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Abstract: In this research, microphysics schemes in the Weather Research and Forecasting (WRF) model were
used  to  simulate  heavy  rainfall  events  over  Thailand  on  10  September  2011 with three nested domains.
The innermost domain was 4 km×4 km grid spacing. Experiments were presented for short range rainfall using
four microphysics schemes, namely Kessler, WSM3, WSM5 and SBU-YLin. The results of heavy rainfall events
given by the simulations from four microphysics schemes can be compared with the trend of rainfall spatial
distribution from the Tropical Rainfall Measure Mission (TRMM) data set. The SBU-YLin scheme provided
good performance values of highest rainfall over the east coast of Thailand, over Vietnam and over the Ranong
and Chumphon provinces compared with those of the other schemes. Using the statistical comparison method,
by RMSE and MAE, it was found that the SBU-YLin scheme showed RMSE and MAE values over Thailand
had the smallest error compared with those of the other schemes. Hence, the performance of microphysics
schemes of the WRF model approximately gave a good rainfall and good heavy rainfall area prediction
compared with the TRMM data set over Thailand.
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INTRODUCTION period of the year is cold during December to January.

Thailand is located in the tropical area close to the Southern part of Thailand during November. The rainy
equator at longitudes 97°22' East to 105°37' East and season (with hot wet weather) occurs during the middle of
latitudes 5°37' North to 20°27' North. The climate of May to the middle of October. The Southwest monsoon
Thailand is under the influence of the seasonal monsoon prevails over Thailand and substantial rainfall occurs over
wind. The  seasons  in  Thailand  can  be divided into Thailand.
three seasons, according to the climate pattern and This study is based on heavy rainfall observations
meteorological conditions. The summer season (with hot from the TRMM data set [1]. The TRMM data set is
dry weather) occurs during the middle of February to the useful for estimating the surface rainfall. In 2011, the
middle of May. The weather becomes warmer, especially TRMM data set recorded heavy rainfall events over the
in the Northern  and  Northeastern  areas  of  Thailand. Central and Eastern parts of Thailand during the rainy
The winter season (with dry weather) occurs during the season. The monthly average rainfall value in 2011 from
middle of October to the middle of February. This season the TRMM data set is shown in Figure 1; the highest
is influenced by the Northeast monsoon. Therefore, this average rainfall occurred in September (367.32 mm/month).

Sometimes there is a great amount of rainfall in the
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Fig. 1: The monthly average rainfall from the TRMM data set during January to December 2011

Fig. 2: The average rainfall from the TRMM observation data set during 1–30 September 2011

Fig. 3: Physics parameterisation in the WRF model

Figure 2 shows the short range of heavy rainfall in Center for Atmospheric Research Mesoscale (MM5)
September 2011, from the TRMM data set, as well as the model.  Hence  processes  in microphysics
highest average rainfall. parameterisation   were   important    in    the   heavy

Lim, J.O.J. & Hong, S.Y. in [2] showed that the impact rainfall events. Therefore, this research investigated
of the ice microphysics process in microphysics microphysics parameterisation in different dynamic
parameterisation  was  improved,  in  the  simulation of models and different areas. The dynamic model used in
heavy rainfall events in Korea, by using the fifth- this research was the Weather Research and Forecasting
generation  Pennsylvania  State  University-National (WRF) model.
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The WRF is one of the Numerical Weather Prediction September  2011  and  also  to  verify  the  best
(NWP) models and is a famous dynamical atmospheric performance  of  each  scheme employed in the
model. The model was developed and designed by the simulations.  The  different  microphysics  schemes  that
National Center for Atmospheric Research (NCAR); it is are available in WRF version 3.4 are Kessler scheme,
capable of creating simulations using real time data and WSM3 scheme, WSM5 scheme and SBU-YLin scheme.
can be applied across scales ranging from meters to The results of the simulations are compared with the
thousands of kilometers. The model contains a sigma rainfall amount from the TRMM data set, providing
coordinate for vertical conditions, a staggering Arakawa information for improvement of rainfall simulations over
C grid for horizontal conditions, initial conditions, Thailand.
boundary conditions, multiple-nested domains and
mapping to sphere information. The full set of physical MATERIALS AND METHODS
parameterisations in the WRF model include
microphysics, cumulus, radiation, surface and surface in In  this  study,  multi-nested  domain  experiments
relation to all parameters, as shown in Figure 3. There are were  conducted  for  three  domains.  The  three domains
many researchers using the WRF model to simulate heavy are indicated in Figure 4. The outer domain (Domain 1)
rainfall events, by variation of physic parameters in WRF was located between longitudes 66.92° East to 133.57°
model, over different countries. East  and   latitudes   -20.83°   North   to   42.58°  North.

For example, Afandi, G.El. et al.  in  [3]  used  the The  resolution  of  this  domain  was  36 km ×36 km
WRF model to investigate heavy rainfall events that (412×392   grid   points)   and  covered  the  Tibetan
occurred over the Sinai Peninsula which caused flash Plateau  area.  The  resolution  of  the  sub-domain
flooding on 18 January 2010. The WRF model was used to (Domain  2)  was  12  km  ×  12  km  (703  ×  728  grid
predict and analyse rainfall events  over  different  parts points)  and  covered  the  Indian  Ocean  and  South
of the Sinai Peninsula. Kirtsaeng, S. et al. [4] used the China Sea. This domain was located between longitudes
WRF model with the Kian-Fritsch (KF), Betts-Miller-Janjic 66.92° East to 133.57° East and latitudes -8.41° North to
(BMJ) and Grell-Devenyi ensemble (GD) cumulus 30.89° North. The smallest domain (Domain 3) covered
parameterisation schemes, across three domain Thailand and the resolution was 4 km × 4 km (667 × 971
configurations over Mumbai, to investigate the rainfall grid points). This domain was located between longitudes
event on 26 July 26 2005. 95.51°East to 107.51°East and latitudes 4.42° North to

The objective of this research was to simulate the 21.90° North, with 27 layers in the vertical direction with
short  range   heavy   rainfall  event  over  Thailand  on  10 a maximum of 50 hPa.

Fig. 4: The three nested domains investigated in this study
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The initial and boundary conditions were used for the (378.69 mm) and over Vietnam (352.96 mm). On the other
1  × 1  gridded and 6-hourly intervals from the National hand, the Kessler scheme underestimated the rainfall
Centers for Environmental Prediction Final Operational compared with that of the TRMM data set over the
Global Analysis (FNL). The FNL product is from the Ranong and Chumphon provinces (63.00 mm), as shown
Global Data Assimilation System (GDAS). The FNL data in Figure 5 (b). The WSM3 and WSM5 schemes showed
have more observation data for the period during 1800 higher rainfall than that of the Kessler scheme over the
UTC 30 July 1999 to the present and the analyses east coast of Thailand (370.00 mm and 378.34 mm,
available on the surface covered longitude 180° East to respectively) and over Vietnam (300.43 mm and 310.02 mm,
180° West and latitude 90° South to 90° North. respectively). The WSM3 and WSM5 schemes showed

The different microphysics parameterisation used in the highest rainfall compared with that of the Kessler
this research were available in WRF: Kessler scheme [5], scheme over the Ranong and Chumphon provinces
WSM3-class scheme [2, 6], WSM5-class scheme [2, 6] (104.25 mm and 108.24 mm, respectively) as shown in
and SBU-YLin 5-class scheme [7]. The prognostic water Figure 5 (c) and (d). The SBU-YLin scheme presented
substance variables included the mixing ratio of water good rainfall  simulation,  compared  with those of the
vapor (Q ), cloud water (Q ), cloud ice (Q ), snow (Q ) and other schemes, over the east coast of Thailand (237.36v c i s

rain (Q ). The simulations were performed with five mm) and over Vietnam (250.18 mm) and over the Ranongs

distinct combinations of microphysical schemes, as  listed and  Chumphon  provinces (142.83 mm), as shown in
in Table 1. The fixed physics options used in this study Figure 5 (e).
included the Betts-Miller-Janjic (BMJ) scheme [8] for the The results of the four microphysic parameterisations
cumulus scheme (domain 1 and domain 2 only, while can  indicate  rainfall  pattern  similar  to  that  of the
domain 3 was without a cumulus scheme, see also [2]), the TRMM data set over Thailand. The results show an
Rapid Radiative Transfer Model (RRTM) scheme [9] for overestimation of the highest rainfall over the east coast
long waves radiation scheme, the Duhia scheme [10] for of Thailand and over Vietnam. On the other hand, the
short wave radiation scheme, the Noah Land-Surface results show an underestimation of the highest rainfall
Model for surface scheme [11] and the Yonsei University over the Ranong and Chumphon provinces. However, the
planetary boundary layer (YSU) scheme [12] for the SBU-YLin scheme provided good performance values of
Planetary Boundary Layer (PBL) scheme. the highest rainfall over the east coast of Thailand, over

Table 1: Summary of physical parameters.

Combination Microphysics Parameterisation

(Q ,Q ,Q ) Kessler scheme [5]v c r

(Q ,Q ,Q ,Q ) WSM3-class scheme [2,6]v c r i

(Q ,Q ,Q ,Q ,Q ) WSM5-class scheme [2,6]v c r i s

(Q ,Q ,Q ,Q ,Q ) SBU-YLin 5-class scheme [7]v c r i s

RESULTS AND DISCUSSIONS

The TRMM data set showed rainfall distribution with
large amounts of rainfall in three areas: over the Ranong
and Chumphon provinces in the Southern part of
Thailand, the highest rainfall was about 195.15 mm; over
the east coast of Thailand, the highest rainfall was about
197.30 mm; and the highest rainfall over Vietnam was
210.83 mm. This is shown in Figure 5 (a). The results of
the four microphysics schemes can be compared with the
TRMM data set. The heavy rainfall simulated by the
Kessler scheme revealed heavy rainfall similar to that of
the TRMM data set, especially on the east coast of
Thailand and Vietnam. The highest rainfall distribution
simulated by the Kessler scheme was lower than that of
the TRMM data set over the east coast of Thailand

Vietnam and over the Ranong and Chumphon provinces
compared with the values of the other schemes.

To quantify the ability of four different microphysics
parameterisations to produce rainfall over Thailand, Root
Mean Square Error (RMSE) and Mean Absolute Error
(MAE) values are presented in Table 2. The SBU-YLin
scheme has the lowest mean RMSE value at 25.46, with
WSM3 the next closest at 25.64. The Kessler scheme has
the highest RMSE value of 30.63. For RMSE, the SBU-
YLin scheme shows the lowest RMSE values at 06 hours
(17.14), 09 hours (20.26), 18 hours (31.22), 21 hours (36.45)
and 24 hours (41.21). In MAE, the SBU-YLin scheme
shows the lowest mean value at 17.02, with WSM3 the
next closest at 17.15. The Kessler scheme has the highest
mean value at 19.22. These results are similar to that
observed for RMSE. For MAE, SBU-YLin shows the
lowest MAE values at 03 hours (12.52), 06 hours (8.16), 09
hours (11.04), 15 hours (18.04), 18 hours (20.45) and 21
hours (24.46). The SBU-YLin scheme simulated lower
values than the other microphysics parameterisations and
therefore better simulated the total amount of rainfall.
Thus, the SBU-YLin scheme was able to simulate rainfall
more accurately compared with the other microphysics
schemes used in this study.
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Fig. 5: The spatial rainfall on 10 September 2011 (a) TRMM data set, (b) Kessler scheme, (c) WSM3 scheme, (d) WSM5
scheme and (e) SBU-YLin scheme

Table 2: Summary of physical parameters.

RMSE MAE
----------------------------------------------------------------- ---------------------------------------------------------------------

Hours Kessler WSM3 WSM5 SBU Kessler WSM3 WSM5 SBU

10 September 2011 03 5.74 5.72 5.69 5.58 13.05 12.62 12.64 12.52
06 18.91 17.34 17.68 17.14 8.75 8.30 8.43 8.16
09 23.55 20.32 21.67 20.26 12.24 11.16 11.75 11.04
12 28.59 23.62 24.89 23.70 15.83 14.11 14.86 14.13
15 33.86 28.07 29.80 28.08 20.47 18.09 18.87 18.04
18 38.26 31.71 33.51 31.22 23.64 20.72 21.41 20.45
21 45.03 37.05 38.88 36.45 28.31 25.10 25.84 24.46
24 51.08 41.26 43.90 41.21 31.44 27.07 28.11 27.36
Mean 30.63 25.64 27.00 25.46 19.22 17.15 17.74 17.02

CONCLUSION to get a better simulation of heavy rainfall in high

This study investigated WRF model simulations with show results that can be compared with the trend of
four microphysics schemes for the simulation of heavy rainfall spatial distribution of the TRMM data set. The
rainfall events over Thailand. The results imply that the results of microphysics schemes were shown to
application of NWP for simulating heavy rainfall over overestimate the highest rainfall over the east coast of
Thailand and should account for microphysics schemes Thailand and over Vietnam. On the other hand, the results

resolution. In general four different microphysics schemes
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of  microphysics  schemes  were  shown  to underestimate 5. Kessler, E., 1994. 1994. On the Continuity and
the highest rainfall over the Ranong and Chumphon Distribution of Water Substance in Atmospheric
provinces. The SBU-YLin scheme provided good Circulations. Amer. Meteor. Soc, 38: 109-145.
performance  values  of  highest  rainfall  over the east 6. Hong, S.Y., J. Dudhia, S.H. Chen, 2004. A revised
coast  of  Thailand,  over Vietnam and over the Ranong approach  to  ice  microphysical processes for the
and Chumphon provinces, compared with those of the bulk parameterization of clouds and precipitation.
other schemes. The statistical comparison method, which Monthly Weather Review, 132: 103-120. 
used the RMSE and MAE, showed that the SBU-YLIN 7. Lin, Y.L. and B.A. Colle, 2011. A new bulk
scheme presented the lowest errors compared with the microphysical scheme that includes riming intensity
other schemes. In general, the performance of the and temperature–dependent ice characteristics. Mon.
microphysics scheme of the WRF model approximately Wea. Rev., 139: 1013-1035. 
gave a good rainfall and good heavy rainfall area 8. Janjic, Z.I., 1994. The Step–Mountain Eta Coordinate
prediction compared with the TRMM data set over Model: Further developments of the convection,
Thailand. viscous sublayer and turbulence closure schemes.
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