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ABSTRACT: The genesis potential index (GPI) has been used widely to estimate the influence of large-scale conditions
on tropical cyclone (TC) genesis. Here we find that two GPIs, the Emanuel-Nolan GPI (ENGPI) and the dynamic GPI
(DGPI), show opposite skills in quantifying decadal variability of TC genesis in the western North Pacific (WNP). During
1979-2020, ENGPI shows a reverse decadal variation to the WNP TC genesis with a significant negative correlation of
—0.61, while DGPI can reasonably reproduce the decadal variation of the WNP TC genesis with a significant correlation of
0.66. The opposite skills of the two indices arise from the opposed effects of dynamic and thermodynamic parameters on
TC genesis induced by a WNP anomalous cyclonic circulation that controls the decadal variation of TC genesis. On the
one hand, the cyclonic circulation leads to favorable dynamical conditions including ascending motion, cyclonic vorticity,
and weakened vertical shear, and thus tends to increase the DGPI. On the other hand, the cyclonic circulation leads to un-
favorable thermodynamical conditions (decreased maximum potential intensity and midlevel humidity) that tends to de-
crease the ENGPI. As a result, the DGPI and ENGPI are reversely evolved and eventually lead to their opposite
correlation between TC genesis. The significant positive correlation between DGPI and TC genesis suggests a critical role
in the large-scale dynamical control of the decadal variability of the WNP TC genesis.

SIGNIFICANCE STATEMENT: Tropical cyclones (TCs) account for one-third of the deaths and economic losses
from weather-, climate-, and water-related disasters. Understanding variations in TC activity from the perspective of
large-scale conditions is of great importance to seasonal forecasting and disaster mitigation. Here we find that two gene-
sis potential indexes (GPIs), the Emanuel-Nolan GPI (ENGPI) and dynamic GPI (DGPI), show opposite skill in quan-
tifying decadal variability of TC genesis in the western North Pacific (WNP). The opposite skills of the two indices arise
from the opposed effects of dynamic and thermodynamic parameters on TC genesis. The result suggests a critical role
of large-scale dynamic control in the decadal variability of TC genesis in the WNP.
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1. Introduction one of the most popular (Camargo et al. 2007). Meanwhile, the
recently proposed dynamic GPI (DGPI; Wang and Murakami
2020) shows some advantages in depicting temporal variations
of TC genesis (Wang et al. 2021; Murakami and Wang 2022).
These two GPIs were widely used to investigate the influence of
large-scale environments on T'C genesis on various time scales.

On the intraseasonal time scale, it is found that the ENGPI
shows a moderate skill in depicting intraseasonal variations of
TC genesis, and the low-level absolute vorticity and the midle-
vel relative humidity are found to be the two most important
factors affecting TC genesis (Camargo et al. 2009; Zhao et al.
2015). Wang and Moon (2017) examined the MJO’s modula-
tion of TC genesis and found that the most effective factors
controlling intraseasonal TC genesis are dynamic parameters
such as 850-hPa relative vorticity and midlevel vertical mo-
tion. The results suggest that dynamical control is important
for TC genesis on the intraseasonal time scale.

On the interannual time scale, both the ENGPI and DGPI
show reasonable skill in reproducing the ENSO’s impact on
TC genesis (Camargo et al. 2007), with suppressed TC genesis

Tropical cyclone (TC) genesis requires constructive large-
scale environmental conditions (Gray 1968). Extensive efforts
have been dedicated to establishing the quantitative connection
between large-scale conditions and TC genesis. Gray (1979) first
proposed a genesis potential index (GPI) by constructing a func-
tion of dynamical and thermodynamical large-scale environ-
mental parameters that are known to be important to TC
formation. Several variants of GPI were subsequently devel-
oped to improve the quantitative linkage between TC genesis
and large-scale environmental conditions from different per-
spectives (Emanuel and Nolan 2004; Emanuel 2010; Murakami
and Wang 2010; Tippett et al. 2011; Menkes et al. 2011; Holland
and Bruyére 2013; Zhang et al. 2016; Wang and Moon 2017;
Moon et al. 2018; Wang and Murakami 2020). Among them,
the GPI proposed by Emanuel and Nolan (2004; ENGPI) is
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in the North Atlantic and the western part of the western
North Pacific but an increase in the eastern and central Pacific
(Camargo et al. 2007; Menkes et al. 2011; Wang and Murakami
2020). Wang and Murakami (2020) found that ENGPI has
good skill in representing interannual variations of TC gene-
sis frequency in the Atlantic and eastern Pacific but no skill
in the WNP (r = —0.04). In contrast, DGPI has a significant
skill (r = 0.55) in depicting year-to-year variation of the
WNP TC genesis.

For future projection, while TC-permitting models project
a decreased TC genesis number in future warming scenarios
(Roberts et al. 2020; Knutson et al. 2020), the ENGPI shows a
significant increase in CMIP5 and CMIP6 models (Camargo
et al. 2014; Knutson et al. 2020; Emanuel 2021). The disparity
may result from the increase in thermodynamic factors such as
maximum potential intensity (MPI), which increases with global
warming-induced rising sea surface temperature (SST) (Emanuel
1999). Murakami and Wang (2022) found that DGPI projects a
moderate decrease or no change, which is more consistent with
the changes in TC genesis produced by the TC-permitting model
compared to that of ENGPI (Roberts et al. 2020). The moderate
decrease in TC genesis indicated by DGPI is found to be primar-
ily linked to the future weakening of the midlevel ascending mo-
tion, suggesting the prominence of the dynamic parameters in
determining TC genesis in global warming scenarios.

Besides the notable variations of TC genesis on the intrasea-
sonal and interannual time scales, the WNP TC genesis exhibits
remarkable decadal variations (Liu and Chan 2013; Wu et al.
2015; Hu et al. 2018; Wang et al. 2022). So far, no one has com-
pared the two indices’ performance in representing the interde-
cadal variability of TC genesis. The objective of this study is to
examine the skills of the two GPIs in characterizing the decadal
variation of the WNP TC genesis and to investigate the key
large-scale parameters controlling it. The results obtained here
can fill the knowledge gap in the large-scale influences on de-
cadal variation of TC genesis in the WNP.

The remainder of this paper is organized as follows. Section 2
describes the data and methods. Section 3 exhibits the perform-
ances of DGPI and ENGPI in depicting decadal variability of
the WNP TC genesis, and section 4 explores the role of dy-
namic and thermodynamic environmental parameters. A sum-
mary and discussion are presented in section 5.

2. Data and method

TC genesis information was derived from the International
Best Track Archive for Climate Stewardship version 4 (IBTrACS;
Knapp et al. 2010), which contains 6-hourly TC location and in-
tensity records issued by forecast centers worldwide. Here three
best track datasets over the WNP, namely the Shanghai Typhoon
Institute of Chinese Meteorology Administration (CMA), the Re-
gional Specialized Meteorological Center of Japan Meteorological
Agency (JMA), and the Joint Typhoon Warning Center (JTWC),
were used to count the TC genesis number. Since the results using
three datasets are generally similar, only the results using CMA
dataset are presented. TCs are defined as the records whose life-
time maximum intensity of wind speeds is greater than or equal to
17.2 m s~ . The monthly mean SST data were obtained from the
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National Oceanic and Atmospheric Administration (NOAA) Ex-
tended Reconstructed SST version 5 (Huang et al. 2017). Two
monthly atmospheric reanalysis datasets from the NCEP-DOE
Reanalysis (Kanamitsu et al. 2002) and the Japanese 55-year Re-
analysis (JRA-55; Kobayashi et al. 2015) were used to derive the
large-scale parameters important for TC genesis.

The ENGPI (Emanuel and Nolan 2004) is defined as
follows:

3 3
RH\’(PI -
ENGPI = I105n|3/2(—50) (*70) 1401V 7,

where 7 is the absolute vorticity (s™!) at 850 hPa, RH is
the relative humidity at 600 hPa, PI is the potential inten-
sity (m s™!) (Bister and Emanuel 1998), and Vipeq, repre-
sents the vertical wind shear (m s™!) between 850 and
200 hPa.

The DGPI (Wang and Murakami 2020) is defined as
follows:

. 23
DGPI = (2 + 0.1VS)*1~7(5.5 - ;’—;‘105) (5 — 200)**

X (55 + |105n|)2,4e—118 _ 1’

where the terms of V is the vertical wind shear (m s_l) be-
tween 850 and 200 hPa, du/ldy represents the meridional
gradient of zonal wind (s~') at 500 hPa, w is the vertical ve-
locity (Pa s~ ') at 500 hPa, and 7 is the absolute vorticity
(s™!) at 850 hPa.

The total moisture tendency equation at 600 hPa was used
to diagnose the dominant factors causing the moisture anom-
aly (Yanai et al. 1973). The equation can be written as

9 _ _v.vay - %’_%)'
0 —v-vg) (‘“ap) (%],

where ¢ is the specific humidity, V is the horizontal velocity, V
is the horizontal gradient operator, w is the vertical velocity,
0O, represents the apparent moisture sink, and L is the latent
heat constant. Also, the term —(V - Vg)’ denotes anomalous
horizontal moisture advection, —[w(9g/dp)]" represents anom-
alous vertical moisture advection, and —(Q,/L)" denotes an
anomalous moisture source or sink.

We focus on the TC that occurred in the WNP (0°-40°N,
100°E-180°) during 1979-2020. Here we choose 1979 as the
starting year because routine geostationary satellite moni-
toring became available around this year, indicating rela-
tively high reliability of TC best track data. The linear
trends were first removed and then a 5-yr running mean was
applied to all observational data to extract the decadal vari-
ability. Statistical significance of regression and correlation
analyses were assessed using the two-tailed Student’s ¢ test
(Wilks 2006). Because the running mean tends to decrease
the degree of freedom, the effective degree of freedom was
used to estimate the significance of correlation and regres-
sion coefficients between the running mean variables (Davis
1976).
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FIG. 1. Annual cycle of TC genesis in the WNP derived from the CMA (black bars), DGPI
(red solid line), and ENGPI (blue dashed line) derived from the JRA-55 reanalysis. The correla-
tion coefficients of TC genesis between DGPI and ENGPI are shown at the top left of the panel.

3. Skill of DGPI and ENGPI in depicting the decadal
variability of TC genesis

Let us examine climatology first. For the seasonal evolution,
TC genesis is relatively inactive in the boreal winter with a mini-
mum in February, gradually turns to active in the summer sea-
son peaking in August, and then tends to be quiescent in winter
(Fig. 1). The seasonal cycle of TC genesis is generally consistent
with the evolution of the WNP summer monsoon (Wang and
LinHo 2002), which provides many favorable background large-
scale conditions. Since coefficients of DGPI and ENGPI are de-
termined to fit the observed spatial distribution of TC genesis
and their magnitudes may not be consistent with observation,
here we just focus on their monthly evolution. Generally, both
the DGPI and ENGPI can reasonably reproduce the seasonal
cycle of TC genesis including the maximum in August and mini-
mum in February, resulting in a significant correlation of 0.98
and 0.97, respectively (Fig. 1). We can find that most TCs occur
in July—October (Fig. 1), accounting for about 70% of the total
genesis number in a calendar year over the WNP. Therefore,
only TC genesis during the main TC season (July—October) is
considered in the following. For the spatial distribution, most
TC genesis in the WNP during July—October occurs in the re-
gion 7.5°-30°N, 110°-170°E with three maximum centers located
in the South China Sea and the west and east Philippine Sea, re-
spectively (Fig. 2). The main genesis region is associated with
the configuration of four large-scale circulations over the WNP,
including the monsoon trough, North Pacific subtropical high,
South Asian high, and tropical upper tropospheric trough
(Wang and Wu 2016; Wang and Wang 2019, 2021). These circu-
lation systems collectively determine the region of favorable
large-scale conditions for TC genesis in the WNP. DGPI can
reasonably reproduce the spatial distribution and the location of
the maximum zone of TC genesis over the WNP, although the
DGPI's maximum center in the South China Sea slightly shifts
eastward (Fig. 2a). For the ENGPI, the maximum zone extends
from the northern South China Sea and to the sea east of Tai-
wan, showing a northwestward displacement compared to the

observation (Fig. 2b). Accordingly, the spatial correlation of TC
genesis between DGPI (0.89) is higher than that of ENGPI
(0.84), suggesting the comparable but better skill of DGPI in re-
producing spatial distribution of TC genesis over the WNP than
that of ENGPI. The results suggest both the DGPI and ENGPI

4o DGPI

30°N

FIG. 2. Climatological mean (a) DGPI and (b) ENGPI (shading)
in July—October during 1979-2020 derived from the JRA-55 rean-
alysis. Contours show the mean genesis frequency in each 2.5° lati-
tude X 2.5° longitude grid box. The green boxes outline the main
genesis region (7.5°-30°N, 110°~170°E) over the WNP. The pattern
correlation coefficients R of TC genesis frequency with ENGPI
and DGPI are shown in the lower right of the panels.
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FIG. 3. Time series of 5-yr running mean of TC genesis frequency (black solid line) and (a)
DGPI (dashed lines) and (b) ENGPI (dashed lines) over the main genesis region (7.5°-30°N,
110°-170°E) in July—October during 1979-2020 derived from NCEP-DOE and JRA-55 reanaly-
sis. Their correlation coefficients R are shown at the top left of the panels.

show comparable and reasonable skill in depicting the seasonal-
ity and spatial distribution of TC genesis in the WNP.

In terms of temporal variation, the skills of DGPI and
ENGPI in depicting the decadal variation of TC genesis show a
remarkable difference (Fig. 3). TC genesis frequency in the
WNP experienced an active epoch from the late 1970s to the
late 1990s, followed by an inactive period continuing to the early
2010s, and has returned to being relatively active in recent years
(Fig. 3). Generally, the DGPI reasonably reproduces the de-
cadal variation of TC genesis frequency in the WNP (Fig. 3a),
with a significant correlation coefficient of 0.66 (p < 0.05) tested
by the effective degree of freedom. In contrast, the ENGPI
shows an almost opposite evolution compared to that in TC gene-
sis (Fig. 3b), which shows low ENGPI before the late 1990s but
relatively high ENGPI since the early 2000s. As a result, the
ENGPI and TC results are negatively correlated with a significant
negative correlation of —0.61 (p < 0.05). One concern is that the
opposite skill may depend on the reanalysis data, so a state-of-
the-art reanalysis, JRA-55, was adopted to further confirm the ro-
bustness (Fig. 3). It is found that the opposite correlation of TC
genesis between ENGPI and DGPI still exists. Particularly, TC
genesis is positively correlated with the DGPI with a correlation
of 059 (p < 0.05), while it is negatively correlated with the
ENGPI with a correlation of —0.51 (p < 0.05). The consistency
of the results derived from two reanalysis datasets confirms the ro-
bustness of their opposite skills and lends us confidence to further
investigate the root cause. The negative correlation of ENGPI im-
plies that some components of ENGPI are destructive and even
counterproductive in depicting the decadal variation of TC genesis
in the WNP.

4. Role of dynamic and thermodynamic
environmental parameters

Why do the DGPI and ENGPI possess opposed skills in
depicting the decadal variation of TC genesis in the WNP?

To investigate the major factors resulting in the opposite rela-
tionship, we first examined the linear correlation of TC gene-
sis between the four large-scale parameters of DGPI and
ENGPI (Figs. 4 and 5). The linear correlation between TC
genesis and 500-hPa vertical motion, meridional gradient of
500-hPa zonal wind, vertical wind shear, and 850-hPa absolute
vorticity over the main genesis region for the NCEP-DOE
(JRA-55) dataset is —0.55 (—0.48), 0.01 (0.19), —0.46 (0.3),
and 0.29 (0.28), respectively (Fig. 4a). The high correlations of
500-hPa vertical motion and vertical wind shear indicate their
important contribution to significant correlation between
DGPI and TC genesis. To quantitatively confirm the contribu-
tion of each component, we recalculated the correlation of
TC genesis between DGPI by varying each component
with the other three components fixed as their climatology
(Fig. 4b). It can be found that the midlevel vertical motion
term has the foremost contribution, followed by the vertical
wind shear term and absolute vorticity term, while the contri-
bution of the meridional gradient of 500-hPa zonal wind term
is negligible (Fig. 4b).

For the four large-scale parameters in ENGPI, the correla-
tions of TC genesis between MPI, 600-hPa relative humidity,
vertical wind shear, and 850-hPa absolute vorticity over the
main genesis region for NCEP-DOE (JRA-55) are —0.51
(—0.69), —0.25 (—0.23), —0.46 (—0.3), and 0.29 (0.28), respec-
tively (Fig. 5a). It is unexpected that MPI and midlevel humidity
are negatively correlated with TC genesis, which are supposed
to increase with the possibility of TC genesis (Emanuel and
Nolan 2004; Camargo et al. 2007). Accordingly, we recalcu-
lated the correlation of TC genesis between ENGPI by vary-
ing each component with the other three components fixed as
their climatology. Although the positive contribution of verti-
cal wind shear term and low-level absolute vorticity term still
exists, the negative effect of the MPI term (R = —0.48 for
NCEP-DOE and R = —0.67 for JRA-55) and relative humidity
term (R = —0.46 for NCEP-DOE and R = —0.25 for JRA-55)
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FIG. 4. Correlation coefficients of TC genesis frequency between
(a) 500-hPa omega (OM), the meridional gradient of zonal wind
(MG), vertical wind shear (SH), and 850-hPa absolute vorticity (VR)
over 7.5°-30°N, 110°-170°E in July-October during 1979-2020, and
(b) correlation coefficients of TC genesis frequency between DGPI
(total), DGPI derived from varying OM, MG, SH, and VR over
7.5°-30°N, 110°-170°E in July-October during 1979-2020, respec-
tively, with the other three variables fixed as climatology. The red
and black bars represent correlations between TC genesis and DGPI
derived from the NCEP-DOE and JRA-55 reanalysis, respectively.
The hatched bars denote the correlations that are significant at the
95% confidence levels. The numbers denote the corresponding corre-
lation coefficients.

overwhelm their positive contributions (Fig. 5a), eventually lead-
ing to the significant negative correlation between the ENGPI
and TC genesis (Fig. 5b). Thus, we can conclude that the MPI
and relative humidity term are the major contributors for the sig-
nificant negative correlation between ENGPI and TC genesis in
the WNP.

MPI and relative humidity reflect a lot of the thermody-
namic requirement for TC formation, it is usually supposed
that greater MPI and midlevel humidity indicate a more fa-
vorable thermodynamic condition and higher possibility for
TC genesis, and thus a greater value of ENGPI (Emanuel and
Nolan 2004; Camargo et al. 2007). To understand the negative
contribution of MPI and relative humidity to TC genesis in the
WNP, we examined the regressed large-scale circulation and un-
derlying boundary condition anomalies against the WNP TC
genesis (Fig. 6). The 850-hPa winds feature an anomalous cy-
clonic circulation extended from the subtropical eastern North
Pacific to the WNP (Fig. 6a), which provides the anomalous as-
cending motion, weakened vertical shear, and cyclonic vorticity
that are conducive to TC genesis in the WNP (Figs. 4 and 6c).
Meanwhile, the westerly to the south flank of the cyclonic circu-
lation tends to decrease the zonal gradient over the tropical

WANG ET AL.

8717

Individual factors in ENGPI

Emm NCEP-DOE a)
EEm JRASS

N
IS

Correlation coefficient
I 5
o %
IS TR BT B
e 'i
5 S S
—

0.29/0.28

|
<
i

—0.8 T T T T
PI RH SH VR
0.8 Varying factors in ENGPI
E ] 0.48/0.32 b)
2 04
= i '4 0.17/0.31
E )
= ]
£ 0] %!j IN
S .=, N
| -0-617051 -0.48/-0.67
038 T T T T T
Total PI RH SH VR

FIG. 5. (a) Correlation coefficients of TC genesis frequency be-
tween maximum potential intensity (PI), relative humidity (RH),
vertical wind shear (SH), and 850-hPa absolute vorticity (VR) over
7.5°=30°N, 110°-170°E in July—October during 1979-2020. (b) Cor-
relation coefficients of TC genesis frequency between ENGPI (to-
tal) and ENGPI derived from varying PI, RH, SH, and VR over
7.5°-30°N, 110°-170°E in July—October during 1979-2020, respec-
tively, with the other three variables fixed as climatology. The blue
and black bars represent correlations between TC genesis and
ENGPI derived from the NCEP-DOE and JRA-55 reanalysis, re-
spectively. The hatched bars denote the correlations that are signif-
icant at the 95% confidence levels. The numbers denote the corre-
sponding correlation coefficients.

Pacific, and then reinforce westerly anomalies through Bjerknes
feedback (Bjerknes 1969), eventually resulting in the negative
SST anomalies (Fig. 6a). Since the tropopause temperature can
be influenced by the SST (Emanuel 1987; Reid and Gage 1981;
DeMaria and Kaplan 1994), variations in boundary SST largely
control changes in MPI. As a result, the regressed MPI shows a
similar pattern to that of SST, with significant negative anoma-
lies in the WNP (Figs. 6a,b). The time series of SST and MPI
were further examined to confirm their relationship (Fig. 7).

It can be found that both decadal variations of MPI derived
from the two reanalysis datasets are significantly correlated
with SST, indicating the key role of SST in the decadal varia-
tions of MPI. A remaining issue is why negative relative humid-
ity anomalies occur in the main genesis region with the assistance
of anomalous ascending motion. A moisture budget analysis
(Yanai et al. 1973; Weng et al. 2022) was conducted to under-
stand the negative humidity anomalies (Fig. 8). Since the diagnos-
tic results from the NCEP-DOE and JRA-55 are similar, here
only the results from NCEP-DOE are presented. It can be found
that the positive contribution of vertical advection by ascending
motion is largely offset by negative contribution of the moisture
loss due to the associated condensation, while the horizontal
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FIG. 6. Regressed (a) SST (shading; °C) and 850-hPa winds (vectors; m s~ '); (b) maximum po-
tential intensity (shading; m s™"); and (c) 500-hPa vertical pressure velocity (shading; 1072 Pas™ "),
vertical wind shear (contours; m s~ 1), and absolute vorticity (hash marked region; 10™° s 1) anom-
alies from NCEP-DOE reanalysis against the time series of 5-yr running mean TC genesis fre-
quency in July—October during 1979-2020. Purple vectors in (a) and dots denote the anomalies
that are significant at the 90% confidence level. Only the positive values of 850-hPa absolute vortic-
ity in the main genesis region are shown in (c).
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relative humidity anomalies. Thus, we first divided it into zonal ay ay ay ay ay

and meridional moisture advection terms, and then found that

the negative anomalies of —(V - Vg)’ are dominated by the me-
ridional moisture advection —[v(9g/dy)]’. We further decompose
it into four terms:

The overbar denotes the climatological mean, and the prime de-
notes the anomaly. The term —[v(0g/0y)]” represents the anom-
aly of the mean meridional wind and the mean meridional
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FIG. 7. Time series of 5-yr running mean of SST (black line) and PI over the main genesis re-
gion (7.5°-30°N, 110°-170°E) in July—October during 1979-2020 derived from NCEP-DOE
(blue line) and JRA-55 reanalysis (purple line). Their correlation coefficients R between SST are
shown on the top left of the panel.

Brought to you by Nanjing University of Information Science and Technology | Unauthenticated | Downloaded 12/01/23 01:22 PM UTC



15 DECEMBER 2023

WANG ET AL.

8719

0.6
1 10
1 o0s
" §
g; : 0.0 1 - —
3 02 47
§ R -
© ] —(v 5 (v )—( (V’ 'q)
é 0.0 ]
S ]
£ ]
-0.2
0.4

|
% (Ve gy

ot

—(co )

I | |
_(%)/ sum

F1G. 8. The 600-hPa moisture budget terms over the main genesis region (7.5°-30°N, 110°~170°E) derived from
NCEP-DOE reanalysis. From left to right, the observed specific humidity tendency, horizontal moisture advection,
vertical moisture advection, latent heating, and the sum of these budget terms are shown. The orange bar and green
bar inside the blue bar denote the contributions of zonal advection and meridional advection, respectively. The contri-
butions of individual terms to the meridional advection are shown in the inset at the top left.

gradient of specific humidity, —[7(9g’/dy)]’ indicates the anoma-
lous mean meridional wind and the anomalous meridional gra-
dient of specific humidity, —[v’(9g/dy)]" is the anomaly of the
anomalous meridional wind and the mean meridional gradient
of specific humidity, and —[v’(9¢q’/dy)]" denotes the nonlinear
effects between the anomalous meridional wind and the anoma-
lous meridional gradient of specific humidity. It is found that
that the nonlinear effects between the anomalous northerly
wind and the anomalous meridional gradient of specific humid-
ity {—[v’(0q’/dy)]’} are main contributor to the negative humid-
ity anomalies (Fig. 8).

Thus, the negative SST, MPI, and relative humidity anoma-
lies in the main genesis region are coupled to the enhanced as-
cending motion and cyclonic vorticity but weakened vertical
wind shear therein through the anomalous cyclonic circula-
tion, eventually leading to the opposite effects of the dynami-
cal parameters (enhanced upward motion and cyclonic
vorticity, and reduced vertical wind shear) and the thermody-
namic parameter (negative MPI and relative humidity) on TC
genesis in the WNP. Since the thresholds of thermodynamic
parameters for TC genesis generally are satisfied in the warm
pool region of the WNP, changes in dynamical parameters
play more important roles than the thermodynamic ones in
TC formation over the WNP (McBride and Zehr 1981; Lee
1989a,b; Fu et al. 2012). Therefore, the DGPI, integrating
the effects of large-scale dynamical parameters, shows posi-
tive skill, while the ENGPI, which is generally dominated
by the thermodynamic parameters, shows negative skill in de-
picting the decadal variation of TC genesis in the WNP.

5. Summary and discussion

While both the DGPI and ENGPI possess comparable
skills in depicting the climatological feature of TC genesis in

the WNP, here we find that the ENGPI and DGPI show op-
posite skills in depicting the decadal variation of TC genesis
over the WNP. Particularly, ENGPI shows an opposite de-
cadal variation to the WNP TC genesis, yielding a significant
negative correlation of —0.61. The DGPI can reasonably re-
produce the decadal variation of the WNP TC genesis with a
significant correlation of 0.66 during 1979-2020. The opposite
skill of the two indices stems from the opposite effects of dy-
namic and thermodynamic parameters on TC genesis that are
linked to an anomalous cyclonic circulation controlling the
decadal variation of TC genesis in the WNP. On the one
hand, the cyclonic circulation results in anomalous ascending
motion, cyclonic vorticity, and weakened vertical shear, lead-
ing to a favorable dynamical environment for TC genesis and
positive DGPI anomalies. On the other hand, the tropical
westerly and subtropical northerly anomalies associated with
the cyclonic circulation tend to decrease SST (MPI) and dry
the midtroposphere, respectively, which collectively contrib-
ute to the unfavorable thermodynamic environment and thus
negative ENGPI anomalies. Therefore, the negative SST,
MPI, and relative humidity anomalies in the main genesis re-
gion are coupled to the enhanced ascending motion and cy-
clonic vorticity and weakened vertical wind shear therein,
eventually leading to the opposite effects of dynamical param-
eters and the thermodynamic parameters on TC genesis in
the WNP. Since the threshold of thermodynamic parameters
for TC formation generally is satisfied in the warm pool re-
gion, dynamical parameters play a more important role than
the thermodynamic ones in TC formation in the WNP. There-
fore, the DGPI, integrating the effects of dynamic parameters,
shows positive skill, while the ENGPI, which is generally
dominated by the thermodynamic parameters, shows negative
skill in depicting the decadal variation of TC genesis in the
WNP.
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One may question the skills of other variants of ENGPI in
depicting decadal variability of the WNP TC genesis. Here we
find that the two variants of ENGPI proposed by Murakami
and Wang (2010) and Emanuel (2010) generally show low
skill in representing decadal change in the WNP TC genesis.
For instance, the revised ENGPI by Murakami and Wang
(2010) including the vertical motion term also shows a similar
evolution with original ENGPI, which is almost opposite to
that in TC genesis. Further examination suggests that the neg-
ative contribution of potential intensity term can overwhelm
the positive contribution of midlevel vertical motion term,
eventually leading to the significantly negative correlation be-
tween TC genesis and the revised ENGPI by Murakami and
Wang (2010). The results highlight that dynamical large-scale
parameters play an important role in the decadal variation of
TC genesis over the WNP (Shan and Yu 2020; Dai et al.
2022), while the effects of thermodynamical parameters may
be secondary and somewhat misleading if it is considered.
Moreover, the superior skill of DGPI in presenting the de-
cadal variability of the WNP TC genesis provides us with a
powerful tool to investigate climate variability of TC genesis
in the current and future climates.
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