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Abstract. Ice flow controls the ice discharge at tidewater outlet glaciers and is, together with frontal ablation, a key process

driving the mass loss of the Greenland ice sheet. While annual glacier velocity variations of tidewater glaciers are well studied

using satellite-derived data, research on small-scale, short-term speed variations, ranging from sub-diurnal to multi-day scales,

remains limited. We deployed a terrestrial radar interferometer, operating at a 1-min sampling interval (30 min resolution after

processing) and a spatial resolution of a few meters, to investigate small-scale ice flow variations at the terminus of Eqalorutsit5

Kangilliit Sermiat, a tidewater outlet glacier in South Greenland. We observed clear diurnal and multi-day ice flow speed

variations and link these to a high ice flow sensitivity to additional freshwater input to the glacier system. This water originates

from different sources, such as enhanced surface melt during warm periods or sudden drainage events from subglacial or

ice-marginal lakes. The amplitudes of diurnal velocity fluctuations remain remarkably consistent throughout the 6 km long

terminus area, but their spatial evolution shows clear variability. Spatio-temporal analysis of velocity map time-series revealed10

a general downstream propagation of diurnal velocity variations. However, on days characterized by particularly high ice flow

speeds, these variations start at the terminus propagating upstream in a distinct block-wise pattern, connected to major rifts

in the terminus area. We further conclude that the ice flow remains sensitive and reacts fast to short-term surplus water input,

despite having established an efficient drainage system towards the end of the melt season.

1 Introduction15

Over the past few decades, global warming has caused the Greenland ice sheet (GrIS) to lose mass at an increasing rate

(Mankoff et al., 2021; Otosaka et al., 2023), making it one of the largest contributors to global sea level rise (Bamber et al.,

2019; Shepherd et al., 2020; Zemp et al., 2025). About two-thirds of this mass loss between 1972 and 2018 is attributed to

glacier dynamics of marine-terminating glaciers (Mouginot et al., 2019). Yet, the coupling between meltwater input, subglacial

hydrology, and flow velocity that governs these processes is complex and remains poorly constrained, in particular across20

different timescales. Several studies suggest that warmer temperatures in the future, and the associated increase in surface

melt, lead to enhanced mass loss through accelerated dynamic thinning (e.g. Parizek and Alley, 2004; Pritchard et al., 2009).

However, other studies indicate that this relationship is not universally applicable (e.g. Tedstone et al., 2015; de Fleurian

et al., 2022), since not the average melt but rather the melt variability influences increased flow velocities (Schoof, 2010).
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Consequently, it is crucial to understand the small-scale flow variations at the trunks of the marine-terminating outlet glaciers,25

with short-term velocity observations being a key constraint for such analysis.

Annual or seasonal variations in ice flow dynamics of the GrIS have been well studied, mostly using satellite-based ob-

servations (e.g. Joughin, 2022; Gardner et al., 2023). Satellite remote sensing techniques, such as feature tracking of optical

imagery and speckle tracking of SAR imagery, have proven valuable for large-scale, long-term monitoring of ice velocity

and its response to a warming climate, in particular in large and inaccessible regions such as Greenland (e.g. Joughin et al.,30

2010; Tsai et al., 2019; Joughin, 2022). However, several studies show that tidewater glaciers also undergo short-term velocity

variations at a sub-diurnal to multi-day scale (e.g. Meier et al., 1994; Vieli et al., 2004; Kneib-Walter et al., 2023; Sugiyama

et al., 2025). They highlight the impact of diurnal meltwater input on small-scale speed fluctuations, where additional water

enters the glacier system leading to a higher subglacial water pressure, which enhances basal sliding and results in larger ice

flow velocities (Iken, 1981; Stevens et al., 2022a). Meltwater input is able to constantly alternate the subglacial channel size35

(Röthlisberger, 1972) and therefore the efficiency of the subglacial drainage system, which can have a large impact on the ice

dynamics (Tedstone et al., 2015). Despite multiple efforts to investigate the evolution of these rapidly changing systems (e.g.

Chandler et al., 2013; How et al., 2017; Doyle et al., 2018), they remain poorly understood, mostly due to their inaccessibility

for direct measurement. This particularly applies for tidewater glacier tongues where basal water pressures are generally rather

high due to a bed well below sea level.40

Improving our process understanding of detailed dynamics at the ice-ocean boundary requires short-term and high-resolution

observations that resolve diurnal and multi-day variability. However, the multi-day revisit frequency of satellite data limits their

ability to capture short-term glacier dynamics, highlighting the continued importance of in-situ observations (Fahrner et al.,

2024). Field studies on short-term ice flow dynamics and their relation to subglacial conditions and melt water input largely

focus on land-terminating glaciers, which are often relatively small and slow flowing, and thereby much easier to access45

(Chandler et al., 2013; Cowton et al., 2013). On tidewater glaciers in Greenland, particularly near the terminus, such studies

are rare. A common method to determine the ice flow velocity at sub-seasonal or even diurnal timescales are fixed GPS sensors,

typically installed along the centreline (e.g. Podrasky et al., 2012; Stevens et al., 2022a; Sugiyama et al., 2025; Wehrlé et al.,

2025). However, deploying and maintaining a GPS network in glacial environments is logistically challenging and can pose

significant risks to field personnel, especially on heavily crevassed termini of tidewater glaciers. Additionally, GPS sensors50

only provide velocity data for single points on the glacier, which limits our spatial understanding of the dynamical processes.

Ground-based photogrammetry methods using time-lapse cameras can serve as an alternative (Ahn and Box, 2010; Murray

et al., 2015), but often struggle to produce sub-daily velocity fields, since a considerable displacement is needed to overcome

the measurement uncertainty. Uncrewed Aerial Vehicles (UAVs) are limited by their range and the periodic nature of flight

missions and therefore cannot deliver continuous data (Ryan et al., 2015; Jouvet et al., 2018). To date, no such studies have55

been conducted on tidewater glaciers in South Greenland. At Eqalorutsit Kangilliit Sermiat (EKaS), our target glacier, previous

studies have examined the glacier’s outline change (Weidick, 2009), investigated calving-driven fjord dynamics (Gräff et al.,

2025), and documented a substantial subglacial winter meltwater discharge (Hansen et al., 2025). However, none of these

works have addressed glacier flow velocity at the site.
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To address these limitations, we deployed a terrestrial radar interferometer (TRI) to investigate short-term and small-scale60

ice �ow variations over the terminus area of a major outlet tidewater glacier in South Greenland. Previous studies have demon-

strated that the TRI can overcome many of these observational constraints and has signi�cantly advanced our understanding of

ice-�ow dynamics of tidewater glaciers, particularly with respect to the interactions among ice �ow, calving, ice mélange, and

tidal forcing (e.g. Voytenko et al., 2015; Xie et al., 2019; Walter et al., 2020; Kane et al., 2020; Kneib-Walter et al., 2021; Drews

et al., 2021; Wehrlé et al., 2025). Many investigations focused on fast-�owing glaciers in Greenland such as Sermeq Kujalleq65

in Kangia (e.g. Xie et al., 2018; Wehrlé et al., 2024; Cassotto et al., 2021) and Helheim Glacier (e.g. Voytenko et al., 2015;

Holland et al., 2016; Kim et al., 2025). In our study, the TRI continuously operated over two separate two-week periods in the

summers 2023 and 2024 from a �xed position on land, covering the entire terminus area at the lowest 6 km of the glacier with

a 1-min sampling interval (30 min resolution after processing) and a spatial resolution of a few meters. We further monitored

external factors such as meteorological conditions, tides, calving activity, and surface ice conditions in the fjord to investigate70

their potential in�uence on ice dynamics. With this approach, we aim to address the basic research gap in understanding how

variations in water input impacts short-term �ow dynamics at a tidewater glacier grounded well below sea level, and how re-

lated velocity variations propagate along the glacier. We interpret our results in the context of the interaction between ice �ow

and the evolution of a subglacial drainage system.

2 Data and methods75

2.1 Field site

Eqalorutsit Kangilliit Sermiat (61.36° N, 45.76° W), hereafter EKaS (also locally called Qajuuttap Sermia), is an marine-

terminating outlet glacier in South Greenland (Fig. 1). It �ows into the Sermilik fjord, approximately 27 km north-west of

the international airport Narsarsuaq. EKaS drains a large basin of the inland ice of the GrIS, extending to the East-West ice

divide and covering an area of about 5800 km2 (0.3 % of the GrIS). The glacier's terminus has advanced by almost 2 km over80

the past few decades (Weidick, 2009), despite being situated in a region where glaciers are generally experiencing substantial

thinning and retreat. EKaS has an approximately 3 km wide and 360 m high calving front, which is grounded at a water depth of

280 m (bathymetry data collected using single beam echosounder (Rosier, 2025)). The �ow speed of the EKaS terminus varies

between 5 m/d at the end of the melt season and 12 m/d at the beginning of the melt season (Gardner et al., 2023). This results

in an annual ice discharge of approximately 3.1 km3/yr in the recent decade (Mankoff et al., 2020a), equivalent to roughly 10 %85

of the ice discharge at major tidewater glaciers such as Helheim glacier (Kim et al., 2025).

2.2 Field data collection

2.2.1 Radar

A terrestrial radar interferometer (TRI) was deployed twice for a two-week period in August 2023 and July 2024, respectively,

to continuously measure ice �ow velocity. The instrument was positioned on solid bedrock atop an opposing hill, 496 m above90
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