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Radar Observations of Snowfall in 1986 over the Shinjo Basin
— Features of Vertical Structures —

By
Masayuki Maki and Tsuruhei Yagi

National Research Center for Disaster Prevention, japan

Abstact

Radar observations of snowfall were carried out in the Shinjo basin in the western
part of the Tohoku district from January 20 to 24, in 1986. The purpose of this study is
to investigate the effects of the topography of a land basin on snowfall distribution,
especially with regards to the vertical structures of the distribution.

By analyzing the REI data which had been obtained by vertical scanning of radar at
15-minute intervals, it became clear that there were three types of topographical enhan-
cement of snowfall. These three types were observed when the snowfall echoes, moving
eastwards from the Shonai plain facing the Sea of Japan to an inland area, crossed over
the Dewa hills and got into the Shinjo basin. These were :

TYPE 1: the enhancement over the area from the upwind slopes of the hills to the hill
tap,

TYPE 2 : the enhancement over the area from the hill top to the downwind slopes of
the hills,

TYPE 3 : the enhancement over the west slopes of the mountain east of the basin.

From the synoptic weather conditions observed in each type, it was concluded that
the shift of maximum echo intensity to the downwind slopes of the hills was attributed to
the relatively strong wind speed and right-angled wind direction. However, the snowfall
pattern of TYPE 3 could no be explained by the synoptic weather conditions alone.

The effect of the Mogami gorge on snowfall was also investigated. From the
distribution of time-integrated snowfall echo intensities, it became clear that, in general,
the echo was apt to be enhanced over the gorge. This might have been caused by the
convergene of air in the gorge, which was accompanied by a resultant ascending motion.
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*PPI : Plane Position Indicator®#f
**REI : Range Elevation Indicator @i
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Fig. 1 Schematic map showing the topography in and around the observation area and
the location of the weather radar set. The fan-shaped area shows the radar
observation range and azimuths of PPI. Directions of REI are shown by six chain
lines.
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LB, V=¥ —ra—ERHNFZ (mm®/m®) iz 7 =2000R* % (T E L [FEKEER (mm/h) |-
A5 U 72 (Gunn and Marshall, 1958),

*x1 1986 EDFEEMIT 17 2 L — ¥ —#EllO M E,
Table 1  Outline of the 1986 radar observation in the Shinjo basin,

CASE NO. OBSERVATION TIME MAX. ECHO TOP MAX. INT.

1 0800~1130 JST, 20 JAN., 1986

2 1500~1800 JST, 21 JAN., 1986 )

3 2000~2400 JST, 21 JAN., 1986 2.5 km IS0 3
4 0800~1800 JST, 22 JAN., 1986 48km 1S0 4
5 2000~2400 JST, 22 JAN., 1986 3.2 km 1503
6 0800~1800 JST, 23 JAN., 1986 2.5 km 150 3
7 2000~2400 JST, 23 JAN., 1986 2.6 km 1503
8 0800~1200 JST, 24 JAN., 1986 2.6 km IS0 3
9 1200~1800 JST, 24 JAN., 1986
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BRI, LZEo—RREALHEORN XN TH D, Lizs-> THREE R, > AED
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Hra—OE-—SENRKEM 3 CRT. CASE 34 5CASE 8 O &BIRId s8I & 11
BB o— DR L LTIE, CASE 4, CASE 5, CASE 8 D34, Mkt Thmsy
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Fig. 2 Simplified concept showing the three-dimensional fealures of the lopographies
west of the radar site, Sections named Py, S, T. S, and P, and P, G and P, are
provided to investigale the effect of topography on the snowtall. P, and P, are
represented as the Shonai plain. 5, as the west side slope of the Dewa hills, T as
the top of the hills. 5," as the east side slope of the hills, P, and P." as the Shinjo
basin and G as the Mogami gorge.
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Fig. 3 Time-height cross section of the snowfall echo intensity which has been transfor-
med into precipitation rate (a contour interval is 1 mm/h). Values are based on
radar reflectivity data for every 15 minutes. Azimuth=300"(a direction crossing
the Dewa hills).
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Fig. 4 As in Fig. 3 except for Azimuth—272.

5’la direction to the Mogami gorge).
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Fig. 4 Continued From the preceding page.
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Table 2 Time and height integrated snowfall amount (in mm) which is calculated over
each section in Fig. 2 in a direction crossing the Dewa hills (Azimuth=300°).
Values are based on radar reflectivity data.

AZIMUTH = 300

CASE NO. OBSERVATION TIME P S T S: P:
i 0800~1130 JST, 20 JAN.
2 1500~1800 JST, 21 JAN.
3 2000~2400 JST. 21 JAN. 0.25 185 110 1.5 0.25
4 0800~1800 JST, 22 JAN. 8.0 13.0 15.75  17.25  22.25°
5] 2000~2400 JST, 22 JAN. 2.5 1.0 4.25 525" 375
6 0800~1800 JST, 23 JAN. 4.5 1475 194* 1275 5.0
7 2000~2400 JST, 23 JAN. 4.25 9.0 9.5* 4.75 2.0
3 0800~1200 JST, 24 JAN. 35 8.0 5.0 8.25* 7.5
9 1200~1800 JST, 24 JAN.
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CEBFETHBENSRIEINBBAMCIES 23252008025, #liE, HHEEDE
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TYPE 1) mEREME~CEERS LETR{EE 55,

TYPE 2) rpEIAE~ i E FARE b2 Tt s 555,

TYPE 3) ##ioRHILET O LETHE{ES W LES.

PR, EICZEiF 32048 7OBBFRHNC DWW TR TITL,

M 513TYPE 10fITHY, ERIZIZES = o —MEORHFBEEED 5 & L RO’
EHE 4, /i PRSI ETHRBl S 0Bk EE L7, OB KED T — 5 ZEIMK
RIEHMTE ¥ —HEXTC L > THRESNZ O TH S (PRIES, 1986), v —F—x
—BEOSHERL L, AERBAOERNFEHE TCRELCL s BB L2 —13, AEATS
R AN, HRCEEEME ERETEIEL 2o TniDpbrs, —7, #IETHHEAS

rBAREOSMY, TI—SAERLHELTWS, Lal, BEOHEMEC2WTES
STEeY, VL=Vl ETORBRAKREEFET 2 2ot L32YREoTwa, £
OEBEE LT, V- —NERFZroBAREERCHET (BICAVWEERA (WD S
Z-RBRM, LTFLY, 2TOFr—ATHEII23DOTRAEVLI L, BiZ, BERFE, &
DEEPRELRUMBETET I AMC R OEBsBEH T, FEII-020
M EOBABICKBET 2 L RBESZVEVB I LR ESNETOND,

TYPE 2 O#FR 261 %E 6 i L 72, RAREBRE®E I TEo R FE#E L0 /K

Hipp B kES © o — 5
o4 FEfREE M ETO
Bk s O FI(TYPEL, A
{i 7 =300,

Example of the distribution
of the time-integrated echo
intensity and the precipita-
tion at the surface for
TYPE 1 (JAN 21, 20-24
IST). Azimuth=300(a
direction crossing the Dewa
hills).
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Fig. 6 As in Fig. 5 except for

TYPE 2 (JAN 23, 08-18
1&T).
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Fig. 7 As in TFig. 5 except for
TYPE 3 (JAN 22, 08-18
I8 1)
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AZIMUTIH = 272.5° =3 BT 1005 {w k*cm;
292.5° DI ) D =

[

CASE NO. OBSERVATION TIME P, G P, A YRS rjf‘ff’*‘

(T T (mm) (Z1RE |

1 0800~1130 JST. 20 JAN. &

2 1500~1800 JST, 21 JAN. b0,

3 2000~2400 JST, 21 JAN.  165* 675 0.0 Table 3  As in Table 2 except for
4 0800~1800 JST, 22 JAN.  17.7 29.25* 21.0 Azimuth=272.5(a direc-
5 2000~2400 JST, 22 JAN. 425 127%  6.25 ;‘:)“ sl 65 o gor
6 0800~1800 JST, 23 JAN.  0.25 18.95* 4.25

7 2000~2400 JST, 23 JAN. 5.0 19.7* 8.0

8 0800~1200 JST, 24 JAN.  6.75 1L.7° 175

9 1200~1800 JST, 24 JAN.

LipL, CASE 3 %°CASE 6 X 2 (CIEB TS 5 cads, 203 EBLEOHL & 5112

ZEDS, BEREETHRE LRIERTECBENBOONI L LTS R LT
A, FRIE( MR EESHOLBEMETO 1B 2 HOHBZI S 2 e L 7
ZH, R LI, REEBBCDEBESES LD b BB <, BEES DL

L IBEBE RS R ERE LTV S,

g EBEDHEIZ OO TOBRE L 1 —EEOREMORIEN 2 2H 8 12w, NOB
fizm B K% R, MIZCASE 6 OfFTH 245, KELREET15kmb & 25kmaD k5
Ao FHERHIC» T THESNIKkMOD L 222 h0IC L T,BEL I A>T 3,
IR, B BIKERTHD SNBEERZOE I RHALEAL TWELD LI TH S,
iz, HiERT HW*MJFWﬁf%7§k%tM§W;U@@L%§ﬂWTké<&ofu
b, COZELBRENTOETEENNE, IRICET LI TCICAICLE>THENA Z &
%%E?ﬂﬁ,i&%uuﬂﬁfga

e By A1 okEE o —if

SOWEEMEEE 4 o
Bt irmon @, Jifnd—
272a .

Example of the distribution
of the time-integrated echo
intensity and the precipita-
tion al the surface in CASE
6. Azimuth=272.5, direct-
ing toward the Mogami
gorge,
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Table 4 Three patterns of the vertical distribution of snowfall intensity and their synop-

tic weather conditions.

E800mb) O % idiF 5, Tyomel B EER00mMb O i, RH tEORIS
I W nERTETH D,

I is the temperature lapse rate of the considered air

layer (from the surface to a height of 800 mb); 7s0ms. the air temperature at a
height of 800 mb ; RH, the mean relative humidity of the layer ; U/, the mean
wind speed and # the mean wind direction. W, in the amount of precipitable

water.
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