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Supplementary Note 1 | Details of Fig. 2

Spatial and latitudinal distributions of tropical cyclone (TC)-induced surface
enthalpy fluxes, loss of kinetic energy, and TC rainfall. They are calculated using an
objective tracking and compositing method. First, 6-h TC center positions are identified
using the IBTrACS' best track data. For each data sample, an area with a 500-km radius
from the center is defined, with a time window spanning -3 h to +3 h. The 6-h
accumulated surface fluxes, kinetic energy loss, and rainfall are calculated within this
area. All global TCs are then spatially summed and annually averaged to obtain the
spatial distribution of annually accumulated TC contribution. A meridional integration
is performed to obtain the latitudinal distributions of each term, with the percentages
quantified from their latitudinal profiles divided by the corresponding climatological
mean.

Supplementary Note 2 | Details of key numbers in Figs. 3 and 5

TC rainfall. Both the Global Precipitation Measurement (GPM'; 2001-2020;
0.1°x0.1°) and Tropical Rainfall Measuring Mission (TRMM?; 1998-2019;
0.25°%0.25°) satellite precipitation products at 3-h intervals are used to calculate the
tropical cyclone (TC) rain and global rain. A radius of 500 km is used to define the TC
rainfall area as in previous studies>*. The averaged annually accumulated TC rainfall is
15.6x10" kg y!' and 12.5x10"° kg y! for GPM and TRMM, respectively. The heat
transport from the TC rainfall is estimated at 0.58 PW (Ref.%), which is equivalent to
7.3x10% kg y!' (1 PW =12.6x10'3 kg y"). Therefore, the TC rainfall is estimated in the
range of 7.3-15.6x10° kg y'!.

Evaporation under TCs. The annual mean surface enthalpy flux was estimated at
0.17 PW (Ref.%). Given that surface latent heat flux constitutes approximately 90% of
surface enthalpy flux, the surface latent heat flux is estimated at 0.15 PW, corresponding
to 1.9x10' kg y!. The modeled surface latent heat flux by the reconstructed wind fields
(Ref.®) is 0.22 PW, corresponding to 2.8x10'" kg y™'. The annual surface evaporation
under TCs is estimated in the range of 1.9-2.8x10" kg y..

Moisture convergence. According to previous water budgets of TCs, surface
evaporation accounts for 10%-30% of total water loss of TCs, with the moisture
convergence roughly accounting for the other part (70%-90%; Ref.>7#). This fraction
is applied to the rain range of 7.3-15.6x10'° kg y™! to derive the lower and upper bounds
of moisture convergence: 5.1-14x10' kg y.

LHR (energy conversion). The TC rain is used to obtain the accumulated latent heat
release of the TC system. The GPM and TRMM estimations of 15.6x10"° kg y™!' and
12.5%10" kg y! correspond to 1.2 PW and 0.99 PW, respectively. The model-based
empirical relationships give an estimate of rainfall by 0.58 PW (Ref.’). The annual mean
LHR is thus estimated in the range of 0.58-1.2 PW.

Surface enthalpy flux decreases over cold wakes. The anomalously downward heat
flux at the air-sea interface drives the cold wake recovery, representing a restoration of
energy by the ocean from the atmosphere’. The total amount of surface enthalpy flux
decrease is equal to the sum of the surface enthalpy flux during TCs and the ocean heat
uptake (OHU) left by TCs. The surface enthalpy flux during TCs is in the range of 0.17-



0.25 PW, and the OHU is in the range of 0.13-1.4 PW. A sum of these two terms gives
a value range of 0.3-1.65 PW.

Surface evaporation decreases over cold wakes. The annual mean surface
evaporation over cold wakes, equivalent to surface latent heat flux, is estimated at 0.27-
1.49 PW (90% of surface enthalpy flux decreases), corresponding to 3.4-18.7x10' kg

v

Supplementary Note 3 | Details of Fig. 4d

Moist static energy anomalies. The time-height evolution of moist static energy
anomalies is obtained using ERAS reanalysis data'! from 1998 to 2022, combined with
TC best track data from IBTrACS. The analysis focused on land-falling TCs that
persisted over land for at least 24 hours. Moist static energy is defined as:

MSE = ¢, T + gz + L,q,

where MSE is moist static energy, ¢, is specific heat at constant pressure, 7 is air
temperature, g is gravitational acceleration, z is geopotential height, L, is latent heat of
vaporization, and g is specific humidity. For each 6-h TC data sample, an area average
is computed over a 5°X5° domain centered on the TC center. The temporal evolution
is calculated with a time window ranging from 10 days before to 30 days after the
passage of a TC. Moist static energy anomalies are then obtained by removing the
multiyear climatological mean.
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Supplementary Figure 1 | TC characteristics. (a) Spatial distributions of global TC
tracks and Saffir-Simpson intensities. PDFs of (b) TC intensity (maximum surface
wind), (c) TC size (radius of 34-knot winds), and (d) TC lifetimes. TC records are from
best track data of the official World Meteorological Organization (WMO) agency in
International Best Track Archive for Climate Stewardship (IBTrACS', version 4),
during 1980-2022.
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Supplementary Figure 2 | Typical magnitudes of surface enthalpy flux under TCs.
Plan views of composite surface enthalpy flux during 1993-2016, classified according
to the Saffir-Simpson category for (a) tropical storm, (b) Cat 1, (c) Cat 2, (d) Cat 3, (e)
Cat 4, and (f) Cat 5. Calculation is conducted based on model data in Ref.°.
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Supplementary Figure 3 | Surface sensible and latent heat flux and surface
evaporation of TCs. Spatial distributions of annually averaged TC-induced (a) surface
sensible heat flux, (b) surface latent heat flux and (c) surface evaporation induced by
TCs. Note that (b) is equivalent to (c) but with different units. Calculation is conducted
based on model data in Ref.®.
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Supplementary Figure 4 | Typical magnitudes of TC rain rates based on TRMM?
dataset. Plan views of composite TC rain rates from 1998 to 2019, classified according
to the Saffir-Simpson category for (a) Cat 0 (tropical storm), (b) Cat 1, (c¢) Cat 2, (d)
Cat 3, (e) Cat 4, and (f) Cat 5. Contours are at intervals of I mm h™..



() TS (b) Cat 1 (c)Cat 2

10.0

5.0 1 h 1

-5.0 g 4

Distance along TC track (°)
o

-10.0 T T T T T T T T T

10.0

oy
o
1
L
L

Distance along TC track (°)
5
(@
Q
o)

-10.0 -5.0 0 5.0 10.0 -10.0 -5.0 0 50 10.0 -10.0 -5.0 0 50 10.0

Distance across TC track (°)

0 2 4 6 8 10 12 14 16 18 20
Rainfall (mm/h)
Supplementary Figure 5 | Typical magnitudes of TC rain rates based on GPM'
dataset. Plan views of composite TC rain rates from 1998 to 2019, classified according
to the Saffir-Simpson category for (a) Cat 0, (b) Cat 1, (¢) Cat 2, (d) Cat 3, (e) Cat 4,
and (f) Cat 5. Contours are at intervals of 1 mm h™.
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Supplementary Figure 6 | Multiple tropical cyclogenesis events over the western
North Pacific. The 3- to 8-day filtered surface wind (vector) and relative vorticity fields

(shaded) on (a) August 14" 2004, (b) August 26™ 2004, and (c) September 5™ 2004
(replotted from data in Ref.'?).
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Supplementary Figure 7 | Percentages of mesoscale oceanic eddies encountered by
TCs. Spatial distributions of percentages (%) of mesoscale oceanic eddies interacted
with TCs in 5°x5° bins over 1993-2020. Eddy information is from the delayed-time
version 3.2 release of the Mesoscale Eddy Trajectory Atlas product'®. TC records are
from best track data of the official WMO agency in IBTrACS'? version 4. The TC-eddy
interaction is defined to occur as their central distance is equal to or smaller than the
eddy radius'*.
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Supplementary Figure 8 | Impact of TCs on Mesoscale Oceanic Eddies. Temporal
evolution of TC-induced anomalies in (a) amplitude (cm), (b) radius (km), (c)
maximum circulation speed (cm/s), and (d) integrated eddy kinetic energy (TJ) for cold
core eddies (blue) and warm core eddies (red), relative to the pre-storm period
(averaged -5 to -1 days before TC passage). Shading indicates standard errors.
Composite sea level anomaly (shaded; cm) and geostrophic currents (vector; cm s™) for
(e),(f) cold core eddies and (g),(h) warm core eddies during the (e),(g) pre-storm
(averaged days -5 to -1) and (f),(h) post-storm (averaged days +40 to +45) periods. The
locations of mesoscale ocean eddies were obtained from the delayed-time version 3.2
release of the META3.2 (Ref.") product. Eddy amplitude, radius, and maximum
circulation speed in (a)-(c) are calculated from the composite sea level anomaly map of
AVISO'® product using the method of Ref.!’. The eddy kinetic energy in (d) is
calculated using a two-layer reduced gravity model with vertical profiles derived from
WOA!7 seasonal data, as described in Ref.'®. The composite analysis spans the period
from 1993 to 2020.
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