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Abstract 29 

To elucidate the formation of a localized rainfall on a basin with heat and aridity 30 

under weak synoptic disturbance in summer, the characteristics of atmospheric 31 

conditions on the Kofu Basin preceding the appearance of primary precipitating cells 32 

were described from 23 localized rainfall events on the Kofu Basin on days of weak 33 

synoptic disturbance at the surface from 1 June to 30 September in 2012 to 2014. 34 

Furthermore, using the case study conducted on 25 July 2014, the formation of the 35 

atmospheric conditions was described from the standpoint of moisture behavior. 36 

Owing to the thermal contrast between the Kofu Basin with heat and aridity and 37 

the outside environment, the south-component wind blowing in the valley 38 

connecting it to the coastal region of Suruga Bay and the east-component wind 39 

blowing in the valley connecting it to the Kanto Plain entered the Kofu Basin as 40 

southwesterly wind and southeasterly wind, respectively, which caused an increase 41 

in the water vapor mixing ratio and a slight decrease in temperature at the surface. 42 

After that, the amount of precipitable water vapor derived by the global navigation 43 

satellite system observation (GNSS-PWV) at Nakamichi in the central region of the 44 

Kofu Basin increased abruptly after the moderate increase in GNSS-PWV at all the 45 

observation points on the Kofu Basin. Finally, a cloud appeared over the local region 46 

between the southwesterly wind and the southeasterly wind; the precipitating cells 47 

appeared here at 3.25 to 6.25 km above sea level. 48 
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From the above results, the moisture transport to the Kofu Basin, the moisture 49 

concentration in the local region, and the appearance of precipitating cells were 50 

discussed as the formation of atmospheric conditions leading to a localized rainfall 51 

on a basin with heat and aridity. 52 

 53 

Keywords: Localized rainfall; Surface wind; Moisture transport; Precipitating cell; 54 

Kofu Basin. 55 
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1. Introduction  69 

In summer, a localized rainfall, which is caused by a convective precipitating system 70 

composed of precipitating cells, often occurs almost everywhere on a day of weak 71 

synoptic disturbance. In a basin with heat and aridity in summer, however, both the 72 

number of rainfall events and the amount of rainfall tend to be small because of an 73 

unfavorable effect on the development of cumulus convection during the daytime 74 

related to the subsidence associated with the valley wind circulation (Fujibe 1988). At 75 

the same time, Saito and Kimura (1998) reported an increase in the number of 76 

convective rainfall events on basins and valleys under weak synoptic disturbance in the 77 

afternoon to evening, in close agreement with the increase in latent heat in basins and 78 

valleys (Kimura and Kuwagata 1995). Thus, the localized rainfall that occurs on a 79 

basin with heat and aridity under weak synoptic disturbance in summer has generated 80 

interest in the changing to a favorable atmospheric condition to cause a convective 81 

precipitating system, and the moisture transport to a basin in water local circulation 82 

process associated with thermally induced local circulation. 83 

Local subsidence heating in a valley and moisture transport to mountains are caused 84 

by valley wind circulation; the moisture transport to a basin is caused by wind to the 85 

basin from the surrounding mountains, which is associated with the return flow of 86 

valley wind circulation (Kimura and Kuwagata 1993, 1995). Kuwagata and Kimura 87 

(1995) and Iwasaki and Miki (2001) reported from sounding observations that the 88 



 4 

water vapor mixing ratio at 1.5 to 3.0 km above mean sea level (ASL) on a valley and a 89 

semi-basin increased in the afternoon and evening. Then, they argued that the increase 90 

in the water vapor mixing ratio at 1.5 to 3.0 km ASL was due to moisture transport 91 

from mountains to the valley and the semi-basin by the return flow associated with the 92 

thermally induced local circulation and/or ambient wind. Sato and Kimura (2005) 93 

found by numerical simulation that the moisture advection at 800 hPa from mountains 94 

to their feet contributes to the increase in convective instability on their feet. 95 

Furthermore, to generate a convective precipitating system in a basin, moisture 96 

advection and horizontal convergence at the surface or the lower layer are needed. 97 

Iwasaki (2004) found, by the analysis of the diurnal variation of precipitable water and 98 

convective activity for sunny summer days around Mt. Tanigawa on the northern 99 

Kanto region in Japan, that the increase in the amount of precipitable water in the 100 

semi-basin from afternoon to late evening was caused by not only moisture advection 101 

from the mountains but also moisture convergence from the extended sea breeze at the 102 

surface, which resulted in an unstable atmosphere over the semi-basin. Chen et al. 103 

(2010) revealed that, for a heavy rainfall event in the Taipei Basin, the wind 104 

convergence was caused by the inflows associated with the prevailing winds going 105 

around the terrain, which triggered the convective precipitating system. For the 106 

formation of a localized rainfall on a basin with heat and aridity under weak synoptic 107 

disturbance, however, the process of the moisture transport to the basin and 108 
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concentration in the local region, which is connected to the formation of a convective 109 

precipitating system, has not been sufficiently understood. 110 

The Kofu Basin in the central region of Japan is surrounded by mountains with 111 

heights of 1 to 3 km (Figs. 1a and 1b). In the Kofu Basin, it is often hot and dry in 112 

summer. Sano et al. (2012a) indicated that the average rainfall amount from June to 113 

October in 2004 to 2007 on the Kofu Basin was less than that on the surrounding 114 

mountains. Localized rainfall in summer, however, can occur on not only the 115 

surrounding mountains but also the Kofu Basin (Sano et al. 2012a, 2014), which is 116 

largely coincident with the report of Saito and Kimura (1998). Thus, it is suggested 117 

that, under weak synoptic disturbance, the localized rainfall, which results from the 118 

moisture transport to a basin with heat and aridity and the moisture concentration in 119 

the local region, often occur in the Kofu Basin. 120 

In this study, to elucidate the formation of a localized rainfall on a basin with heat 121 

and aridity under weak synoptic disturbance in summer, we focus on the change in the 122 

atmospheric conditions in the Kofu Basin preceding the appearance of precipitating 123 

cells composing a convective precipitating system. First, we analyze the appearance 124 

distribution of the primary precipitating cell over the Kofu Basin under weak synoptic 125 

disturbance, and the surface wind and temperature distributions and the stability of 126 

the atmosphere over the Kofu Basin before the appearance of the primary precipitating 127 

cell on the Kofu Basin using several observation cases. Then, we analyze the 128 
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appearance distributions of clouds and precipitating cells composing a convective 129 

precipitating system, and the temperature, wind and water vapor mixing ratio at the 130 

surface, and the precipitable water vapor on the Kofu Basin before the appearance of 131 

precipitating cells from a case study. Thus, we discuss the formation of atmospheric 132 

conditions on the Kofu basin leading to the formation of precipitating cells through 133 

these analyses. 134 

2. Observation and data 135 

  The Kofu Basin, which is surrounded by mountains, is connected to the outside 136 

through valleys (Fig. 1b). One connects the coastal region of Suruga Bay to the Kofu 137 

Basin. The other connects the Kanto Plain to the Kofu Basin via the mountain pass 138 

between Mts. Misaka and Mt. Daibosatsu. 139 

In this study, we used meteorological observation data obtained at the surface of the 140 

Kofu Basin (Figs. 1b and 1c). Meteorological phenomena at the surface were observed 141 

at Kofu, Nirasaki, Katsunuma, Kiriishi, Furuseki, Ooizumi, Nanbu, Ootsuki, 142 

Yamanaka, and Kawaguchiko by the Japan Meteorological Agency (JMA); at 143 

Kamihatta, Kosaiminami, Shimoimai, and Atoyashiki using the environmental sensing 144 

system of NTT DOCOMO, Inc.; and at Kasugai by University of Yamanashi. 145 

Meteorological observation at the surface is carried out on a continuous basis by the 146 

JMA; those of NTT DOCOMO, Inc. and University of Yamanashi were carried out from 147 

22 July to 22 September 2014. Temperature and winds at the surface were observed 148 
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every 10 min at all observation points. In addition, pressure and relative humidity at 149 

the surface were also observed every 10 min at Kofu, Kawaguchiko, Kamihatta, 150 

Kosaiminami, Shimoimai, Atoyashiki, and Kasugai. 151 

We also used precipitable water vapor data at Nirasaki, Nakamichi, and Makioka 152 

derived from the observation of a global navigation satellite system (GNSS-PWV) of the 153 

Geospatial Information Authority of Japan (GSI). To derive GNSS-PWVs (Bavis et al. 154 

1992) at Nirasaki, Nakamichi, and Makioka, the surface pressure and temperature at 155 

Kamihatta, Shimoimai and Atoyashiki were used with altitude correction, respectively. 156 

To obtain precipitation data on the Kofu Basin, we installed an X-band 157 

multi-parameter radar at the Kofu Campus of University of Yamanashi (Fig. 1b), 158 

named ‘UYR’. The observation area of the UYR has a radius of 61.75 km and covers the 159 

entire Kofu Basin. The specifications of the UYR are shown in Table 1 and are the same 160 

as those shown by Sano et al. (2012b). The UYR performs volume scans at intervals of 5 161 

min including plan position indicators (PPIs) at antenna elevation angles of 1.0, 1.8, 2.5, 162 

3.6, 4.8, 6.6, 8.8, 11.5, 15.2, 19.7, 25.6, and 32.6°. For the observation of the target, the 163 

UYR observation at a low antenna elevation cannot provide sufficient data on the 164 

target area because the beams are blocked by low mountains close to the UYR. Thus, 165 

there were no observation data from the lower layer. There were also no observation 166 

data from the upper layer because of the volume scan with a limited antenna elevation. 167 

The parameters used in this study are the horizontal radar reflectivity factor ZH, the 168 
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differential reflectivity ZDR, the specific differential phase KDP, and the Doppler velocity 169 

DV. These parameters were interpolated to Cartesian coordinates using the method of 170 

Cressman (1959); the horizontal and vertical grid intervals are both 500 m. To express 171 

the three-dimensional distributions of the parameters, a correction related to the 172 

movement of the radar echo was made using the method of Gal-Chen (1982); the 173 

central time for the correction was 3 min after the start of each volume scan. 174 

For the analysis of environmental conditions on the Kofu Basin, we used the data of 175 

the meso-scale model of the JMA (JMA-MSM, Saito et al. 2006) distributed by the 176 

Japan Meteorological Business Support Center with a horizontal resolution of 10 km 177 

(Fig. 1d). Then, the mesoscale objective analysis of the JMA (JMA-MANAL, Honda et al. 178 

2005) with a horizontal resolution of 5 km was used for the discussion in this study. The 179 

terrain data for JMA-MSM and JMA-MANAL resolve the Kofu Basin, the valley 180 

connecting it to the coastal region of Suruga Bay, and the valley connecting it to the 181 

Kanto Plain via the mountain pass between Mts. Misaka and Mt. Daibosatsu (Fig. 1d). 182 

In addition to the above, satellite observation data of MTSAT-2, weather charts 183 

published by the JMA, and upper-air sounding data at Hamamatsu were also used.  184 

In this study, Local Standard Time (LST = UTC + nine hours) is used. The wind 185 

direction is written in abbreviated form. For example, west-southwesterly and 186 

north-northeasterly are abbreviated as ’WSW-ly’ and ’NNE-ly’, respectively. 187 

3. Characteristic of the appearance of a localized rainfall on the Kofu Basin under weak 188 
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synoptic disturbance at surface in summer  189 

Sano et al. (2014) discussed the appearance of precipitating cells in the central region 190 

of the Kofu Basin together with the characteristics of surface winds. On the basis of the 191 

discussion on the characteristics of the rainfall that occurred on the Kofu Basin on a 192 

day of weak synoptic disturbance in summer, we investigated the appearance positions 193 

of the primary precipitating cells on the Kofu Basin, the atmospheric conditions 194 

preceding the appearance of a primary precipitating cell, and the amount and 195 

distribution of rainfall. In this study, we focused on the precipitating cells that occurred 196 

on the Kofu Basin. Thus, we ignored the precipitating cells occurring on and 197 

propagating from the surrounding mountains. 198 

The period of the analysis was from 1 June to 30 September (122 days) for 3 years 199 

(2012 to 2014). First, we selected the day of weak synoptic disturbance at the surface; 200 

no tropical low, extratropical low, or fronts were over or around the Kofu Basin 201 

according to a surface weather chart at 09:00 LST. On the days of weak synoptic 202 

disturbance at the surface, we selected the cases in which a cellular echo composing an 203 

echo system was observed first by the UYR above a level of 2 km on the Kofu Basin 204 

between 12:00 and 24:00 LST; we refer to the cellular echo as a primary cellular echo. 205 

For a cellular echo, Shusse et al. (2005) and Sano and Tsuboki (2006) defined a cellular 206 

echo as a strong and closed echo with ZH larger than 20 or 30 dBZ, respectively. Sano et 207 

al. (2012b) indicated that the structure of a cellular echo was broken when the ZH 208 
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became less than 40 dBZ. In this study, a cellular echo is defined as an isolated echo 209 

with ZH ≧ 30 dBZ, which corresponds to a precipitating cell that is sufficiently 210 

developed. In previous studies, an echo system is defined as the concentration of 211 

cellular echoes in an area of ZH ≧ 10 dBZ, corresponding to a convective precipitating 212 

system including developing, developed and weakening precipitating cells. 213 

3.1 Appearance distribution of primary cellular echoes and distribution of rainfall 214 

amount 215 

The number of days of weak synoptic disturbance at the surface was 240 in the 216 

period of the analysis. Among these days, there were 23 cases of a primary cellular echo 217 

appearing on the Kofu Basin (Table 2). Figure 2 shows the appearance positions of 218 

primary cellular echoes. Here, the appearance positions and altitudes were determined 219 

by ZH in a three-dimensional grid prepared using volume scan data obtained from the 220 

UYR observation. There were 4 cases for which the altitudes of cellular echoes that 221 

appeared near the UYR were uncertain because only low-level observations were 222 

carried out in sight of the UYR. The appearance positions of the primary cellular 223 

echoes were concentrated in the central to eastern regions (from 138.58°E to 138.72°E 224 

and from 35.6°N to 35.69°N) except in 3 cases, which conforms to the result of Sano et 225 

al. (2014). The appearance altitudes of the primary cellular echoes were from 2.25 to 226 

6.25 km ASL, which indicates the formation of precipitation at large height with the 227 

upward moisture transport. 228 
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The rainfall amount was estimated using ZH and KDP by the method of Park et al. 229 

(2005) and was selected as the maximum value between the surface elevation and 2.25 230 

km ASL in each grid. The maximum rainfall amounts in all the cases ranged from 6.7 231 

mm in 20 min on 25 July 2014 to 53.0 mm in 100 min on 12 September 2013 (Table 2). 232 

Figure 3 shows examples of the horizontal distributions of the rainfall amount. On 2 233 

August 2012, a band with a large rainfall amount extended to the west region from the 234 

primary cellular echo appearing in the east region (Fig. 3a). On 12 September 2013, an 235 

area of rainfall extended widely from the primary cellular echo appearing in the south 236 

region (Fig. 3b). Finally, on 25 July 2014, a narrow area with a small rainfall amount 237 

extended from the primary cellular echo appearing in the east region (Fig. 3c). Thus, 238 

the distribution of the rainfall amount differed in each case. Note, however, that the 239 

rainfall on the Kofu Basin in all the cases originated in the primary precipitating cell. 240 

3.2 Atmospheric instability on the Kofu Basin 241 

  To describe the atmospheric conditions over the Kofu Basin with the appearance of 242 

the primary cellular echoes, the convective instability index (CII), which is defined as 243 

the difference between the saturation equivalent potential temperature at 500 hPa θe* 244 

(500 hPa) and the equivalent potential temperature at 800 hPa θe (800 hPa) (CII = θe* 245 

(500 hPa) - θe (800 hPa), Sato and Kimura 2005), was analyzed every three hours from 246 

06:00 to 21:00 LST for each case on the Kofu Basin using the initial values employed in 247 

the prediction of JMA-MSM, which are called ‘the initial values of JMA-MSM’. Here, 248 
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the Kofu Basin is in the area surrounded by the black line in Fig. 1d. Sato and Kimura 249 

(2005) explained that the characteristic of the CII is almost similar to that of the 250 

Showalter stability index (SSI) because the CII is proportional to the parcel buoyancy 251 

at 500 hPa lifted from 800 hPa. Thus, a lower value of the CII indicates the 252 

stratification between 800 and 500 hPa close to the convective instability. 253 

In all the cases, the CII over the Kofu Basin decreased after it reached a maximum at 254 

09:00 JST (Fig. 4a). The minimum CII became negative in 9 cases and positive at less 255 

than 12.1 K in the other cases. From the minimum CII to the maximum CII in all the 256 

cases, θe* (500 hPa) increased or decreased slightly (Fig. 4b) and θe (800 hPa) 257 

increased (Fig. 4c). Thus, the small CII was caused by the increase in θe (800 hPa). 258 

Figure 5 shows the increase and decrease in θe (800 hPa) every three hours, where the 259 

values are averaged in all the cases. The standard deviation was 2.3 to 2.8 K. The 260 

averaged θe (800 hPa) increased from 09:00 LST and 15:00 LST in almost all the cases 261 

and increased from 15:00 LST and 18:00 LST in more than half of the cases, which 262 

decreased the CII over the Kofu Basin in the daytime. 263 

3.3 Temperature and wind at surface 264 

  Fujibe et al. (2002) reported that wind patterns at the surface are often formed on 265 

the southern Kanto Plain, which contribute to the formation of the horizontal 266 

convergence before the appearance of radar echoes. Thus, the wind patterns are 267 

maintained for a short time until just before a localized rainfall. Kanda and Tsunoi 268 
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(1995) reported that, when the Kofu Basin becomes hot in summer, a south component 269 

wind with relatively cool air passed along the valley connecting the Kofu Basin to the 270 

Suruga Bay side or an east component wind with relatively cool air often covered the 271 

Kofu Basin. Here, to describe the surface conditions preceding a primary cellular echo, 272 

we investigate the average wind and temperature at mean sea level with a lapse rate of 273 

6.5 °C km-1 over 30 min before the appearance of a primary cellular echo at the surface 274 

meteorological observation points of the JMA on the Kofu Basin. 275 

   SSW-ly wind at Kiriishi, SE-ly wind at Katsunuma, SE-ly wind at Nirasaki, and 276 

SW-ly or SSW-ly wind at Kofu dominated in 15 cases (Fig. 6a and Table 2). The 277 

differences in temperature between Kofu and Kiriishi, between Kofu and Nirasaki, and 278 

between Kofu and Katsunuma were large, moderately large, and very small, 279 

respectively. In this situation, SSE-ly wind at Nanbu dominated and the temperature 280 

was almost similar to that at Kiriishi; NE-ly wind at Ootsuki dominated and the 281 

temperature was lower than that at Katsunuma. The appearance positions of the 282 

primary cellular echoes were concentrated in the central and eastern regions of the 283 

Kofu Basin, namely, the region with high temperature between the SSW-ly wind at 284 

Kofu and the SE-ly wind at Katsunuma, except in 1 case. 285 

SSW-ly wind at Kiriishi, SE-ly wind at Katsunuma, SE-ly wind at Nirasaki, and 286 

SE-ly wind at Kofu dominated in 6 cases (Fig. 6b and Table 2). The differences in 287 

temperature between Kofu and Kiriishi and between Kofu and Nirasaki were large and 288 
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moderately large, respectively. The difference in temperature between Kofu and 289 

Katsunuma was reasonably small but was larger than that in the preceding cases. In 290 

this situation, SSE-ly wind at Nanbu dominated and the temperature was almost 291 

similar to that at Kiriishi; NE-ly wind at Ootsuki dominated and the temperature was 292 

lower than that at Katsunuma. The appearance positions of the primary cellular 293 

echoes were concentrated in the central region of the Kofu Basin, namely, the region 294 

between the SSW-ly wind at Kiriishi and the SE-ly wind at Kofu and Katsunuma, 295 

except in 1 case. 296 

SSW-ly wind at Kiriishi and SE-ly wind at Katsunuma appeared in 2 cases (Fig. 6c). 297 

Then, SSE-ly wind at Nanbu appeared and the temperature was almost similar to that 298 

at Kiriishi; NE-ly wind at Ootsuki appeared and the temperature was lower than that 299 

at Katsunuma. However, NW-ly wind at Nirasaki and WNW-ly wind at Kofu appeared 300 

(Fig. 6c and Table 2); the temperature at Nirasaki was lower than that at Kofu. The 301 

appearance positions of the primary cellular echoes were between Kofu and Kiriishi. 302 

Primary cellular echoes appeared between the SW-ly or SSW-ly winds and the SE-ly 303 

wind in all the cases. In this regard, the appearance position of the primary cellular 304 

echo in each case seems to be different between the regions with the SW-ly or SSW-ly 305 

winds and the SE-ly wind, which conformed to the result of Sano et al. (2014).  306 

3.4 Atmospheric conditions preceding the appearance of a primary precipitating cell  307 

The atmospheric conditions on the Kofu Basin preceding the appearance of the 308 
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primary precipitating cell under weak synoptic disturbance are as follows. SW-ly or 309 

SSW-ly winds in the western region passing through the valley between the Kofu Basin 310 

and the coastal region of Suruga Bay and SE-ly wind in the east region appeared, 311 

which brought air that is slightly cooler than that in the Kofu Basin. Under these 312 

conditions, the CII over the Kofu Basin became small associated with the increase in θe 313 

at the lower layer. Finally, a primary precipitating cell appeared at a large height over 314 

the region between the SW-ly or SSW-ly wind and the SE-ly wind at the surface. It is 315 

mentioned that the atmospheric conditions often lead to a localized rainfall. From the 316 

above results, assuming that the formation of precipitating cells results in the 317 

concentration of water over the local region of the Kofu Basin, it is suggested that the 318 

moisture was concentrated in the local region with horizontal convergence, where the 319 

horizontal convergence in the local region was formed by the SW-ly or SSW-ly winds 320 

and the SE-ly wind, and the moisture was transported to the Kofu Basin from the 321 

outside by the winds. The formation of the atmospheric conditions with the suggested 322 

moisture behaviors, however, remains a matter of speculation because of the 323 

insufficient moisture observation on the Kofu Basin. 324 

To discuss the process from the moisture transport to the formation of a primary 325 

precipitating cell in the Kofu Basin, we analyze the changes in atmospheric conditions 326 

before the appearance of precipitating cells on the Kofu Basin from the case study on 25 327 

July 2014. We consider that this case is typical in precipitating cells appearing over the 328 
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eastern region between the SW-ly wind and the SE-ly wind (Fig. 6a) and the decrease 329 

in the CII from 09:00 LST to 18:00 LST (Fig. 4), although the rainfall amount was 330 

small (Fig. 3c). In addition, for this case, meteorological observations of the pressure 331 

and relative humidity at the surface, GNSS-PWV, and so forth, were carried out at 332 

several points on the Kofu Basin (Section 2). Thus, as one example of the atmospheric 333 

conditions leading to a localized rainfall on the Kofu Basin, we describe the results of 334 

the case study in the following section. 335 

4. Case study of the meteorological field preceding the appearance of precipitating cells 336 

on the Kofu Basin 337 

4.1 Cloud and precipitation over the Kofu Basin under weak synoptic disturbance 338 

At 09:00 LST on 25 July 2014, a very weak pressure gradient between the 339 

anticyclones in the south and northwest at surface covered the Japanese archipelago 340 

(Fig. 7a). This condition was also maintained at 15:00 LST (not shown). At 500 hPa, air 341 

with a temperature of -3 to -4.5 °C and weak winds covered the analysis area at 09:00 342 

LST (Fig. 7b), which didn’t strongly contribute to the intensification of atmospheric 343 

instability and vertical wind shear. This condition was maintained at 21:00 LST (not 344 

shown). Thus, the synoptic disturbances on the surface and at the upper layer were 345 

weak. 346 

The cloud distribution under such a synoptic condition is shown in Fig. 8 as the 347 

horizontal distribution of the albedo. The albedo was observed by MTSAT-2 for 30 min 348 
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before the hour. Clouds covered Mts. Minobu, Mts. Tanzawa, and the southern regions 349 

of Mt. Fuji and Mt. Kenashi at 09:00 LST; a small cloud appeared on Mt. Daibosatsu 350 

and the Chichibu mountains (Fig. 8a). Clouds covered the mountain regions 351 

surrounding the Kofu Basin until 15:00 LST (Figs. 8b and 8c); no rainfall area 352 

appeared on the mountains (not shown). Until 15:00 LST, no cloud area appeared on 353 

the Kofu Basin or the valleys connecting the coastal region of Suruga Bay to the Kofu 354 

Basin and connecting the Kanto Plain to the Kofu Basin via the mountain pass 355 

between Mts. Misaka and Mt. Daibosatsu. Then, a small cloud appeared in the eastern 356 

region (138.66°E, 35.65°N) on the Kofu Basin at 16:00 LST (Fig. 8d). After that, a 357 

convective precipitating system was observed there by the UYR. 358 

Figure 9 shows the horizontal distribution of ZH at 5.25 km ASL observed by the UYR 359 

every 5 min from 15:58 to 17:03 LST. In this study, the echo system that consists of 360 

cellular echoes corresponds to a convective precipitating system consisting of 361 

precipitating cells. The appearance of a cell is defined as ZH ≧ 30 dBZ with a 362 

subsequent increase in ZH. The horizontal distribution of ZH at 5.25 km ASL indicates 363 

the behavior of a cellular echo for the period between appearance and development. 364 

After the small cloud appeared in the eastern region, an echo system composed of 365 

cellular echoes appeared from 16:03 LST to 16:58 LST. In the eastern region of the Kofu 366 

Basin, a weak echo appeared at 16:03 LST (Fig. 9b). At 16:08 LST, cellular echo A, 367 

which is the primary cellular echo of the echo system, and cellular echo B (named cells 368 
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A and B, respectively) appeared (Fig. 9c) and developed until 16:18 LST (Fig. 9d). 369 

Cellular echo C (cell C) appeared with ZH ≧ 40 dBZ at 16:13 LST (Fig. 9d). At 16:18 370 

LST, cell C developed with ZH ≧ 50 dBZ (Fig. 9e); the area of cell C with ZH ≧ 50 dBZ 371 

was maintained until 16:28 LST (Figs. 9f and 9g). On the southern side of cell C, 372 

cellular echo D (cell D) appeared at 16:23 LST (Fig. 9f). Cell D developed and reached 373 

ZH ≧ 50 dBZ at 16:28 LST (Fig. 9g). On the western side of cells C and D, a weak echo 374 

area appeared at 16:28 LST (Fig. 9g), which was the upper part of cellular echo E (cell 375 

E) with the ZH ≧ 30 dBZ area at 3.25 km ASL (not shown). On the southwestern side 376 

of cell D, cellular echo F (cell F) appeared with ZH ≧ 40 dBZ at 16:33 LST (Fig. 9h). 377 

To describe the appearance heights of the cellular echoes, Figure 10 shows the 378 

vertical section of ZH for each cellular echo at the first appearance. The horizontal axis 379 

(X-axis) in Fig. 10 indicates the distance from the UYR. The vertical section for each 380 

cellular echo indicates the results of the first volume scans of the UYR. At 16:08 LST, 381 

the ZH ≧ 30 dBZ area of cell A and the ZH ≧ 35 dBZ area of cell B appeared at 11 km 382 

on the X-axis and 4 to 5 km ASL and at 11.5 km on the X-axis and 5.5 to 6.5 km ASL, 383 

respectively (Figs. 10a and 10b). At 16:13 LST, cell C with the ZH ≧ 35 dBZ area 384 

appeared at 10.5 km on the X-axis and 4.5 to 6 km ASL, with the ZH ≧ 40 dBZ area 385 

appearing at 5.5 km ASL (Fig. 10c). Cell D with the ZH ≧ 35 dBZ area at 11 km on the 386 

X-axis and 4 to 6.5 km ASL appeared at 16:23 LST (Fig. 10d). Cell E with the ZH ≧ 35 387 

dBZ area appeared at 9 km on the X-axis and 4 to 5 km ASL at 16:28 LST (Fig. 10e). 388 
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Finally, cell F appeared at 11 km on the X-axis and 5 to 7 km ASL with the ZH ≧ 40 389 

dBZ area at 6 km ASL (Fig. 10f). 390 

Using dual-polarimetric radar observation, previous studies reported that the initial 391 

positive ZDR column at an edge of an initial cellular echo was closely associated with an 392 

updraft (Brandes et al. 1995 and Kumjian et al. 2014). Figure 11 shows the vertical 393 

distributions of ZDR and DV for cellular echoes at the initial appearance observed by 394 

the UYR. Here, a positive (negative) DV indicates radial velocity leaving from (toward) 395 

the UYR. At all cells, the positive ZDR column extended toward the cores of cells along 396 

from the lower layer at the echo edge. Then, along the positive ZDR columns, the 397 

negative DV became positive from the lower part to the upper part. These results 398 

support that the initial appearance of cellular echoes at a large height on the small 399 

cloud region were caused by the intensified cumulus updraft. 400 

  The appearances of the cloud and the echo system on the Kofu Basin under the weak 401 

synoptic condition suggest the existence of unstable conditions over the Kofu Basin and 402 

the trigger of the cloud and the echo system on the Kofu Basin. Furthermore, the 403 

appearance of the cellular echoes at the large height reflects the results of the moisture 404 

concentration in and the moisture lifting on the localized region. 405 

4.2 Meteorological field on the Kofu Basin preceding the appearance of an echo system 406 

To describe the environmental condition, the vertical profile of the atmosphere over 407 

the Kofu Basin was investigated using the initial values of JMA-MSM. Figure 12 shows 408 
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the vertical profiles of temperature, dew-point temperature, u- and v-component 409 

velocities, and geo-potential height at Hamamatsu derived from the initial values of 410 

JMA-MSM and determined by sounding observation at 09:00 LST to check the 411 

accuracy of the initial values of JMA-MSM. The vertical profiles of temperature, 412 

dew-point temperature, and wind speed derived from the initial values of JMA-MSM at 413 

Hamamatsu are almost similar to those of the sounding observation with slight 414 

differences. After that, we discuss the upper-air condition over the Kofu Basin on the 415 

basis of the initial values of JMA-MSM data. 416 

  The vertical profiles of the atmosphere over the Kofu Basin derived from the initial 417 

values of JMA-MSM at 09:00 and 15:00 LST are shown in Fig. 13a. The altitude at 0 °C 418 

at 09:00 and 15:00 LST was 5.4 km ASL. The increase in θe was larger below 700 hPa 419 

than above 700 hPa. The differences in θe* (500 hPa) and θe (800 hPa) at 09:00 and 420 

15:00 LST were 6.4 and -2 K, respectively. The atmospheric conditions over the Kofu 421 

Basin became unstable because of the increase in θe in the lower layer. On the other 422 

hand, the vertically constant θe lines from θe at 800 and 900 hPa, namely near the 423 

surface, at 15:00 LST intersected with the θe* lines at 700 and 570 hPa, respectively; 424 

the level of free convection (LFC) was between 3.1 and 4.9 km ASL. Here, from the 425 

sounding observation at Hamamatsu at 09:00 LST, the lifting condensation level (LCL) 426 

and LFC calculated were 1.7 km ASL and 4.4 km ASL, respectively, when a parcel at 45 427 

m ASL (the lowest height) was lifted. A strong trigger at the lower layer was necessary 428 
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to cause wet convection because of the high LCL and LFC. 429 

The WNW-ly and NW-ly winds were maintained between 700 and 400 hPa from 430 

09:00 to 15:00 LST; the speed at 15:00 LST was 2.7 to 8.3 m s-1. Below 800 hPa, weak 431 

easterly wind at 925 hPa changed with altitude to strong NW-ly wind at 09:00 LST (Fig. 432 

13b). At 15:00 LST, strong southerly wind at 925 hPa changed to very weak easterly 433 

wind with increasing altitude. Winds over the Kofu Basin below the level of 800 hPa 434 

became weak in the daytime; southerly wind near the surface became strong.  435 

 Figure 14 shows the surface winds and temperature at mean sea level as a function 436 

of the lapse rate of 6.5 °C km-1 on the Kofu Basin and the valleys connecting it to the 437 

coastal region of Suruga Bay and to the Kanto Plain. Here, wind speeds at Kamihatta, 438 

Kosaiminami, Shimoimai, and Atoyashiki by NTT DOCOMO, Inc. and Kasugai by 439 

University of Yamanashi tend to be weaker than those at Kofu, Nirasaki, Katsunuma, 440 

Kiriishi, Furuseki, Ooizumi, Nanbu, Ootsuki, Yamanaka, and Kawaguchiko by the 441 

JMA because the levels from the ground of wind observations by NTT DOCOMO, Inc., 442 

and University of Yamanashi are lower than those of the JMA. On the other hand, the 443 

variations of temperature and wind direction associated with the change of 444 

meteorological phenomenon differ only slightly between the observations. For the case 445 

study, we use wind at surface without the level correction. 446 

At 09:00 LST, there were weak winds toward the mountains and vagrant winds with 447 

a high temperature (Fig. 14a). Vagrant weak winds at the surface on the Kofu Basin 448 
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were maintained at 12:00 LST (Fig. 14b) and the temperature increased until 15:00 449 

LST (Fig. 14c). In the valley connecting the coastal region of Suruga Bay, SE-ly and 450 

SW-ly winds appeared with increasing temperature at 12:00 LST (Fig. 14b). Then, the 451 

SE-ly and SW-ly winds respectively appeared at the observation points in the western 452 

and central regions of the Kofu Basin at 15:00 LST (Fig. 14c). Then, the temperature at 453 

the regions with the SE-ly and SW-ly winds decreased until 16:00 LST (Fig. 14d). In 454 

the valley connecting the Kanto Plain, NE-ly wind developed from 12:00 LST and the 455 

temperature decreased from 15:00 LST. Then, SE-ly wind developed in the eastern 456 

region of the Kofu Basin at 15:00 LST and the temperature decreased at 16:00 LST. 457 

Thus, the pattern of the SW-ly wind in the western and central regions and the SE-ly 458 

wind in the eastern region formed on the Kofu Basin, which contributed to the 459 

formation of horizontal convergence at the surface in the central and eastern regions of 460 

the Kofu Basin. 461 

Figure 15 shows the equivalent potential temperature (θe), water vapor mixing ratio 462 

(Qv), and wind at surface observation points on the Kofu Basin. At 12:00 LST, vagrant 463 

weak winds appeared in the central region of the Kofu Basin with low θe and Qv (Fig. 464 

15a). At Nirasaki and Katsunuma, winds toward the mountains blew.  465 

At 14:40 LST, SE-ly and SW-ly winds with high θe and Qv appeared in the western 466 

and central regions and SE-ly and SW-ly winds with low θe and Qv appeared at the 467 

mouth of the valley connected to the coastal region of Suruga Bay (Fig. 15b). In the 468 
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eastern region of the Kofu Basin, SE-ly wind began to appear (Fig. 15b); the SE-ly wind 469 

developed with high θe and Qv at 15:20 LST (Fig. 15c). Thus, θe and Qv in the central 470 

region of the Kofu Basin increased with weak wind until 16:00 LST associated with the 471 

pattern of the SW-ly wind in the western region and the SE-ly wind in the eastern 472 

region (Fig. 15d), which changed the atmospheric conditions at the surface from heat 473 

and aridity to moderate heat and humidity. 474 

Figure 16 shows the temporal variations of GNSS-PWV at Nakamichi, Nirasaki, and 475 

Makioka in the central, northwestern, and northeastern regions of the Kofu Basin, 476 

respectively. The GNSS-PWVs at Nirasaki, Makioka, and Nakamichi decreased 477 

slightly until 11:40, 11:50, and 12:00 LST, respectively. Then, the GNSS-PWVs at 478 

Nirasaki and Makioka increased gradually by 16:00 LST. On the other hand, the 479 

GNSS-PWV at Nakamichi increased abruptly from 14:30 LST when the GNSS-PWV 480 

was 44 mm. Then, the GNSS-PWV reached 54 mm at 15:30 LST, which corresponded to 481 

the increases in θe and Qv at the surface and the formation of the surface wind pattern. 482 

It is suggested that the vertical humidification over the Kofu Basin occurred before the 483 

appearance of the cloud and the echo system. 484 

4.3 Atmospheric condition on the Kofu Basin analyzed by JMA-MANAL on the basis of 485 

the observation results 486 

From the observation results, it is suggested that the atmospheric condition that 487 

connected to the occurrence of wet convection formed in the Kofu Basin under weak 488 
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synoptic disturbance. To describe such atmospheric condition, we analyzed 489 

JMA-MANAL data with a horizontal resolution of 5 km, which can resolve local wind in 490 

the meso-β scale, on the basis of the observation results.  491 

 At 900 hPa (geo-potential height of about 1,018 m), a high θ with weak winds and 492 

somewhat lower Qv appeared on the Kofu Basin at 12:00 LST (Fig. 17a); θ on the Kofu 493 

Basin was higher than that outside. In the valley connecting the coastal region of 494 

Suruga Bay to the Kofu Basin, south-component wind was dominant with the θ 495 

gradient increasing toward the Kofu Basin and a large Qv. Then, in the valley 496 

connecting the Kanto Plain to the Kofu Basin, east-component wind with the θ 497 

gradient increasing toward the Kofu Basin and somewhat higher Qv blew. As compared 498 

with the observation result, this condition is almost similar to that at the surface (300 499 

to 600 m ASL in Fig. 1d) at 12:00 LST (Fig. 14b) although the appearance of SE-ly wind 500 

on the eastern side in JMA-MANAL was early. 501 

The top of the convective boundary layer that developed on the Kofu Basin reached a 502 

height of 800 hPa (geo-potential height of about 1,988 m) with a high θ in the 503 

convective boundary layer, which was higher than the mountain passes in the valleys 504 

connecting the coastal region of Suruga Bay, and the Kanto Plain. In the valley 505 

connected to the coastal region of Suruga Bay, the south-component wind with a large 506 

Qv and θ gradient below a height of 850 hPa passed over the small mountain pass (Fig. 507 

17b). Furthermore, the east-component wind blowing in the valley connected to the 508 
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Kanto Plain below a height of 800 hPa passed over the mountain pass with a large Qv 509 

and θ gradient (Fig. 17c). The analysis results support the observation result that the 510 

SW-ly wind and the SE-ly wind blew from the outside and caused the increase in Qv 511 

and the decrease in temperature on the Kofu Basin (Figs. 14 and 15). 512 

Figure 18a shows θe, winds, and horizontal divergence at 900 hPa derived by 513 

JMA-MANAL at 15:00 LST. The θe distribution and the wind distribution in 514 

JMA-MANAL at 15:00 LST are almost similar to those in the surface observation at 515 

15:20 LST and 16:00 LST (Figs. 15c and 15d), although the difference in the θe value 516 

between JMA-MANAL and the observation was large. Thus, the low θe in the eastern 517 

region in JMA-MANAL at 15:00 LST corresponds roughly to the decrease in θe in the 518 

surface observation at 15:20 LST and 16:00 LST. The horizontal convergence was 519 

formed in the central and eastern regions of the Kofu Basin by the south-component 520 

wind from the valley connected to the coastal region of Suruga Bay and the SE-ly wind 521 

from the valley connected to the Kanto Plain. Then, a large θe appeared at the strong 522 

horizontal convergence.  523 

At the vertical section at line B-B’ in Fig. 18a, θe was large in the Kofu Basin below 524 

700 hPa (Fig. 18b). The θe distribution in the central and eastern regions shows a 525 

convex upward trend with horizontal convergence (divergence) at the lower (upper) 526 

part. Along the convex-like distribution of θe, Qv increased from 12:00 LST with 527 

convergence with strong winds below 900 hPa and divergence with weak winds 528 
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between 900 and 700 hPa (Fig. 18c). The analysis results support the observation 529 

results of the abrupt increase in GNSS-PWV at Nakamichi from 14:30 LST to 15:30 530 

LST (Fig. 16) and the appearance of the cloud and the echo system in the eastern 531 

region (Figs. 8 and 9). 532 

Finally, at the level of 700 hPa, the increase in Qv from 12:00 LST appeared with 533 

strong WNW-ly wind (Fig. 18c), which covered on the Kofu Basin (not shown). We 534 

suggest that the GNSS-PWVs at Nirasaki, Makioka and Nakamichi increased 535 

gradually from 11:40, 11:50, and 12:00 LST, respectively (Fig. 16). 536 

5. Discussion  537 

5.1 Moisture transport to the Kofu Basin from outside 538 

From the analysis of 23 selected cases, it is suggested that the SW-ly or SSW-ly wind 539 

passing through the valley between the Kofu Basin and the coastal region of Suruga 540 

Bay and the SE-ly wind in the east region entered the Kofu Basin from outside; they 541 

brought air that is slightly cooler than that in the Kofu Basin (Fig. 6). From the case 542 

study, relatively warm and moist south-component wind below a height of 850 hPa 543 

blew in the cloud-free valleys connected to the coastal region of Suruga Bay; relatively 544 

warm and moist east-component winds below a height of 800 hPa blew in the cloud-free 545 

valleys connected to the Kanto Plain (Figs. 8, 14, 15 and 17). Both winds passed over 546 

the small mountain pass and entered to the Kofu Basin with heat and aridity where a 547 

convective boundary layer reached a height of 800 hPa. Thus, Qv increased and the 548 
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temperature decreased slightly on the Kofu Basin. 549 

Kimura and Kuwagata (1993) reported that the surface pressure at the bottom of a 550 

basin is lower than that outside, which is associated with the temperature in the 551 

boundary layer within the basin becoming higher than that outside; plain-to-basin 552 

wind developed over mountain ridges and transported cooler air from the outside to 553 

inside the basin by passing over the ridge. Then, Kuwagata and Kimura (1995) found 554 

that the up-valley wind in the Ina valley between Akaishi Mountains and Kiso 555 

Mountains in central Japan intensified with the thermal contrast increasing between 556 

the coastal and inland regions in central Japan in the late afternoon; it contributed to 557 

the increase in specific humidity in the valley with cold air advection. We consider that 558 

the thermal contrast below the height of 800 hPa was formed between the Kofu Basin 559 

and the outside by the heating and the developing convective boundary layer in the 560 

Kofu Basin. Then, the south-component wind blowing in the valley connected to the 561 

coastal region of Suruga Bay and the east-component wind blowing in the valley 562 

connected to the Kanto Plain intensified and entered the Kofu Basin as SW-ly wind and 563 

SE-ly wind, respectively, which caused the increase in Qv and the slight decrease in 564 

temperature at the surface. Thus, we consider that the atmosphere in the Kofu Basin 565 

changed from hot and dry to warm and moist because of the advection of warm and 566 

moist air from the outside, which contributed to the intensification of conditional 567 

instability and the formation of a cloud on the Kofu Basin. 568 
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5.2 Moisture concentration at a local region and vertical humidification over the Kofu 569 

Basin 570 

The analysis of the selected cases indicated that the intensification of convective 571 

instability over the Kofu Basin is associated with the increase in θe at the lower layer 572 

and the appearance of primary precipitating cells over the region between the SW-ly or 573 

SSW-ly wind and the SE-ly wind at the surface (Figs. 4, 5, and 6). From the case study, 574 

GNSS-PWV at Nakamichi increased abruptly only from 14:20 to 15:20 LST during the 575 

increases in θe and Qv on the Kofu Basin with the SW-ly wind in the central region and 576 

the SE-ly wind in the eastern region (Figs. 15 and 16). After that, clouds appeared in 577 

the eastern region between the SW-ly wind and the SE-ly wind and the convective 578 

precipitating system appeared (Figs. 8d and 9). The analysis of JMA-MANAL data 579 

based on these observation results indicated that the horizontal convergence with a 580 

large θe was formed in the central and eastern regions of the Kofu Basin by the 581 

south-component wind from the valley connected to the coastal region of Suruga Bay 582 

and the SE-ly wind from the valley connected to the Kanto Plain. Thus, the θe 583 

distribution shows a convex upward trend with horizontal convergence (divergence) at 584 

the lower (upper) part (Fig. 18). 585 

Fujibe et al. (2002) reported that horizontal convergence within 10 to 20 km in the 586 

horizontal scale appeared before the occurrence of rainfall. Then, they suggested that 587 

the updraft and the moisture concentration associated with the horizontal convergence 588 
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contributed to the formation of a convective precipitating system. We consider that the 589 

moisture transported to the Kofu Basin was concentrated in the region of horizontal 590 

convergence formed by the winds from both valleys, which connected to the vertical 591 

humidification by the lifting of the moisture on the local region and contributed to the 592 

cloud formation. 593 

  Additionally, the increase in water vapor from 12:00 LST at the level of 700 hPa with 594 

strong WNW-ly wind was derived from the JMA-MANAL data (Fig. 18c) and supported 595 

by the moderate increase in GNSS-PWVs at Nirasaki, Makioka and Nakamichi from 596 

11:40 LST (Fig. 16). Iwasaki and Miki (2001) found that the abundant moisture which 597 

is accumulated over the mountains is transported toward the plain owing to the 598 

ambient wind or the counter flow. We also consider that the moisture on the western 599 

and northwestern mountains of the Kofu Basin was transported toward the Basin, 600 

which contributed to the further intensification of the conditional instability on the 601 

Basin. 602 

Furthermore, from the analyses of the selected cases, the primary precipitating cells 603 

tends to appear on the central and eastern region of the Kofu Basin when the wind 604 

observed at Kofu before their appearance was SW-ly or SSW-ly (Fig. 6a). Then, the 605 

appearance region shifted to the western region when the wind observed at Kofu was 606 

SE-ly (Fig. 6b). From the case study, the SW-ly wind was observed at Kofu before the 607 

appearance of precipitating cells at the central and eastern region of the Kofu Basin 608 
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(Figs. 14c and 15b). On the basis of the above results, it is suggested that the timing of 609 

the arrival at the central region of the Kofu Basin of the SW-ly wind or the SE-ly wind 610 

shifts the region of horizontal convergence, which determines the appearance region of 611 

precipitating cells. 612 

5.3 Formation of precipitating cells  613 

The appearance heights of the primary precipitating cells on the Kofu Basin in all 614 

the cases were 2.25 to 6.25 km ASL (Fig. 2). In the case study, six precipitating cells 615 

composing the convective precipitating system appeared at 3.25 to 6.25 km ASL (Figs. 616 

9 and 10). The appearance positions were almost in the eastern region of the Kofu 617 

Basin where the clouds appeared after the formation of the horizontal convergence 618 

(Figs. 8d, 15c and 18a); the appearance heights were over the upper part of the 619 

convex-like distribution of θe with the increase in Qv in the vertical section at 15:00 620 

LST derived by JMA-MANAL (Figs. 18b and 18c). Although a cumulus updraft and a 621 

trigger of a precipitating cell were not obtained directly by the observations and the 622 

JMA-MANAL data, we suggest that the precipitating cells were generated at a large 623 

height by the intensified cumulus updraft from the analysis of the vertical 624 

distributions of ZDR and DV (Fig. 11). 625 

Kobayashi et al. (2009) suggest that the difference of the average height of first 626 

echoes between the mountain region (about 1.5 km) and the plain region with the 627 

metropolitan area (above 3.0 km) indicates the difference of the mechanism of 628 
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convection between them; one possible trigger of a cumulonimbus cloud over the plain 629 

region with the metropolitan area is the mesoscale surface convergence, which is 630 

almost similar to this case. In this case, clouds covered the mountain regions 631 

surrounding the Kofu Basin by noon (Fig. 8); no precipitating cell appeared on the 632 

mountain regions. Fujibe et al. (2002) suggested that the updraft associated with 633 

developing convective clouds enhances the horizontal convergence within 10 to 20 km 634 

in the horizontal scale at the surface. We consider that cumulus updrafts developed on 635 

the local region of the Kofu Basin with the horizontal convergence at the surface; part 636 

of moisture lifted on the local region with the horizontal convergence was lifted by the 637 

cumulus updrafts additionally, which contributed to the genesis of the precipitating cell 638 

at large height.  639 

6. Summary 640 

From 23 localized rainfall events on the Kofu Basin on a day of weak synoptic 641 

disturbance at the surface selected from 1 June to 30 September in 2012 to 2014, we 642 

investigated the characteristics of atmospheric conditions on the Kofu Basin preceding 643 

the appearance of the primary precipitating cell under weak synoptic disturbance at 644 

the surface. As a typical case of the characteristics, we analyzed the formation of the 645 

atmospheric conditions preceding the appearance of precipitating cells on the local 646 

region of the Kofu Basin from the case study conducted on 25 July 2014.  647 

The above results and discussions explain that the formation of a localized rainfall on 648 
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the Kofu Basin with heat and aridity in summer has its roots in the moisture transport 649 

associated with the local winds to the Kofu Basin from the outside at the surface driven 650 

by the thermal contrast between the Kofu Basin and the outside. Then, the transported 651 

moisture is concentrated in the region where the horizontal convergence is formed by 652 

the local winds at the surface, which decides on the region where a cloud appears with 653 

the lifting of the moisture. Additionally, the moisture transport to the Kofu Basin at 654 

almost the same level as the mountain tops contributes to the intensification of 655 

conditional instability on the Kofu Basin. Thus, it is suggested that each cumulus 656 

updraft that appears over the region of horizontal convergence with the lifting of the 657 

moisture triggers the occurrence of each precipitating cell at a large level associated 658 

with the further lifting of the moisture. 659 

The above explains one of the formation processes of a localized rainfall on a basin 660 

with heat and aridity associate with the moisture transport to a basin in the water 661 

local circulation process derived thermally induced local circulation between a basin 662 

and the outside under weak synoptic disturbance in summer. Therewith, the 663 

meteorological observation in a local scale to enable the high-accuracy understanding 664 

of the water local circulation process is contributory to the monitoring of a localized 665 

rainfall on a basin. 666 
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Lists of Figure 769 

Fig. 1 (a) Map of the Japan Island. (b) Position and observational range of the X-band 770 

multi-parameter radar of University of Yamanashi (□ and white circle, 771 

respectively) and the positions of surface meteorological observation ( ● and 772 

■) and GNSS receiver (▲) with a detailed terrain map of Kofu Basin and 773 

surrounding mountains. The area corresponds to the black rectangle in (a). The 774 

contours with shaded areas indicates terrains. The contour interval is 500 m 775 

from 500 m ASL. (c) Positions of UYR, surface meteorological observation and 776 

GNSS receivers with a detailed terrain map of Kofu Basin. The contours with 777 

shaded areas indicates terrains every 500 m. The area corresponds to the white 778 

rectangle in (b). (d) Terrains and grids using for JMA-MSM and JMA-MANAL 779 

with the terrain data in (b). The contours indicate terrains usage for JMA-MSM 780 

and JMA-MANAL every 100 m. The grid size in (d) is 10 km in horizontal 781 

section for JMA-MSM. The grid size for JMA-MANAL is 5 km in horizontal 782 

section. The area surrounding the black line indicates the Kofu Basin for the 783 

investigation of vertical atmospheric condition using JMA-MSM. 784 

Fig. 2 Appearance points of primary cellular echoes in all the cases. The colors of the 785 

dots indicate the appearance altitudes of the primary precipitating cells. The 786 

black contours indicate the terrains from 500 m every 500 m. 787 

Fig. 3 Distributions of rainfall amount estimated (a) from 14:05 LST to 16:25 LST on 2 788 
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August 2012, (b) from 18:40 LST to 22:10 LST on 12 September 2013 and (c) 789 

from 16:00 LST to 17:00 LST on 25 July 2014 by the UYR observation. The 790 

white dot indicates the appearance point of the primary precipitating cell. The 791 

black contours indicate the terrains from 500 m ASL every 500 m. 792 

Fig. 4 Minimum and maximum CII in (a), θe*(500 hPa) in (b) and θe(800 hPa) in (c) 793 

over the Kofu Basin (Fig. 1d) between 06 LST and 21 LST derived by the initial 794 

value of JMA-MSM in each case. Black circle and number indicates the 795 

maximum value and the time (LST); black square and number indicates the 796 

minimum values and the time (LST). 797 

Fig. 5 Increase and decrease of θe (800 hPa) every three hours over the Kofu Basin and 798 

the standard deviation (black dot and error bar) derived by the initial values of 799 

JMA-MSM. The values are averaged in all cases. 800 

Fig. 6 Appearance points of primary cellular echoes (black dots) and averaged 801 

temperature at the mean sea level with the lapse rate of 6.5 °C km-1 (black 802 

contours) and averaged winds at observation points (black arrows). The 803 

temperature and wind are averaged for 30 minutes before the appearance time 804 

of the primary cellular echo. (a), (b) and (c) are the case of SW-ly to SSW-ly, 805 

SE-ly to SSE-ly and WNW-ly winds at Kofu, respectively. The gray shaded 806 

areas indicate terrains. 807 

Fig. 7 Weather charts at (a) the surface and (b) the level of 500 hPa at 09:00 LST on 25 808 
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July 2014. The rectangles indicate the analysis region. The source of the 809 

surface weather charts is the JMA publication. 810 

Fig. 8 MTSAT-2 visible image at (a) 09:00 LST, (b) 12:00 LST, (c) 15:00 LST and (d) 811 

16:00 LST on 25 July 2014. The grey shaded areas indicate albedos derived 812 

from visible data. The thin white contours indicate terrains in 500 m intervals 813 

starting from 500 m ASL. The MTSAT-2 data were sourced from the Weather 814 

Home, Kochi University. 815 

Fig. 9 Horizontal section at 5.25 km ASL of ZH observed by the UYR every 5 min from 816 

15:58 LST to 17:03 LST. The black (white) contours with shaded areas indicate 817 

ZH every 10 dBZ up to 40 dBZ (every 5 dBZ equal to more than 45 dBZ). The 818 

marks are the same as in Fig. 1c. The black contours indicate the terrains every 819 

500 m. 820 

Fig. 10 Vertical sections of ZH (gray shaded areas with black contours) of cells A, B, C, D, 821 

E, and F along lines A-A’, B-B’, C-C’, D-D’, E-E’ and F-F’ in Fig. 9. 0 km in the 822 

horizontal axis is the position of the UYR. The black shaded region at the 823 

lowest part indicates the terrain. The black dashed line indicates the level of 824 

0 °C derived by the initial value of JMA-MSM at 15:00 LST on 25 July 2014. 825 

Fig. 11 Same as Fig.10 except vertical sections of ZDR (color shaded areas) with ZH 826 

(black contours, from 10 dBZ every 10dBZ) and DV (color shaded areas) with ZH 827 

(black contours, from 10 dBZ every 10dBZ) of cells A, B, C, D, E, and F along 828 
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lines A-A’, B-B’, C-C’, D-D’, E-E’ and F-F’ in Fig. 9. 0 km in the horizontal axis is 829 

the position of the UYR. Positive (Negative) DV indicates radial velocity leaving 830 

from (toward) the UYR. 831 

Fig. 12 Vertical profiles of (a) temperature (solid line) and dew-point temperature 832 

(dashed line) and (b) horizontal wind speeds (u-component: solid line, 833 

v-component: dashed line) with geo-potential height observed by the sounding 834 

at Hamamatsu (white lines) and derived by the initial values of JMA-MSM on 835 

Hamamatsu (black lines) at 09:00 LST on 25 July 2014. 836 

Fig. 13 Vertical profiles of (a) potential temperature (θ, solid line), equivalent potential 837 

temperature (θe, short-dashed line), saturation potential temperature (θe*, 838 

long-dashed line) and (b) horizontal wind speeds (u-component: solid line, 839 

v-component: dashed line) with geo-potential height derived by the initial value 840 

of JMA-MSM on the Kofu Basin (Fig. 1d) at 09:00 LST (white lines) and 15:00 841 

LST (black lines) on 25 July 2014. 842 

Fig.14 Temperature at the mean sea level with the lapse rate of 6.5 °C km-1 at surface 843 

meteorological observation points and winds at surface observation points at (a) 844 

09:00 LST, (b) 12:00 LST, (c) 15:00 LST and (d) 16:00 LST on 25 July 2014. The 845 

color shaded areas indicate the temperature derived by the surface 846 

observations. The arrows indicate wind speed and direction each the 847 

observation point. The black contours indicate the terrains from 500 m ASL 848 
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every 500 m. 849 

Fig.15 Equivalent potential temperature (θe,), water vapor mixing ratio (Qv) and winds 850 

at surface observation points on the Kofu Basin at (a) 12:00 LST, (b) 14:40 LST, 851 

(c) 15:20 LST and (d) 16:00 LST on 25 July 2014. The color shaded areas and 852 

contours indicate θe and Qv derived by the surface observations at Kofu, 853 

Kamihatta, Kosaiminami, Shimoimai, Atoyashiki and Kasugai (Fig. 1c). The 854 

arrows indicate wind speed and direction each the observation point. The black 855 

contours indicate the terrains from 500 m ASL every 500 m. 856 

Fig. 16 Temporal variations of precipitable water vapor derived from GNSS observation 857 

(GNSS-PWV) at Nakamichi, Nirasaki, and Makioka from 06:00 LST to 18:00 858 

LST on 25 July 2014.  859 

Fig. 17 (a) Horizontal section of potential temperature (θ), water vapor mixing ratio 860 

(Qv) and winds at 900 hPa, and (b) and (c) vertical sections of θ, Qv, 861 

geo-potential height, and horizontal velocities at lines A-A’ and B-B’ in (a), 862 

respectively, derived by JMA-MANAL at 12:00 LST. The color shaded areas 863 

indicate Qv. The thick black contours indicate θ every 1 K to 315 K and every 5 864 

K above 315 K. The white arrows in (a) indicate winds. The thin black contours 865 

in (a) indicate terrain using JMA-MANAL every 100 m (Fig. 1d). The white 866 

contours in (b) and (c) indicate geo-potential height (unit: m). The red and blue 867 

contours in (b) (in (c)) indicate positive velocities (left to right in the section) 868 
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every 1 m s-1 (every 3 m s-1) and negative velocities (right to left in the section) 869 

every 3 m s-1 (every 1 m s-1), respectively, with 0 m s-1 (purple contours). The 870 

black shaded areas in (b) and (c) indicate the terrain identified using 871 

JMA-MANAL (Fig. 1d). 872 

Fig. 18 (a) Horizontal section of equivalent potential temperature, horizontal wind and 873 

horizontal divergence on the Kofu Basin at 900 hPa, (b) vertical section of 874 

equivalent potential temperature (θe), horizontal divergence and geo-potential 875 

height at line B-B’ in (a) and (c) vertical profile of horizontal wind, Qv difference 876 

from 15:00 to 12:00 LST and geo-potential height at line B-B’ in (a) derived by 877 

JMA-MANAL at 15:00 LST. The colored contours and color shaded areas in (a) 878 

and (b) indicate θe and horizontal divergence (positive value: cold color) with 0 879 

s-1 (black contours), respectively. The white contours in (b) and (c) indicate 880 

geo-potential height (unit: m). The arrows in (a) and (c) indicate horizontal 881 

winds. The color shaded areas in (c) indicate the Qv difference from 15:00 to 882 

12:00 LST. 883 



 44

 884 

Fig. 1 (a) Map of the Japan Island. (b) Position and observational range of the X-band 885 

multi-parameter radar of University of Yamanashi (□ and white circle, 886 

respectively) and the positions of surface meteorological observation (● and 887 

■) and GNSS receiver (▲) with a detailed terrain map of Kofu Basin and 888 
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surrounding mountains. The area corresponds to the black rectangle in (a). The 889 

contours with shaded areas indicates terrains. The contour interval is 500 m 890 

from 500 m ASL. (c) Positions of UYR, surface meteorological observation and 891 

GNSS receivers with a detailed terrain map of Kofu Basin. The contours with 892 

shaded areas indicates terrains every 500 m. The area corresponds to the white 893 

rectangle in (b). (d) Terrains and grids using for JMA-MSM and JMA-MANAL 894 

with the terrain data in (b). The contours indicate terrains usage for JMA-MSM 895 

and JMA-MANAL every 100 m. The grid size in (d) is 10 km in horizontal 896 

section for JMA-MSM. The grid size for JMA-MANAL is 5 km in horizontal 897 

section. The area surrounding the black line indicates the Kofu Basin for the 898 

investigation of vertical atmospheric condition using JMA-MSM. 899 
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 900 

Fig. 2 Appearance points of primary cellular echoes in all the cases. The colors of the 901 

dots indicate the appearance altitudes of the primary precipitating cells. The 902 

black contours indicate the terrains from 500 m every 500 m. 903 
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 904 

Fig. 3 Distributions of rainfall amount estimated (a) from 14:05 LST to 16:25 LST on 2 905 

August 2012, (b) from 18:40 LST to 22:10 LST on 12 September 2013 and (c) 906 

from 16:00 LST to 17:00 LST on 25 July 2014 by the UYR observation. The 907 

white dot indicates the appearance point of the primary precipitating cell. The 908 

black contours indicate the terrains from 500 m ASL every 500 m. 909 
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 910 

Fig. 4 (a) Minimum and maximum CII (= θe*(500 hPa) - θe(800 hPa)), (b) θe*(500 hPa) 911 

and (c) θe(800 hPa) over the Kofu Basin (Fig. 1d) between 06 LST and 21 LST 912 

derived by the initial value of JMA-MSM in each case. Black circle and number 913 

indicates the maximum value and the time (LST); black square and number 914 

indicates the minimum values and the time (LST). 915 
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 916 

Fig. 5 Increase and decrease of θe (800 hPa) every three hours over the Kofu Basin and 917 

the standard deviation (black dot and error bar) derived by the initial values of 918 

JMA-MSM. The values are averaged in all cases. 919 
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 920 

Fig. 6 Appearance points of primary cellular echoes (black dots) and averaged 921 

temperature at the mean sea level with the lapse rate of 6.5 °C km-1 (black 922 

contours) and averaged winds at observation points (black arrows). The 923 

temperature and wind are averaged for 30 minutes before the appearance time 924 

of the primary cellular echo. (a), (b) and (c) are the case of SW-ly to SSW-ly, 925 

SE-ly to SSE-ly and WNW-ly winds at Kofu, respectively. The gray shaded 926 

areas indicate terrains. 927 
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 928 

Fig. 7 Weather charts at (a) the surface and (b) the level of 500 hPa at 09:00 LST on 25 929 

July 2014. The rectangles indicate the analysis region. The source of the 930 

surface weather charts is the JMA publication. 931 
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 932 

Fig. 8 MTSAT-2 visible image at (a) 09:00 LST, (b) 12:00 LST, (c) 15:00 LST and (d) 933 

16:00 LST on 25 July 2014. The grey shaded areas indicate albedos derived 934 

from visible data. The thin white contours indicate terrains in 500 m intervals 935 

starting from 500 m ASL. The MTSAT-2 data were sourced from the Weather 936 

Home, Kochi University. 937 
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 938 

Fig. 9 Horizontal section at 5.25 km ASL of ZH observed by the UYR every 5 min from 939 

15:58 LST to 17:03 LST. The black (white) contours with shaded areas indicate 940 

ZH every 10 dBZ up to 40 dBZ (every 5 dBZ equal to more than 45 dBZ). The 941 

marks are the same as in Fig. 1c. The black contours indicate the terrains every 942 

500 m. 943 
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 944 

Fig. 10 Vertical sections of ZH (gray shaded areas with black contours) of cells A, B, C, D, 945 

E, and F along lines A-A’, B-B’, C-C’, D-D’, E-E’ and F-F’ in Fig. 9. 0 km in the 946 

horizontal axis is the position of the UYR. The black shaded region at the 947 

lowest part indicates the terrain. The black dashed line indicates the level of 948 

0 °C derived by the initial value of JMA-MSM at 15:00 LST on 25 July 2014. 949 
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 950 

Fig. 11 Same as Fig.10 except vertical sections of ZDR (color shaded areas) with ZH 951 

(black contours, from 10 dBZ every 10dBZ) and DV (color shaded areas) with ZH 952 

(black contours, from 10 dBZ every 10dBZ) of cells A, B, C, D, E, and F along 953 

lines A-A’, B-B’, C-C’, D-D’, E-E’ and F-F’ in Fig. 9. 0 km in the horizontal axis is 954 

the position of the UYR. Positive (Negative) DV indicates radial velocity leaving 955 

from (toward) the UYR. 956 
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 957 

Fig. 12 Vertical profiles of (a) temperature (solid line) and dew-point temperature 958 

(dashed line) and (b) horizontal wind speeds (u-component: solid line, 959 

v-component: dashed line) with geo-potential height observed by the sounding 960 

at Hamamatsu (white lines) and derived by the initial values of JMA-MSM on 961 

Hamamatsu (black lines) at 09:00 LST on 25 July 2014. 962 

 963 
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 964 

Fig. 13 Vertical profiles of (a) potential temperature (θ, solid line), equivalent potential 965 

temperature (θe, short-dashed line), saturation potential temperature (θe*, 966 

long-dashed line) and (b) horizontal wind speeds (u-component: solid line, 967 

v-component: dashed line) with geo-potential height derived by the initial value 968 

of JMA-MSM on the Kofu Basin (Fig. 1d) at 09:00 LST (white lines) and 15:00 969 

LST (black lines) on 25 July 2014. 970 
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 971 

Fig.14 Temperature at the mean sea level with the lapse rate of 6.5 °C km-1 at surface 972 

meteorological observation points and winds at surface observation points at (a) 973 

09:00 LST, (b) 12:00 LST, (c) 15:00 LST and (d) 16:00 LST on 25 July 2014. The 974 

color shaded areas indicate the temperature derived by the surface 975 

observations. The arrows indicate wind speed and direction each the 976 

observation point. The black contours indicate the terrains from 500 m ASL 977 

every 500 m. 978 



 59

 979 

Fig.15 Equivalent potential temperature (θe,), water vapor mixing ratio (Qv) and winds 980 

at surface observation points on the Kofu Basin at (a) 12:00 LST, (b) 14:40 LST, 981 

(c) 15:20 LST and (d) 16:00 LST on 25 July 2014. The color shaded areas and 982 

contours indicate θe and Qv derived by the surface observations at Kofu, 983 

Kamihatta, Kosaiminami, Shimoimai, Atoyashiki and Kasugai (Fig. 1c). The 984 

arrows indicate wind speed and direction each the observation point. The black 985 

contours indicate the terrains from 500 m ASL every 500 m. 986 
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 987 

Fig. 16 Temporal variations of precipitable water vapor derived from GNSS observation 988 

(GNSS-PWV) at Nakamichi (thick solid line), Nirasaki (thin solid line), and 989 

Makioka (thin solid line) from 06:00 LST to 18:00 LST on 25 July 2014.  990 

 991 

 992 

 993 

 994 

 995 
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 996 

Fig. 17 (a) Horizontal section of potential temperature (θ), water vapor mixing ratio 997 

(Qv) and winds at 900 hPa, and (b) and (c) vertical sections of θ, Qv, 998 

geo-potential height, and horizontal velocities at lines A-A’ and B-B’ in (a), 999 

respectively, derived by JMA-MANAL at 12:00 LST. The color shaded areas 1000 

indicate Qv. The thick black contours indicate θ every 1 K to 315 K and every 5 1001 

K above 315 K. The white arrows in (a) indicate winds. The thin black contours 1002 

in (a) indicate terrain using JMA-MANAL every 100 m (Fig. 1d). The white 1003 

contours in (b) and (c) indicate geo-potential height (unit: m). The red and blue 1004 

contours in (b) (in (c)) indicate positive velocities (left to right in the section) 1005 

every 1 m s-1 (every 3 m s-1) and negative velocities (right to left in the section) 1006 

every 3 m s-1 (every 1 m s-1), respectively, with 0 m s-1 (purple contours). The 1007 

black shaded areas in (b) and (c) indicate the terrain identified using 1008 

JMA-MANAL (Fig. 1d). 1009 
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 1010 

Fig. 18 (a) Horizontal section of equivalent potential temperature, horizontal wind and 1011 

horizontal divergence on the Kofu Basin at 900 hPa, (b) vertical section of 1012 

equivalent potential temperature (θe), horizontal divergence and geo-potential 1013 

height at line B-B’ in (a) and (c) vertical profile of horizontal wind, Qv difference 1014 

from 15:00 to 12:00 LST and geo-potential height at line B-B’ in (a) derived by 1015 

JMA-MANAL at 15:00 LST. The colored contours and color shaded areas in (a) 1016 

and (b) indicate θe and horizontal divergence (positive value: cold color) with 0 1017 

s-1 (black contours), respectively. The white contours in (b) and (c) indicate 1018 

geo-potential height (unit: m). The arrows in (a) and (c) indicate horizontal 1019 

winds. The color shaded areas in (c) indicate the Qv difference from 15:00 to 1020 

12:00 LST. 1021 
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Lists of Table 1022 

Table 1 Specifications of the X-band dual- polarimetric Doppler radar of the University 1023 

of Yamanashi (Sano et al. 2012). 1024 

Table 2 Date of the case of rainfall, time and position of the appearance of a primary 1025 

precipitating cell, surface wind direction before the appearance of a primary 1026 

precipitating cell and maximum rainfall amount in 23 events. 1027 
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Table 1 Specifications of the X-band dual- polarimetric Doppler radar of the University 1042 

of Yamanashi (Sano et al. 2012). 1043 

Transmitting Polarization Horizontal and Vertical Polarizations (H, V)
Transmitter Solid state (H, V)
Transmitting Frequency 9,720 MHz (H, V)
Transmitting Power 200 W (H, V)
Width of Pulse Short: 1 μs, Long: 32 μs with pulse compression

Width of Beam (H-axis × V-axis) 1.04° × 1.03°, 1.09° × 1.05° (H, V)
Pulse Reprtition Frequency 1,600 Hz and 2,000 Hz (dual PRF system)
Maximum Observational Range 61.75 km
Resolution of Distance 150 m
Observed Raw Data Received power (PrH, PrV),

Raw Doppler velocity (DVr),
Width of Doppler velocity (DWr),
Total differential phase (ψDP),

and Correlation coefficient (ρHV)  1044 

 1045 

 1046 

 1047 

 1048 

 1049 

 1050 

 1051 

 1052 

 1053 

 1054 

 1055 
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Table 2 Date of the case of rainfall, time and position of the appearance of a primary 1056 

precipitating cell, surface wind direction before the appearance of a primary 1057 

precipitating cell and maximum rainfall amount in 23 events. 1058 

Degree of
longitude (°E)

Degree of
latitude (°N)

Height
(km ASL)

26 July 2012 15:58 138.58 35.63 4.25 SSW 24.5 / 35 
02 August 2012 13:48 138.66 35.62 4.25 SW 50.9 / 80

23 August 2012 15:53 138.56 35.64 Uncertainty
(≧ 2.75) SSW 30.3 / 40 

25 August 2012 16:13 138.61 35.65 Uncertainty
(≧ 3.75 ) SW 21.5 / 40 

27 August 2012 16:03 138.68 35.69 3.25 SW 23.0 / 40 
31 August 2012 14:23 138.60 35.62 5.25 SW 39.9 / 50 

12 September 2012 14:53 138.55 35.63 4.25 SE 26.9 / 45

14 September 2012 13:13 138.54 35.66 Uncertainty
(≧ 4.75 ) SE 23.4 / 25

24 June 2013 13:23 138.72 35.68 3.25 SW 29.6 / 70
27 July 2013 18:03 138.44 35.72 5.25 SE 20.9 / 35

07 August 2013 15:53 138.58 35.63 5.25 SSE 37.6 / 40
10 August 2013 16:03 138.63 35.63 6.25 SSW 25.9 / 40
15 August 2013 14:58 138.65 35.61 4.75 SW 39.8 / 65
23 August 2013 14:58 138.57 35.62 4.75 WNW 14.6 / 15 

12 September 2013 18:48 138.51 35.57 2.25 WNW 53.0 / 100 

09 June 2014 15:38 138.55 35.65 Uncertainty
(≧ 2.75 ) SE 30.0 / 95 

10 June 2014 15:33 138.62 35.61 3.25 SSE 15.5 / 30
26 June 2014 14:53 138.65 35.65 3.75 SW 39.9 / 85
01 July 2014 13:33 138.65 35.64 3.75 SSW 41.6 / 55 
21 July 2014 14:58 138.67 35.65 4.25 SW 13.5 / 35 
25 July 2014 16:08 138.69 35.66 4.75 SW  6.7 / 15

01 August 2014 19:48 138.63 35.62 4.75 SW 47.5 / 75
06 September 2014 17:38 138.45 35.64 2.25 SW 13.2 / 45

Date of case

Time of the appearance
of a primary

precipitating cell on
the Kofu Basin (LST)

Surface wind direction
at Kofu before the

appearance of a primary
precipitating  cell

Maximum rainfall
amount on the Kofu
Basin estimated by
UYR observation

(mm / minute)

Position of the appearance of a primary
precipitating  cell

 1059 

 1060 

 1061 

 1062 

 1063 

 1064 

 1065 

 1066 

 1067 
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