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Abstract: The detailed surface rainfall processes associated with landfalling typhoon Kaemi(2006) are 
investigated based on hourly data from a two-dimensional cloud-resolving model simulation. The model is 
integrated for 6 days with imposed large-scale vertical velocity, zonal wind, horizontal temperature and 
vapor advection from National Center for Environmental Prediction (NCEP) / Global Data Assimilation 
System (GDAS) data. The simulation data are validated with observations in terms of surface rain rate. 
The Root-Mean-Squared (RMS) difference in surface rain rate between the simulation and the gauge 
observations is 0.660 mm h-1, which is smaller than the standard deviations of both the simulated rain rate 
(0.753 mm h-1) and the observed rain rate (0.833 mm h-1). The simulation data are then used to study the 
physical causes associated with the detailed surface rainfall processes during the landfall. The results show 
that time averaged and model domain-mean sP mainly comes from large-scale convergence ( WVFQ ) and 

local vapor loss (positive WVTQ ). Large underestimation (about 15%) of sP  will occur if WVTQ  and 

CMQ (cloud source/sink) are not considered as contributors to sP . WVFQ  accounts for the variation of 

sP  during most of the integration time, while it is not always a contributor to sP . Sometimes surface 

rainfall could occur when divergence is dominant with local vapor loss to be a contributor to sP . Surface 

rainfall is a result of multi-timescale interactions. WVEQ  possesses the longest time scale and the lowest 

frequency of variation with time and may exert impact on sP  on longer time scales. WVFQ  possesses 

the second longest time scale and lowest frequency and can explain most of the variation of sP . WVTQ  

and CMQ  possess shorter time scales and higher frequencies, which can explain more detailed variations 

in sP . 
Partitioning analysis shows that stratiform rainfall is dominant from the morning of 26 July till the late 

night of 27 July. After that, convective rainfall dominates till about 1000 LST 28 July. Before 28 July, the 
variations of WVTQ in rainfall-free regions contribute less to that of the domain-mean WVTQ  while after 
that they contribute much, which is consistent to the corresponding variations in their fractional coverage. 
The variations of WVFQ  in rainfall regions are the main contributors to that of the domain-mean WVFQ , 
then the main contributors to the surface rain rate before the afternoon of 28 July. 
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1  INTRODUCTION  China has a very long coast along its eastern and 
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southern boundaries. During summertime, many 
typhoons originating in the Western Pacific ocean 
make landfalls and bring torrential rainfalls and 
associated social and economical losses over the 
southeast coast of China and even inland China. Thus 
typhoon-induced heavy rainfall is always one of the 
most important topics in the typhoon research 
community[1-3]. Especially, in 2009, a new National 
Basic Research Program of China (973 program) was 
carried out to focus on the abnormal variations during 
landfalls of typhoons along the coast of China, and one 
of its main topics is the rainfall associated with 
landfalling typhoons.  

To better understand the surface rainfall and its 
associated physical processes, Gao et al.[4] derived a 
diagnostic equation, named surface rainfall equation, in 
which surface rain rate is simply written as the sum of 
water vapor and cloud sources/sinks. Hourly 
cloud-scale simulation data analysis showed that the 
variations in both water vapor and cloud sources/sinks 
have important contributions to surface rain rates. Cui 
and Li[5] further broke the water vapor source/sink term 
into local vapor change, vapor convergence, and 
surface evaporation and studied the roles of surface 
evaporation in tropical surface rainfall processes in 
both rainfall regions (raining stratiform and convective 
regions) and rainfall-free regions (non-raining 
stratiform and clear-sky regions) based on the data 
from a series of cloud-resolving simulations. Further 
studies[6-15] showed that the surface rainfall equation[4] 
is a very useful research tool for analysis of surface 
rainfall processes. 

The understanding of the surface rainfall processes 
associated with typhoon-induced torrential rainfall and 
the analysis with the above mentioned surface rainfall 
equation[4] mainly relies on high-resolution numerical 
simulations, and Cloud-Resolving Models (CRMs) are 
a very good choice. CRMs have been widely used to 
study convective systems and associated rainfall, and to 
enhance the understanding of physical processes 
associated with the convective development[11]. CRMs 
were initially used to study convective responses to 
imposed large-scale forcings during the convective 
development within the course of one day. While in the 
recent years, the models have been utilized to simulate 
responses of cloud systems under large-scale conditions 
for week- and even month-long periods. 

CRM simulations have been validated with 
observations in terms of atmospheric thermodynamic 
states and cloud microphysical and rainfall properties 
in the tropics during the Global Atmospheric Research 
Program Atlantic Tropical Experiment (GATE)[16], 
Tropical Ocean Global Atmosphere Coupled Ocean 
Atmosphere Response Experiment (TOGA 
COARE)[17], South China Sea Monsoon Experiment 

(SCSMEX)[18], and so on. Wang et al.[18] carried out a 
2D cloud-resolving simulation during SCSMEX and 
the simulation was validated with radar observation. 
The positions of the convective rain, transition zone, 
and stratiform regions produced by the CRM are 
consistent with those of the observations. Xu et al.[19] 
studied a torrential rainfall event over China by using a 
2D CRM and validations with observed surface rain 
rates and radar reflectivities showed good agreement. 

In this study, a 2D CRM is used to simulate a 
torrential rainfall event associated with the landfalling 
typhoon Kaemi (2006) over the southeast coast of 
China. The simulation data are validated with rain 
gauge data and further used to analyze the surface 
rainfall processes associated with the landfall. Typhoon 
Kaemi, model, data, experiment, and methodologies are 
briefly described in the next section. In section 3, the 
simulation data are validated with observations in the 
term of surface rain rate. And the surface rainfall 
processes are analyzed in section 4. Conclusions and 
discussion are given in the last section. 

2  TYPHOON KAEMI, MODEL, DATA, 
EXPERIMENT, AND METHODOLOGIES 
OF ANALYSES 

Typhoon Kaemi formed in the early morning of 18 
July 2006 over the Northwest Pacific ocean. It 
strengthened into a typhoon in the early morning of 21 
July and moved towards the northwest. Kaemi made its 
first landfall over Taidong of Taiwan province on 2345 
LST 24 July 2006 with a maximum wind of 40 m s-1 
and a minimum center surface pressure of 960 hPa, and 
made its second landfall over Jinjiang of Fujian 
province at 1550 25 July 2006 with a maximum wind 
of 33 ms-1 and a minimum center surface pressure of 
975 hPa. After that, Kaemi weakened quickly into a 
tropical storm and then a tropical depression. And after 
about a 4-day staying over mainland China, Kaemi 
disappeared over the southern coast of Guangxi 
province on 29 July 2006. Since it moved very slowly 
over mainland China, stayed there for more than four 
days, and moved over several provinces, Kaemi 
brought heavy rainfalls to most parts of south China, 
especially Guangdong, Guangxi, Fujian, and Hunan 
provinces. By interactions with the southwest summer 
monsoon and the cold air from the north, Kaemi led to 
the death of more than 60 persons and a direct 
economical loss of several thousand million RMBs to 
Hunan, Fujian, Guangdong, Guangxi, Jiangxi, Anhui, 
and Hubei provinces (from the typhoon yearbook of 
2006 of Shanghai Typhoon Institute of China 
Meteorological Administration). 

Fig. 1 shows the large-scale circulations associated 
with Kaemi. At 0800 LST 24 July, Kaemi was still 
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over the ocean to the southeast of Taiwan Island. Moist 
air was transferred continuously from the southwest 
and the western Pacific Ocean through the southern 
part of Kaemi’s circulation and the passage between 
the typhoon and the subtropical high (Fig. 1a), and a 
short trough was located to the northwest of Kaemi at 
this moment. While there was no apparent direct 
interaction between the cold air and the warm, moist 
air associated with the typhoon. At 0800 LST 25 July, 
Kaemi finished its first landfall on Taidong and was 
facing the second (Fig. 1b). The main part of the 
circulation of Kaemi touched the mainland China and 
the cold air moved towards Kaemi, especially to the 
west of 110°E. And associated heavy rainfall occurred 
in the southeast coast of China and the south of China 
(from the typhoon yearbook of 2006). At this time, the 
subtropical high moved westwards as the typhoon 
moved towards the northwest. At 0800 LST 26 July, 
Kaemi finished its second landfall and weakened into a 
tropical depression. Its circulation covered most part of 
the south of China (Fig. 1c) and heavy rainfall mainly 
occurred in the southern part of the typhoon circulation 
(from the typhoon yearbook of 2006). From 27 July, 
Kaemi turned anticlockwise and began to move to the 
southwest. Heavy rainfall still occurred in the southern 
part of the typhoon circulation since abundant water 
vapor was transferred from the summer monsoon 
circulation (Fig. 1d). Heavy rainfall also occurred in 
the eastern part of the typhoon circulation since water 
vapor was also transferred from south to north there 
(from the typhoon yearbook of 2006). On 28 and 29 
July, Kaemi got weaker and moved near to the southern 
coast of Guangxi. Heavy rainfall mainly occurred close 
to its coast, and there were also some heavy rainfalls in 
Guangdong, Fujian, Hunan, and Jiangxi provinces (Fig. 
1e, f and the typhoon yearbook of 2006). 

The cloud-resolving model used in this study was 
originally developed by Soong and Ogura, Soong and 
Tao in 1980. The 2D version of the model, used by Sui 
et al.[20-21] and further modified by Li et al.[17], is used 
in this study. The governing equations and model setup 
can be found in Li et al.[17]. The model includes five 
prognostic equations for mixing ratios of cloud water, 
raindrops, cloud ice, snow, and graupel. The cloud 
microphysical parameterization schemes used in the 
model are from Rutledge and Hobbs[22-23], Lin et al.[24], 
Tao et al.[25], and Krueger et al.[26]. The model also 
includes solar[27] and thermal infrared[28] radiation 
parameterization schemes that are performed every 3 
minutes. Cyclic lateral boundaries are enforced. At the 
top of the model, a free-slip condition is used for 
horizontal winds, temperature, and specific humidity, 
and zero vertical velocity is applied. The horizontal 
domain is 768 km with a horizontal grid resolution of 
1.5 km. The top model level is 42 hPa. The vertical 

grid resolution ranges from about 200 m near the 
surface to about 1 km near 100 hPa. The time step is 
12 s. Hourly zonal-mean and cloud-partitioned 
simulation data are used in the analysis. The 
cloud-resolving model simulations have been validated 
with observations in terms of atmospheric 
thermodynamic profiles, surface fluxes, and surface 
rain rate in the tropics during TOGA COARE[17] and 
have been applied to study tropical 
convections[4-9,12,14,15,20,29-33]. A comprehensive model 
description and results from process studies with this 
cloud-resolving model can be found in Gao and Li[11]. 

The model is forced by the imposed 
zonally-uniform vertical velocity, zonal wind, 
horizontal temperature and vapor advection from 
NCEP/GDAS data with a horizontal resolution of 1°×
1° and a temporal resolution of four times per day. The 
data include geopotential height, temperature, relative 
humidity, zonal and meridional wind and vertical 
velocity. The model is integrated from 2000 LST 25 to 
1900 LST 31 July 2006 (a total of 6 days) with the 
large-scale forcing data (Fig. 2) averaged over 23°E–
24°N, 109°E–116oE (The box in Fig.1). 

From Gao et al.[4] and Cui and Li[5], the surface 
rain rate (Ps) can be expressed as 

sP  = WVTQ + WVFQ + WVEQ + CMQ ,     (1) 
where 
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Here, qv is specific humidity; u and w are zonal and 
vertical wind components, respectively; sE  is surface 

evaporation rate; gsirc qqqqqq ++++=5 , 

gsirc qqqqq ,,,,  are the mixing ratios of cloud water, 
raindrops, cloud ice, snow, and graupel, respectively; 
the overbar denotes a zonal-mean; the prime is a 
perturbation from zonal mean; [ ] is a mass integration; 
and the superscript “°” is an imposed observed value. 
Positive values of WVTQ , WVFQ , and CMQ  denote 
local vapor loss, vapor convergence, and local 
hydrometeor loss/ hydrometeor convergence, 
respectively, whereas negative WVTQ , WVFQ , and 
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CMQ  denote local vapor gain, vapor divergence, and 
local hydrometeor gain/hydrometeor divergence, 
respectively. Surface rain rate is simply expressed as 
the sum of water vapor source/sink ( WVTQ , WVFQ , 

and WVEQ ) and cloud source/sink  ( CMQ ). 
To study the surface rainfall processes over 

different regions, that is, clear sky, raining stratiform, 
convective, and non-raining stratiform regions, the grid 

simulation data must be partitioned. Many previous 
studies have focused on the convective/stratiform cloud 
partitioning based on the amplitude and spatial 
variations of radar reflectivity or surface rain rate[34-35]. 
Additional information like cloud contents, vertical 
motion, and the fall speed of precipitation particles is 
also used in partitioning methods[20,36-38]. Here in this 
study, the partitioning method by Sui et al.[20] is used. 
In this method, a model grid point is identified as 

Fig.1  Geopotential height(m) and wind vectors on 700 hPa at (a) 0800 LST 24 July, (b) 0800 LST 25 July, (c) 0800 
LST 26 July, (d) 0800 LST 27 July, (e) 0800 LST 28 July, and (f) 0800 LST 29 July. 
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convective if the rain rate at this grid point is twice as 
large as the average taken over the surrounding four 
grid points (two grid points on either side of this grid 
point in a two-dimensional framework) or a rain rate at 
this grid point is greater than 20 mm h-1. All 
non-convective cloudy grid points are considered as 
stratiform. Additional information with cloud 
hydrometeors and vertical velocity is used to further 
detect convective grid points in stratiform regions. 

3  COMPARISON OF SIMULATIONS WITH 
OBSERVATIONS 

Kaemi made its second landfall in Jinjiang of 

Fujian province at 1550 LST on 25 July 2006 and 
weakened quickly into a tropical storm, and then a 
tropical depression in the morning the next day. It 
brought heavy rainfalls to most parts of south China. 
The main heavy rainfall events occurred from 26 July 
2006 and began to dissipate from 28–29 July 2006. 
Fig. 2 shows the large-scale vertical velocity and zonal 
wind that are imposed in the CRM during the 
integration. Upward motion was dominant from 26 till 
28 July and downward motion began to develop at the 
higher level of troposphere from the late evening of 28 
July. 

 
The time series of model domain-mean simulated 

surface rain rate is compared with that of the observed 
surface rain rate in Fig. 3. The observed surface rain 
rate is calculated by using the rain gauge data in a 
rectangular box of 23°N– 24oN, 109°E– 116oE, 
which is the simulation domain and indicated in Fig. 1. 
The time average of the observed surface rain rate is 
0.800 mm h-1, which is very close to the simulated one 
(0.813 mm h-1). The Root-Mean-Squared (RMS) 
difference in surface rain rate between the simulation 
and the gauge observation is 0.660 mm h-1, which is 
much smaller than the standard deviations of both the 
simulated rain rate (0.753 mm h-1) and the observed 
rain rate (0.833 mm h-1). The main differences include: 
(1) the difference in the first few hours when the 
integration just starts, which may be caused by the 

spin-up of the model, (2) the smaller rain rate of the 
observation around 0000 LST 28 July which is not 
simulated very well, (3) the shift of rainfall peaks 
around 1200 LST 30 July, and (4) some missing or 
underestimated peaks of surface rain rates. The 
differences may be partially due to the inconsistent 
calculations of phase and magnitude of the imposed 
vertical velocity from the 6-hourly NCEP/GDAS data 
and partially due to the sampling and accuracy of the 
observed rain gauge data. Nonetheless, the observed 
and simulated surface rain rates show a very good 
similarity, especially during the period of 26–28 July 
2006 (Fig. 3). And the high-resolution grid simulation 
data could be used in further analysis of surface 
rainfall processes. 

 

Fig.2  Time-pressure cross sections of (a) vertical velocity (cm s-1) and (b) zonal wind (m s-1) from 2000 LST 25 July to 
1900 LST 31 July 2006. The data are averaged in a rectangular box of 23°N–24°N, 109°E–116°E. Upward 
motion in (a) and westerly wind in (b) are shaded. 
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4  SURFACE RAINFALL PROCESSES 
ANALYSIS 

4.1  Model domain mean analysis 

Table 1 gives the time means of fractional 
coverage, sP , WVTQ , WVFQ , WVEQ , CMQ , ice water 
path (IWP), and liquid water path (LWP), respectively. 
It shows that time averaged and model 

domain-mean sP (0.813 mm h-1) mainly comes from 

large-scale convergence ( WVFQ , 0.665 mm h-1) and 

local vapor loss ( WVTQ , 0.115 mm h-1). Large 

underestimation (about 15%) of sP  will occur if 

WVTQ  and CMQ  are not considered as contributors to 

sP (As the methods used in Kuo[39, 40]). 

Table 1  Time means of fractional coverage (%), sP ， WVTQ , WVFQ , WVEQ , CMQ  (mm h-1), IWP, and LWP (g g-1) 
over different regions and their sums (model domain-mean). 

 

 Clear-sky regions 
Raining stratiform 

regions Convective regions 
Non-raining 

stratiform regions 
Modeldomain 

mean 
Fractional coverage 38.6 32.4 12.6 16.4 100 

sP  0.000 0.492 0.321 0.000 0.813 

WVTQ  -0.001 0.019 0.103 -0.006 0.115 

WVFQ  -0.013 0.382 0.289 0.007 0.665 

WVEQ  0.012 0.007 0.002 0.005 0.026 

CMQ  0.002 0.084 -0.073 -0.006 0.007 

IWP 0.000 0.195 0.028 0.024 0.247 

LWP 0.000 0.247 0.130 0.008 0.385 
      

Fig. 4 shows the model domain-mean surface 
rainfall processes analysis by using the above 
mentioned surface rainfall equation[4-5]. Some features 
are easy to be noted: (1) Water vapor convergence 
( WVFQ ) accounts for most of the variation of the 

surface rain rate ( sP ) during most of the integration 

time, while it does not always contribute to sP , 
especially after the late night of 28 July, when local 
vapor loss (positive WVTQ ) could be another 

Fig.3  Time series of domain-mean simulated sP  (solid) and observed sP  (dashed) calculated in the rectangular box of 

23°N–24°N, 109°E–116°E as indicated in Fig. 1. (Unit is mm h-1) 
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contributor to sP  while water vapor divergence 

(negative WVFQ ) restrains sP . This reveals that 
surface rainfall could occur even when divergence is 
dominant; (2) Surface evaporation ( WVEQ ) is not 
important to the surface rainfall in this case though it is 
always positive; (3) Surface rainfall is a result of 
multi-timescale interactions. WVEQ possesses the 
longest time scale and the lowest frequency of variation 
with time, and may exert impacts on sP  on longer time 

scale[5], and WVFQ  possesses the second longest time 
scale and lowest frequency and can explains most of 
the variation of sP . While WVTQ  and CMQ possess 
shorter time scales and higher frequencies which can 
explain more detailed variations in sP ; (4) Water vapor 

source/sink ( WVTQ , WVFQ , and WVEQ ) is the most 

important contributors to sP , while sometimes cloud 

source/sink ( CMQ ) can also exert important 
impact[4,15]. 

4.2  Partitioning analysis 

To further examine the surface rainfall processes 
in difference regions, the partitioning method proposed 
by Sui et al.[20] is applied to each grid point to 
determine the type (clear sky, raining stratiform, 
convective, or non-raining stratiform regions) and the 
summations of quantities are taken and divided by the 
total zonal grid points (512) for the hourly simulation 
data.

 

 
Table 1 shows the partitioning analysis results. In 

the 6 days, more than one third (38.6%) of the domain 
is clear sky, and 45% is occupied by rainfall regions 
(raining stratiform (32.4%) and convective (12.6%) 
regions). More than 60% of the surface rain rate (0.813 
mm h-1) comes from raining stratiform region (0.492 
mm h-1). In raining stratiform region, both water vapor 
and cloud sources/sinks contribute to surface rain rate, 
about 78% of the surface rain rate (0.492 mm h-1) 
comes from water vapor convergence (0.382 mm h-1), 
and about 17% comes from cloud source/sink (cloud 
decay, 0.084 mm h-1). In convective region, about one 
third of the surface rain rate (0.321 mm h-1) comes 
from local vapor loss (The atmosphere gets drier. 0.103 
mm h-1), and water vapor convergence (0.289 mm h-1) 
contributes to both the other two thirds of the surface 
rain rate and cloud development (-0.073 mm h-1). This 
further enhances the important impact of cloud 

source/sink on surface rainfall processes, and in this 
case, from the view of time mean and model domain 
mean, the clear sky and non-raining stratiform regions 
contribute less. 

Fig. 5 shows sP , WVTQ , WVFQ , WVEQ , CMQ , 
and fractional coverage in different regions. 
Partitioning analysis is a very good research tool for 
understanding detailed surface rainfall processes. In 
Fig. 5a, stratiform rainfall is dominant from the early 
morning of 26 July till the late night of 27 July. After 
that, convective rainfall dominates till about 1000 LST 
28 July. Then stratiform rainfall re-dominates till late 
night of 28 July, and then convective rainfall dominates 
again till the end of the integration. The variations of 

WVTQ  and CMQ  are much complicated during the 
integration (Fig. 5b, e). Before 28 July, the variations 
of WVTQ  in clear sky and non-raining stratiform 

Fig.4  Surface rainfall processes analysis using the surface rainfall equation. The solid, long dashed, dashed, long-short 
dashed, and dotted lines are referred to as model-domain-mean sP , WVTQ , WVFQ , WVEQ , and 

CMQ (mm h-1), respectively. 
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regions contribute less to that of the domain-mean 

WVTQ  while after that they contribute much (Fig. 5b), 
especially the clear sky, which is consistent with the 
corresponding variations in their fractional coverage 
(Fig. 5f) where before 28 July almost the whole 
domain was occupied by rainfall regions (raining 
stratiform and convective regions) while after that clear 
sky region becomes the main contributor and 
non-raining stratiform region also occupied much of the 
domain. As for CMQ (Fig. 5e), the variations of CMQ  
in rainfall regions (raining stratiform and convective 
regions) are the main contributors to that of the model 
domain-mean CMQ  while the variations of CMQ  in 
rainfall-free regions (clear sky and non-raining 
stratiform regions) contribute less, especially before 29 

July. In Fig.5d, WVEQ  are always positive and 
contribute to the model domain mean in all the four 
regions, while all WVEQ  are too small and contribute 
less to the surface rain rate on this time scale. 

WVFQ (Fig. 5c) is the main contributor to the surface 

rain rate (Fig. 4). The variations of WVFQ  in rainfall 
regions (raining stratiform and convective regions) are 
the two main contributors to the variations of the model 
domain-mean WVFQ , then the main contributors to the 
surface rain rate before the afternoon of 28 July. After 
that, the contributions from the rainfall-free regions 
(clear sky and non-raining stratiform regions) get 
bigger. 
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Fig.5  Partitioning analysis. The solid, long-short dashed, long dashed, dashed, and dotted lines are referred to model 

domain mean, clear sky, raining stratiform, convective, and non-raining stratiform regions, respectively. (a) sP ,(b) 

WVTQ ,(c) WVFQ  ,(d) WVEQ ,(e) CMQ and (f) fractional coverage. (Units for a-e: mm h-1) 

5  CONCLUSIONS AND DISCUSSION 

China has a very long coast and many typhoons 
can make landfalls during summertime and bring 
torrential rainfalls and social and economical losses to 
China. To better understand the surface rainfall 
processes associated with landfalling typhoons over 
China, a case typhoon, Kaemi (2006), is selected and 
the corresponding detailed surface rainfall processes 
are investigated based on hourly data from a 2D CRM 
simulation and the surface rainfall equation[4,5]. 

The model is integrated for 6 days with imposed 
large-scale forcing calculated from NCEP/GDAS data. 
The simulation data are validated with observations in 

terms of surface rain rates. The Root-Mean-Squared 
(RMS) difference in surface rain rates between the 
simulation and the gauge observations is 0.660 mm h-1, 
which is much smaller than the standard deviations of 
both the simulated rain rate (0.753 mm h-1) and the 
observed rain rate (0.833 mm h-1). 

The simulation data are then used to study the 
physical causes associated with the surface rainfall 
processes during the landfall. The results show that 
time averaged and model domain-mean sP mainly 

comes from large-scale convergence ( WVFQ ) and local 

vapor loss (positive WVTQ ). Large underestimation 

(about 15%) of sP  will occur if WVTQ  and CMQ  
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are not considered as contributors to sP (As in Kuo[39, 

40]). WVFQ  accounts for the variation of sP  during 
most of the integration time, while it does not always 
contribute to sP . Sometimes local vapor loss 

(positive WVTQ ) could be another contributor to sP  

while water vapor divergence (negative WVFQ ) 

restrains sP . This tells that surface rainfall could 
occur when divergence is dominant. Surface rainfall is 
a result of multi-timescale interactions. WVEQ  
possesses the longest time scale and the lowest 
frequency of variation with time, and may exert impact 
on sP  on longer time scale, and WVFQ  possesses the 
second longest time scale and lowest frequency and can 
explain most of the variation of sP . While WVTQ  and 

CMQ  possess shorter time scales and higher 
frequencies which can explain more detailed variations 
in sP . 

Partitioning analysis tells that stratiform rainfall is 
dominant from the morning of 26 July till the late night 
of 27 July. After that, convective rainfall dominates till 
about 1000 LST 28 July. Before 28 July, the variations 
of WVTQ  in rainfall-free regions contribute less to that 
of the model domain mean while after that they 
contribute much, which is consistent with the 
corresponding variations in their fractional coverage. 

WVFQ  is the main contributor to the surface rain rate. 

The variations of WVFQ  in rainfall regions are the two 
main contributors to the variations of the model 
domain-mean WVFQ , then the main contributors to the 
surface rain rate before the afternoon of 28 July. After 
that, the contributions from the rainfall-free regions get 
bigger. 

In the future, more details about the surface 
rainfall processes associated with Typhoon Kaemi, 
such as microphysical budgets, will be analyzed based 
on the simulation data and the surface rainfall equation. 
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