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Abstract Using GPS radiosonde observations collected during Chinese Arctic
Research Expeditions in July—September of 2018, 2020, and 2021, this study
investigates the characteristics of inertial gravity waves (IGWs) in the lower
stratosphere (15-25 km) over the Arctic summer region. Temperature and
horizontal wind perturbations are extracted from high-resolution vertical profiles
after removing background states via polynomial fitting. A combination of fast
Fourier transform (FFT) analysis, sinusoidal fitting, and other processing
procedures is applied to identify dominant monochromatic wave components and
to derive key parameters, including vertical and horizontal wavelengths, intrinsic
period, amplitude, energy, and propagation direction.The results reveal a systematic
discrepancy in vertical wavelengths derived from different variables. The mean
vertical wavelength estimated from temperature perturbations is approximately 3.8
km, significantly larger than that from wind perturbations, which averages about
2.3 km. Horizontal wavelengths are primarily distributed within 600 km, with a
mean value of ~400 km. Consequently, the ratio of horizontal to vertical
wavelength ranges from 60 to 100, indicating that IGWs in the Arctic lower
stratosphere propagate predominantly in the horizontal direction. Wave amplitudes
over the Arctic are notably weaker than those typically observed at mid-latitudes.
Temperature perturbation amplitudes are generally below 1 K (mean ~0.55 K), and
wind perturbation amplitudes are mostly within 2 m/s (mean ~0.85 m/s). The
intrinsic periods of these waves are mainly concentrated between 5 and 12 hours,
consistent with IGW characteristics in the stratosphere. Total wave energy is
largely confined below 5 J/kg and exhibits an increasing trend with height from 15
to 25 km.Regarding horizontal propagation, a pronounced eastward preference is
identified, while westward-propagating waves are relatively fewer. This asymmetry
is primarily controlled by the filtering effect of the background wind in the lower
stratosphere. These observational results provide empirical support for improving
gravity wave parameterization schemes in high-latitude numerical weather

prediction models.

Key words Arctic; atmospheric inertial gravitational waves; lower

stratosphere; GPS radiosonde observation.
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Figure 1.GPS radiosonde stations for CHINARE (the Arctic summer campaigns) : red (2020), green (2021), and blue (2018).
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figure 4.(a)Vertical profiles of buoyancy frequency averaged over 2012-2021 from ERAS reanalysis data; (b) time—height

distribution of buoyancy frequency derived from radiosonde observations.
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Table 1.Mean values of gravity wave wavelengths for different latitude bands.

e EARK  mmwk o mEMKC kTREK

i (1 /km) i /km) ¥ /km) (km)
70°~80°N 3.89 2.20 2.30 402.52
80°N Pk 3.72 2.33 2.35 382.52
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Figure 7. Example of sinusoidal fitting of gravity wave perturbations extracted from observations at 12:00 UTC on 31 July 2018:

(a) temperature, (b) zonal wind, and (c) meridional wind.
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Figure 11.Atmospheric gravity wave energy distribution in different latitude bands of the Arctic.
(a) Vertical distribution of mean energy; (b) Total energy proportion
blue: 70°-80°N; yellow: >80°N
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Table 2: Mean values of gravity wave energy for different latitude bands.

&HE heE (J/kg) $EE (J/kg) HEEER (J/kg) Zhes/Hee
70° ~80° N 2.6 0.5 3.1 6.39
80° N Uik 35 0.8 43 5.30
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Figure 12.Polarization ellipses formed by hodographs of inertial gravity waves on 16 August 2018.
(a) Hodographs of zonal and meridional wind perturbations; (b) Hodographs of horizontal wind and temperature perturbations.

Blue, orange, and green represent altitudes of 15 km, 15.5 km, and 16 km, respectively.
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Table 3: Counts of upward and downward propagating gravity waves in different latitude bands
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Figure 13. Horizontal propagation direction distribution in different latitude bands of the Arctic.
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Figure 14.Time-height variations of the three-year monthly mean ERAS wind fields in the 70°-90°N latitude band (July—

September of 2018, 2020, and 2021).

(a) Zonal wind speed; (b) Meridional wind speed.
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