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Simulation study on the development of deep convection in the Taipei Basin with different physical
parameters during the Meiyu front in 2021

Jou-Ping Houtand Yan-Ting Chent

!Department of Environmental Information and Engineering,
CCIT, National Defense University

Abstract

In Taiwan, the period from early May to mid-to-late June is the period when the Meiyu front
passes. On June 4, 2021, in the central and southern part of the Taipei Basin, deep convection in the
afternoon caused a record of heavy rainfall in Taipei City with the highest hourly rainfall of 209 mm
since 2001. Because northern Taiwan was located in front of the high-altitude trough that day, and the
Meiyu front was near the northern seas of Taiwan and gradually moved southward. After the warm
air in the south was lifted, warm and humid air was gradually established at the lower level, creating
favorable conditions for the development of convection. In addition, factors such as the position of
the Meiyu front, ambient atmospheric thermodynamic conditions, and terrain features jointly lead to
the occurrence of heavy rainfall after the development of deep convection in some parts of the Taipei
Basin. Therefore, we use the WRF model to simulate under the three-layer nested grid for the Taipei
Basin with a spatial resolution of up to 500 m, so as to grasp the process of convective development.
Through different parameterization settings of radiation physics, cloud microphysics, and boundary
layer physics, simulation studies on the sensitivity test of the environment and process of deep
convection development are carried out. It was found that the radiation heating time of different
nested grids will directly affect the location and intensity of convection; the difference in cloud
microphysics between single moment or double moment and different designs will change the life
cycle of deep convection development and affect rainfall intensity and total precipitation. Different
physical parameterization settings of the boundary layer will not only change the location of

convective precipitation, but also affect the time and intensity of deep convection development.

Keywords: Meiyu front, physical parameterization, deep convection, heavy rainfall.
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Numerical Simulation of Severe Precipitation in the Taipei Basin on June 4, 2021

Yan-Ting Chen' and Jou-Ping Hou'

Department of Environmental Information and Engineering,

CCIT, National Defense University

Abstract

On June 4, 2021, the area in Taiwan was affected by the Meiyu front and the outer circulation of the
mild typhoon CHOI-WAN. A strong convective system appeared in Taipei City during afternoon and was
accompanied by heavy rainfall. The hourly rainfall was as high as 209 mm, setting a record for the highest
hourly rainfall in Taipe1 City 1n the past 20 years. In this study, the WRF model was applied to simulate
the three-layer nested grid (the highest spatial resolution was 500 m). The results showed that the thermal
and dynamic mechanisms of the ambient atmosphere and the establishment of local circulation had a
significant 1mpact on the rainfall intensity and extent of the Taipel Basin. In addition, simulations and
observations showed that the typhoon's outer circulation brought southwest airflow with abundant moisture,
and the southwest wind strengthened the convergence with the northward wind from the frontal system
near the northern seas of Taiwan, unstable conditions to the environmental field was built.

The urban heat 1sland effects over the Taipe1 Basin makes the near-surface convection more unstable,
thereby increasing the chance of deep convection development. Tamsui River Valleys and Keelung River
Valleys which located in the northwest and northeast of the Taipeil Basin transported the moisture by sea
breeze to the Taipel Basin. The graduate moisture air 1s easily lifted by the terrain to produce convective
rainfall even when it is transmitted to the mountainous area in the southeast of the basin. Besides, the sea
breeze collided with the outflow of the cold pool caused by the precipitation at the bottom of the mountain,
and then the strong moisture flux generated on the boundary of the lower layer converged and the upwelling
of the lower layer jointly induced severe precipitation; Later, due to the outflow of cold air, the sea breeze
entered the basin turns from the northerly wind to the southerly wind , which further spread the severe
precipitation to the Taipe1 Basin, and caused the heavy rainfall.

[ Key words]) : Meiyu front, local circulation, cold pool, severe precipitation.
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Numerical Simulation of Local Circulation Characteristics in the Taipei Basin and Yilan Region

under Weak Northeast Monsoon Conditions
Pei-Di Jeng'and Jou-Ping Hou'

" Department of Environmental Information and Engineering,
CCIT, National Defense University

Abstract

From September to October, Taiwan was controlled by the continental cold high-pressure,
and the environmental wind field was dominated by the northeast monsoon. When the latitude of the
continental cold high-pressure center was higher and gradually moves eastward to the sea, the
environmental wind field in northern Taiwan was mostly weak northeasterly or easterly winds
introduced by continental high-pressure peripheral circulation; as such an environmental wind field
occurred, even though the distance between the Taipei Basin and the Yilan area of northern Taiwan
were similar, the local wind fields were quite different, and even because of the impact of terrain,
heavy rainfall occurred in the Yilan area (24-hour cumulative rainfall exceeds 200 mm) or more. In
order to understand the relationship between the environmental wind field (weak northeast monsoon),
local circulation, and complex terrain effects, this study applied the WRF (Weather Research and
Forecasting Model) model, with a four-layer nested grid, the innermost layer with a height of 500 m
spatial resolution, simulating the change of local circulation in the Taipei Basin and Yilan under the

northeast monsoon on October 25, 2022.

It was found that the wind field in the Taipei Basin was a weak northeasterly wind that day, but
due to the influence of the terrain, a local circulation would occur in the afternoon, and the wind field
would gradually change to an easterly or southeasterly easterly wind.  With such airflow
characteristics, there is no continuous precipitation in Taipei, and the weather tends to be stable.
However, when the wind field of the same environment passes through the Lanyang Plain, it is
affected by the terrain effect, and the area where the wind field convergence zone is formed in the
Lanyang Plain has Nimbostratus and indirect precipitation. The reason why the Lanyang Plain has
completely different weather phenomena from the Taipei Basin under the same environmental wind
field is mainly because the near-surface wind field gradually changes to southwest or northwest wind
below 975 hPa. In addition, a northwest-southeast trending wind direction convergence zone is
formed in the vicinity of Sansing. As the terrain blocking and local circulation become more obvious,

the wind direction gradually turns to westerly and goes out to ocean.

[ Key words] : Northeast monsoon, local circulation, Taipei Basin, convergence zone, terrain effect,

Lanyang Plain.
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Simulation Case Study of the Evaporation Duct in Winter over South China Sea

Mong-Ling Chiao and J ou-Ping Hou'

Department of Environmental Information and Engineering,
CCIT, National Defense University

Abstract

The transmission path of electromagnetic waves will be changed due to variances in the physical
properties of the atmosphere, affecting the performance of communication and radar equipment. The
phenomenon that the atmospheric environment enhanced the distance of electromagnetic wave
transmission 1s called the atmospheric duct. The method to determine atmospheric duct 1s analyzing the
vertical variances of the modified refractive index in the atmosphere. Electromagnetic waves would be
trapped 1n the atmospheric duct and could be transmitted a great distance. All kinds of atmospheric duct,
especially the evaporation duct occurs in water areas frequently and worth to research.

In this study, analyzing the observation data of the 2017 South China Sea Twin-Island Monsoon
Experiment (SCSTIMX), and three different planet boundary layer schemes were used to simulate and
calculate the modified refractive index in the atmosphere, and determine the height of the evaporation duct.
Compared with sounding data of the R/V OR1. The results of three different schemes are all underestimated.
The reason for the lower evaporation duct 1s that the sea surface temperature 1s lower in the numerical
model but the actual sea surface temperature 1s higher. Therefore, the calculation results of the inversion
layer on the model ocean are also low, which makes the water vapor suppressed in the model near the sea
surface, resulting in a low height of the evaporation duct. Comparing the results of three different PBL
schemes, the MYJ scheme 1s more capable of presenting the temperature inversion and water vapor
suppression 1n the lower atmosphere, thereby effectively simulating the process and mechanism of the
evaporation duct.

Keywords: Evaporation Duct, SCSTIMX, WRF Model, PBL Scheme
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Simulation study on the development of deep convection in the Taipei Basin
with different physical parameters during the Meiyu front in 2021

Jou-Ping Hou' " and Yan-Ting Chen '

1 Dep. of Envir Inft ion and Eng ing, Chung Cheng it of T gy National Defense Uni ity, Taoy , Taiwan
‘Email: hoedwardho@gmail.com
P = —amn,

Introduction Y2 =

In Taiwan, the period from early May to mid-to-late June is
the period when the Meiyu front passes. On June 4. 2021, in
the central and southem part of the Taipei Basin, deep
convection in the afternoon caused a record of heavy rainfall in

northern seas of Taiwan and gradually moved southward. After
the warm air in the south was lifted, warm and humid air was
gradually established at the lower level, creating favorable
condtions for the development of convection. In addition,
factors such as the position of the Meiyu front, ambient
atmospheric thermodynamic conditions, and terrain features
jointly lead to the occumence of heavy rainfall after the
development of deep convection in some parts of the Taipei
Basin. Therefore, we use the WRF model to simulate under the

TABLE | Numerical experiment mnd sensitivity  FIG 1. WRF nest grid area
design.

i« w1 WIS cess merophysics
Taipei City with the highest hourly rainfall of 209 mm since e VWb it y

2001. Because northern Taiwan was located in front of the o T —
high-altitude trough that day, and the Meiyu front was near the o e e e e e

In our sensitivity tests of cloud microphysics and boundar
layer parameterization methods, CRTL's cumulative rainfall
simulations came closest to observations. Regarding the
causes of deep convection and heavy precipitation in the Taipei
Basin, through different sensitivity tests, it was found that when
there are more particles in the liquid water phase, the particles
in the solid water phase will also increase after a period of

time. Different cloud microphysical types will cause differences

three-layer nested grid for the Taipei Basin with a spatial
in the total amount of solid and liquid water phase particles

resolution of up to 500 m. 5o as to grasp the process of 2 - & i u ]
convective development Through different parameterization FIG . (3)<e) Planet boundary layer sansitivity tests: Figures (a) to {c) ar the which in tun affect the intensity of radar echoes and
settings of radiation physics, cloud microphysics, and boundary FIG 2. (a)-(c) Figures (2) and (5) show the radar echoes sinnilated by the 0600 ULC radar ocho simulstion resubs of CRIL. PO aud PO2 cumulative precipitation.

layer physics, simulation studies on the sensitivity test of the CRIL al 06 UTC on June 4. 2021 and the simulated accumulated respectively. The small red. green. and black boxes in the figure Through the sensitivity test of the boundary layer

rainfall on that day: Figure (<) shows the cumutlative rainfall abserved reprosent the important veriable spatial average arcas of wesk parameterization method, t can be found that in the weak and
e":é"’é‘"‘e?‘ I‘:"d_l’m?essd": :;e:’l °°";§_°':°" ":Vi"’p""e"‘ a‘e' ou that day. As shown in the Bgure (). The blue box s the everngo conveetion in the Taipel Basia, strong conveetion in the Taipei Basia, strong convection area of the Taipei Basin, the height of the
caried out. It was foun he radiation heating time of tion in e southeast wountaiious aren of e Taiped mixed layer in the weak convection area s higher than that in

range of sclocted cloud microphysics pasticlcs and sicong conv
== Rasin, respectively.

different nested grids will directly affect the location and

intensity of convection: the difference in cloud microphysics )= b
between single moment or double moment and different =
designs will change the life cycle of deep convection
development and affect rainfall intensity and total precipitation.
Different physical parameterization settings of the boundary
layer will not only change the location of convective
precipitation, but also affect the time and intensity of deep
convection development

Keywords: Meiyu front, physical parameterization, deep

convection, heavy rainfall

the strong convection area. Strong convective areas will return
to a stable state earlier. P02 has the most unstable
atmospheric boundary layer. The strong convective mixed layer
disappears faster in the mountains than in the Taipei Basin,
while P02 still has the thickest mixed layer structure.
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In this study, Weather Research and Forecasting Model FIG 3. (a)~(f) Clond microphysics sensitivity rests: 0500 UTC FIG 2 bine
(WRF model) V4.2.1 which highest space resolution is 500 m. domain averaged vertical profiles of mixing ratio (¢ ke-1) (a). suow of e
Table 1 describes our numerical experiment description and (b, ice (). clond water (d), rainwater (&), graupel (f). tenperatures of e 1ed boxes of CRIL. PU] aud PO2. rospectively.
sensitivity design. WRF's nesting area was shown in FIG1 h Fiures (d), (&) and (1) are areen boxes.

lysis of potential temperature i red and green swall box
Figures (), (b) and (c) are the average potential

FIG 6 Tie series.

Numerical Simulation of Severe Precipitation in the Taipei Basin on June 4, 2021
Yen-Ting Chen! and Jou-Ping Hou!
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e BB st

On June 4, 2021, the arca in Taiwan was affected by the Meiyu
front and the vuter circulation of the mild yphoon CHOI-WAN, A
strong convective system appeared in Taiper City during the
aflemoon and was accompanied by heny rainfall. The hourly
rainfall was as high as 209 mm, setting a record for the highest
hourly ruinfall in Taipei City in the past 20 years. In this study, the
WRF model was applied ta simulate the three-layer nesied grid (the
highest spatial resolution was 500 m). The results showed that the
thermal and dynamic mechanisms of’ the ambient atmosphere and the =~
establishment of local circulation had a significant impact on the | &2 B 2o
ruinfull intensity and oxtent of the Taipei Busin, In uddiion, | e seshe s 5 ot L5
simulations and observations showed that the typhoon's outer i
circulation brought southwest sirflow with ubundant moisture, and
the southwest wind strengthened the convergence with the northward
wind from the frontal system near the northern scas of Taivan,
unstable conditions la the enviranmental field were buill.

[y rp———
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The dynamic and thermal mechanism of the ambient
atmosphere and the establishment of local circulation have obvious

‘The urban heat island effects over the Taipei Basin Tm the - a effects on the precipitation intensity and Tocation in the Taipei
n'm-xuxr:cc mvcul:: m;c lunxlub‘lu.'l ;:lmjh)'f{ 3 ma‘?:lsmg 'hj g | ' . . e Basin.When the sea breeze passes through the Vale and Keelung
n deep e . Tamsui Rive s s oy o 71 o o ot 1 3, 1 cuzlend 4 i A ipei Pasi
m nm‘u ::I-]‘;ys l‘:‘hidl el mnnrr:;nmm inmthc“‘::m h\\:}; ::d e e e t i o T Valleys, it transparls abundant water vapor to the Taipei Basin.

After passing through the high-temperature basin. it reaches the
i arca in the southcast. The outflow of cold air
generated by the convective precipitation in the mountains
strengthens the convergence movement with the sea breeze in the.
“Taipei Basin, and the northerly wind tumns to the southeast due to
the auiflow ol cald air, which urther pushes the heavy precipitation
10 the Taipei Rasin,

northeas! ol the Taipei Basin ransported the moisture by sea breese
to the ‘Taipei Basin. The graduated moisture air is easily lifted by the
terrain Lo produce conveetive rinfall even when il is itted Lo Table1.
the mountainous area in the southeast of the basin. Besides, the sea
breeze collided with the outflow of the cold pool caused by the
precipitation at the bottom of the mountain, and then the strong
moisture flux generated on the boundary of the lower layer
converged, and the upwelling of the lower layer joinily induce
severe precipitation; Later, due to the outflow of cold air, the sea
brecze enfered the basin tums from the northarly wind to the
southerly wind, which further spread the severe precipitation to the
Taipei Basin, and caused the heavy rainfall.

8 hm x & km
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D2 2 km % 2 km

Study of the Severe Afteracon
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Numerical Simulation of Local Circulation Characteristics in the Taipei Basin and Yilan Region

under Weak Northeast Monsoon Conditions
Pei-Di Jeng ! and Jou-Ping Hou

1 Department of Environmental Information and anmeen%lg CCIT National Defense University

E-mail:b9350353 @gmail.com

From September to October, Taiwan was controlled by the
conrinental cold high-pressure. and the environmental wind ficld was
dominated by the northeast monsoon. When the latitude of the
cantinental cold high-pressure center was higher and gradually mives
castward to the sca, the environmental wind ficld in northemn Taiwan
was mostly weak norcheasterly or casterly winds inrroduced by
continental high-pressure backflow: as such an environmental wind
field oceurred, even though the distance hetween the Taipei Basin and
the Yilan arca of northem Taiwan were similar, the local wind ficlds
wiere quite different, and even because of the impact of werrain. heavy
rainfall occurred in the Yilan area (24-hour cumulative rainfall
exceeds 200 mm) or more. In order 1o understand the relationship
hetween the cnvironmental wind ficki (sweak northeast mansoan),
local circulation, and complex tarrain cffccs, this study applicd the
WRF (Weather Research and Forecasting Model) model, with a four-
Tayer nested prid, the innermost layer with a height of 500 m spatial
resolution, simulating the change of Tocal cireulation in the Taipei
Basin and Yilan under the northeast monsoon on October 25, 2022. It
was found that the wind field in the Taipei Basin was a weak
northeasterly wind that day, but due 1o the influence of the terain, a
Tocal cireulation would oceur in the aftemoon, and the wind fickl
would gradually changs to an casterly or southeasterly casterly wind
With such airllow charactesistics, there is ho continuous precipitation
in Taipei, and he weather lends 1o be stable. Tiswever, when the wind
ficld of the same enviranment passes through the Lanyang Plain, it is
affocted by the temrain cffeet, and the arca where the wind ficld
convergence zone is formied in the Lanyang Plain has Nimbostratus
and indirect precipitation. The reason why the Lanyang Plain has
completely different weather phenomena from the Thipei Basin under
the same environmental wind ficld is mainly because the near-surface
wind field gradually changes to southwest or northwest wind below
975 hPa. In addition, a northwest-southeast trending wind direction
convergence zone is formed in the vicinity of Sansing. As the torain
blocking and local circulation become more obvious, the wind
direction gradually mums to westerly and goes our to ooean,
[Key words] : Northeast monsoon, local circulation, Taips
canvergence zane, lerrain eflect, Lanyany Plain.

Basin,

The NCEP/FNL reanalysis data with a horizontal resolution ot 1.0° x
1.0 and temporal resolution of 6 h , 26 pressure levels in the vertical
dircction, THE WRF (Weather Resenrch and Farceasting Model) model
initial and boundary field data (Table 1), with a four-layer nested ad
(Fig. 1), the innermost layer has a high spatial resolution of SO0 m, and
pressure levels in the vertical direction
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The buckground Aaw was mostly weak northeasterly or casterly winds
in northern Taivwau un October 25, 2022, Tt was found that the wind field
in the Taipei Basin was a weak northeasterly wind on that day. Due to
the influcnce of terrain effcer, a lacal circulation would ocenr in the

afternaon, and the wind field would gradually change 1o eastly ar cst-
southeastly wind. There wes no continunus precipitation in Taipei, and.
the weather lended o be stable. Towever, when the same backyround
wind field passes though the Lanyang Plain, it is also affected by the
fermain effcet, and the wind field convergence zonc is formed in the
Lanyuny Plain. The hackground wind fields were the same, and even the
distance between the Taipei Busin and Vilan area in the north of Taiwan
was claser. the local circulations were sigaificantly different,
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Simulation Case Study of the Evaporation Duct in Winter over South China Sea

Meng-Ling Chiao and Jou-Ping Hou

Department of Environmental Information and Engincering, CCIT, National Defense University
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1. Abstract
bkt

Tn s study, analyzing the abservation dats af the 2017 South Chiva
SRl L i rad e e e
houndary Tayer sehemes were used tn sinlite and caleulate the modified
elEacive index in the atmosplere. and determne | e myu o the evip
duct. Camparsd with sounding dwa of the R i resulss of thes
hiferent schermes are all underesimaled. I.Isan)p(hc sea surfice lenperatuce
is bigher than the aic temperanee car the sca surface, s inversion layer
suppressed water vapor m lae lower lier. Which made lae evapomlion duct
oceur uader the inversion layer. Compariag the results of thre different PBL
schermes, the MY scherme can represeat the tempe wersion and waler
~apor suppression in tas low layer, effectively simulating tae process and
mechanisi of the evapuration duc

Keywords: Exuporation Duct, SCSTIMX, WRE Model, PRI Scheme

.

The phenomenon in the amosphero conducive to incroasing the
transmission distance of electmsgnelic waves is called stmosphere duct, The
usual way to judge the ducting conductions is based upon the atmospheric
eefiasive index in nrdar to deteiming the vertical disteibution of refraction in the
atmosphere.

And the evaperation duct can usually be nunntamed and existed m waters.
some acean arsas have also heen widely reganted a5 capahle nf longdistance
electromagnetic wave propagution through shallow cvuporation duct and
clevared duct. as the South China Sea end th sumounding waters of Taivan arc
Iucined between the tropical wnd subteopical regivos. the vaoﬂ lion. cmsu on
the occan is rclatively strong, and ths occarrence of cvaparation duct i frequent,
and bas the charadteristics uf persistence, which is ke e IJR ;«.«u of
evapocation ducts undee diffceznt armaspheric conditions.

prrTep——

Fig. | Paths of difereat clecuomagneric L 2 M-prufike of evaporation duel
wave propugiticn.

3.SCSM E pcruucml

By analyzing the sounding data of the 2017 South China Sea Monsoan
Double Tsland Fxperiment Projedt fron 000 1:TC un Sih tu 1200 LTC un 7
December and drawing the M-profils o determing whether a duct oceurred,
and it was found that OOOOUTC and 1200UTC on 6th, 0ONIITC and
1200UTC on the Tth December . there were evaporation dust eccusred i the
these pesinds, and alw t

ween dm s e location of D
b Wland,the B dnt

he
h.
rou

Figd The weuther map at 1200 U1C on the Sth anc 7t December, 2017.

The surfice weather g @ 1200 UTC on he St Decenber, 2017
shows that the cener of the mmmml high pressure is located near Yengtze

d e pint of the Suuh €
e gl e
weather patiem continuss t affect until 1200 UTC on the 7, it was affected
by the strung nothesst monscn.

4. Numerical Si

Table.1 Contiguration of WRF modol.  Table.2 The height of cach Jayer. it :
T T meter)

Fig.5 Distribution of Evaporation duct height on SCS. WRE PBL scheme is.
MRF (AIGOUTC on 6ih () 2UTC (CHOOUTC on Fih (D) 20TC

S, bt al ase YSU scheme.

Fig.6 Same as Fi

FEE T

Fig 7 Same as Fig.S.but all are MYJ scheme.

Fig § dM:a7 and isathem at 01T on 61l ta 120TC an Tah, WRF PRI, scheme
35 MRE(A} C-C (18) seme s (. but ull are YSU scheme.

Wikl .n_ul t_mi_l

' 7Tl
i

Fig9 Same as Fig 8, but all are MY schame, (A) €7 (B} 3-3".

Tabie.3 The EDIT of ubservations and sialations.

The changes in e Twee snviment e simulated

through three boundary layer sch

atmospheric.
crmnes. In the EDH distribution d
EDH of the MRF anl YSU schemes are both Tow. Thiough the Moprofile

s o b T 1 e it o moe v it and e
FDH in the MYI scheme can reach 27 metees. and compared with
scunding duta, the LD o MYJ scheme i also closes  the sounding o

The conclusion 1s that the MYJ scheme kas the best performance m
simulating the Tow-level atmaspheric caviroament among the trce schemas,
it s hepfal e predieting the refiserivity aear the ses surface,
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