
1 

The SuperDARN Meteor Wind Product: A 31-year archive with 
modeled altitude contributions and validation 
 
Alex Chartier1, Ryan Poffenbarger1, Rafael Mesquita1, Diego Janches2, Jorge Chau3, Toralf 
Renkwitz3, Ralph Latteck3, William Bristow4 5 

 
1 Johns Hopkins University Applied Physics Laboratory, Laurel, MD, USA 
2 NASA Goddard Space Flight Center, Greenbelt, MD, USA 
3 Institute for Atmospheric Physics, Kühlungsborn, Germany 
4 Pennsylvania State University, University Park, PA, USA 10 
Correspondence to: Alex Chartier (alex.chartier@jhuapl.edu) 
 
 
Abstract. Radar echoes from meteor plasma trails constitute one of the main sources of observations of winds in the 
mesosphere-lower thermosphere. A new 31-year archive of meteor wind observations has been prepared from data 15 
taken at 38 Super Dual Auroral Radar Network (SuperDARN) sites, covering 1993-2024. These observations are not 
height-resolved, and so an empirical meteor model has been produced to estimate the altitude contribution function, 
in other words the meteor count distribution. The meteor count model RMSEs were estimated at 1.1 km for the peak 
height and 1.0 km for the full width at half maximum. Using the meteor model, the SuperDARN wind observations 
have been compared against nearby dedicated meteor radar data, and against JAWARA reanalysis winds. Two case-20 
study comparisons were performed: one for the Andenes meteor radar versus Hankasalmi SuperDARN radar in 
2008, and one for the McMurdo meteor radar versus McMurdo SuperDARN radar in 2019. The three datasets were 
found to be in reasonable agreement, with correlations ranging from 0.49-0.88 for the comparison of SuperDARN 
against the meteor and 0.50 – 0.72 for the comparison of SuperDARN against JAWARA. A summertime 
equatorward mean flow of 5-15 m/s was identified in the northern hemisphere SuperDARN data, consistent with 25 
previous reports. 
 
 
1. Introduction 

1.1 The dynamic and sparsely observed mesosphere-lower thermosphere 30 

Spanning from ~60-110 km altitude, the Mesosphere-Lower Thermosphere (MLT) is a dynamic region dominated 
by atmospheric waves of various scales (e.g. Vincent, 2015). The MLT is a major and largely unobserved driver of 
upper atmosphere/ionosphere phenomena that constitute space weather. In particular, MLT wind shears are known 
to generate ‘sporadic E’ ionization with important effects on signal propagation, while density and wind variations 
originating in the MLT contribute to satellite drag at higher altitudes. Given the region’s inaccessibility to air and 35 
orbital flight vehicles, observations of the MLT are obtained primarily through remote sensing. Sounding rocket 
chemical release experiments show dramatic windshears are commonplace in the MLT (Larsen, 2002), but these 
observations are necessarily limited in terms of spatial and temporal coverage. Tidal climatologies have been 
obtained from spacecraft EUV data (e.g. Oberheide et al., 2011; Forbes & Zhang, 2022) but these are also limited in 
local time coverage and duration. Meteor radars represent the principal ground-based instruments for observing 40 
winds in the MLT, with a comprehensive review given by Reid (2024). Briefly, radar signals reflected from meteor 
ionization trails can provide observations of winds in the MLT, as the observed signal Doppler shifts can be related 
to drift speeds. At these heights (~70-110 km), collision frequencies are sufficiently high that the plasma can be 
assumed to drift with the neutral gas. Given the typical ionization levels associated with meteors, meteor radars tend 
to operate on frequencies of ~50 MHz or below, with lower frequencies providing more scatter but also requiring 45 
larger installations and more complicated data interpretation due to propagation effects. The paucity of observations 
of the MLT, combined with its scientific and technological importance, means that all data sources should be 
evaluated. 
 

1.2 The SuperDARN meteor wind product 50 
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While the Super Dual Auroral Radar Network (SuperDARN) primarily targets the F-region ionosphere (~300 km), 
meteor echoes are frequently seen in the data and are of proven use in observing neutral winds in the MLT (Hall et 
al., 1997). SuperDARN observations have been used to study tidal and planetary waves (e.g. Bristow et al., 1999) 
and have been cross-validated with some success against independent meteor radars (e.g. Hibbins et al., 2011). The 
SuperDARN meteor wind product is potentially a major resource for studying the MLT, providing continuous 55 
observation across all local times, with records dating back to 1993 and ~35 radars currently in operation across both 
hemispheres. The data continue to be used for tidal analysis (e.g. Hibbins et al., 2019; van Caspel et al., 2022; 
Mirzaamin et al., 2024). Despite widespread use of SuperDARN meteor winds in tidal and planetary wave studies, 
the accuracy of the product has not been systematically evaluated against independent observations. In particular, 
the lack of height resolution introduces uncertainty in the effective measurement altitude and potential biases in 60 
retrieved winds. The goals of this study are therefore to (1) estimate the altitude contribution function of 
SuperDARN meteor echoes, (2) evaluate the resulting winds against independent meteor radar measurements, and 
(3) quantify systematic differences between the two systems. An updated version of the fitting algorithm has been 
created and made publicly available, along with the full set of wind data from the network. Figure 1 shows an 
inventory of the publicly available data product.  65 

 
Figure 1: SuperDARN meteor wind product inventory by station.  
 
The SuperDARN meteor wind archive covers a 31-year interval, with data available from 38 radar sites between 
1993-2024. The major limitation of the SuperDARN meteor wind product is that it is not height-resolved. This 70 
limitation could potentially be overcome by signal processing improvements, but it must be accepted when 
analyzing data from the historic archive shown in Figure 1. Occasional contamination from auroral processes and 
other sources is eliminated by taking monthly medians of the data, which is common practice in tidal model fitting.  
 

1.3 The altitudinal distribution of meteor trails 75 
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In order to interpret the SuperDARN meteor wind data correctly, the altitudinal contribution function must be 
modeled accurately. The variation of meteor ablation heights is a subject of significant discussion in the literature 
(e.g. Fentzke and Janches, 2008) with both atmospheric and astronomical factors playing important roles. Ceplecha 
et al. (1992) summarize the six primary sources of sporadic meteoroids (north and south apex and toroidal, helion 
and antihelion) which have characteristic speeds associated with Halley-type comets and Jupiter-family comets 80 
(HTCs and JFCs) respectively. The meteor trail altitude is proportional to the elevation angle, with vertical-
incidence meteoroids burning up fastest and therefore highest. Variations in the upper atmospheric scale height can 
also affect meteor ablation altitudes (e.g. Dawkins et al., 2024), with larger scale heights corresponding to higher 
meteor trails. The radar-observable range of heights is known to vary with operating frequency, with lower-
frequency radars able to observe less dense plasma trails and therefore measure somewhat higher altitudes (Steel and 85 
Elford, 1991).  
 

1.4 Height-resolved meteor wind product 

The MLT typically contains significant wind shears within the range of meteor trail altitudes, such that observed 
winds cannot simply be assigned to a reference height. An example from the Andenes radar (AND) is shown in 90 
Figure 2.  

 
Figure 2: AND zonal winds at 0 UT in January 2008. Color contours show wind speeds while grayscale 
contours show meteor counts.  
 95 
As can be seen, the winds show significant variability across the observing interval, and so the non-height resolved 
SuperDARN data should not simply be assigned to a reference altitude at the meteor count peak (~90 km). Rather, 
the contribution function must be modeled accurately and considered when interpreting the data. 
 

1.5 Data coverage  100 

With the goal of creating a meteor trail model to aid the interpretation of the SuperDARN data, we analyze count 
data from several meteor radars, listed in Table 1.  

Name Code Lat (° N) Lon (° E) Years Source 
CONDOR CON   -30.3  -70.0 2021, 2022 https://cedar.openmadrigal.org 
McMurdo MCM   -77.8 166.7 2018, 2019 https://cedar.openmadrigal.org 
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Andenes AND    69.3 16.0 2008, 2020 The PI 
Juliusruh JUL    54.6 13.4 2008*, 2020 The PI 
SAAMER RIO   -53.7 -67.7 2020 http://saamer-os.fisica.edu.uy 

Table 1: Locations of the meteor radars used in generating the meteor count model. *2008 JUL data were 
omitted from the training set in order to be used for validation.  
 105 
Both sets of radars are shown in Figure 3.  

 
Figure 3:  Locations of the meteor radars (green) and SuperDARN radars (red) used in this study. 
 
While there are a number of other meteor radars in existence, their data files (as available on the Madrigal server) do 110 
not contain meteor count data.  
 

1.6 The JAGUAR-DAS Whole Neutral Atmosphere Reanalysis 

For this study, we use the JAGUAR-DAS Whole neutral Atmosphere Reanalysis (JAWARA; Koshin et al., 2025) for 
comparison with the radar winds. JAWARA is an observation-constrained atmospheric reanalysis produced with the 115 
Japanese Atmospheric General circulation model for Upper Atmosphere Research Data Assimilation System 
(JAGUAR-DAS). JAWARA spans the whole neutral atmosphere from the surface to the lower thermosphere and 
currently covers September 2004 to December 2023, with later production ongoing. JAWARA is used here as an 
independent, observation-constrained reference rather than a ground truth. 
 120 
The JAGUAR forecast model extends to about 150 km altitude, uses T42 horizontal resolution (2.8125°) and 124 
vertical levels, and includes physical parameterizations appropriate for the mesosphere and lower thermosphere, 
including non-local thermal equilibrium and O2/O3 heating, ion drag, chemical heating, dissipation heating, and 
molecular diffusion. The assimilation system uses a four-dimensional local ensemble transform Kalman filter with 
50 ensemble members and incremental analysis update, and incorporates conventional meteorological observations 125 
together with Aura MLS, TIMED SABER, and DMSP SSMIS data. The archived JAWARA products include hourly 
snapshot fields of three-dimensional wind and geopotential height on longitude, latitude, pressure, and time 
coordinates; in this study we use the hourly assimilation winds for 2008 and 2019.  
 
 130 
2. Methods 

A new SuperDARN meteor wind algorithm was developed based on that of Bristow (1999). In order to estimate the 
altitude contribution function of the SuperDARN measurements, a support vector machine regression model (SVM; 

https://doi.org/10.5194/egusphere-2026-1634
Preprint. Discussion started: 2 April 2026
c© Author(s) 2026. CC BY 4.0 License.



5 

Vapnik, 1995) was trained on monthly median meteor count data from the stations listed in Table 1, with supporting 
information from the meteoroid engineering model (MEM v3; Moorhead et al., 2020), the Mass Spectrometer 135 
Incoherent Scatter (MSIS; Picone et al., 2002) atmospheric model, and the sporadic meteor radiant distributions 
described by Jones and Brown (1993). SVM was chosen for its ability to capture nonlinear relationships with limited 
training data; preliminary tests with linear models showed reduced skill (not shown). Gaussian fitting was applied to 
parameterize the meteor count profiles in terms of peak height and full width at half maximum (FWHM), with 
Gaussians found to provide a good description of the count profiles in the dataset. In order to compare 140 
measurements taken at different frequencies, a simple frequency-altitude relation based on Steel and Elford (1991) 
was used to map radar peak heights to a reference frequency (30 MHz). The SVM regression model was validated 
against unused data, and was used in comparing the SuperDARN meteor wind observations against tidal 
climatologies. 
 145 

2.1 New SuperDARN meteor wind algorithm 

The new SuperDARN meteor wind algorithm uses fitACF-level data stored in netCDF format to estimate hourly 
horizontal winds from backscatter observed within 405 km of a radar. Echoes flagged as ground scatter are 
excluded, and only echoes with absolute line-of-sight velocity less than 100 m s-1, velocity error less than 50 m s-1, 
and signal-to-noise ratio pl >= 3 are retained. For each 1 h UT interval, line-of-sight velocities are averaged by 150 
beam, and a horizontal wind vector is solved only when at least five beams contain at least two accepted echoes. The 
beam-mean line-of-sight velocities are projected to the horizontal using a geometric factor corresponding to a 
representative meteor height of 95 km, and zonal and meridional winds are then obtained from a weighted least-
squares fit as a function of beam azimuth. The fit uses inverse beam-variance weighting derived from the scatter of 
accepted echoes within each beam, and the reported wind uncertainties are taken from the covariance matrix of the 155 
weighted fit. The output winds are weighted averages over the meteor altitude distribution, rather than being true 
point measurements. 
 

2.2 Support vector machine model of meteor counts 

The parameters that were used in generating the SVM meteor count model are listed in Table 2.  160 
Predictor 
codename Long name Units Rank for 

peak 

Rank 
for 
FWHM 

Notes 

DOY Day of year Days 11 14 n/a 

SinDOY Sine of day of 
year n/a 7 1 Calculated to fall in range 0-2 π 

LT Local time Hours 10 11 n/a 

SinLT Sine of local 
time n/a 14 10 Calculated to fall in range 0-2 π 

Lat Geographic 
latitude Degrees 1 4 n/a 

Abs_lat 
Absolute value 
of geographic 
latitude 

Degrees 8 7 n/a 

F107 10.7 cm solar 
flux 

Solar 
flux 
units 

6 5 n/a 

Speed  Mean meteoroid 
speed km/s 5 2 

Calculated from Jones and Brown (1993) 
radiant directions, with rates from 
Campbell-Brown and Jones (2006). See 
below for details. 

Pressure 
Atmospheric 
pressure at 90 
km 

Bar 13 12 From MSIS 
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Norm_pressure 

Normalized 
atmospheric 
pressure at 90 
km 

n/a 4 6 From MSIS, normalized over 12 months 
and all local times 

Lo_dens_flux Low density 
meteoroid flux Kg/m2 3 9 From MEM (earthward direction) 

Hi_dens_flux High density 
meteoroid flux Kg/m2 2 3 From MEM (earthward direction) 

Lo_dens_speed Low density 
meteoroid speed km/s 12 8 From MEM (earthward direction) 

Hi_dens_speed High density 
meteoroid speed km/s 9 13 From MEM (earthward direction) 

Table 2: Parameters used in SVM model for prediction of meteor count profiles.  
 
The predictor parameters were chosen based on the assumption that the meteor count distribution should vary as a 
function of atmospheric and astronomical factors, in particular the apparent variation of sporadic meteoroids for a 
given station. Sine functions of day of year and local time were added to indicate to the SVM algorithm that these 165 
parameters are cyclical. Given that there is considerable uncertainty in characterizing sporadic meteoroids, this was 
approached in two different ways. First, an ad-hoc empirical model of the major populations was constructed, 
leading to a single average ‘speed’ parameter (this is described in the next section). Second, the low and high density 
meteoroid speeds and fluxes were calculated from the MEM model. The relative importance of each feature was 
estimated based on its effect on the test data, with rankings listed in Table 2. A total of 8 years of meteor radar data 170 
were used in training, and a further 1 year of data used for independent validation. 
 

2.3 Ad-hoc meteoroid model 

The effective speed of meteoroids from each meteoroid source was calculated for a given station based on the values 
in Table 3. Transformation to local coordinates was achieved using the Spacecraft, Planet, Instrument, C-matrix, 175 
Events (SPICE) toolkit (Acton, 1996). The weighted means and standard deviations were calculated from these six 
speeds, with below-zero elevations given zero weight.  

Meteoroid source Ecliptic longitude (°W) Ecliptic latitude (°N) Geocentric speed (km/s) 
North Apex 270 15 55 
South Apex 270 -15 55 
Helion 350 0 30 
Anti-helion 190 0 30 
North toroidal 270 60 55 
South toroidal 270 -60 55 

Table 3: Meteoroid sources used in the empirical model 
 
The relative abundance of each source was parameterized based on the work of Campbell-Brown and Jones (2006), 180 
who used Canadian Meteor Orbit Radar data. The parameterization is shown in Figure 4. 
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Figure 4: Relative abundances of sporadic meteors, modeled based on Canadian Meteor Orbit Radar 
(CMOR) observations from London, Ontario, Canada, at 29 MHz, reported by Campbell-Brown and Jones 
(2006). The South Toroidal source was not observed by them - it is set to 0.1 here, approximately matching 185 
the North Toroidal source. The South Apex source was only partially observed, and is interpolated here.  
 
The speed was calculated as follows. For each source, the effective speed, 𝑣!"", was calculated as the geocentric 
speed 𝑣#$% multiplied by the sine of the elevation angle, 𝜑, as shown in Equation 2: 

𝑣!"" = sin𝜑 ∙ 𝑣#$%      (1) 190 
Each source was assigned a weight, based on its relative abundance, Φ, from the parameterization shown in Figure 
4, which varied with day of year. This weight was scaled by a factor τ, proportional to the local time such that each 
flux is maximum at its local time peak (e.g. 6 LT for the Apex sources, ~0 and ~12 LT for the helion/antihelion 
sources).  

𝑤 = sin 𝜏 ∙ Φ       (2) 195 
The weighted mean speed,  𝑣̅!"", was then calculated for each station at each local time.  
 

2.4 MEM  

MEM was run for a grid of locations, with 10° latitude spacing and 30° longitude spacing, for all 24 hours on the 
15th day of each month of 2008. The model was called at 120 km altitude, to avoid any atmospheric ablation effects. 200 
MEM was called for the full range of meteoroid densities, with the speed and flux evaluated in the earthward 
direction. The MEM output was stored and interpolated to the times and locations of the meteor radar sites. 
 

2.5 Frequency-altitude relation 

The frequency-altitude relation that was used to calculate changes in peak height, ∆ℎ, from the reference frequency, 205 
𝑓&!", and the observing frequency, 𝑓'(), is shown in Equation 3.  

∆ℎ = −12.6	𝑙𝑜𝑔*+
"!"#
"$%&

          (3) 
This was calculated from a log-linear fit to the data shown in Steel and Elford (1991). This relation was used to 
relate meteor trail distributions of radars using different operating frequencies. 
 210 
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3. Results 

3.1 Meteor count model 

The case study for the count model focuses on the Juliusruh (JUL) radar in 2008, which was deliberately omitted 
from the SVM model training and retained for validation. Figure 5 shows the peak height and FWHM of Gaussian 215 
fits to monthly medians of the meteor count data.  

 
Figure 5: Gaussian fit parameters of monthly median JUL meteor trail data in 2008. Above: peak height, 
below: full width at half maximum.  
 220 
The model was queried for peak and FWHM values for JUL in 2008. A scatter plot comparison is shown in Figure 
6.  
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Figure 6: Scatter plots of observed and modeled meteor count profile parameters for JUL in 2008.  
 225 
A statistical comparison is shown in Table 4.  

Parameter RMSE (km) Mean error (km) Correlation 
Peak 1.1 -0.3 0.69 
FWHM 1.0 -0.2 0.60 

Table 4: Statistical results of the model validation against JUL data in 2008 
 
The SVM model provided reasonable estimates of the observed peaks and FWHMs. Performance was similar for the 
peak and for the FWHM, with root-mean-square error of 1.1 versus 1.0 km and a correlation of 0.69 vs 0.60. In both 230 
cases, the mean errors were negative, indicating the SVM model slightly underestimated the true peak height and 
FWHM.  
In order to determine whether the meteor count model was sufficiently accurate to estimate the height-averaged 
winds accurately, the average winds were calculated using observed and modeled counts for JUL in 2020. Figure 7 
shows height-averaged monthly median JUL zonal winds, weighted using the observed and modeled meteor counts.  235 
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Figure 7: Height-averaged monthly median zonal winds for JUL meteor radar in 2008, calculated using 
(above) observed meteor counts and (below) modeled meteor counts.  240 
 

The observed and modeled counts resulted in similar zonal wind distributions. The root-mean-square error of the 
model-weighted wind field was 4.3 m/s.  
 

3.2 Site-by-site wind comparisons 245 

The meteor count model was applied in comparing SuperDARN wind observations against those observed by 
meteor radars and the JAWARA reanalysis. An example comparison with AND meteor radar against HAN 
SuperDARN and JAWARA is shown in Figure 8. Note that the distance between AND and HAN is ~650 km. 
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Figure 8: Comparison of AND meteor radar and HAN SuperDARN height-averaged, monthly median wind 250 
observations and JAWARA model in the zonal and meridional directions in 2008.  
 
Table 5 shows statistical comparisons calculated for AND and JAWARA against HAN.  
 

  Meteor Radar vs SuperDARN JAWARA vs SuperDARN  
  Zonal Meridional Zonal Meridional 

Slope 0.92 0.74 0.73 0.65 

Y-intercept (m/s) 9.9 -0.0 11.0 -1.4 

Correlation 0.49 0.65 0.50 0.72 

p-value <1e-300 <1e-300 <1e-300 <1e-300 

Samples 6720 6720 6720 6720 
Table 5: Slopes and Y-intercepts of linear lines of best fit and correlations for the winds shown in Figure 8.  255 
 
The comparison showed reasonable qualitative agreement between the two radars (correlations of 0.49 and 0.65, 
slopes of 0.92 and 0.74), though the HAN zonal winds had a Y-intercept of +9.9 m/s with respect to AND, 
indicating a positive offset overall. JAWARA showed similar results to AND in the zonal direction, while all three 
were in good agreement in the meridional direction. 260 
 
A similar comparison was performed in the southern hemisphere, with MCM meteor radar data compared against 
MCM SuperDARN and the JAWARA reanalysis, as shown in Figure 9. 
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Figure 9: Comparison of MCM meteor radar, MCM SuperDARN and JAWARA height-averaged, monthly 265 
median wind observations in the zonal and meridional directions in 2019. 
 
Table 6 shows the slopes and Y-intercepts of linear lines of best fit and Pearson correlations calculated for MCM 
meteor radar and JAWARA against MCM SuperDARN.  
 270 

  Meteor Radar vs SuperDARN JAWARA vs SuperDARN 
  Zonal Meridional Zonal Meridional 
Slope 1.49 0.82 0.74 0.74 
Y-intercept 
(m/s) 4.9 1.7 1.3 2.7 

Correlation 0.88 0.73 0.66 0.64 
p-value <1e-300 <1e-300 <1e-300 <1e-300 
Samples 7968 7968 8640 8640 

Table 6: Slopes and Y-intercepts of linear lines of best fit and correlations for the winds shown in Figure 9. 
 
The MCM meteor wind radar versus MCM SuperDARN comparison provided a direct comparison at almost the 
same location. As in the AND-HAN case, the SuperDARN zonal winds were clearly larger in magnitude than those 
of the meteor wind radar (slope of 1.49). However, in this case the JAWARA reanalysis was closer in magnitude to 275 
the SuperDARN winds (in fact JAWARA showed the largest dynamic range of the three). The correlation scores for 
the two radars were better than in the AND-HAN comparison at 0.88 and 0.73, likely due to the smaller separation 
between them.  
 

3.3 Global analysis of SuperDARN winds 280 

Climatological tidal models frequently assume that the mean wind is zero (e.g. Forbes and Zhang, 2022). To test this 
assumption, SuperDARN mean winds were calculated for each site by taking 24-hour means of the monthly median 
values. These results are shown in Figure 10.  
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Figure 10: SuperDARN diurnal mean meridional winds (positive northward).  285 
 
Northern hemisphere sites showed predominantly negative values between May and September, with predominantly 
positive values outside of that. No consistent pattern was discernible from the southern radars, most of which are 
located on the Antarctic continent.  
The results from the northern hemisphere indicate that there was a consistent equatorward flow in summer.  290 
 
 
4. Discussion 

The back catalogue of SuperDARN data was processed to derive a meteor wind product, which has been published 
in the Zenodo archive. Due to SuperDARN’s limited range resolution in standard mode (45 km), the meteor echo 295 
heights could not be calculated. A model was developed to estimate the meteor echo heights, with a SVM trained on 
height-resolved meteor radar data supported by atmospheric and astronomical parameters. The meteor model was 
used to compare SuperDARN winds against height-resolved winds from meteor wind radars and from the JAWARA 
reanalysis. 
 300 
The newly developed meteor model proved reasonably accurate in predicting observations that were not used in the 
training (from JUL in 2008), with RMSEs of 1.2 km for the peak height and 1.3 km for the FWHM. This was 
sufficient to recover the height-resolved wind field observed JUL in 2008 with 4.3 m/s RMSE. To give an idea of 
the sensitivity of the wind product to these errors, we calculated using the JUL 2008 data that a ±1 km error in the 
height would cause a RMS wind error of ~2 m/s, while a ±1 km error in the FWHM would cause a RMS wind error 305 
of ~1 m/s. However, the model could be improved by the addition of more meteor data. To this end, a new mode 
should be developed for SuperDARN radars to operate at high resolution mode over the first ~400 km of range, such 
that meteor heights could be determined accurately. This could be combined with existing multi-frequency sounding 
modes to identify frequency-dependent variations in radar meteor profiles.  
 310 
The site-by-site comparisons indicated reasonably good qualitative agreement between meteor radar and 
SuperDARN radar winds in the northern AND-HAN case (69.3° and 62.3° N) and in the southern MCM-MCM case 
(77.8° and 77.9° S), with correlations of 0.49 (zonal) and 0.65 (meridional) in the AND-HAN case and 0.88 (zonal) 
and 0.73 (meridional) in the MCM-MCM case where the two radars were almost colocated. In general the 
agreement was better in the meridional direction, with SuperDARN showing larger-magnitude winds in the zonal 315 
direction. JAWARA zonal winds were closer to the meteor radar winds in the AND-HAN case and closer to the 
SuperDARN radar winds in the MCM-MCM case. In general, SuperDARN winds should be more accurate in the 
radar boresight direction as it is resolved directly, whereas only components are observed in the perpendicular 
direction. While most radars have boresights closer to the meridional than the zonal direction, MCM SuperDARN is 
oriented almost exactly westward (263.4° East of North).  320 
 
Substantial (5-15 m/s) mean winds were identified, with an equatorward flow in summer months evident in the data 
from northern hemisphere stations. This is consistent with the circulation expected in the mesosphere, below ~100 
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km (e.g. Wang et al., 2022). The observed magnitude is quite similar to that reported by Mitchell et al. (2002), who 
found a maximum of ~13 m/s at Esrange, Sweden.  325 
 
 
5. Conclusions 

A 31-year archive of meteor wind data has been created and published for the SuperDARN network, with 38 radar 
sites contributing data between 1993-2024. The data are height-averaged over the meteor trail region (~80-100 km), 330 
weighted according to the number of meteor counts at each altitude. An empirical model has been developed to 
estimate the altitude contribution function of the data, using height-resolved meteor data in combination with 
atmospheric and astronomical parameters to predict peak height and FWHM globally. The model RMSEs were 
estimated at 1.1 km for the peak height and 1.0 km for the FWHM, while the mean errors were -0.3 and -0.2 km 
respectively. Comparisons were performed for the Andenes meteor radar versus Hankasalmi SuperDARN radar and 335 
the McMurdo meteor radar versus McMurdo SuperDARN radar. The three datasets were found to be in reasonable 
agreement, with correlations ranging from 0.49-0.88 for the comparison of SuperDARN against the meteor and 0.50 
– 0.72 for the comparison of SuperDARN against JAWARA. A summertime equatorward mean flow of 5-15 m/s 
was identified in the northern hemisphere SuperDARN data, consistent with Mitchell et al. (2002).  
 340 
 
6. Appendices 

A. Statistical comparison of SuperDARN and MWR winds  
A statistical analysis of the SuperDARN-MWR comparisons was performed for the two case studies shown. MWR 
uncertainties were not available via Madrigal, so the error analysis is limited to the uncertainties given in the 345 
SuperDARN data. This comparison used the hourly values, whereas the comparison shown in the paper used 
monthly medians of those. A breakdown is shown in Table A1.  

Case component N 
bias 
(m/s) 

rmse 
(m/s) 

mae 
(m/s) <1σ <2σ corr slope 

intercept 
(m/s) 

HAN_AND zonal 6600 10.2 42.0 32.9 0.5 0.8 0.4 0.7 8.3 

HAN_AND meridional 6600 1.4 23.9 18.5 0.3 0.6 0.4 0.4 -1.0 

MCM_MCM zonal 7608 5.1 20.5 16.6 0.3 0.6 0.7 1.0 5.0 

MCM_MCM meridional 7608 0.9 23.4 17.6 0.8 1.0 0.5 0.8 0.4 
Table A1: Statistics of the SuperDARN vs MWR wind comparisons shown in the manuscript.  
 
Figures A1 and A2 show scatter plots of the data used in generating Tables 5 and 6.  350 

https://doi.org/10.5194/egusphere-2026-1634
Preprint. Discussion started: 2 April 2026
c© Author(s) 2026. CC BY 4.0 License.



15 

 
Figure A1: Scatter plots of data used in statistics for Table 5.  
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Figure A2: Scatter plots of data used in statistics for Table 6. 
 355 

B. Data quality issues found in FIR 2019/2020 output 
 
Data quality issues were identified in the FIR dataset, but were not resolved. In the first 300 days of 2019, the zonal 
wind magnitudes were very small. The transition coincided with a switch from single-mode operation to dual-mode 
operation (.a and .b modes), as shown in Figure B1. However, in 2020, the zonal wind magnitudes appeared 360 
reversed from those expected based on the climatological CTMT model and the nearby meteor radar (SIMONe) , as 
shown in Figure B2. The two years of FIR data were removed from the public release on this basis.  
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Figure B1: Comparison of RIO meteor radar and FIR SuperDARN height-averaged, monthly median wind 
observations and CTMT model in the zonal and meridional directions in 2019.  365 
 

 
Figure B2: Comparison of SIMONe meteor radar and FIR SuperDARN height-averaged, monthly median 
wind observations and CTMT model in the zonal and meridional directions in 2019.  
 370 
 
7. Code availability 

All software produced for this effort is available via https://github.com/alexchartier/superdarn. The version used for 
publication is available Chartier (2026).  
 375 
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8. Data availability 

The SuperDARN observations (fitACF input and meteor wind output) are available from Chartier and Wiker (2026). 
Meteor radar data are available from https://cedar.openmadrigal.org (CONDOR, MCM) and on request from Ralph 
Latteck (latteck@iap-kborn.de, AND) and Toralf Renkwitz (renkwitz@iap-kborn.de, JUL) and Diego Janches 380 
(diego.janches@nasa.gov, RIO). JAWARA reanalysis data are available from https://jawara.nipr.ac.jp/.  
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