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Abstract. The Southern Argentina Agile MEteor Radar - Novel Atmospheric Sounding (SAAMER-NOVA) is the newest

meteor radar network, an advancement to the SAAMER project, which has been operational since May 2008. The SAAMER-

NOVA became fully operational in October 2025, using a monostatic meteor radar situated at Rio Grande (67.8◦ W, 53.8◦ S),

alongside two passive receiver systems near the town of Tolhuin (67.1◦ W, 54.5◦ S) and the border crossing Radman (68.6◦

W, 54.0◦ S), south and west of Rio Grande, respectively. These remote receiver stations form an almost perfect rectangular tri-5

angle, which optimises measurement response, and the angular diversity permits analysis of small-scale divergent and vortical

structures. This network successfully provides measurements with a default 15-30 min temporal resolution in the mesosphere

and lower thermosphere (MLT). Daily meteor echoes detected at SAAMER-NOVA are approximately 20,639, with the highest

counts at Tolhuin, followed by Radman and then Rio Grande. This extensive meteor detection permits the retrieval of spa-

tially resolved, high-resolution three-dimensional wind fields from this network using sophisticated retrieval models such as10

3DVAR+DIV, VVP, and SVVP. In this paper, we describe the statistics and cross-site validation of SAAMER-NOVA wind

products spanning from October 2025 to January 2026 and 1st - 31st January 2026, respectively. We present snapshots of to-

mographic wind reconstructions retrieved from 3DVAR+DIV, Altitude-Time Wind (ATW) profiles, and zonal and meridional

keograms of latitudinal and longitudinal cross-sections. The ATW Figures reveal diurnal variations and several wave activities

across the region. The motivation for deploying the SAAMER-NOVA network at the southern tip of Argentina is to expand15

and enhance atmospheric measurements in a region recognised as a hotspot for atmospheric gravity wave (GW) activity. This

strategic positioning at the southern tip of the Andes enables unique, advanced observations of MLT dynamics and the first

imaging meteor radar network in Tierra del Fuego. The new SAAMER-NOVA capabilities provide a pathway to benchmark
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existing circulation models for small-scale GW dynamics over one of the world’s most significant GW source regions and to

guide investigations into the multistep vertical coupling between atmospheric layers.20

1 Introduction

The mesosphere and lower thermosphere (MLT) is a region driven by a complex range of atmospheric waves and tides that

span diverse temporal and spatial scales (Andrews et al., 1987). This region exhibits active atmospheric dynamical processes,

with interactions of large-scale (atmospheric tides and planetary waves) and small-scale (gravity waves) atmospheric waves

(Fritts and Alexander, 2003; Liu, 2016). These wave activities and their interactions are the primary mechanisms driving vari-25

abilities in the MLT. The major variability at larger vertical and horizontal scales is attributed to planetary waves and tides,

which propagate largely without significant attenuation from their source regions at the troposphere and stratosphere into the

MLT and above. These waves and their interactions primarily serve as fundamental agents of energy and momentum transport,

driving variability in the upper mesosphere and thermosphere by carrying these quantities from their source regions to locations

where they dissipate (Liu, 2019). The forcing and variability of the MLT are primarily driven by gravity waves (GWs), which30

generate significant vertical fluxes of horizontal momentum that govern MLT dynamics. Their breaking and dissipation deposit

energy and momentum, leading to local flow accelerations, mixing, and feedback that results in an interhemispheric coupling

and drives the summer mesopause temperatures far away from their radiative balance. This residual circulation provides a

crucial transport mechanism critical for understanding trace gas transport and coupling among atmospheric layers, influencing

the atmospheric thermal and dynamical structure (Smith, 2012; Becker, 2012). Consequently, accurate measurement of neutral35

atmospheric winds is essential for investigating the dynamics in this region.

These dynamics have been studied using lidar, radar, and satellite measurements for years, thereby accounting for the major

large-scale variability in the MLT. Observation and investigation of large-scale and small-scale dynamics are crucial for un-

derstanding and identifying the diverse processes that govern atmospheric variability, particularly in the MLT, where dynamics

are driven by energy and momentum fluxes. Passive optical instruments are designed to observe airglow emissions, which40

have revealed a rich tapestry of small-scale gravity waves and turbulent structure at the mesosphere and lower thermosphere

(MLT) region (Taylor et al., 1997; Hecht et al., 2014; Sedlak et al., 2023; Zhang et al., 2025). These observations provide

valuable insights into the morphology and evolution of wave phenomena at altitudes of approximately 80 to 100 km. However,

a significant limitation of airglow observations is that the intrinsic parameters of gravity waves (e.g., frequency, phase speed,

and momentum flux) cannot be accurately and reliably derived without knowledge of the background wind field. The observed45

wave characteristics are a combination of intrinsic wave properties and Doppler shifts induced by the ambient winds, making

wind measurements essential for a proper wave characterisation (Smith et al., 2017; Sarkhel et al., 2022a). For the past three

decades, monostatic meteor radars have become operational and measure winds and meteor fluxes in the MLT, thereby en-

abling measurements of horizontal wind components for investigations of atmospheric dynamics (Hocking et al., 1997, 2001;

Holdsworth et al., 2004; Meek et al., 2013). Multistatic meteor radar networks have been shown to provide valuable insights50

into the spatial and temporal variability of mesosphere-lower thermosphere (MLT) winds over timescales ranging from a few
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minutes to hours (Stober and Chau, 2015; Chau et al., 2017; Spargo et al., 2019; Volz et al., 2021; Stober et al., 2021b, 2023a;

Poblet et al., 2023; Zeng et al., 2022, 2024; Qiao et al., 2025). These systems provide spatially resolved wind measurements

with unprecedented detail by employing multiple receiving stations, thus overcoming the limitations of traditional single-station

radar systems and enabling the reconstruction of three-dimensional wind fields over extended spatial domains. The resulting55

high-resolution wind observations are particularly valuable for interpreting airglow measurements, providing the necessary

background wind information to extract intrinsic gravity wave parameters from observed wave signatures.

The Southern Argentina Agile MEteor Radar (SAAMER) project employs a SKiYMET system (Hocking et al., 2001) that

was installed in Rio Grande and has been operating continuously since May 2008. Building on this, the Southern Argentina

Agile MEteor Radar (SAAMER) Orbital System (OS) expanded the system network to five passive receiver stations at dis-60

tances between 3-14 km: SAAMER-C, SAAMER-N, SAAMER-W, SAAMER-S, and SAAMER-E. These stations provide

accurate measurements of meteoroid orbits and velocity. The initial four stations became operational in 2012, with the fifth

station added in 2019 (Janches et al., 2023). The Southern Argentina Agile MEteor Radar - Novel Atmospheric Sounding

(SAAMER-NOVA) multistatic meteor radar network is the latest upgrade in this network, expanding observational capabilities

at the southern tip of Argentina, a region recognized as a major hotspot for GW activity on Earth, centred over the Southern65

Andes, Drake Passage, and Antarctic Peninsula (both orographic and non-orographic wave generation sources). A hotspot be-

cause of the major sources of GW in this region, which include high mountains, strong jet streams, and frontal systems. (Fritts

and Alexander, 2003; Fritts et al., 2012; Becker and Vadas, 2018; Vadas and Becker, 2018; Stober et al., 2021a). These sources

generate a substantial GW activity and corresponding momentum fluxes through multistep vertical coupling, leading to strong

interactions with the large-scale flow in the MLT. These systems provide particular sensitivity to the large-scale dynamical70

features, including the semidiurnal tide and the Quasi-2-day-wave (Lieberman et al., 2025). The SAAMER-NOVA provides

valuable background wind information for airglow measurements conducted by experiments such as AWE or AMTM (Zhang

et al., 2025).

In this study, we present statistics of Southern Argentina Agile MEteor Radar - Novel Atmospheric Sounding (SAAMER-

NOVA) observations spanning October 2025 to January 2026. We show tomographic retrievals of the horizontal winds and75

higher-order kinematic variables using the 3DVAR+DIV algorithm. The analysis performed and presented is based on the ge-

ographic coordinate grid of the 3DVAR+DIV algorithm at 30-minute resolution. This paper is organised as follows: In Section

2, we describe the SAAMER-NOVA multistatic meteor radar network and its data. Section 3 provides a statistical overview.

Section 4 presents the results of tomographic wind and Altitude-Time wind analysis. Section 5 provides the discussion, and

finally, Section 6 concludes the study.80

2 The Southern Argentina Agile Meteor Radar (SAAMER) - NOVA multistatic meteor radar network

Meteor radar observations have been conducted with SAAMER at Rio Grande (67.7◦ W, 53.7◦ S) since May of 2008. The sys-

tem was originally designed to be the first system dedicated to momentum flux observations (Fritts et al., 2010, 2012, 2014).

For that purpose, the transmitter (TX) configuration required the detection of meteors between zenith angles of 15◦ and 55◦
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and thus an eight three-element crossed Yagis were deployed, arranged in a circle of diameter 27.6 m. Each transmitting in85

opposite phasing to every other Yagi. Like most of meteor radars, SAAMER also has a 5 receiving three-element crossed Yagis

arranged specifically to perform interferometry and geolocate each detected echo.

Figure 1. Geographic projection of the SAAMER-NOVA network at Tiera del Fuego. The shaded circles indicate the approximate detection

area for each station.

Since its initial deployment, the system has undergone various upgrades, the most critical being 1) the addition of 5 single an-

tennas remote receiving stations started in 2010 with SAAMER-N and SAAMER-W, in 2017 SAAMER-S, 2019 SAAMER-E90

and in 2022 SAAMER-SE, 5-15 km away from the TX, to form SAAMER-OS (orbital system) to measure meteoroid trajecto-

ries for orbit determination (Janches et al., 2015; Panka et al., 2021; Janches et al., 2023); 2) 2 additional antennas to measure

linear polarization of each return echo for more precise electron density measurements, and meteoroid mass estimates (Stober

et al., 2023b; Dawkins et al., 2023); and 3) a new transmission strategy with the deployment of a single new TX antenna to im-

prove the detection rate of meteors at larger zenith angles (Janches et al., 2020). By concentrating the full power of SAAMER95

in one TX antenna, a more uniform detection pattern is achieved that satisfies this original requirement, but also increases the

number of events detected at larger zenith angles. SAAMER operates at 32.55 MHz with 60 kW transmit power at a pulse

repetition frequency of 625 Hz using a 7-bit Barker code with 1.5 km range sampling. In this study, we show only results using

a single circularly polarized Yagi antenna for transmission.

This manuscript is focused on the introduction of the latest upgrade of the system, the SAAMER-NOVA network, which con-100

sists of the monostatic meteor radar at Rio Grande, and two 5 2-cross-elements yagi antenna receiving interferometers located

approximately 80 km away from the TX, at Tolhuin (67.1◦ W, 54.5◦ S) and Radman (68.6◦ W, 54.0◦ S). For the case of the two

remote interferometers, in order to geolocate the echoes, the forward scatter geometry is solved using the method presented
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in Stober et al. (2021b). The network is designed to ensure that the observation volumes overlap among all three sites, which

form a rectangular triangle. Figure 1 presents a scheme of the network layout projected on a topographic map. The shaded area105

indicates the observational volume for each link. SAAMER-NOVA covers the entire island of Tierra del Fuego in Argentina

and Chile, which is known to be the northern edge of a GW hotspot over the Drake passage (Ern et al., 2004; Fritts et al., 2012;

de Wit et al., 2016, 2017; Stober et al., 2021a; Reichert et al., 2021; Hindley et al., 2022; Vadas et al., 2018; Becker and Vadas,

2018).

Figure 2 presents the two-dimensional (2D) horizontal spatial distribution of meteors detected across the three radar stations110

for a period of five days from 1st to 5th November 2025, along with the vertical altitude distribution for the entire study period.

The scatter plot on the map illustrates the spatial distribution of meteor echoes, with colours indicating the meteor echoes for

each station: Cyan for Radman, blue for Tolhuin, and magenta for Rio Grande.

Figure 2. 2D Horizontal distribution of meteor positions detected by the meteor radar stations (indicated with colour-coded dots) from 1 -

5 November 2025, with each point representing a detected meteor. Red dots indicate station locations, and labels identify each station. The

altitude distribution of meteors detected at each station is also shown, indicating the total number of meteors observed during the study period

(October 2025 - January 2026) and the corresponding median altitude for each station. The colours cyan, blue, and magenta correspond to

meteors detected at the Radman, Tolhuin, and RioGrande stations, respectively.
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The observational volumes of these stations exhibit significant spatial overlap, enabling multistatic analysis. The altitude distri-

butions of all stations exhibit approximately Gaussian profiles within the altitude range 70-120 km, peaking at approximately115

90 km. Notably, Tolhuin exhibits the highest peak altitude at 90.8 km, followed by Radman at 90.1 km, while Rio Grande

shows a lower peak at 88.9 km. This overall height distribution is consistent with expectations, as forward-scattering geometry

typically produces slightly higher peak altitudes in dependence on the forward scattering angle, corresponding to an equivalent

frequency. Both Tohuin and Radman detect more meteor counts compared to Rio Grande, reflecting differences in sensitivity

and antenna patterns between the stations, as well as potential different interference environments. These characteristics align120

with the results from other multi-static meteor radar experiments and deployed networks (Qiao et al., 2025; Stober and Chau,

2015; Zeng et al., 2024).

Figure 3. Altitudinal profile of daily meteor echoes detected at RioGrande, Tolhuin, and Radman meteor radar stations for the entire study

period. The bottom stair-step diagram illustrates the hourly temporal distribution of meteors from April 1-3, 2021. The four colours have the

same meaning as in the previous figure.
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The altitude-resolved temporal evolution of meteor echo rates for all stations over the study period, along with the hourly dis-

tribution of detected meteor events over three representative days (27 to 29 January 2026), are illustrated in Figure 3. Meteor

echoes are predominantly detected between the altitudes of approximately 85 and 95 km. The white lines represent gaps in125

measurements. It is noted that more gaps are observed at the Radman and Tolhuin stations than at the Rio Grande station.

Meteor detection rates are more consistent and higher from mid-November onward at all stations, whereas before this period,

particularly at Rio Grande, detection counts are lower. The reduced detection rate was mainly the result of RF (Radio Fre-

quency) interference caused by other emitters located more to the north of the network, whereas the most southern station was

not impacted. These patterns show both the temporal variability in meteor rates and the relative performance of each station.130

Diurnal variations in meteor detection are evident in the temporal distribution across all stations. Detection rates are highest

during the afternoon hours around 8-12 UT, 36 UT, and 58-62 UT, and lowest during midnight and evening hours 18 UT, 24

UT, and 42 UT.

Figure 4. Scatter plots of zonal (u) and meridional (v) winds at Rio Grande, Tolhuin, and Radman. Each panel shows the coefficient

correlation (R) and its wind component (top left), robust regression fits, and a 1:1 reference line. The top row presents the zonal winds,

whereas the bottom row presents the meridional winds. The color denotes the normalized occurrence density of data from 1 to 31 January

2026.
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The cross-site validation of SAAMER-NOVA is performed through a correlation analysis of measured winds applying a mono-135

static wind analysis to the data recorded at each site in January 2026 at 30-minute temporal resolution, within the altitudes 70 to

110 km. In Figure 4, we present scatter plots of winds at the three sites, showing normalized occurrence density (color coded)

and correlation coefficients in the top left corner.

Winds measured at SAAMER-NOVA are robust, as confirmed by the high correlation coefficients ranging from approximately

0.7 to 0.9 presented in the panel plots. The densest measured winds are expected to cluster around the reference line (y=x),140

with the zonal winds ranging between approximately 70m/s easterlies to 70m/s westerlies (top panels) and meridional winds

between approximately -50m/s and 50m/s (lower panels). Zonal winds are noted to dominate with easterlies, whereas the

meridional cluster is around the zero wind. The correlations between sites are presented as Rio Grande against Tolhuin, Rio

Grande against Radman, and Tolhuin against Radman for both the zonal and meridional components. The zonal wind corre-

lation coefficients are 0.879, 0.877, and 0.814, respectively, and the meridional wind coefficients are 0.791, 0.794, and 0.685,145

respectively. The scattering around the slope one is expected as each station is sensitive to a slightly different observation

volume and will detect the small-scale GW with different viewing geometries.

3 Three-Dimensional wind fields: Tomographic reconstruction and Altitude-Time Winds profiles

The 3DVAR+DIV algorithm has been used to retrieve the horizontal wind field, vertical winds, and the higher-order kinematic

variables, specifically horizontal divergence and vorticity. This algorithm is based on Bayesian inversion and the optimal esti-150

mation technique, adapted to the Tierra del Fuego region (SAAMER-NOVA network) to reconstruct three-dimensional wind

fields. The results presented in this section are based on the geographical grid coordinates of the 3DVAR+DIV described in

Stober et al. (2022), with a temporal resolution of 30 minutes.
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Figure 5. Horizontal winds, horizontal divergence, and relative vorticity derived from the horizontal winds using the 3DVAR+DIV algorithm

and SAAMER-NOVA observation data. The red dots indicate the location of the stations in the same way as in Figure 1.

Snapshots of horizontal wind field, horizontal divergence, and vorticity at 90 km altitude for 12 January 2026, 04:00 UTC155

are presented in Figures 5, respectively. The top panel shows the horizontal wind magnitude (colour coded, m/s) and wind

direction (orange vectors), and the lower panels show the horizontal divergence (lower left) and relative vorticity (lower right).

The horizontal wind field shows a coherent circulation with some underlying spatial variability, with wind speed exceeding 100

m/s. The wind vectors show a southwesterly streamline accelerating toward the central domain, with an anticyclonic struc-

ture to its left and a cyclonic structure to its right, suggesting pronounced horizontal shear and convergence. The horizontal160

divergence exhibits structures indicative of gravity-wave-like features, with magnitudes of approximately ±2 m/s/km. The

vorticity field exhibits distinct patches with a magnitude of ±2 m/s/km and occasional higher values.

Figure 6 illustrates the zonal, meridional, vertical winds, and horizontal divergence derived vertical winds (top panels), along

with their corresponding measurement response (bottom panels) (Shannon and Weaver, 1949; Shannon, 1948; Stober et al.,

2021b) for the same date and time as the previous Figure. The zonal and meridional winds are shown as bluish (westward165

and southward) and reddish (eastward and northward), respectively, as well as wind direction denoted with black arrows.

Both horizontal wind components exhibit a substantial variability that exceeds 100 m/s, with higher values in the meridional

wind. The 3DVAR+DIV algorithm retrieves two vertical winds. One is analyzed directly from the Doppler measurements, and

the second vertical velocity is obtained from the integrated horizontal divergence. The Doppler-derived vertical wind and the

horizontal divergence integrated vertical wind exhibit magnitudes within ±4 m/s and a very similar spatial pattern. In the170

vertical wind plot, bluish and brownish colours indicate downward and upward motion, respectively. A measurement response

close to 1 (whitish) indicates that the solution in this area and for this wind component is driven by measurements, whereas

bluish areas represent a low measurement response. The more bluish an area of the domain, the more the solution is dominated
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by a priori information (zero wind field) and the smoothness constraint corresponding to a decreased spatial resolution or long

correlation lengths.175

Figure 6. Zonal, meridional, vertical winds, and vertical divergence (top panel), along with corresponding measurement response (bottom

panel) derived using the 3DVAR+DIV algorithm and SAAMER-NOVA measurements. The red dots are represented the same way in Figure

1.

Figure 7 presents the Altitude-Time Wind (ATW) plots of the horizontal winds and their corresponding residuals, obtained

from the adaptive spectral filter 2D (ASF2D) (Stober et al., 2020; Baumgarten and Stober, 2019; Stober et al., 2021a) for

January 2026. The ASF decomposes the wind field into a mean wind, tidal components (diurnal, semidiurnal, and terdiurnal),

and a GW residual. The ATW winds show a pronounced diurnal tide throughout the month and a strong Quasi-two-day-wave180

(Q2DW) within this region. Such strong enhancements of the Q2DW are regularly observed above the Andes (Lieberman et al.,

2025).

The GW residuals (right panel of the figure) show the high-frequency fluctuations after subtracting the mean and tides in the

horizontal winds, highlighting short-term and small-scale fluctuations relative to the background wind field. These residual

structures are characterised by GWs that propagate through the MLT and modulate the mean flow. The generally smaller mag-185

nitude of the residuals relative to the Q2DW amplitude indicates that the large-scale flow dominates the circulation, with the

superimposed perturbations representing transient processes that contribute to momentum deposition and mixing at these alti-
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tudes. The black vertical lines enclose periods of interest, during which marked increases in wind amplitude indicate intensified

atmospheric wave activity, including possible gravity-wave activity, wave breaking, or localised instabilities.

Figure 7. Altitude-Time Wind (ATW) plots of horizontal winds observed by the SAAMER-NOVA multistatic meteor radar network for

January 2026. The left two columns show the zonal (top left) and meridional (bottom left) wind components. The right column shows the

corresponding zonal and meridional residual winds. The vertical black lines (from 23rd to 26th January) enclose gravity wave (GW) events.

190

Figure 8 illustrates the wavelet power spectrum of zonal and meridional wind components at 90km altitude for January 2026.

The wavelet spectrum was obtained with the wavelet implementation following Torrence and Compo (1998). The wavelet am-

plitudes are normalized by a customized normalization factor to account for the sampling time of the measurement wind time

series.

Figure 8. Wavelet power spectrum for zonal and meridional winds using the Morlet wavelet for a period January 2026. The black solid

contours outline the 95% significance contour, and the black dashed line indicates the cone of influence. The white horizontal lines represent,

from top to bottom, the terdiurnal, semidiurnal, and diurnal tides.

195
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In this Figure, we display the 95% significance contour with black solid lines and the cone of influence with black dashed lines.

The terdiurnal (8-hour), semidiurnal (12-hour), and diurnal (24-hour) tides are indicated by the white horizontal lines, from

top to bottom. In both components, a dominant spectral signature is observed around 48 hours corresponding to the Q2DW,

indicating enhanced activity that emerges around January 9 and persists through to approximately January 25 in the zonal com-

ponent, while in the meridional wind component, it diminishes towards the end of the month, with peak amplitudes exceeding200

20m/s. The Q2DW occurs frequently in the southern hemisphere around mid-January and has been studied previously (Lieber-

man et al., 2025). The wavelet analysis reveals several strong semidiurnal tidal enhancements (exceeding the 95% significance

confidence, delimited by black contours), in both zonal and meridional components. A particular burst of the semidiurnal tide

is observed between 23rd and 26th January for the zonal and meridional components. These dates correspond to the period

enclosed in black lines in ATW Figures (see Figure 7, suggesting a potential link between the dissipating/decaying Q2DW and205

the sudden enhancement of the 12-hour tide. The diurnal tidal amplitude only reached significant magnitudes during the active

period of the Q2DW.

In Figure 9, we show the corresponding latitudinal and longitudinal keograms for the same period as Figure 8 at an altitude

of 90 km. The keograms represent latitude or longitude time slices at 90 km altitude through the 3DVAR+DIV domain. Thus,

Keogram plots exhibit the temporal evolution of wind dynamics at a specific latitude (56-52 ◦S) or longitude (72-64 ◦W)210

and altitude, thereby providing a cross-sectional slice of the domain. This approach effectively visualises atmospheric tides or

planetary waves and their spatial characteristics. Here, we present the keograms corresponding to the ATW analysis presented

in Figure 7, which illustrate the evolution of winds at latitudes 56-52 ◦S and longitudes 72-64 ◦W. The black vertical lines

again highlight a period with enhanced GW activity. During this period, the Q2DW suddenly decays. Intense zonal winds are

observed in the region enclosed within the black lines, consistent with the ATW analysis plots in Figure 7.215

Figure 9. Latitudinal (right column) and longitudinal (left column) keogram of zonal(top panels) and meridional (bottom panel) wind

components for 1-31 January 2026. The vertical black lines are explained in Figure 7 and enclose the same period.
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4 Spatial and temporal characteristics of the decaying Q2DW

The 3DVAR+DIV algorithm enables the retrieval of the spatial and temporal wave fields, aspects of resolved wave activity, and

its interactions. The study domain is located at the southern tip of Argentina, a region recognized as a hotspot for wave activity

(especially gravity waves) due to its unique geographic features (both orographic and non-orographic; Ern et al., 2004).220

Figure 10. Altitude-Time Wind (ATW) plots of zonal and meridional winds observed by the SAAMER-NOVA multistatic meteor radar

network for two zoomed intervals, 11th to 26th January 2026 (upper four panels), and 23rd to 25th January 2026 (lower four panels). The

right column shows the corresponding residual winds. The vertical black lines are explained in Figure 8 and enclose the same period.

In Figure 10, we present the ATW plots along with their filtered profile for two periods: a zoom-in from days 11th - 26th January

and a further zoom-in from days 23rd - 25th January. We perform keogram analysis of the second zoomed-in period above
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(see Figure 11) to confirm the presence of wave activity in this region. Multiple wave-like events are observed throughout the

analysed duration, reflecting the region’s propensity for frequent wave generation and a strong diurnal oscillation, indicating225

wind variations over the course of each day. A well-structured wave-like feature is revealed within the enclosed period with an

amplitude exceeding 50 m/s, indicating a signature of atmospheric wave activity. The black line in the top four panels encloses

the selected wave activity of interest and zooms in on the bottom four panels, which reveal a clearer structure.

Figure 11. Latitudinal (top four panels) and longitudinal (lower four panels) keogram of zonal and meridional wind components for 23rd -

25th January 2026.

Interestingly, a shift in the wind structures is observed over the region. This shift is more evident in the lower four panels230

(11th to 25th January 2026), from slanted to almost vertical structures. This same shift is also observed in the keogram Figures

(see Figures 11). This shift may indicate evolving atmospheric dynamics, atmospheric wave activity, wind variations, or large-

scale climatic processes. This can be associated with highly sheared wind structures, likely due to the breaking of atmospheric
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gravity waves or wind fields dominated by large-scale migration of diurnal and semidiurnal tides, driven by the transition from

gravity-wave-dominated to tidal-dominated dynamics, as well as a change in background thermal wind balance.235

5 Discussion

SAAMER-NOVA is a new multistatic meteor radar network at the southern tip of Argentina, a region known as GW hotspot.

The passive receiver stations, together with the SAAMER main site, are configured to form a triangle that maximizes angular

diversity. The total domain size is smaller compared to other networks such as the Nordic Meteor Radar Cluster (Stober et al.,

2021b), CONDOR (Qiao et al., 2025), or the Chinese network around Hefei (Zeng et al., 2022, 2024).240

All three stations have nearly complete overlap of their fields of view, which allows more detections within a relatively narrow

geographic region. This configuration permits the retrieval of 3D winds and their underlying structure with a still high temporal

resolution, though the absolute number of detections is a bit lower compared to other networks. The measurement response

for all three wind components exhibits a similar pattern, reflecting a sufficient angular diversity to obtain all wind parameters

with sufficient accuracy within the core region of the domain. However, the shorter distance between the main site and the245

remote stations limits the total domain size. In particular, at the domain edges at distances beyond 250 km from the core site,

the angular diversity is already reduced, leading to decreased measurement response in those areas.

The biggest benefit of the new SAAMER-NOVA network is the location at the GW hotspot. Considering NASA’s Atmospheric

Wave Experimen (AWE) mission (Lamborn et al., 2024) and the requirement to have reliable mean winds or even spatially

resolved 3D winds over certain domains provides a crucial contribution for the derivation of the intrinsic GW parameters from250

optical systems such as airglow images (Taylor et al., 1997; Sarkhel et al., 2022b; Zhang et al., 2025).

The importance of continuous and spatially resolved wind measurements is demonstrated for larger-scale perturbations during

a Q2DW burst in January 2016. Advanced tomographic wind algorithms and the multistatic layout of SAAMER-NOVA per-

mits to investigate the characteristics of a Q2DW of the altitude-time, latitude-time, and longitude-time cross-section over the

southern tip of Argentina and how the wave evolves from day-to-day. In particular, the latitude cross-sections at fixed longitude255

reveal phase changes in the zonal and meridional wind indicative of baroclinic instability. Zonal and meridional wind compo-

nents of the wave show a clear vertical shear and also different tilts of the wave phase lines in latitude. Combining these data

with other networks, such as CONDOR, will shed even more light on the spatial wave features of the Q2DW over the South

American continent.

6 Conclusion260

The Southern Argentina Agile MEteor Radar - Novel Atmospheric Sounding (SAAMER-NOVA) is a new multistatic meteor

radar network optimally suited for gravity wave studies at the southern tip of the Andes. It is the first imaging meteor radar net-

work at high southern latitudes, specifically located in a region known as a hotspot for gravity wave activity. The measurement

deployed at SAAMER-NOVA enables the retrieval of resolved three-dimensional wind fields. This paper presents the statistics
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of three-dimensional spatially resolved wind fields in the mesosphere and lower thermosphere (MLT) using the advanced re-265

trieval technique 3DVAR+DIV. The 3DVAR+DIV retrieval used in this study was implemented with a temporal resolution of

30 minutes covering the altitude region from 70 to 110 km. We present three-dimensional tomographic retrievals of wind fields

at the MLT in geographic grid coordinates, altitude-time wind plots, and keogram analyses, which reveal large-scale dynamics

and multiple atmospheric wave activities. We conclude that SAAMER-NOVA’s strategic location, almost perfect rectangular

triangle positioning form of the stations, and angular diversity provide a uniquely robust and continuous measurement to the270

research community. The performance of the network is demonstrated by retrieving the spatial characteristics of a Q2DW and

the associated GW residuals for January 2026.
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