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Fig. 7. Comparison of the retrieved and simulated specific (left) and relative (right) humidities near the surface. Blue points with uncertainty envelopes are the same as 
in Fig. 6 , while the green areas are the simulation results as in Fig. 3 . (For interpretation of the references to color in this figure legend, the reader is referred to the web 
version of this article.) 
and evaporation from the lake surfaces intensifies, likely triggering 
convective cloud activity if the overlying troposphere is sufficiently 
unstable. 

Conversely, it is difficult to reconcile the apparent retrieved in- 
crease in near-surface humidity toward the southern hemisphere 
(in the constant haze opacity case) with any of the simulations. 
Ádámko vics et al. (2016) interpret the increase in column methane 
toward the south pole, approaching winter at the time of the ob- 
servations, as possibly arising from evaporation from moist ground, 
as Ontario Lacus is a vastly insufficient source of methane and such 
an increase implies distinct source regions of methane vapor in the 
two hemispheres. But even the TAM “wetlands” simulation, with 
surface methane covering the entire south pole, is only marginally 
consistent with the retrieved specific humidities toward the south 
( Fig. 7 ). Two possibilities emerge as solutions to this conundrum: 
Either much more of the southern hemisphere is covered in liquid 
(possibly down to the low latitudes), or the assumption of constant 
low-level haze opacity begins to fail in the southern hemisphere. 
An inherent problem with the former option is that such a liq- 
uid distribution would push the system closer to the “aquaplanet”
configuration, which is incompatible with observations of Titan’s 
surface ( Lorenz et al., 2006; Mitchell and Lora, 2016; Stofan et al., 
2007 ), so we are left to conclude that the observational uncertain- 
ties toward the south preclude a determination of the meridional 
variation of low-level atmospheric methane there. 

As a result, a conservative interpretation is that Titan’s near- 
surface meridional humidity variations roughly fall in the areas of 
overlap of the uncertainty envelopes of our two end-member re- 
trievals. As such, low-latitude variations are difficult to make out, 
but the increase in humidity toward the north pole is a more ro- 
bust feature (though with still substantial uncertainties). The same 
general trend is true of the “wetlands” simulations, where subtle 
low-latitude variations of humidity give way to large increases to- 
ward the polar regions. 

From late 2006 through early 2007, Brown et al. (2009) mea- 
sured low-altitude fog near the south pole, indicating a saturated 
atmosphere above the surface. There did not seem to be a cor- 
relation with the location of Ontario Lacus, and the meteorologi- 
cal conditions giving rise to the observed phenomenon remain un- 
known. If we speculate that the existence and location of fog, like 
higher-altitude clouds, are seasonally variable, and further assume 
that the meteorology of the north and south poles are similar, then 
saturated conditions near the surface at the north pole may be 
consistent with the formation of fog there. Predictions from circu- 
lation models suggest that analogs of the large clouds seen during 
southern summer should already be occuring near the north pole; 
it is unclear if the current absence of prominent convective clouds 
near the north pole is related to the possibility of saturated condi- 
tions and the stability of the troposphere. 

Future near-IR observations used to measure the methane con- 
tent near the surface will continue to face the challenge of dif- 
ferentiating between the opacity due to methane absorption and 
that due to haze scattering. This degeneracy exists even though 
the methane spectrum in the near-IR is highly variable with wave- 
length, while the haze opacity is not. The difficulty arises from the 
fact that in the spectral regions where methane opacity is low (and 
the reflectivity is high)—wavelengths that are sensitive to atmo- 
spheric opacity down to the surface—an increase (decrease) in the 
methane mole fraction leads to changes in the reflectivity spec- 
trum that are similar to a decrease (increase) in the haze opacity. 
The many weak, densely-spaced, and pressure-broadened methane 
line wings contribute to a pseudo-continuum in the methane line 
opacity. 

While very high S/N observations may be able to resolve the 
differences in line wing shapes due to methane variation from 
those due to haze variation, it is unclear whether systematic in- 
strumental uncertainties will limit the S/N that can be achieved. 
Spectra at longer wavelengths, approaching the mid-IR, have less 
densely spaced methane lines, which suggests that there may be 
a better chance of resolving line profiles that are sensitive to 
the methane content near the surface. However, telluric thermal 
emission makes ground-based observation of Titan at these wave- 
lengths prohibitively difficult. Combining simultaneous observa- 
tions in the visible, near- and mid-IR, at both low and high scatter- 
ing phase angles could probe both the methane and haze opacity 
in a way that might break the degeneracy for methane retrievals. 
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Appendix A. Spectral fitting methodology 

Since z s has discrete values for each layer in our radiative 
transfer model, we follow a brute force approach for optimization 
of this model parameter. For each particular observing geometry 
that corresponds to a pixel in the slit, we set z s to each layer of 
the model and determine a goodness-of-fit parameter (e.g., as in 
Ádámko vics et al., 2010 ) that is the ratio of the mean absolute de- 
viation of the residual in the spectrum for each channel, λ, relative 
to the observational uncertainty, 
̂ χ2 (z s ) = 1 

n 
n ∑ 

i =1 
| I obs (λ) − I calc (λ; z s ) | 

σobs . (A.1) 
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Model-data comparisons addressing: 

• Frequency & distribution of Titan’s 
clouds 

• Latitudinal distribution of Titan’s 
tropospheric methane 

• Distribution of Titan’s surface 
liquid 
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