
EVALUATION OF SHORT-TERM TEMPORAL EVOLUTION OF PLUTO’S SURFACE FROM 2014-2017.  
B. J. Holler1, M. D. Yanez2, L. A. Young3, A. J. Verbiscer4, N. J. Chanover5, C. B. Olkin3. 1Space Telescope Science 
Institute (Baltimore, MD; bholler@stsci.edu), 2University of Colorado (Boulder, CO), 3Southwest Research Institute 
(Boulder, CO), 4University of Virginia (Charlottesville, VA), 5New Mexico State University (Las Cruces, NM). 

 
 

      Introduction: The New Horizons flyby in July 
2015 delivered unprecedented detail of the surface and 
atmosphere of Pluto [e.g., 1-3]. The flyby observations 
established “ground truth” for Pluto, providing useful 
constraints for modeling and ground-based data sets. 
However, flybys are naturally short-duration events, so 
New Horizons was not able to leverage its high spatial 
resolution and unique vantage point for temporal studies 
over longer timescales. An analysis was performed over 
one Pluto rotation, at varying spatial scales, to search for 
very short duration, localized events such as plumes, but 
nothing significant was identified [4]. Spectroscopy 
over longer time baselines is required to probe for re-
gional and global changes across Pluto’s surface [e.g., 
5]. 

Detection of short-term (~1-3 year) variability on 
Pluto remains elusive. Work by [6] presented a strategy 
of matching near-infrared spectra obtained with the 
IRTF. These spectra are referred to as “matched pairs.” 
Spectra at roughly the same sub-observer latitude and 
longitude can be obtained ~14 months apart due to the 
inclination of the Earth’s orbit with respect to the eclip-
tic (Fig. 1). The primary benefit of this strategy is to 
eliminate the effects of rotational variability when at-
tempting to identify temporal changes over these time-
scales. 

 
Figure 1: Sub-observer (blue) and sub-solar (red) lati-
tudes on Pluto between June 1, 2014, and October 31, 
2017. Black circles mark the dates of APO spectral ob-
servations. (Values from JPL/Horizons.) 

 
Pluto went through perihelion and northern spring 

equinox in the late 1980s, so is therefore moving further 
from the Sun at the same time it approaches northern 

hemisphere summer. This combination makes for an in-
teresting seasonal transition that is crucial to our under-
standing of Pluto’s seasons and atmospheric cycle.  
      Data and Analysis: We performed our own 
matched pair investigation for Pluto using the Tri-
pleSpec spectrometer at the Apache Point Observatory 
in Sunspot, NM. Spectral observations from 0.7-2.4 µm 
were made between June 17, 2014, and August 27, 
2017. A matched pair consisted of one nightly-averaged 
spectrum from June and one from August in the follow-
ing year. Pluto came to opposition in July during this 
period, so observations in June and August were made 
at roughly the same phase angle. Observed hemispheres 
of Pluto on dates of APO observations are shown in Fig. 
2. 

 
Figure 2: Visible hemispheres of Pluto on the dates of 
APO observations. Matched pairs are color-coded. One 
“matched pair” includes 4 dates at roughly the same 
sub-observer latitude and longitude covering the full pe-
riod from 2014-2017. One night in 2015 does not have 
a match. (Pluto image from JPL Photojournal.) 
 
     Spectra from each night were extracted using tspec-
tool, a version of spextool [7] specifically for TripleSpec 
data. All spectra were combined into a nightly average 
and corrected for solar features and telluric lines by di-
viding by the G2V standard star obtained throughout the 
night. A more sophisticated method of removing telluric 
lines was not attempted because the lines saturated in 
both the Pluto and solar analog spectra. Each nightly-
averaged spectrum was then normalized to the flat con-
tinuum region between 1.03-1.08 µm. 
     Band areas were calculated for methane (CH4) fea-
tures at 0.97, 0.99, 1.16, 1.19, 1.33, 1.66, and 1.72 µm. 
Relative band depths were calculated for the CH4 fea-
tures at 2.20 and 2.32 µm because of the breadth of these 
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absorption features. Band areas and depths were com-
pared for each matched pair, with a 3σ significance 
threshold for believable short-term changes. A direct 
comparison of two components of a matched pair is pre-
sented in Fig. 3. 

 
Figure 3: Comparison of the nightly-averaged spectra 
from August 19, 2015 (green), and June 17, 2014 (pur-
ple). Note the differences in band shape and band depth 
of the CH4 features centered at 1.66 and 1.72 µm. 
 
      Results and Discussion: Preliminary results are 
broadly consistent with no change in CH4 band areas 
and depths on the anti-Charon hemisphere of Pluto, 
which is dominated by Sputnik Planitia, whereas the 
sub-Charon hemisphere generally shows an increase in 
CH4 band areas and depths. Fig. 4 summarizes these re-
sults. 

 
Figure 4: Significance of CH4 band area changes for 
each matched pair. Green indicates an increase in band 
area while red indicates a decrease over the period of 
the matched pair. Dashed lines mark the +3σ and -3σ 
thresholds. The visible hemisphere of Pluto is provided 
for each matched pair. 
 

The preliminary detection of increased CH4 band ar-
eas in spectra of the sub-Charon (anti-Sputnik) hemi-
sphere suggests one of two physical processes: (1) dep-
osition of CH4, the least volatile of Pluto’s confirmed 
ices species, from the atmosphere preferentially onto 
this hemisphere, (2) an increase in CH4 grain size, or (3) 
increased sublimation of N2, leaving behind CH4 “slag”. 

Occultations during this period [e.g., 8] suggest that 
Pluto’s atmosphere has not started condensing onto the 
surface, providing evidence against option (1). Further-
more, the high albedo on the Sputnik hemisphere should 
result in this region being a cold trap and therefore a 
preferential site for deposition of volatiles. There is no 
immediately obvious reason for why the CH4 grain size 
would be increasing. 

Thus, we are left with option (3), an increase in CH4 
concentration as N2 preferentially sublimates in the 
northern hemisphere. This is consistent with the fact that 
the sub-solar latitude is increasing on Pluto and with 
modeling work performed following the New Horizons 
flyby [9]. This work suggests that Pluto’s northern hem-
isphere will be completely devoid of volatile ices (N2 
and CH4) by 2030, but in the present day should be dom-
inated by pure CH4 ice. 

Future Work: Observations are ongoing with the 
IRTF to continue the APO program and obtain addi-
tional matched pairs to test this hypothesis. If the hy-
pothesis is correct, we should continue to see an in-
crease in CH4 concentration for possibly a few more 
years, followed by a decrease sometime in the 2020s. 
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