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Service dÕAéronomie/IPSL, BP3, Univ. Versailles-ST-Quentin, 91371 Verriéres Le Buisson, France
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Abstract
We have developed in the last decade a two-dimensional version of the Titan global circulation model LMDZ. This model accounts
for multiple coupling occuring on Titan between dynamics, haze, chemistry and radiative transfer. It was successful at explaining many
observed features related to atmosphere state (wind, temperature), haze structure and chemical species distributions, recently, an important step in our knowledge about Titan has been done with Cassini and Huygens visits to Titan. In this context, we want to make the
results of our model available for the scientiﬁc community which is involved in the study of Titan. Such a tool should be useful to give a
global frame (spatial and time behaviour of physical quantities) for interpreting ground based telescope observations.
 2005 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Coupled haze-chemistry-circulation model
Up to the middle of the last decade, Titan was investigated through its diﬀerent systems separately; circulation,
haze, chemistry, aeronomy and so on. However, it became
obvious that all these components of Titan climate were
interacting together, and so was the conclusions of many
papers at this time (e.g, Hourdin et al., 1995; Hutzell
et al., 1993; Rannou et al., 1997). The ﬁrst serious attempt
to couple circulation and haze is to be credited to Hutzell
et al. (1996). However, no feedback due to haze distribution on circulation was accounted here.
Investigating reciprocal feedback of haze and dynamics
was the ﬁrst motivation for developing a coupled haze–dynamics general circulation model. The main idea was basically to couple the Hourdin et al. (1995) circulation model
with the Cabane et al. (1993) microphysics model. Haze is
transported by winds, and feedback due to haze is produced through radiative transfer and its eﬀect on the heat-
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ing rate. This model allowed to explain several features of
haze distribution such as the detached haze, the polarhood
and the hemispheric asymmetry. It also allowed to detail
the strong radiative feedback produced by haze on winds
(Rannou et al., 2002, 2004). In the same way, coupling
between chemical composition and circulation was also
studied by Lebonnois et al. (2001, 2003b). They give a comprehensive explanation for the distribution of some
chemical species which was observed by IRIS/Voyager
(Coustenis and Bézard, 1995). An explanation of the mechanism governing chemical distribution is given by Hourdin
et al. (2005).
While our model is a two-dimensional circulation model, some three-dimensional features must be accounted for
Hourdin et al. (1995) have shown that interaction between
barotropic eddies and the mean circulation contributes to
transport momentum (which contributes to maintain
superrotation) and other physical quantities. Luz and
Hourdin (2003a,b) have carefully studied transport by
these eddies with a shallow water model and have proposed
simple parametrizations for the two-dimensional version
which signiﬁcantly improves the results (Luz et al.,
2003b; Rannou et al., 2004). Due to its two-dimensional
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nature, our model does not include diurnal cycle and gravitational tide eﬀects although they clould aﬀect the three-dimensional structure of the atmosphere (Tokano and
Neubauer, 2002).
Characteristics of the GCM conﬁguration used here for
the building of the current version of the database are as
follows. The model grid is based on 49 latitude points regularly spread from north pole to south pole (3.75 intervals), with 55 vertical layers (Table 1), of which the last
three serve as a sponge layer to dump down the wind
and prevent spurious reﬂexion of waves. Level 52 is
approximately 480 km above the surface. The vertical resolution is about 3 km in the troposphere, 5 km at the tropopause and 10–15 km in the stratosphere, which
correspond to one half to one third of a scale height. The
surface pressure is set to 1.429 bar. The dynamical equations are integrated with a time step of 3 min. Physical
parameterizations (radiative transfer, haze microphysics)
are computed 10 times per Titan day. Gaseous infrared
cooling rates are still computed from prescribed uniform
descriptions of CH4, H2, C2H2 and C2H6 as described in
Hourdin et al. (1995). Coupling with computed composition will be added in future versions of the database. Haze
is also not yet coupled with the photochemistry (source
function of haze, condensation), and is treated as described
in Rannou et al. (2004). Chemistry includes 44 species with
343 reactions, and is computed once per Titan day, with
diurnal mean used for photodissociation rates. Hydrogen
recombination at the surface of haze particles (Lebonnois
et al., 2003a) is taken into account. Haze production
parameterization (Lebonnois et al., 2002) is not yet included, but should be considered in the next version of the
database. At the upper boundary, the exchange ﬂux
between the upper atmosphere and the upper layer of the
GCM is ﬁxed for chemical species. These ﬂuxes are calculated using a one-dimensional model of TitanÕs atmosphere
in equatorial conditions (Lebonnois et al., 2002, 2003a). As
a ﬁrst approximation, these ﬂuxes are ﬁxed, both in time
and as a function of latitude. At the lower boundary, methane mole fraction is ﬁxed at the surface and at the
tropopause.
2. Presentation of the database
2.1. Motivation for a database
The model was ﬁxed to match several important results
derived from observations, as temperature meridional proﬁles at 1 and 0.4 mbar retrieved from IRIS observation
(Flasar and Conrath, 1990; Coustenis and Bézard, 1995),
temperature vertical proﬁle (Lellouch et al., 1989), zonal
winds at 0.25 mbar (Hubbard et al., 1993), haze distribution at Voyager time (Smith et al., 1981, 1982; Rages and
Pollack, 1983), related photometry (Sromovsky et al.,
1981; Neﬀ et al., 1984; Courtin et al., 1991), and meridional
distribution of chemical species (Coustenis and Bézard,
1995). Once these ‘‘landmarks’’ are set, we suppose our
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Table 1
Sigma (pressure/surface pressure) and approximate altitude levels (km)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

1.000
9.886 · 10
9.665 · 10
9.303 · 10
8.785 · 10
8.121 · 10
7.341 · 10
6.489 · 10
5.613 · 10
4.759 · 10
3.961 · 10
3.243 · 10
2.617 · 10
2.086 · 10
1.645 · 10
1.285 · 10
9.962 · 10
7.673 · 10
5.879 · 10
4.484 · 10
3.407 · 10
2.581 · 10
1.950 · 10
1.471 · 10
1.107 · 10
8.326 · 10
6.253 · 10
4.692 · 10
3.518 · 10
2.636 · 10
1.975 · 10
1.479 · 10
1.107 · 10
8.286 · 10
6.201 · 10
4.641 · 10
3.472 · 10
2.598 · 10
1.944 · 10
1.454 · 10
1.088 · 10
8.145 · 10
6.096 · 10
4.563 · 10
3.410 · 10
2.557 · 10
1.913 · 10
1.426 · 10
1.067 · 10
7.951 · 10
5.874 · 10
4.155 · 10
2.722 · 10
1.361 · 10
2.865 · 10

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
5
6
6
6
6
6
7

0.057
0.284
0.727
1.471
2.577
4.077
5.979
8.269
10.908
13.845
17.025
20.393
23.906
27.537
31.272
35.095
38.995
42.998
47.118
51.360
55.827
60.830
66.805
73.875
81.881
90.677
100.162
110.284
120.968
132.149
143.760
155.712
167.940
180.391
193.077
205.912
218.888
232.082
245.366
258.856
272.420
286.002
299.541
312.880
325.937
338.567
350.661
362.193
373.081
383.502
393.495
403.864
415.523
439.416
512.468

model to work correctly, and then we can use it to predict
the state of Titan at other places and at other times than
those observed. As well, we are able to produce ﬁelds of
quantities which are not (or hardly) observables like, for
instance, aerosol distribution. Finally, we also use the model to understand the mechanism of the atmosphere (as the
haze feedback, and the eﬀect of the variation in chemical
composition on circulation).
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Fig. 1. Sketch of comparisons between the model and selected physical quantities retrieved from observations. The results of the model are compared with
latitude proﬁles of: (a) temperature, deduced from Voyager/IRIS observations at 1 and 0.4 mbar (Ls = 9); (b) zonal wind retrieved from the start 28-Sgr
occultation in 1989 (at 0.25 mbar, Ls = 128); (c) haze opacity at 200 km retrieved from high phase angle photometry and at last; (d) C2H6 (2 mbar) and
HCN (9 mbar) mixing ratios, retrieved from Voyager/IRIS observations.

To illustrate the results of this model, we ﬁrst show comparisons between several ﬁelds of our model with well
known values derived from observations (Fig. 1). These
comparisons are published elsewhere (Lebonnois et al.,
2001; Rannou et al., 2004; Negrão et al., 2005; Hourdin
et al., 2005) and are gathered here to show how the model
is validated. Fig. 2 shows the temperature ﬁeld, the zonal
wind and the haze extinction at the time of Huygens arrival
given by the model, as the present database is able to provide these values.
2.2. Short technical description
This database – as the circulation model – has two-dimensions of space; latitude and pressure level. The third
dimension is time. A given ﬁeld of the database, for
instance temperature, wind or any physical quantity of
interest, is described by 49 · 55 · 32 values. As mentioned
previously, 49 · 55 is the GCM grid. One Titan year of
simulation is evenly divided in 32 time periods, and mean
values of each variable are stored for each period. Any val-

ue of a given ﬁeld is determined by three components (latitude h, pressure P, and time t).
Values in the database can be requested using several
modes. A single interpolated value, a one-dimensional
array or a two-dimensional array of values can be returned,
when providing three, two or one input components. For
arrays, values are interpolated along the components which
are explicitly given (N component among three), and the
dimension of the arrays are deduced from the missing component (that is 3 N). Returned values are given, in the
3 N dimensions, at the same coordinates than those of
the database.
The ﬁelds available concerning the state of the atmosphere are: the geopotential, the temperature and the three
wind components. Concerning haze, we give the concentration of aerosols in the 10 bins of the distribution (from
1.5 nm to 7 lm). Then, any optical properties (extinction,
phase function) can be retrieved with the appropriate routine of scattering. Only extinction and opacity at 575 nm
are included directly in the database. No cut-oﬀ is applied
to the distribution given by the database. Haze increases
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Fig. 2. Prediction given by the model for temperature, zonal wind and haze extinction at about the time of Huygens descent (Ls = 292).

continuously down to the ground, and then cut-oﬀ may
have to be applied if one wants to reproduce speciﬁc observations as geometric albedo or temperature proﬁle. At last,
we give mixing ratios for 13 chemical species: H2, CH4,
C2H2, C2H4, C2H6, CH3C2H, C3H8, C4H2, C6H6 (benzene), HCN, HC3N, CH3CN and C2N2. In the present version, the database is set up with 31 ﬁelds.
3. The database on the web
We have chosen to write the codes of the database in
Fortran 77. However, in principle, C routines are able to
call Fortran 77 routine with minor adaptations. The ‘‘database’’ is composed of an ASCII ﬁle containing 49 · 55 · 32
values for each of the 31 ﬁelds. This database ﬁle is roughly
27 MB. Series of codes which read and make interpolations
inside the database is also available. Finally two codes
(interfaces) show how to call the database and display its
results. A ﬁrst code is a simple example to call the database
in diﬀerent modes. The second code is especially oriented
toward haze application; it shows how to get aerosol distributions and how to compute haze properties (extinction,
average phase function). To do so, routines which return
fractal aggregates optical properties (cross sections, phase
function) (Rannou et al., 1999) are also included. The
URL location for this database is http://www.lmd.jussieu.fr/titanDbase/index.hml.
References
Cabane, M., Rannou, P., Chasseﬁère, E., Israel, G. Fractal aggregates in
TitanÕs atmosphere. Planet. Space Sci. 41, 257–267, 1993.
Courtin, R., Wagener, R., McKay, C.P., Caldwell, J., Fricke, K.-H.,
Raulin, F., Bruston, P. UV spectroscopy of TitanÕs atmosphere,
planetary organic chemistry and prebiological synthesis. II. Interpretation of new IUE observations in the 220–335 nm range. Icarus 90,
43–56, 1991.
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