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Abstract: High spatiotemporal resolution wind observations are essential for resolving 33 

the rapidly evolving inner-core circulation, spiral rainbands, upper-level outflow, and 34 

asymmetric structural changes of tropical cyclones (TCs), yet these features remain 35 

inadequately sampled by conventional observing systems and operational atmospheric 36 

motion vector (AMV) products. This study presents a consistently processed and 37 

systematically evaluated minute-scale temporal and mesoscale spatial atmospheric 38 

motion vector (MAMV) dataset derived from the Geostationary High-speed Imager 39 

(GHI) onboard Fengyun-4B (FY-4B) for 15 TCs over the western North Pacific and the 40 

South China Sea (SCS) during 2022 – 2025. The dataset includes daytime visible-band 41 

(VIS) MAMVs with a nominal vector spacing of 3 km and day-and-night infrared-band 42 

(IRX) MAMVs with a nominal spacing of 24 km. Four stable products are generated at 43 

the 1, 2, 6, and 7 min marks of each recurring 10 min observation cycle. The dataset 44 

represents the highest combined spatial and temporal resolution currently available for 45 

a multi-case geostationary satellite TC wind-field dataset, providing detailed 46 

observations of inner-core flow, spiral-rainband circulation, convective-cloud 47 

boundaries, peripheral winds, and upper-tropospheric outflow that are difficult to obtain 48 

from radiosondes, conventional AMVs, or hourly reanalysis fields. Quality-screened 49 

vectors were evaluated against radiosonde observations and ERA5 reanalysis winds. 50 

The mean speed bias, mean vector difference, and standard deviation of vector 51 

differences were 2.34, 4.05, and 1.77 m s⁻¹ for VIS, 2.21, 4.74, and 2.17 m s⁻¹ for IRX 52 

when using radiosondes as reference, they are 1.62, 5.57, and 4.63 m s⁻¹ for VIS, 0.31, 53 

5.95, and 3.66 m s⁻¹ for IRX when using ERA5 as reference. The dataset provides a 54 

new observational basis for continuously monitoring the multiscale evolution of 55 

tropical cyclones, including changes in inner-core circulation, spiral rainbands, 56 

asymmetric wind structures, peripheral flow, and upper-tropospheric outflow, thereby 57 

supporting improved analysis of TC development, structural change, and short-term 58 

intensity evolution. The FY-4B/GHI IRX MAMV dataset for 2022 – 2025 is available 59 

at doi:10.5281/zenodo.22790846; The FY-4B/GHI VIS datasets are available at 60 

doi:10.5281/zenodo.22791421 for 2022–2023, doi:10.5281/zenodo.22791444 for 2024, 61 

and doi:10.5281/zenodo.22791469 for 2025 (Xia et al., 2026a, b, c, d). 62 

https://doi.org/10.5194/essd-2026-606
Preprint. Discussion started: 18 September 2026
c© Author(s) 2026. CC BY 4.0 License.



 3 

1 Introduction 63 

Coastal disaster preparedness for tropical cyclones (TCs) requires accurate 64 

forecasts not only of storm track and intensity but also of the evolving circulation and 65 

structure, which determine the distributions of damaging winds, heavy rainfall, and 66 

storm surge (Lin et al., 2015; Chavas et al., 2017; Gori et al., 2022). Globally, tropical-67 

cyclone-related disasters caused nearly 780,000 deaths and approximately USD 1.4 68 

trillion in reported economic losses over the past 50 years (WMO, 2025). As forecasts 69 

and expected impacts evolve during the approach to landfall, authorities must 70 

continually update operational decisions concerning evacuation planning, emergency-71 

resource allocation, and the suspension or resumption of port and maritime operations 72 

(Verschuur et al., 2023; Kam et al., 2024; Morss et al., 2024). Such decisions require 73 

observations that resolve both storm-scale circulation and rapidly evolving mesoscale 74 

dynamical features, because TC evolution reflects interactions between the surrounding 75 

environment and transient internal structural changes (Wu et al., 2014; Oyama et al., 76 

2018; Su et al., 2020). These requirements are difficult to satisfy over the open ocean, 77 

where direct wind-profile measurements are comparatively sparse and spatially 78 

extensive satellite observations therefore play an essential role (Stoffelen et al., 2020). 79 

This need is especially acute over the western North Pacific and the SCS, where TCs 80 

frequently develop and evolve over the ocean before threatening the densely populated 81 

coastlines in East and Southeast Asia (Peduzzi et al., 2012; Magee et al., 2021; Tran et 82 

al., 2022). 83 

Modern TC forecasting relies on an observation–analysis–prediction chain in 84 

which observations are combined with short-range model forecasts through data 85 

assimilation to estimate the atmospheric state and provide initial conditions for 86 

numerical prediction (Bauer et al., 2015; Carrassi et al., 2018; Magnusson et al., 2019). 87 

Even advanced models cannot fully compensate for poorly constrained initial states, 88 

and inadequate spatial or temporal sampling of rapidly evolving wind structures can 89 

propagate into analyses and subsequent forecasts (Berger et al., 2011; Wu et al., 2014; 90 

Posselt et al., 2019). TC forecast performance therefore depends strongly on the 91 
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availability, timeliness, spatial coverage, and temporal sampling of wind observations 92 

(Bauer et al., 2015; Stoffelen et al., 2020). Although radiosondes, dropsondes, aircraft 93 

reconnaissance, buoys, ships, and land-based stations provide valuable local 94 

measurements, their coverage over the open ocean is sparse and uneven, particularly in 95 

the western North Pacific, and cannot continuously resolve the circulation of an entire 96 

TC (Wu et al., 2014; Stoffelen et al., 2020; Lin et al., 2022). 97 

Satellite observations provide the principal means of filling this oceanic gap and 98 

are essential to global and regional numerical weather prediction (NWP) systems (Eyre 99 

et al., 2020, 2022). Geostationary satellites are particularly valuable because they 100 

repeatedly observe the same region, allowing cloud and water-vapor features to be 101 

monitored throughout storm evolution (Velden et al., 2005). Atmospheric motion 102 

vectors (AMVs) are retrieved by tracking suitable features in successive images and 103 

assigning their horizontal displacements to representative atmospheric levels (Velden 104 

et al., 2005; Wu et al., 2014). They therefore provide spatially extensive wind estimates 105 

at multiple levels over data-sparse oceanic regions (Wu et al., 2014; Eyre et al., 2022). 106 

For TC applications, AMVs describe both the environmental flow governing storm 107 

motion and storm-scale circulation associated with structural and intensity changes (Wu 108 

et al., 2014; Oyama et al., 2018). Upper-tropospheric AMVs have been used to 109 

characterize cloud-top tangential winds, radial outflow, circulation size, and short-term 110 

structural evolution (Oyama et al., 2018). Assimilation experiments have shown that 111 

AMVs can improve the representation of TC position, environmental steering flow, 112 

vortex-scale circulation, and storm size in NWP models (Berger et al., 2011; Wu et al., 113 

2014; Velden et al., 2017; Li et al., 2020). Benefits are often more consistent for TC 114 

analyses and track forecasts, whereas impacts on intensity forecasts depend more 115 

strongly on retrieval methods, spatial and temporal coverage, quality control, and 116 

assimilation configuration (Wu et al., 2014; Velden et al., 2017; Li et al., 2020). 117 

Nevertheless, conventional AMV products may undersample rapidly evolving 118 

mesoscale flows when imagery is refreshed too infrequently or vector spacing is coarse 119 

relative to the lifetime and scale of tracked features (Oyama et al., 2018; Posselt et al., 120 

2019; Li et al., 2020). 121 
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Regional rapid-scan imaging has substantially expanded the capabilities of 122 

geostationary satellites. The Advanced Baseline Imager onboard the Geostationary 123 

Operational Environmental Satellite-R (GOES-R) series and the Advanced Himawari 124 

Imager onboard Himawari-8/9 can acquire regional imagery at intervals much shorter 125 

than conventional full-disk scans, improving the sampling of convective development 126 

and cloud motion (Bessho et al., 2016; Schmit et al., 2017). The GHI onboard FY-4B 127 

provides targeted observations over an adjustable regional domain at intervals as short 128 

as approximately 1 min (Min et al., 2020, 2022). Here, rapid-scan AMV products with 129 

enhanced spatial or temporal sampling are collectively referred to as MAMVs. Previous 130 

studies have shown that MAMVs can resolve rapidly evolving upper-tropospheric 131 

circulation and structural changes in TCs and improve the representation of 132 

environmental flow and three-dimensional vortex structure when assimilated into NWP 133 

models (Berger et al., 2011; Wu et al., 2015; Velden et al., 2017; Oyama et al., 2018; 134 

Sawada et al., 2019, 2020; Li et al., 2020). 135 

For FY-4B/GHI, Xia et al. (2024) developed MAMV retrievals with nominal vector 136 

spacings of 3 km for the visible band and 24 km for the infrared band. Xia et al. (2025) 137 

subsequently showed that assimilating FY-4B/GHI MAMVs improved analyzed 138 

dynamical fields and reduced track forecast errors in western North Pacific typhoon 139 

cases. However, previous work has focused mainly on retrieval-algorithm development, 140 

individual-storm analyses, or a limited number of assimilation experiments. To date, no 141 

openly accessible FY-4B/GHI MAMV dataset covering multiple TCs has been released 142 

with consistent processing, documented quality control, and systematic evaluation. To 143 

address this gap, this study presents a high-spatiotemporal-resolution FY-4B/GHI 144 

MAMV dataset for 15 TCs over the western North Pacific and the SCS from 2022 to 145 

2025. It includes daytime VIS MAMVs with a nominal vector spacing of 3 km and day-146 

and-night IRX MAMVs with a nominal spacing of 24 km. Stable products are generated 147 

at the 1, 2, 6, and 7 min marks of each recurring 10 min observation cycle. All products 148 

are generated using a consistent retrieval and quality-control framework and evaluated 149 

against radiosonde observations and the fifth-generation European Centre for Medium-150 

Range Weather Forecasts reanalysis (ERA5). The dataset provides a valuable 151 
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observational resource for TC mechanism analysis, model evaluation, data assimilation, 152 

and process-oriented studies. 153 

 154 

2 Study domain and selected observation cases 155 

The study domain extends from 100°E to 130°E and from 10°N to 28°N, as shown 156 

in Fig. 1. It covers the South China Sea, the western Philippine Sea, and adjacent coastal 157 

regions of East and Southeast Asia. The domain lies within the western North Pacific, 158 

the most active tropical cyclone (TC) basin globally, and includes densely populated 159 

coastal areas that are highly exposed to TC-related hazards (Peduzzi et al., 2012; Magee 160 

et al., 2021; Tran et al., 2022). This region was selected because FY-4B/GHI rapid-scan 161 

observations are available for multiple TCs passing through the domain and because 162 

the surrounding land areas provide radiosonde observations that can be used for 163 

independent evaluation of the retrieved wind vectors. 164 

The GHI aboard FY-4B (Xia et al., 2024), a geostationary meteorological satellite 165 

positioned at 104.7°E (nadir point), provides targeted rapid-scan observations over a 166 

flexibly configurable regional domain. Under suitable observation configurations, GHI 167 

can acquire regional imagery at intervals as short as approximately 1 min, providing 168 

the temporal sampling required to track rapidly evolving cloud features and mesoscale 169 

atmospheric motions (Xia et al., 2024). However, GHI rapid-scan observations are 170 

scheduled according to operational and research requirements and therefore do not 171 

continuously cover every TC occurring within the study domain. The available 172 

observations consequently represent selected rapid-scan campaigns rather than a 173 

complete record of all TCs over the western North Pacific and the South China Sea. 174 

From the available FY-4B/GHI rapid-scan observations between 2022 and 2025, 175 

15 TC cases were selected according to their observation duration, temporal continuity, 176 

and spatial coverage of the TC circulation. A valid case was required to contain at least 177 

36 h of rapid-scan observations, with no individual data gap exceeding 150 mins. These 178 

criteria were applied to ensure that each case contained a sufficiently continuous 179 

sequence for examining the temporal evolution of the TC wind field. Because case 180 

availability was constrained by GHI observation scheduling and data continuity, the 181 

resulting dataset should be regarded as a curated collection of well-observed TC cases 182 
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rather than a climatologically complete TC archive. The VIS product is available only 183 

during daytime, whereas the IRX product is available during both daytime and 184 

nighttime. Although the source GHI imagery can be acquired at intervals as short as 185 

approximately 1 min, stable MAMV products are generated at the 1, 2, 6, and 7 min 186 

marks of each recurring 10 min observation cycle, yielding four products per cycle. 187 
Based on the maximum intensity attained within the corresponding FY-4B/GHI 188 

observation period, as reported in the Joint Typhoon Warning Center (JTWC) best-track 189 

dataset (JTWC, 2026), the selected cases comprise 5 Typhoons (TYs), 3 Severe 190 

Typhoons (STYs), and 7 Super Typhoons (SuTYs). The intensity category assigned to 191 

each case therefore represents the maximum intensity reached within the GHI 192 

observation window rather than over the storm’s complete lifecycle. Table 1 193 

summarizes the intensity category, GHI observation period in UTC, and numbers of 194 

available 3 km VIS and 24 km IRX MAMV product files for each TC case. 195 

 196 

 197 
Figure 1. Geographic distribution of the radiosonde stations used for the independent 198 
validation of the FY-4B/GHI MAMV dataset. The red stars indicate the locations of the 199 
upper-air observation stations across the South China Sea and adjacent coastal regions. 200 
Each station is labeled with its corresponding 5-digit World Meteorological 201 
Organization (WMO) station identification number. 202 

 203 

 204 
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Table 1. Overview of the 15 selected tropical cyclone cases. The intensity category 205 
represents the maximum JTWC intensity attained during the corresponding GHI 206 
observation period. The final two columns give the numbers of available 3 km VIS and 207 
24 km IRX MAMV product files. 208 
 209 

Category Name GHI observation period (UTC) 
Number of MAMV files 

VIS (3 km) IRX (24 km) 

TY 

Chaba 2022-06-30 05:00–2022-07-02 12:30 618 1304 

Talim 2023-07-14 23:30–2023-07-18 23:00 974 2195 

Trami 2024-10-23 00:10–2024-10-28 23:00 1484 3059 

Wutip 2025-06-11 00:10–2025-06-15 10:00 1244 2707 

Wipha 2025-07-19 05:00–2025-07-21 17:00 622 1404 

STY 

Haikui 2023-09-02 23:30–2023-09-04 13:00 481 885 

Kajiki 2025-08-24 14:10–2025-08-26 04:00 356 784 

Matmo 2025-10-02 10:10–2025-10-06 13:00 979 2100 

SuTY 

Saola 2023-08-30 06:10–2023-09-02 10:00 789 1575 

Koinu 2023-10-02 23:30–2023-10-08 13:00 1492 3078 

Gaemi 2024-07-24 00:10–2024-07-26 10:00 699 1297 

Yagi 2024-09-03 02:30–2024-09-07 12:30 1169 2214 

Kong-rey 2024-10-29 11:10–2024-10-31 20:00 500 1276 

Yinxing 2024-11-08 00:10–2024-11-10 09:00 704 1328 

Ragasa 2025-09-21 09:10–2025-09-24 20:00 736 1729 

 210 

3 Data and methods 211 

3.1 Mesoscale atmospheric motion vector (MAMV) product 212 

3.1.1 FY-4B/GHI Level-1B observations 213 

The primary satellite observations used to generate the MAMV dataset were 214 

obtained from the GHI onboard FY-4B geostationary meteorological satellite. GHI is a 215 

rapid-scan imaging instrument designed for targeted observations of high-impact 216 
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weather systems. Its observation domain can be configured according to operational 217 

requirements, with a nominal coverage of approximately 2000 km	×	2000 km and a 218 

scan interval as short as approximately 1 min. This flexible rapid-scan capability 219 

enables continuous monitoring of rapidly evolving cloud systems and provides the 220 

image sequences required for retrieving high-frequency atmospheric motion vectors. 221 

The Level-1B (L1B) data from two FY-4B/GHI bands were used in this study. The 222 

daytime VIS MAMVs were derived from calibrated and navigated reflectance 223 

observations from the full-color band, which covers approximately 0.45–0.76 µm and 224 

has a nadir spatial resolution of 250 m. The day-and-night IRX MAMVs were derived 225 

from calibrated and navigated brightness-temperature observations from the 11.4 µm 226 

infrared band, which has a nadir spatial resolution of 2 km. The corresponding L1B 227 

geolocation information was used to assign geographic coordinates and viewing 228 

geometry to each image pixel. 229 

Because GHI performs targeted rather than continuous full-disk observations, the 230 

spatial coverage and temporal continuity of the L1B data vary among typhoon cases. 231 

Only image sequences containing three consecutive valid observations over a common 232 

geographical domain were used in the MAMV retrieval. Missing scans or adjustments 233 

of the GHI rapid-scan domain therefore resulted in gaps in the resulting time series. For 234 

the dataset released in this study, the 250 m full-color observations were used to 235 

generate the 3 km VIS MAMV product during daytime, whereas the 2 km 11.4 µm 236 

observations were used to generate the 24 km IRX MAMV product throughout both 237 

daytime and nighttime. 238 

 239 

3.1.2 MAMV retrieval and production workflow 240 

The production workflow of the FY-4B/GHI MAMV dataset is illustrated in Fig. 241 

2. Using the operationally calibrated and navigated Level-1 observations, the MAMVs 242 

were retrieved by tracking cloud features in three consecutive GHI images. The 243 

retrieval algorithm generally follows Xia et al. (2024) and consists of target-scene 244 

selection, bidirectional feature tracking, displacement-to-wind conversion, vertical-245 

level assignment, and quality assessment. The VIS and IRX products were processed 246 
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separately because of their different native spatial resolutions, applicable observation 247 

periods, and image-sequence intervals. 248 

 249 

Figure 2. Workflow for producing the FY-4B/GHI MAMV dataset. The workflow 250 
consists of three main stages. First, FY-4B/GHI Level-1 observations are 251 
radiometrically calibrated and geolocated. GHI provides rapid-scan observations with 252 
a scan interval as short as 1 min over an adjustable observation domain. Second, cloud-253 
feature displacement is retrieved from three consecutive images at 𝑡!"#, 𝑡!, and 𝑡!$#. 254 
The target feature in the central image is tracked in the preceding and subsequent 255 
images, and the two displacement vectors are combined to obtain the MAMV assigned 256 
to 𝑡!. Vector height is determined by spatially matching the GHI observations with FY-257 
4B/AGRI cloud-top pressure and cloud-top height (CTP/CTH) products and applying 258 
the cross-correlation contribution method. The retrieved vectors are subsequently 259 
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evaluated using six quality-control tests, including direction, speed, spatial, vector, 260 
zonal-component, and meridional-component consistency tests, which are combined 261 
into an overall QI. Finally, the quality-controlled vectors are released as daytime 3 km 262 
VIS MAMVs and day-and-night 24 km IRX MAMVs. Some graphical elements in this 263 
figure were adapted from materials provided by the National Satellite Meteorological 264 
Center of China (NSMC, 2026). 265 

 266 

In this algorithm, candidate target scenes were required to have a satellite zenith 267 

angle below 62°. In addition, the mean brightness temperature (BT) of an IRX target 268 

box was required to be below 285 K, while the mean reflectance of a VIS target box 269 

was required to exceed 0.3. These criteria preferentially retain cloud scenes with 270 

sufficient radiometric contrast for reliable feature tracking. Cloud-feature displacement 271 

was estimated using normalized cross-correlation (Leese et al., 1971). The position with 272 

the maximum correlation coefficient within each search box was identified in the 273 

preceding and subsequent images, producing one backward and one forward 274 

displacement vector. The two displacement estimates were then combined and assigned 275 

to the target location in the central image. Using the GHI geolocation information and 276 

the corresponding image interval, the image-space displacement was converted into 277 

zonal and meridional wind components. The MAMV retrieval uses a 24	×	24 pixels 278 

target box to represent the tracked cloud feature. For the IRX retrieval, the target is 279 

searched within an 80	×	80 pixels search box using three consecutive images separated 280 

by 10 min. For the VIS retrieval, a larger 144	×	144 pixels search box is used, and the 281 

three consecutive images are separated by 5 min. These band-specific settings account 282 

for differences in the native spatial resolution and temporal evolution of the observed 283 

cloud features. Under this configuration, the resulting wind-vector products have 284 

nominal vector spacings of 24 km for the IRX MAMVs and 3 km for the VIS MAMVs. 285 

The vertical level of each vector was assigned using the cross-correlation contribution 286 

(CCC) method (Borde et al., 2014) together with spatially and temporally matched FY-287 

4B/Advanced Geostationary Radiation Imager (AGRI) cloud-top pressure (CTP) and 288 

cloud-top height (CTH) products. Within each target box, pixels contributing most 289 

strongly to the correlation were identified. For IRX retrievals, colder pixels with 290 
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relatively large correlation contributions were used, whereas brighter pixels were 291 

selected for VIS retrievals. The pressure or height of the vector was then calculated as 292 

the CCC-weighted mean of the corresponding AGRI CTP or CTH values. This 293 

approach links the assigned atmospheric level to the cloud features that contribute most 294 

strongly to the retrieved displacement. Finally, a quality indicator (QI) was calculated 295 

for each retrieved vector by combining six consistency tests, including direction, speed, 296 

vector, spatial, zonal-component, and meridional-component consistency tests (Daniels 297 

et al., 2025; EUMETSAT, 2026). The retrieved wind components, geographical 298 

position, assigned pressure or height, correlation coefficient, and QI were written to the 299 

intermediate MAMV products.  300 

 301 

3.1.3 Dataset organization and variables 302 

The released FY-4B/GHI MAMV dataset is distributed in Hierarchical Data Format 303 

version 5 (HDF5) and organized by typhoon case, nominal retrieval time, and product 304 

type. Separate files are provided for the daytime 3 km VIS MAMVs and the day-and-305 

night 24 km IRX MAMVs. The file names (such as 306 

‘FY4B_L2_CC_AMV_20250922234100_VIS__FC_0250M_300S.HDF’ and 307 

‘FY4B_L2_CC_AMV_20250721143100_IRX1140_2000M_600S.HDF’) encode the 308 

satellite and product identifiers, nominal retrieval time, GHI band, native pixel 309 

resolution, and image interval used for feature tracking. All variables within an 310 

individual file are stored as co-registered two-dimensional arrays on the corresponding 311 

MAMV retrieval grid. Because the GHI rapid-scan observation domain is adjustable, 312 

the array dimensions and geographical coverage may vary among files and typhoon 313 

cases. 314 

The temporal sampling of the released products is determined by the availability 315 

pattern of stable GHI observations rather than solely by the image interval used in the 316 

retrieval. Within each recurring 10 min observation cycle, GHI generally provides 317 

stable observations at nominal times whose minute digits end in 1, 2, 6, and 7. 318 

Observations at the remaining nominal times are less consistent and may be 319 

intermittently unavailable. Consequently, both products are reliably generated at the 1, 320 
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2, 6, and 7 min marks of each recurring 10 min cycle, yielding four stable products per 321 

cycle. 322 

Each product file contains the geographical coordinates (Latitude and Longitude), 323 

zonal and meridional wind components (U and V), assigned atmospheric pressure and 324 

height (Pressure and Height), the overall quality indicator (Quality_Indicator, QI), and 325 

the normalized cross-correlation coefficient (R). The wind components describe the 326 

horizontal motion of the tracked cloud feature, while the pressure and height variables 327 

represent the vertical level.  328 

 329 

3.1.4 Dataset-level quality control 330 

Prior to secondary analysis, users are recommended to apply a consistent quality-331 

screening procedure to the original MAMV data to reduce the influence of poorly 332 

matched or low-confidence vectors. In the analyses presented in this study, only vectors 333 

with a QI greater than 0.65 and a normalized cross-correlation coefficient R greater than 334 

0.8 were used (Daniels et al., 2025; Etheridge et al., 2025). In addition, vectors with 335 

wind speeds below 4 m s⁻¹ were excluded from the subsequent validation and analysis, 336 

following common practice in AMV evaluation (Bedka et al., 2009). These screening 337 

criteria were not applied to the released HDF files; the original vector records are 338 

preserved, allowing users to reproduce these criteria or adopt alternative thresholds 339 

according to their specific applications. 340 

 341 

3.2 Representative quality-screened MAMV fields 342 

Figures 3–5 illustrate representative MAMV fields after application of the quality-343 

screening criteria described in Section 3.1.4. The three cases represent different TC 344 

intensity categories: Super Typhoon Ragasa (Fig. 3), Severe Typhoon Matmo (Fig. 4), 345 

and Typhoon Chaba (Fig. 5). 346 

 347 
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 348 
Figure 3. Quality-screened spatial distribution of FY-4B MAMVs for Super Typhoon 349 
Ragasa at 02:01 UTC on 23 September 2025. (a) Full domain and (b) zoomed inner-350 
core region of the 24 km IRX MAMV product. (c, d) Corresponding views for the 3 351 
km VIS MAMV product. The wind vectors (barbs) are color-coded by their assigned 352 
pressure levels (hPa). A full barb, half barb, and flag represent wind speeds of 4 m s-1, 353 
2 m s-1, and 20 m s-1, respectively. The red boxes in (a) and (c) denote the extents of the 354 
zoomed regions shown in (b) and (d). 355 

 356 

For Super Typhoon Ragasa at 02:01 UTC on 23 September 2025, both products 357 

provide extensive vector coverage over the central cloud shield and surrounding cloud 358 

bands (Fig. 3). The inner region is dominated by vectors assigned to the upper 359 

troposphere, consistent with the widespread high cloud associated with the central 360 
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dense overcast and upper-level cloud canopy. The 24 km IRX product provides 361 

relatively smooth sampling of the broad circulation, whereas the 3 km VIS product 362 

produces a substantially denser wind field and resolves greater spatial variability along 363 

cloud edges and peripheral cloud bands. Mid- and lower-level vectors occur mainly 364 

outside the central high-cloud region. The extensive and coherently organized upper-365 

level vectors surrounding the central cloud shield provide a spatial representation of the 366 

mature storm’s upper-tropospheric circulation. Their curved and spatially varying 367 

pattern suggests that the outflow associated with the deep convective core was 368 

organized over a broad area but was not completely axisymmetric. Such information is 369 

physically relevant because the distribution of upper-level outflow reflects the 370 

ventilation of the TC core and its interaction with the surrounding environmental flow. 371 

Although a single snapshot cannot establish the dynamical cause of the observed 372 

asymmetry, the dense MAMV field provides a basis for quantifying center-relative 373 

radial and tangential winds and for examining how upper-level outflow evolves with 374 

storm intensity. 375 

The MAMV fields for Severe Typhoon Matmo at 04:01 UTC on 4 October 2025 376 

show a more heterogeneous spatial distribution of cloud tracers and retrieved vectors 377 

(Fig. 4). Both products capture the curved flow surrounding the storm center, although 378 

vector density varies among different sectors of the circulation. The VIS product 379 

provides dense upper-level coverage over the main cloud shield and additional vectors 380 

along the surrounding cloud bands. Scattered vectors assigned to middle and lower 381 

atmospheric levels are also present near peripheral cloud features. The IRX product 382 

reproduces the broader circulation with lower spatial density, reflecting its coarser 383 

nominal vector spacing and the availability of suitable infrared cloud tracers. The 384 

curved vectors surrounding Matmo indicate that the retrieved winds retain the rotational 385 

organization of the storm, while the pronounced quadrant-to-quadrant differences 386 

reveal a substantially asymmetric circulation. The continuity of the vectors along the 387 

main cloud shield and outer cloud bands provides information on how rainband-scale 388 

flow is connected to the vortex circulation rather than representing isolated cloud 389 

features. Such asymmetry is dynamically important because the distribution of 390 
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convection and circulation among storm quadrants can influence vortex organization, 391 

rainfall distribution, and subsequent structural evolution. 392 

 393 

 394 
Figure 4. Same as Fig. 3, but for Severe Typhoon Matmo at 04:01 UTC on 4 October 395 
2025. 396 

 397 

For Typhoon Chaba at 04:01 UTC on 2 July 2022, the observation domain includes 398 

both the coastal region of southern China and the adjacent ocean (Fig. 5). Both products 399 

retrieve upper-level vectors over the extensive cloud shield associated with the storm. 400 

The VIS product provides denser sampling across the coastal cloud field, outer 401 

rainbands, and fragmented peripheral clouds, where the assigned pressure levels span a 402 

https://doi.org/10.5194/essd-2026-606
Preprint. Discussion started: 18 September 2026
c© Author(s) 2026. CC BY 4.0 License.



 17 

wider range than within the central high-cloud region. The IRX product provides a 403 

spatially smoother but less dense representation of the circulation across the land–sea 404 

transition. This case demonstrates that MAMVs can be retrieved over complex coastal 405 

scenes when suitable cloud tracers are available. The Chaba fields show that the 406 

cyclonic circulation remained spatially coherent across the northern South China Sea 407 

and the adjacent coastal region, while the wind structure became increasingly 408 

heterogeneous near the land–sea boundary. This pattern provides a physically 409 

meaningful view of the circulation during the coastal-transition stage, when the storm 410 

begins to experience spatially varying surface friction, moisture supply, and terrain 411 

influences. The occurrence of middle- and lower-level vectors along peripheral cloud 412 

bands also offers information on the flow approaching the coast and its connection with 413 

the broader vortex. A sequence of such high-frequency fields could be used to examine 414 

how the circulation deforms and reorganizes before and during landfall. 415 

Overall, the three cases demonstrate that the MAMV fields contain physically 416 

meaningful information on several key components of TC circulation. The upper-level 417 

vectors over the central cloud shields describe the organization and spatial extent of the 418 

circulation associated with deep convection and outflow, while the curved vector 419 

patterns along the surrounding cloud bands reveal the connection between rainband-420 

scale flow and the broader cyclonic vortex. The pronounced quadrant-to-quadrant 421 

differences in Matmo and the heterogeneous circulation across the coastal transition in 422 

Chaba further show that the products retain important asymmetric structures rather than 423 

representing the storms as azimuthally averaged vortices. These characteristics make 424 

the dataset suitable for examining the evolution of upper-level outflow, vortex 425 

asymmetry, spiral-rainband circulation, environmental-flow interaction, and circulation 426 

adjustment during landfall.  427 
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 428 

Figure 5. Same as Fig. 3, but for Typhoon Chaba at 04:01 UTC on 2 July 2022. 429 

 430 

 431 

3.3 Validation reference datasets 432 

Two high-quality reference datasets were used to evaluate the FY-4B/GHI MAMVs: 433 

operational radiosonde observations and ERA5 reanalysis winds. Radiosondes provide 434 

independent, vertically resolved wind measurements at discrete locations, whereas 435 

ERA5 provides spatially continuous three-dimensional wind fields across the full GHI 436 

observation domain. The two datasets therefore support complementary evaluations of 437 

local retrieval accuracy and domain-wide spatial consistency. 438 
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Radiosonde profiles from 15 upper-air stations over the South China Sea and 439 

adjacent coastal regions were used as the primary independent reference (Fig. 1). Each 440 

station is identified by its five-digit World Meteorological Organization (WMO) station 441 

number. The observations generally comprise profiles of wind speed and direction 442 

launched at the standard synoptic times of 00:00 and 12:00 UTC (Durre et al., 2016). 443 

These measurements provide vertically resolved reference winds for evaluating 444 

MAMVs at coastal and island stations, although their spatial coverage is limited and 445 

individual soundings may drift horizontally during ascent. The locations of the selected 446 

stations are shown in Fig. 1. 447 

To extend the evaluation over oceanic regions with sparse radiosonde coverage, 448 

hourly wind fields were obtained from the ERA5 pressure-level reanalysis produced by 449 

the European Centre for Medium-Range Weather Forecasts (ECMWF). ERA5 hourly 450 

data on pressure levels were obtained from the Copernicus Climate Data Store 451 

(Hersbach et al., 2023). The zonal and meridional wind components were used on a 452 

0.25° ×	0.25° latitude–longitude grid at 37 pressure levels between 1000 and 1 hPa. 453 

ERA5 provides spatially and temporally continuous reference fields for assessing the 454 

domain-wide consistency of the MAMVs.  455 

 456 

3.4 Spatiotemporal collocation and interpolation 457 

After applying the quality-screening criteria described in Section 3.1.4, the 458 

MAMVs were collocated separately with radiosonde observations and ERA5 reanalysis 459 

winds using criteria adapted to the temporal and spatial characteristics of each reference 460 

dataset. 461 

For the radiosonde comparison, MAMVs with retrieval times within ±30 min of 462 

the nominal sounding times at 00:00 and 12:00 UTC and locations within 25 km of a 463 

radiosonde station were selected (Bedka et al., 2009). For each horizontally and 464 

temporally matched MAMV, the nearest radiosonde observation in pressure was 465 

identified, and the pair was retained when the absolute pressure difference did not 466 

exceed 2 hPa. All MAMVs satisfying these criteria were included; consequently, 467 

multiple MAMV vectors could be matched with the same radiosonde observation.  468 
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For the ERA5 comparison, only MAMV products with retrieval times within 469 

±10 min of an hourly ERA5 analysis time were selected. The hourly ERA5 zonal and 470 

meridional wind components on the 0.25° ×	0.25° grid and 37 pressure levels were 471 

then interpolated to the horizontal location and assigned pressure of each MAMV. 472 

Bilinear interpolation was first applied in the horizontal direction, followed by linear 473 

interpolation with respect to the logarithm of pressure in the vertical direction. The 474 

ERA5 field at the corresponding analysis hour was used without additional temporal 475 

interpolation. 476 

 477 

3.5 Statistical evaluation metrics 478 

Three statistical metrics were commonly used to quantify the agreement between 479 

the FY-4B/GHI MAMVs and the collocated reference winds: speed bias (SB), mean 480 

vector difference (MVD), and the standard deviation of vector differences (SD) 481 

(Etheridge et al., 2025). The subscript 𝑚 denotes the MAMV, the subscript 𝑟 denotes 482 

the corresponding radiosonde or ERA5 reference wind, and N is the total number of 483 

valid collocation pairs.  484 

SB measures the mean difference between the MAMV and reference wind-speed 485 

magnitudes: 486 

𝑆𝐵 = 	 %
&
∑ (𝑆',! − 𝑆),!)&
!*% ,                      (1) 487 

where 𝑆',! and 𝑆),! are the wind-speed magnitudes of the 𝑖-th MAMV and reference 488 

wind, respectively. A positive SB indicates that the MAMVs are faster on average than 489 

the reference winds, whereas a negative value indicates that they are slower. Because 490 

positive and negative speed differences can offset each other, a SB close to zero does 491 

not necessarily indicate close vector agreement. 492 

The vector difference for the 𝑖-th collocation is defined as: 493 

𝑉𝐷! =	1(𝑢',! − 𝑢),!)+ + (𝑣',! − 𝑣),!)+,               (2) 494 

where 𝑢 and 𝑣 are the zonal and meridional wind components. The MVD is then 495 

calculated as: 496 

𝑀𝑉𝐷 =	 %
&
∑ (𝑉𝐷	!)&
!*% ,                        (3) 497 
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MVD is always non-negative and summarizes differences in both wind speed and 498 

direction. The dispersion of the individual vector differences about the MVD is 499 

represented by 500 

𝑆𝐷 = 	6%
&
∑ (𝑉𝐷! −𝑀𝑉𝐷)+&
!*% ,                  (4) 501 

A smaller SD indicates that the magnitudes of the vector differences are more 502 

closely clustered around the MVD, whereas a larger SD indicates greater variability 503 

among the collocations. All three metrics are expressed in meters per second. Because 504 

radiosonde observations and ERA5 winds have their own measurement, sampling, and 505 

representativeness uncertainties, MVD and SD describe differences between the 506 

collocated datasets rather than errors attributable exclusively to the MAMV retrievals. 507 

 508 

 509 

4 Results 510 

4.1 Validation against radiosonde observations 511 

The 3 km VIS and 24 km IRX MAMVs were evaluated against radiosonde 512 

observations using the collocation procedure described in Section 3.4. The VIS 513 

evaluation used profiles at 00:00 UTC, whereas the IRX evaluation used profiles at both 514 

00:00 and 12:00 UTC. 515 

For the 3 km VIS product, 33,931 collocation pairs were obtained across all 15 516 

cases. High-level matches below 400 hPa accounted for 82.3 % of the total (27,941 517 

pairs), compared with 13.4 % at middle levels (4547 pairs) and 4.3 % at low levels 518 

(1443 pairs; Fig. 6a). High-level pairs constituted more than 80 % of the samples in 519 

nine cases and reached 97.9 % for Gaemi. The main exceptions were Trami, for which 520 

middle-level pairs accounted for 55.4 %, and Yinxing, which had 46.4 % high-, 35.0 % 521 

middle-, and 18.5 % low-level pairs. Kajiki and Kong-rey also had relatively large low-522 

level fractions, although their total sample sizes were only 117 and 244. Total 523 

collocations ranged from 117 for Kajiki to 7459 for Yagi. The case-mean overall SB, 524 

MVD, and SD were 2.34, 4.05, and 1.77 m s⁻¹, respectively (Figs. 6b–6d). Overall SB 525 

was positive in every case, ranging from 0.88 m s⁻¹ for Wutip to 3.19 m s⁻¹ for Saola. 526 
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The layer-mean MVD values were similar, at 4.08, 3.96, and 4.06 m s⁻¹ for the high, 527 

middle, and low levels, while the corresponding SD values were 1.76, 1.35, and 528 

1.41 m s⁻¹. When grouped by the maximum storm intensity attained during the GHI 529 

observation period, the group-mean VIS SB, MVD, and SD were 2.00, 3.74, and 530 

1.53 m s⁻¹ for TY cases; 2.33, 3.76, and 1.81 m s⁻¹ for STY cases; and 2.59, 4.39, and 531 

1.92 m s⁻¹ for SuTY cases. Wipha had the smallest overall MVD (2.95 m s⁻¹), Koinu 532 

had the smallest SD (1.03 m s⁻¹), and Kong-rey had the largest MVD and SD (6.73 and 533 

3.26 m s⁻¹). Kong-rey’s high-level MVD reached 8.02 m s⁻¹. 534 

 535 

 536 

Figure 6. Validation of the 3 km VIS MAMVs against radiosonde observations at 537 
00:00 UTC for the 15 typhoon cases. (a) Vertical distribution of the collocation pairs at 538 
high (< 400 hPa), middle (400 – 700 hPa), and low (> 700 hPa) levels, with the total 539 
number of pairs (N) shown above each bar. (b) Speed bias (SB). (c) Mean vector 540 
difference (MVD). (d) Standard deviation of the vector differences (SD). The high-, 541 
middle-, low-, and all-level results are shown by the green, yellow, pink, and light-blue 542 
bars, respectively. Cases are grouped according to the maximum TC intensity attained 543 
during the corresponding GHI observation period. 544 

 545 
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 546 

Figure 7. Same as Fig. 6, but for the 24 km IRX MAMVs evaluated against radiosonde 547 
observations at 00:00 and 12:00 UTC. Kajiki had no valid IRX–radiosonde collocations. 548 

 549 

For the 24 km IRX product, 4721 collocation pairs were obtained from 14 cases; 550 

Kajiki had no valid matches. High-, middle-, and low-level pairs accounted for 48.8 % 551 

(2306), 37.7 % (1782), and 13.4 % (633) of the total, respectively (Fig. 7a). The vertical 552 

distributions varied considerably among cases. High-level pairs exceeded 75 % for 553 

Wipha, Haikui, and Gaemi, whereas middle-level pairs dominated for Talim, Trami, 554 

Koinu, and Yinxing. Kong-rey was dominated by low-level pairs (77.9 %) but included 555 

only 68 matches. Case totals ranged from 68 for Kong-rey to 1063 for Wipha. The case-556 

mean overall SB, MVD, and SD were 2.21, 4.74, and 2.17 m s⁻¹, respectively (Figs. 7b–557 

7d), and overall SB was positive in all valid cases. Layer-mean MVD values were 5.02, 558 

4.73, and 4.80 m s⁻¹, with corresponding SD values of 2.13, 1.89, and 2.25 m s⁻¹. The 559 

group-mean overall IRX SB, MVD, and SD were 2.26, 4.22, and 2.01 m s⁻¹ for TY; 560 

2.38, 4.25, and 1.77 m s⁻¹ for STY; and 2.13, 5.25, and 2.40 m s⁻¹ for SuTY cases. Wipha 561 

had the smallest overall MVD (3.30 m s⁻¹), Haikui had the smallest SD (1.32 m s⁻¹), 562 

Yinxing had the largest MVD (6.24 m s⁻¹), and Kong-rey had the largest SD (3.50 m s⁻¹). 563 
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Overall, VIS was strongly dominated by upper-level matches, whereas IRX exhibited 564 

a more balanced but more case-dependent vertical distribution. 565 

 566 

4.2 Validation against ERA5 reanalysis 567 

The quality-screened 3 km VIS and 24 km IRX MAMVs were evaluated against 568 

ERA5 winds over the full GHI observation domains using the procedure described in 569 

Section 3.4. MAMVs retrieved within ±10 min of each hourly ERA5 analysis time were 570 

retained, and ERA5 winds were interpolated to the location and assigned pressure of 571 

each MAMV. 572 

For the 3 km VIS product, 84,951,709 daytime collocation pairs were obtained 573 

across the 15 cases. High-level pairs below 400 hPa accounted for 74.3 % of the total, 574 

while middle- and low-level pairs accounted for 15.4 % and 10.3 %, respectively (Fig. 575 

8a). Case totals ranged from 2.50 million for Kong-rey to 12.13 million for Trami. 576 

High-level samples exceeded 70 % in 11 cases and were greater than 86 % for Wipha, 577 

Kajiki, and Matmo. Koinu and Yinxing had the most vertically distributed VIS samples: 578 

high-level pairs accounted for 47.3 % and 45.0 %, respectively, while their combined 579 

middle- and low-level fractions exceeded 50 %. The case-mean overall SB, MVD, and 580 

SD were 1.62, 5.57, and 4.63 m s⁻¹, respectively (Figs. 8b–8d). Overall SB was positive 581 

in all cases, ranging from 0.90 m s⁻¹ for Wutip to 2.21 m s⁻¹ for Kong-rey. The layer-582 

mean SB values were 1.53, 1.50, and 2.18 m s⁻¹ at high, middle, and low levels, 583 

respectively. The high- and middle-level MVD values were both 5.43 m s⁻¹, compared 584 

with 6.58 m s⁻¹ at low levels. The group-mean overall VIS SB, MVD, and SD were 1.22, 585 

5.48, and 4.48 m s⁻¹ for TY cases; 1.71, 5.30, and 4.21 m s⁻¹ for STY cases; and 1.86, 586 

5.76, and 4.92 m s⁻¹ for SuTY cases. Wutip had the smallest overall MVD (4.58 m s⁻¹), 587 

whereas Kong-rey had the largest value (6.92 m s⁻¹). Ragasa and Kong-rey had the two 588 

largest overall SD values, at 6.08 and 5.92 m s⁻¹, respectively. 589 

 590 
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 591 
Figure 8. Case-level validation statistics for the 3 km VIS MAMVs against ERA5 592 
winds. MAMVs retrieved within ±10 min of hourly ERA5 analysis times between 593 
00:00 and 09:00 UTC were included for each of the 15 tropical cyclone cases. (a) 594 
Vertical sample distribution represented as percentage distribution for high (below 400 595 
hPa, green-blue), middle (400 – 700 hPa, yellow), and low (above 700 hPa, pink) levels, 596 
with the total number of matched samples (N) annotated above each bar. (b) Scalar 597 
speed bias (SB, m s⁻¹). (c) Mean vector difference (MVD, m s⁻¹). (d) Standard deviation 598 
(SD, m s⁻¹). In panels (b)–(d), the statistical metrics are illustrated as grouped vertical 599 
bars, where the green-blue, yellow, pink, and light blue bars denote the high, middle, 600 
low, and all-level results, respectively. The 15 typhoon cases are categorized and 601 
grouped according to the maximum intensity attained during the GHI observation 602 
period into Typhoon (TY), Severe Typhoon (STY), and Super Typhoon (SuTY) classes, 603 
separated by solid vertical lines at the top of the plot. 604 

 605 

For the 24 km IRX product, 9,604,814 daytime and nighttime collocation pairs 606 

were obtained. High-, middle-, and low-level samples accounted for 54.8 %, 29.5 %, 607 

and 15.7 % of the total, respectively (Fig. 9a). Case totals ranged from 195,832 for 608 

Haikui to 1,318,545 for Trami. High-level samples exceeded 60 % in eight cases and 609 

reached 72.6 % for Yagi. Koinu and Yinxing had the largest middle-level fractions: 610 
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Koinu contained 26.5 % high-, 45.2 % middle-, and 28.3 % low-level pairs, while the 611 

corresponding proportions for Yinxing were 33.6 %, 44.5 %, and 22.0 %. The case-612 

mean overall SB, MVD, and SD were 0.31, 5.95, and 3.66 m s⁻¹, respectively (Figs. 9b–613 

9d). Overall SB varied in sign among cases, ranging from −1.17 m s⁻¹ for Gaemi and 614 

−0.99 m s⁻¹ for Kong-rey to 2.03 m s⁻¹ for Yinxing. Layer-mean SB was positive at high 615 

levels (1.17 m s⁻¹) and negative at middle and low levels (−1.03 and −1.32 m s⁻¹). MVD 616 

increased from 5.50 m s⁻¹ at high levels to 6.35 and 6.97 m s⁻¹ at middle and low levels, 617 

while SD increased from 3.33 to 3.91 and 3.96 m s⁻¹. The group-mean overall IRX SB, 618 

MVD, and SD were 0.26, 5.75, and 3.55 m s⁻¹ for TY; 0.90, 5.91, and 3.68 m s⁻¹ for 619 

STY; and 0.08, 6.10, and 3.72 m s⁻¹ for SuTY cases. Wutip had the smallest overall 620 

MVD (5.32 m s⁻¹), Gaemi had the largest MVD (6.67 m s⁻¹), and Kong-rey had the 621 

largest SD (4.60 m s⁻¹). Overall, the VIS comparison showed consistently positive SB 622 

and upper-level-dominated sampling, whereas IRX showed smaller overall SB, mixed 623 

bias signs, and a more balanced vertical distribution. 624 

 625 

 626 
Figure 9. Same as Fig. 8, but for the 24 km IRX MAMVs evaluated using products 627 
retrieved within ±10 min of all 24 hourly ERA5 analysis times. 628 
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 629 

 630 

Figure 10. Hourly validation of the 3 km VIS MAMV product against collocated ERA5 631 
reanalysis winds for Super Typhoon Yagi from 3 to 7 September 2024. Results are 632 
shown for (a) all pressure levels, (b) high levels (<400 hPa), (c) middle levels (400–633 
700 hPa), and (d) low levels (>700 hPa). The green solid lines with circles, yellow 634 
dashed lines with triangles, and pink solid lines with squares represent the mean vector 635 
difference (MVD), standard deviation of vector differences (SD), and speed bias (SB), 636 
respectively. The gray shaded areas indicate the number of matched wind-vector pairs, 637 
referenced to the right-hand axis. The horizontal dotted line denotes zero bias. Only 638 

https://doi.org/10.5194/essd-2026-606
Preprint. Discussion started: 18 September 2026
c© Author(s) 2026. CC BY 4.0 License.



 28 

MAMVs retrieved within ±10 min of hourly ERA5 analysis times from 00:00 to 639 
09:00 UTC are included. 640 
 641 
 642 

4.3 Hourly evolution and temporal consistency of MAMV–ERA5 validation 643 

metrics 644 

In addition to the cross-case evaluation presented in Section 4.2, the hourly 645 

evolution of the MAMV–ERA5 validation metrics was examined for Super Typhoon 646 

Yagi. Figures 10 and 11 show the hourly SB, MVD, SD, and number of collocation 647 

pairs for all pressure levels and for the high-, middle-, and low-level subsets. The 648 

corresponding results for the remaining typhoon cases are provided in the Supplement. 649 

Case-wide statistics were calculated from all valid collocation pairs over the complete 650 

Yagi observation period, whereas hourly values were calculated separately for each 651 

available ERA5 analysis time. Discontinuities in the time series indicate periods 652 

without valid collocations. 653 

For the 3 km VIS product, the case-wide SB, MVD, and SD were 1.97, 5.96, and 654 

4.73 m s⁻¹, respectively. The hourly overall MVD ranged from 5.01 to 6.79 m s⁻¹, while 655 

SD ranged from 3.81 to 5.39 m s⁻¹ (Fig. 10a). The overall SB remained positive 656 

throughout the available daytime periods and varied between 0.28 and 3.42 m s⁻¹. High-657 

level samples accounted for the largest proportion of the VIS collocations and therefore 658 

dominated the all-level statistics. The high-level MVD and SD time series varied within 659 

comparatively narrow ranges, whereas the middle- and low-level subsets showed larger 660 

short-term fluctuations and more frequent changes in sample size. The largest middle-661 

level VIS MVD was 11.30 m s⁻¹ at 09:00 UTC on 6 September. At this time, 6715 662 

middle-level collocation pairs were available, compared with 167,803 high-level pairs. 663 

The increase was confined to this period and was not accompanied by a persistent 664 

increase in the all-level MVD. The low-level time series also contained several short-665 

duration increases in MVD and SD, but these changes occurred when substantially 666 

fewer collocation pairs were available than at high levels. Across the complete Yagi 667 

period, the all-level VIS MVD and SD did not show a sustained upward or downward 668 
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trend. 669 

 670 

 671 
Figure 11. Hourly validation of the 24 km IRX MAMV product against collocated 672 
ERA5 reanalysis winds for Super Typhoon Yagi from 3 to 7 September 2024. Results 673 
are presented for (a) all pressure levels, (b) high levels (<400 hPa), (c) middle levels 674 
(400–700 hPa), and (d) low levels (>700 hPa). The green solid lines with circles, yellow 675 
dashed lines with triangles, and pink solid lines with squares denote the mean vector 676 
difference (MVD), standard deviation of vector differences (SD), and speed bias (SB), 677 
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respectively. The gray shaded areas represent the number of matched wind-vector pairs, 678 
referenced to the right-hand axis, and the horizontal dotted line indicates zero bias. 679 
Discontinuities indicate periods without valid MAMV retrievals, primarily due to 680 
missing GHI observations or shifts in the observation domain, because the retrieval 681 
requires three consecutive images covering the same region. MAMVs retrieved within 682 
±10 min of all 24 hourly ERA5 analysis times are included. 683 

 684 

For the 24 km IRX product, the case-wide SB, MVD, and SD were 0.38, 5.96, and 685 

3.56 m s⁻¹, respectively. The hourly overall MVD ranged from 4.49 to 7.02 m s⁻¹, and 686 

SD ranged from 2.78 to 4.38 m s⁻¹ over the day-and-night observation period (Fig. 11a). 687 

In contrast to the consistently positive VIS SB, the hourly overall IRX SB varied 688 

between −1.91 and 4.24 m s⁻¹. Positive values occurred more frequently during the 689 

earlier part of the observation period, whereas negative values occurred more frequently 690 

during the later part. The case-wide IRX SB differed among atmospheric layers. It was 691 

1.52 m s⁻¹ at high levels and −3.17 and −1.92 m s⁻¹ at middle and low levels, 692 

respectively. The corresponding case-wide MVD values were 5.79 m s⁻¹ at high levels 693 

and 6.40 m s⁻¹ at both middle and low levels. The high-level subset contained the largest 694 

number of collocation pairs for most hours and showed relatively continuous temporal 695 

coverage. Middle- and low-level metrics exhibited greater hour-to-hour variability, 696 

together with larger changes in collocation number. Despite changes in the sign and 697 

magnitude of SB, the all-level IRX MVD and SD remained within limited ranges 698 

throughout the available observation period. 699 

Overall, neither product showed a persistent increase in all-level MVD or SD 700 

during the Yagi observation period. The VIS product maintained positive hourly SB and 701 

was dominated by high-level collocations, while the IRX product provided day-and-702 

night coverage and showed contrasting SB signs among atmospheric layers. The hourly 703 

evaluations for the other typhoon cases in the Supplement likewise show case-704 

dependent fluctuations without a common pattern of sustained degradation in MVD or 705 

SD. 706 

 707 

5 Discussion 708 
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The radiosonde and ERA5 comparisons provide complementary evidence for the 709 

reliability of the FY-4B/GHI MAMVs while demonstrating that their enhanced spatial 710 

and temporal sampling is retained across multiple TC cases. Radiosondes provide 711 

independent, vertically resolved measurements but are confined to a limited number of 712 

coastal and island stations and to standard launch times. ERA5 extends the comparison 713 

across the full observation domain and throughout the diurnal cycle, but its hourly fields 714 

cannot represent all mesoscale variability sampled by rapid-scan observations. Against 715 

both references, the VIS and IRX products maintained generally low SB, MVD, and 716 

SD values across the selected storms and atmospheric layers. The hourly evaluation 717 

further showed that MVD and SD remained within comparatively constrained ranges 718 

during Super Typhoon Yagi, with no persistent degradation evident in the other cases 719 

presented in the Supplement. These results indicate that frequent retrieval does not 720 

produce a progressive loss of consistency during multi-day observations. The two 721 

products also provide complementary physical coverage: the 3 km VIS winds densely 722 

sample the daytime upper-tropospheric circulation associated with deep convection and 723 

cirrus outflow, whereas the 24 km IRX winds maintain day-and-night coverage and 724 

provide a larger relative contribution from the middle and lower troposphere. MAMVs 725 

therefore complement conventional observations by filling spatial gaps between 726 

radiosonde stations and documenting circulation changes between sounding launches 727 

and hourly analysis times. 728 

The principal scientific value of this enhanced sampling is its ability to describe 729 

TC wind structures that evolve rapidly and vary strongly with radius, azimuth, and 730 

height. Dense VIS vectors can depict variations in upper-level flow around the central 731 

cloud shield, including the organization and asymmetry of outflow, while sequential 732 

VIS and IRX fields can follow changes in the inner-core cloud system, spiral rainbands, 733 

peripheral circulation, and surrounding environmental flow. Such observations are 734 

relevant to TC motion and intensity because environmental steering controls storm 735 

translation, while the organization of the vortex, rainbands, and upper-level outflow is 736 

closely connected to structural and convective evolution. The increasingly positive 737 

VIS–ERA5 SB from TY to SuTY cases may be consistent with MAMVs retaining 738 
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localized strong-wind signals and sharper gradients that are partly smoothed in coarser 739 

reanalysis fields. Previous studies have shown that reanalysis tend to underrepresent 740 

TC intensity and that ERA5 wind-speed underestimation can become larger for stronger 741 

storms (Hodges et al., 2017; Han et al., 2022; Li et al., 2024; Liu et al., 2025; Malakar 742 

et al., 2020). This interpretation should remain cautious because the intensity groups 743 

are based on the maximum intensity attained during each GHI observation window 744 

rather than the instantaneous intensity of every collocation. Nevertheless, useful 745 

agreement with established references is retained even for intense and structurally 746 

complex storms. In operational applications, frequently updated MAMVs could 747 

strengthen real-time situational awareness, provide additional constraints on 748 

environmental steering and vortex-scale circulation, and identify short-lived structural 749 

adjustments before they are represented in conventional observing cycles. They also 750 

provide spatially distributed winds for model evaluation, vortex initialization, forecast 751 

verification, and data assimilation. Previous FY-4B/GHI assimilation experiments (Xia 752 

et al., 2025) have already demonstrated improvements in analyzed dynamical fields and 753 

TC track forecasts, suggesting that systematically processed multi-case MAMVs could 754 

provide important additional constraints for future TC track, structure, and intensity 755 

prediction. 756 

Several limitations define the appropriate use of the dataset. The 15 storms were 757 

selected from available FY-4B/GHI rapid-scan campaigns and therefore represent a 758 

curated collection rather than a complete climatological record of western North Pacific 759 

and SCS TCs. MAMVs describe the displacement of trackable cloud features and 760 

cannot provide winds in clear-sky regions or beneath optically thick upper clouds. 761 

Consequently, central cloud shields are sampled predominantly at upper levels, while 762 

middle- and lower-level information depends more strongly on peripheral or broken 763 

cloud features. VIS observations are restricted to daylight, whereas IRX provides 764 

continuous temporal coverage at a coarser nominal vector spacing. The assigned 765 

pressure represents the atmospheric level associated with the tracked cloud feature, and 766 

uncertainty remains in multilayer clouds and regions of strong vertical shear; height 767 

assignment is a well-established source of AMV uncertainty (Borde et al., 2014; Posselt 768 
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et al., 2019; Velden and Bedka, 2009). The reference datasets also impose constraints: 769 

radiosonde comparisons are geographically concentrated near islands and coastlines, 770 

while ERA5 cannot independently represent all mesoscale wind variability. Future 771 

work should expand the range of storms, lifecycle stages, seasons, and environmental 772 

regimes; develop vector-level and pressure-dependent uncertainty information; 773 

incorporate additional independent wind observations where available; and conduct 774 

systematic observing-system and forecast experiments. These steps are needed to 775 

quantify how the demonstrated spatial coverage, high update frequency, and temporal 776 

consistency translate into improvements in TC track, intensity, and structural prediction. 777 

It worth noting that with upcoming GHI observations for TC, the MAMVs will be 778 

produced in near real-time, and the new datasets will be added to expand the MAMV 779 

data record to support TC studies. 780 

 781 

6 Data availability 782 

 The 24 km FY-4B/GHI IRX MAMV dataset of 2022–2025 is available at 783 

https://doi.org/10.5281/zenodo.22790846; The 3 km FY-4B/GHI VIS MAMV dataset 784 

of 2022–2023 is available at  https://doi.org/10.5281/zenodo.22791421; The 3 km FY-785 

4B/GHI VIS MAMV dataset of 2024 is available at 786 

https://doi.org/10.5281/zenodo.22791444; The 3 km FY-4B/GHI VIS MAMV dataset 787 

of 2025 is available at  https://doi.org/10.5281/zenodo.22791469  (Xia et al., 2026a, 788 

b, c, d). The relevant data descriptions and usage instructions are attached herein. 789 

 790 

 791 

7 Conclusion 792 

 This study presents a consistently processed FY-4B/GHI MAMV dataset for 15 793 

tropical cyclones over the western North Pacific and South China Sea during 2022–794 

2025. It combines 3 km daytime VIS winds with 24 km day-and-night IRX winds, with 795 

four stable products generated during each recurring 10 min observation cycle. 796 

Representative fields show physically coherent cloud-motion wind structures 797 
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associated with upper-level outflow, spiral rainbands, vortex asymmetry, peripheral 798 

circulation, and coastal-transition processes. Validation against radiosonde 799 

observations and ERA5 reanalysis demonstrates generally consistent wind-speed and 800 

vector agreement across the selected cases. The hourly evaluations further show that 801 

MVD and SD remained within constrained ranges, without a common pattern of 802 

sustained degradation during the available multi-day observation periods. These results 803 

support the reliability and temporal consistency of the quality-screened MAMVs. 804 

The principal contribution of the dataset lies in its combination of dense spatial 805 

sampling and frequent temporal updates. VIS MAMVs provide detailed daytime 806 

sampling of upper-tropospheric cloud-motion winds, whereas IRX MAMVs extend 807 

coverage through the night and offer a more balanced vertical distribution. Together, 808 

the two products complement spatially sparse radiosonde profiles and hourly reanalysis 809 

fields by documenting circulation changes between conventional observation times. 810 

The dataset supports studies of TC structural evolution, upper-level outflow, rainband–811 

vortex interaction, environmental steering, circulation asymmetry, and landfall-related 812 

changes, while also providing spatially distributed winds for model evaluation, forecast 813 

verification, data assimilation, and observing-system experiments. The released 814 

products retain the original wind vectors, vertical assignments, correlation coefficients, 815 

and quality indicators, enabling users to construct application-specific subsets and 816 

apply alternative quality-control strategies. The dataset therefore serves as a reusable 817 

observational resource for TC monitoring, rapid-scan satellite-wind research, and the 818 

development and evaluation of numerical and machine-learning prediction systems. 819 
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