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NO EVIDENCE OF MORNING OR LARGE-SCALE DRIZZLE ON TITAN
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ABSTRACT

Widespread methane precipitation on Titan has been predicted by several authors since methane saturation in
the upper troposphere was measured by the Huygens probe over its landing site. Recently, observational evidence
of widespread morning drizzle has been suggested based on detection of a dark morning site in surface-subtracted
2 mm spectroimages obtained from ground-based observations. We have obtained similar new spectroimages of
Titan observed at Gemini-North Observatory at several rotational phase angles and have analyzed them using
the same image processing technique. By comparing images at different phases, we show that the presumed dark
drizzling regions in the surface-subtracted images are mainly negative renditions of bright surface regions. No
evidence of spectroscopically verifiable drizzling is apparent in our cloudless Titan images. At present, constraining
models of Titan’s hydrological cycle to produce a diurnal response would be premature.

Subject headings: infrared: solar system — planets and satellites: individual (Titan) — solar system: general

1. INTRODUCTION

Titan’s hydrology is a major science focus of the Cassini/
Huygens missions (e.g., Barnes et al. 2007; Griffith et al. 2005),
and of ground-based telescopic observations (Brown et al.
2002; Roe et al. 2005). Whether atmospheric drizzle occurs on
Titan and whether it is a periodic (e.g., daily) phenomenon are
important questions that are relevant not only to understanding
the specific processes and mechanism of drizzle formation, but
also to understanding weather in general on Titan (Courtin et
al. 1995; Tokano et al. 2006; Ádámkovics et al. 2007). Per-
sistent clouds in the polar regions and intermittently occurring
clouds in the southern temperate regions of Titan have been
observed by the Visual and Infrared Mapping Spectrometer
(VIMS) on Cassini (Barnes et al. 2007; Griffith et al. 2005),
and some of these have also been observed before Cassini from
ground observatories through near-IR atmospheric windows
(Brown et al. 2002; Roe et al. 2005). Indeed, tropospheric
saturation and consequent methane rainfall have been hypoth-
esized since the Voyager 1 and 2 encounters with Titan (Courtin
et al. 1995). Based on the vertical methane humidity profile
measured over the Huygens landing site, drizzle on a global
scale has been suggested (Tokano et al. 2006).

Recently, it has been suggested that widespread morning
drizzle occurs on Titan based on an analysis of 2 mm spec-
troimages from observations at the Very Large Telescope (VLT)
in Chile and the W. M. Keck Observatories in Hawaii (Ádá-
mkovics et al. 2007). This analysis involved examination of
surface-subtracted images ( ) constructed using a simpleDI/F
linear equation: , where the areDI/F p I /F � f # I /F I /F2 1 2

lower tropospheric images at 2.060–2.070 mm, similar to those
images in Figure 1b; the are surface images at 2.027–I /F1

2.037 mm, similar to those images in Figure 1a; and the f are
scaling factors. Titan’s atmosphere in the 2.027–2.037 mm spec-
tral range is thought to be sufficiently optically thin to reveal
primarily surface features, whereas in the 2.060–2.070 mm
range, for which Titan’s spectral continuum is lower than that
at 2.027–2.037 mm (Fig. 2a), its spectrum could be significantly
affected by absorption from haze and/or methane drizzle
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(Grundy et al. 2002). The value of f was determined by the
condition that the cross-correlation of the surface-subtracted
image intensity ( ) with the surface image (2.027–2.037DI/F
mm) be a minimum when evaluated over the disk (Ádámkovics
et al. 2007). For this value, the supposition is that if the Titanian
haze is uniformly distributed over the disk, haze effects should
be removed and other nonuniform tropospheric opacity sources,
such as drizzle, would be revealed in the images. UsingDI/F
this simple logic, it has been suggested that the dark regions
appearing in the images of Figure 3a are caused by ab-DI/F
sorption from morning drizzle (Ádámkovics et al. 2007). How-
ever, as discussed below, applying an f value that corresponds
to minimum correlation over all the pixels on the disk image
can cause an over- or undersubtraction for relatively bright or
dark local regions of Titan’s surface, for surface regions having
differing spectral slopes, or for regions partially obscured by
haze.

2. OBSERVATIONS

In order to test the validity of this empirical approach, we
analyze similar but independent spectroimages and spectra of
Titan (Figs. 1a and 1b, and Fig. 2a) obtained using the Near-
Infrared Integral Field Spectrometer (NIFS) (McGregor et al.
2003) on the Gemini-North telescope in Hawaii with adaptive
optics, which maintained an effective spatial resolution of 0.1�
over Titan’s 0.9� diameter disk. Each pixel sampled a rectan-
gular region of sky of dimension 0.1� parallel to Titan’s disk
equator by 0.04� perpendicular to it. The images were inter-
polated and resampled to pixels 0.05� square shown in the
figures. The spectral resolving power was ∼5000 and image
planes were sampled in wavelength every 2.13 . The telluricÅ
spectrum, which is dominated by CO2 lines in this wavelength
region, was removed by dividing by the spectrum of a solar-
type star; however, the weak solar lines were not perfectly
canceled owing to the star’s Doppler shift. The count rate was
corrected for air mass but a flux standard star was not observed.
As no clouds were apparent on Titan at the time of our ob-
servations, the calibration was based on the relative inten-I/F
sities normalized to known albedos of cloudless Titan at 2 mm
(Griffith et al. 1998, 2000). Titan’s rotation period is 16 days;
data were obtained for three different longitude regimes by
observing Titan on three different nights.
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Fig. 1.—Shown are 2 mm images of Titan observed on 2006 February 2,
7, and 8 with NIFS on Gemini when no clouds were visible except in the
south polar region. (a) The images in the first row were made by summingI/F
spectroimage cubes between 2.027 and 2.037 mm, a spectral window through
which the surface features are thought to be revealed clearly (Ádámkovics et
al. 2007). (b) The second-row images were made by summing up spec-I/F
troimages between 2.060 and 2.070 mm, a range over which absorptions by
haze and possible methane drizzle are influential (Ádámkovics et al. 2007).
(c) The third-row images made from a Mercator map of VIMS observations
(Barnes et al. 2008) correspond to the views from Earth at the times of the
Gemini NIFS observations. The sharp discontinuities in the images areI/F
artifacts of the mosaicking. Despite the limb darkening shown in the NIFS
images, major features (marked by A, B, C, D, E, and F) on the NIFS images
are shown to occur at the same places on the VIMS images.

Fig. 2.—(a) The spectra in the top panels span the spectral ranges of the
NIFS spectroimages obtained on 2006 February 2, 7, and 8, respectively, with
a spectral resolving power of ∼5000. In each panel, two spectra taken from
bright and dark regions marked by capital letters in Fig. 1 are presented for
comparison. The spectral ranges from where presumably the surface and sur-
face�tropospheric images were taken are marked by vertical shadows. (b)
The bottom panels show the different degrees of dependence on the surface
image scaling factor f of the solutions of two linear equations that attempt to
remove the surface influence from the surface�tropospheric image (see text).
The two equations correspond to the intensity over two representative regions,
one bright and the other dark. The intersection of these lines marks values of
f above which (shaded areas) the contrast of these surface features is inverted
in the surface-subtracted difference image ( ; Fig. 3b). The scaling factorsDI/F
f obtained at minimum correlations between and surface images (Fig.DI/F
1a) are marked with vertical dashed lines, which lie well into the shaded
(inversion) regime. These graphs demonstrate that an application of such an
f value to all the pixels in an image cannot completely eliminate surface features
and may create the anticorrelated surface features in the image shownDI/F
in Fig. 3a.

Fig. 3.—(a, b) Nominally surface-subtracted images ( ) compared with (c, d) corresponding VIMS images viewed from Earth at the times of the groundDI/F
observations. The dark region (A) shown in (a) has been suggested to be an area of morning drizzling (Ádámkovics et al. 2007), which largely corresponds to
Xanadu and nearby bright areas in the VIMS images. However, this dark region is also identified in our image (b), but in the late afternoon. The bright region
(B) in the images is identified as a relatively dark region, Shangri-La, in the VIMS images. This kind of approximate anticorrelation is also present in theDI/F
other images and corresponding VIMS images at different longitudes. No distinctive dark regions in the images other than the gross anticorrelationsDI/F DI/F
with the VIMS surface features are found, indicating that no spectroscopically verifiable widespread drizzle is apparent in the 2 mm images, although drizzle might
actually be occurring over small areas or very lightly over large regions.
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3. IMAGE PROCESSING AND ANALYSIS

We derived images (Fig. 3b) at three different sub-DI/F
Earth longitudes using the same techniques as used for the VLT
and Keck data (Ádámkovics et al. 2007), employing the fol-
lowing equations:

DI /F p I /F � fI /F,i i2 i1

where i is a pixel on the disk and 1 and 2 are for the 2.027–
2.037 and 2.060–2.070 mm ranges, respectively. and areI Ii1 i2

obtained by averaging within the above wavelength ranges.Ii

Using statistical correlative analyses, we found three different
f values of 0.763, 0.783, and 0.793 (vertical lines in Fig. 2b)
for 2006 February 2, 7, and 8, respectively, at which each

image has a minimum correlation with each surfaceDI/F
(2.027–2.037 mm) image (Fig. 1a). The resulting images,DI/F
in which the surface features are presumably eliminated, are
presented in Figure 3b. We also present virtual Titan disks (Fig.
1c, and Figs. 3c and 3d) based on a Mercator map from VIMS
observations (Barnes et al. 2008) to compare large-scale surface
features shown in the NIFS images with those shown in the
VIMS images.

The major features shown in the images in Figure 3DI/F
are approximately anticorrelated with surface features in the
VIMS disk images. For example, the bright region known as
Xanadu and marked A in Figure 3b turns out to be dark in the

image (Fig. 3a), while the dark region Shangri-La, markedDI/F
B in Figure 3b, turns out to be bright in the image. ThisDI/F
kind of anticorrelation between the images and corre-DI/F
sponding VIMS images at the same longitudes is also evident
in the remainder of Figure 3. In particular, the dark region in
the image (marked A in Fig. 3a), which has been sug-DI/F
gested to be a morning drizzling area, turns out to be the same
dark region on the late afternoon site in our 2006 February 2
image (marked A in Fig. 3b).

The gross anticorrelations can be explained as graphically
shown in and f space (Fig. 2b) using the following equa-DI/F
tions:

DI /F p I /F � fI /F,b b2 b1

DI /F p I /F � fI /F,d d2 d1

where b and d are for representative bright and dark regions
marked in the figures. The inversion (shaded parts in Fig. 2b)
from the bright to dark regions or dark to bright regions in the

images begins well below the minimum correlation f val-DI/F
ues marked as vertical lines in Figure 2b. These graphs dem-
onstrate that an application of such a representative f value to
all the pixels in an image cannot eliminate surface features
entirely and may create false or misleading signatures, such as
anticorrelated or negative surface features, in the image.DI/F
In addition, the following two difficulties arise when we use
the empirical subtraction approach. First, because spectral
slopes for different terrains on Titan’s surface may not be the
same (McCord et al. 2006), simple subtraction using a scaling
factor f may also yield local image features arising primarily

from the spectral differences among terrains instead of pri-
marily from albedo differences or from purely tropospheric
properties. Second, the scaled subtraction equation neglects any
spatial variation in the multiple-scattering of haze. The haze
distribution over Titan’s disk may not be uniform (de Kok et
al. 2007), in which case the scaled subtraction would simply
highlight the haze variation over the disk.

If a high spatial resolution model of Titan’s surface reflec-
tivity were available at these wavelengths and if multiple scat-
tering by haze were included, it might be possible to isolate
the effects of drizzle and test for its presence. For now we
conclude that considerably more information about Titan’s sur-
face and the properties of its haze is needed before drizzle can
be differentiated from local anticorrelations.

4. CONCLUSIONS

Since we could not find any distinctive dark regions in our
images obtained at different longitudes other than theDI/F

approximately anticorrelated or inverted features, we conclude
that there is no apparent evidence in the 2 mm spectroimages
for widespread drizzle that is spectroscopically verifiable.
Moreover, we conclude that there is so far no spectroscopic
evidence that drizzle is a morning phenomenon on Titan. It
would therefore be premature to constrain models of Titan’s
hydrological cycle to produce such a diurnal response. Small
active drizzling areas might exist and escape detection, as could
sufficiently light drizzle over larger areas.

There seems to be no easy way to isolate the spectral sig-
nature of drizzle in these 2 mm spectroimages. Titanian drizzle
can be remotely sensed using rigorous radiative transfer anal-
ysis only after the 2 mm spectral characteristics of different
terrains and scattering properties of haze particles and clouds
are accurately known, from, e.g., ongoing detailed investiga-
tions based on Cassini/Huygens data. Although monitoring Ti-
tanian rainfall from Earth is attractive, it is additionally difficult,
even if the above are known, because high signal-to-noise ratio
spectroimages are required to extract the subtle differences in
the images that might isolate the effects of absorption by drizzle
from, e.g., temporal variations in the spatial distribution and
resulting amount of multiscattering by haze. Additional data,
such as a time series of spectroimages, are needed for inves-
tigating under what conditions the signature of drizzle can be
extracted unambiguously from remotely sensed Titanian
images.
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