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Background

The collapse rate of Antarctic ice shelves is one of the largest

sources of uncertainty in global sea level rise projections, but the

dynamics of Antarctic ice shelf melt in a warming environment are

poorly understood. Distributed, long-duration in-situ melt rate

measurements are needed, but no appropriate platform exists.

IceNodes obtain such measurements in a low-cost, expendable,

and logistically simple manner, enabling scientists to deploy

scalable arrays that acquire co-varying melt rate timeseries over

large spatial areas, thereby providing an unprecedented view of ice

shelf melt rate variability and its drivers [1].

Objectives

Our objectives for FY21 (year 2 of 3) were to develop the IceNode

prototype vehicle hardware and to develop a guidance technique

capable of drifting IceNodes on melt-driven exchange currents from

the ice shelf edge to beneath a realistic pre-specified landing area.

Prototype Vehicle Design

We have completed detailed mechanical and electrical design of

the vehicle prototype, building off systems analysis work from [2].

All parts are now fabricated and we are conducting assembly and

sub-system tests. In FY22 we plan to demonstrate the capabilities

of the prototype vehicle in a series of field tests. Along the way, we

solved many detailed design challenges further discussed in [3]:

Autonomous Guidance

We developed in simulation a Q-function Markov Decision Process 

(QMDP) based guidance technique to drift IceNodes from the shelf 

edge to below pre-specified targets using melt-driven exchange 

currents. The algorithm determines the probabilistically best drift 

depth to reach a given target area for each x, y location under the 

shelf, then commands IceNode to move to that depth using its 

variable buoyancy system (VBS). Our technique delivers 88.8% of 

vehicles to the target, representing a 262% improvement over 

uncontrolled drifting and a 33% improvement over state-of-the-art 

techniques, and does so 21% faster, leaving more battery available 

for landed science operations [4]. 

Significance to NASA and JPL

Because an arbitrary number of IceNodes may be deployed by a 

single icebreaker in front of an arbitrary number of ice shelves, 

IceNode is much more scalable than traditional borehole based-

approaches for collecting basal melt rate observations, which are 

logistically complex, can cost millions of dollars per borehole, and 

are limited in their placement due to crevassing and complex 

surface topography. Development of IceNode will enable scalable, 

unprecedented acquisition of long-duration, spatially distributed 

datasets of co-varying ice shelf melt and ocean conditions over 

large spatial areas and multiple ice shelves, with the following 

impacts: 

• Greatly improve understanding of ice shelf melt rate variability 

and its drivers

• Ground-truth airborne and spaceborne remote sensing data

• Constrain numerical model parameters for predicting future ice 

shelf melt, collapse, and sea-level rise
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• Strategically position JPL for NASA Earth Ventures - Suborbital

(EV-S) proposals targeting Antarctic contributions to sea-level

rise (next call expected FY23Q2)

• Strengthen JPL’s portfolio and expertise in under-ice/underwater

exploration for future Ocean Worlds missions

• Significantly contribute to 2018 NASA Earth Science Decadal

Science Survey Question C-1

Figure 1: IceNode CONOPS
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Figure 2: The IceNode vehicle prototype 

Figure 3: 500 simulated attempts to drift from shelf edge to

grounding zone, using uncontrolled drifting, constant depth fraction

(state-of-the-art) and IceNode QMDP guidance techniques
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