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White Paper for Solar System Decadal Survey 2013-2023 

 

The Case for a Titan Geophysical Network Mission 

 

Summary 

The case is made for a Titan Network Mission, to measure geophysical and meteorological phenomena 
over a long period by several (nominally 4) small surface stations.  Such a mission could offer 
revolutionary new insights in comparative planetology in a range of disciplines, and address key 
questions about Titan’s weather and interior that are impossible to answer with balloon or orbiter 
measurements.  A Titan Geophysical Network could be the most affordable Geophysical Network 
mission in the solar system, and likely could fit in a New Frontiers cost envelope if appropriate 
radioisotope power sources are available. 

Motivation 

As noted in the 2007 Titan Explorer study,  Titan is a complex world whose interior, surface and 
atmosphere are all coupled, and evolving with time.   

Titan's near-surface meteorology is difficult to probe from orbit, since there are few cloud tracers to track 
winds. In addition to the hour-long timescales of cloud convection, and the year-to-year variations due to 
the changing solar position through Titan's seasons, there is also a  significant gravitational tide in Titan’s 
atmosphere which provides a regular forcing  (with a ~1mb pressure bulge and rotating wind systems of 
~0.5 m/s) over a 16-day orbit.   The orbit, coupled with changes in the solar wind and in Titan's 
ionosphere also lead to modest variations in the Saturnian magnetic field experienced at Titan's surface, 
allowing some constraints to be placed on the conductivity and depth of an internal water-ammonia 
ocean. Tidal forcing will cause periodic tilt in the crustal shape (possibly with discontinuous jumps, 
depending on the structure of the ice crust) as well as seismic excitation, allowing (as for the Earth’s 
moon) determination of interior structure.  All of these variations can provide powerful science with 
moderately simple, low-bandwidth sensors, if allowed to operate for an extended period  (a few tidal 
periods at least, desirably for years). 

Most of our understanding of Earth’s atmosphere and interior is from network measurements, although 
we often don’t think of them that way.  Network science is considered extremely valuable for Venus, 
although not practically realizable.  Efforts are underway to develop an International Lunar Network. 
Network missions have been long advocated for Mars, and powerful synergies could emerge from 
comparing data from a Titan network with landed Mars geophysical and meteorological measurements. 

Science Heritage 

As noted in the prior Decadal Survey, the determination of the internal structure is a key goal for all solar 
system satellite studies . Remote methods such as gravity/altimetry and induced magnetic fields all have 



3 

 

challenges in that they sense e.g. the thickness-strength product of the ice, or some combination of 
conductivity and depth of the ocean or invoke assumptions such as hydrostatic equilibrium. The 
simultaneous measurement of geophysical parameters at several surface locations allows a much more 
robust and unambiguous determination of the internal structure, as well as permitting other techniques 
such as direct seismic measurement of the ice thickness.  

Landed geophysical/meteorological measurements were a significant feature of the 2007 Titan Explorer 
Study (Leary et al., 2009, and played a role in assigning the higher science priority to a lander than to a 
balloon: an orbiter+lander+lander, and orbiter+lander descopes to the full mission of 
orbiter+lander+balloon were highly ranked, and review feedback even questioned whether the 
orbiter+lander+lander option might even be superior.)  The 2008 TSSM mission (Reh et al., 2008) was 
more tightly constrained, in part due to the NASA HQ direction that aerocapture was not to be 
considered, and could not afford mass-wise a long-term lander. However, because of the importance of 
long-term geophysical measurements, a brief study was made on installing instrumentation and a small 
(non-NASA) RTG on the heat shield of the balloon, whose jettison after entry would thereby provide a 
delivery for free, the ‘Geosaucer’ concept. 

Payload and Network 

The payload of a geophysical network mission could be relatively inexpensive, lacking large chemical 
analysis instruments, articulated cameras etc. Such a mission was not thought of in the 'Billion Dollar 
Box' study, and the Flagship studies were directed to embrace the full pantheon of Titan science 
disciplines. A PI-led mission with focussed science goals on the other hand could be considerably more 
affordable. At a minimum, the payload is no larger than the instrumentation on a high-end wristwatch – a 
pressure sensor, a magnetometer, a light sensor and a thermometer. Desirably, a tiltmeter (to measure 
tidal deformation of the surface) and seismometer would be incorporated, together with a wind 
measurement capability, and the communication system might be augmented to permit precision tracking 
to determine Titan’s rotational state.   A microphone is an easy addition and provides outreach 
opportunities, and a descent camera, whose data could be trickled back over weeks after delivery, would 
provide high-resolution geomorphology and landing location context. 

The Geosaucer study conservatively identified several payload suites, with masses from 1.5kg to 20kg. 
Finer consideration of the payload will depend on the specifics of the mission opportunity, power source, 
etc.  The costs of a power source, and limits on Pu supply, might suggest an optimum network has few 
(~4) stations with capable payloads (~10kg) rather than a wider network of a dozen smaller stations.   

Allowing for one sporadic failure (lands in a canyon or whatever), 4 delivered stations is a minimum : 3 
operating stations offers the prospect of determining latitudinal gradients in meteorological and magnetic 
variations, as well as improving the localization of seismic signals.  

Mission Architecture 

A network mission could likely (depending on the ASRG/RTG provision) fit within the New Frontiers 
budget envelope, in that 4 small landers could be delivered directly to Titan on a simple carrier from 
interplanetary approach (somewhat reminiscent of the Pioneer Venus probes).  The small semi-hard 
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landers would not need parachutes, legs nor sampling systems, and thus could be relatively simple and 
inexpensive. In the Entry-Descent-and-Landing (EDL) context, a Titan network mission is considerably 
easier than a corresponding Mars mission. 

It will be recalled that the 1.3m diameter, 200kg Huygens probe, with a 1.3m parachute, hit the ground at 
5 m/s and was unaffected by the 15g impact. A 10-50kg small station, with a Huygens-like 5cm foam 
insulation layer, will encounter similar or lower impact speeds and loads without a parachute. The stations 
might be simple DS-2 or Huygens-like capsules, or perhaps with simple self-righting petals like the 
Russian Luna-9 or the Mars Pathfinder. 

Communication, of course, would be direct-to-Earth.  The key science goals can be met with modest 
bandwidth (a Megabit per Titan day, or ~1 bps, is ample over year-long periods), compatible with low- or 
medium-gain transmission to the DSN, especially if the bandwidth is leveraged by intelligent data 
prioritization on the landers such as event-triggered sampling and data compression. 

A network could also be an element within a Flagship mission, which could augment the science return 
via orbiter communications relay and by simultaneous remote science measurements. Many mission 
options arise (e.g. network deployment by sequential release from a balloon; direct entry on approach; 
Viking-like delivery from orbit, etc.)  

Radioisotope Power Systems (RPSs) are the key to this mission.  A full ASRG is overkill. A small (5-
10W) RTG would be ideal, having no moving parts and ample waste heat.  A ‘half-ASRG’ is a more 
viable near-term option, providing more electrical power (which translates into more data downlink 
capability). It may be noted that the initial assessment (NRC, 2009) of the ASRGs is that their 
electromagnetic emissions and vibration characteristics so far determined are satisfactory and well within 
specifications, so they should be suitable (even if perhaps not preferred over RTGs with no moving parts) 
for geophysical monitoring.  

Recommendations 

1.  A stand-alone Titan Network Mission should be considered in the mission list for future New Frontiers 
solicitations.  

2. Multiple small geophysical stations should (continue to) be considered a possible element in a Titan 
Flagship mission architecture. 

3. One or more ‘small RPS’ options such as a small RTG or half-ASRG should be developed by NASA in 
time to be available for the above opportunities. 

References 
Leary, J.,  C. Jones, R. Lorenz, R. D. Strain and J. H. Waite, Titan Explorer NASA Flagship Mission Study,  JHU Applied Physics Laboratory, 
August 2007  (public release version January 2009) 
Reh, K. et al., Titan Saturn System Mission, Final Report.   JPL D-48148, 2008 
NRC, Radioisotope Power Systems: An Imperative for Maintaining U.S. Leadership in Space Exploration, 2009 [prepublication version 
downloaded 6/14/2009] 

 


