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Abstract: The Atmospheric Dynamics Mission ADM-Aeolus was successfully launched in August 2018 by the
European Space Agency (ESA). The Aeolus mission carried a single instrument, the first-ever Doppler Wind
Lidar (DWL) in space, called Atmospheric LAser Doppler INstrument (ALADIN). Aeolus circled the Earth in a
polar sun-synchronous orbit at about 320 km altitude with a repeat cycle of 7 days, providing vertical profiles
of horizontal line-of-sight (HLOS) winds on a global scale. Exceeding scientific expectations, Aeolus, initially
designed for a 3-year lifetime, provided global coverage of wind profiles for almost five years. In this long-term
validation study, we assessed the accuracy of the Level 2B (L2B) Rayleigh-clear and Mie-cloudy wind products by
collecting radiosonde data from three stations in the Brazilian Amazon: Cruzeiro do Sul (7.62° S, 72.67° W), Porto
Velho (8.76° S, 63.91° W), and Rio Branco (10.00° S, 67.80° W). Statistical validation was conducted by comparing
Aeolus L2B wind products and radiosonde data, launched daily at 12:00 UTC from October 2018 to March
2023. Considering all data collected during the mission period, Pearson’s coefficient (R) of 0.73 was observed in
Rayleigh-clear and 0.85 in Mie-cloudy, revealing a strong correlation between Aeolus and radiosonde winds. No
significant biases were detected, with values of -0.14 m/s for Rayleigh-clear and -0.40 m/s for Mie-cloud, fulfilling
the mission requirement of having absolute biases below 0.7 m/s. However, when analyzed annually, in 2022, the

bias for Rayleigh-clear was -0.95 m/s, exceeding the mission requirements.

Keywords: Aeolus satellite; Doppler Wind Lidar; Rayleigh-clear; Mie-cloudy; radiosonde; statistical validation

1. Introduction

Numerical weather prediction (NWP) relies on highly complex physical models to describe the dy-
namics of the atmosphere from an initial state. For the execution of these models and success in terms
of forecast quality, a robust computational infrastructure and datasets utilizing the most recent obser-
vations of the initial state of the atmosphere are of utmost importance [1]. The increase in global wind
profile observations holds significant potential to enhance numerical weather prediction (NWP) [2-6],
resulting in more precise forecasts and mitigating the impacts of adverse weather phenomena.

Since 1998, the World Meteorological Organization (WMO) has considered the vertical wind
profile measurement on a global scale as a high-priority factor for improving NWP [7]. In 1999, recog-
nizing the inadequacy of the Global Observing System (GOS) in providing satisfactory observations of
wind profiles over oceans, regions with sparse populations, and hard-to-reach areas, particularly in the
Southern Hemisphere [3,8], the European Space Agency (ESA) approved the Atmospheric Dynamics
Mission project. Approximately two decades later, the ADM-Aeolus was launched on August 22, 2018,
with an estimated lifetime of three years.

Aeolus, carried on ALADIN, operated in a sun-synchronous orbit at an altitude of 320 km and
an inclination of 97 degrees. Traveling at approximately 7.7 km/s, it completed one orbit every
90 minutes, resulting in approximately 16 orbits per day and a global scan every 7 days, totaling
111 orbits. ALADIN, a direct detection doppler wind lidar, operated at an ultraviolet (UV) wavelength
of 355 nm at a repetition frequency of 50 Hz, emitting pulses along its line of sight (LOS) at an angle of
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35° to the nadir direction [2,9,10]. It provided wind measurements from the ground up to an altitude of
25-30 km and a vertical resolution of 0.25 km to 2 km, delivering molecular (Rayleigh-clear) and particle
(Mie-cloudy) wind products. At the end of April 2023, Aeolus initiated the assisted reentry process,
and on July 28, 2023, it safely burned up upon reentering the Earth’s atmosphere over Antarctica. The
Aeolus mission contributed significantly by providing substantial global wind vertical profiles [11-13],
filling critical gaps in existing global wind observation systems.

Calibration and validation (Cal/Val) activities for Aeolus Level 2B (L2B) wind products, utiliz-
ing airborne, doppler wind lidars, radiosondes, ground-based instruments, and numerical weather
prediction (NWP) models, are well-documented in research contributions [14-29].

This paper presents the validation of Aeolus L2B winds using collocated radiosonde data from
three stations in the Brazilian Amazon, located at Cruzeiro do Sul (7.62° S, 72.67° W), Porto Velho
(8.76° S, 63.91° W) and Rio Branco (10.00° S, 67.80° W). The correlation, biases, and random error
observed in the analyses demonstrate that ALADIN doppler wind lidar technology effectively provided
global wind measurements.

The text is structured as follows. Section 2 describes the datasets and validation methods used.
Section 3 presents the results of the validation process, with an emphasis on correlations, biases, and
random errors between the Aeolus and radiosonde datasets. Section 4 the conclusions.

2. Dataset and Methods

This section describes the methodology for comparing the Aeolus products, Rayleigh-clear and
Mie-cloudy, with radiosonde wind measurements collected from three stations in the Brazilian Amazon,
including the parameters analyzed for statistical validation.

2.1. Aeolus Data

Using a dual-channel optical receiver [9,30], ALADIN measured the wind velocity through molec-
ular and particle (aerosol and cloud) backscatter. The Rayleigh channel received molecular backscatter,
employing the double-edge technique [31], utilizing a sequential Fabry—Pérot interferometer. In con-
trast, the Mie channel focused on particle backscatter, relying on a fringe-imaging technique with
Fizeau interferometers [32]. A single measurement, resulting from the accumulation of 20 laser pulses,
corresponded to a horizontal resolution of approximately 2.9 km. One Rayleigh wind observation was
obtained by averaging up to 30 individual measurements, resulting in a horizontal resolution of 87 km.
For the Mie, the horizontal resolution decreased to approximately 10 km after 5 March 2019.

A validity flag defines the quality control (QC) for the Aeolus L2B product. A valid wind
measurement has the flag set to 1, while for invalid measurement, it has 0. In this study, only Rayleigh-
clear and Mie-cloudy valid winds were considered.

Aeolus baselines wind products used:

2B11 (from June 2019 to May 2021);

2B12 (from June 2021 to November 2021);

2B13 (from December 2021 to March 2022);

2B14 (from October 2018 to May 2019, reprocessed data and from April 2022 to August 2022);
2B15 (from September 2022 to March 2023).

2.2. Radiosonde Data

Aeolus had, for each station, two overpasses per week, descending and ascending orbit. We
focus on descending orbits and radiosondes collected at 12:00 UTC with a maximum 2-hour temporal
difference from Aeolus measurements:

* Cruzeiro do Sul on Tuesdays at 10:42 UTC;
¢ Porto Velho on Saturdays at 10:04 UTC;
® Rio Branco on Sundays at 10:17 UTC.


https://doi.org/10.20944/preprints202406.0278.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2024 d0i:10.20944/preprints202406.0278.v1

30f15

Considering the geolocation differences between Aeolus and radiosonde measurements, the
established criterion for horizontal valid distance is a maximum radius of 100 km around the ra-
diosonde station. Table 1 summarizes the mean distance (D) for each station by year. Throughout the
mission’s lifetime, slight orbital shifts affected the mean distance from the stations to the Aeolus wind
measurements. Notably, in 2022, no data was available from Rio Branco for statistical validation.

Table 1. Overview of the Aeolus mean distance overpasses and available data.

CRUZEIRO DO SUL PORTO VELHO RIO BRANCO
N D (km) N D (km) N D (km)
2019 550 91.20 3058 54.85 1962 58.20
2020 386 92.81 3101 54.98 2813 56.03
2021 1164 57.65 2046 64.39 1004 64.57
2022 2637 53.50 1469 84.44 11 98.15

Radiosonde data used in this work are available at http://weather.uwyo.edu/upperair/sounding.
html (last access: 20 April 2023).

2.3. Comparison of Datasets

For comparison, the radiosonde wind (vgg) and direction (¢grg) are projected onto Aeolus
horizontal line-of-sight (HLOS). The radiosonde HLOS wind velocity (vrs_pros) is obtained using:

URS_HLOS = URS COS(P Acolus — PRS), 1)

where @ g¢01,5 i the Aeolus azimuth angle, which depends on geolocation and altitude. Figure 1
present HLOS wind velocity profiles for Aeolus Rayleigh-clear (blue), Aeolus Mie-cloudy (red) and
radiosonde HLOS (black), on (a) December 14, 2021, in Cruzeiro do Sul, (b) July 6, 2019, in Porto Velho,
and (c) August 25, 2019, in Rio Branco. Across all three locations, the overall agreement between the
Aeolus Rayleigh-clear, Mie-cloudy, and radiosonde profiles is notable.

To quantify the comparison’s result, the difference between Aeolus HLOS and the corresponding
radiosonde HLOS wind is defined as:

UHLOS_Diff; = YAeolus_HLOS; ~ URS_HLOS ;) 2)

where V4015 HLOS ;) is Aeolus Rayleigh-clear or Mie-cloudy HLOS wind and (vgs_pgros) is ra-
diosonde HLOS (1).

Figure 2a presents the difference between Aeolus HLOS and radiosonde HLOS (v os_pi ff(i>)
versus Aeolus estimated errors for Rayleigh-clear winds. The difference remains constant until
an estimated error of about 8 m/s, after which it gradually begins to increase. Figure 2b shows
UHLOS_Diff ;) Versus Aeolus estimated errors for Mie-cloudy winds, where it remains constant until an
estimated error of about 4 m/s. Following [14], the estimated error threshold was considered 8 m/s
for Rayleigh-clear and 4 m/s for Mie-cloudy winds, represented by the red dashed vertical lines.
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Figure 1. HLOS wind velocity profiles for Aeolus Mie-cloudy (red), Aeolus Rayleigh-clear (blue) and
radiosonde (black), on (a) December 14, 2021 in Cruzeiro do Sul, (b) July 06, 2019 in Porto Velho and
(c) August 25, 2019 in Rio Branco.
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Figure 2. Difference between Aeolus HLOS and corresponding radiosonde HLOS winds versus Aeolus
estimated error for (a) Rayleigh-clear and (b) Mie-cloudy products, considering all data. The red
dashed vertical lines are the threshold for estimated errors 8 m/s for Rayleigh-clear and 4 m/s for
Mie-cloudy.

The bias and standard deviation (SD) are calculated, for a dataset with a sample of size N, using:

, 1Y
bias = + 1; UHLOS_Diff; ®3)
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1 N

2

Pearson’s correlation coefficient (R) between Aeolus HLOS winds and radiosonde HLOS winds is
calculated using:

N _ _
Yit1 (URS,HLOS(,-) - UR&HLOS) (UAeolus,HLos(,-) - UAeolus,HLos)

)

2 2
N . N .
Yl (URS_HLOS(,-) - URS_HLOS> it (UAeolus,HLos(,») - UAeoluLHLOS)

In addition to the bias, SD and Pearson’s correlation, the slope and intercept was calculated to evaluate
the validation process.

3. Results and Discussion

The initial analysis comprehensively uses all available data from three selected stations in the
Brazilian Amazon (Cruzeiro do Sul, Porto Velho, and Rio Branco) from October 2018 to March 2023.
By incorporating data from all overpasses, this analysis captures a wide range of wind conditions,
providing a robust foundation for assessing the Aeolus’ performance and behavior over this period.

Figure 3 shows the time series of systematic errors (monthly bias), considering an all-analyzed
period for Aeolus Rayleigh-clear (blue squares) and Mie-cloudy (red triangles), including data from
all three stations. The time series data is derived from monthly mean values, enhancing statistical
robustness by expanding the sample size.

¢ -l Rayleigh-clear
34 —¥— Mie-cloudy
2 B
14
0
-1 4

e . .
> ] o o %) N N N 12
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Date

bias (m/s)

Figure 3. Time series from October 2018 to March 2023 of bias observations in Aeolus Rayleigh-clear
(blue squares) and Mie-cloudy (red triangles), considering all data.

Figure 4 presents scatter plots of Aeolus HLOS versus radiosonde HLOS winds for (a) Rayleigh-
clear and (d) Mie-cloudy winds considering the total data, including all years and all stations.
Figure 4b,d show the distribution of vy 0s_pif fi for Rayleigh-clear and Mie-cloudy winds, respec-
tively. The analyzed winds, 10837 (6717) for Rayleigh-clear (Mie-cloudy), resulted in a correlation of
0.73 (0.85) and bias -0.17 m/s (-0.40 m/s). These results highlight the presence of strong correlations,
particularly notable in the Mie-cloudy observations, along with impressively low bias values.

Figure 5 presents scatter plots of Aeolus HLOS versus radiosonde HLOS winds for (a-d) Rayleigh-
clear and (e-f) Mie-cloudy winds, including all stations over the years 2019 to 2023. In 2019, the
analysis of 2600 Rayleigh-clear and 1699 Mie-cloudy observations produced a correlation of 0.75 (0.83),
bias of 0.06 m/s (-0.28 m/s), and a random error of 6.23 m/s (3.91 m/s). These results indicate a
strong correlation, particularly for Mie-cloudy observations, and low bias. In 2020, the analysis of
3058 Rayleigh-clear and 1862 Mie-cloudy observations produced a correlation of 0.71 (0.85), bias of
0.18 m/s (-0.25 m/s), and a random error of 7.41 m/s (4.38 m/s). The strong correlation persists in
Mie-cloudy observations, along with the low bias values. For 2021, the analysis of 2202 Rayleigh-clear
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and 1116 Mie-cloudy observations yielded a correlation of 0.70 (0.88), bias of -0.22 m/s (-0.41 m/s),
and a random error of 8.29 m/s (4.27 m/s). The correlation for Mie-cloudy observations increases,
and bias values remaining low. In 2022, the analysis of 2046 Rayleigh-clear and 944 Mie-cloudy
observations resulted in a correlation of 0.76 (0.90), bias of -0.95 m/s (-0.70 m/s), and a random error
of 7.02m/s (3.48 m/s). This year shows the highest correlation for Mie-cloudy observations, while the
bias is slightly higher and, for Rayleigh-clear, extrapolated the mission requirements. Additionally, the
correlations for Rayleigh-clear observations remained relatively stable over the years, ranging from
0.70 to 0.76. This consistency, combined with the high correlations in Mie-cloudy results, indicates
robust performance in measuring winds despite varying conditions across different years. Table 2

summarizes the statistical results.
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Figure 4. Aeolus HLOS wind versus the radiosonde HLOS wind, for all data , separates in (a) Rayleigh-

clear and (c) Mie-cloudy products. The y = x is represented by the red dashed line. The results of fitting

the red line, slope and intercept, are in the insets. Frequency distribution of difference between Aeolus

HLOS and corresponding radiosonde HLOS winds for all data are separates in (b) Rayleigh-clear and

(d) Mie-cloudy products.
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Figure 5. Aeolus HLOS wind versus the radiosonde HLOS wind, for all data over the years 2019,
2020, 2021 and 2022, separates in (a-d) Rayleigh-clear and (e-h) Mie-cloudy products. The y = x is
represented by the red dashed line. The results of fitting the red line, slope and intercept, are in the
insets.

Table 2. Statistical comparison between Aeolus HLOS winds and radiosonde HLOS winds. Aeolus
Rayleigh-clear and Mie-cloudy observations across all stations from 2019 to 2022.

Rayleigh-clear Mie-cloudy
2019 2020 2021 2022 2019 2020 2021 2022

N 2600 3058 2202 2046 1699 1862 1116 944
R 075 071 070 076 083 085 088 0.90
bias (m/s) 006 018 -022 -095 -028 -025 -041 -0.70
SD (m/s) 623 741 829 7.02 391 438 427 348
Slope 08 091 091 087 082 090 087 087

Intercept (m/s) 0.19 036 -022 -041 019 -0.02 -0.04 -021

3.1. Cruzeiro do Sul

Figure 6 shows the time series of systematic errors (monthly bias) at Cruzeiro do Sul from October
2018 to March 2023 for Aeolus Rayleigh-clear (blue squares) and Mie-cloudy (red triangles).

Figure 7 presents scatter plots of Aeolus HLOS versus radiosonde HLOS winds at Cruzeiro do
Sul for (a-d) Rayleigh-clear and (e-f) Mie-cloudy winds, from 2019 to 2023. In 2019, the analysis of
302 Rayleigh-clear and 165 Mie-cloudy observations produced a correlation of 0.75 (0.82), bias of
-0.10 m/s (-0.05 m/s), and a random error of 6.28 m/s (3.21 m/s), indicating a strong correlation and
low bias. In 2020, the analysis of 202 Rayleigh-clear and 102 Mie-cloudy observations produced a
correlation of 0.75 (0.72), bias of 0.45 m/s (0.93 m/s), and a random error of 6.60 m/s (4.23 m/s). The
correlation decreases in Mie-cloudy observations and bias values considerable increase in compared to
the previous year, exceeding 0.7 m/s. In 2021, the analysis of 725 Rayleigh-clear and 244 Mie-cloudy
observations produced a correlation of 0.67 (0.77), bias of -0.10 m/s (-0.10 m/s), and a random error of
8.47 m/s (4.38 m/s). The first correlation above 0.70 were observed for Rayleigh-clear, in contrast bias
values remaining low. In 2022, the analysis of 1384 Rayleigh-clear and 545 Mie-cloudy observations
resulted in a correlation of 0.76 (0.90), bias of -1.06 m/s (-0.80 m/s), and a random error of 7.01 m/s
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(3.37 m/s). Despite the correlation values being the best compared to previous years, the bias for both
products exceeded the threshold of 0.7 m/s. Table 3 summarizes the statistical results.
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Figure 6. Time series from October 2018 to March 2023 of bias observations in Aeolus Rayleigh-clear
(blue squares) and Mie-cloudy (red triangles) at Cruzeiro do Sul.
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Figure 7. Aeolus HLOS wind versus the radiosonde HLOS wind, for Cruzeiro do Sul over the years
2019, 2020, 2021 and 2022, separates in (a-d) Rayleigh-clear and (e-h) Mie-cloudy products. The y = x
is represented by the red dashed line. The results of fitting the red line, slope and intercept, are in
the insets.

Table 3. Statistical comparison between Aeolus HLOS winds and radiosonde HLOS winds. Aeolus
Rayleigh-clear and Mie-cloudy observations from 2019 to 2022 at Cruzeiro do Sul.

Rayleigh-clear Mie-cloudy
2019 2020 2021 2022 2019 2020 2021 2022

N 302 202 725 1384 165 102 244 545

R 075 075 067 076 082 072 077 090
bias (m/s) -010 045 -010 -1.06 005 093 -010 -0.80
SD (m/s) 628 6.60 847 701 321 423 438 337
Slope 084 080 094 086 088 073 0.88 087

Intercept (m/s) 0.02 1.01 -0.08 -049 035 165 024 -0.23
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3.2. Porto Velho

Figure 8 shows the time series of systematic errors (monthly bias) at Porto Velho from October
2018 to March 2023 for Aeolus Rayleigh-clear (blue squares) and Mie-cloudy (red triangles).
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Figure 8. Time series from October 2018 to March 2023 of bias observations in Aeolus Rayleigh-clear
(blue squares) and Mie-cloudy (red triangles) at Porto Velho.

Figure 9 presents Scatter plots of Aeolus HLOS wind versus radiosonde HLOS wind for Porto
Velho from 2019 to 2022, Rayleigh-clear (a-d) and Mie-cloudy (e-h) products. In 2019, the analysis of
1333 Rayleigh-clear and 959 Mie-cloudy observations yielded a correlation of 0.74 (0.84), with a bias
of 0.28 m/s (-0.20 m/s), and a random error of 6.35 m/s (4.08 m/s), indicating a reasonably strong
correlation and low bias. In 2020, the analysis of 1432 Rayleigh-clear and 956 Mie-cloudy observations
resulted in a correlation of 0.70 (0.79), accompanied by a bias of 0.12 m/s (-0.35 m/s), and a random
error of 7.50 m/s (4.31 m/s), suggesting a moderate correlation and slightly higher bias compared
to the previous year. In 2021, the analysis of 984 Rayleigh-clear and 587 Mie-cloudy observations
resulted a correlation of 0.70 (0.90), alongside a bias of -0.23 m/s (-0.30 m/s), and a random error of
8.40 m/s (4.08 m/s), indicating a maintained correlation level with slight fluctuations in bias. In 2022,
the analysis of 659 Rayleigh-clear and 398 Mie-cloudy observations yielded a correlation of 0.76 (0.90),
coupled with a bias of -0.74 m/s (-0.57 m/s), and a random error of 7.03 m/s (3.64 m/s), suggesting an
improved correlation and a slightly decreased bias compared to the previous year. Table 4 summarizes
the statistical results.
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Figure 9. Aeolus HLOS wind versus the radiosonde HLOS wind, for PORTO VELHO over the years
2019, 2020, 2021 and 2022, separates in (a-d) Rayleigh-clear and (e-h) Mie-cloudy products. The y = x
is represented by the red dashed line. The results of fitting the red line, slope and intercept, are in
the insets.

Table 4. Statistical comparison between Aeolus HLOS winds and radiosonde HLOS winds. Aeolus
Rayleigh-clear and Mie-cloudy observations from 2019 to 2022 at Porto Velho.

Rayleigh-clear Mie-cloudy
2019 2020 2021 2022 2019 2020 2021 2022

N 1333 1432 984 659 959 956 587 398

R 074 070 070 076 084 079 090 0.90
bias (m/s) 028 012 -023 -074 -020 -035 -0.30 -0.57
SD (m/s) 635 750 840 7.03 408 431 4.08 3.64
Slope 08 093 091 08 079 078 089 0.86

Intercept (m/s) 052 030 -0.13 -027 051 047 0.06 -0.20

3.3. Rio Branco

Figure 10 shows the time series of systematic errors (monthly bias) at Rio Branco from October
2018 to December 2021 for Aeolus Rayleigh-clear (blue squares) and Mie-cloudy (red triangles). The
time series data, both aggregated and per station, reveal numerous instances where the Rayleigh-
clear and Mie-cloudy biases closely coincide despite minor inconsistencies. This alignment strongly
indicates consistent performance across both channels during these periods.

Figure 11 presents Scatter plots of Aeolus HLOS wind versus radiosonde HLOS wind for Rio
Branco from 2019 to 2022, Rayleigh-clear (a-d) and Mie-cloudy (e-h) products. In 2019, the analysis
of 965 Rayleigh-clear and 575 Mie-cloudy observations produced the following results: correlation
0.74 (0.80), bias -0.19 m/s (-0.50 m/s), and random error 6.05 m/s (3.81 m/s), suggesting a reasonably
strong correlation despite variations in bias. In 2020, the examination of 1424 Rayleigh-clear and 804
Mie-cloudy observations produced the following findings: correlation 0.71 (0.89), accompanied by
a bias of 0.20 m/s (-0.29 m/s), and random error 7.42 m/s (4.46 m/s), indicating a persistent strong
correlation for Mie-cloudy product. In 2021, the analysis of 493 Rayleigh-clear and 285 Mie-cloudy
observations unveiled a correlation of 0.74 (0.88), bias of -0.36 m/s (-0.90 m/s), and random error
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7.79 m/s (4.54 m/s), suggesting a consistent correlation with significant variations in bias. Table 5
summarizes these statistical results.
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Figure 10. Time series from October 2018 to December 2021 of bias observations in Aeolus Rayleigh-
clear (blue squares) and Mie-cloudy (red triangles) at Rio Branco.
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Figure 11. Aeolus HLOS wind versus the radiosonde HLOS wind, for Rio Branco over the years 2019,
2020 and 2021, separates in (a-c) Rayleigh-clear and (d-f) Mie-cloudy products. The y = x is represented
by the red dashed line. The results of fitting the red line, slope and intercept, are in the insets.
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Table 5. Statistical comparison between Aeolus HLOS winds and radiosonde HLOS winds. Aeolus
Rayleigh-clear and Mie-cloudy observations from 2019 to 2021 at Rio Branco.

Rayleigh-clear Mie-cloudy
2019 2020 2021 2019 2020 2021

N 965 1424 493 575 804 285

R 074 071 074 080 089 088
bias (m/s) -019 020 -036 -050 -0.29 -0.90
SD (m/s) 6.05 742 779 381 446 454
Slope 087 091 087 08 098 0.83

Intercept (m/s) -0.18 0.31 -0.68 -0.30 -0.27 -0.56

4. Conclusions

This study validated the Aeolus Level 2B (L2B) Rayleigh-clear and Mie-cloudy wind products
using radiosonde data from three stations in the Brazilian Amazon. High correlation coefficients of 0.73
for Rayleigh-clear and 0.85 for Mie-cloudy, between Aeolus and radiosonde measurements, suggest
that Aeolus wind products are reliable for capturing wind profiles in the studied region, which can
improve numerical weather prediction (NWP) models.

Observed biases for all data were -0.14 m/s for Rayleigh-clear and -0.40 m/s for Mie-cloudy,
within mission requirements. Although the overall biases met these requirements, certain stations and
years showed biases exceeding them for Rayleigh-clear or Mie-cloudy products, in line with results
obtained in previous Aeolus validation [16,17,19,24]. It is important to note that validation studies rely
on data availability and local conditions. The strong agreement among data sets from three different
validation stations enhances the consistency of the results.

In conclusion, the Aeolus wind products demonstrated solid performance in the validation
conducted in the Brazilian Amazon. These results highlight the importance of the Aeolus mission for
improving weather forecasts and understanding wind profiles in critical regions.
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