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Microphysical Process of Snowfall Formation in Orographic Areas

Toshio HARIMAYA, Shigeki MURAI* and Akihiro HASHIMOTO
( Received December 27, 1999)

Observations of orographic snowfall were carried out at Sagurigawa-dam in Niigata
Prefecture, Japan in January 1997. Specially, the riming amount collected by ice crystals was
measured as the riming proportion, and the relationships of riming proportion to the snowfall
intensity, wind velocity and liquid water content were investigated.

The riming growth process was found to be predominant in the snowfall formation in
orographic areas of Japan facing the Japan Sea during winter. The degree of contribution
was related to the strength of the winter monsoon, and the riming proportion became greater
with increase in wind speed at 850hPa.

The above results were analyzed in detail. It was shown that the riming proportion was
higher in the case of a strong wind under the condition of a constant ice crystal intensity. In
the figure in which the abscissa represents the wind speed on the ground and the ordinate
represents the riming proportion, the lower limit of the riming proportion tended to increase
with increase in wind speed. The lower limit shows the amounts of cloud droplets newly
formed by the topographic updraft when the advection effect of cloud droplets was subtract-
ed.

The liquid water content in snow clouds became less with increase in the ice crystal
intensity under the condition of constant wind speed. The liquid water content in snow clouds
became greater with increase in wind speed under the condition of constant ice crystal
intensity. The increase ratio of liquid water content in snow cloud became greater with
increase in wind speed under the condition of less ice crystal intensity. Therefore, the
observations showed quantitatively that the liquid water content in snow clouds depended on
both the production rates of cloud droplets and the ice crystal intensity. The results solidified
the foundation of artificial seeding experiments conducted in orographic areas.

*H7E, WEMHTRRE
* Now with, Abashiri Meteorological Observatory
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Fig.1. Horizontal distribution of daily amount of snowfall in
Niigata Prefecture on 14 January 1995.
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Fig. 2. Map of the observational area.
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W EToOBENERIZ Table 1 I N2 +OEMHICITbL., 22Tl #NDE&~<i1I2, P1&»
5 P10 L &ABTEAHT TSR 5, HEAEMICIT, B S 12 BT & 0EGEER 217> TH

N, X 64 BRI EDBRIZAT- 72,

Table 1. Observational periods.

P1 12 JAN. 1997, 0520JST - 12 JAN. 1997, 0650]JST
Pz 15 JAN. 1997, 0140JST - 15 JAN. 1997, 0830JST
P3 15 JAN. 1997, 1640JST - 15 JAN. 1997, 2120JST
P4 19 JAN. 1997, 0200JST - 19 JAN. 1997, 0920]JST
P5 21 JAN. 1997, 1720JST - 22 JAN. 1997, 0520]JST
P6 22 JAN. 1997, 0820]ST - 22 JAN. 1997, 0930JST
p7 22 JAN. 1997, 1850JST - 23 JAN. 1997, 0720JST
P8 25 JAN. 1997, 0110JST - 25 JAN. 1997, 1130JST
P9 25 JAN. 1997, 1930JST - 25 JAN. 1997, 2250JST
P10 26 JAN. 1997, 2320JST - 27 JAN. 1997, 0350]JST

Fig. 313, BuAMORE, Am, B#HOZELERRINC L2230 TH 3. LEOTIENRER
FIOTFEIz, Table 1 o+ FBEMEH 2L T 5. JUBORRY % B3+, £BEAE R
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BORKNE XL TELRWREHTH S, 1A 21 BHE b 22 HICHIT TS, BICBRWESH AN A
&, ~10CHiI%%Z TRIED TH -2, 2o, ARICEER,»SEECLY), AED 10m/sikE
CETHMLT, 24 )EuInEEEHRE -7,

2. BERMELBNEEE

BRI TR LNLERFSE, L, BRHTORTREL, TRIC L 54 (ERMEE%E, Cloud
Droplet Intensity) &, K&&ic & 54 GkEBESEE, Ice Crystal Intensity) & ICOBT 52 &
HTEL, 2FY, HEHHNTOBREEEN S L, BRI ENZITE L, KE»ENZTE S
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Fig.3. Time changes in air temperature, wind speed and wind
direction at Sagurigawa-dam.
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Fig.4. Relationships between snowfall intensity and cloud droplet intensity (left) and
between snowfall intensity and ice crystal intensity (right).
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22T, ZoLlead i ERET &z, EREERRARIZEVWSL L L)L ERTA
%. Fig. 513, #EE@IEEER, BREOKOBRERE L EREERE L nBFRLRICLD
DTH5, MHFDOHEKIL, BEREDEDLZERIED TV IELORTH L. ZORIcL 5L,
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Fig. 5. Relationships between snowfall intensity and cloud droplet intensity in periods
of northwestern (left) and southeastern winds (right).

& 91z, 850 hPa i CHUE D F#i%, ALPEEEES 18.0 m/s, BHUARELT 11.6 m/s TH -7z, H
EREmA IRy & D & EEERE D A% 850 hPa D BGEATE <, L72d - ¢, IERE A~ E T
LEHRITr - EEZ LS, UENZ &b s, WEREAKEFT ZEHROBEEY, &
PR EBRICHELS L T2 edbd b, 22T, RiCHHE L ERHFSENF LD L 1Bk
LTW2 2 RETRTA5.

Table 2. Mean wind speed at 850hPa in periods of
northwestern and southeastern winds.

NW-WIND PERIOD SE-WIND PERIOD
850 hPa 18.0 m/s 11.6 m/s
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Fig. 6. Relationship between wind speed and riming proportion. The
curved line represents the lower limit of the riming proportion.
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Fig.7. Relationship between ice crystal intensity and riming propor-
tion with consideration to wind speed.
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Fig.8. Variables involved in the microphysical processes. Numerals in each column
show the mean values of each variable during the observational period (see text
for detail). Broken lines represent observational periods.
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Numerals in figure show ice crystal intensity (mm/h).
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