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ABSTRACT

The present study analyzes the differences in spatial and temporal variations of surface temperatures
between early and late onset years of the South China Sea summer monsoon (SCSSM). It is found that
when the land surface temperature north of 40◦N is lower (higher) and the sea surface temperature over
the South China Sea-western North Pacific (SCS-WNP) is higher (lower) in winter, the onset of the SCSSM
begins earlier (later). When the land surface temperature north of 40◦N is higher (lower) and the sea surface
temperature over the SCS-WNP is lower (higher) in spring, the onset of the SCSSM occurs earlier (later).
The reason why the anomalies of the land surface temperatures north of 40◦N can influence the atmospheric
circulation is investigated by analysis of the wind and temperature fields. In order to verify the mechanisms
of influence over the land and sea surface temperature distribution patterns and test the ability of the p-σ
regional climate model (p-σ RCM9) to simulate the SCSSM onset, three types of years with early, normal,
and late SCSSM onset are selected and the SCSSM regimes are numerically simulated. According to the
results obtained from five sensitive experiments, when the land surface temperature is higher in the eastern
part, north of 40◦N, and lower in the western part, north of 40◦N, and it rises faster in the eastern coastal
regions and the Indian Peninsula, while the sea surface temperatures over the SCS-WNP are lower, the early
onset of the SCSSM can be expected.
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1. Introduction

It is commonly believed that the tropical Asian
summer monsoon onsets firstly in the South China Sea
(SCS). The onset of the SCS Summer Monsoon (SC-
SSM) indicates the coming of the East Asian Summer
Monsoon and the beginning of the rainy season in East
China. The anomalies of the onset date and inten-
sity of the SCSSM are associated with that of the at-
mospheric circulation and influences the weather and
precipitation in East China. Many scientists have con-
ducted different kinds of studies on the mechanism of
the onset of the SCSSM. Wu and Zhang (1998) pointed
out that the Bay of Bengal (BOB) monsoon was di-

rectly linked to the thermal as well as the mechanical
forcing of the Tibetan Plateau. It then generated a
favorable environment for the SCSSM onset. Wu and
Wang (2001) pointed out the role of condensational
heating over South China in the reversal of the tropo-
spheric meridional temperature gradient in the South
China Sea sector and the SCSSM onset. Liu et al.
(2003a,b) discussed the physical linking between the
BOB monsoon onset and the SCSSM onset and found
that the condensation heating over the north part of
the SCS induced the reversal of the meridional tem-
perature gradient in this region, and thus the onset of
the SCSSM.

Qian et al. (2001) analyzed the time evolutions of
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the surface sensible heat (SH) fluxes in the tropical
and subtropical regions of the SCS and in the Indian
Peninsula, as well as their relations with the difference
in the timing of the SCSSM and the Indian monsoon
onset, and pointed out that the west-east contrasts of
the SH fluxes in the middle latitudes were favorable to
the earlier onset of the SCSSM compared to the Indian
monsoon. By analyzing the sensible heat and latent
heat fluxes in 1998, Wang and Qian (2001) found that
the continuous distribution of sensible heat from south
to north in the meridional region of the Indo-China
Peninsula was important for the earliest onset of the
summer monsoon in the SCS.

In addition to the meridional difference of solar ra-
diation and the thermal effect of the Tibetan Plateau
mentioned above, the land-sea thermal contrast is also
an important factor influencing the onset time of the
SCSSM, which can be reflected by land surface and
sea surface temperatures. In the seasonal transition
from spring to summer, the contributions of land and
sea thermal conditions to the land-sea thermal con-
trast are different because of their different rates of
temperature rise. Based on the analysis of different
variations of land and sea surface temperatures and
their influence on the atmospheric general circulation
in the early and late onset years of the SCSSM, respec-
tively, an important factor influencing the onset time
of the SCSSM is revealed in this paper.

2. Data and calculation methods

The atmospheric data used in this study is taken
from the National Centers for Environmental Predic-
tion (NCEP)/National Center for Atmospheric Re-
search (NCAR) reanalysis for the period 1948–2002.
This research makes use of the daily data and pentad-
mean data of 55 years. There are many definitions of
the SCSSM onset index (He et al., 2001). Figure 1
shows the 55-year onset time from 1948 to 2002 with
the SCS (0◦–10◦N, 105◦–120◦E) Summer Monsoon In-
dex defined by Yao and Qian (2001) using potential
vorticity at 850 hPa. The SCSSM Index is defined as
follows:

Pm = ρ−1ζ · ∇θse , (1)

(∆Pm)j = (Pm)j −
∑

(Pm)j/m , (2)

Ipm = (∆Pm)/
√∑

(∆Pm)2j/m , (3)

where “ ” is the space average, θse is the equivalent
potential temperature, Pm is the vertical component
of moisture potential vorticity in the grid point, j is

 

Fig. 1. The SCSSM onset time during the period from
1948 to 2002 (Units: pentad).

the pentad, m is the total number of pentads, and Ipm

is the standardized vorticity monsoon index. It well
represents the onset time of the SCSSM as compared
with other indexes, with the mean onset time in the
28th pentad and a standard deviation of 2.1 pentads.
The years with the onset time at and before the 26th
pentad are defined as early onset years of the SCSSM
(EYM), while the years with an onset time at and af-
ter the 30th pentad are defined as late onset years of
the SCSSM (LYM). So, there are 15 EYMs and 14
LYMs during the period 1948–2002. The data in the
former 15 years and the latter 14 years were chosen
for composite analysis pentad by pentad, respectively.
The mean of 55 years is considered as a normal onset
year (NYM).

3. Analysis on differences of spatial and tem-
poral variations between the EYM and the
LYM

Firstly, differences between the pentad-mean com-
posite surface temperatures in the EYM and the LYM
pentad by pentad are computed and analyzed by
means of EOF. Therefore, there is a surface tempera-
ture differences field between the EYM and the LYM,
pentad by pentad, with 73 pentads at each grid point
and the data during 1–48 pentads are used for the
EOF analysis. It is the aim of the EOF analysis that
the surface temperature differences between the EYM
and the LYM be found in various spaces and various
times. So, these differences between the EYM and
the LYM are very possible to influence the onset date
of SCSSM. The first and second EOF modes account
for 30% and 10% of the total variance, respectively.
Figure 2a shows the negative EOF value center is loca-
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Fig. 2. The EOF analysis of the differences of land and sea surface temperatures between the EYM
and the LYM: (a) 1st mode, (b) 1st temporal coefficients, (c) 2nd mode, and (d) 2nd temporal co-
efficients.

ted on land, north of 40◦N, and the positive center is in
the sea. It is shown that the difference of the land-sea
thermal contrast between the EYM and the LYM is
quite obvious. Before the 24th pentad, the temporal
coefficients of the first EOF mode are positive. The
characteristics of the surface temperature differences
between the EYM and the LYM averaged over 1–24
pentads shows that the land north of 40◦N is colder in
the EYM and warmer in the LYM, and the ocean is
warmer in the EYM, and colder in the LYM, respec-
tively, revealing the strong land-sea thermal contrast
in the EYM and the weak land-sea thermal contrast in
the LYM. The EOF1 time coefficient displays a quick
change from positive to negative during 18–28 pen-
tads. This indicates that the land surface temperature
rises faster, whereas the sea surface temperature rises
slower in the EYM than in normal years. As such, the
land-sea thermal contrast is enhanced in the EYM. In
the LYM, the land surface temperature rises slower
and the sea surface temperature rises faster, and the
land-sea thermal contrast is reduced. After the 24th
pentad, the temporal coefficients are negative, there-
fore the land surface temperatures north of 40◦N are

higher and the sea surface temperatures over the SCS-
WNP are lower in the EYM.

Because the variance of the second EOF mode is
smaller, the second characteristic vector is regarded as
a disturbance field overlapping the mean climate. Fig-
ures 2b and 2d show the second EOF mode and its
temporal coefficients, different from those in the first
mode. The second temporal coefficients are positive in
the 16th–29th pentads. During this time, the positive
EOF values are located along 45◦N and 20◦N, and the
negative ones in the East China coastal regions. The
characteristics of the surface temperature differences
between the EYM and the LYM averaged in the 18th–
29th pentads shows that the surface temperatures in
regions along 45◦N and 20◦N are higher and lower, re-
spectively, while the surface temperatures in the East
China coastal regions and in the equatorial region be-
tween 70◦–100◦E are lower.

The above case shows that there are strong win-
ter monsoons in the EYM and weak winter monsoons
in the LYM. It is consistent with numerous other re-
search results, and Wu and Huang (2001) pointed out
that the strong winter monsoon may impel the early



496 IMPACTS OF LAND AND SEA SURFACE TEMPERATURES ON THE ONSET OF THE SCSSM VOL. 26

 

 

 

 

 

  

(b) (a) 

(c) (d) 

Time (pentad) Time (pentad) 

Fig. 3. Time-latitude cross-sections of wind anomaly fields in (a) the EYM and (b) the LYM at
850 hPa along 110◦–120◦E (Units: m s−1); height anomaly fields in (c) the EYM and (d) the LYM
at 850 hPa.

onset of the SCSSM. It is a possible reason: the strong
(weak) winter monsoon in the EYM (LYM) strength-
ens the northerly (southerly) wind anomaly, and the
northerly (southerly) wind anomaly is beneficial to
decrease (increase) with the rate of SSTs during the
18th–28th pentads. It stands a good chance that the
strong winter monsoon results in a high heating rate
of the 1st and low heating rate of the SSTs. Further-
more, it is also an important condition for the early
onset of the SCSSM that the land-sea thermal con-
trast is greater in April to May in the EYM than in
the LYM.

4. The atmospheric circulation anomalies re-
sponsible for influencing the onset time of
the SCSSM

The influence of land and sea surface temperatures
on the onset time of the SCSSM is mostly by means of
inducing anomalies of atmospheric circulation. With
the onset of the SCSSM, there are obvious time vari-
ations in the low-level wind, high-level geopotential
height, temperature, humidity, and vertical motion
fields in South and Southeast Asia. In the following
section, we will analyze the internal relations between
these variations and the influence of land and sea sur-

face temperatures on them.

4.1 Analysis of wind and height fields in the
EYM and in the LYM

Figures 3a and 3b show time-latitude cross-sections
of the wind anomaly field at 850 hPa in the EYM
and the LYM along 110◦–120◦E. It can be seen from
Fig. 3a that there is a westerly wind anomaly near
the equator as early as the 18th pentad because cross-
equatorial flow is stronger in the EYM (Li and Wu,
2003). It also can be seen that a northerly wind
anomaly appears in the area from 20◦N to the north in
the 18th pentad, and it increases gradually during the
24th–28th pentads. As shown in Fig. 3b, an easterly
wind anomaly appears in the SCS in the 26th pen-
tad of the LYM, while a southerly wind anomaly com-
mences in the region north of 20◦N from the 20th pen-
tad, which increases gradually during the 25th–30th
pentads.

In the seasonal transition from spring to summer,
air pressure increases on both the sea and land, but
the rising rates of air pressure on the sea and land are
inconsistent in the EYM and LYM. Figures 3c and 3d
depict the geopotential height anomaly fields at 850
hPa averaged in the 18th–28th pentads in the EYM
and the LYM.It shows that there are positive pressure
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Fig. 4. (a) The surface temperature differences between
the EYM and the LYM averaged in the 18th–28th pen-
tads (Units: ◦C); vertical cross-section of (b) air tem-
perature field and (c) height field differences between the
EYM and the LYM along from (60◦N, 80◦E) to (20◦N,
130◦E) averaged in the 18th–28th pentads.

differences over land and negative pressure differences
over the sea, which indicates that low-level air pressure
elevates faster over land and slower over the sea in the
EYM, and vice versa in the LYM. There is an anticy-
clonic difference on the left side of 115◦E and a cyclonic
difference on the right side of 115◦E in the EYM (Fig.
3c). Since the wind moves mainly along the isobar,

the northerly wind difference in Fig. 3a can then be
explained. With the same reason, the southerly wind
difference (Fig. 3b) in the LYM can be explained, too.

4.2 Influence of land and sea surface temper-
atures on the general circulation of the at-
mosphere

Figure 4a shows the surface temperature difference
between the EYM and the LYM averaged in the 18th–
28th pentads. A positive surface temperature differ-
ence appears to the north of 40◦N and negative surface
temperature differences appear over the SCS-WNP.
The surface temperature difference is one of the impor-
tant reasons why there is an obvious difference in the
850 hPa geopotential height fields between the EYM
and the LYM, discussed previously. Figures 4b and
4c show the vertical cross-sections of air temperature
and geopotential height field differences between the
EYM and the LYM along the line from (60◦N, 80◦E)
to (20◦N, 130◦E) averaged in the 18th–28th pentads.
It is found that there is a high air temperature in the
mid-low troposphere over the middle-high latitudes,
corresponding to the warm center of the land surface
temperatures north of 40◦N in Fig. 4b. The strong as-
cending motion in the lower atmosphere (not shown)
over this area is one of the primary causes why air
temperature in the mid-low troposphere rises. In the
vertical cross-section of the height field, it reflects the
result of static balance, displaying that the positive
pressure center at 300 hPa over the middle-high lat-
itudes corresponds to the higher air temperature in
the low troposphere and lower air temperature in the
upper troposphere.

Received solar radiation differs with latitudes. The
energy exchange between the middle-high latitudes
and the low latitudes is mostly implemented by the
Hadley circulation and the Ferrel circulation, which
are usually described by the mass of stream functions,
the calculation method of which can be found in Oort
and Yienger (1996) and Gong et al. (2002). In the
seasonal transition from spring to summer, there is a
process that receivable solar radiation increases grad-
ually in the Northern Hemisphere with the northward
shift of the subsolar point, and the Hadley circulation
and the Ferrel circulation become weaker and weaker.
Figures 5a and 5b respectively show the mass stream
functions in the normal years and those differences be-
tween the EYM and the LYM averaged in the 18th–
28th pentads. Comparing the two figures, we can see
that both the Hadley circulation and the Ferrel circu-
lation weaken earlier in the EYM than in the LYM.
The Hadley circulation and the Ferrel circulation de-
scribed by the mass stream functions are the result of
the global zonal mean. We can find the explanation
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Fig. 5. Mass stream functions of (a) normal years or (b)
difference between the EYM and the LYM averaged in
the 18th–28th pentads (Units: 1010 kg s−1); and (c) the
latitude-height drawing of v field difference between the
EYM and the LYM along 110◦–140◦E averaged in the
18th–28th pentads (Units: m s−1).

from Fig. 5c whether the circulation system in East
Asia corresponds to the situation or not. Figure 5c
is the latitude-height drawing of the meridional wind
field difference between the EYM and the LYM along
110◦–140◦E averaged in the 18th–28th pentads. The
drawing shows that the southerly wind difference ap-

pears in the lower latitude region and the northerly
wind difference appears from 30◦N to the north in
the lower troposphere, whereas the northerly wind and
southerly wind differences respectively appear in the
lower latitudes region and in the area of 30◦–50◦N in
the upper troposphere. The meridional wind field dif-
ference, which is opposite in sign between the upper
troposphere and the lower troposphere, is a reflection
of the weakened Hadley and Ferrel circulations.

According to the results mentioned above, we can
arrive at some conclusions. The land surface temper-
atures in the middle-high latitudes rise rapidly dur-
ing the 18th–28th pentads in the EYM, and the air
temperatures increase quickly in the low-middle tro-
posphere due to the heating effect of the underlying
surfaces. Consequently, there is a deep positive pres-
sure difference in the upper troposphere. The exis-
tence of a positive pressure difference over the land
and a negative pressure difference over the sea results
in the appearance of a northerly wind anomaly in the
low troposphere of the middle latitudes and the weak-
ened Ferrel circulation at the same time, which influ-
ences the Hadley circulation and makes it weakened as
well. The weakening of the Hadley circulation leads to
the existence of a southerly wind difference in the low
troposphere of the low latitudes, which is an impor-
tant signal of the SCSSM onset. So, these conditions
impel the SCSSM onset earlier. On the contrary, the
land surface temperatures in middle-high latitudes rise
slowly during the 18th–28th pentads in the LYM. The
situation impelling the SCSSM onset is on the contrary
to that in the EYM.

5. Numerical simulations analysis

5.1 Model description and numerical experi-
ment schemes

The p-σRCM9 regional climate model used in this
study is based on a primitive equation model with a
p-σ vertical coordinate system. It has 9 vertical atmo-
spheric layers with a horizontal resolution of 1◦ × 1◦.
The pressure coordinate is used above 400 hPa with
four uniform layers. Below 400 hPa, σ coordinates
are adopted. Four σ layers are uniformly divided with
∆σ=0.25, and only one layer is defined as the atmo-
spheric boundary layer with a 50 hPa thickness in
the σb coordinate. The model domain is from 9◦S to
59◦N in latitude and from 70◦E to 140◦E in longitude,
including the Tibetan Plateau, the Bay of Bengal, the
South China Sea, and part of the western Pacific. The
model includes a planetary boundary-layer parameter-
ization process, Kuo-type cumulus parameterization
scheme (Anthes, 1977;Kuo and Qian, 1981, 1982) and
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Fig. 6. The simulated surface temperature differences between EO-EXP and LO-EXP. (Units: ◦C):
(a) averaged in the 1st–18th pentads; (b) averaged in the 19th–28th pentads (black for the region
over 0.8◦C and gray for the region under −0.8◦C).

a detailed atmospheric radiation process. The p-
σRCM9 and the previous versions have been exten-
sively and successfully used to simulate the large-scale
circulations and to investigate the impacts of the air-
sea feedback on the atmospheric circulations (Wang
and Qian, 2002; Zhang and Perrie, 2001; Ren and
Qian, 2005).

In this paper, two groups of numerical experi-
ments have been performed. The first one includes
three simulations for the early, late, and normal on-
set of the SCSSM, respectively named EO-EXP, LO-
EXP, and NO-EXP correspondingly. The initial and
boundary conditions, including wind, air temperature,
specific humidity, and geopotential height fields, are
specified by the National Centers for Environmental
Prediction/National Center for Atmospheric Research
(NCEP/NCAR) reanalysis monthly mean data which
are composed of the respective early, late, and normal
onset years of the SCSSM, and SST forcing is pro-
vided by the NCEP/NCAR re-analysis monthly mean
SST in the corresponding years. Each run has been
integrated from 17 December to 31 December of the
next year. We analyzed the last 365 days of simula-
tions. This group of numerical experiments is designed
to validate the model’s performance in simulating the
early and late onset of the SCSSM. The second group
has 5 numerical experiments, as shown below:

(1) EXP1: LSTs north of 40◦N are replaced by
that in the EYM;

(2) EXP2: LSTs south of 40◦N are replaced by
that in the EYM;

(3) EXP3: All SSTs are replaced by that in the
EYM;

(4) EXP4: All LSTs are replaced by that in the
EYM;

(5) EXP5: All STs are replaced by that in the
EYM.

All experiments have the same initial and bound-

ary conditions, which are offered by the composed
NCEP/NCAR data in the LYM, but the surface tem-
peratures in different regions in the LYM are replaced
with that in the EYM. This group of experiments is
designed for studying the impacts of the surface tem-
peratures in different regions at the onset of the SC-
SSM.

5.2 The simulation results for the onset date
of the SCSSM

The SCSSM onset dates in the EO-EXP, NO-EXP,
and LO-EXP are respectively the 24th, the 26th, and
the 29th pentad and very close to the real onset dates,
and basically represent the difference of the SCSSM
onset date between the EYM and the LYM, but about
1–2 pentads earlier.

Figure 6 shows the simulated surface temperature
differences between EO-EXP and LO-EXP. As shown
in Fig. 6a, it is noted that the p-σRCM9 regional
climate model can fairly reproduce the characteris-
tics of the surface temperature differences between the
EYM and the LYM averaged in the 18th–28th pen-
tads, which shows colder to the north over land and a
warmer ocean in the EYM. Figure 6b shows that the
model also gets the characteristic of the surface tem-
perature differences between the EYM and the LYM
averaged in the 19th–28th pentads: the warm regions
are located in the north over land and the East China
coastal regions, while the cold regions appear over
northeast China and the SCS-WNP.

Based on the analysis above, we may conclude that
the p-σRCM9 regional climate model can reproduce
well the onset date of the SCSSM and the surface tem-
perature differences between the EYM and the LYM.

Figure 7 shows the differences of air temperature,
geopotential height, and wind fields between the five
sensitivity experiments and the LO-EXP at 850 hPa
averaged in the 18th–28th pentads. In EXP1, the land
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Fig. 7. (a) EXP1, (b) EXP2, (c) EXP3, (d) EXP4, and (e) EXP5. The air temperature, geopoten-
tial height, and wind differences between the five sensitivity experiments and the LO-EXP at 850
hPa averaged in the 18th–28th pentads (Units: dagpm) (black for the region over 0.15◦C and gray
for the region under −0.15◦C).

surface temperature north of 40◦N is replaced with
that in the EYM. As shown in Fig. 7a, under the
influence of the surface temperature distribution over
the land north of 40◦N (warmer in the east and colder
in the west), there are positive air temperature dif-
ferences and negative pressure differences in the east,
and vice versa in the west, and a negative pressure
difference center forms on the Indochina peninsula.
The northerly wind difference in the mid-latitudes be-
tween 95◦E and 110◦E strengthens the anticyclone in
the west north of 40◦N, which enhances the southerly
wind in the mid-latitudes between 115◦E and 125◦E.
For these reasons, the Ferrel circulation becomes weak-

ened in the regions and it decreases the Hadley circula-
tion, then the weakened Hadley circulation intensifies
the southerly wind over the SCS.

The scheme, when land surface temperatures from
40◦N to the south are replaced with that in the EYM,
is adopted on EXP2. As shown in Fig. 7b, two posi-
tive air temperature difference centers are located over
the BOB and the East China coastal region, respec-
tively. The positive air temperature difference center
over the BOB strengthens the westerly wind in the low
latitudes. However, the cyclone over the East China
coastal region strengthens the southwesterly wind over
the SCS. Results from EXP3, shown in Fig. 7c, show
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that only one small and positive temperature differ-
ence center appears over the Indochina peninsula, and
the accompanying cyclone over this region reinforces
the southwesterly wind over the SCS. Results from
EXP4 in Fig. 7d have the characteristic of the sum of
the situation in Figs. 7a and 7b. The situation of EXP5
in Fig. 7e is very similar to that in Fig. 7d, only the air
temperature difference over the Indochina peninsula is
more positive while the corresponding southwesterly
wind is much stronger.

As mentioned above, it can be found that the influ-
encing mechanism of the land regions north of 40◦N is
different to that south of 40◦N on the SCSSM. How-
ever, the SCSSM breaks out earlier when there are
warmer temperatures in the east over the land, colder
temperatures to the west over the land north of 40◦N,
and the surface temperatures rapidly increase over the
East China coastal region and the Indochina peninsula
during the 18th–28th pentads. Furthermore, the low
SSTs over the SCS-WNP during the 18th–28th pen-
tads also can make the SCSSM break out earlier, but
the land has a much more important effect than the
ocean.

6. Conclusions and remarks

By the analysis and numerical simulations, it can
be concluded:

(1) Through analysis of the differences of spatial
and temporal variations between early and late onset
years of the SCSSM by means of EOF, it is found that
when the land surface temperatures north of 40◦N are
lower (higher) and the sea surface temperatures over
the SCS-WNP are higher (lower) in winter, the on-
set of the SCSSM begins earlier (later). When the
land surface temperatures north of 40◦N and the In-
dian Peninsula are higher (lower) and the sea surface
temperatures over the SCS-WNP are lower (higher) in
spring, the onset of the SCSSM occurs earlier (later).

(2) After the wind and height fields and so on
were investigated, the land surface temperatures in
the middle-high latitudes rise rapidly during the 18th–
28th pentads of the EYM. Due to the effect of heat-
ing from the underlying surfaces, the air temperature
increases quickly in the low-middle troposphere too.
There is deep positive pressure in the upper tropo-
sphere. The existence of a positive pressure difference
over land and a negative pressure difference over the
ocean results in the appearance of a northerly wind
anomaly in the low troposphere of the middle lati-
tudes and a weakened Ferrel circulation at the same
time, which makes the Hadley circulation weakened as
well. The weakening of the Hadley circulation leads to
a southerly wind difference in the lower troposphere

of the low latitudes, which is an important signal of
the SCSSM onset. So, these conditions impel the SC-
SSM onset earlier. On the contrary, the land surface
temperatures in the middle-high latitudes rise slowly
during the 18th–28th pentads in the LYM. The situa-
tion impelling the SCSSM onset is contrary to that in
the EYM.

(3) Through experiments and numerical simula-
tions, the ability of the p-σ regional climate model
(p-σRCM9) to simulate the SCSSM onset is tested. It
is shown that the SCSSM onsets earlier when the land
surface temperature anomalies are positive in the east-
ern part, north of 40◦N, negative in the western part,
when the land surface temperatures rise faster in the
eastern coastal regions, and the Indian Peninsula and
the SSTs rise slower over the SCS-WNP during the
18th–28th pentads.

Based on the pentad-mean data in this paper, the
effects of land and sea surface temperatures on the SC-
SSM onset time is analyzed, but the daily variation
is not involved. Land surface temperatures change
rapidly and sea surface temperatures change slowly,
so it is possible that some details affecting the SCSSM
onset are ignored. Therefore, it is needed to possi-
bly emphasize that diurnal variations of the different
heating rates between the land and sea surface tem-
peratures have various effects on the SCSSM onset.
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