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Abstract

After viewing hourly radar echo images from July 2010 to July 2012, we found
that a rain belt which was off the coast of Yilan often appears from late winter to early
spring in a year and from evening to daybreak in a day. Since the rain belt was not
caused by any known meteorological phenomena, such as cold front and typhoon, we
want to discover the connection between this rain belt and the convergence of winds,
the temperature difference (sea surface temperature minus air temperature) and the wind
speed. Previous studies have not discussed the rain belt off the coast of Yilan. Some
studies which researched the similar rain belt only showed that the convergence of the
wind caused this phenomenon, so we hope to find out if there are other causes of this
rain belt. First, we define the area where the rain belt appears. Then, choose the radar
echo images that this phenomenon arises. With a program called “Extract Color”, we
pick out pixels in different color in order to quantify the intensity of the rain belt.
Compared these qualified data with the meteorological data from Central Weather
Bureau. The result shows that the correlation coefficient between wind convergence
and the rain belt intensity is 0.44. The correlation coefficient between temperature
difference and the rain belt intensity is 0.58. The correlation coefficient between wind

speed and the rain belt intensity is 0.19.
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Abstract

Better understanding of weather systems occurring off the northeastern coast of
Taiwan is crucial to the safety of domestic flights from Hualien County to Taipei City
because this region comes across the flight path. It is not uncommon to observe the
occurrence of offshore rain bands in this region, and however, their formation and
characteristics have been poorly understood. The objective of this study is to identify
the possible meteorological factors conducive to the formation of rain bands and to
understand the characteristics of the rain bands. Based on the preliminary analysis of
the radar images and other data sources provided from Central Weather Bureau of
Taiwan, rain bands tended to be formed more frequently at night and in winter,
approximately 20 to 50 kilometers offshore. The result shows that the formation of
rain bands was related to topographically induced wind convergence at low levels and
temperature differences between sea water and relatively cool atmospheric air. In
addition, a detailed case study was also conducted to illustrate how rain bands are
formed offshore. These analyses further support the importance of air-sea temperature
difference and the interactions between the environmental flow and coastal

topography on the formation and subsequent development of the rain bands.
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Introduction

After the cargo ship “Jui Tai No.8” sank off the coast of northeastern Taiwan on
10 Feb, 2005, the traffic safety of that oceanic area has been highly noticed. One day,
when we watched the weather forecast on TV, we found that there were the rain bands
near the northeastern coast of Taiwan. The severe weather condition could affect
traffic safety in this area. Because the northeastern coast of Taiwan is the main traffic
path between Hualien and Taipei, we think that understanding physical processes
associated with these offshore rain bands is crucial for improving coastal weather
forecasting.

In this research, we used a program called “ExtractColor” to quantify the
strength and intensity of these offshore rain bands, and compared them with some
weather factors. We wish to find out the characteristics and formative mechanisms of
these offshore rain bands.
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Fig. 1 (A) Location of Taiwan (B) Location of rain band



Data and Methodology

First, we define the “rain band”:

1. Radar reflectivity must be greater than 10 dBZ

2. Area: 24°N-25°N, 121.8°E-122.5°E

3. Orientation: North-south

4. Large scale environment: weakly synoptically forced weather condition

Next, we quantify the strength and intensity of rain band (based on dBZ). With

the program “ExtractColor”, we pick out different range of radar reflectivity and
calculate the numbers of pixels on the radar images (Fig. 2), and weight these
numbers by the definition of dBZ.

The difference between strength and intensity is that strength depends on radar

reflectivity and area, but intensity only depends on radar reflectivity.
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Fig.2 Process of quantify the strength of rain bands

Then, we quantify the weather factors from Central Weather Bureau of Taiwan.

These are the factors we choose:

1. Air-sea temperature difference, which is sea surface temperature — air
temperature.
2. Convergence of winds, we define it as the opposite number of divergence

(divergence = 2¥ convergence = £)
9 T Ax 9 Toax”

3. Wind speed

4. Convective available potential energy, also known as CAPE, which is the
amount of energy a parcel of air would have if lifted a certain distance
vertically through the atmosphere.

EL 0z-6
CAPE = g fm% (1)



In formula (1), g = gravitational constant
EL = heights of the levels of equilibrium
LFC = heights of the levels of free convection
6, = virtual temperature of the specific parcel
0, = virtual temperature of the environment

Guishan Island

Zhuangwei

Fig. 3 Locations of the weather stations



Results and Discussion
Temporal distribution

The distribution of the formative month for all identified rain bands is shown in
Fig. 4 A. 1It’s clear that the rain bands tended to form more frequently from winter to
spring, with a formative peak in January. In Fig. 4 B, the strongest rain bands often
appeared in January and February, which means the weather condition from winter to
spring could not only make the rain band appear more frequently but also stronger.

A. B.
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Fig. 4 (A) Average monthly appearing hours of the rain bands (B) Monthly variation of

different strength levels of rain bands

The distribution of the formative hour for rain bands is shown in Fig. 5. Rain
bands frequently occurred during nighttime hours than during daytime hours, but
there were still a considerable number of cases during daytime hours. The formation
of these rain bands cannot be simply explained by the convergence of land breeze and
northeastern monsoon. Instead, the topography or other physical process might be
responsible for the formation of rain bands.
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Fig. 5 Diurnal variation of appearing hours of the rain bands



Spatial distribution

To investigate the spatial distribution of rain bands, we cut the defined area into
247 (19*13) blocks. The result is shown in Fig. 6. The rain bands tended to be parallel
to the coastline and located ~30 km offshore.

Percentage of
appearing
hours

0~0.2%
0.2~0.4%
0.4~0.6%
0.6~0.8%
0.8~1%
1~1.2%

Fig.6 Spatial distribution of the formative frequency of rain bands during Jul 2010 to Jul 2012

Relation between heat flux and strength of rain band

According to the formula of sensible heat flux, o a, Cpa and Cy are constants, the
factors which could affect sensible heat flux are air-sea temperature difference and
wind speed. In the scatter plots, the air-sea temperature difference is related to the
strength of rain band (Fig. 7 A), while wind speed is less related to the strength of rain
band (Fig. 7 B). Sensible heat flux transfers heat into the atmosphere, makes the air
parcel ascend, and forms clouds.

Hs=pCpaCrV(Ts-To) ()
In formula (2), p. = density of air
Cpa = Specific heat of dry air at constant pressure
Ch = turbulent exchange coefficients for sensible heat fluxes
V = wind speed



T = sea surface temperature
T,-air temperature
H, = sensible heat flux
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Fig. 7 (A) Relation between air-sea temperature difference and strength of rain band

(B) Relation between wind speed and strength of rain band

Latent heat flux may affect the formation of the rain band. According to the
formula of latent heat flux, wind speed and difference of vapor mixing ratio between
air-sea interface and atmosphere could affect the amount of latent heat. However,
there are no data about the vapor mixing ratio on the buoys. We could only suspect the
mechanism of latent heat. First, sensible heat flux brings heat into the atmosphere and
makes the air parcel ascend. Then, the air parcel reaches the critical saturation stage
and the vapor condenses. When the vapor turns into liquid, latent heat passes into the
atmosphere and strengthen this mechanism.

He=paleCeV(Qs-Qo) 3)

In formula (3), pa = density of air

L. = latent heat of vaporization of water

C. = turbulent exchange coefficients for latent heat fluxes
V = wind speed

Q, = vapor mixing ratio in the air-sea interface

Q. = vapor mixing ratio in the atmosphere

H. = latent heat flux

Relation between convergence of winds and strength of rain band

Convergence of winds is highly related to the strength of rain band. This result is
also shown in early studies (Fig. 8). However, the mechanisms which form these
convergences are what we are really looking for. Thus, we will figure out these



mechanisms in the case study.
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Fig. 8 Relation between convergence of winds and strength of rain band
Relation between CAPE and intensity of rain band

When an air parcel is warmer than its surrounding environment, part of the
potential energy would be released and transformed into the kinetic energy of the
vertical movement. This part of potential energy is called convective available
potential energy (CAPE). CAPE is related to the intensity of rain band (Fig. 9). The
larger the amount of CAPE is, the higher the air parcel ascends, and the stronger the
rain band is. The reason why we don’t compare CAPE with strength of rain band is
that the CAPE only affects the vertical movement, so area should not be included.

1400
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350
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0 40000 120000 160000

80000
Intensity of rain band

Fig. 9 Relation between CAPE and intensity of rain band



Case study

A 43-hour case from 01/31/2012 to 02/02/2012 was chosen. In this case, two rain
bands occurred. The first rain band existed from 0900 of 02/01/2012 to 1800 of
02/01/2012, and the second rain band existed from 1800 of 02/01/2012 to 0400 of
02/02/2012. As for spatial distribution, the first rain band was 50 kilometers offshore,
and the second rain band was 20 kilometers offshore (Fig. 10).

In this season, the prevailing wind in lower layer of atmosphere is northeasterly,
while the prevailing wind in higher layer of atmosphere is westerly (Fig. 11). Besides,
because of the northeastern monsoon and Kuroshio Current, the temperature
difference between sea and air is high in this area.

Second

K
W3 44
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Fig. 11 00UTC 02/01/2012 (A) surface analysis (B) 700 hPa analysis

The strength of the rain band was compared to convergence of winds. In early
study, it is known that convergence of winds can boost the rain band to happen. In this
case, when convergence of winds increased, the strength of the rain band increased at
the same time, which meant that convergence of winds does make the rain band occur
and stronger. However, what matters is that how convergence of winds are formed.



This part will be discussed later.

The strength of the rain band was compared to air-sea temperature difference. In
winter, high air-sea temperature difference tends to happen in this area because
Kuroshio Current brings warm ocean water, while northeastern monsoon brings cold
air. Air-sea temperature difference lead to heat flux, which means that heat can be
transferred from ocean to atmosphere. The heat will warmer the air and make it
unstable. Then, the rain band can be developed. In this case, a few hours after the
air-sea temperature difference multiplied, the rain band multiplied, too. From the
result, it is discovered that it takes a little time to transfer the heat. That is, heat have
to be transferred into air for a while, making the atmosphere unstable and
accumulating enough vapor. Then, when winds begin to converge, the rain band
occurs (Fig. 12).
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Fig.12 Time series of strength, convergence of winds, AT and wind vector during the formation

period of the first rain band and the second rain band

The wind vectors are studied to further understand how formative mechanism
works. The first rain band was investigated first. When the first rain band took place,
direction of winds in GI was northeastern, equal to prevailing winds. However,
direction of winds in Su-au was west, different from prevailing winds. How this
offshore flow happened have to be solved. Therefore, the direction of winds from
01/31/2012 to 02/02/2012 was analyzed. From the data, the winds in Su-au turned
into west winds at night, which meant that the land breeze was related to it. Another
evidence that proved the offshore flow was related to the land breeze was that the



westerly appeared at 10 p.m., while the convective cells occurred at 6 a.m. Then we
could roughly calculate the formative location: 2 m/s (wind speed)*8 hr*60 min* 60
sec = 57.6 km, which was approximately the same as the location of the first rain
band. Thus, it is deduced that the west winds caused by land breeze converged with
prevailing winds. With this information, an formative mechanism was built. First,
air-sea temperature difference made the atmosphere unstable. Second, west winds
caused by land breeze converged with prevailing winds and the rain band was formed.
Last, after the rain band developed into certain height, we suspect that there were
some probable causes which are responsible for the movement of the rain bands. One
is the prevailing wind in higher layer of atmosphere (upper westerly) pushed it to the
east (Fig. 13). Another is that new convective cells formed on the east of the rain band,
and the old convective line faded. Therefore, the rain band on the radar images moved
to the east.

Next, the formative mechanism of the second rain band was studied. When the
second rain band took place, the winds in Su-au was not west winds but north winds.
In early studies, northeastern winds in southeastern Taiwan would turn into north
winds because of the topography in eastern Taiwan. The north winds would form a
blocked zone and converge with other prevailing winds. The condition in northeastern
Taiwan is thought to be similar to that in southeastern Taiwan. With this data, the
formative mechanism of the second rain band is made. First, after the first rain band,
the atmosphere remained unstable. Second, topographically induced north winds
organized a blocked zone and converged with the prevailing winds. Then, the second
rain band occurred. Last, it moved to the east just like the first rain band(Fig. 14).
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Fig. 13 Schematic vertical cross section
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Conclusions
1. Air-sea temperature difference brings more heat to the atmosphere, while
convergence of winds enables the ascending air parcel to reach the critical
saturation stage favorable for the formation of the rain band.
2. Two formative mechanisms may exist :

(1) The coastal offshore flow associated with the land breeze converges
with the prevailing onshore flow to initiate formations of the offshore
rain bands.

(2) The prevailing northeasterly onshore flow encounters with the
coastally orographically blocked northerly flow and results to
formation of rain bands.
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