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Abstract 

The behavior of isolated convective echoes and orographic effects on the echo 
development were analyzed for the cases of July 14 and 15 in 1988 observed by using 
an X-band Doppler radar, at Saikaicho, Nagasaki Prefecture. 

From the analysis, each isolated echo which consisted of several echo cells had a 
life time more than 120 minutes and developed well enough to provide heavy rainfall 
under the environment of late period of the Baiu season. Volume scan data also 
showed the potential of isolated echoes for strong rainfall. 

An orographic effect was examined by comparing with echoes of different passes 
during their development: one echo passed over mountain area and the other passed 
over relatively flat area. The analysis revealed that rapid development appeared at 
the mountain area and the strong rainfall occurred at the mountain area. This result 
was explained to be caused by the fact that the echo developed so quickly that the 
echo produced much rain drops there, and the echo reached downdraft stage at the 
mountain area. Detailed mechanisms of the orographic effect, barrier effect and 
changing of wind direction, were revealed by dual Doppler radar analysis. 

1. Introduction 

In the late period of the Baiu season, many heavy rainfall events had 
occurred along the Baiu front in the western part of Japan. These heavy 
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rainfalls regularly concentrated in a limited area such as meso-,B or meso-y 

scales. These heavy rainfalls were caused by well developed and organized 
convective clouds. For the concentration mechanisms of heavy rainfalls, the 

major mechanisms are considered to be the organization process of the Baiu 
frontal rainband and the orographic and/or topographic effects. The Baiu 

frontal heavy rainfalls are often induced by the mesoscale convective system (or 
cloud cluster from the satellite observation) (Akiyama, 1984a, b; Ogura et ai., 

1985; Harimaya et ai., 1989; Kato and Harimaya, 1989; Takeda and Iwasaki, 
1989) and the effect of complex configuration of Japan on the cloud development 

cannot be ignored (Ogura et ai., 1985; Watanabe and Ogura, 1987). Ogura et ai. 
(1985), who analyzed the historical heavy rainfall event on Nagasaki in 1982 
(called Nagasaki event) using conventional radar and GMS data, suggested that 

the blocking effect of mountains played an important role for the long lasting 
heavy rainfall around Nagasaki City in 1982; Nagasaki locates west of the 
mountains. In their study, meso-,B scale organization process was a merging 
between blocked cloud cluster and newly generated cloud at the western edge of 
the cloud cluster (in their case, Nagasaki located just east of the merging point). 
On the other hand, Takahashi (1994) emphasized the importance of the gust 
fronts (outflow from convective cloud) from a Doppler radar observations of 
convective cloud in July 1988 at Nagasaki Prefecture; gust front contributed 
for enhancement of the Baiu frontal convergence zone and its propagation 

direction (north to south, while the environmental wind was westerly) caused the 
effective merging; echo significantly developed after merging. In his case 
study, Doppler radar observations made it clear to understand the organization 

process. These studies suggested the importance of the development of each 
convective cloud or convective celi. It was emphasized, therefore that the 
estimation of the potentiality of convective cell for rainfall amount was very 
important. 

In this study, a development process of isolated convective echo cells is 
analyzed in order to clarify the potential influence of the Baiu frontal environ­

ment on convective cloud development. Isolated echoes to be analyzed are 
cases of July 14 and 15, 1988. For this analysis, Hokkaido University X-band 
Doppler radar data was mainly utilized; Doppler radar provides not only 

reflectivity of echoes but also wind field inside the echo. The advantage for 
selecting isolated echo is that it has relatively simple structure. 

An orographic effect was also examined by comparing with two isolated 

echoes under almost same environment on their life cycle, circulation mecha­
nism, and potential of rain production: one passed over mountain area, and the 
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other passed over plain. Ogura et al. (1985) and Watanabe and Ogura (1987) 

focused on the meso-a or meso-(3 scale orographic effects, while horizontal 
scale of the orographic effect in this study focused on meso-y scale effect 
because the scale of the target echo was very small (~20 km). This study 

provides more detailed process of the orographic effect. The orographic effect 
on an isolated echo was also examined by dual Doppler radar analysis by using 
Hokkaido University (HU) Doppler radar and Meteorological Research Insti­
tute (MRI) Doppler radar. 

2. Observation and environmental conditions 

Doppler radar observations were performed from July 7 to 20, 1988, by using 
HU X-band Doppler radar at Saikaicho, Nagasaki Prefecture, as a part of 
cooperative observation of heavy rainfall event at the late period of the Baiu 
season (Asai, 1990). During the observation, 3 or 6 hourly sounding data, includ­

ing special sounding points of Fukue and Kumamoto, was available. Figure 1 
shows the location of HU Doppler radar with 60 km observation range (solid line 
circle), and MRI Doppler radar with 60 km observation range (dashed line 

circle). This figure also shows the location of three sounding points of Fukuo­
ka, Kumamoto, and Fukue by solid squares. In this study, only sounding data 

Fig.1. Map of the observation area with sounding stations (Fukuoka, Fukue, and 
Kumamoto) expressed as solid squares and topography shown with 200 m con­
tour intervals. The location of the Hokkaido University Doppler radar and its 
60 km range is depicted as a cross encircled by a solid line. The location of the 
MRI radar and its 60 km range is depicted as a cross encircled dashed line. 
Weather station locations are shown as solid circles. 



466 N. Takahashi, H. Uyeda, K. Kikuchi and K. Iwanami 

of Fukue was used as the environmental value (the reason will be mentioned 
later). From the viewpoint of topography, an observation area is very compli­

cated: mountain area located south and north of the radar site, and about 1,000 
m height mountain (Mt. Kyoga-take) located about 40 km east of the radar site. 
In the case of July 15, the echo passed over the mountain area as shown in Fig. 

2 by solid triangles connected by solid line. On the other hand, the echo of July 

Fig. 2. The paths of the isolated echoes on July 14 (_) and July 15 CA.), 1988. 
Symbols express the location of the echoes at about 15 minute intervals starting 
from 1015JST on July 15, and at about 15 minute intervals starting from 1315JST 
on July 14. The echoes were traced using CAPPI (2 km) reflectivity data. 

Table 1. Specification of the Hokkaido University Doppler radar. 

Kokkaido Univ. Meteor. Lab. Doppler Radar 

Parameter Doppler Conventional 

Wave length (em) 3.2 3.2 

Maximum range (km) 63.5 63.5 

Nyquist velocity (m/s) ±12.0 

Pulse duration (J1s) 0.4 0.8 

Pulse repetition frequency (Hz) 1,500 750 

Azimuthal resolution (deg.) 0.7 1.0 

Beam width (deg.) 2.0 2.0 

N umber of samples 254 254 

Gate spacing (m) 62.5 62.5 

Sample spacing (m) 250 250 

Antenna rotation (rpm) 4 

Antenna diameter (m) 1.2 1.2 
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14, passed over plain region by solid circles connected by solid line. 

The specification of the HU Doppler radar was presented in Table 1. 

During the observation, two kinds of mode were utilized: one is conventional 

mode in order to survey the three dimensional structure of the echo by volume 
scan, the other is Doppler mode in order to survey the low level wind field (PPI 
scan) and vertical circulation within the echo (RHO scan. Both modes have 
range resolution of 250 m. The observation was performed 15 minute inter­

vals: volume scan with 15 elevation angles and a few low elevation angles of 
Doppler mode PPI scans and RHI scans. 

Data analysis was mainly performed by using single Doppler radar, a dual 
Doppler analysis was realized only for the echo of July 15 at the mountain 

region, because of regional restriction of dual Doppler analysis. 
Figure 3 expresses the synoptic situations of July 14 and 15 by surface 

weather maps. The Baiu front located north of Kyushu, and a subtropical high 
dominated the Kyushu area. This configuration is typical in the late period of 

the Baiu season; the Baiu front was characterized as weak discontinuity of 
wind and temperature, and relatively large gradient of water vapor, and water 
vapor is supplied from the southern sea area of the Baiu front at the western 
edge of tropical high pressure system. Figure 4 presents the vertical profiles of 

potential temperature (B), equivalent potential temperature (Be), and saturated 
equivalent potential temperature (Be*) at 15JST on July 14 and at 09JST on July 

Fig. 3. Surface weather maps for 09JST on July 14 and 15, 1988. 
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Fig. 4. Vertical profiles of potential temperature (B), equivalent potential tempera­
ture (Be) and saturated equivalent potential temperature (Be*) at Fukue at 15 JST 
on July 14 and 09JST on July 15, 1988. 

15 (the closest sounding time for both cases) at Fukue. Since echoes generated 
on the East China Sea, the closest sounding point was Fukue, for these cases. A 

convectively unstable layer existed below 2.3 km in height on both days; a 
relatively dry layer existed at 2.5 km on July 14. Calculated CAPE (Convective 

Available Potential Energy) values for July 14 and July 15 are 1,370 J/kg and 
2,250 J/kg, respectively. These values suggest that the echoes on July 15 had 
greater convective energy than those of July 14. 
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Fig, 5, The transltlOn of the isolated 
echoes on July 15, 1988, as a series of 
CAPPI at 2 km in height. Numbers in 
each frame indicate the echo top 
height at a threshold reflectivity of 18 
dEZ (parenthesis: for 27 dEZ), Con­
tour interval is 6 dEZ from 18 dEZ, 

3. Echo development process 

The developments of these 
two echoes are traced continuous­
ly, Figure 2 displays the courses 

of the echoes of both July 14 and 
15 cases, The July 15 echo passed 
over two mountain areas while the 

July 14 echo passed over plain. 
Figure 5 presents the transition of 

the July 15 isolated echo as a 
series of CAP PI at 2 km in height. 

The echo initially appeared over 
the sea which was consisted of 

several echo cells and moved to 
the east-northeast at a speed of 10 
ms-\ with the echo area increas­
ing monotonous, The echo 

landed between 1031]ST and 
1047JST, moving over Oomura 
Bay at 1117JST; finally landed 
again and reached mountain area 
(ML Kyoga -take) at around 

1140JST. Figure 5 also presents 
the echo top height of the thresh­

old reflectivities of 18dBZ and 
27dBZ (in parenthesis) on the right 

portion of each panel. Rapid 

increases in echo top height 
appeared when the echo landed on 
(1031 and 11l7JST) mountains, 

The transition of the July 14 echo 
is presented in Fig, 6 in the same 
manner as Fig, 5, Figure 6 shows 

that this echo landed at 1407JST, 
but in this case rapid development 
did not occur. 

The difference in the develop-
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Fig. 6. The transition of the isolated echo 
on July 14, 1988 as a series of CAPPI at 
2 km in height. Numbers in each 
frame indicate the echo top height at a 
threshold reflectivity of 18 dBZ (paren­
thesis: for 27 dBZ). Contour interval 
is 6 dBZ from 18 dBZ. 

ment processes of the July 14 and 
July 15 cases is summarized with 
their echo top height in Fig. 7. 

Landing times of the echoes are 
indicated by arrows. The July 15 
echo had a longer life cycle than 

that of July 14. In the July 15 
case, a rapid echo development 
coincided with landing. Between 
the first and the second rapid 

development stages, the 27dBZ 
echo top height slightly decreased. 
On the other hand, the 18dBZ echo 
top height of the July 14 echo 

developed monotonously. Dura­
tion of echo top height less than 5 
km (;:::; ooe level) varies from 20 

minutes to 40 minutes because of 
the degree of landing effect. This 
value may express the duration of 
warm rain stage. If so, these 

results coincide with an isolated 
echo in a tropical island (Takaha­
shi and Uyeda, 1995). In this case 
study, however, the transition 
process between warm rain and 

cold rain was not clarified from 
this analysis. 

The life cycle of the July 15 
echo was determined using the low 

altitude echo area and the diver­
gence field derived from low eleva­
tion angle PPI data. Figure 8 rep­
resents the transition of the echo 

and divergence/convergence 
(radial divergence/convergence; 
calculated by the radial gradient 
of Doppler velocity) areas. This 
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Fig. 7. Time versus echo top height of the isolated echoes. The bold solid (dashed) 
line expresses the case of July 14 (15) with a threshold reflectivity of 18 dBZ. The 
thin solid (dashed) line expresses the case of July 14 (15) with a threshold 
reflectivity of 27 dBZ. Landing times are india ted by arrows. 

figure shows that the divergence area occupied slightly larger than convergence 

area through the life. It comes from the difference between divergence and 
convergence intensity; convergence was more intense than divergence in this 

case. When a rapid increase in echo area took place at the landings (70 and 110 
minutes), divergence significantly dominated the low altitude wind field after the 
first landing. It was caused by a downdraft which was forced by heavy rain 
water loading (stronger reflectivity coincides with larger amounts of rainwater 
in the echo). 

Vertical cross sections of reflectivity with 2-dimensional circulation before 
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JULY 15, 1988 KYUSHU 
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20 40 

TIME FROM 0926JST(MIN.) 
Fig. 8. The transition of echo area and divergence (convergence) area for the case of 

July 15, 1988. 

and after landing are presented in Figs. 9 (July 15) and 10 (July 14). The vertical 
wind component was calculated by integrating the radial divergence in the RHI 
scan frame. In Fig. 9, the echo was dominated by updraft just before landing, 
while downdraft dominated after landing. This drastic change in cloud circula­
tion was caused by an orographic effect; that is, a mountain slope resulted in 
upward forcing triggering rapid echo development. In such moist environments 
as the Baiu frontal region, an echo grows rapidly even due to weak forcing 
(updraft). Updraft causes water condensation to release latent heat. This 
process enhances the strength of the updraft. Therefore, in this case, as a result 
of rapid development, much rain water was produced in the echo and was 
sustained by the strong updraft. After passing over the slope, the updraft no 
longer sustained the echo because of the high rain water content in the echo and 
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Fig. 9. Vertical cross sections (RHI scan) of echo. Upper frame: 1038JST (before 
landing). Lower frame: l106JST (after landing) on July 15, 1988. Two dimen­
sional wind fields derived from Doppler velocity are superimposed on the 
reflectivity frames. 
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Fig. 10. Vertical cross sections (RHI scan) of echo. Upper frame: 1354JST (before 
landing). Lower frame: 1412JST (after landing) on July 14, 1988. Two dimen· 
sional wind fields derived from Doppler velocity are superimposed on the 
reflectivity frames. 
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the weakening of the updraft. Then, a strong downdraft was initiated. As 

mentioned in the discussion of Fig. 7, the echo developed again when it reached 

a mountain area. This result suggests that if the second mountain area did not 

lie under the echo path, the echo would have decayed just after passing over the 

first mountain area. However, the echo developed again rapidly at the second 

mountain area. In the July 14 case (Fig. lO), a circulation within the echo did 

not exhibit a drastic change during its life cycle. The circulation sustains the 

monotonous development of the echo. The results of this comparison indicate 

that mountains force rapid echo development, accelerating echo development 

and dissipation. 

4. Estimation of orographic effect on rainfall amount 

Using the volume scan data, three dimensional rain water amount was 
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Fig. 11. Temporal variation in total rain water mass of the case on July 14 (dashed 
line) and July 15 (solid line), 1988. 
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estimated for both echoes. The formula for the estimation is Z = 3.8 X 102 
M1.46 

(Brown and Braham, 1963), where Z(mm6 ·m-3
) is reflectivity factor and M(g· 

m-3
) is liquid (rain) water content. Figure 11 expresses rain water transition 

for both cases. Both echoes contained rain water more than 10 X 106 kg/km2 
; 

this value is equivalent to the 10 mm of rainfall amount. It is supposed that the 
changes in rainwater is almost connected to the changes in echo top height. In 
this case study, July 14 echo represents the normal echo (non-orographic effect) 

and July 15 echo is affected by orographic effect. The difference in rain water 
amount in Fig. 11 (5 X 106 kg/km2

) from that produced from the development of 
an average echo (such as the July 14 echo) is due to the mountain effect; this 
difference was supplied to the mountain area (5 mm of rainfall). This is 

confirmed by AMeDAS surface observation (5 mm rainfall from 10JST to ll]ST 
at Ooseto, which is located on the landing point of the July 15 echo). 

WIND FIELD 
1126JST -1132JST JULY 15, 1988 

I 9---

I 

Fig. 12. Wind field at 1 km, 2 km, and 3 km in height around the mountain area 
(expressed as squares in the map) derived by dual Doppler analysis. Thin 
contours express the topographical countour with a 200 m interval. For the 2 km 
frame, bold contour expresses the reflectivity; contour interval is 6 dBZ from 18 
dBZ. Hatched area represents divergence greater than 10-3 

S-1 and stippled area 
represents convergence greater than 10-3 

S-I Environmental wind directions are 
expressed by the bold arrow. 
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Differences in the effect of landing were caused by differences in the 
gradients of the slope on the landing places. As shown in Fig. 2, the July 15 
echo passed over two mountain areas; one is about 400 m in height and the 
other is about 1,000 m in height. On the other hand, the July 14 echo passed 
over land less than 200 m in height throughout its life cycle. 

Since the barrier effect of mountains is considered to be the main reason for 
rapid development of the echo, the wind field at the mountain area is examined 
using dual Doppler analysis for the July 15 case (Fig. 12). The wind field is 
calculated for 1 km, 2 km, and 3 km in height around Mt. Kyoga-take (see Fig. 
1), which has a peak height of 1,000 m. At 1 km in height, the wind field was 
calculated only for the area west of the mountain. Since wind direction in this 

area was south-southwesterly though the sounding data indicates that the 
environmental wind direction was west-southwest at 1 km in height, it is 

assumed that the wind flowed around the mountain area. A convergence zone 
was located west of the mountain peak. At 2 km in height, a convergence 

region existed over the mountain. The divergence region coincided with the 
strong reflectivity region. The mountain effect on the wind field at 3 km in 
height was not clear. In any case, mountains affect echoes by acting as a 
barrier, forcing air streams to go around them and causing convergence above 
them. 

The change in wind direction resulting from the barrier effect caused the 
change of echo propagation direction, and the convergence effect leads to the 
development of an echo above the mountain. This effect is very important 
when we consider "heavy rainfall in a limited area". Because the ability of one 
echo to bring rainfall is limited, the successive passage of echoes over the same 
area is very important. The mountain effect therefore contributes to this by 
leading echoes to specific places, such as the flank of a mountain at Isahaya City. 

The results of this case study indicate that the mountains have two effects. 
One is rapid echo development (rapid production of rainwater) in mountain 

areas, the other is the barrier effect, which changes the course of an echo 
propagation such as Kikuchi et aJ. (1994). Both effects are assumed to partially 
contribute to heavy rainfall in a limited area. 

5. Concluding remarks 

In this study, a behavior of isolated clouds and orographic effect during the 
Baiu season were examined by using Doppler radars. During the late period of 
the Baiu season, isolated echoes often generated over the sea at the south of the 
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Baiu front in which the environmental conditions were warm and moist. The 
isolated echoes which were consisted of several echo cells had more than 120 
minutes in life cycle and sometimes reached maximum echo top height of 15 km. 
These echoes had potentiality for the rainfall amount of more than 10 mm. 
And the existence of warm main process was suggested from the analysis; it 
will be clarified by cloud physical observations, such as multi-parameter radar 
or aircraft observations. 

The orogaphic effect on the convective cloud was explained in this study 
comparing with two cases of the isolated echoes: one passed over a mountain 
area and the other passed over on the plain. The orographic effect appeared as 
rapid development of the echo at the mountain slope. It caused more rainfall 
at the mountain area than other areas, in other words: an echo development wa;:; 
urged at the mountain area; rain water amount in the echo constantly increased 
in the case in which the echo passed over non-mountain area, but the echo which 
passed over mountains brought rain water as precipitation to the ground which 
should be stored within the echo. The difference between the echo with ordi­
nary development and the echo which passed over the mountain area appeared 
about 5 mm in rainfall. This value coincided with the surface observation at 
the landing point (5 mm by this echo). 

The dual Doppler radar analysis revealed that the mountain effects were 
barrier effect for the echo to develop vertically from the surface to the height 
just above the mountain top and change the wind field to go around the mountain 
area up to 1 km above the mountain, this result means that the wind field caused 
the echo propagation to the specific direction under a certain environmental 
wind field. It is thought therefore that these two effects are important for the 
concentrated heavy rainfall in limited area especially close to a mountain. 

This study will help to understand the heavy rainfall event during the late 
period of the Baiu season. 
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