
CHARACTERIZING THE STABILITY OF TITAN'S NORTHERN LAKES USING IMAGE ANALYSIS 

AND MASS TRANSFER MODELING.  F. C. Wasiak1, H. Hames2, V. Chevrier1, D. G. Blackburn1, 1Arkansas 

Center for Space and Planetary Sciences, 202 Old Museum Bldg., 2Center for Advanced Spacial Technologies, 304 

JBHT, University of Arkansas,  Fayetteville, AR 72701 USA (fwasiak@uark.edu). 

 

Introduction:  As Titan's northern hemisphere ex-

its the winter season it will be subjected to increased 

insolation. The effects on northern lake levels will 

depend on a variety of factors from evaporation rates, 

to underground liquid-methane table levels, to subsur-

face flow mechanisms.  Utilizing the available data 

from the Cassini spacecraft's ISS, VIMS, and SAR 

instruments, we search for evidence of change in lake 

features and the implications on "hydrological" system 

and subsystem models.  It is expected that evaporation 

rates of liquid methane on Titan are rapid enough that 

lake shorelines could potentially migrate up to tens of 

km per year [1].  Multi-temporal observations lend 

themselves particularly well to analysis by Geographic 

Information Systems (GIS) methodologies, and we 

introduce our efforts to understand Titan's me-

thane/ethane lake hydrology.   

Polar Regions:  The north polar region continues 

to be imaged by Cassini's ISS, SAR, and VIMS in-

struments, which complement each other; although 

VIMS lacks the spacial resolution needed to resolve 

much detail other than images acquired at closest ap-

proach (~1000 km) [2].  The ability of GIS to spatially 

correlate image data taken at different times, viewing 

geometries, resolutions, and by different instruments, 

along with enhanced processing and analytical tech-

niques, allows detailed comparison of features under-

going change.   

Imaging of the south-polar surface has revealed 

images consistent with ponding due to precipitation 

[3], and the disappearance of dark features, presuma-

bly liquid methane, by evaporation/infiltration [4].  

Furthermore, Ontario Lacus seems to have decreased 

in size between 2005 and 2009 [5].   

Monitoring the Northern Lake Region:  Spatial-

ly referenced lake/shoreline images taken at different 

times are referenced to each other using temporally 

resistant control points such as permanent surface 

features beyond lakeshore boundaries.  Image analysis 

is run on individual images to detect object edges on a 

pixel by pixel basis.  Features within the images are 

defined and vector layer shape files produced.  Feature 

layers are subsequently imported into the GIS, and 

individual features are selected upon which to perform 

vector analysis; i.e. suspected methane bodies.  Addi-

tionally, Matlab is utilized to delineate shoreline and 

lake features from the ISS imagery. 

Spatial analysis is used to discern significant 

change within polygons, while feature extraction is 

used to discern any newly formed features such as 

shoreline, beach, islands, or channels that require fur-

ther vector analysis.   

 

 
Figure 1.  Kraken Mare (65N, 310W) is Titan's largest lake-like fea-

ture at some ~4 x 10
5
 km

2
.  This orthographic projection was taken Oct 

2008 with Cassini's ISS instrument.  More northerly ISS images are 

eagerly awaited as solar illumination increases with the advent of 

Spring.  Image contrast enhanced via GIS. 

 

To date, our analysis of temporally spaced ISS and 

SAR data has not detected change in northern lake or 

shoreline features; however, we continue our analysis 

and eagerly await future PDS data releases and the 

advent of the Spring season for both increased tem-

poral spacing and insolation.  We are open to collabo-

ration with other teams on this subject as well.   

Systems Model:  As with bodies of water on 

Earth, Titan's lake levels will be affected by the hydro-

logical cycle: a combination of precipitation, surface 

runoff, infiltration into regolith, recharge of methano-

phers, subsurface flows, and evaporation - all presum-

ably powered by the ~15 W m-2 Titan receives from 

the Sun.  A systems model approach allows systematic 

contributions of the subsystems involved (Figure 2).  

Topographic information, surface morphology, and 

distribution and character of lake-like features are 

being used to generate sub-surface permeabilities and 

flow models as in the work by Hayes et al. [6].  Should 

adequate resolution of regional surface topography 

become available [7-10], "watersheds" can be deter-
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mined.  The extent and spatial distribution of regional 

lake level change provides key insights on the season-

al affects of hydrological subsystem parameters.   
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Figure 2.  Systems affecting lake levels on Titan.  P = Precipitation, E 

= Evaporation, I = Infiltration, Rg = Recharge, Ro
 
= Overland Flow, Qs 

= Subsurface Flow, Qg
 
= Ground Flow. 

 

Lake stability model: To study the evolution of lakes 

on Titan we are developing a new model of me-

thane/ethane evaporation/sublimation based on a 

model of the evaporation of water from the surface of 

Mars. This model is particularly well adapted for 

nearly isothermal conditions, where the atmosphere 

and surface are at nearly identical temperatures. This 

model accounts for the diffusion of molecules in the 

nitrogen atmosphere, eventually modified by the 

buoyancy of lighter molecules (MCH4 = 16 g mol-1) in 

the heavier surrounding atmosphere (MN2 = 28 g mol-

1). Ethane is not affected by buoyancy since its mole-

cular mass is very close to nitrogen (MC2H6 = 30 g mol-

1), and thus a simple Fick diffusion equation may be 

used. The general equation is [11,12]:  
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where DCH4/N2 is the interdiffusion coefficient of ga-

seous CH4 and N2, ρsat is the saturation density of me-

thane vapor, ρsol is the density of the liquid, g is the 

gravitational acceleration,  is the kinematic viscosity 

of N2, and Δρ/ρ is the density difference of the gas 

mixture (CH4 + N2) between the surface of the liquid 

and the atmosphere. 

Preliminary theoretical calculations show that me-

thane evaporates at about 3 mm hr-1 at 95 K compared 

to about 6 10-4 mm hr-1 for ethane at the same temper-

ature (Fig. 3), a difference of 4 orders of magnitude, 

which results from the difference in saturation pres-

sure above the liquid for both compounds. At such a 

rate, a 100 m deep lake would take about 4 terrestrial 

years to evaporate if composed exclusively of methane, 

but about 20000 years if composed exclusively of 

ethane. Thus a methane lake could easily respond to 

the seasonal cycle on Titan (which takes about 7 years, 

allowing for temporally spaced image analysis); how-

ever, an ethane lake would be stable at much longer 

timescales. Such evaporation contrast should also lead 

to increased fractionation of methane and ethane at 

the surface and in the atmosphere. 

The evaporation rates of the liquids may also be af-

fected if soluble compounds are present, modifying the 

liquid chemical activity and then its saturation pres-

sure, in a similar way as dissolved salts affect the ac-

tivity of liquid water. Nevertheless, the previous hypo-

theses and calculations are purely theoretical and re-

quire experimental validation, which we intend to 

develop. 

 
Figure 3.  Theoretical evaporation rates of pure liquid methane and 

ethane, as previously defined in eq. (1). Methane evaporates 10,000 

times faster than ethane, because of its much higher saturation pressure.  
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