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he Intergovernmental Panel on Climate Change (IPCC)'s Fourth Assessment Report (AR4) states that the entire globe is
based on observations of increases in global average air and ocean temperatures and a rising global average sea level.
56 A look at the linear warming trend over the past 100 years reveals an increase of 0.74°C, which is consistent with increases in

59 the sea level. The urban heat island (UHI) phenomenon has combined with global warming to produce a 3.0°C rise in Tokyo's


http://www.editorialmanager.com/jrnheeng/download.aspx?id=67527&guid=f2a3618d-be0c-408b-b2d2-64897df2c6ff&scheme=1

OCoO~NOUAWNE

temperature over the past 100 years, and a dire situation where the ‘thermal environment is virtually palpable.

The thermal environment issue has even been identified as a contributing factor in the locally heavy rains which have
occurred in Japan in recent years. These recent deluges have been remarkable for their substantial rainfall, but even more so for
their sudden and localized nature. Typically lasting for one to two hours, the occurrence of these deluges has been impassible.to
predict, leading to the death of 10 people in 2008 and prompting the media to dub them ‘guerilla downpours’gThis term ranked
among the top 10 '‘Buzzwords of the Year' (Ryitkogo Taisho) for 2008, reflecting the extent to whieh they garneredhpational
attention. Japan's urban areas are unprotected against such heavy rains for example and thed@nly optiondor inhabitants is'to
evacuate. In Japan the Japan Meteorological Agency defined extreme down pore as the rainfall intensityis 80mmy/hour or more.
We also defined that heavy downpour as the 200mm/houre or more and the“rainfall event,ends within one or two hours.
However, their sudden occurrence makes this difficult. In response te'a death which occurred on5*August, 2008 in Tokyo's
Toyoshima Ward when rains flooded a sewerage worksite, Toky@'s\District Public Prosecutor's Office commented on the
difficulty in predicting sudden flooding caused by natur@lphenomena, promptinggiads of disaster prevention organizations to
recognize the need to accurately monitor and predict sudden.downgpours.

In order to closely monitor these guefilla downpours in Tokyo and the rest of the Kanto region, we constructed "X-NET', a
joint observation network of jmultiplénX-band "Daoppler radars which accurately tracked the intensive downpours which
occurred in 2008 . X-NET's good observation results prompted the Ministry of Land, Infrastructure, Transport and Tourism to
set up multiple Xsband Doppler<radars from 2009 in the Kanto, Chubu, Kinki and Hokuriku regions of Japan to monitor
downpaufs. The Ministry is also investigating the launch of the ‘Central Flood Forecast Support Center’ (provisional name) to
bolster existing‘flood forecasting systems. The X-NET system was built using the existing radar system in Kanto Region. For
example' the radar system in Chuo University was install in 1995 and the initial cost for installing the system was about
100million yen.

In 2009 Ministry of Land, Infrastructure, Transport and Tourism (MLIT) has built a new radar network using MP radar
system covering Kanto, Chubu, Kinki, and Hokuriku regions. This year MLIT spent about 3billion yen to install total number

of 11 radars. This system has just started operating and the rainfall information is updated every two minutes.
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X-band multi parameter radar (MP radar) can monitor cross polarization phase difference has now in practical use and this is
the reason many projects are now using X-band radar system throughout the world. Followings are the MP radar projects
outside of Japan.

In France Flood forecast by radar in the Mediterranean Alps (FRAMEA) called field experiment has carried out te

identified four patterns which we then compared to the wind fields al

Based on the above-mentioned monitoring, experi ion this n analysis of guerilla downpour cases

observed with Doppler radar.

.The Doppler radar has an observational radius of 128 km, frequency of 9445 MHz, wavelength of 3.2 cm, an
observational resolution of 250 m in the range direction and 0.7° in the angular direction, and radar conversion constant of

B=200 and p=1.6. The Doppler radar is set up in central Tokyo, where it monitors intense downpours occurring in the Kanto
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region with a high level of accuracy and precision.

Effectiveness of Doppler radar observation

We will now describe a case of locally heavy rain which occurred on 26 April, 2005. Fig. 2 shows two radar images taken at

14:00 and 14:30 on 26 April, 2005. Meanwhile, Fig. 3 indicates the relationship between rainfall intensi d horizonta

the range direction and 0.7° in the angular direction and can perform real-ti

series of events from the appearance of such locally heavy rains to their

Characteristics of Kanto region rainfall

Upon analyzing the past 15 years of collected data, we found that th of rainfall which bring locally heavy

rains. Guerilla downpours, which have occurred freque nt years and are characterized by locally heavy rain

to Tokyo Bay while forming a front. Fig. 4 is an initial radar image of frontal rainfall taken at 18:00 on 15 July, 1996
which shows areas of precipitation occurring along the mountain ranges. On this particular day, there was a macroscale
northwesterly sea breeze which is typical in summer, with rain areas visible in the mountain ranges of Ibaragi and southern

Gunma. In this figure depicting front formation type rainfall on the Kanto Plain in summer, upflows are generated by sea
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breezes blowing into the boundary layer and occur between Gunma's mountains, or are generated by the collision of sea and
mountain breezes. The rain areas which formed the front then move in a southeasterly direction and, one hour later, the frontal
rain area indicated as point 'a' in Fig. 5 advances. The shape of the surface wind vectors allow us to discern cold outflows
radiated from the rain area and a southwesterly sea breeze close to the coast. Fig. 6 shows the time series vertical profileiofithe
rain area using the radar's 350° azimuth angle. In this figure, the sea breeze is blowing from the southeasttto the northwest,
while the rain area is moving in the opposite direction. Pushed by the Westerlies, the rain area locatéd at an altitudeyof more
than 6 km is shifting to the southeast. Furthermore, the center of Cell I's echo appearing in Fid. 6(a) has moved approximately
5km to the southeast just 10 min later, as shown in Fig. 6(b). However, we can assume from this time-serigS image that
upflows are generated in newly-formed Cell 11 due to a collision of the rain area’s cold outflows with sea breezes, which then
pushes the front. The time from a single cell's appearance to its dissipationis about 20 to 30 min, while the time taken to replace
a cell is about half that at 15 min, during which time the center of the rain cell travelS about 5 km. The cell's rate of travel is

determined by this cell replacement, and it continues in@Seutherly direction'untilreaching Tokyo Bay.

Features of cells advection type rainfall

Fig. 7 is a radar image of cells adve€tion type rainfall. This type of rainfall extends its rain area in a band-like formation in
the same direction in which thefprecipitationdellis traveling, bringing rain to a wide expanse of the Kanto Plain. Fig. 8 shows
the surface wind distribationiat the time the rainfall occurred as captured by the Automated Meteorological Data Acquisition
System (AMEBAS). This system Was set up in every about 17 kii from the Meteorological Agency in Japan to observe
precipitation. This type of wind system differs from that of the front formation type because it does not form an organized
surface windgystem and thefposition where the rainfall will occur is unpredictable, with potential falls either on the plain or in
the mountains. Fig."9 shows the upper-level wind speed distribution on this particular day. The rain area is being pushed by
strong winds at an altitude of more than 4 km and speed of 20 m/s, and its wind field is consistent with the cell's direction and
speed.)Fig. 10 contains continuous radar images of a vertical profile taken on 3 August, 1997. At 17:30, the rain area is
traveling at a higher altitude than the 8-km-high developed cell and appears to have triggered rainfall via the subsequent

precipitation cell. This rainfall pattern is capable of bringing a very intense amount of rain over a narrow area for an extended



period. This is caused by a band-shaped rain area moving in a longitudinal direction, thus resulting in prolonged rainfall directly

below.

Features of isolated cell type rainfall

In the radar image in Fig. 11, the rainfall forms a precipitation area of between 5 and 15 km, bringing high insf
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xtrapolating either the initial or subsequent isolated-cell's point

fficult task. As such, the only aspect of isolated cell type rainfall which is easy

54 km and remained stationary for 3 h while delivering a locally heavy rain. Fig. 14 is a similar radar image of a deluge which
occurred in Niigata and Fukushima in 2004 as a result of a linear rainband spanning 400 km. Meanwhile, Fig. 15 illustrates two

59 rain areas within the intense rainband of the a-a' cross section of Fig. 14 with an instantaneous rainfall intensity exceeding 40
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mm and each more than 60 km in length. These results suggest that linear rainbands bring intense rainfall over a wide area and
are therefore likely to cause considerable damage. Previous research tells us that these rainbands occur close to the center of

low pressure systems, on cold and stationery fronts, and in areas of moist air influenced by typhoons.

Joint observation using a network of multiple Doppler radars (X-NET)

In order to better understand the processes behind the occurrence of locally heavy rain and further devélop, observational
techniques, Japan's Chuo University, the National Research Institute for Earth Science & Disastef Prevention (NIED), the
National Defense Academy of Japan and the Japan Weather Association (JWA) have established anetwork of X-band Doppler
radars in the Tokyo metropolitan area to conduct joint observations and collect the 4€stllts in real time. This radar network is
called "X-NET'. Doppler radar measures wind speed by using the Doppler effect of radioywaves to determine the speed
(Doppler velocity) in the direction of precipitation particles moving away from and towards the radar. Combining the observed
data of multiple Doppler radars makes it possible to ascertain the three-dimensional distribution of wind direction and wind
speed. X-band radar also has the advantage of being able texelosely measure rainfall'intensity because it uses radio waves with
a wavelength of 3 cm, which are shorter than the 6.5-cm radio waves usedby’the Japan Meteorological Agency (JMA) and the
Ministry of Land, Infrastructure, TramSport and Tourism's \Csband radar systems. This allows X-NET to achieve a high
observational resolution of 500, m“comparéd to 1000“m for weather radar. One disadvantage of X-band radar is the
considerable effect of attenuation caused by fainfall; however, this can be rectified through the use of multiple X-band radars.
The X-NET network was established in 2006 and commenced full-scale joint observations from 2007. X-NET performed
continueus 24-h observations between June and November of 2008 when a spate of locally heavy rains occurred all over Japan,
andpebtained: outstanding observation results. Fig. 16 shows the observation results of a locally heavy rain which suddenly
struck Toyoshima ward in Tokyo on 5 August and claimed 5 lives. In contrast to the 10-min measurement intervals and 1-km
resolution of IMA's radar, X-NET performed measurements every 5 min at a resolution of 500 m, thus enabling it to capture
heawy rainfall areas not visible to the JMA radar. It also achieved largely positive results relative to Toyoshima ward's
ground-based rain gauges. X-NET's 5-min observation intervals also enable accurate monitoring of the rain areas which are

responsible for locally heavy rains. Efforts are currently underway to identify ways of reducing the risks that disasters pose to
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citizens by making the information obtained by these technologies available to the public.

Conclusion

We have conducted surveys on torrential rainfall and the microphysical processes of clouds as well as researchi

environments and the effects of their mitigation with the aim of understanding the mechanisms behind I¢
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Tablel

1
g Table 1 Performance of Doppler radar
4
5 Intenxity Mode Doppler Mode
6
7 Transmitted
8 9445MHz 9445MHz
9 Frequency
10
11 Pulse Width 0.9 1 s 0.45us
12 Repetition
13 1000MHz 2000MHz
14 Frequency
15 .
16 Detection
128km 64km
ig Range

19 Resolution 250m 125m
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Figure2
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Figure4

Fig.4 Radar im generating along the mountain: Black area shows that

rainfall generates along the mountain,
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Figureb5

dar image of front formation type rainfall at
stage and wind vectors at sutface: Wind vectors
indicate cold outflow blowing radially from rain band.
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Figure6
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Figure7
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Figure

Qig. 8 A distribution of surface wind caught by
AMeDAS, in giving rise to this ramnfall
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FigurelO

12.5 km

adar images with vertical section on cells
type ranfall: An upper rain band advecting at
17:30 caused next precipitation cell
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Figurell
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Figurel2
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Figurel3
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Figurel6
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