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Abstract

This paper presents a global paired Argo dataset documenting the upper-ocean temperature and salinity
responses to tropical cyclones (TCs) during 2000-2024. The dataset was built by combining the
International Best Track Archive for Climate Stewardship (IBTrACS, v04r01) with the Global Ocean
Argo Scatter Dataset (Version 3.0) provided by the China Argo Real-time Data Center. On top of the
original Argo quality-control flags, we applied a strict secondary screening that retained only profiles
with good quality flags for temperature, salinity, and pressure at every vertical level and with a maximum
sampling depth of at least 1900 m. Each TC location was first matched to candidate floats within an
inclusive 1000 km search envelope, with the archived storm-relative coordinates allowing users to apply
narrower distance thresholds for specific analyses. The two profiles in each pair were further required to
lie within 50 km of each other to suppress horizontal mesoscale aliasing. All retained profiles were
linearly interpolated onto 56 standard depth levels from the surface to 2000 m and rotated into a storm-
relative Cartesian frame in which the TC center is the origin and the translation direction is aligned with

the positive Y axis. The final product contains 3164876 high-quality paired records—2747731 in the
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Northern Hemisphere and 417145 in the Southern Hemisphere—archived as six self-describing netCDF
files separated by hemisphere and time period. Spatial, vertical, and temporal composites confirm that
the dataset reproduces the canonical upper-ocean response to TCs, including the hemispheric mirror
asymmetry of cross-track surface cooling, the concentration of the strongest thermal anomalies within
the upper ~200 m, and a peak sea surface cooling about 2.5 d after passage followed by a 1-2 week
recovery. The salinity response is weaker and less spatially coherent, reflecting the competing effects of
rainfall freshening, vertical mixing, and upwelling. By providing background-field profiles, response-
field profiles, and their precomputed differences in a single analysis-ready record, this dataset
substantially reduces the preprocessing burden for studies of TC—ocean interaction, upper-ocean heat and
salt budgets, mixed-layer and near-inertial processes, and the evaluation of coupled ocean—atmosphere
models. The  dataset and  associated  data-generation code are available at

https://doi.org/10.6084/m9.figshare.32820563 (Wang et al., 2026b).

1 Introduction

Tropical cyclones (TCs) are among the most energetic air—sea coupled phenomena on Earth, and their
passage rapidly reorganizes the thermal and haline structure of the upper ocean (Xu et al., 2024; Falor et
al., 2024; DeMaria et al., 2013). Strong TC winds drive near-inertial shear, entrainment, and Ekman-
pumping-induced upwelling that cool the sea surface, warm the subsurface, and modify surface salinity,
with these changes in turn feeding back on storm intensity, air—sea heat and moisture fluxes, mixed-layer
depth, and the subsequent re-stratification of the upper ocean (Zhang et al., 2021; Jacob et al., 2000; Shay,
2010; Price, 1981; Shay et al., 2011; Qiu et al., 2019). Recent modeling work further shows that storm
size, commonly represented by the 34-kt wind radius, can strongly modulate both the magnitude and
spatial extent of TC-induced SST cooling, with vertical mixing remaining the dominant cooling process
(Liu et al., 2025). Because these responses couple directly to storm intensification, ocean heat uptake,
and transient upper-ocean variability (Wang et al., 2016; Wang et al., 2022; Jiang et al., 2023), a
systematic, globally distributed observational description of the paired background- and response-field
ocean state is essential for both process studies and the evaluation of coupled ocean—atmosphere models.

Recent drifter-based analyses further show that storm-local SSTs beneath TCs are warming rapidly and
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that in situ estimates of TC-induced inner-core cooling can be substantially weaker than microwave-
satellite estimates, underscoring the need for reliable in situ benchmarks of TC—ocean feedbacks (Guan
etal., 2026).

No single observing platform can produce such a description on its own. Satellite remote sensing
provides near-global and temporally continuous coverage, but it is fundamentally restricted to the ocean
surface and cannot directly resolve the vertical temperature and salinity structure that governs the TC-
induced response (Sun et al., 2021b; Stiles et al., 2020). Moored arrays, research cruises, airborne
expendable probes, unmanned platforms, and targeted field campaigns have produced some of the most
detailed process-level insights into TC—ocean interaction (Zhang et al., 2016; Aberson et al., 2006; Zhang
et al., 2024a). Recent moored-array data products from the northern South China Sea, including the
MASCS 1.0 cross-shaped array during 2014-2015 and a triangle-shaped array during 2016, further
demonstrate the value of synchronous atmospheric and oceanic observations for resolving air—sea fluxes,
internal waves, low-frequency flows, and TC-related ocean responses (Zhang et al., 2024a; Zhang et al.,
2026; Zhao et al., 2025; Zhang et al., 2024b). Nevertheless, such observations are typically concentrated
in specific basins, arrays, or storms, and are therefore too sparse to sustain a unified multi-storm statistical
synthesis at the global scale (Stiles et al., 2020; Rogers, 2021; Hristova-Veleva et al., 2020). Consequently,
a long-term, globally distributed three-dimensional characterization of the TC-induced ocean response
continues to rely on profile-based in situ observations capable of resolving both temperature and salinity
from the surface into the main thermocline and below (Domingues et al., 2019; Hu et al., 2024).

The global Argo array has fundamentally changed this situation by providing standardized, quasi-
uniformly distributed temperature and salinity profiles from the sea surface to 2000 m (Jayne et al., 2017,
Roemmich et al., 2019). Its long-term, multi-decadal, multidisciplinary coverage has enabled studies of
TC-ocean interaction to transition from individual case analyses to genuinely statistical, global-scale
investigations (Roemmich et al., 2019; Roemmich et al., 2009; Liu et al., 2021). Using Argo data, Cheng
et al. (2015) produced an early global footprint of TC-induced upper-ocean thermal change by
compositing background- and response-field profiles. More recent analyses have extended such
approaches to explicitly resolve hemispheric contrasts, salinity variability, and the stratification-

dependent response (Han et al., 2024, 2025; Sala et al., 2024; Steffen and Bourassa, 2018), while
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complementary satellite and in situ studies have shown that the salinity signature, though noisier than
the thermal one, carries first-order information about rainfall freshening, vertical mixing, upwelling,
horizontal advection, and barrier-layer modulation of storm intensification (Balaguru et al., 2012; Reul
etal., 2021; Guan et al., 2025).

Despite this progress, what the community has accumulated so far is mostly a set of published research
results rather than a reusable data product. First, the majority of Argo-based TC—ocean studies stop at the
stage of composite analysis, and the underlying paired records are seldom released in an analysis-ready
form that subsequent users can directly ingest (Cheng et al., 2015). Second, the focus of existing work is
heavily skewed toward the thermal response, so a systematic archive that documents temperature and
salinity responses with equal rigour — and that preserves the full background- and response-field profile
pairs rather than only derived composites — is still lacking (Park et al., 2023). Third, existing studies
differ substantially in their choice of time span, search radius, pairing time windows, quality control
thresholds, and definitions of the storm-relative coordinate system (DeMaria et al., 2013). These
methodological inconsistencies make it difficult for users to cross-compare results or to build cumulative
knowledge across the literature. As a result, researchers who wish to perform their own composite
analyses, heat- and salt-budget estimates, or model evaluations currently have to repeat the full workflow
of profile screening, spatiotemporal pairing, interpolation, and coordinate transformation — an effort
that consumes a disproportionate share of each new study.

Motivated by this gap, we present a global paired Argo dataset of ocean temperature and salinity
responses to tropical cyclones for 2000-2024, constructed by combining the IBTrACS best-track archive
(Knapp et al., 2010) with the Global Ocean Argo Scatter Dataset (Version 3.0) provided by the China
Argo Real-time Data Center. On top of the original Argo quality-control flags we apply a strict secondary
screening, and we adopt a uniform spatiotemporal pairing protocol that associates each TC location with
its matched background-field and response-field profiles. All retained profiles are interpolated onto 56
standard levels from the surface to 2000 m and transformed into a storm-relative coordinate system to
enable direct composite analysis. The final product is archived as six netCDF files split by hemisphere
and by period, with background-field profiles, response-field profiles, and their precomputed differences

all provided in a single record, so that users can proceed directly to scientific analysis without repeating
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the download, screening, pairing, or preprocessing themselves. This dataset is intended to reduce the
substantial effort required for screening, pairing, and preprocessing in situ observations, and to provide
an analysis-ready benchmark for studies of TC—ocean interaction, upper-ocean heat and salt changes,

mixed-layer and near-inertial processes, and the evaluation of coupled air—sea models.

2 Dataset description

2.1 Data source

The global TC best-track data used in this study were obtained from the International Best Track Archive
for Climate Stewardship (IBTrACS) version v04r01 (Knapp et al., 2010; Gahtan et al., 2024). To
accurately characterize TC properties and trajectories, the storm center coordinates, maximum sustained
wind speed, translation speed, and translation direction were extracted at 3-hour intervals for the period
2000-2024. In the paired Argo netCDF files, the Wind variable preferentially adopts USA_WIND from
IBTrACS; when USA_WIND is missing, it is supplemented with TOKYO_WIND, which is converted
from a 10-min sustained wind to an equivalent 1-min maximum sustained wind following Harper et al.
(2010).

The corresponding ocean profile data were acquired from the Global Ocean Argo Scatter Dataset
(Version 3.0), provided by the China Argo Real-time Data Center (CARDC). CARDC operationally
aggregates temperature, salinity, and pressure measurements from autonomous profiling floats deployed
worldwide and applies a standardized real-time and delayed-mode quality-control protocol consistent
with the international Argo program (Wong et al., 2020). The combination of these two independent
datasets enables a globally consistent identification of paired Argo profiles along TC tracks and supports
a uniform investigation of the associated thermal and haline responses. Detailed definitions of all

archived variables are provided in Table S5 of the Supplementary Material.

2.2 Quality control and Argo pairing workflow

Constructing the paired record set required that every retained profile (i) sampled most of the upper 2000
m water column, with the deepest valid measurement reaching at least 1900 m; values on the standard

depth grid were then obtained by linear interpolation, with limited extrapolation applied near the deepest
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levels where necessary; (ii) carried reliable temperature and salinity values at every standard level; and
(iii) was matched to a single TC location through both a background-field and a response-field
observation that satisfied the prescribed spatiotemporal pairing criteria. The workflow used to enforce
these requirements is summarized in Fig. 1; it combines profile-level screening with a spatiotemporal
pairing protocol.

CARDC profiles are already subject to the standard real-time and delayed-mode quality control of the
international Argo program. We then applied two further filters. First, a profile was kept only if its
temperature, salinity, and pressure quality-control flags equaled 1 (“good”) at every vertical level from
the surface to the deepest observation. The definitions of the quality-control flags are provided in the
ARGO User’s Manual, Version 3.44.0 (Argo data management, 2025). Profiles containing any non-1
flag, any sentinel fill value (e.g., -999.999), or any missing record at any level were discarded as a whole;
partial truncation would otherwise have introduced depth-dependent sampling biases into the subsequent
vertical compositing. Second, only profiles whose deepest valid measurement reached at least 1900 m
were retained, so that the surface mixed layer, the main thermocline, and the upper intermediate water
could be analyzed on a common vertical grid.

Profiles passing this screening were matched to IBTrACS TC track points, which are recorded at 3 h
intervals for 2000-2024. In this pairing step, we retained all available IBTrACS TC location points rather
than preselecting cases by storm intensity, storm size, basin, or life-cycle stage. The purpose of this
inclusive design was to preserve a broad parent archive and to maximize the number of potential TC—
Argo pairs. Users can therefore apply their own filters after downloading the dataset, for example by TC
intensity, radial distance, relative time, basin, or other criteria suited to their specific applications. For
each TC location, all qualified profiles within 1000 km of the storm center were taken as candidates. The
1000 km radius was used as an inclusive search envelope rather than as a prescribed analysis scale. Our
aim was to retain a broad parent set of potentially relevant TC—Argo matches, while leaving users free
to impose stricter distance criteria for their own applications. To support this flexibility, the archived files
include the storm-relative cross-track and along-track coordinates of both the background-field and
response-field profiles, so that users can readily subset the records by radial distance, cross-track distance,

along-track distance, or any combination of these variables. Thus, the 1000 km threshold defines the
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outer boundary of the archive, not the spatial scale at which all subsequent analyses must be performed.
Earlier studies have sometimes used a dynamic radius scaled to the 50-knot wind extent, but that field is
largely missing from pre-2003 IBTrACS records, particularly in the Southern Hemisphere; a fixed 1000
km radius therefore preserves the early years and yields continuous global coverage. Two non-
overlapping temporal windows were then defined relative to TC passage. The background-field window
covers 10 to 4 days prior to passage and is intended to capture an undisturbed background state, free of
contamination by the storm's outer rainbands or peripheral winds. The response-field window covers 3
days prior to 35 days after passage, long enough to span both the earliest ocean adjustment and the
subsequent multi-week recovery. We therefore refer to this second window as the response field rather
than as a field defined only by samples following TC passage. A TC location was accepted as a candidate
only when at least one profile fell within each window.

For every surviving candidate pair, the great-circle distance between the background-field and response-
field observation locations was further required to be less than 50 km. This spatial proximity criterion
was used to reduce the influence of horizontal sampling differences and mesoscale variability on the
paired anomalies (Wu and Chen, 2012).

Starting from 2910954 raw Argo profiles archived between January 1999 and February 2025, the
workflow produced 3164876 paired records, each consisting of one background-field profile and one
response-field profile associated with a single TC location. The background-field screening retained
1027158 unique Argo profiles, while the response-field screening retained 2207518 unique Argo profiles.
Because the same Argo profile can be matched to multiple TC location points, the final number of Argo
pairs is larger than the number of raw Argo profiles. Each retained pair was then transformed into a TC-

relative Cartesian frame and interpolated onto a common 56-level vertical grid, as described in Sect. 2.3.
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Figure 1. Flowchart of the data quality control and Argo—TC pairing workflow used to construct the paired Argo
dataset. The upper portion shows the per-profile quality control procedure that yields the qualified Argo profile

pool, and the lower portion shows the spatiotemporal pairing procedure that produces the final paired TC—Argo
records. White rectangles denote filtering or processing steps, gray diamonds denote decision points, and blue

capsules highlight the qualified profile pool and the final paired record set. In the quality control decision
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diamonds, T, S, and P denote the temperature, salinity, and pressure profiles, respectively, and “flag” refers to the

per-observation quality indicator variable archived in the original Argo data files.

2.3 Coordinate rotation and variable interpolation

To standardize the analytical framework and to expose well-known features such as the rightward
(leftward) bias of the cooling response in the Northern (Southern) Hemisphere, the original geographic
coordinates of each retained Argo float were transformed into a TC-relative Cartesian frame. For every
paired record, the longitudinal and latitudinal offsets between the float and the TC center were first
computed; this relative position vector was then rotated clockwise so that the instantaneous TC
translation direction coincides with the positive Y axis (i.e., due north in the rotated frame). After the
rotation, the new coordinate variables X and Y (Table S5) represent the cross-track and along-track
distances, respectively, with the TC center fixed at the origin. This rotation removes the heterogeneity
introduced by the storm’s actual heading and provides a consistent reference frame for all subsequent
composite analyses. In the vertical, every retained profile was linearly interpolated onto 56 common

depth levels from the sea surface to 2000 m, yielding a uniform vertical grid across the entire dataset.

2.4 Archived dataset structure and usage guide

To facilitate direct use in studies of TC-induced ocean thermal and salinity responses, the final paired
dataset was archived in six netCDF files. The files are separated by hemisphere (Northern Hemisphere
and Southern Hemisphere) and by time period (2000-2009, 2010-2019, and 2020-2024). This file
organization preserves the full global coverage of the dataset while keeping the size of each file
manageable for download, reading, and subsequent analysis.

Each file is organized by paired record. A record represents one TC track point and its associated
background-field and response-field Argo profiles. The archived variables include TC metadata, profile
identifiers, observation times, geographic locations, storm-relative positions, relative sampling times,
and the vertically gridded temperature and salinity fields. The anomaly variables, Temp_dif and Salt_dif,
are defined as the response-field profile minus the corresponding background-field profile. Thus,
negative temperature anomalies indicate TC-induced cooling, whereas positive salinity anomalies

indicate response-field salinification.
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Because the quality control, TC—Argo pairing, coordinate transformation, and vertical interpolation have
already been applied as described in Sects. 2.2 and 2.3, users can directly subset the files by hemisphere,
basin, storm intensity, relative time, storm-relative position, or depth for composite and statistical
analyses. Detailed variable names, units, dimensions, and descriptions are provided in Table S5 of the
Supplementary Material. In particular, users who require a more conservative definition of the TC-
affected region can apply additional spatial or vertical constraints using the archived X, Y, and Depth
variables. For example, analyses focused on the inner cold wake may be restricted to profiles within a
few hundred kilometers of the track and to the upper ocean, whereas studies of broader upper-ocean
adjustment or background variability may retain a larger spatial domain or deeper layers. We therefore
recommend that users choose the spatial and vertical subsets according to the scientific question being

addressed, rather than treating the 1000 km archive limit as a universal analysis radius.

3 Technical validation

3.1 Overview of the dataset

Because the pairing window spans from 10 d before tropical cyclone passage to 35 d after TC passage,
original Argo files from January 1999 to February 2025 were examined to ensure complete coverage of
TC events during 2000-2024. In total, 2910954 original Argo files were screened. After applying the
pairing method and the strict quality control procedures described in Sect. 2, 3164876 high-quality paired
Argo profiles were retained, including 2747731 pairs in the Northern Hemisphere and 417145 pairs in
the Southern Hemisphere (Table 1; Fig. 2).

As the global Argo observing system expanded and the number of floats increased, the coverage of TCs
by paired Argo profiles rose markedly. The annual ratio of TCs with paired Argo profiles to the total
number of TCs increased from only 2.65% in 2000 to 95%—-100% in recent years (Figure 3, Tables S1
and S2). This broad and stable coverage provides a robust observational basis for analyses of TC-induced
ocean thermal and salinity responses, as well as related multiscale physical ocean processes. Furthermore,
as shown in Figure 3, Tables S3 and S4, the monthly distribution of paired Argo profiles exhibits a clear
seasonal cycle. In the Northern Hemisphere, more paired profiles are found in boreal summer and autumn,

whereas in the Southern Hemisphere they are concentrated mainly in boreal winter to spring,
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corresponding to austral summer to autumn. This pattern is consistent with the seasonal cycle of tropical
cyclone activity, because TC genesis is generally favored over warm ocean surfaces and is classically
associated with sea surface temperatures above about 26.5 °C (Gray, 1968; McTaggart-Cowan et al.,
2015). The monthly variability of the paired sample therefore largely mirrors the hemispheric contrast in

seasonal TC activity.

Table 1. Number of Argo profile pairs archived in each netCDF file

Time band (years) Northern hemisphere Southern hemisphere
2000-2009 240262 54863
2010-2019 1873517 257599
2020-2024 633952 104683

2747731 417145
Total
3164876

The spatial distribution of TC track points and paired Argo profiles (Fig. 2) reveals significant
hemispheric and basin-scale heterogeneity. While Fig. 2a shows all global TC tracks (2000-2024) from
IBTrACS, Fig. 2b specifically highlights the Argo profiles that met our rigorous pairing and quality
control criteria. At the hemispheric scale, paired samples are predominantly concentrated in the Northern
Hemisphere (NH). This pattern aligns with the climatological distribution of TC activity; historical
records indicate that approximately two-thirds of global TCs occur in the NH (Knapp et al., 2010; Wang
et al., 2019). Furthermore, the NH benefits from a more mature and denser Argo array, particularly in the
North Pacific and North Atlantic, whereas the Southern Ocean remains relatively under-sampled (Riser
et al., 2016). Consequently, the synergy of higher storm frequency and superior observational density
leads to a larger sample size in the NH (Fig. 3b, c).

On a basin scale, the western North Pacific exhibits the highest density of both TC tracks and paired
Argo profiles. As the world’s most prolific TC basin, it accounts for nearly one-third of global annual
genesis (Maue, 2011). The abundance of data in this region reflects both the intense natural storm activity

and the robust deployment of Argo floats in the tropical and subtropical Pacific (Roemmich et al., 2019).
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Overall, the dataset’s distribution is a joint product of TC climatology and the evolving spatial coverage

of the Argo program.
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Figure 2. Spatial distribution of (a) global tropical cyclone track points and (b) Argo profile pairs associated with
tropical cyclones within 1000 km during 2000-2024. In panel (a), the contours represent TC track-point density. In
panel (b), the contours represent Argo profile density, with red points indicating background-field Argo locations

and blue points indicating response-field Argo locations.
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Figure 3. Annual and monthly variations in the counts of Argo pairs, total TC, and tropical cyclones associated
with Argo pairs (TC_Argo) for the globe, Northern Hemisphere (NH), and Southern Hemisphere (SH). Panels (a)—
(c) present the annual counts for the globe, NH, and SH, respectively, while panels (d)—(f) present the
corresponding monthly counts. Here, Argo represents the number of Argo pairs, TC_Argo represents the number of

tropical cyclones with matched Argo pair observations, and TC represents the total number of tropical cyclones.

Figure 4 shows the spatial distribution of paired Argo records in the six archived netCDF files in the TC-
relative coordinate system defined by X argo_re and Y _argo_re. In this system, the TC center is set as
the origin and the TC translation direction is aligned with the positive Y axis. Because the distance
between the background-field and response-field Argo locations in each pair is less than 50 km, only the
response-field Argo positions are plotted, but they can represent the distribution of the full paired dataset.
All samples are located within 1000 km of the TC center, indicating that the coordinate transformation
is consistent with the pairing radius used in this study. The overall pattern is consistent with Figures 2
and 3, with substantially more paired Argo records in the NH than in the SH. Among the six files, the
two files covering 2010-2019 contain the largest number of records, reflecting both the longer 10-year

period and the rapid expansion of the global Argo observing system during this stage.
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Figure 4. Spatial distribution of paired Argo records archived in the six netCDF files in the TC-relative coordinate
system. The coordinates are given by the variables X argo re and Y _argo_re, in which the TC center is set as the
origin and the TC translation direction is aligned with the positive Y axis. Panels (a—c) show the distributions for
the three Northern Hemisphere netCDF files, and panels (d—f) show those for the three Southern Hemisphere
netCDF files. Because the distance between the background-field and response-field Argo profile locations in each
pair is less than 50 km, only the response-field Argo locations are plotted to represent the spatial distribution of the

full paired Argo dataset.

3.2 Spatial validation of the archived dataset

To assess whether the archived dataset faithfully captures the canonical upper-ocean response to TCs,
and to verify the usability and correctness of the variables, we conducted validations using three
complementary approaches. In the Supplementary Material, we present anomalies calculated manually
by subtracting the undisturbed background field (averaged over the -10 to -4 d background window, using
Temp_ba and Salt ba) from the response-field observations (7emp re and Salt re). These manually
derived results (e.g., Figs. S1, S4, S6, and S8) exhibit negligible differences from the composites
generated directly using the precomputed anomaly variables (7emp_dif and Salt dif) archived in the
dataset (Figs. S3, S5, and S7). This consistency shows the correctness of the dataset variables. We also

compared the Argo-based surface composites with independent sea surface temperature fields from
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Remote Sensing Systems (REMSS) and salinity fields from the Copernicus Marine Service product
cmems_mod_glo phy my 0.083deg P1D-m; the broadly consistent surface cooling and salinity-
response patterns provide additional support for the reliability and usability of the archived Argo dataset
(Fig. S2). Consequently, to maintain conciseness, the analyses presented in the main text exclusively
utilize the precomputed ““_dif” variables. Detailed cross-validations utilizing the independently computed
“ ba” and “_re” variables are provided in the Supplementary Material and are not reiterated in the main
text.

Following this, we selected samples with Relative_time_re € [0, 7] d, and directly composited them in
the storm-relative coordinate system defined by X argo re and Y argo re (Fig. 5). Although the
archived dataset retains records out to 1000 km from the TC center, the validation analyses below use
the storm-relative coordinates to focus on narrower domains that are most relevant to the upper-ocean
response, such as profiles close to the storm track for the vertical sections and within £300 km for the
cross-track temporal composites. In this framework, the TC center is set as the origin and the translation
direction is aligned with the positive Y axis. This approach allows Fig. 5 to focus specifically on the early
upper-ocean response within 0—7 days after TC passage. The sea surface temperature (SST) composites
show clear negative anomalies near and behind the storm center in both hemispheres, indicating robust
TC-induced surface cooling (Fig. 5a, b). A distinct hemispheric asymmetry is also evident: cooling is
stronger on the right-hand side of the track in the Northern Hemisphere, where the maximum cooling
reaches -4.55 °C, but on the left-hand side in the Southern Hemisphere, where the maximum cooling
reaches -4.59 °C. This pattern is consistent with the well-established asymmetric upper-ocean response
to TC wind forcing, in which the resonance between rotating wind stress and near-inertial currents,
together with stronger effective wind forcing on the right (left) side of the storm track in the Northern
(Southern) Hemisphere, enhances vertical mixing and entrainment there (Price, 1981; D'Asaro et al.,
2007; D'Asaro et al., 2014; Mei and Pasquero, 2013). The SST structure in Fig. 5 therefore reproduces
the canonical thermal signature of TC-ocean interaction and supports the physical reliability of the
archived dataset. Radius-threshold sensitivity tests using 300, 500, and 1000 km domains show that the
main composite SST pattern and peak cooling are stable, indicating that the radial threshold has little

effect on the composite conclusions (Table S6).
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In contrast, the sea surface salinity (SSS) composites are weaker and less spatially coherent than their
SST counterparts (Fig. Sc, d). After TC passage, SSS in the Northern Hemisphere can increase by up to
0.62 PSU or decrease by up to 0.75 PSU. Meanwhile, in the Southern Hemisphere, SSS can increase by
up to 0.84 PSU or decrease by up to 0.54 PSU. This feature is more likely a reflection of the intrinsic
complexity of salinity response than a simple limitation of the dataset. Unlike SST, whose response is
largely controlled by entrainment cooling and therefore tends to exhibit a relatively stable sign and
structure (D'Asaro et al., 2007; He et al., 2023; Wang et al., 2024; Wang and Xiu, 2022; Mei and Pasquero,
2013), the SSS response reflects the combined effects of rainfall freshening, evaporation, vertical mixing,
upwelling of subsurface water, and horizontal advection of surrounding water masses (Liu et al., 2007,
Fu et al.,, 2014; Reul et al., 2021). For example, recent observations and numerical experiments over the
Changjiang River Plume showed that TC-induced vertical mixing can consistently increase surface
salinity, whereas horizontal advection may either enhance or offset salinification depending on local
salinity gradients and surface currents (Guan et al., 2025). As a result, TC-induced surface salinity
anomalies are much more sensitive to regional hydrography, background salinity stratification, river-
plume influence, and the stage of response evolution (Qiu et al., 2019; Zhang et al., 2021; Jourdain et al.,
2013). Previous studies have shown that the sea surface often freshens during or shortly after TC passage
because of heavy rainfall, but this signal may later be offset or even reversed when vertical mixing and
upwelling bring saltier subsurface water upward (Reul et al., 2021; Sun et al., 2021a). Because of this
competition among processes and its strong phase dependence, the SSS response is inherently less
uniform than the SST response, even within the 0—7 day period considered here. In other words, the
relatively diffuse SSS pattern in Fig. 5 does not imply that the dataset fails to capture salinity variability;
rather, it suggests that TC-induced surface salinity changes are intrinsically less stable and less spatially

consistent than temperature changes.
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Figure 5. Composite distributions of TC-induced sea surface temperature (SST) and sea surface salinity (SSS)
anomalies derived from the archived netCDF dataset. Panels (a) and (b) show SST anomalies (°C) in the Northern
Hemisphere and Southern Hemisphere, respectively, and panels (c) and (d) show SSS anomalies (PSU) for the
corresponding hemispheres. The anomalies are directly obtained from the precomputed variables Temp_dif and
Salt_dif'in the netCDF files, defined as response field minus background field values. The distributions are
presented in the TC-relative coordinate system, where the TC center is set as the origin and the translation

direction is aligned with the positive Y axis.

Figures 6, 7, S3, and S5 were composited directly using the Temp_dif, Salt_dif, and Depth variables from
the archived Argo dataset. The results shown were obtained by directly averaging the temperature and
salinity profiles within 100 km of the corresponding tracks based on X argo re and Y _argo_re. The
results indicate that the dominant temperature response following a TC passage remains concentrated in

the upper ocean. The clearest negative temperature anomalies are primarily confined to the upper 200 m
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below the sea surface, and are most pronounced near the TC center and its adjacent track region.
Specifically, in the along-track direction, negative temperature anomalies reach -0.82 °C in the Northern
Hemisphere and -0.69 °C in the Southern Hemisphere (Fig. 6a, b). In the cross-track direction, these
anomalies reach -1.13 °C in the Northern Hemisphere and -0.84 °C in the Southern Hemisphere (Fig. 7a,
b). The along-track profiles show that upper-ocean cooling is the most robust common signal, while a
weaker compensatory warm anomaly is visible in the subsurface (Fig. 6a, b). Furthermore, the cross-
track profiles reveal a distinct mirror-image asymmetry in the temperature responses between the two
hemispheres; that is, the strongest cooling is located on opposite sides of the track (Fig. 7a, b). This
structure is consistent with previous findings based on Argo composites, mooring observations, and case
studies: TC passage typically results in the coexistence of surface cooling, subsurface warming, or deeper
upwelling-induced cooling, with the responses biased toward opposite sides in the two hemispheres
(Cheng et al., 2015; Zhang et al., 2016; Zhang, 2023; Han et al., 2024, 2025).

Furthermore, the composited salinity signal is notably weaker than the temperature signal and more
frequently exhibits an out-of-phase vertical structure, characterized by opposite signs between the surface
and subsurface. This is a typical manifestation of the salinity response to TCs being more complex than
the temperature response. After TC passage, within the upper 200 m, the maximum salinity anomalies
reach +0.16 PSU and -0.07 PSU in the Northern Hemisphere (Figs. 6¢, 7c). Meanwhile, in the Southern
Hemisphere, the maximum salinity anomalies reach +0.07 PSU and -0.09 PSU (Figs. 6d, 7d). This occurs
because salinity changes are jointly controlled by precipitation-induced freshening, vertical mixing,
upwelling, and background salinity stratification (Sala et al., 2024). Consequently, the composited
salinity signals are generally less continuous and coherent than the temperature signals. Figures S3 and
S5 in the Supplementary Material further demonstrate that extending the analysis depth from 1000 m to
2000 m does not alter the primary conclusions. The most coherent salinity anomalies remain concentrated
in the upper ocean, whereas signals below 1000 m weaken significantly and become scattered. This is
consistent with existing studies suggesting that while deep-ocean responses can occur, they are typically
weaker and more localized (Steffen and Bourassa, 2018; Qiu et al., 2019; Sala et al., 2024; Zhang et al.,
2022; Han et al., 2025). This agreement further supports the physical reliability of this data product.

Additionally, both temperature and salinity profiles exhibit discrete columnar extrema within the 1000—
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2000 m depth range (Figs. S3, S5). This may be due to the spatial overlap of the primary upwelling peaks
of different baroclinic modes following TC passage; such multimodal phase alignment induces a vertical
columnar upwelling structure (Furue et al., 2024; Zhang et al., 2022). Overall, the downward propagation
of TC-generated near-inertial internal waves, the columnar vertical responses triggered by inertial
pumping, and enhanced near-bottom turbulent mixing collectively contribute to the formation of these
discrete, strong anomalous signals in the 10002000 m deep layer (Furue et al., 2024; Zhang et al., 2024c;

van Haren et al., 2020).
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Figure 6. Composite depth—distance sections of TC-induced temperature and salinity anomalies along the TC track
in the Northern Hemisphere and Southern Hemisphere. Panels (a) and (c) show temperature and salinity anomalies
in the Northern Hemisphere, respectively, and panels (b) and (d) show the corresponding anomalies in the
Southern Hemisphere. The anomalies are directly obtained from the precomputed variables Temp_dif and Salt_dif
in the netCDF files, defined as response field minus background field values. The y axis denotes depth from 0 to
1000 m, and the x axis denotes along-track distance relative to the TC center (km), with positive values indicating

the region ahead of the TC and negative values indicating the region behind the TC.
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Figure 7. Same as Fig. 6, but for composite sections in the cross-track direction relative to the TC track; negative

and positive distances denote the left and right sides of the track, respectively.

3.3 Temporal validation of the archived dataset

Figure 8 evaluates the capability of the archived dataset to capture the temporal evolution of tropical
cyclone-induced ocean responses. In both hemispheres, temperature anomalies remain generally close to
zero prior to TC passage, confirming that the [-10, -4] day background-field matching window used in
this study stably reflects the undisturbed ocean background state. Following TC passage, significant
cooling rapidly emerges in the upper ocean of both hemispheres; this cooling signal is primarily
concentrated within the upper 200 m of the water column and exhibits a gradual weakening recovery
trend over the subsequent month. This temporal evolution is consistent with the canonical paradigm
wherein vertical confinement, wind stress-driven near-inertial shear entrainment, and vertical mixing act
as the dominant mechanisms (Price, 1981; D'Asaro et al., 2007; Zhang et al., 2021). Further comparison
with Fig. S7, which extends the depth range to 0—2000 m, reveals that the primary temperature response
features identified in Fig. 8 remain robust, meaning the significant anomalies are still mainly
concentrated within the upper ~200 m. In comparison, only scattered and intermittent weak anomalous
signals appear in the 1000-2000 m depth range, indicating that while deep-ocean responses exist, their
continuity and overall contribution are markedly weaker than those in the upper ocean. Furthermore, the

salinity anomalies are weaker in both magnitude and temporal continuity than the temperature anomalies,
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and opposite signs can appear between the surface and subsurface layers. This pattern reflects that the
TC-induced ocean salinity budget is not governed by a single process, but is rather a combined response
to precipitation-induced freshening, vertical mixing, upwelling, and background salinity stratification
(Fu et al., 2014; Reul et al., 2021; Sun et al., 2021a). The temporal evolution and vertical structural
features presented in Fig. 8 mutually corroborate the spatial composite results in Figs. 5 to 7, further
supporting the physical reliability of this dataset in characterizing TC-induced upper-ocean temperature

and salinity responses at the global scale.
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Figure 8. Temporal evolution of TC-induced temperature and salinity anomalies within 0-1000 m from 3 days
before to 35 days after tropical cyclone passage in the Northern Hemisphere and Southern Hemisphere. Panels (a)
and (b) show temperature anomalies (°C) in the Northern Hemisphere and Southern Hemisphere, respectively, and
panels (c) and (d) show the corresponding salinity anomalies (PSU). The anomalies are directly obtained from the

precomputed variables Temp_dif and Salt_dif in the netCDF files, defined as response field minus background field

values. The vertical dashed line marks the time of TC passage.

Figure 9 illustrates the joint spatio-temporal evolution of TC-induced SST and SSS anomalies in the

cross-track—time plane from 3 days before to 35 days after TC passage. This surface evolution is also
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consistent with recent drifter-based evidence that storm-local cooling should be evaluated with in situ
observations because satellite-based cold-wake estimates may overestimate inner-core cooling under
storm conditions (Guan et al., 2026). SST cooling exhibits a pronounced temporal lag in both
hemispheres: the maximum cooling in the Northern Hemisphere (approximately -1.02 °C) occurs
roughly 2.5 days after TC passage at ~30 km to the right of the track, while the Southern Hemisphere
peak (approximately -0.90 °C) is reached at a comparable post-passage lag but is displaced ~130 km to
the left of the track. This ~2—-3 day peak lag is highly consistent with the SST response timescales
revealed by satellite and in situ observations, reflecting the finite time required for near-inertial wind
shear-driven turbulent mixing to sufficiently erode the thermocline and fully cool the surface (Dare and
McBride, 2011; Vincent et al., 2012a; Wang et al., 2026a; Wang and Xiu, 2022). The cross-track
asymmetry—with the cooling signal biased toward the right (left) of the track in the Northern (Southern)
Hemisphere—is a classic manifestation of Coriolis-modulated resonance between the rotating wind
stress and near-inertial currents, which amplifies vertical mixing on the stronger-forcing side (Gill, 1984;
Price, 1981; Ma et al., 2023).

Subsequently, the cold SST anomalies gradually attenuate over approximately 1-2 weeks following TC
passage, consistent with upper-ocean heat re-injection and re-stratification (Vincent et al., 2012b).
Notably, following this recovery phase, a distinct anomalous warming (positive SST anomalies > 1.0 °C,
visible as the prominent red patch in Fig. 9a) emerges in the Northern Hemisphere roughly 15 to 30 days
post-passage. This post-cyclone “warming overshoot” is primarily driven by the rapid solar heating of a
newly formed, shallow, re-stratified surface mixed layer under clear-sky conditions during recovery
(Price et al., 2008; Mei and Pasquero, 2013; Pasquero and Emanuel, 2008; Pasquero et al., 2021).
Furthermore, as indicated by the corresponding delayed freshening (negative SSS anomalies) in Fig. 9c,
the enhanced salinity stratification effectively traps the incoming shortwave radiation within a thinner
surface layer, further amplifying the warming signal (Balaguru et al., 2012; Reul et al., 2014). In contrast,
the overall SSS response is notably weaker and spatially more diffuse: the Northern Hemisphere displays
a maximum salinification of ~0.13 PSU at ~30 km to the right of the track and ~1.5 days post-passage,
whereas the Southern Hemisphere exhibits only ~0.026 PSU at ~150 km to the left of the track and ~4.5

days post-passage. The cross-track positions of peak salinification broadly coincide with those of
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maximum SST cooling in both hemispheres, suggesting a shared vertical-mixing-dominated driving

mechanism. Nevertheless, the SSS response is systematically weaker, more delayed, and exhibits greater

hemispheric contrast. This reflects the complex competing effects among precipitation-induced

freshening, upwelling, and background salinity stratification (Reul et al., 2021; Jourdain et al., 2013), as

well as the distinct freshwater forcing environments between the two hemispheres.
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Figure 9. Spatio-temporal evolution of TC-induced SST and SSS anomalies in the cross-track—time plane from 3
days before to 35 days after TC passage. Panels (a) and (b) show SST anomalies (°C) within +300 km of the TC
track for the Northern and Southern Hemispheres, respectively; panels (c) and (d) show the corresponding SSS
anomalies (PSU). The horizontal black dashed line marks the TC track center (zero cross-track distance), with
negative (positive) values denoting distances to the left (right) of the track. The vertical black dashed line marks
the time of TC passage (day 0). The gray horizontal and vertical dashed lines indicate the cross-track position and

the number of days after TC passage at which the maximum surface response occurs, respectively.

4 Conclusions

This paper presents a global paired Argo dataset for ocean thermal and salinity responses to tropical
cyclones (TCs) from 2000 to 2024, built by combining the IBTTACS best-track data with the Global
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Ocean Argo Scatter Dataset (V3.0) from the China Argo Real-time Data Center. The construction
followed a strict screening workflow. On top of the original quality-control flags, we applied a secondary
check and discarded any profile in which the flag was not equal to 1 at any vertical level or which
contained invalid values, and we further required the deepest observation to reach at least 1900 m. A
1000 km search radius around the TC center was then used to identify candidate floats, with background-
field and response-field matching windows of -10 to -4 days and -3 to +35 days relative to TC passage,
and with the background-field and response-field observation sites constrained to within 50 km of each
other. All retained profiles were interpolated onto 56 standard levels from the surface to 2000 m and
rotated into a TC-relative coordinate system in which the TC center is the origin and the translation
direction aligns with the positive Y axis. The final dataset contains 3,164,876 paired records (2,747,731
in the Northern Hemisphere and 417,145 in the Southern Hemisphere) and is archived as six netCDF
files, split by hemisphere and by period (2000-2009, 2010-2019, and 2020-2024), so that the full global
coverage is preserved while each file remains easy to download and handle. Every record provides the
basic TC information, the IDs, times and locations of both paired Argo profiles, the along- and cross-
track distances, the relative times, the background-field and response-field temperature and salinity
profiles, and the precomputed anomalies (response field minus background field). Users can therefore
move directly to composite and statistical analyses without having to repeat the download, quality control,
pairing, or interpolation themselves.

Validation in the spatial, vertical and temporal dimensions shows that the dataset reproduces the
canonical features of the TC-forced upper-ocean response. The cross-track cooling is biased to the right
of the track in the Northern Hemisphere and to the left in the Southern Hemisphere, forming a clear
hemispheric mirror image. The strongest thermal response is concentrated within the upper ~200 m,
while signals below 1000 m are scattered and much weaker. Peak SST cooling appears about 2.5 days
after TC passage and decays over the following 1-2 weeks, and a distinct response-period warming
overshoot emerges 15-30 days after passage in the Northern Hemisphere. The salinity response is weaker
and less continuous in both space and time than the temperature response, reflecting the competing
effects of rainfall freshening, vertical mixing, upwelling, and background stratification. These results

agree closely with previous observational, modeling, and theoretical studies, which supports the physical
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reliability of the product. By providing analysis-ready paired records at global scale, this dataset
considerably reduces the time researchers have to spend on screening, spatiotemporal matching, and
preprocessing of in situ Argo observations, and offers a ready-to-use observational benchmark for studies
of TC—ocean interaction, upper-ocean heat and salt budgets, mixed-layer and near-inertial responses, and

the evaluation of coupled ocean—atmosphere models.

Code and data availability

The paired Argo dataset and associated data-generation code described in this paper are openly archived
on Figshare at https://doi.org/10.6084/m9.figshare.32820563 (Wang et al., 2026b). The dataset is
distributed as six netCDF files following the naming convention north Argo_tc_pairing_2000 2009 (2
000m) QC and south Argo tc_pairing 2000 2009 (2000m) QC, as described in Sect. 2.4. The
IBTrACS best-track data are available from NOAA NCEI at
https://www.ncei.noaa.gov/products/international-best-track-archive (Knapp et al., 2010; Gahtan et al.,
2024). The Global Ocean Argo Scatter Dataset (Version 3.0) is provided by the China Argo Real-time
Data Center at https://www.argo.org.cn/index.php?m=content&c=index&a=lists&catid=27 (last access:
25 July 2026) (Argo data management, 2025). The SST data used for validation were obtained from the
REMSS daily MW _IR SST product at https://data.remss.com/SST/daily/mw_ir/v05.1/netcdf
(Gentemann et al., 2003; Gentemann et al., 2004; Gentemann et al., 2010; Wentz et al., 2000). The
salinity data used for validation were obtained from the Copernicus Marine GLORYS12V1 product at
https://data.marine.copernicus.eu/product/GLOBAL _MULTIYEAR PHY 001_030/download?dataset

=cmems_mod_glo_phy my 0.083deg P1D-m 202311 (Lellouche et al., 2021).
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