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Abstract

Using horizontal wind field observations from the meteor radar at Langfang sta-
tion (39°N, 117°E) in China during the period from April 1, 2012 to March 31,
2013, we analyzed the variation patterns of mean zonal and meridional winds
in the mesosphere and lower thermosphere (MLT, 80-100 km) over Langfang.
The results indicate that both mean zonal and meridional winds exhibit pro-
nounced seasonal variations. The mean zonal wind prevails as west wind in the
MLT during winter, with its maximum located in the mesosphere, weakening
with increasing altitude; in summer, the mesosphere features east wind while
the lower thermosphere exhibits strong west wind, with the wind direction tran-
sition height at approximately 82 km; spring and autumn represent transitional
phases between winter and summer characteristics. The mean meridional wind
is dominated by south wind in winter and north wind in summer. Both mean
zonal and meridional winds primarily display transitional characteristics during
spring and autumn. The meteor radar observations are generally consistent with
the climatic variation features simulated by the WACCM4 and HWM93 models.
The WACCM4 model wind field is relatively large, whereas the HWM93 model
wind field is relatively small.
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Abstract

Using horizontal wind field observations from the meteor radar at Langfang
Station (39°N, 117°E) in China between April 1, 2012 and March 31, 2013,
this study analyzes the variation characteristics of mean zonal and meridional
winds in the mesosphere and lower thermosphere (MLT, 80-100 km) over Lang-
fang. The results reveal pronounced seasonal variations in both mean zonal and
meridional winds. During winter, westward winds prevail throughout the MLT,
with maximum values in the mesosphere that weaken with increasing altitude.
In summer, eastward winds dominate the mesosphere while strong westward
winds appear in the lower thermosphere, with the wind reversal occurring at ap-
proximately 82 km. Spring and autumn represent transitional phases between
winter and summer characteristics. The mean meridional winds are primarily
southward in winter and northward in summer. Both spring and autumn ex-
hibit transitional features between seasons. The meteor radar observations are
largely consistent with the climate variation characteristics simulated by the
WACCM4 and HWM93 models, though WACCM4 overestimates wind speeds
while HWM93 underestimates them.

Keywords: Meteor radar, Atmospheric mean wind field, Mesosphere and
Lower Thermosphere (MLT), WACCM, HWM

1 Introduction

The mesosphere and lower thermosphere (MLT) region at 80-100 km altitude
represents a transitional zone between the middle atmosphere and thermosphere,
characterized by complex chemical and dynamical phenomena and processes.
Atmospheric tides, gravity waves, and planetary waves play crucial roles in mo-
mentum and energy transport in the upper middle atmosphere, making this a
key region for scientific research [1]-[3]. As a background field, the mean wind
field significantly modulates the behavior of gravity waves, tides, and plane-
tary waves, rendering the study of atmospheric wind structures and variation
characteristics in the MLT region scientifically important for upper atmosphere
research [4]-[6].

Current methods for detecting atmospheric winds in the MLT region include ra-
dio radar, lidar, sounding rockets, and satellites [7]-[11]. All-sky coherent radar
has developed rapidly in recent years alongside advances in computational tech-
nology and meteor detection techniques [7], [8]. The National Space Science
Center of the Chinese Academy of Sciences established the Langfang Station
(39°N, 117°E) as China’ s first comprehensive near-space environment observa-
tion and research station. Among its key instruments is an all-sky meteor radar,
which operates continuously regardless of weather conditions or diurnal cycles,
providing extensive observational data for the near-space atmosphere and en-
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abling in-depth investigation of MLT variation characteristics [9]. In addition
to remote sensing observations, model simulation represents another important
approach for studying wind field variations in the MLT region [5], [11]-[14].
The Whole Atmosphere Community Climate Model (WACCM) is a fully self-
coupled numerical model covering the entire atmosphere, used to investigate
tides, planetary waves, and gravity waves in the MLT region [5], [15], [16]. The
Horizontal Wind Model (HWM) is an empirical atmospheric model for horizon-
tal wind fields [17]. Together, observational data, WACCM, and HWM provide
complementary perspectives for analyzing the seasonal variation characteristics
of mean winds in the MLT.

For the Langfang MLT region, previous research utilized medium-frequency
radar data to investigate mean wind and tidal variations during the summer
of 2009 [11]. This paper employs one full year of meteor radar observations
from April 1, 2012 to March 31, 2013 to examine the seasonal variation charac-
teristics of mean atmospheric winds over Langfang, focusing on how the mean
wind field varies with season and altitude to reveal the wind patterns over Lang-
fang and enhance understanding of near-space atmospheric parameters in China’
s mid-latitude region. Both WACCM4 and HWM93 models—numerical and em-
pirical respectively—are widely used in scientific research. This study compares
monthly mean wind fields from meteor radar observations with WACCM4 and
HWM93 simulations.

2.1 Meteor Radar Observations and Data Analysis

The Langfang meteor radar is an all-sky interferometric meteor radar system. Its
operational principle involves determining atmospheric wind speed and direction
at meteor trail altitudes using Doppler shifts of very high frequency echo signals
[18]. The system features a small footprint, compact control equipment, and
high mobility, enabling redeployment for multi-site, all-weather ground-based
observations. The main system parameters are listed in Table 1 .

The meteor radar has conducted routine observations in Langfang since July
2010, except under special circumstances. To ensure good data continuity, this
study uses observations from April 1, 2012 to March 31, 2013, within the altitude
range of 80-100 km. The data analysis procedure involves: first, averaging 24-
hour wind field data to obtain daily mean winds, requiring at least 18 hours of
hourly observations per day; then averaging daily means by month to obtain
monthly mean winds, requiring at least 5 days of daily mean data per month.
During the 365-day observation period, daily mean data were available for 279
days after processing. Missing data occurred primarily in summer; except for
June, July, and August, all other months had more than 20 valid observation
days.
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2.2.1 WACCM Model

The Whole Atmosphere Community Climate Model (WACCM) is a fully cou-
pled chemistry-climate numerical model developed by the National Center for
Atmospheric Research (NCAR) [15]. WACCM4 extends the Community Atmo-
sphere Model (CAM4) from the surface to the lower thermosphere at 145 km
altitude (~4.5x10 hPa). The model provides horizontal resolutions of 4°x5°
and 1.9°x2.5° (latitude x longitude). Vertically, it comprises 66 layers with
variable resolution: approximately 1.1 km in the troposphere above the surface,
1.1-1.4 km in the lower stratosphere, 1.75 km at the stratopause, and about 3.5
km above 65 km. WACCM4 can simulate planetary waves and other large-scale
disturbances, while small-scale perturbations such as orographic gravity waves,
non-orographic gravity waves, and turbulence-like effects are parameterized [19]-
[21].

WACCMA4 is nested within the Community Earth System Model (CESM)
framework, allowing configuration of relevant parameters for specific research
questions. This study ran version CESM1.0.4 in F_2000_WACCM mode at
1.9°%2.5° horizontal resolution to simulate one year of atmospheric variations
and obtain climatological wind field patterns.

2.2.2 HWM Model

The Horizontal Wind Model (HWM) is an empirical model series providing
horizontal neutral wind fields. The first version, released in 1987 [22], provided
wind data above 220 km. HWM90 subsequently incorporated ground-based
incoherent scatter radar and Fabry-Perot interferometer observations, extending
the altitude range to above 100 km [23]. HWMO93 further expanded the wind
data downward to the surface by incorporating medium-frequency and meteor
radar observations [24]. Studies comparing HWM93 with medium-frequency
and meteor radar data indicate that the model’ s mean zonal winds are generally
consistent with observations, though some differences exist in meridional winds
[14], [17].

3.1 Variations of the Mean Atmospheric Wind Field

Figure 1 [Figure 1: see original paper| presents the temporal and altitudinal
variations of daily mean zonal and meridional winds over Langfang in the MLT
region. To analyze seasonal variation patterns in spring, summer, autumn, and
winter, we examined one full year of wind observations from April 1, 2012 to
March 31, 2013. In Figure 1, wind speeds are in m/s, with zonal winds rep-
resenting east-west flow (westward positive, eastward negative) and meridional
winds representing north-south flow (southward positive, northward negative).
The solid black line denotes zero wind speed, and blank areas indicate missing
data.

Figure 1(a) shows that during summer, eastward winds prevail in the meso-
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sphere, decreasing with altitude before reversing to westward winds at approx-
imately 82 km. The westward winds increase then gradually decrease with
height, reaching a maximum of ~69 m/s near 94 km. These summer zonal wind
characteristics are consistent with previous analyses using medium-frequency
radar at the same station [11]. During autumn (September-November), west-
ward winds dominate the mesosphere, first strengthening then weakening with
altitude, with eastward winds appearing in the lower thermosphere. In win-
ter (December-February), westward winds prevail in the mesosphere, reaching
a maximum of ~71 m/s at 80 km, then weakening with altitude and showing
alternating eastward and westward flows at upper levels. Spring (March-May)
can be analyzed using data from March 2013 and April-May 2012. In March
2013, distinct eastward winds appear in the lower thermosphere, transitioning
to strong westward winds by April 2012, while the strong winter westward winds
in the mesosphere shift to eastward. Although March and April-May are from
different years, the zero wind speed line shows a gradual downward shift, indicat-
ing continuous evolution. These analyses demonstrate that mean winds exhibit
distinct winter and summer characteristics, with spring and autumn serving as
transitional phases.

Figure 1(b) shows that meridional wind speeds are generally smaller than zonal
wind speeds, with strong diurnal variations and significant seasonal patterns.
During the winter half-year (October-March), southward winds dominate, peak-
ing in the mesosphere and decreasing or even reversing with altitude. During
the summer half-year (April-September), northward winds prevail.

Both zonal and meridional winds in Figure 1 exhibit pronounced diurnal varia-
tions, particularly the meridional wind with its prominent alternation between
northward and southward flows, indicating significant wind field disturbances
throughout the seasons over Langfang. These disturbances are widely believed
to be associated with atmospheric transient planetary wave activities with peri-
ods of 6.5 and 16 days [11], [25].

Figure 1 Variations of daily mean winds observed by meteor radar at Langfang
Station from April 1, 2012 to March 31, 2013. (a) Zonal winds, contour interval
5 m/s; (b) Meridional winds, contour interval 2.5 m/s. The solid black line
denotes zero wind speed.

3.2 Comparison Between Observations and Models

To better compare observational data with model simulations and extract sea-
sonal variation characteristics, monthly mean zonal and meridional winds were
calculated from the daily mean data in Figure 1, as shown in Figure 2 Figure 2:
see original paper and Figure 2(a).

Figure 2(b) presents the seasonal variation of monthly mean zonal winds over
Langfang simulated by WACCM4. The simulation shows westward winds pre-
vailing in winter throughout the 80-100 km range, eastward winds below 82
km in summer transitioning to westward winds above 82 km, and weaker winds

chinarxiv.org/items/chinaxiv-201701.00242 Machine Translation


https://chinarxiv.org/items/chinaxiv-201701.00242

ChinaRxiv [$X]

in spring and autumn representing transitional seasons. The variations exhibit
primarily annual and semi-annual cycles. Compared with meteor radar obser-
vations in Figure 2(a), WACCM4 captures the main seasonal variation charac-
teristics, though simulated zonal wind speeds are relatively larger with some
differences in local details. The most significant discrepancies occur in spring
and autumn. The numerical simulation shows weak westward winds during
these transitional seasons, representing annual minima. In contrast, observed
zonal winds exhibit a tongue-like eastward structure in spring, with eastward
winds above 95 km in March and below ~85 km in April-May. During autumn,
observed westward winds are stronger, with a secondary annual maximum in
October exceeding winds in November and December. Extracting semi-annual
cycles would thus reveal substantial differences between model and observations.
Additionally, the simulated strong winter westward winds in the mesosphere are
~10 m/s higher than observed, with the simulated westward maximum at ~82
km versus the observed maximum below 80 km. In summer, the simulated
westward maximum in the lower thermosphere is ~10 m/s higher than observed,
occurring at ~98 km compared to ~92 km in the observations.

For reference, Figure 2(c) shows the seasonal variation of monthly mean zonal
winds simulated by HWM93. The overall structural features are similar to
observations and WACCM4 simulations, but wind speeds are generally smaller,
underestimating observations by 10-20 m/s in extreme regions. The spring
structure resembles observations more closely, while the autumn pattern is more
similar to WACCM4 results. The smaller wind speeds in HWM93 primarily
reflect its nature as a climatological model based on multi-year statistical data
[24].

Comprehensive comparison of Figures 2(a), (b), and (c) reveals that the
largest differences among meteor radar observations, WACCM4 simulations,
and HWMO93 results occur in autumn, where observations show a westward
maximum in October unlike the simulations. This discrepancy may result from
data gaps in the first 10 days of October during the transition from eastward to
westward winds, or may represent local characteristics of the Langfang region
in 2012.

Compared with observations at other latitudes [14], [25], [26], Langfang’ s mean
zonal winds show similar seasonal and altitudinal variation patterns with slight
local differences. The summer mesopause wind reversal from eastward to west-
ward occurs at ~80 km near 30°N [14], [25] and ~90 km at high latitudes [26].
For Langfang (39°N), the reversal height is ~82 km, consistent with URAP
(UARS Reference Atmosphere Project) and WACCMA4 results showing the sum-
mer zonal wind reversal height tilting poleward with increasing altitude [15].

Figure 2 Seasonal variations of monthly mean zonal winds over Langfang from
April 1, 2012 to March 31, 2013. (a) Meteor radar, (b) WACCM4 model, (c)
HWMO93 model, contour interval 5 m/s. The thick black line denotes zero wind
speed.
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For meridional winds, Figure 2(a) similarly presents the seasonal and altitu-
dinal variations of monthly mean meridional winds from meteor radar, with
WACCM4 and HWM93 results shown in Figures 2(b) and 2(c), respectively.
The comparison reveals significant seasonal variations in MLT meridional winds,
with northward winds in summer, southward winds in winter, and transitional
wind direction changes in spring and autumn. Monthly mean meridional wind
speeds from meteor radar are ~5 m/s smaller than WACCM4 simulations but ~5
m/s larger than HWM93 values. Local detail differences appear mainly in April
and November-December. In April, observations show northward winds while
WACCM4 shows southward winds. In November, observations show northward
winds at ~88 km while WACCM4 shows southward winds. In December, ob-
servations show southward winds at ~90 km while WACCM4 shows northward
winds. Differences with HWM93 also exist, primarily in the 94-100 km range
where structural features are essentially reversed in winter and summer.

The comparison demonstrates that WACCM4 and HWM93 capture the main
seasonal variation characteristics of monthly mean winds, though WACCM4
overestimates wind speeds while HWM93 underestimates them. It should be
noted that the meteor radar observations cover only slightly more than one
year, with relatively small statistical samples in some months, particularly June-
August. Long-term accumulated data would better characterize climatological
features. WACCM4 could potentially achieve better agreement with observa-
tions by adjusting gravity wave parameterization processes and lower boundary
forcing to alter circulation structures and analyze underlying dynamical mecha-
nisms. As HWM93 represents multi-year climatological features, incorporating
more observational data from China could improve the model results.

Figure 3 Seasonal variations of monthly mean meridional winds over Langfang
from April 1, 2012 to March 31, 2013. (a) Meteor radar, (b) WACCM4 model,
(c) HWM93 model, contour interval 2.5 m/s. The thick black line denotes zero
wind speed.

4 Conclusions

Using observational data from the meteor radar at Langfang Station (39°N,
117°E), this study analyzed variations of mean zonal and meridional winds in the
mesosphere and lower thermosphere over Langfang, revealing seasonal variation
characteristics and comparing them with WACCM4 numerical simulations and
HWMO93 model results. The main findings are:

1. The mean wind field over Langfang exhibits significant seasonal variation.
Zonal winds are westward throughout the MLT in winter, weakening and
even reversing with increasing altitude. In summer, eastward winds dom-
inate the mesosphere while westward winds prevail in the lower thermo-
sphere, with a reversal height at ~82 km. Spring and autumn are transi-
tional seasons, with a tongue-like eastward structure in spring. Meridional
winds are primarily northward in summer and southward in winter.
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2. Daily mean zonal and meridional winds show strong diurnal variations
throughout all seasons, particularly the meridional wind with its promi-
nent alternation between northward and southward flows, primarily re-
sulting from disturbances by atmospheric transient planetary waves.

3. WACCM4 and HWM93 simulations of monthly mean zonal and meridional
winds over Langfang are consistent with meteor radar observations in their
main variation characteristics, though with some local detail differences.
WACCMA4 overestimates wind speeds by ~10 m/s for zonal winds and ~5
m/s for meridional winds, while HWM93 underestimates them by ~10 m/s
for zonal winds and ~5 m/s for meridional winds.
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