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S1 Climatologies of Mean Winds Derived from SVVP Retrieval

In this section, we present a comparison of the climatological mean states of the zonal, meridional, and vertical wind compo-
nents retrieved using the Velocity Volume Processing (VVP) in the plane and spherical geometries. These figures illustrate the
seasonal wind climatology for all three components in both spherical (left column) and plane geometry (center column), along
with their corresponding differences (right column), similar to those in Figures 4 and 5, but for averaging radii of 200, 250,
300, 350, and 400 km at temporal resolutions of 15, 30, and 60 minutes.

Figure S1. Composite Zonal, meridional, and vertical wind components retrieved using the Volume Velocity Processing (VVP) with a 200
km averaging radius and 15-minute resolution. The first three rows show the monthly mean results; the remaining rows display seasonal
averages. Each panel compares spherical geometry, plane geometry, and their differences.



Figure S2. Same as Figure S1, but for a 200 km averaging radius and a 30-minute temporal resolution.



Figure S3. Same as Figure S1, but for a 200 km averaging radius and a 60-minute temporal resolution.



Figure S4. Same as Figure S1, but for a 250 km averaging radius and a 15-minute temporal resolution.



Figure S5. Same as Figure S1, but for a 250 km averaging radius and a 60-minute temporal resolution.



Figure S6. Same as Figure S1, but for a 300 km averaging radius and a 15-minute temporal resolution.



Figure S7. Same as Figure S1, but for a 300 km averaging radius and a 30-minute temporal resolution.



Figure S8. Same as Figure S1, but for a 300 km averaging radius and a 60-minute temporal resolution.



Figure S9. Same as Figure S1, but for a 350 km averaging radius and a 15-minute temporal resolution.



Figure S10. Same as Figure S1, but for a 350 km averaging radius and a 30-minute temporal resolution.
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Figure S11. Same as Figure S1, but for a 350 km averaging radius and a 60-minute temporal resolution.

11



Figure S12. Same as Figure S1, but for a 400 km averaging radius and a 15-minute temporal resolution.
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Figure S13. Same as Figure S1, but for a 400 km averaging radius and a 30-minute temporal resolution.
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Figure S14. Same as Figure S1, but for a 400 km averaging radius and a 60-minute temporal resolution.

14



10

S2 Composite of the Higher-order Kinematic Variables Derived from SVVP Retrieval

This section presents the climatological mean state of the higher-order kinematic variables, including the horizontal divergence,
shearing deformation, stretching deformation, and the relative vorticity retrieved using the SVVP algorithm (spherical geome-
try) and the conventional VVP (plane geometry). These figures illustrate the seasonal wind climatology for all the variables in
both geometries, along with their differences, similar to those in Figures 7 and 8, but for averaging radii of 200, 250, 300, 350,
and 400 km at temporal resolutions of 15, 30, and 60 minutes.
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Figure S15. Composites of horizontal divergence, shearing deformation, stretching deformation, and relative vorticity using Volume Velocity
Processing (VVP) with a 200 km averaging radius and 15-minute resolution. The first three rows show the monthly mean results; the
remaining rows display seasonal averages. Each panel compares spherical geometry, plane geometry, and their differences.
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Figure S16. Same as Figure S15, but for a 200 km averaging radius and a 30-minute temporal resolution.
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Figure S17. Same as Figure S15, but for a 200 km averaging radius and a 60-minute temporal resolution.
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Figure S18. Same as Figure S15, but for a 250 km averaging radius and a 15-minute temporal resolution.
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Figure S19. Same as Figure S15, but for a 250 km averaging radius and a 60-minute temporal resolution.
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Figure S20. Same as Figure S15, but for a 300 km averaging radius and a 15-minute temporal resolution.
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Figure S21. Same as Figure S15, but for a 300 km averaging radius and a 30-minute temporal resolution.
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Figure S22. Same as Figure S15, but for a 300 km averaging radius and a 60-minute temporal resolution.
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Figure S23. Same as Figure S15, but for a 350 km averaging radius and a 15-minute temporal resolution.
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Figure S24. Same as Figure S15, but for a 350 km averaging radius and a 30-minute temporal resolution.
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Figure S25. Same as Figure S15, but for a 350 km averaging radius and a 60-minute temporal resolution.
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Figure S26. Same as Figure S15, but for a 400 km averaging radius and a 15-minute temporal resolution.
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Figure S27. Same as Figure S15, but for a 400 km averaging radius and a 30-minute temporal resolution.
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Figure S28. Same as Figure S15, but for a 400 km averaging radius and a 60-minute temporal resolution.
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We compare Volume Velocity Processing (VVP) retrievals with Spherical Volume Velocity Processing (SVVP) across aver-

aging radii of 200, 300, 350, and 400 km at temporal resolutions of 15, 30, and 60 minutes. Results for a 250 km averaging
radius at 15 and 60 minutes are also included.

Figure S29. Correlation between the spherical and plane geometry retrieved zonal, meridional, and vertical wind components using Volume
Velocity Processing (VVP) for a 250 km averaging radius. Panels correspond to temporal resolutions of 15 (first panel), 30 (in the main
manuscript), and 60 minutes (second panel). Each panel presents daily mean scatter points, robust regression fits (black solid line), 1:1
reference lines (red dashed), and annotated statistics (correlation coefficient (R), sample size (N), and the slope (m)).
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Figure S30. Same as Figure S29, but for a 200 km averaging radius and a temporal resolution of 15 (first panel), 30 (second panel), and 60
(third panel) minutes.
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Figure S31. Same as Figure S29, but for a 300 km averaging radius and a temporal resolution of 15 (first panel), 30 (second panel), and 60
(third panel) minutes.
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Figure S32. Same as Figure S29, but for a 350 km averaging radius and a temporal resolution of 15 (first panel), 30 (second panel), and 60
(third panel) minutes.
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Figure S33. Same as Figure S29, but for a 400 km averaging radius and a temporal resolution of 15 (first panel), 30 (second panel), and 60
(third panel) minutes.
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Correlation intercomparison of daily mean zonal, meridional, and vertical wind components computed using three temporal
resolutions (15, 30, and 60 minutes) under spherical geometry for averaging radii of 200, 300, 350, and 400 km to evaluate the
consistency of the simulated wind flow fields across varying temporal resolutions.

Figure S34. Correlation comparing daily mean wind velocity components (zonal, meridional, and vertical) calculated for different temporal
resolutions under spherical geometry for a 200 km averaging radius. The top row compares 15-minute and 30-minute temporal resolutions,
while the bottom row compares 60-minute and 30-minute temporal resolutions. Each panel shows the daily mean scatter point, robust
regression fit (black solid line), 1:1 reference line (red dashed), and statistics indicating correlation coefficient (R), number of samples (N),
and regression slope (m).
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Figure S35. Same as Figure S34, but for a 300 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S36. Same as Figure S34, but for a 350 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S37. Same as Figure S34, but for a 400 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Correlation intercomparison of daily mean zonal, meridional, and vertical wind components computed using three temporal
20 resolutions (15, 30, and 60 minutes) under plane geometry for averaging radii of 200, 300, 350, and 400 km to evaluate the
consistency of the simulated wind flow fields across varying temporal resolutions.

Figure S38. Correlation comparing daily mean wind velocity components (zonal, meridional, and vertical) calculated for different temporal
resolutions under plane geometry for a 200 km averaging radius. The top row compares 15-minute and 30-minute temporal resolutions, while
the bottom row compares 60-minute and 30-minute temporal resolutions. Each panel shows the daily mean scatter point, robust regression fit
(black solid line), 1:1 reference line (red dashed), and statistics indicating correlation coefficient (R), number of samples (N), and regression
slope (m).
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Figure S39. Same as Figure S38, but for a 300 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S40. Same as Figure S38, but for a 350 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S41. Same as Figure S38, but for a 400 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Here, we present an intercomparison of the higher-order kinematic variables, including horizontal divergence, shearing
deformation, stretching deformation, and relative vorticity components derived under spherical geometry for three temporal
resolutions (15, 30, and 60 minutes).

Figure S42. Comparison of correlations of high-order kinematic variables: horizontal divergence, shearing deformation, stretching deforma-
tion, and relative vorticity computed for different temporal resolutions under spherical geometry for a 200 km averaging radius. The top row
compares 15-minute and 30-minute temporal resolutions, while the bottom row compares 60-minute and 30-minute temporal resolutions.
Each panel presents daily mean scatter points, robust regression fits (black solid line), 1:1 reference lines (red dashed), and statistics indicat-
ing correlation coefficient (R), number of samples (N), and regression slope (m).
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Figure S43. Same as Figure S42, but for a 300 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S44. Same as Figure S42, but for a 350 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S45. Same as Figure S42, but for a 400 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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25 We present an intercomparison of the higher-order kinematic variables, including horizontal divergence, shearing deformation,
stretching deformation, and relative vorticity components derived under plane geometry for three temporal resolutions (15, 30,
and 60 minutes).

Figure S46. Comparison of correlations of high-order kinematic variables: horizontal divergence, shearing deformation, stretching deforma-
tion, and relative vorticity computed for different temporal resolutions under plane geometry for a 200 km averaging radius. The top row
compares 15-minute and 30-minute temporal resolutions, while the bottom row compares 60-minute and 30-minute temporal resolutions.
Each panel presents daily mean scatter points, robust regression fits (black solid line), 1:1 reference lines (red dashed), and statistics indicat-
ing correlation coefficient (R), number of samples (N), and regression slope (m).
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Figure S47. Same as Figure S46, but for a 300 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S48. Same as Figure S46, but for a 350 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S49. Same as Figure S46, but for a 400 km averaging radius and comparison between the temporal resolution of 15 (first panel) and
60 (second panel) minutes with the 30-minute resolution.
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Figure S50. Same as Figure 20 (in manuscript), but for 60 minutes (first panel) and 15 minutes (second panel). Composite meteor number
per grid point from 1 - 30 April 2021 at 70-110 km (left) and 90 km (right) altitude, retrieved using the 3DVAR+DIV method. Red dots
indicate station locations, with their labels identifying each station; the unlabeled dot marks the central reference point used for the SVVP
retrievals. The concentric rings represent distance in km from this central reference point.

51



Figure S51. Monthly mean vertical wind components retrieved using the Volume Velocity Processing (VVP), showing the spherical geom-
etry, plane geometry, and their corresponding differences for the experiment with all stations (bottom row) and without the KIR station (top
row).
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Figure S52. Monthly mean zonal and meridional wind components retrieved using the Volume Velocity Processing (VVP), showing the
spherical geometry, plane geometry, and their corresponding differences for the experiment with all stations (bottom row) and without the
KIR station (top row).
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Figure S53. Composites of horizontal divergence and relative vorticity using Volume Velocity Processing (VVP), showing the spherical
geometry, plane geometry, and their corresponding differences for the experiment with all stations (bottom row) and without the KIR station
(top row).
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Figure S54. Composites of shearing deformation and stretching deformation using Volume Velocity Processing (VVP), showing the spherical
geometry, plane geometry, and their corresponding differences for the experiment with all stations (bottom row) and without the KIR station
(top row).
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