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Abstract: This study aims to evaluating characteristics of rainfall simulated by
Noni Hydrostatic Regional Climate Model (NHRCM) over seveni sepions of Vietnam
during the 198012001 period. Features such as seasonal cyaeoothly average daily
rainfall, maximum daily rainfall, and frequencies at different thresholds are compared with
observations. Statistical evaluations of errors and correlation coefficient are also examined
to see the differences between model results absrvations. The results show that
NHRCM captured well the seasonal cycle of the simulated monthly average daily rainfall,
but magnitudes are underestimated in alli sedpions excepbouthCentral Vietnam (N1).
Generally, underestimations of the simuthtgaily rainfall are observed in almost all
months and sulvegions, higher differences are found in rainy months and the most
underestimation of rainfall is observed in South Vietham (N3). Correlation coefficients over
0.6 are found in North West VietnarBX) and South Vietnam (N3). Monthly absolute
maxima of the observed daily rainfall are found in North Central (B4) in transition months
when the model usually underestimated significantly. In addition, NHRCM tends to
simulate cases with rainfall amountddve 16 mm/day or above 50 mm/day with higher
frequencies compared with the observations. In contrast, frequencies detected by NHRCM
seem to be lower than those of the observations for rainfall amountiirbQ@nm/day,
especially in sutregions N2 and N3[hese results are supportive for applyingRiegional
Climate Model in simulating rainfall characteristics over Vietngmespecially for

Noni Hydrostaticversion.
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1. Introduction

Southeast Asia includingietnam is a monsoon region where extreme events frequently
occur, especially associated with precipitation. Precipitation éssentiacomponent of the
earthos cl i mat dhe ecy systeennmand asbci@eonomy aivities T].
Numericalexperiments of Regional Climate Models (RCM) have been implemented so far
by many authorsuch ag?2i 7]. Along with the development of science and technology in
recent years, super computers have been able to run much finer grid RCMs that help to well
reproduce extreme evenwich asheavy rain andntense heatd]. It is well known that
precipitation simulations of RCMs are biased due to limited understanding of atmospheric
physical processes or insufficient spatialaletion P]. Therefore, a major imptamt thing is
that output of RCMs should be evaluated with historibaleovations10]. There are several
studies[8i 13] investigded the skill of the NonHydrostatic Regional Climate Model
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(NHRCM) of the Meteorological Research Institute (MRIsimulatingthe present climate,
including heavy precipitation as well as in producing climate projection over Japan and
Southeast Asia. Fivgear integration fron2001 to 2006 was carried out continuously in the
study [8] to evaluate reproducibility of the present climate over Japsimg the
doublé nesting NHRCMwith the analysis data. The simulated results of hemgrid
spacing NHRCM showed that the averageuahmprecipitation was overestimated by only

8% compared to the Automated Meteorological Data Acquisition Sy¢fevteDAS)
observations. NHRCM simulated reasonable frequency distribution of precipitation
intensity, with dittle higher valudor the frequency of heavy precipitation than that observed

by the AMeDAY 8]. A 20i yeaii integration of NHRCM of the present climate using an inner
nested grid with a spacing of 5 km showed that the model performance fluctuated
significantly among regionsover Japan. In particular, the model tended to give
underestimated precipitation from 20% to 40% along the coast of the Japan Sea and the
Nansei Archipelago and overestimated precipitation by more than 40% at some inland
locations whercompared with obseed amountsHowever, the model well reproduced the
spatialand temporatlistributiors of the annual mean temperature anecjpitation [L1]. The

study of[17] evaluated the accuracy of four RCMs, including NHRCM, through daily
precipitation indices during the period 192504 over Japan at 2km grid interval.The

results indicated that for most indices, such as mean precipitation, number of wet days, mean
amouwnt per wet day, 90th percentile of daily precipitation, number of days with precipitation
090th percentile of daily precipitation,
However, the accuracy varies depending on the indices, seasons and aspects. Hisostudy
highlighted that highé&resolution dynamical models derive a better representation of most
daily precipitation indices than reanalysis data, especially in areas with complex terrain and
land sea distributionThe present climate over Southeast Afiam 1989 to 2008, was
simulated by NHRCM with 25km resolution and 50 vertical levelsd. It is shown that the
model can capture well thepographic effect on rainfalbut the simulated values can be wet
(dry) biases in the windward (leeward) sidenoduntains compared to APHRODITE. In
terms of both seasonality and daily distribution of rainfall, the NHRCM model tends to
underestimate the number of wet days during the respective wet season of tkgisab

and to overestimate daily rainfall intensitthere are many researches on RCM performance
assessment such as RegCM, MM5, WRFé over Vi
simulation. The study of[14] used RegCM3 to analgzthe simulations of surface
temperature and precipitation over the Reider Delta of Vietnam. Model results are
compared with observations at the 17 meteorological sites in Red Belta during the

1980 1999baseline period. They conclude that temperature is underestimated systematically
as well as precipitation has coldb during summer and autumn while is well reproduced in
winter and spring.Besides that,the ability simulations of the climate regional

nori hydrostatic NHRCM and hydrostatic RegCM4.2 models from 19867showed in the

study of [L5]. It can be found thadurface temperatures simulated by NHRCM have warm
biases wHe vice versa of RegCM comparedth observations. Rainfall simulations of
NHRCM have a better agreement with observations than those of RegCM4.2, especially
NHRCM can reproduce some heavy ralindanters. In the study. 6], clWRF model is used

to simulate the rainfall amount in the period of (198100). The results show that the model
simulations are often overestimated comparing to observations especially in rainy season and
in southern surfacmeteorological stationshe performance o§imulationand projection of
rainfall and tropical cglone activity over Vietham was investigated17]. The simulated
results showed that climatic heavy rainfall centers are well captured in the seasonal cycle.
However, the model overestimates rainfall in comparison with the APHRODITE data. In
addition, NHRCM underestimates rainfall in North Vietnam but est&mates rainfall in
South Vietnam in Juridulyi August compared to the rain gauge data. The model also
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overestimates rainfall in September but underestimates in Ockttnermber in Central
Vietnam.

The purpose of this paper is to evaluate rainfall sirariagf NHRCM over Vietham as
well as to analyze its characteristics in the present climate from 1981 to\28i@Ifeatures
including seasonal cycle of monthly average daily rainfall, maximum daily rainfall, and
frequencies at different thresholds are camegddirectly with observationsThe rest of this
work is organized as follows. Section 2 will provide details of model experiment and data.
Section 3 describes results and discussions. Concluding remarks are given in Section 4.

2. Data and Methods

2.1. Data

In this study, daily rain gauge data observed at 127 selected meteorological ,ségtions
shown in Figire 1, are used to estimate the seasonal march of the simulated rainfall in seven
suld regions of Vietnamduring the 198012001 period.The ERA Interim reanalysis
(hereafter denoted as ERA§ a global atmospheric reanalysis dataset developed by the
European Centre for MediurRange Weather Forecasts (ECMWF), which covers from
January 1989 onward and is contiogly updated in neareal time [.8]. In this study, the
ERA data forprecipitation andhe wind field on the 850mb pressure level for the period
1981 2001 are used to evaluate the performance of the NHRCM model in capturing the
features of wind across a year.

Annual Precipitation (1981-2001)
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Figure 1. Colors indicate avege annual precipitation (mm) over seveniselgions of Vietham
during the 19812001 period. Circles show meteorological observation sites and lines display the
boundaries of seven siutegions.

2.2. Methods

The regional climate model NHRCM is the extendestsion of an operational
Noni Hydrostatic Model (NHM) developed by the Meteorological Research Institute (MRI)
and the Numerical Prediction Division of the Japan Meteorological Agency (NPD/JMA).
The detail descriptions of NHM cde found in [9]. TheKaini Fritsch schem§g?(] is used
in this study for cumulus convective parameterization. The soil model is replaced by
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MRI/JMAT Simple Biospheranodel (MJ SiB, [21]) and lateral boundary conditions are
replaced by spectral nudging boundary conditions.

Simuations have been done over a domain of’(625.2N; 98.4°1 112.5€) as shown
in Figure2. The time steps for the model configured witkrd horizontal resolution and 50
vertical levels. Initial and boundary conditions for NHRCM are provided by a ationl
performed by an atmospheric general circulation model withi ki@ Borizontal grid spang
(AGCM20; [27]). Lateral boundary conditions are updated every 6 hours. The sea surface
temperature is given by thdadley Centre Seaurface temperature data set version 1
(HadISST1)four times a day23]. Time integration was implemented continuously from
January 1981o December 2000. For each year, the simulation began at 00 UTC 20
November and ended 00 UTC 31 December. The first 42 days of the simulation were
regarded as the model splup and discarded.
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Figure 2. Model domain and topography

3. Resultsand discussions

Figure 3 shows the mean 8%Pa wind patterns in MarcAprili May (MAM),
Juné Julyi August (JJA), Septemb@dctober November (SON) and
DecembeéirJanuaryFebruary (DJF) of NHRCM and ERA during 192001. In general, the
spatial and temporal vability of the prevailing 850hPa winds are simulated well by
NHRCM compared with ERA for the whole Vietnam region. However, the values of
NHRCM are a little higher than those of ERA. During MAM, the meari BB@ winds are
southwesterly over North and Nb Central Vietnam, while they are easterly and
northeasterly over South Central and South Vietnam. In JJA, the prevailingRebWinds
are westerly almost all over Vietnam, however, they change to northeasterly and easterly in
Central and South Vietnamhile southeasterly and southerly in North Vietnam in SON and
DJF. The effects of interactions, especially the interaction between circulations and
topography, result in the seasonal cycle of rainfall over eactrexggibn as illustrated in
Figure 4.
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Figure 3. Meanwindsat 850 hPa during the 1982001 period in (a) MAM, (b) JJA, (c) SON and
(d) DJF of NHRCM (upper) and ERA (lower)

Figure 4 describes the monthly average daily rainfall in sevémesgibns of Vietnam of
the reanalysis (ERA), modéNHRCM), and observation (OBS) data. It is clear that the
maximum average daily rainfall occurs in autumn in B4, N1, and NBregions while in
summer in other slilbegions. The delay of the rainy season in B4 and N1 is due to the barrier
effect of topogrphy on prevailing winds during SON, causing heavy rainfall on the
windward side of Truong Son Mountains (&ig 3c). According to the observations, the
daily rainfall is commonly from 10 mm/day to 15 mm/day in almost alli sedions,
however, rainfall amauts can frequently reach 20 mm/day in B4 and N1i sadions
(Figure4a). The average daily rainfall is well captured in terms of the evolution but a little
underestimated by NHRCM in all sulegions except for N1 (Fige 4b). Figure 4c shows
that the ERA waerage daily rainfall also has a good agreement with the observations in the
annual march but is much overestimated in all sedfions.



