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Abstract: Asian topography plays a significant role in regional and global weather and climate 
change. Based on the dataset of climate system model named CAS FGOALS-f3 participated in 
Global monsoons Model Inter-comparison (GMMIP), the MIP endorsement of Coupled Model In-
tercomparison Project Phase 6 (CMIP6), the role of Asian topography to the formation and move-
ment of tropical cyclones (TCs) are discussed in this study. This study provides the first comparative 
analysis of the dynamic and thermal effects of Asian topography on the regional and global activity 
of TCs. The results indicate that the Asian topography promotes the generation and development 
of TCs, especially in the Northwest Pacific (WNP). The contribution of the Asian topography to the 
number of TCs reached about 50% in WNP. It is worth noting that there are still positive biases of 
TC track density in the experiment named “AMIP-NS,” which means the thermal effect of Asian 
topography is also essential for TC formation and development in WNP, which has not received 
much attention before. Besides, the possible reasons for the modulation of TC activity are given from 
two aspects: (1) The existence of Asian topography has changed the large-scale factors related to TC 
activities such as warm core, sea-level pressure, genesis potential index (GPI), which are beneficial 
to the generation and movement of TC. (2) Asian topography promotes the spread of Madden–
Julian oscillation (MJO), which is also beneficial to the generation and movement of TC. It is worth-
while to investigate further the mechanisms by which Asian topography affects the activity of TCs. 

Keywords: tropical cyclone; Asian topography; CAS FGOALS-f3; simulation; thermal effect;  
possible reason 
 

1. Introduction 
Tropical cyclones (TCs) are one of the most destructive natural hazards generated in 

the tropical ocean. The high surface wind speed and the heavy precipitation are the sig-
natures of TCs, which have a significant impact on the social economy and public safety 
in the coastal areas. Thus, TCs activity has always been the core content of disaster pre-
vention and mitigation. Unfortunately, due to insufficient knowledge of TCs and un-
skilled prediction accuracy, human society has suffered huge losses from TCs every year. 
In the past 2018, there were 102 named TCs generated globally. Furthermore, the direct 
economic losses caused by TCs exceeded 95 billion U.S. dollars and caused more than 
1700 deaths. Previous studies [1] pointed out that global warming makes hurricane fore-
casting more complicated, and many recognized characteristics of TC may be changed in 
the future. Thus, continuous research on the TC dynamics and the improvement of TC 
prediction skills are necessary. 

Changes in large-scale circulation and oceanic conditions are strongly related to the 
formation and development of TCs [2,3]. The Atlantic Multidecadal Oscillation (AMO) 
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could affect the Walker circulation and lead to the increment of the vertical wind shear in 
the genesis region of TC at the WNP [4]. Pacific Decadal Oscillation (PDO) is a long-lived 
El Niño-like pattern of Pacific climate variability, which could contribute to the TC genesis 
in the northern Indian Ocean (NIO) [5], the WNP [6], and the North Atlantic (NA) [4]. El 
Niño–Southern Oscillation (ENSO) is one of the dominant interannual variability in the 
tropics [7,8], which could modulate the atmospheric and oceanic circulation. The TC ac-
tivity in WNP was influenced by the ENSO [9] and quasi-biennial oscillation (QBO) [10]. 
The previous study [11] indicated a solid lead-lag relationship between the ENSO indices 
and the accumulated cyclone energy (ACE) of TC. Madden-Julian oscillation (MJO) con-
tributes to the variability of tropical atmospheric and oceanic circulation in sub-seasonal 
to seasonal (S2S) timescale, especially on the tropical convection and tropical waves as-
pects. The researchers [12] systematically summarized the influences of MJO on weather 
and climate timescale, and the results indicated that the TC genesis and movement were 
influenced by the MJO in each phase. The previous study [13] explained the impact of 
MJO on TC activity in the different basins from the perspective of large-scale factors. In 
terms of TC dynamics, the researcher [14] considered the eye dynamics in the steady-state 
theory to fix the predicted biases of TC maximum intensity, which is known as the maxi-
mum potential intensity (MPI). Then, the GPI is developed [15] based on the MPI and 
large-scale factors, and GPI becomes an excellent method to establish a linkage between 
TC and large-scale factors [16]. 

Using the global climate model (GCM) to simulate global TC activity began in the 
1960s [17]. Subject to the low resolution and simple physical processes, only the TC-like 
signal was recognized in the model of that era [18,19]. The fine-resolution regional climate 
models were good transitions to make the detailed simulation for the horizontal and ver-
tical structure of TC [20,21]. With the rapid development of computing science, improved 
horizontal/vertical resolution, and reasonable parameterization of physical processes, the 
GCM has the potential to simulate the characteristics of TC in many aspects [22,23]. A 20 
km-mesh global atmospheric model was used to simulate the frequency and wind inten-
sity of TC in a global-warming climate [24]. The Geophysical Fluid Dynamics Laboratory 
(GFDL) 50 km GCM named HiRAM was used to simulate the global TC activity in clima-
tology, seasonal cycle, and interannual variability aspects [25]. With the consistent in-
crease in horizontal resolution of GCMs, some international plans, such as the High-reso-
lution model intercomparison project (HighResMIP V1.0) for CMIP6 and the US CLIVAR 
working group on hurricanes, regarded the simulated performance of TC as an essential 
scoring indicator for the high-resolution GCMs. Since then, the GCMs have been widely 
used in the prediction, projection, and theoretical research of global TC activity [26–28]. 

The Asian Topography, especially the Tibetan-Iranian Plateau (hereafter TIP), signif-
icantly impact Asia and the global climate [29–32]. There is a robust physical relationship 
between the Tibetan Plateau (TP) and the Asian summer monsoon (ASM), but the contri-
butions between the thermodynamic process and mechanical process stirred up heated 
discussions. The previous study [33] cleared that sensible heating on the slopes of the TP 
was a crucial driver of the South Asian monsoon. A new viewpoint was proposed, which 
considered the mechanical barrier of TP to play a dominant role in the evolution of the 
South Asian monsoon [34]. While the maintenance of the South Asian summer monsoon 
was still controversial, the contribution of TP to large-scale circulation was already a con-
sensus [35,36]. In addition, the TIP also affects atmospheric circulation on a synoptic scale 
[37,38]. Besides, a relationship between the TP winter snow cover and the WNP tropical 
cyclone genesis frequency was found [39]. 

In this study, the role of Asian topography on TC formation was discussed based on 
the dataset of CAS FGOALS-f3 that participated in Global monsoons Model Inter-com-
parison (GMMIP) [40,41], the MIP endorsement of CMIP6 [42]. The previous study eval-
uated the simulation performance of TC activity in FAMIL2, which was the atmospheric 
component of CAS FGOALS-f3 in low horizontal resolution (approximately 100 km) [26]. 
The results indicated that the TC climatology and variability could be well reproduced by 
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FAMIL2, which provides a good foundation for studying the role of the Asian topography 
in tropical cyclone activities. Based on the Tier 3 experiment of GMMIP, the impact of 
Asian topography on TC activity in the climatology aspect will be given. Then the possible 
reason will be discussed in order to understand these phenomena. The highlights of this 
study are (1) The quantitative analysis of the dynamic and thermal effects of Asian topog-
raphy on regional and global tropical cyclone activity through numerical simulation; (2) 
The possible reasons for the impact of Asian topography on tropical cyclone activity are 
identified. 

The paper is organized as follows. The datasets of observation and model simulation 
are introduced in Section 2. Section 3 shows the results of TC simulation within the exper-
iments in tier 3 of GMMIP, then the possible reason that caused these changes are given 
in Section 4. Section 5 provides a brief discussion and a summary of the results. 

2. Dataset and Method 
2.1. Model Description 

The Chinese Academy of Sciences (CAS) Flexible Global Ocean–Atmosphere–Land 
System model, finite-volume version 3 (CAS FGOALS-f3) is the latest climate system 
model for Coupled Model Intercomparison Project Phase 6 (CMIP6) developed by the 
State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical 
Fluid Dynamics (LASG), Institute of Atmospheric Physics (IAP). CAS FGOALS-f3 consists 
of 4 components: (1) the atmospheric component is the Finite-volume Atmospheric Model 
version 2.2 (FAMIL2.2) [26,43], which is the successor of the atmospheric general circula-
tion model of the Spectral Atmosphere Model of LASG (SAMIL) [44,45]; (2) the oceanic 
component is the LASG/IAP Climate System Ocean Model version 3 (LICOM3) [46]; (3) 
the land surface component is the Community Land Model version 4.0 (CLM4) [47,48], 
but the processes from the dynamic global vegetation model (DGVM) in CLM4.0 used in 
FGOALS-f2 are turned off compared to its original version in CESM; (4) the sea-ice com-
ponent is the Los Alamos Sea Ice Model version 4.0 (CICE 4.0) [49,50]. These four compo-
nents are coupled by the version 7 coupler in CESM [51]. The Previous study [26] has 
introduced the atmospheric component, FAMIL2 detail, and there is no essential differ-
ence with FAMIL2.2. 

2.2. Simulation of FGOALS-f3 in GMMIP Tier 3 
CAS FGOALS-f3 have participated in the CMIP6 activities, GMMIP, and HighresMIP 

[52]. In this study, the datasets submitted to the GMMIP are analyzed. The horizontal res-
olution of CAS-FGOALS-f3-L is approximately 100 km, and the configuration of model 
experiments is introduced in Table 1. For writing convenience, we use the abbreviations: 
AMIP, NTP, and NS for the experiment named amip-hist, amip-TIP, and amip-TIP-nosh, 
respectively. The first experiment, named amip-hist 
(http://doi.org/10.22033/ESGF/CMIP6.3182, 20 May 2023), was designed as the control 
run. The other two experiments named amip-TIP 
(http://doi.org/10.22033/ESGF/CMIP6.3186, 20 May 2023) and amip-TIP-nosh 
(http://doi.org/10.22033/ESGF/CMIP6.3189, 20 May 2023) are designed as the sensitivity 
runs. In amip-TIP, the topography above 500 m was set to 500 m. In amip-TIP-nosh, the 
vertical diffusion heating term in the boundary layer scheme was set to zero in the same 
region. Besides, we have made differences between the two types of data. AMIP-NTP rep-
resents the difference between amip-hist and amip-TIP, which will highlight the wide-
spread impact of Asian topography on global TC activities. AMIP-NS represents the dif-
ference between amip-hist and amip-TIP-nosh, which will highlight the impact of surface 
sensible heating of Asian topography on global TC activities. 
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Table 1. The configuration of experiments. 

Experimental 
Name 

Variant Label 
Integration 
Time 

Description 
Horizontal Resolution/Vertical 
Layer 

amip-hist r1i1p1f1 1981–2014 

The model integration starts from 
1 January 1861 with the external 
forcings, including greenhouse 
gases, solar irradiance, ozone, 
aerosols, SSTs, and sea ice, similar 
to the experimental design of 
AMIP. The outputs from 1870 to 
2014 are provided but selected 
from 1981 to 2014 for this study. 

C96 (approximately 100 km)/32 
layers 

amip-TIP r1i1p1f1 1981–2014 

The topography of TIP above 500 
m is set to 500 m in a polygon 
region. The coordinates of the 
polygon corners are as follows: 
longitude coordinates (from west 
to east) are 25° E, 40° E, 50° E, 70° 
E, 90° E and 180° E; latitude 
coordinates (from south to north) 
are 5° N, 15° N, 20° N, 25° N, 35° 
N, 45° N and 75° N. The outputs 
from 1979 to 2014 are provided but 
selected from 1981 to 2014 for this 
study. 

Same as amip-hist 

amip-TIP-nosh r1i1p1f1 1981–2014 

The surface sensible heating is 
removed from topographies above 
500 m in order to compare the 
impact of thermal effects. The 
coordinates of the polygon corners 
are the same as amip-TIP. One 
practical method is to set the 
vertical temperature diffusion 
term to zero in the atmospheric 
thermodynamic equation at the 
bottom boundary layer. The 
outputs from 1979 to 2014 are 
provided but selected from 1981 to 
2014 for this study. 

Same as amip-hist 

2.3. Tracking Algorithms 
An objective feature-tracking approach is used to detect the model-generated TCs 

based on the 6-h outputs of CAS FGOALS-f3-L. According to the tracking scheme, sea 
level pressure, warm core (the temperature anomaly Tm averaged between 300 and 500 
hPa), 10 m wind, and 850 hPa vorticity are mainly used to diagnose TC activity, which is 
similar to the method used in a climate model of GFDL [25,53,54]. The researchers [26] 
used this scheme to evaluate the simulated performance of TC in CAS FGOALS-f3-L and 
CAS FGOALS-f3-H and show a reasonable performance compared to the observation. Be-
sides, for post-analysis convenience, we performed TC diagnostics on all data from 
FGOALS-f3-L participation in GMMIP. 
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3. The Changes in Global Climatology of TC Activities due to Asian Topography 
A large number of previous studies have indicated that both the mechanical blocking 

and thermal effects of the Asian topography have the ability to change the climatology 
and variability of Asian monsoon circulation and precipitation [32,34]. The sensitive ex-
periments based on multiple models indicated that the Asian topography, especially the 
Qinghai-Tibetan Plateau, contributes to the formation of Asian summer monsoon precip-
itation [40]. Figure 1 shows the anomalies of daily precipitation and 850-hPa wind be-
tween the control run and the sensitive runs introduced in Section 3. The result indicates 
that Asian topography increases the daily precipitation from June to August (JJA), and this 
phenomenon is most pronounced in East and South Asia. At the same time, the south-
westerly airflow that sustains the monsoon moisture transport has also strengthened sig-
nificantly (Figure 1a). It is worth noting that Asian summer monsoon precipitation is sig-
nificantly suppressed in India, the Bay of Bengal, the Indochina Peninsula, and Eastern 
China when the model only removes the surface sensible heating from topographies 
above 500 m (Figure 1b). This phenomenon of CAS FGOALS-based sensitive experiment 
suggests a significant modulation of Asian summer monsoon precipitation by surface sen-
sible heating by Asian topography. 

 
Figure 1. The anomalies of daily precipitation (unit: mm/day) and 850-hPa wind (m/s) from June to 
August 1981–2014. (a) is the difference between the AMIP and NTP, and (b) is the difference between 
the AMIP and NS. The notation “AMIP” is the abbreviation of the experiment of Atmospheric Model 
Intercomparison Project type, which is regarded as the control run in this study; the notation “NTP” 
means the “amip-TIP” experiment, which the topography above 500 m is set to 500 m in CAS 
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FGOALS-f3; the notation “NS” means the “amip-TIP-nosh”, which the sensible heating is removed 
from topographies above 500 m in CAS FGOALS-f3. White dot means the correlation coefficients 
that are significant at a two-sided p = 0.05 level. 

The WNP is a frequent region for TCs, and about 30–40 TCs are generated annually. 
TC is active in WNP from about May to November [55,56], which coincides with the typ-
ical cycle of the Asian summer monsoon. The extreme precipitation caused by TCs reaches 
hundreds of millimeters per day, which is one of the essential contributors to summer 
precipitation in East Asia. Some studies have pointed out that the extreme precipitation 
events caused by TCs activities will directly affect East Asian summer monsoon precipi-
tation, especially in terms of total precipitation and variability aspects [57–59]. The track 
density of TC can synthesize the characteristics of TC generation, movement, landing, and 
influence range. The previous study shows that the variation of TC track density is regu-
lated by large-scale factors. Previous studies found that the TC track densities in WNP 
and NA are modulated by ENSO, PDO, North Atlantic oscillation (NAO), Arctic oscilla-
tion (AO), etc. Topography is a significant large-scale external forcing in current climate 
system models, and the topographic changes will affect regional atmospheric circulation 
and climatic patterns. 

Figure 2 shows the global track density anomalies of TCs. The result indicates that 
the uplift of the Asian topography promotes the formation and movement of TC globally, 
especially in the WNP. The value decreases by 4 in TC generation and movement in WNP 
when Asian topography is not considered in the model (Figure 2a). However, the track 
density in the NA is a seesaw-like variation. It is worth noting that there is still a significant 
reduction in global TC track density when the surface sensible heating is removed from 
topographies above 500 m in the model. The essential differences in TC track density be-
tween “AMIP-NTP” and “AMIP-NS” are concentrated in the South China Sea (SCS). In the 
“AMIP-NS,” TC track density shows a negative bias in the SCS but a positive bias in the 
“AMIP-NTP.” This phenomenon suggests that surface sensible heating from Asian topog-
raphy will inhibit the westward movement of TCs. Furthermore, Asian topography can 
directly affect the number of TCs globally. Figure 3 shows the climatological number of 
tropical cyclones in the three experiments, and the results indicate that the presence of 
Asian topography allows for more TC generation. The contribution of the Asian topogra-
phy to the number of TCs reached about 50% in WNP, South Pacific (SP), and North In-
dian Ocean (NI). The results indicate that both the dynamic and thermal effects of Asian 
topography have significant impacts on the formation and tracks of global TCs. 
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Figure 2. The panel shows the global track density anomalies of TCs during 1981–2014. The track 
density is analyzed in a 5° × 5° equidistance grid box with 6-h intervals, and the unit of colormap is 
the number per year from 1981 to 2014. (a) is the track density anomaly between the AMIP experi-
ment (amip-hist: control run) and NTP experiment (amip-TIP: topography above 500 m is set to 500 
m); (b) is the track density anomaly between the AMIP experiment and NS experiment (amip-TIP-
nosh: sensible heating is removed from topographies above 500 m). The description of the experi-
mental design is shown in Table 1. White dot means the correlation coefficients that are significant 
at a two-sided p = 0.05 level. 
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Figure 3. The climatological number of tropical cyclones (TC) in the Western Pacific (WNP), South-
ern Pacific (SP), Northern Indian Ocean (NI), Northern Atlantic (NA), and Eastern Pacific (EP) (unit: 
day) during 1981–2014. The color black is the result of the AMIP experiment (amip-hist: control run), 
the color red is the result of the NTP experiment (amip-TIP: topography above 500 m is set to 500 
m), and the color blue is the result of NS (amip-TIP-nosh: sensible heating is removed from topog-
raphies above 500 m). The description of the experimental design is shown in Table 1. 

4. Possible Reasons for the Influence of Asian Topography on Tropical Cyclone Activ-
ities 
4.1. The Changes in Large-Scale Factors Associated with Tropical Cyclone Activities 

Many studies have pointed out that large-scale factors directly determine the gener-
ation and development of TCs [60–62]. Since the TC events in the model experiments are 
directly identified by our tracker, it is necessary to analyze the changes in the large-scale 
factors used for TC identification. The warm core, sea-level pressure, surface wind, and 
850-hPa vorticity are used to identify global TC activity. The results indicate that there is 
a positive bias of warm core in the TCs generation and movement region in “AMIP-NTP” 
(Figure 4a) and “AMIP-NS” (Figure 4b), which means the Asian topography is conducive 
to the formation and maintenance of warm core in the middle and upper troposphere. 
Besides, the negative bias of sea-level pressure (Figure 4c,d) and the positive bias of sur-
face wind (Figure 4e,f) and 850-hPa vorticity (Figure 4g,h) favor the generation and de-
velopment of TCs, especially in WNP. 
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Figure 4. The differences of warm core (The temperature average between the 300 and 500 hPa; unit: 
°C), sea-level pressure (unit: mb), surface wind (10 m) (unit: m/s), and 850 mb vorticity (/s) between 
the three experiments. The differences of the four variables between the AMIP (amip-hist: control 
run) and NTP (amip-TIP: topography above 500 m is set to 500 m) are shown in (a,c,e,g). The differ-
ences of the four variables between the AMIP (amip-hist: control run) and NS (amip-TIP-nosh: sen-
sible heating is removed from topographies above 500 m) are shown in (b,d,f,h). White dot means 
the correlation coefficients that are significant at a two-sided p = 0.05 level. 

Furthermore, the genesis potential index (GPI) [15] is used to explain the connection 
between the TC genesis and large-scale pattern. The GPI used in this paper is defined as: 

GPI = |105vort850|
3
2 �

RH
50
� �

Vm
70
� (1 + 0.1Vshear)−2 (1) 

where vort850 is the 850-hPa absolute vorticity (s−1), RH is the 600-hPa relative humidity 
(%), Vm is the maximum potential intensity [14], and Vshear is the magnitude of the wind 
shear between 850 hPa and 200 hPa (m s−1). Figure 5 shows the annual tropical cyclone 
GPI, and the results indicate that the GPI is decreasing globally, especially in WNP. This 
phenomenon suggests that the relationship between large-scale factors and TCs is weak-
ened when we remove the effect of Asian topography (Figure 5b,c) in the model compared 
to the AMIP run (Figure 5a). We further analyzed the contribution of each of the GPI to 
the overall changes (Figure 6), and the results indicate that there is a positive bias of 600-
hPa relative humidity in “AMIP-NTP” and “AMIP-NS,” and a negative bias of the wind 
shear between 850 hPa and 200 hPa, which are favorable to the generation and develop-
ment of TCs. Besides, the western Pacific Subtropical High (WPSH) has a regulatory effect 
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on East Asian summer monsoon (EASM) and WNP TCs activities [63,64]. The researcher 
[65] found a robust correlation between 850-hPa geopotential high and TCs in WNP. 
When the 850-hPa geopotential high is strengthened, the generation and development of 
TCs will be inhibited. Figure 7 shows the differences in annual 850-hPa geopotential high 
in WNP, and the result indicates that the presence of Asian topography suppresses the 
intensity of subtropical high in WNP, which provides a large-scale environment for the 
generation and development of TCs. 

 
Figure 5. The annual tropical cyclone GPI during 1981–2014 (unit: number/year), based on the ex-
periment of AMIP (amip-hist: control run) (a), NTP (amip-TIP: topography above 500 m is set to 500 
m) (b), NS (amip-TIP-nosh: sensible heating is removed from topographies above 500 m) (c). 
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Figure 6. The differences of 600-hPa relative humidity (RH; unit: %), 850-hPa absolute vorticity (s-
1), the wind shear between 850 hPa and 200 hPa (WS; unit: m/s), and the maximum potential inten-
sity (PI) between the three experiments. The differences of the four variables between the AMIP 
(amip-hist: control run) and NS (amip-TIP-nosh: sensible heating is removed from topographies 
above 500 m) are shown in (b,d,f,h). The differences of the four variables between the AMIP (amip-
hist: control run) and NS (amip-TIP-nosh: sensible heating is removed from topographies above 500 
m) are shown in (b,d,f,h). White dot means the correlation coefficients that are significant at a two-
sided p = 0.05 level. 
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Figure 7. The differences of annual 850-hPa geopotential high in the western Pacific. (a) is the dif-
ference in annual 850-hPa geopotential high between AMIP and NTP. (b) is the difference in annual 
850-hPa geopotential high between AMIP and NS. White dot means the correlation coefficients that 
are significant at a two-sided p = 0.05 level. 

4.2. Asian Topography Affects the Phase Variation of Madden–Julian Oscillation (MJO) 
There is clear evidence of the connection between MJO and tropical cyclone activity 

worldwide [13,61]. The researchers [12] summarized the connection between the MJO and 
global tropical cyclone activity and found that the MJO affects the formation and move-
ment of tropical cyclones in each phase. Figure 8 shows the composite May-October 20-
100-day precipitation and 850-hPa wind as a function of the MJO phase. Phase 6 and phase 
7 of MJO indicate that the center of the MJO system is in the WNP, which will modulate 
the large-scale regional circulation. The previous study [66] found that the Asian topogra-
phy promotes the activity of the boreal summer intraseasonal oscillation (BSISO). The 
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results indicate that Asian topography facilitates the spread of MJO in the WNP. Both in 
“AMIP-NS” (Figure 8a,b) and “AMIP-NTP” (Figure 8c,d), the WNP exhibit evident west-
erly wind anomalies, which favor the propagation of the MJO. Besides, Asian topography 
promotes precipitation due to MJO in WNP. 

 
Figure 8. Composite May–October band-pass filtering precipitation and 850-hPa wind as a function 
of MJO phase. The results only show the MJO activities in phase 6 and phase 7, which is the active 
phase of MJO in WNP. The differences between the results in AMIP and NS are shown in (a,b), and 
the differences between the results in AMIP and NTP are shown in (c,d). 

5. Discussion and Conclusions 
The role of Asian topography on TC formation was discussed based on the dataset of 

CAS FGOALS-f3 that participated in the GMMIP, the MIP endorsement of CMIP6. Three 
experiments are designed to quantify the impact of Asian topography on regional and 
global weather and climate. CAS FGOALS-f3 provides a long-term dataset with six-hour 
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intervals, which provides a possibility for TCs detection. The previous study [43] has 
proved that CAS FGOALS-L can simulate the climatology, seasonal cycle, and interannual 
variability of TCs globally, which provides the model basis to carry out TC research. Based 
on the Tier 3 experiment of GMMIP, the impact of Asian topography on TC activity in 
climatology has been given. Then the possible reasons have to be discussed in order to 
understand these phenomena. The main findings and conclusions in this study are shown 
as follows: 
1. Asian topography promotes the formation and precipitation of the Asian summer 

monsoon. We analyzed the changes of TCs, under the background of southwest 
winds and positive precipitation anomalies. The results indicate that the Asian to-
pography promotes the generation and development of TCs, especially in WNP. It is 
worth noting that there is still a positive bias of TC track density in “AMIP-NS,” 
which means the thermal effect of Asian topography is also essential for TC for-
mation and development. 

2. In terms of large-scale factors and MJO activity, the possible reasons that the Asian 
topography modulates the regional TC activities are given. The results indicate that 
the presence of Asian topography is conducive to the formation of warm core and 
sea-level pressure, which make a positive contribution to the generation and devel-
opment of TCs. The genesis potential (GPI is used to explain the connection between 
the TC genesis and large-scale pattern, and the result indicates that the GPI globally 
decreased when the Asian topography or surface sensible heating was removed from 
the CAS FGOALS-f3-L. On the other hand, the existence of Asian topography will 
facilitate the eastward propagation and the precipitation of MJO, which provides a 
large-scale environment for TC generation and development. 
The results of this study indicate that both the dynamic and thermodynamic effects 

of Asian topography have a significant impact on the activity of regional and global trop-
ical cyclones. The mechanisms and possible reasons for this phenomenon require further 
investigation. The main issues that need to be further investigated in the future are: (1) It 
is necessary to clarify the model dependency of the impact of the dynamic and thermal 
effects of Asian topography on global TCs activity. We need to perform sensitivity exper-
iments using more numerical models. (2) The air-sea interaction needs to be considered in 
numerical experiments to explore the impact of Asian topography on ocean processes. 
Previous studies have found that Asian topography can affect sea surface temperature 
and thus influence the formation of TCs [67]. 
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