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Scientific research balloons are used in a wide range of scientific experiments, including astronomical observations, cosmic
ray measurements, upper-atmosphere observations, and engineering demonstration tests. Zero-pressure (ZP) balloons, which
have been used until now, have the disadvantage of not being able to fly for long periods, whereas super-pressure (SP)
balloons overcome this limitation. SP balloons maintain an internal pressure consistently higher than atmospheric pressure,
thereby preventing buoyancy fluctuations caused by diurnal cycles and enabling prolonged flight durations (>1 month).
Taking advantage of these characteristics, the LODEWAVE (LOng-Duration balloon Experiment of gravity WAVE over
Antarctica) project was proposed to conduct observations in Antarctica in order to obtain the horizontal distribution of vertical
flux of horizontal momentum associated with atmospheric gravity waves [Tomikawa et al., 2023]. In the LODEWAVE
project, SP balloons measure temperature, pressure, and horizontal wind every 30 s at the balloon location.

During flight, when the ventilation is nearly zero, the thermistor is heated by solar radiation, leading to significant
overestimation of the actual atmospheric temperature [Hertzog et al., 2004]. This effect was also observed during the first
LODEWAVE campaign, where the temperature sensor was significantly affected by solar radiation, which included heat
conduction through the lead wires. As a result, the temperature data exhibited pronounced diurnal variations. In addition,
the thermistor was affected by heat flow from the housing, resulting in short-period fluctuations and making it impossible to
obtain accurate temperature data. To address this issue, improvements were made by modifying the sensor design and the
data acquisition method. In the second campaign, following these improvements, the quality of the temperature data was
greatly enhanced; however, it was not possible to completely eliminate diurnal variations associated with solar radiation or
numerous heat spikes caused by heat flow from the housing. Such data errors reduce the accuracy required for atmospheric
gravity wave analysis and for assimilation into numerical models. Therefore, in this study, we applied corrections to SP
balloon temperature data to account for the effects of solar radiation and heat flow from the housing.

The correction was performed using data from the radiosonde (1 s values) and temperature sensor (30 s values) installed
on LODEWAVE 04 and 05, which were launched during the 65th Japanese Antarctic Research Expedition, as well as
atmospheric reanalysis data from ERAS (interpolated to 30 s values) for the corresponding flight periods. To remove the
effects of heat spikes, the minimum value was selected from each 15 min interval, and subsequent corrections were applied
for the effects of solar radiation. The solar radiation effect was corrected using the theoretical heating formula presented by
Dirksen et al [2014]. This formula accounts for both direct solar radiation reaching the sensor and diffuse radiation, but in
this study only the direct component was considered. As a result of the correction, deviations from ERAS were reduced, and
the effects of solar radiation were successfully removed. In addition, high-frequency components not present in ERAS were
detected, suggesting the presence of atmospheric gravity wave signals. To further improve accuracy, it will be necessary to
account for the effects of atmospheric scattering and surface reflection, as well as the cooling effect of infrared radiation
during nighttime when solar heating is absent.
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