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Introduction:  Oceanography is no longer just an 
Earth Science. Standing bodies of liquid that interact 
with both atmospheric and surface reservoirs also exist 
on Saturn’s largest moon, Titan [1]. Recently, Cassini 
observations have found evidence consistent with 
wind-waves on the surface of Titan’s liquid bodies 
[2,3]. On Earth, wind-wave observing radars are com-
monly used as anemometers to measure surface winds 
[4]. Similar to these weather satellites, Cassini data can 
be used to estimate the RMS height and/or slope of 
roughness on Titan’s lakes and seas. When coupled to 
a wind-wave generation model, these measurements 
can be used to estimate the wind speed necessary to 
drive an observed wave field. We couple a wave gen-
eration model to Cassini observations of roughness on 
Titan’s lakes / sea surfaces to constrain surface winds. 

Wave Model:  The University of Miami Wave 
Model (UMWM, [5]) is a spectral wave model that can 
calculate the wavenumber-directional spectrum on any 
lake or ocean basin given the wind speed and direction 
at each grid point. The model also calculates the tan-
gential stress of the wind on the surface. UMWM has 
been adapted to include all waves (gravity, capillary-
gravity, and capillary) and to be applicable to any gas-
liquid interface with merely a change in the fluid pa-
rameters (densities, viscosities, surface tension) and 
gravity. This universal wave and stress model is called 
UNIWSM. UNIWSM has been validated using wave 
tank experiments that varied liquid properties (viscosi-
ty & density) and atmospheric pressure (down to 40 
mbars for Mars) [6,7]. 

We have adapted UNIWSM to the Titan environ-
ment  and used it to model waves generated on Titan’s 
hydrocarbon lakes in response to variable wind speeds 
(Fig. 1). While multiple liquid compositions have been 
modeled, this abstract will focus on best-fit composi-
tions recently published by [8,9]. The wind-wave mod-
els produced by UNIWSM provide the link between 
wind speed and the RMS height and slope of wave-
roughened liquid hydrocarbon surfaces. UNIWSM 
provides the framework necessary to provide Cassini 
with an anemometer capbility. 

Measuring Surface Roughness: Cassini has three 
ways to measure the RMS height and/or slope on liq-
uid surfaces: VIMS Specular Reflections, RADAR Al-
timetry, and RADAR Scatterometry. Of these, the 
VIMS off-specular glints provide the most numerous 
observations that have been interpreted as wave activi-

ty [2, Table 1]. When VIMS observes a specular re-
flection of the Sun from a part of a lake surface that 
should not have a specular reflection if it were perfect-
ly smooth, the increased intensity tells us the fraction 
of the surface that is oriented in a particular direction 
(incidence angle +/- the VIMS IFOV/2) relative to the 
surface normal [see 10]. This quantity is known as the 
specular area fraction (SAF) and, for given wind 
speed, direction and incidence angle, can be directly 
compared to the output of the UNIWSM-Titan model 
(Fig. 2) to constrain wind speeds on Titan.  

Using Cassini as an Anemometer: Figure 2  
shows an area of Kraken Mare where a transient event 
consistent with wind-waves was observed by both 
RADAR and VIMS in August 2014. The SAF required 
to produce the observed reflection by VIMS was   
5x10-8 (red line in Fig. 3). Figure 3 shows the SAF 
outputs from UNIWSM for various wind speeds as a 
function of wind direction (azimuth). A family of wind 
speeds are consistent with the observations depending 
on the wind direction. Regardless, SAF varies loga-
rithmically with wind speed making Cassini a poten-
tially sensitive anemometer on Titan. Figure 4 shows 
the wind speeds necessary to match the SAF measure-
ments for several specular glints observed over Punga 
Mare in July 2012 [see 2]. If we assume that a similar 
wind speed generated all of the observed glints, the 
variable viewing geometries present a way to break the 
azimuth ambiguity. The required wind speeds con-
verge near 0 azimuth, suggesting that the wind direc-
tion was within 20° of the spacecraft trajectory. 

Summary: We have adapted a proven wave gener-
ation model to the Titan environment that can be used 
for a variety of applications. The brightness of VIMS 
specular reflections have a strong logarithmic depend-
ence on both wind speed and azimuth angle, potential-
ly explaining why off-specular glints are only rarely 
observed. The Kraken Magic Island and VIMS specu-
lar glints observed ober Punga Mare are consistent 
with wind-waves driven by 0.4–1.0 m/s winds. 
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Figure 1: UNIWSM models for a 10 m deep patch of a methane lake under the influence of uniform 0.7 (A), 1.4 (B), and 
2.1 m/s (C) winds for 17 min. Axes have a vertical exaggeration of 6.7. Note the order of magnitude change in the axes 
limits for panel A (0-1 /0-0.15 m) vs. B/C (0–10 / 0–1.5 m). Significant wave heights are 2 (A), 34 (B), and 86 cm (C). 

Figure 4: Wind Speed vs. 
Wind Azimuth for 
UNIWSM models con-
sistent with the SAF obser-
vated over Punga Mare in 
July 2012 (center panel). 
These observations are 
discussed by [2]. Wind 
Speed estimates converge 
within 20° of 0 azimuth, 
suggesting that the wind 
direction was approximately 
in line with the spacecraft 
trajecory, assuming that the 
off-specular glints were 
driven by similar forcing. 
Multple observations with 
varying specular geometrty 
create a way to break the 
azimuth ambiguity. The 
logarithmic dependence of 
Wind Speed on SAF makes 
the diverage at large azi-
muth signifnicant. 

Figure 3: UNIWSM outputs 
of Specular Area Fraction 
(SAF) for a series of wind 
speeds as a function of wind 
azimuth. The red line repre-
sents the SAF consistent 
with the off-specular glint 
observed by VIMS over 
Kraken Marea in August 
2014. Depending on the 
azimuth of the wind (rela-
tive to the spacecraft trajec-
tory), a family of wind 
speeds are consistent with 
the observations. Modeling 
was conducted for a me-
thane-dominatd lake. 

Figure 2: Cassini SAR (middle) 
and VIMS  (right) observations 
observations of a transient fea-
ture in Kraken Mare acquired in 
August 2014. The leftmost panel 
shows the spectral signature of 
the transient as 5 µm bright. 

Table 1: List of VIMS observations with off-specular glints over liquid surfaces that have been interpreted as wave 
activity. Start and End numbers refer to PDS VIMS cube designations (e.g., T059-CM_1627084350_1.cub). 
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