
1. Introduction
The global ocean conveyor belt plays a crucial role in shaping the Earth's climate by significantly influenc-
ing global ocean heat uptake. To maintain this conveyor belt, a substantial energy flux of approximately 
2.1 TW is required for the diapycnal mixing (Munk & Wunsch, 1998) that drives global abyssal stratification 
(Broecker, 1991). Wind-generated near-inertial oscillations (NIOs), internal tides, and lee waves are considered 
the major sources of energy that fuel diapycnal mixing (Egbert & Ray, 2001; Jayne & St. Laurent, 2001). Among 
them, internal tides and lee waves are estimated to account for about 1 and 0.2 TW, respectively. The remaining 
energy required to fuel diapycnal mixing is attributed to wind-generated NIOs (Alford, 2001).

When the wind stress fluctuates at frequencies comparable to the local inertial frequency, such as during winter 
storms and tropical cyclones (TCs), NIOs can be easily triggered (Pollard, 1970; Price, 1981; D’Asaro, 1985). 
The majority of wind power on NIOs is concentrated in the 30°–60° zonal region, primarily due to energetic 
winter storms (Alford, 2020; Liu et al., 2019). Despite TCs are more effective than winter storms in produc-
ing NIOs because of their intensive wind stresses, appropriate size, and translation speed (Price et al., 1994; 
Yang & Hou, 2014), wind power on NIOs induced by TCs is usually neglected due to the transient nature of 
TCs. However, considering TCs as the most powerful atmospheric systems, capable of efficiently driving NIOs 
(D’Asaro et al., 1995; Zhang et al., 2020), they could significantly contribute to the wind power on NIOs (Boos 
et al., 2004; Chen et al., 2013; Emanuel, 2001). Lob et al. (2021) found that the wind power on NIOs induced 
by a single TC, which lasted only 19 days, was equivalent to the background wind power on NIOs over a period 
of 150 days. Numerical models have also demonstrated a prominent local enhancement in the annually averaged 
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wind power on NIOs along the track of TCs, reaching a maximum of 8 mW/m 2, surpassing the annually aver-
aged  wind power induced by winter storms, which reaches a maximum of 5 mW/m 2 (Sun et al., 2021). Further-
more, the surface near-inertial energy flux induced by TCs has been found to be particularly efficient in promoting 
interior mixing (von Storch & Lüschow, 2023).

Various studies have been conducted to estimate the wind power on NIOs, yielding a range of values from 0.26 to 
1.5 TW (Alford, 2003, 2020; Jiang et al., 2005; Rimac et al., 2013; Watanabe & Hibiya, 2002). However, recent 
studies have suggested that wind power on NIOs may be lower than previously assumed (e.g., Alford, 2020; Liu 
et al., 2019). Liu et al. (2019) specifically used observational data to estimate wind power on NIOs and found 
that numerical models tend to overestimate this input. Consequently, the relative contribution of TCs in terms 
of wind energy input may be more important, which has gained significant attention (e.g., Sun et al., 2021). The 
worldwide wind power on NIOs is expected to be underestimated by 10%–33%, when the wind power on NIOs 
induced by TCs is overlooked (Alford et al., 2016; von Storch & Lüschow, 2023).

The wind power on NIOs induced by TCs is estimated to be 0.026–0.07 TW, accounting for 5%–27% of the 
global wind power on NIOs (Alford et al., 2016; Liu et al., 2008; Nilsson, 1995). The variation in results could 
be attributed to differences in methodology, wind product, or parameterization used in the models (von Storch 
& Lüschow, 2023). It is important to note that the estimation of TC-induced wind power on NIOs is challeng-
ing due to limited observations. Consequently, models are often employed to calculate the wind power input. 
However, the choice of different models can significantly impact the results (von Storch & Lüschow, 2023). Liu 
et al. (2008) also proposed several shortcomings of coupled models in simulating currents, including inaccurately 
initialized oceanic conditions, the absence of air-sea heat flux, and entrainment parameterization. To avoid the 
deficiencies of models, further studies based on observational current data are necessary to accurately quantify 
the contribution of TCs to global wind power on NIOs. However, the scarcity of observations during TCs has 
hindered a comprehensive quantification of the associated wind power on NIOs induced by TCs.

Based on the velocity profile observed during the passage of TC Gilbert, the TC-induced wind power on NIOs is 
estimated to be approximately 0.74 TW (Shay & Jacob, 2006). This estimate is one order of magnitude larger than 
the former estimates, indicating that observations from a single TC may not accurately reflect the global wind 
power on NIOs induced by TCs. This is because TCs can vary significantly in intensity and translation speed, 
leading to variations in the ocean response to TCs (e.g., Zhang et al., 2020). Estimates of near-inertial wind power 
induced by TCs based on worldwide observations are thus necessary to improve the estimation and gain a better 
understanding of air-sea interactions.

Velocity data sets from drifters have indeed been widely utilized to investigate the sea surface current response to 
TCs (Chang et al., 2013; Fan et al., 2022; Wang et al., 2022). These data sets can also be applied to estimate the 
global wind power on NIOs (Liu et al., 2019). Using ocean current records derived from surface drifters and wind 
vectors from analysis products, the climatological wind power on NIOs over the global ocean is estimated to be 
0.3–0.6 TW (Liu et al., 2019). However, TC-induced wind power on NIOs has not been considered in the global 
estimation (Liu et al., 2019), leading to an underestimation of the overall wind power on NIOs (Sun et al., 2021). 
To obtain a comprehensive understanding of wind power on NIOs and its global contribution, it is crucial to 
quantify the values of TC-induced wind power on NIOs.

In this study, ocean current records from drifters are used to estimate the wind power on NIOs induced by TCs. 
The main objective is to determine the relative contribution of TCs to the wind power on NIOs using observed 
ocean current records. The structure of the paper is as follows: Section 2 provides a description of the method-
ology and data used in the study. Section 3 presents and discusses the spatial distribution and relative contribu-
tions  of TCs to the wind power on NIOs. Finally, Section 4 concludes the paper by summarizing the findings.

2. Data and Methodology
2.1. Surface Drifter Observations

This study uses velocity data tracked by the GPS and Argos system (Elipot et al., 2016) from 1990 to 2019 to 
estimate the wind power on NIOs induced by TCs. To ensure data quality, we discarded records from single 
drifters that lasted less than 300 hr, resulting in 159,411,472 sample records (16,373 drifters) being retained. 
The spatial distribution of samples is shown as the number of records in each 2° by 2° grid (Figure 1a). Most 

 19448007, 2023, 21, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2023G

L
105056 by X

iam
en U

niversity, W
iley O

nline L
ibrary on [13/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Geophysical Research Letters

LIN ET AL.

10.1029/2023GL105056

3 of 9

of the boxes between 60°S and 60°N were well-sampled, making it sufficient to compute averaged TC-induced 
wind power on NIOs. However, the convergence zones, such as the subtropical gyres, are more frequently 
sampled compared to divergence zones, that is, equatorial, polar, and coastal regions, where fewer records were 
found.

2.2. Wind Reanalysis Data

To avoid errors caused by temporal interpolation (Jing et al., 2015; Liu et al., 2019), we use hourly ocean surface 
wind data from the fifth generation European Centre for Medium-Range Weather Forecasts atmospheric reanal-
ysis of the global climate (ERA5) in this study, which has a spatial resolution of 0.25°.

2.3. TCs Best Track Data

We obtain TC data from the best track data set of the International Best Track Archive for Climate Stewardship 
(IBTrACS), which provides the 6-hourly TC locations and intensity information (Knapp et al., 2010). To ensure 
consistency with the drifter and wind data, we interpolated the TC data onto hourly time intervals via linear 
regression. We excluded hourly TC data with a maximum wind speed less than 17 m/s from the study.

2.4. Computation of Near-Inertial Wind Power

Following Liu et al. (2019), we compute the wind power on NIOs (WI) as follows:

𝑊𝑊𝐼𝐼 = ⃖⃗𝜏𝜏 ⋅ ⃖⃖⃖⃗𝑢𝑢𝐼𝐼 (1)

where τ is the surface wind stress and uI is the sea surface near-inertial current. For each drifter observation, we 
linearly interpolate the simultaneous ERA5 wind onto the drifter position to compute the wind stress. The surface 
wind stress is evaluated as:

⃖⃗𝜏𝜏 = 𝜌𝜌𝑎𝑎𝐶𝐶𝐷𝐷|⃖⃖⃖⃖⃖⃗𝑈𝑈10 − ⃖⃗𝑢𝑢|
(
⃖⃖⃖⃖⃖⃗𝑈𝑈10 − ⃖⃗𝑢𝑢

)
 (2)

Figure 1. (a) Spatial distribution of drifter samples in 2° × 2° grids represented by the number (log10) of samples. (b) 
Proportion (in percent) of drifters under the influence of TCs in each grid.
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where ρa is the air density (1.22 kg/m 3), CD is the drag coefficient based on 
field experiments in TCs (Powell et al., 2003), U10 is the wind vector at 10 m, 
and u is the ocean current vector.

The near-inertial current is calculated from drifter data using a band-pass 
filter. The near-inertial band is defined as 0.75f–1.25f, where f is the Corio-
lis frequency. Following Liu et al. (2019), velocity records tracked by each 
drifter are broken into half-overlapping 300-hr segments. For each 300-hr 
segment, the value of f is set as the mean value.

2.5. TCs Induced Near-Inertial Wind Power

The drifters are divided into two groups: drifters under and without the influ-
ence of TCs. We use these groups to calculate the TC-related wind power 
(Wtc) and the climatology wind power (Wclimat). For each hourly TC posi-
tion and time, the drifters under the influence of TCs must meet the follow-
ing spatial and temporal criteria: (a) the distance from drifters to TC center 
should be within 500 km; (b) the drifter sampling time should be within the 
range from 3 days before the passage of typhoons to 20 days after typhoons 
(see Text S1 in Supporting Information S1 for the selection of the threshold). 
A significant number of samples (1,704,590) were used to derive the wind 
power.

The proportion of drifters under the influence of TCs (Ptc) shows peaks in 
the main TC-prone regions (Figure 1b), reaching more than 20% in the North 
Pacific. The total wind power on oceanic NIOs in each grid can be estimated 
as follows:

𝑊𝑊total = 𝑊𝑊𝑡𝑡𝑡𝑡 ∗ 𝑃𝑃𝑡𝑡𝑡𝑡 +𝑊𝑊climat ∗ (1 − 𝑃𝑃𝑡𝑡𝑡𝑡) 

=

𝑊𝑊contc

⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞

(𝑊𝑊𝑡𝑡𝑡𝑡 −𝑊𝑊climat) ∗ 𝑃𝑃𝑡𝑡𝑡𝑡 +𝑊𝑊climat

 (3)

where Wtc*Ptc is the contribution of TCs, Wclimat*(1−Ptc) is the contribution of climatology, and (Wtc−Wclimat)*Ptc 
is the additional contribution of TCs (Wcontc), representing the value of underestimate when TCs are overlooked 
(Wtotal−Wclimat).

3. Result and Discussion
3.1. Spatial Variation of Wind Power on Oceanic NIOs

The total wind power (Wtotal) on oceanic NIOs with the influence of TCs reveals significant values in the 30–60° 
zonal band across both hemispheres (Figure 2a). The global peak value is 4.7 mW/m 2, appearing in the Southern 
Ocean (Figure 2a). This pattern is in consistent with previous works (Alford, 2020; Liu et al., 2019), due to the 
passages of winter storms in these regions. The quasi-global integral (60°S to 60°N) of Wtotal is 0.33 TW, which is 
comparable with Liu et al. (2019), indicating the reliability of the data and methodology employed in this study.

Considering the influence of TCs, the Wtotal in TC-prone region of western North Pacific exhibits values exceed-
ing 1.5 mW/m 2, which is of the same magnitude as the global peak value (Figure 2a). In comparision, the value of 
Wclimat in the TC-prone region of western North Pacific is smaller than 0.5 mW/m 2 (Figure 2b). Most of the wind 
power on NIOs induced by TCs is concentrated in the TC-prone region of North Pacific, especially in the west-
ern section in accordance with the TC tracks (Figure 2c). The peak value of Wcontc in the western North Pacific 
is 1.5 mW/m 2, which is approximately 10 times larger than the corresponding value of Wclimat in the same area, 
accounting for more than 90% of the relative contribution (Wcontr/Wtotal) of wind work on NIOs. Lob et al. (2021) 
also found that the energy flux during the storm event is about 7.5 times greater than the background energy flux. 
Therefore, TCs can be considered as a significant source of wind energy input, especially in TC-prone regions. 
However, the peak value of Wcontc was still significantly smaller than the results obtained from CESM simulations 

Figure 2. The spatial distribution of wind power (W/m 2) on oceanic NIOs (a) 
with the influence of TCs and (b) without the influence of TCs computed from 
the drifters and ERA5 data sets. (c) Contribution of TCs to near-inertial wind 
power.
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(Sun et al., 2021) and coupled model simulations (Liu et al., 2008). These studies reported peak values exceeding 
8 mW/m 2 in CESM simulations and approximately 3 mW/m 2 along the TC tracks in the coupled model simula-
tions, respectively. This discrepancy is attributed to the underestimation of wind speeds from ERA5 during TCs, 
which will be discussed further in Section 3.2.

Prominent enhancement of wind power in the TC-prone region is identified in this study, which is not present 
in Liu et al.  (2019). This difference can be largely attributed to the dissimilarities in the wind products used. 
Specifically, in the CCMP data set, the intensity of TCs is weaker at 6-hr intervals compared to the 1-hr inter-
vals used in this study. The TCs contribute an additional 0.028 TW (8% of the total) to the wind power on NIOs 
based on ERA5 reanalysis, larger than that from CCMP (0.018 TW, 5%). Consistently, the enhancement of wind 
power on NIOs in the TC-prone region is also captured in the wind data set from the Modern-Era Retrospective 
Analysis for Research and Applications (MERRA) (Rienecker et al., 2011) with a temporal resolution of 1 hr, as 
indicated in Supporting Information of Liu et al. (2019). It has been documented that the near-inertial band wind 
stress variation would be partially filtered out when linearly interpolating 6-hourly reanalysis winds into hourly 
intervals (Jing et al., 2015; Niwa & Hibiya, 1999). This artificial loss of near-inertial wind stress variation leads 
to a significant underestimation of the wind power on NIOs (Jing et al., 2015). Therefore, it is vital to utilize wind 
data with high temporal resolution to accurately capture the near-inertial wind power on NIOs.

The quasi-global integral contribution of TCs to the wind power on NIOs (0.028 TW) is comparable to theoretical 
and model results (Liu et al., 2008; Nilsson, 1995). Because the occurrence of TCs is limited and the TCs induced 
wind power was generally underestimated, the integrated value of Wcontr is an order of magnitude smaller than that 
of Wclimat; thus, the wind power on NIOs induced by TCs is oftenly overlooked (Liu et al., 2019). This discrepancy 
is partly due to the fact that the peak value of Wcontc is only one-third of the global peak induced by wind storms. 
Moreover, the influence of TCs is considerably less widespread compared to that of wind storms, which typically 
covers the entire midlatitude zone (Figure 2b). In contrast, the impact of TCs is primarily localized in specific 
TC-prone zones (Figure 2c).

3.2. Discussion

The precise measurements of sea surface near-inertial currents and surface wind speed is essential for accurate 
estimation of wind power on NIOs induced by TCs, that is, following Equations 1 and 2. In previous studies, 
models have been used due to limited observations for conducting direct estimation of TC-induced wind power 
(e.g., Alford, 2001, 2003; Jiang et al., 2005; Rimac et al., 2013; Watanabe & Hibiya, 2002). The slab model of 
Pollard and Millard (1970) has been widely used in these studies, but it may lead to an overestimation of global 
wind work since it fails to consider the role of NIOs in deepening the mixed layer (Alford, 2020; Plueddemann & 
Farrar, 2006). A model that takes into account mixed layer deepening, such as the Price-Weller-Pinkel model, has 
shown better agreement with observed estimates of wind power on NIOs (Plueddemann & Farrar, 2006). However, 
the Price-Weller-Pinkel model also has limitations due to initial oceanic conditions and model parameterization, 
which can result in an overestimation of global wind work (see Figure 10 of Plueddemann & Farrar, 2006). These 
model limitations is neatly illustrated by the substantial variability in the results of near-inertial currents obtained 
from different model results (von Storch & Lüschow, 2023).

In this study, observated sea surface current data from global drifter measurements were utilized, which is 
expected to provide more accurate information and consequently lead to a more precise estimation of wind power 
on NIOs induced by TCs. However, it should be noted that there was a limitation in the surface wind speed data 
used in this study. Figure 3a illustrates the comparisons between the maximum wind speed calculated from ERA5 
reanalysis data and the IBTrACS data. It is observed that the maximum wind speed calculated from ERA5 is 
generally smaller, ranging from 3% to 66%, compared to the IBTrACS data. On average, there is a mean differ-
ence of 22% between the two data sets. This discrepancy is consistent with previous studies that have shown that 
atmospheric reanalysis data tend to underestimate wind speeds during TC events to some extent (e.g., Liu & 
Sasaki, 2019; Vincent et al., 2012).

To improve the accuracy of the estimated wind field during TCs from ERA5 data, a crude adjustment of wind 
speeds during TCs was conducted by multiplying the ERA5 values by a factor of the mean difference between 
ERA5 and the reference data set (ERA5 *1.22 adjustment method). The estimated wind power value obtained 
using ERA5 *1.22 adjustment method are 0.051 TW, accounting for 14% of the quasi-global integral (60°S to 
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60°N) of Wtotal. To test the reliability of the adjustment method, another two adjustments were conducted based 
on the idealized vortex spatial structure proposed by Holland (1980) and Willoughby et al. (2006) as described 
in Supporting Information S1. The estimated wind power values obtained using Holland and Willoughby adjust-
ment methods are 0.054 TW and 0.053 TW, respectively. These estimated wind power values both account for 
15% of the quasi-global integral (60°S to 60°N) of Wtotal. The fact that the values derived from different adjust-
ment methods are comparable, indicating that the methods used are reliable.

Besides the underestimate wind speeds, the uncertainty of the estimates can also be influenced by sampling 
errors. The observed TC-related wind power exhibits a similar pattern to the sampling proportion of drifters 
(Figure 1b) and the influential time of TCs (Figure 3b). This suggests that the averaged wind power on NIOs 
induced by TCs is largely dependent on the occurrence of TCs. Former studies identified a striped enhancement 
of wind power along specific tracks of TCs (Sun et al., 2021; von Storch & Lüschow, 2023). However, these 
studies were limited to a 1 year simulation period, which may have resulted in a more localized and fragmented 
representation of TC-induced wind power on NIOs. In constrast, this study benefits from a longer period of 
30 years of TC data, allowing for a more comprehensive and objective assessment of TC-induced wind power 
on NIOs in space. As a result, the estimated TC-related wind power on NIOs in this study exhibits a smoother 
pattern, capturing the overall spatial distribution of TC-induced wind power on NIOs more accurately.

However, it is important to acknowledge that drifter observations cannot cover the entire time and space, leading 
to inherent randomness and potential sampling bias under the passage of TCs. The proportion of drifters under 
the influence of TCs (Ptc) may not accurately reflect the actual influencing time of TCs (Figures 1b and 3b). 
Comparing to Ttc (Figure  3b), the Ptc (Figure  1b) exhibits evident over-sampling in certain regions such as 
Arabian Sea, the temperate zone of the western North Pacific, and many nearshore areas. Conversely, some 
regions, notably the South China Sea, are under-sampling. Considering that the wind power on NIOs induced 
by TCs is largely dependent on the actual duration of TC influence, it is crucial to address the sampling bias 
by utilizing Ttc instead of Ptc. By accounting for the actual duration of TCs, an improved estimation for the 
contribution of TCs from ERA5*1.22 adjusted data yields a value of 0.061  TW, accounting for 16% of the 
global near-inertial power input (Figure 4b). Similarly, the values derived from Holland and Willoughby adjusted 

Figure 3. (a) Comparisons of maximum wind speed (m/s) calculated from ERA5 with corresponding results of IBTrACS. 
(b) Proportion of influencing time of TCs (Ttc) calculated from IBTrACS data.
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data are 0.065 TW and 0.064 TW, respectively, accounting for 17% of the global near-inertial power input (see 
Supporting Information S1).

The relative contribution of TCs to wind power on NIOs is significant in TC-prone regions, exceeding 40% in 
majority of these regions (Figure 4d). In fact, TCs can contribute up to 90% of wind power on NIOs in many 
area, especially in the Northern Hemisphere. Figure 4a illustrates the meridional distribution of the zonally inte-
grated wind power. The maximum value of TC-related wind power on NIOs from ERA5*1.22 adjusted data is 
0.0032 TW at 17°N, which is comparable to the maximum climatology wind power on NIOs of 0.0035 TW in 
the Northern Hemisphere and much greater than the value of 0.0008 TW at 17°N (Figure 4a). Consequently, TCs 
contribute 80% of the zonal integrated wind power at 17°N (Figure 4c). Notably, TCs could contribute nearly 
half (49%) of the integrated wind power between 30°S and 30°N (Figure 4c). Indeed, the findings highlight the 
significant role that TCs play in enhancing wind power and their substantial contribution to zonally integrated 
wind power in regions with concentrated TC activities, emphasizing their importance in shaping the overall wind 
dynamics in the global ocean.

4. Conclusion
This study provides an objective estimation of the wind power on NIOs induced by TCs using global observed 
ocean velocity data. The findings reveal a significant contribution of TCs to the near-inertial power input in the 
global ocean, accounting for 8%–17% of the total. It is anticipated that this contribution will increase in the future 
due to the ongoing strengthening of global TCs (Wang et al., 2022). Previous research has already found a 16% 
increase in near-inertial energy input from TCs between 1984 and 2003 (Liu et al., 2008). Therefore, the energy 
input from TCs will play an even more crucial role in the future, highlighting the importance of conducting 
further research to enhance our understanding of the role of TCs in the wind power input on NIOs.

Furthermore, in localized regions prone to TC, TCs play a dominant role in the wind power input on NIOs. This 
dominance has the potential to influence the local climate system by affecting the mixed layer depth during TC 

Figure 4. (a) Meridional distribution of zonally integrated wind power on NIOs with (ERA5*1.22, dashed red) and without 
(Climatology, solid black) the influence of TCs. (b) Additional contribution of TCs to wind power (W/m 2) on NIOs (Wcontc). 
(c) Meridional distribution of percentage of TC-related wind power on oceanic NIOs (Wcontc/Wtotal). (d) Percentage of 
TC-related wind power on oceanic NIOs (Wcontc/Wtotal). The value of Wcontc is estimated by considering the influence of the 
actual duration of TCs, based on the wind fields from ERA5*1.22 adjustment.
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seasons. Since NIOs contribute to the enhancement of shear at the base of mixed-layer (e.g., Whalen et al., 2020), 
the wind power on NIOs induced by TCs can significantly deepen the local mixed layer depth in TC-prone 
regions during TC seasons. These effects, in turn, can have implications for the local climate system. Overall, 
this study underscores the importance of utilizing accurate wind speed data and emphasizes the need for further 
research to enhance our understanding of the contribution of TCs to the wind power on NIOs. By gaining a more 
comprehensive understanding of these dynamics, we can improve climate modeling and prediction, leading to 
better-informed decision-making processes for managing the impacts of TCs on regional climate systems.

Data Availability Statement
The drifter data were provided by National Oceanic and Atmospheric Administration (Elipot et al., 2022). The 
tropical cyclone data were obtained from International Best Track Archive for Climate Stewardship (Knapp 
et al., 2018).
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The Supporting Information provides supplementary details regarding the selection 20 
of the threshold for identifying the drifters influenced by tropical cyclones (TCs) (Text 21 
S1). This information likely elaborates on the specific criteria or parameters used to 22 
determine the inclusion of drifters in the analysis.  23 

Furthermore, to assess the reliability of the ERA5*1.22 adjustment method, two 24 
additional adjustments were performed based on the idealized vortex spatial structure 25 
proposed by Holland et al. (1980) and Willoughby et al. (2006) (Text S2). These 26 
adjustments aimed to compare and evaluate the performance of different adjustment 27 
methods in estimating the additional contribution of TCs to wind power on near-inertial 28 
oscillations (NIOs). The results of these adjustments, including the additional 29 
contribution of TCs to wind power on NIOs based on different wind fields, are presented 30 
in Table S1 and Figure S1. The findings from these additional adjustments are discussed 31 
in Text S2. 32 

 33 

Text S1. 34 

It is important to use spatial and temporal criteria that encompass the actual 35 
influential area of TCs where a threshold is defined to classify the drifters. Regardless of 36 
the chosen value, there will always be a division of drifters without the influence of TCs 37 
into those under the influence of TCs (or vice versa). Consequently, it is crucial to 38 
evaluate the impact of the selected threshold on accurately identifying the drifters 39 
influenced by TCs. In this study, the selected threshold is optimized based on the 40 
equations S1 (same as equation 3 in the manuscript) and equations S2 & S3. The total 41 
wind power on oceanic NIOs in each grid can be estimated as equations S1: 42 

𝑊௧௧ = 𝑊௧ ∗ 𝑃௧ + 𝑊௧ ∗ (1 − 𝑃௧) 

             = (𝑊௧ − 𝑊௧) ∗ 𝑃௧
ᇩᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇫ

ௐ

+ 𝑊௧      (S1) 43 
where 𝑊௧ ∗ 𝑃௧  is the contribution of TCs, 𝑊௧ ∗ (1 − 𝑃௧)  is the contribution of 44 
climatology, and (𝑊௧ − 𝑊௧) ∗ 𝑃௧  is the additional contribution of TCs (𝑊௧), 45 
representing the value of underestimate when TCs are overlooked (𝑊௧௧ − 𝑊௧). 46 

When we divided the drifters without the influence of TCs into drifters under the 47 
influence of TCs, the wind power induced by TCs (𝑊௧) and the proportion of drifters 48 
under the influence of TCs (𝑃௧) in equation S1 change simultaneously. Giving a larger 49 
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proportion of drifters (𝑃௧′) to the group under the influence of TCs, which contains the 50 
all of drifters under the influence of TCs (𝑃௧)  and the parts of drifters without the 51 
influence of TCs ( 𝑃௧′ − 𝑃௧), the TC-related wind power (𝑊௧′) becomes: 52 

𝑊௧
ᇱ = [𝑊௧ ∗ 𝑃௧ + 𝑊௧ ∗ ( 𝑃௧′ − 𝑃௧)] / 𝑃௧′   (S2) 53 

The total wind power on oceanic NIOs becomes: 54 

𝑊௧௧
ᇱ = (𝑊௧′ − 𝑊௧) ∗ 𝑃௧′ᇩᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇫ

ௐ
ᇲ

+ 𝑊௧ 

= (𝑊௧ − 𝑊௧) ∗ 𝑃௧
ᇩᇭᇭᇭᇭᇭᇭᇪᇭᇭᇭᇭᇭᇭᇫ

ௐ
ᇲ

+ 𝑊௧    (S3) 55 

Please note that in equation S1, when comparing the values of 𝑊௧ and 𝑊௧௧ , the 56 
value of 𝑊௧

ᇱ and 𝑊௧௧
ᇱ in equation S3 do not change if  𝑃௧

ᇱ  is larger than 𝑃௧ . This 57 
implies that the additional contribution of TCs (𝑊௧) is independent of 𝑃௧  and can 58 
largely mitigate errors caused by the threshold for drifter classification. Conversely, when 59 
drifters under the influence of TCs are mistakenly classified as drifters without TC 60 
influence ( 𝑃௧

ᇱ  less than 𝑃௧), the impact of TCs (𝑊௧
ᇱ) will be underestimated.  61 

Park et al. (2009) suggests that the majority of observed NIOs obviously decay 62 
within a week, which is especially true in the North Pacific between 15°N and 30°N that 63 
is less than 5 days. Meanwhile, Chen et al. (2013) found that the majority of NIOs 64 
induced by TCs had a decay timescale between 7 and 10 days. Although the majority of 65 
decay timescales of NIOs induced by TCs are less than 10 days, Chen et al. (2013) also 66 
found a near-inertial oscillation event with the longest e-folding timescale of 13.5 day. 67 
On the other hand, Lob et al. (2021) estimated the wind power on NIOs induced by a 68 
single TC using 19 days. As the timescale of TC-induced NIOs could vary for each 69 
individual TC, the deviation is unavoidable when we select a time threshold to assess 70 
whether the drifters are affected by TCs or not. To make sure the temporal criteria is 71 
equal or larger than actual influential time, we treat drifters with sampling times within 72 
the range of 3 days before the passage of typhoons to 20 days after typhoons as being 73 
influenced by the TCs, which is large enough as the majority of decay timescales of NIOs 74 
induced by TCs are less than 10 days. 75 

Furthermore, the impact of the selected time threshold for identifying the drifters 76 
under the influence of TCs was evaluated. To assess the sensitivity of the TC-induced 77 
NIOs to the selected time range, an alternative range from -3 to 10 days was tested. The 78 
analysis revealed that the changes in TC-induced NIOs resulting from this alternative 79 
time range were minimal, amounting to less than 2% difference. This suggests that the 80 
chosen time threshold appears to be appropriate for capturing the influence of TCs on 81 
NIOs and subsequently estimating wind power accurately.  82 
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Text S2 83 

To test the reliability of the ERA5*1.22 adjustment method, another two adjustments 84 
were conducted based on the idealized vortex spatial structure proposed by Holland et al. 85 
(1980) and Willoughby et al. (2006). These adjustments were conducted following the 86 
methodology outlined in Vincent et al. (2012). Before adding the idealized TC wind 87 
signal to the ERA5 wind fields, a filtering process was applied to remove the weak TC 88 
signal present in the ERA5 data. This was achieved by applying an 11-day running mean 89 
within 600 km around each cyclone track position, and with a linear transition from 90 
filtered to unfiltered winds between 600 and 1200 km. This filtering step helped prevent 91 
the overestimation of TC intensity by adding the idealized TC wind signal to the existing 92 
weak TC signal in the ERA5 data.  93 

The estimated wind power values obtained using Holland and Willoughby 94 
adjustment methods are 0.054 TW and 0.053 TW, respectively (Table S1). These 95 
estimated wind power values account for 15% of the quasi-global integral (60°S to 60°N) 96 
of 𝑊௧௧ . The fact that the values derived from different adjustment methods are 97 
comparable, indicating that the methods used are reliable. 98 

Furthermore, the actual influencing time 𝑇௧ adjustments is also conducted based on 99 
the wind fields from Holland and Willoughby adjustment methods, i.e., TCs (𝑇௧ ) in 100 
Table S1. Figure S1a illustrates the meridional distribution of the zonally integrated wind 101 
power based on different wind fields. Notably, all maximum values of TC-related wind 102 
power on NIOs, derived from different wind field, occur at 17°N. These values range 103 
from 0.0014 TW (CCMP) to 0.0043 TW (Holland) (Figure S1a), surpassing the 104 
climatology wind power on NIOs at 17°N, which is 0.0008 TW. Consequently, TCs 105 
contribute at least 55% (CCMP) of the zonal integrated wind power (Figure 4c). The 106 
maximum value obtained using the three improved wind fields are 0.0032 TW (80%), 107 
0.0038 TW (84%) and 0.0043 TW (86%), respectively. These values are comparable to 108 
the maximum value of 0.038 TW in the Northern Hemisphere when not considering the 109 
influence of TCs (Figure 4a). Based on the three improved wind fields, TCs could 110 
contribute more than 15% of the global wind power on NIOs, which is larger than that 111 
from CCMP (6%) and ERA5 (10%).  112 
 113 
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 114 
Figure S1 (a) Meridional distribution of zonally integrated wind power on NIOs based 115 
on different wind fields. (b) Percentage of TC-related wind power on oceanic NIOs 116 
(𝑊௧/𝑊௧௧) based on different wind fields.  117 
 118 

Table S1. The quasi-global integral climatology and TCs related wind power on NIOs 119 
based on different wind fields (TW). Percent in brackets are the relative contribution of 120 
TCs to W୲୭୲ୟ୪. ERA5 *1.22, Holland and Willoughby are adjusting wind fields during 121 
TCs based on the mean difference, holland et al. (1980) and Willoughby et al. (2006) 122 
idealized vortex spatial structure.  123 

Wind fields 
TCs adjustment 

CCMP 
- 

ERA5 
- 

ERA5 
ERA5 *1.22 

ERA5 
Holland 

ERA5 
Willoughby 

Climatology 0.33  0.31  0.31 0.31  0.31  
TCs (𝑷𝒕𝒄) 0.018 (5%)  0.028 (8%) 0.051 (14%) 0.054 (15%) 0.053 (15%)  
TCs (𝑻𝒕𝒄) 0.023 (6%) 0.034 (10%) 0.061 (16%) 0.065 (17%) 0.064 (17%) 
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