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Table 1 Parameters summary of representative visible/infrared cloud imaging loads™ "

Substar ) Wind speed
. ) Spectral ~ Spectral ) Temporal Detection
Load Satellite and type  Launch time resolution / ) accuracy /
range /um  channel resolution range /hPa .
km (mes ")
MSG/European
) . —2.77-5.24
second generation 1(VIS) 15 min/full )
SEVIRI . 2002 0.4-13.4 12 . 1000-100 (bias)
geostationary 3(IR) disk
. <20.61(NRMS)
satellite
GOES-15/US's
GOES  second generation _ 1(VIS) 30 min/full
. 2010 0.55-13.7 5 i — —
Imager geostationary 4(IR) disk
satellite
FY-2G/China’s
first . .
) 0. 55- 1. 25(VIS) 30 min/full —3-3(bias)
VISSR generation 2014 ~ 5 ~ . 1000-150
) 12.5 5(IR) disk < 6(RMSE)
geostationary
satellite
FY-4A/China’s
second generation _ 0.5-1(VIS) 15 min/full —2-6(bias)
AGRI . 2016 0.45-13.8 14 . 1000-150
geostationary 2-4(IR) disk < 8(RMSE)
satellite
Himawari-8/9/
Japanese third . )
) 0.5-1(VIS) 10 min/full < 1(bias)
AHI generation 2014/2016  0.47-13.3 16 . 1100-125
. 2(IR) disk 4-6(RMSE)
geostationary
satellite
GOES-R/US's
second generation _ 0.5(VIS) 5-15 min/full ~
ABI " 2016 0.45-13.6 16 i 1000-100 4.31-5.2
geostationary 1-2(IR) disk
satellite
Global
coverage
NOAA-20/ twice/day (IR Ground
United 0.41- 0.375 or and day/night  plane-top
VIIRS . 2017 _ 22 4.8-6.3
States Joint Polar 12.5 0.75 VIS/NIR of
Satellite channel) troposphere
or once/day
(VIS)
MTG/European
. . . —2.81-3.85
third generation 0.5-1(VIS) 10 min/Full .
FCI . 2022 0.3-13.3 16 . 1000-100 (bias)
geostationary 1-2(IR) disk
. <<0. 62(NRMS)
satellite
Global
European, coverage
AVHRR/ American 0.58~- twice/day
. 1998 _ 6 1.1 - _
3 and joint polar 12.5 (IR) or
satellites once/day
(VIS)
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Table 2 Parameters summary of representative infrared hyperspectrometer

Wind
Spectral . Wind speed directi Spatial
) ) ) Spectral Spectral Detection Irectiona )
Load Satellite Launch time  resolution / . accuracy / resolution /
. range /cm channel range /hPa o ceuracy /
cm (mes ') . km
(")
1-2
2004 (airborne 685-1130 (vertical)
GIFTS EO-3 0.57 1835 1000-400 3 25
test only) 1650-2250 4
(horizontal)
649-1136 135
AIRS Aqua 2002 0.65 1217-1613 2378 1000-200 3.53 14 o
(horizontal)
2169-2674
. 0.625 650-1095
Suomi 14
CRIS 2011 1.25 1210-1750 1305 1000-100 5-10 —
NPP (horizontal )
2.5 2155-2550
FY-4A 700-1130 16
GIIRS 2016 0.625 1650 1000-100 2 — .
FY-4B 1650-2250 (horizontal)
. 3-4
MISTiICTM .
. — After 2022 1.26 1750-2450 580 1000-100 2 10 (horizontal )
Winds )
1(vertical)
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Fig. 8 Response of an interferometer to Doppler shift of an incident spectral line
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Table 3 Parameters summary of representative spaceborne interferometer for atmospheric wind measurement

. . Vertical
) LLaunch Detection Detection )
Load Satellite ) State resolution / Interferometer type
time range /km accuracy
km
Spherical
FPI 0GO-6 1969 Fail 100-400 —m/s,15 K — Fabry-Pérot
interferometer
Planar Fabry-Perot
FPI DE-2 1982 Success 80-200 15m/s 10 .
interferometer
Triple etalon
Successful, remarkable 10-40
HRDI UARS 1992 5m/s 5 Fabry-Pérot

application results 60-110 .
interferometer

. Fixed plane
Basic success,
TIDI TIMED 2001 60-300 3m/s,5-40 K 2 Fabry-Pérot
but few data .
interferometer

Four-step
Successful, remarkable )
WINDII UARS 1992 o 80-300 5m/s,18-40 K 4 Michelson
application results

interferometer
Broad-band DASH
MIGHTI ICON 2019 Success 90-300 5m/s,2 K 5-10 .
interferometer
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Fig. 17 Basic principles of space-based Doppler modulation gas correlation technology""”
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Table 4 Summary of spaceborne passive optical remote sensing wind measurement techniques

Cloud

Technical system )
motion vector

Infrared hyperspectral

Wind imaging interferometer

Doppler modulated gas correlation

Detection range Troposphere Troposphere
Wind speed accuracy ~ 0.6-6 m/s 2-10m/s
Vertical resolution - 1-2 km
Horizontal resolution 0. 5-4 km 3-16 km
Profile continuity No profile Quasi continuous profile
Time coverage Day, night Day, night

Tropopause, stratosphere, Atratosphere, mesosphere, and

mesosphere, and thermosphere thermosphere
3-15m/s 2-10m/s
2-10 km 1-2 km
100-200 km 10-200 km

Continuous profile Continuous profile

Day, night Day, night
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Abstract

Significance Wind field is an important parameter characterizing the dynamic characteristics of the earth’s atmospheric
system, and it serves as basic data necessary for business work and scientific research in fields such as weather forecasting,
space weather, and climatology.

The wind field measurement based on satellite remote sensing is not limited by geographical conditions. It can
determine the intensity and direction information of the atmospheric wind field at different altitudes by monitoring the
motion state of ocean waves, clouds, aerosols, and atmospheric components. It can not only obtain the observation data of
ocean, desert, and polar regions, which are difficult to be collected by conventional methods, but also obtain the profile
information of the wind field along the height distribution.

As one of the main techniques in atmospheric wind field measurement, passive optical remote sensing has the
characteristics of high accuracy, large altitude coverage, and small resource occupation. Great progress in the past half
century has been made, and various wind measurement technologies have been developed such as atmospheric motion
vectors, infrared hyperspectral analysis of water vapor, wind imaging interferometer, and Doppler modulated gas
correlation, which can realize wind field measurement in an altitude ranging from 1 km near the surface to 300-400 km and
form a reliable verification and capability complementation with active wind field measurement technologies such as lidar
and microwave.

In order to promote the development of spaceborne passive optical remote sensing for measuring atmospheric wind

fields, it is necessary to summarize and discuss the existing research progress and future development trends, so as to
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provide a reference for the development of future passive optical remote sensing detection technology for atmospheric wind

field and the task planning in atmospheric wind field detection.

Progress This review focuses on two types of spaceborne optical passive techniques for wind field measurement based on
atmospheric motion vector monitoring and atmospheric spectral Doppler shift detection. The fundamental theories, basic
inversion methods, and the progress of research and application of representative payloads of various passive wind field
detection technologies are summarized (Table 4).

The atmospheric motion vector detection technology relies on cloud map observation to realize wind field detection. It
has the characteristics of high spatial resolution and high detection accuracy and can obtain meter-level and precise wind
field data at a sub-kilometer scale. However, limited by its detection technology mechanism, its detection altitude and
efficiency are also significantly restricted.

Infrared hyperspectral wind field measurement technology is based on infrared images of specific water vapor spectral
channels and profile data to track the movement of characteristic image targets at specific altitudes to invert atmospheric
wind speed, which is used for troposphere wind measurement, with high vertical resolution and profile data, and it is less
affected by the cloud. Compared with those of the cloud-derived motion vector (CMV) technology, its measurement
accuracy and horizontal spatial resolution of wind speed and direction need to be improved. However, as infrared
hyperspectral loading and wind field inversion algorithms develop, infrared hyperspectral wind field measurement
technology will become an important technology for troposphere wind.

The wind field interferometer obtains the interferogram of the fine atmospheric spectrum from the limb observation,
inverts the Doppler frequency shift of the atmospheric spectrum through the intensity position or phase change in the
interferogram, and then realizes the measurement of the atmospheric wind field. The spaceborne application of this
technology began in the late 1960s, and three technical systems have been developed, namely, Michelson interferometer,
Fabry-Peérot interferometer, and Doppler asymmetric spatial heterodyne interferometer. The detection altitude covers
most of the atmosphere including the stratosphere, mesosphere, and thermosphere. It features continuous profile detection
capability, vertical resolution with an order of kilometers, and horizontal spatial resolution with an order of 100 km, and
the highest peak accuracy of wind speed measurement has reached 3 m/s.

The Doppler modulated gas correlation technology modulates and filters the incident spectrum through a molecular
filter with its composition the same as the target atmospheric composition, so as to realize the frequency shift detection of
the atmospheric spectrum and the detection of the wind. Compared with traditional spaceborne wind field measurement
technologies, it has the advantages of high horizontal resolution, small size, light weight, and low power consumption and
has a good application prospect in the field of small satellite network observation. At present, the technology is still in the
stage of technical verification and application testing, and it is expected to further improve the vertical resolution of the

limb observation, but the space for improving the effective horizontal resolution is limited.

Conclusions and Prospects Through the technical research and payload application in the past 20 to 30 years, China's
spaceborne passive optical atmospheric wind field detection technology is gradually narrowing the gap with the international
leading level. However, in general, the spaceborne atmospheric wind field detection capability based on passive optical
remote sensing still has problems such as discontinuous altitude profile coverage, incomplete local coverage of middle and
high level wind field data, and limited spatial resolution of high level wind field data. In the future, the accuracy and
resolution of profile data products for tropospheric wind field elements should be improved, and the gaps in China's middle
and upper level atmospheric wind field observation data in terms of global scale should be filled. In addition, As China's
planetary scientific research and deep-space exploration plans develop, the wind field detection for the atmospheres of
Mars, Jupiter, and other planets is also an important direction for the development of wind measurement technology based

on passive optical remote sensing.

Key words atmospheric optics; atmosphere wind field; cloud-derived motion vector; infrared hyperspectrum; wind

interferometer; Doppler modulated gas correlation
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