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Abstract 

Imaging of Neptune by the Hubble Space Telescope 

(HST) between 1994 and 2010 using 583 images in 

18 filters reveals changes on Neptune over time 

scales an hour to a decade in atmospheric levels 

spread over more than four scale heights. 

The fastest change occurred with discrete clouds on 

time scales of hours, but their general activity 

changed only on a time scale of about 5 years.  

Discrete clouds are located near the tropopause (0.13 

bars). 

The top two scale heights of the tropopause were 

probed in methane bands, revealing no temporal 

change throughout the observation period.  A major 

dark bands around 10º latitude and a minor one 

around -70º latitude were either particular clear 

regions or regions of high methane humidity. 

The following scale height down probed best in weak 

methane absorptions had more than 10 times as much 

haze as at higher altitudes.  This haze had only a 

minor latitudinal structure.  No change was 

detectable throughout the observation period. 

The deeper levels of Neptune could only be probed in 

continuum wavelengths in the visible, best with a 

blue filter.  These levels changed considerably, but at 

a slow pace.  Almost everywhere and almost always, 

these levels brightened.  The brightening speed 

decayed exponentially with a 5 year time scale.  This 

brightening is interpreted by dark aerosols settling to 

deeper altitudes at a speed corresponding to 1 bar per 

year, and getting replaced by bright aerosols settling 

down from higher altitudes.  The contrast of single 

scattering albedos between both types of aerosols is a 

constant 0.03-0.04 throughout the probed spectrum in 

the visible. 

By the end of the observation period, the dark haze 

had settled to levels roughly below 15 bars, at which 

point they could not be probed any more.  This left a 

continuous haze layer of bright haze below the 1.4-

bar level. 

There is one exception to this general brightening. 

Between 1994 and 1996, and between 15 and 30 deg 

latitude, the low levels on Neptune darkened.  

Presumably, dark material from low altitudes was 

brought up by a dynamical process. 

Figures 

 

Figure 1: An image of Neptune from WFPC2 

exposure in blue, green, and red light (left).  The 

second image shows the contribution of discrete 

clouds, the third one the contribution from the upper 

troposphere, and the last one from the main haze. 

 

Figure 2: Map of Neptune displaying the maximum 

filling factor of discrete cloud features observed at 

each location (top) and the average excluding the 

maximum (bottom).  Intensity bars at right show the 

filling factor in percent. 
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Figure 3: Temporal reflectivity variations in three 

latitude regions in the WFPC2-F467M filter using 

images with discrete clouds subtracted (dots).  Data 

for the northernmost region were shifted up by 0.1 in 

reflectivity.  Open circles are data in the same filter 

for the WFC3 scaled up by 2 %.  The solid curves are 

fits for an exponential decay.  Dotted curves are data 

from radiative transfer models with a dark haze 

below 3 bars in 1994, moving down by two different 

rates as labeled. 
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