Natural Hazards (2021) 109:2363-2380
https://doi.org/10.1007/511069-021-04923-2

ORIGINAL PAPER

®

Check for
updates

Influence of water vapor distribution on the simulated track
of Typhoon Hato (2017)

Jiaxin Chen?2. Chuying Mai' - Mingsen Zhou'3 - Shumin Chen'2® . Weibiao Li'? -
Rong Fang' - Zhongkuo Zhao®

Received: 29 September 2020 / Accepted: 4 July 2021 / Published online: 16 July 2021
© The Author(s) 2021

Abstract

Predicting tropical cyclone (TCs) tracks is a primary concern in TC forecasting. Some TCs
appear to move in a direction favorable for their development, beyond the influence of the
steering flow. Thus, we hypothesize that TCs move toward regions with high water-vapor
content in the lower atmosphere. In this study, four numerical experiments, including a
control experiment and three sensitivity experiments, were performed using the Weather
Research and Forecasting Model, to analyze the relationship between water vapor dis-
tribution and the track of Severe Typhoon Hato (2017). Observations validated the fea-
tures reproduced in the control experiment. The sensitivity experiments were conducted
to explore variations in the TC track under different water vapor environments. Results
indicate that the horizontal distribution of water-vapor content exerted a greater impact
on the TC track than the steering flow when both factors were significant. Further analysis
revealed that the TC’s movement vector was between the direction of the steering flow and
the direction toward the peak of vorticity increasing area. The peaks of vorticity increasing
area were close to the peaks of water vapor increasing area, which also proved the effect of
water vapor distribution on the TC track. These results are expected to improve TC track
analysis and forecasting.

Keywords Tropical cyclone - Track - Water vapor distribution - Steering flow - Numerical
simulation

1 Introduction

Predicting tropical cyclone (TC) tracks and landfall sites is a primary concern in TC fore-
casting in China, a country that often suffers serious TC-related disasters. TC tracks can be
affected by various factors, and many previous studies have investigated the dynamic fac-
tors governing TC movements as they relate to TC track forecasting (Roy and Kovordanyi
2012). These factors include the steering flow and the B-effect, with the former influencing
TC tracks through the storms interactions with subtropical areas of high pressure, monsoon
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systems, mid-latitude westerly troughs, and zonal winds in the mid-upper troposphere
George and Gray 1977; Chen and Chang 1980; Hodanish and Gray 1993; Chen et al.
2009; Wu and Chen 2016). However, some studies show that TCs appears to be influenced
by both the dynamic and thermodynamic factors, since their movements can be studied
through estimating potential vorticity (i.e., Wu et al. 2004). Therefore, other factors should
be considered both in theoretical studies and in the practical forecasting of TC tracks.

Some TCs have reportedly shifted directions to travel in a way favorable for their devel-
opment. Fisher (1958) indicated that TCs tend to follow tracks along the areas with the
warmest water. Xu et al. (2013) identified that TCs, particularly some severe ones, exhib-
ited the trend of making landfalls toward warmer land in China during 1960-2009 because
a warmer surface provides moisture and energy to TCs. TCs typically intensify when they
pass over warmer surface areas or encounter favorable environmental conditions in the
lower atmosphere (Wang et al. 2001; Miglietta et al. 2011; Rai and Pattnaik 2018), par-
ticularly higher water-vapor content (WVC) Krall and Cottom 2012; Tsuboi et al. 2016;
Khain et al. 2016). Herbener et al. (2014) reported that moist aerosols can initiate interac-
tions between cloud microphysics and storm dynamics via latent heat release, thus leading
to TC intensification. Many previous studies likewise reported that the latent heat released
by water vapor is a major factor in TC development (Charney and Eliassen 1964; Fritz and
Wang 2014; Hankes and Marinaro 2016; Chen et al. 2019). As heat released by the con-
densation of water vapor, mainly obtained from the surface layer, drives TC development
(Emanuel 1991) and it has been observed that TCs can shift direction to favor develop-
ment, it is possible that TCs may change track toward regions with high WVC.

Although water vapor is essential for TC development, few experimental or theoreti-
cal studies have investigated whether the horizontal distribution of water vapor affects TC
tracks. In fact, studies about data assimilation and large-scale circulation have pointed out
the effects of water vapor distribution on TC movements. Data assimilation is beneficial
for obtaining the proper initial fields in numerical simulations (Roy and Kovorddnyi 2012).
Many previous studies have shown that assimilating satellite-observed water vapor data
can improve TC-track forecasting (i.e., Marshall et al. 1985; Marshall 1998; Deb et al.
2010; Yue et al. 2017; Chen and Zhang 2019). The interactions between water vapor distri-
bution and TCs were usually related to large-scale system circulations, i.e., the water vapor
distribution modified the TC’s direction of movement because of its interaction with the
monsoon gyre (Yan et al. 2017). Besides, TCs can lead to a decrease in water vapor content
in the area that they move through (Francis et al. 2007).

The present study hypothesized that water-vapor content distribution can affect TC
tracks, and examined the hypothesis through analyzing the Severe Typhoon Hato (2017)
using the Weather Research and Forecasting (WRF) Model (Skamarock et al. 2008). Our
previous study showed that the intensification of Hato was significantly affected by envi-
ronmental water vapor (Wu et al. 2020). Hato developed over the western North Pacific,
moved toward the west-northwest, and eventually made landfall on China’s southern coast
near Zhuhai (Guangdong Province), where it caused considerable loss of human life and
substantial economic damage. At the time of landfall, the maximum wind speed near the
TC center was 45 m s~ ! and the minimum central pressure was 950 hPa, making it the
most severe TC to affect China that year. To better understand the impact of regions with
high water-vapor content on TC track, we conducted a control experiment and three sen-
sitivity experiments. We anticipate that our results could be used to improve forecasting,
thereby leading to more accurate TC track and intensity predictions in future.
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2 Initial conditions and parameters for the numerical experiments
2.1 Control (CTL) experiment and validation

The CTL experiment was performed using the WRF Model, Version 3.8, which is
among the best models currently available in terms of cyclone simulation performance
Panda et al. 2015; Islam et al. 2015; Hazelton et al. 2017; Chen et al. 2017). The initial
fields and lateral boundary data used for the numerical simulation were derived from the
initial fields of medium-range forecasts produced by the Regional Specialized Meteoro-
logical Center of the European Center for Medium-Range Weather Forecasts (hereafter
ECMWF-RSMC data). The referenced dataset has a 0.125° x 0.125° horizontal resolu-
tion, 18 vertical layers, and was recorded in 6-h time intervals. The Mercator projection
was adopted for the double-nested domain used in the numerical experiment (Fig. 1).
The coarse grid region (Domain 1) had 597 X375 grids with grid intervals of 6 km. The
fine grid region (Domain 2) had 1236 x 501 grids with intervals of 2 km. The boundary
conditions, including the water vapor fluxes, were assigned the value from the ECMWF-
RSMC data every six model hours for Domain 1, and obtained at every time step for
Domain 2 from values in Domain 1 in the same region. There were 34 vertical layers
and the top of the model was at a height of 50 hPa. The sea surface temperature (SST)
was fixed during model integration. The WRF Single-Moment 6-Class microphysics
scheme, Rapid Radiative Transfer Model longwave radiation scheme, Dudhia shortwave
radiation scheme, Monin—Obukhov scheme, Noah land surface process scheme, and
Yonsei University planetary boundary layer scheme were adopted in both domains. The
Kain—Fritsch cumulus parameterization scheme was used only in Domain 1; no cumulus
parameterization scheme was employed in Domain 2. The time of the simulation was set
between 12:00 UTC August 21 and 12:00 UTC August 23, 2017.

The track of Hato simulated in CTL was compared with actual best-track data pro-
vided by the Shanghai Typhoon Institute of the China Meteorological Administra-
tion. The simulated TC motion (Fig. 2) was found to be generally consistent with the
observed motion and the sites of TC landfall were similar. The observed TC intensity
trends in the best-track data were also generally consistent with those simulated in the
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Fig. 1 Domain configuration used for the experiments
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CTL, although the simulated TC intensity was slightly higher (Fig. 3). Possibly because
the resolution of medium-range forecasts used for the integration for the initial field
was relatively high (~13 km), and the initial field was not adjusted by assimilation or
a bogus scheme, the initial TC was slightly deeper. The simulated minimum sea-level
pressure in the CTL was generally consistent with that observed during the occurrence
of the TC, except that the pressure in the CTL decreased faster and the simulated val-
ues were approximately 10 hPa lower than the observed values (Fig. 3a). The simulated
maximum 10-m wind speed in the CTL was slightly higher than the observed values by
an average of ~5-10 m s~ ! (Fig. 3b). The simulated precipitation was compared with
NASA'’s Global Precipitation Measurement (GPM) Integrated Multi-satellite Retrievals
for GPM (IMERG) precipitation data with a 0.1° X 0.1° horizontal resolution (Huff-
man et al. 2019) (Fig. 4). The comparison also showed that the CTL reasonably agreed
with the observed data, except for the first 18 h (Fig. 4a-b) when the model was rel-
atively unstable. Thus, the model performed satisfactorily in simulating Hato’s track,
intensity, and precipitation, and this numerical model was deemed suitable to investi-
gate the effects of changes in water-vapor conditions on Hato’s track. Figure 5a shows
the evolution of both the radius of maximum wind (RMW) and the center tilt, defined
as the horizontal distance between the TC center at sea level and the 6.6-km height of
the simulated Hato. The RMW was 200 km at the beginning and decreased in an oscil-
latory manner to ~40 km as Hato intensified before model hour 21, after which RMW
remained relatively stable. Meanwhile, the center tilt remained below 20 km after the
TC entered the South China Sea at model hour 12 and became constant after model hour
21.

2.2 Sensitivity experiments

Three sensitivity experiments were conducted to explore the effects of different water
vapor conditions on the TC track. The largest water vapor flux from the outer region to the
model was derived from the southern lateral boundary of both Domain 1 and 2, for both
the mean values of the troposphere and levels < 1.5 km (Fig. 6). Thus, the first and sec-
ond sensitivity experiments modified the water vapor concentration at the southern lateral
boundary of Domain 1 to double (hereafter, Double_SQ) and half (Half_SQ) in order to

26°N —— CMA-STI best -track '
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Fig.2 Track of Typhoon Hato (2017) at 6-h intervals: Shanghai Typhoon Institute of the China Meteoro-
logical Administration (CMA-STTI) best-track observations (black line) and the CTL experiment (gray line)

@ Springer



Natural Hazards (2021) 109:2363-2380 2367
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double and halve the existing water vapor flux at the boundary, respectively. Although the
water vapor fluxes in the northern and eastern lateral boundary were also relatively large, it
is worth noting that changing the water vapor fluxes at both the eastern and northern lateral
boundary is not effective in modifying the water vapor distribution in the South China Sea,
the main analyzed region, as the water vapor fluxes are affected by the nearby continents.
Because of the impact of landmass, the amount of available water vapor mainly depends
on the influx from the western North Pacific outside of the South China Sea, where the
initial area of TC development lies. However, sensitivity experiments exploring changes in
conditions of the eastern boundary can modify the initial TC structure by changing water
vapor content available to the TC during its initial stages, which can add uncertainty to the
analysis. As a result, only the water vapor content in the south lateral boundary of Domain
1 was modified in the first two experiments to construct a more stable Domain 2, the
domain of primary focus in analysis. Changes to this boundary propagate across the space
between the southern lateral border of each domain, resulting in a different but more stable
set of conditions for the southern boundary of Domain 2. For the third sensitivity experi-
ment (hereafter, Con_Q), the initial WVC was changed uniformly to the horizontal mean
value of the simulated regional space at the same height. Except for the settings mentioned
above, all other settings for the sensitivity experiments, including the boundary conditions,
were the same as those used in the CTL.

Figure 5b—d shows the evolution of the RMW and center-tilt in the three sensitivity
experiments. The RMW and tilt were similarly stable after model hour 21 in the sensitivity
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Fig.4 Comparison of observed and simulated precipitation rate (units: mm h~') of Typhoon Hato (2017):
a, ¢, e NASA Global Precipitation Measurement (GPM) Integrated Multi-satellite Retrievals for GPM
(IMERG) precipitation data and b, d, f control (CTL) experiment

experiments, although their variations were not as stable as those in the CTL. Thus, based
on the comparison of precipitation data to those of the CTL, most of the following analy-
sis focuses on simulation results after model hour 21, when the TC was reasonably stable
and its track was less affected by factors related to its inner structure. The present study
focused on the relationship between the horizontal distribution of WVC within the lower
atmosphere and the simulated track of Hato. The evolution of the horizontal distribution of
WVC and large-scale circulation related to the steering flow in each experiment were not
analyzed in the present study, but they should be studied in detail in future.

3 Results
3.1 Evolution of the horizontal distribution of WVC

The distribution of mean WVC, averaged in the time range of 0—48 h, in the lower atmos-
phere in the four experiments was analyzed (Fig. 7). The horizontal distribution of WVC
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Fig.5 The 3-hourly radius of maximum wind (RMW; blue line; units: km) and center tilt between sea level
and 6.6 km height (black line; unit: km) of the simulated Typhoon Hato (2017) in the control (CTL) experi-

ment

Fig.6 Mean water vapor flux
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lateral boundaries of the control
(CTL) experiment. Positive
values represent inward flux from
outer regions. Blue bars represent
the mean values of all levels
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represent the mean values at the
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Fig.7 Distribution of water-vapor content (shading; units: kg kg™!), averaged in 0-48 h, in the lower p
atmosphere (z=49.97 m) and steering flow (vectors; units: m s~ ') at the tropical cyclone center: a control
(CTL) and sensitivity experiments: b Double_SQ, (c) Half_SQ, and (d) Con_Q. Purple lines with open cir-
cles indicate the simulated tropical cyclone track at 3-h intervals, and their times were marked 6 hourly by
the purple characters. The black triangles mark the centers of water-vapor content

was similar in CTL, Double_SQ, and Con_Q and was characterized by a center of high
water-vapor content (HWVC center) located near the coastline of the Pearl River Delta.
Compared with its position in CTL, this HWVC center was approximately 2.26° further
east in Double_SQ and approximately 0.82° further east and 0.72° further south in Con_Q.
The HWVC center was larger in Double_SQ than in the other experiments because the
water vapor transported into the model at the southern lateral boundary was doubled,
whereas in Half_SQ it was the weakest because the water vapor transported into the model
at the southern lateral boundary was halved. The HWVC located near the coastline of the
Pearl River Delta disappeared in Half_SQ, although a weak center remained at approxi-
mately 20° N, 117° E.

The evolution of instantaneous WVC was further analyzed (Fig. 8). Owing to the dif-
ficulty to capture the environmental distribution of WVC and analyze the unaveraged
components, which is dominated by TC signals, the WVC was low-passed filtered after
standardization, based on the Kurihara filter method (Kurihara et al. 1990, 1993). Although
the HWVC centers related to the location of the TC were not fully filtered out, there still
existed HWVC centers located near the coastline of the Pearl River Delta in experiments
other than Half_SQ (please refer to the first and second columns in Fig. 8). The locations
of these HWVC centers being close to their mean location in Fig. 7 suggests that the fields
of WVC shown are representative, although these HWVC centers weakened after TCs
passed through them (third column in Fig. 8).

3.2 Horizontal distribution of WVC, steering flow, and TC track

As shown in Fig. 7, the steering flow, estimated based on the approach of Peng et al.
(2015), was similar in CTL and Con_Q because the lateral boundary conditions were simi-
lar. However, unlike the horizontal WVC in the lower layer, the steering flow in Double_
SQ was not similar to that in CTL and Con_Q. The steering flow was approximately twice
that of the CTL and Con_Q experiments and was more westward, which could be because
of the large-scale circulation controlling the steering flow which was modified by the
changed lateral boundary conditions of Double_SQ. The magnitude of the steering flow in
Half_SQ, which was also affected by the modified lateral boundary conditions, was similar
to that in Double_SQ, though the direction of the steering flow was more southwestward
than in Double_SQ compared to CTL. The large-scale circulations in these two experi-
ments were generally modified by the change of geopotential field near the TC (Fig. 9).
The atmospheric mass and heat content, affected by the differences in water vapor con-
tent, increased and decreased in the southern part of the models, respectively, contributing
to the enhanced north-southward pressure gradient (Fig. 10). Here, only the initial (9 h)
and final (48 h) stages of the simulation were analyzed in Fig. 10, to avoid the noise from
the TC. The contours of geopotential height in Double_SQ/Half_SQ turned more west-
eastward from north-southward in CTL, which enhanced the north-south pressure gradi-
ent, and then enhanced the meridional component of the winds. Thus, the steering flow in
these two experiments changed compared to the CTL. Additionally, Fig. 9 shows that TCs
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Fig. 8 Evolution of low-passed filtered standardized water-vapor content (shading), with a—c) for CTL, d—
f for Double_SQ, g-h for Half _SQ and j-1 for Con_Q experiment, respectively; and with a, d, g and j for
21 h, b, e, h and k for 20 h, and ¢, £, i and 1 for 39 h, respectively. Black lines indicate the simulated tropi-
cal cyclone track, with marks indicating the location of tropical cyclone at the moment. The blue triangles
(“A”) mark the centers of water-vapor content

in Double_SQ/Half_SQ were generally moving along the isobar, although the movement
direction of TC in Double_SQ was divided from the direction of steering flow, which was
estimated from a larger area.

It is worth noting that Fig. 9 shows the mean pressure gradient in Half_SQ which was
much higher than that in Double_SQ, but this feature was not visible in the instantaneous
fields (Fig. 10). Considering that features in Fig. 9 were also affected by the evolution of
TC, we believe that the interaction between the modified water vapor field and TC evo-
lution is worth discussing and deserves a more detailed analysis in future. Furthermore,
the response of the geopotential height is opposite between Double_SQ and Half_SQ. For
Double_SQ, the enhanced geopotential height was pushed northward by the TC, and then
a closed area of high pressure was established (the isobar of 5900 hPa) near 21° N, and
thus the north-south pressure gradient was enhanced at the southern part of the model
(Fig. 10a). For Half SQ, the decrease of geopotential height at the southern part of the
model directly turned the contours of geopotential height more west-eastward compared to
CTL (Fig. 10c).
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(a) Geopotential helght 500 hPa Double_SQ- CTL
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Fig.9 Differences of large-scale fields of pressure and winds between Double_SQ/Half_SQ and CTL,
averaged in 0—48 h. a and b show the difference of geopotential height (shading; unit: gpm) in 500 hPa
level between Double_SQ and CTL, and Half_SQ and CTL, respectively. Blue contours and brown vectors
respectively show the geopotential height (unit: gpm) and wind vectors (unit: m s~!) in a Double_SQ and
b Half SQ. ¢ and d show the difference of zonal wind (shading; unit: m s~ ') and wind vectors (brown vec-
tor; unit: m s~ 1) in 500 hPa level between Double_SQ and CTL, and Half_SQ and CTL, respectively. Black
lines with open circles indicate the simulated tropical cyclone track at 3-h intervals

As with the similar horizontal distribution of the lower-layer WVC, the TC track was
similar in CTL, Double_SQ, and Con_Q, in that the TC landfall was in the Pearl River
Delta region of southern China in each of these experiments. Before passing nearest to
the HWVC center, the TC track in both CTL and Double_SQ deviated from the direc-
tion of the steering flow. Thus, the TC tracks in these two experiments were between the
direction of the steering flow and the direction from the TC center to the HWVC center.
After deviation from the HWVC center (TC passed through the HWCV at ~36 h for CTL
and ~30 h for Double_SQ), the TC track in each experiment was more consistent with
that of the direction of the steering flow. As the HWVC center in the Con_Q experiment
was located further west, it was always in front of the TC before the TC made landfall.
Thus, the TC track in this experiment always deviated considerably from the direction of
the steering flow. Relative to the TC tracks in the other experiments, the TC track in the
Half_SQ experiment was more southerly, and the TC made landfall over Hainan. During
12-21 h, the TC in Half_SQ moved southwestward toward the HWVC center, after which
its direction of movement was more consistent with the direction of the steering flow. Thus,
in each of the experiments, the simulated track of Hato was affected by both the steering
flow and the horizontal distribution of the lower-layer WVC, and the track tended to be
closer to the direction toward the HWVC center.
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Fig. 10 Geopotential height (contours; unit: gpm) in 500 hPa level for a, b Double_SQ (blue) and CTL
(black), and ¢, d Half_SQ (blue) and CTL (black). a, ¢ and b, d show the 9 and 48 h, respectively. Here, the
symbol “L” indicates the main area of TC

3.3 Directions from TC track to steering flow and HWVC

The angles between the direction of the temporal HWVC center and the direction of TC
motion (a) and that between the direction of the steering flow and TC motion () were esti-
mated (Fig. 11). During the period after model hour 21 and 6 h before landing, the TC track
was between the direction of the steering flow and that toward the HWVC center in CTL,
Double_SQ, and Con_Q. The TC tracks in each of these experiments were closer to the
direction of the HWVC center, that is, the values of o were approximately 2°-~7° smaller
than those of f. For the TC simulated in CTL and Double_SQ, the value of  decreased
from 20° to 30° to 10° after the TC passed through the HWVC center, at ~36 h for CTL
and ~30 h for Double_SQ. This suggests that the TC track was close to the direction of the
steering flow when the HWVC center was not in front of the TC. In Half_SQ, the TC devi-
ated from the HWVC center at the model hour 18; thus, the value of o was missing after
this time. Thus, its track was close to the direction of the steering flow, with a p value of
~10° for nearly the entire period after model hour 21 and 6-h before landing. In summary,
although the simulated track of Hato was controlled by the steering flow, it tended to be
more affected by the horizontal distribution of WVC than by the steering flow when both
factors were significant. Note that the TC evolution was relatively unstable before model
hour 21 (also analyzed in Fig. 5) and after 6-h before landing; the values of the angles were
relatively larger and the angle variations of that were relatively unstable.

The relation between the distribution of WVC and TC structure, and the related TC
motion, remain to be debated. For example, in the studies of Fujiwara et al. (2020), a TC
can weaken independent of the evaporation nearby being increased or decreased. Thus,
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Fig. 11 Angle between the direction toward the center of high water-vapor content (HWVC center) (i.e., the
line connecting the maximum temporal water-vapor content and the tropical cyclone (TC) center) and the
direction of TC motion () (red; units: degrees), and the angle between the directions of the steering flow
and TC motion (f) (blue; units: degrees), averaged during the period from 21 to 6 h before landfall: a con-
trol (CTL) and sensitivity experiments b Double_SQ, ¢ Half_SQ, and d Con_Q. Positive values represent
counterclockwise angles. e Schematic showing method of estimation of the two angles (a and p). Based on
Fig. 6 and in order to avoid the effect of the proximity of land on the TC track, the period after model hour
21 and 6-h before landing was highlighted by thick lines with marks in the first four figures. For a, b, and c,
the values of o were missing for the final few intervals of the period primarily because the TC had passed
the point of its nearest approach to the HWVC center

analysis on the tendency of absolute vertical vorticity was performed based on Yamada
et al. (2016) (Fig. 12), which shows that the positive peak of absolute vertical vorticity
tendency exists in the same direction as the TC motion. The absolute vertical vorticity can
be expressed as ({ +f), where ¢ and f, respectively, are the vertical advection of the rela-
tive vorticity and advection of the Coriolis parameter. Results show that the TC direction
of movement was between the direction of the steering flow and that toward the peak of
vorticity increasing area. Positive peaks of vorticity tendency (@) were mainly located
in the southwest quarter of the TC and close to the TC center at both low and high layers,
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Fig. 12 The absolute vertical vorticity tendency (M—Tf)) (shading; unit: 107° s~2) and water vapor tendency ™
(brown contour; dashed line for zero value, solid line with interval and minimum value of both 0.8; unit:
10~° kg kg" s~ ') within the radius of 200 km around the TC center at model hour 21. a, ¢, e and g for
850 hPa, and b, d, f and h for 300 hPa, respectively. a and b for CTL, ¢ and d for Double_SQ, e and f for
Half_SQ, and g and h for Con_Q, respectively. Black vector indicates the direction of TC motion, and blue
dashed vector indicates the direction of steering flow

except for the 300 hPa level in Double_SQ. The peaks of vorticity increasing area were
close to the peaks of water vapor increasing area, with the contours concentrated near the
positive peaks of %ﬂr), and mainly in the southwest quarter of the TC. This further dem-
onstrates the effect otf water vapor distribution on the TC track. Note that the fields of @
was noisier, further analysis about the vorticity fields is required to obtain more detailed
physical links between vorticity and TC motions.

4 Conclusions

Predicting TC tracks is a primary concern in TC forecasting in China, which often suffers
from the serious consequences of TC disasters at TC landfall locations. Beyond the influ-
ence of the steering flow, a TC often tracks in a direction favorable for their development,
particularly toward HWVC centers in the lower atmosphere. This study used the WRF
Model to perform a control experiment (CTL; based on actual data from Typhoon Hato)
and three sensitivity experiments (Double_SQ, Half_SQ, and Con_Q) to analyze the rela-
tionship between the horizontal distribution of water vapor in the lower layer and the track
of Hato. The water vapor flux at the southern lateral boundary of the model was doubled
and halved in Double_SQ and Half_SQ, respectively. The initial water vapor in the Con_Q
experiment was set uniformly to the horizontal averaged value of the simulated regional
space at each height.

Analyses of the relationships among the horizontal atmospheric WVC distribution,
steering flow, and TC track in the four experiments revealed that the simulated track of
Hato was more influenced by the horizontal distribution of WVC than by the steering flow
when both these factors were significant. The TC track was close to the direction of the
steering flow only when no HWVC center was present in front of the TC. Detailed analyses
show that the TC moving direction was between the direction of the steering flow and that
toward the peak of vorticity increasing area, while the peaks of vorticity increasing area
were close to the peaks of water vapor increasing area. This suggests that WVC in the low
layer was one of the factors influencing TC tracks, although it is insufficiently discussed in
previous studies. These findings may help improve the predictions of TC track and inten-
sity in the future, thereby aiding in preventing property damage and loss of life.

The present study was intended as a preliminary analysis of the potential relationship
between the distribution of water vapor and the track of Typhoon Hato. Thus, some of the
detailed physical mechanisms are not fully considered, i.e., the relationship between water
vapor transport and the formation of convection in TCs and how this relationship might
affect the TC motion. Both dynamic and thermodynamic analyses are required in future
studies to clarify these mechanisms.
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