stations show a slower BWS loss 
until September or October and an accelerated loss only later. Finally, 
many stations show a reduction of BWS loss rate by the end of winter.

Quantification of BWS
To quantify BWS variations within the GrIS, we propose an analytic func-
tion to fit the residual vertical displacement time series (Methods). The 
function assumes BWS to decay exponentially, with the exponent being 
inversely proportional to the parameter Tst, which is termed as ‘water 
storage time’ and fitted to the data. This parameter indicates for how 
long the water is buffered inside the ice sheet during and after the melt 
season. Extended Data Fig. 1a shows the time series of residual verti-
cal displacements and its approximation with the computed analytic 
function using the GNET KAGA station as an example.

Notably, the introduced analytic function takes into account possible 
inaccuracies in the runoff magnitude estimated by the adopted SMB 
model. It is assumed that the true runoff is related to the modelled 
runoff by a scaling factor. To determine its value, the modelled run-
off time series are scaled with empirical factors calculated per year 
using nonlinear optimization (Methods). The resulting estimates of 
water-mass variations are referred to as ‘calibrated’. For comparison, 
we also estimate variations in the water mass without applying this 
scaling (referred to as ‘uncalibrated’).

On the basis of the proposed analytic function, we compute time 
series of the vertical displacements caused by BWS. These estimates 
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Fig. 1 | Evolution of water storage and associated bedrock displacements 
within the GrIS at different stages of the melt season. a, Ice sheet before  
melt season. Water mass is minimal; actual vertical position of the bedrock is 
consistent with that computed on the basis of background models (dashed 
white line). b, Early phase of the melt season. Liquid water rapidly accumulates 
because discharge into the ocean is minimal, so that the actual vertical position 
of the bedrock shows only a minor uplift (brown arrow); position of the bedrock 
based on background models, which do not take the water accumulation into 
account, is above the true position, showing a rapid uplift (white arrow); the 
separation between the actual and calculated positions increases, so that the 
residual bedrock displacement becomes more and more negative (blue arrow 
directed downwards), reflecting a continuing water accumulation. c, Late phase 
of the melt season. Both accumulated and newly produced water is subject to 
rapid discharge into the ocean through an efficient system of englacial and 
subglacial channels; position of the bedrock based on the background models 
is still above the true position, but the separation between the actual and 
calculated positions decreases owing to a decreasing water mass, so that the 
residual bedrock displacement becomes less and less negative (blue arrow 
directed upwards).

• Early summer: meltwater accumulates & gradually migrates towards GNSS -> subsidence
• Late summer: efficient water drainage (through complex pathways) into ocean -> uplift
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account for variations in the total BWS, that is, water stored in all ice- 
sheet compartments, including snow/firn, moulins, lakes, basal water 
storage, as well as groundwater storage below the ice sheet. Taking the 
KAGA station as an example, we show the displacements based on both 
calibrated and uncalibrated estimates of BWS variations in Extended 
Data Fig. 1b. Both time series reveal the largest BWS in 2012, a year of 
extreme melt in Greenland2. For the calibrated BWS estimates, the dis-
placement at the KAGA station reaches 14 mm. Similar features are found 
in the time series from other GNET stations, particularly those located 
in southern and southwestern Greenland: from HJOR to QAAR (Fig. 4). 

Most of the stations outside the northern part of Greenland show the 
second largest BWS in 2010, another year of extreme summer melt36.

Evaluation of modelled runoff estimates
Comparison between modelled and observed vertical displacements 
indicates that applying a scaling factor to SMB-modelled runoff is nec-
essary to improve agreement. The calibrated estimates of BWS show 
larger temporal variations at the KAGA station than the uncalibrated 
ones (Extended Data Fig. 1b): for example, the calibrated estimate in 
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Fig. 2 | The mean annual cycles of residual vertical displacements at GNET 
sites. Note that displacements are obtained after subtracting the loading 
signals resulting from modelled SMB and non-ice processes (Methods), as well 
as a subsequent detrending. The red shading depicts the one-sigma uncertainty. 
Vertical blue lines denote May (as the onset of the melt season) and July (as the 

month of the peak water storage). The map in the centre shows mean ice-flow 
velocities during 1985–2018 from NASA’s Making Earth System Data Records for 
Use in Research Environments (MEaSUREs) programme39. Extended Data Fig. 3 
shows an example of how the residual vertical displacements are computed.

Ran et al., 2024

Meltwater is temporally stored and gradually runs off



Common seasonal variability across 22 GNSS sites

Average of all sites

Ran et al., 2024



Duration of early-summer subsidence gives ‘water storage time’

Ran et al., 2024



Key take-aways from this work
Bedrock displacement gives a new source of info on buffered water storage within the Greenland Ice Sheet
• Vertical subsidence up to 5 mm, needs careful removal of other nuisance contributors
• Water storage generally peaks in July and gradually decreases thereafter
• Storage duration is about two months, shorter in southeast Greenland
• Can constrain & improve regional climate models, as none considers buffered water, toward better projection

Greenland Ice Sheet cumulative mass change & equivalent sea level contribution

IPCC AR6 (2021)



Why I am excited about cryospheric geophysics and remote sensing

• Innovative and combined use of state-of-the-art methods, inc. artificial intelligence
• Study dramatic changes in various cryospheric systems from interdisciplinary perspectives
• High societal impacts: global climate change, sea level rise, etc.



Time for action! 
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CUHK leads Hong Kong scientists to 
participate in China’s Antarctic expedition

Milestone underscores city’s growing contribution to 
national and global scientific endeavors

中大率領香港科學家
首次參加中國南極考察



Great Wall Station

Zhongshan Station
Kunlun Station

Taishan Station

Qinling Station

China’s Research Stations in Antarctica

Ross SeaPacific Ocean

Atlantic Ocean Indian Ocean

Lin LiuJiying Li 
(HKUST)

Martin Tsui Alex Chow

Great Wall Members

Zhaoliang Chen

Zhongshan Member

Xuelong 2/Ross Sea

Michael Pittman 

China’s 41st Antarctic Expedition 2024–2025

18 December 2024 – 7 January 2025

9 December 2024 – 1 March 2025

March–April 2025 



Can you believe this lush landscape is Antarctica?!

We investigate how bio-hydro-geochemical system changes in polar critical zones



Antarctic Lichen

Microbial mats &  mosses
Antarctic Hairgrass Green snow algae

Seemly barren land, but we found flouring flora and microbes

Fungi



Exciting Discoveries & Opportunities Await Hong Kong Scientists
• Strengthen collaboration with the Polar Research Institute of China and key international partners 

• CUHK plans to lead scientific teams to participate in 
• China’s 15th Arctic Ocean Scientific Expedition in summer 2025
• China’s 42nd Antarctic Expedition in December 2025
• Future expeditions 

• Our team will develop an autonomous & intelligent system by integrating in-situ, remote sensing sensors and AI, 
       towards holistic, continuous, long-term & real-time monitoring of elemental changes land-water-life interface.

•



What kind of PhD students I am looking for

• A driving curiosity to understand how the Earth system, esp. the cryosphere works 

• Self-motivated

• Independent but capable of working in a team

• Willing to tackle challenging problems



What I can offer you
• Share my passion of science & vision about cryosphere, geophysics, remote sensing, deep learning

• Train you as an independent scholar through frontier research projects

• International perspectives and professional network

• Always ready to help

• Looking forward to learning from you

• Talk to me and my students this week
• Visit my group website
• Send me an email for any questions

Want to learn more about my research?
liulin@cuhk.edu.hk

cryocuhk.github.io

mailto:liulin@cuhk.edu.hk
cryocuhk.github.io
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