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Estimation of Component Transportation Velocity in Uranus’ Atmosphere
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Uranus is a planet that orbits with its axis tilted 98 degrees relative to its orbital plane. As of June 2023, the only close-
up observation was the flyby by Voyager 2 in 1986, and since then, observations have continued through telescopes. After
passing through the vernal equinox in 2007, a polar cap caused by methane deposition has been observed in the northern polar
region since 2014 [Toledo et al., 2018]. Additionally, observations in the H-band (1.6 | m) have confirmed the presence of
local cloud regions that are brighter than other areas [Sromovsky et al., 2015].

Tracking of cloud top patterns by the Hubble Space Telescope (HST) has estimated that the maximum speed of zonal winds
is about 250 m/s around 60° north and south [Soyuer et al., 2021]. While this zonal wind speed suggests interactions with the
Uranian magnetic field and the interplanetary magnetic field (IMF) in the deep atmosphere, the understanding of atmospheric
transport over several days has stalled due to the machine time constraints of the observational equipment [Soyuer et al.,
2022]. To better understand the transport patterns in the Uranian atmosphere, continuous observations on Earth for about
several days to one month are needed.

In this study, we conducted continuous observations of Uranus using the MSI imaging system [Watanabe et al., 2012] and
the UVS spectrograph mounted at the Cassegrain focus of the 1.6 m Pirka telescope owned by Hokkaido University. We
estimated the atmospheric transport speed at various altitudes by analyzing the temporal variation in the absorption due to
methane and ammonia, which are components of Uranus’s atmosphere.

From September 2022 to February 2023, spectroscopic imaging was performed in the wavelength range of 530-760 nm
using the MSI. The transport speed was estimated from the temporal variation in absorption at the ammonia absorption
wavelength of 552 nm and the methane absorption wavelength of 619 nm, compared to Uranus’s rotation period. The results
suggested transport speeds similar to those reported by [Soyuer et al., 2021] for the methane absorption wavelength, but faster
speeds were calculated for the ammonia absorption wavelength.

After July 2023, observations aimed to estimate the vertical and longitudinal movement speed of atmospheric components
based on the movement speed of local clouds observed on Uranus. To achieve this, observations were conducted using both
the MSI and UVS, with improved spatial and wavelength resolution compared to previous observations. During the analysis
process, we simulated the brightness changes at each wavelength associated with the movement of the polar cap and local
clouds in the polar region of Uranus using Matlab for the high-speed imaging observations by the MSI.

In this presentation, we will compare the results of observations with the MSI and UVS to simulations conducted with
Matlab and present the estimated positions of local clouds from the observations between July 2023 and November 2024.
Additionally, we will discuss the future view for observations by comparing the results with the zonal wind speeds derived
from observations between September 2022 and March 2023.
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