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Characteristics of Radar Echoes by the Precipitating Snow Clouds
over the Ishikari Bay, Hokkaido, Japan

— Comparison with Aerological Data —

Yoshio ASUMA and Katsuhiro KIKUCHI
Department of Geophysics, Faculty of Science, Hokkaido University
( Received July 31, 1987)

It is useful to examine the statistical characteristics regarding the behavior of radar
echoes by the precipitating snow clouds over the Ishikari Bay, Hokkaido, Japan, in compar-
ison to the meteorological conditions in order to comprehend the precipitaion mechanisms
and to investigate the possibility of the short range prediction of snowfalls in this region.
Radar data obtained by the simple weather radar system of the Sapporo Science Center for
two winter seasons of five months, that is, February and March in 1983, January to March
in 1984 and aerological data at Sapporo, Japan and at Terney, USSR, located in the east coast
of Primorsk were compared. Under the typical winter monsoon conditions, Terney and
Sapporo are covered by a similar air mass located between Japan Sea. As the conditions are
restricted in the winter monsoon in this paper, analysis was also restricted when the averaged
prevailing wind direction from the ground surface to 500 mb layer was from west to north.

The amount of radar echo areas which are summed up by the covered area by radar echo
in 100 km X100 km over the Ishikari Bay represented the convective activity of this region.
Several meteorological elements were investigated for their correlations to the radar echo
areas. Correlations found are as follows; There were negative correlations to the potential
temperatures at 700 mb and 500 mb layers at Sapporo and any altitude at Terney. There
were positive correlations, on the other hand, to the potential temperature differences at the
ground surface and 850 mb layer between at Sapporo and at Terney. Further, a negative
correlation to specific humidity at Terney and a positive correlation to its difference between
Sapporo and Terney were clarified. Positive correlations at the top height of mixing layer
and averaged wind speed within it at Sapporo were recognized. And also averaged sensible
heat flux from Japan Sea during snowfall at Sapporo was roughly estimated to be 605 ly/day.
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Table 1. Quality of the Sapporo Science
Center Radar.
RADAR DATA MT)
WAVE LENGTH 3.2cm
RANGE 100 km
TIME INTERVAL 15min
ELEVATION ANGLE —-0.2°,0.4°,1.0°,2.0°
M.T.I. ON
1km MESH
0-6 GRAY SCALE
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< 2.3mm/h , ‘ol
< 3.0mm/h 100Km SRR 5 0ssc
< 4.0mm/h
< 8.0mm/h Fig. 1.

Radar coverage area of the Sapporo
<16.0mm/h Science Center Radar and its topography.
>16.0mm/h
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Fig.2. Relation between averaged total echo area and potential temperature at

Sapporo (47412).

(a) Surface, (b) 850mb, (c) 700 mb, (d) 500 mb.
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Fig.3. As in Fig.2 but for at Terney (31909).
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Fig.4. Relation between averaged total echo area and the potential temperature
difference between Sapporo and Terney. (a) Surface, (b) 850mb, (c) 700mb,

(d) 500 mb.



ARELOBEENL—F— - 22—h LAY 7

o EiEfrEEN:, —3 K25 15 KOfIcH D, EHEE» AL NS, iz a—EEAT 500 km?/
10,000 km?® % #& 2 72BN FHIRNI 2L, 6.4 K Th o7, L Luh's, ZOEMBEIL, SEY
E Bz oNTAL N %), 700 mb, 500 mb TIXBMENGAHH 0 KFIZELS I3 » T
5. F¥ L a—EfEHT 500 km?/10,000 km? % 8 2 72 F#)EIF 850 mb, 700 mb, 500 mb ¢%
nFEN2.4, 0.8, 0.4KTh-72, Thhb, TLits TREZNDLKE,» LREBIIL2—8
W2 1RO, VCEREEELICONT, TEIBRDLNE, ZN@BH LN IKENE
FBREVEC, MREBNERSE2RL TR EEZLND,

483/02,03 R = 0.01 -+ 83/02.03 R =-0.42
- x84/01,02.03 - x84/01,02,03
o 1000 « o 1000~
x x x
X X
£ o Z w0
o (=
g g
S o0 S 800 1 .
< < N
o 700 x o 700 x
X x x x
X X
£ s * B ) x
~ X ~ x Xa x
= 500 ‘ ox a = 500 ] vx &
= o, < Atk
00 . . 400 xa .
T * g *ELL %
o x a o v % a
W 300 . ‘s, wl 300 4 LI N
2 B . 2 . : .
= 200 { AL . Lt . = 200 x .i‘x‘ . - -
© n% - =Y K %
= xRt = ML A * ‘
, 100 . 100
4 g
<o Y T 1 <o Y T —
0 1 2 1 2
SPECIFIC HUMIDITY (G/KG) (47412) SPECIFIC HUMIDITY (G/KG) (31809)
(SURFACE - 'SOOMB) (SURFACE - SOOMB)
(a) (b)
2 83/02.03 R = 0.52
- x84/01,02,03
~ 1000
x
]
Z 900
o
e
S e
N
o 700 x
X x
X
=
= 6800 x
~ ) x x -
o 500 ~ Yo
< 5,
(=] 400 - x
= e
o
w 300 4 a0t xa
) x 14
.f 200 . At “A.‘:..‘“
E x A‘Il. -
- " PRGN
. 100 bl
5
< h 4
4 0 i R
SPECIF MIDIT -
ECIFIC Hu I(%&RFRCE(Q/?U%JB)M’Iluz 31809)
(c)

Fig.5. Relation between averaged total echo area and specific humidity.
(a) Sapporo, (b) Terney, (c) Differences between Sapporo and Terney.



8 WE B - BIL

2. iR & o HEE

Fig.5(), (b), (©icHs b5 500 mb H & THOMIEDEEE L OMEEZRL 2, (@), (), (©lF,
ENENRMR, TR, tURET LR L DEEZRL TS, QDOIRNLEE B L, 23—
DR EH A5 500mb EE THOFHMIE L3S Z VBN L W2 Eobh b, L L, DT
WFE LI BITBEHMIE &2 BB A LN, KED LRE BT ERLEREL T 213 8HRT
TI—DREAL T BREFh B LI, £72, AIRE TR 4 DRIBENES #5 L EHEH 5
na, WEOEVENEERT LV ZEFRNOF»E->TwEZ e EdRL, TOHEEIZH
A ETHEINLKERBICHATEINEEZ NS, Thbb, BRGELETHESNEK
KREVSEVIEECOBRER V2L LT LIz b, Bl o—EHEAT 500 km?/10,000 km?
PRZEEOFIHEI, IR, Tk 4, LRET AR A DEPFNFN0.77, 0.45, 0.25 g/kg
ThH-o7z.

3. REBOF s t ot

-1, M—-24&Y9, MR EECT 2 —HWRT HEE, KE2LTRE2 L EBE T—Hicw
RVERLERASRAE L, BEEBLRELICONTTRBICHE L L DKER E #BOMEE 2 S
T BT B EATREN,

A E CRER L BOMIE2 T2 ERIE, TRCRAEL2ESL. ZOBRABOE X LK
BT AERT— RO TE A 77212 Lz0» Fig 6 TH5, BRABOEZIIECTL
600 mb % TT, 900~700 mb DA HLFEEHI L k> T 5%, Fig. 6 TROLBABNER &
¥ a—-HENOHEEZ R L 2L 0y, Fig. 7 Th 5, BABNE R L ¥ o —HHE & I3 IEHEE
HiA S, AEBRE L MEE WEEZ R L Ty 5, L 2 —EiEHT 500 km?/10,000 km?* % # 2

83/02.03 84,01,02.03 NW 2 83/02,03 R = 0.5
100+ - x84/01.02.03
o 10004
X
X
0 Z o0
]
80 1 g 800 1
70 a 700
X
X
80 Z 600
f— ~ -
= «
ER = s00 M “
%) E x
40 o 100 : X
= X X + ’kxx
30 2 300 xx:" xa a o
- g Lk
20 = 200 P LT
[ =] ax X
= e
10 " o0 e
wi
— : : | T, L v : :
1100 1000 900 800 700 600 500 400 1000 900 8GO 700 600 500 400
HEIGHT OF MIX. LAYER (MB) HEIGHT 8f MIX. LAYER (MB)

Fig. 6. Histogram of the height of mixing Fig.7 Relation between averaged total echo
layer. area and the height of mixing layer.



AFELOBREEN L —F— - Za—h b ATER 9

REEDRAEOEIOFEHEIL 678 mb TH - 72,

4. JEE & R

BEABAN DT EE L NIERI % Fig. 8 1R L 72

. FEBGE &P x o — R &S EARRE A A S

N5, FHEEIFEANRELZLOBSICHBTEEEZLNENT, HIRTHZ 3 —H AT
5 EEIIREDES Lo T B, iz, P a—EEAT 500 km?/10,000 km?® % # 2 72808y

ELEIZ 11.2m/s TH » 72,

wEEEEZ 0 m/s LIREL, 850 mb NJE %
Hwiz 8 7 — & DHEE % Fig. 9127w L 72,
Romicis, = a—oEE 5 ERR & FkT
I—DEBABFELT, v W S Longitudinal
mode(L) &, E1T3 % Transversal mode(T)
&, —DO— 2L L 72 Mk = 2 — o Cellular
clouds(C) &, Znlistor = a—(X) 24t T,
HHicitA L7, $hES 7— ¢ o —EE
DRI EMEESA LN, T 2 —HEiEH*
500 km?/10,000 km® % #% 2 72 B ) FH R E
¥ 7—I3, 9.96X107°(m/s)/m TH -~ 72, F72,
Longitudinal mode |3 $8TE > 7 — %> & &2

A &+, Transversal mode, Cellular clouds |

R = 0.37

1000+

w
o
=)

@
=1
5

~
=1
=

@

=

=3
1

-
=)
s

At

w
=3
o
o

! [

L

X, |'~l’£L |
x

)E ¢ 1 ] (14

F
' Y
c x
x x
xfx’&xx,xff &xk A
x

AVE. TGTAL ECHO AREA (KMxx2/10000KMx»x2)

A 4
¥
10

20
a8Voe/87 (X10xx-3 (M/S)/M)

Fig. 9. Relation between averaged total echo
area and the wind shear.

+83/02.03 R 0.40

. x84,/01,02,03
cy 1000 «
X
=
Z 900
=)
o
o
g e00
N
o 700 x
X
X
=
< 600
- -
< sog | o
< ) >
[os] 400 x - -
z S
w300 * e ’: X ox
2 RN
= 200 R
=) Xy ™ [ xx
" 100 REETa T x
W
>
< A 4

0 T T )

10 20
AVE. VEL. (M/5) (1l )

Fig.8. Relation between averaged total echo
area and the average wind speed.

7 LONGITUDINAL MBDE
Z 5
>
[\
(&
0 T ,
07 TRANSVERSAL MGBDE
z s 7
o
©
o
0 : M .
10 CELLULAR CLOUDS
z 5
>
=
(&)
o 1M M
. [ .
bl 10

20
&Vom/ 82 (X10xx-3 (M/S)/M)

Fig.10. Histograms of wind shear.



10 W HE - i BRAL

A HERTHWE EICALN, £FD 9 b, T a—HEBA Kk E W& &3 Transversal mode,
WEWERE Cellular clouds TH 5 Z ¢ 9 2d2 5, BLT—2TikIHE2H2E&E— VENHRHA
Per—DE AL 7T L% Fig. 101278 L 72, Fig. 10 £ 9 Longitudinal mode {2 5 ~15%X107%(m/
s)/m, Transversal mode {3, 3 ~10X%10"3*(m/s)/m, Cellularclouds |3 2—DEEH/INE <
Ty 7—DNEVEOFHIIRIT T 55, 10X107°(m/s)/mUT THER I > TWd 2 & h5h
5. b ofEid, Tsuchiya and Fujita (1967) OfET#EER & RV —BsA S0,

VL. % & ®

PLEd~NTE kR E T &HBb & Table2 v & 9 12% 5, HHEAREOMEEST 0.2 2 8 2
Ik MBS B E L, EMBE RS T, AMEEZ RS TRALTH S, (+), (—Ji3HHH
REOMEHEH0.2~0.3, +, =13 0.3~0.4, ++, ——13 0.4 LTH 5, 372, HE» L WHE
B TRLTH D, ZORKRIT, LR THL LIEDBABE S N 502, #F, LHORERE
PR B EL T —DERPALNDE I EERL TS, §4bb, KEERIZ Y TER
DS, &FiIchlzo TRle KN R2BRyKE» SMER L, B2V BARME ETTRICAE
R[EBOWIEEZIT S, Lih->T, KBEMOTLV A4 THORMEFH T I—HE S Z&Eicb
7o T—RRICEAMEBA S D, LR TIE, ZOHEMHERIL 700 mb, & %\ i3, 500 mb DE S I2% 5%
WA by, BAHELERES TELKRRADOFEELZT 2RO T OIRAIE, WHKDKEIR
B s £ V2L v s EREC, T a—n®RIcEbL L TITIT—ENEIC T - TW T,
700 mb, 500 mb Tl, ZEMEA 25 KIZ L 2 micxd L, 17 KiZ & EBSIED HHH- T b,
ZL T TRICBWTOLABRE T4 4 DiRf7E & TP 2 —THiE & ORICIEAERE S A SN S,
ZiE, R TRRUICHHE S NOKERECHEIT, BEKR & RRDEREZICHREIL, L%
2 CRAHEE 2B DT AROFHIREENKREL LLIDTEN 12 SADKER LB, 2
g, BRLBEBAORKEEZT S, L s, B0 KACTrL8IRBENEDLNE &K

Table 2. List of the investigated correlations.

SAPPORO | TERNEY SAPPORO — TERNEY
{47412] [31909] [47412] [31909]
SURFACE * - +
850mb (-] - +
)
700mb —— — *
500mb —— — *
QSUR.-500mb * - ++
Huix. ++ 3
Vuix. ++
v
&5UK~500mb +
++ 1 0.4~ +: 0.3~ 0.4 (+): 0.2~ 0.3
———0.4~ —1=0.3~—0.4 (=):—-0.2~-0.3

* . NO CORRELATION
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FRIALERL L VIERTHRERILLT (LS, Tubb, BEXH) L) BE, HELEY
RELPT(A S, 72, #bd 5 500 mb & TOFEHLBIZFRDO L —F— 2 a— & T
L2120 bbb THIRTOE L 3l LNT, Tty EoAHEE»&LN, 21T, H
i L CHHR I N AKRERE L BT 5 EEZ LN E T A 4 L DFEIZIE, EMHBEPAL
niz, fILREZOBRERMELEL Th 30 Bbs THMRIC BT AL S 3 DB A LN
kv Z e, —R, TRELEL»TL, Ll i, BEILCHENEWEAOKRR
DIREIX, £BICh->T, KELSIKEBEINLARPICT T SANKEREEA T
B EERBELTWS, XROGERE»HT DME v E 53, REHINIKRRLHF VWD
ZTOHBDTEL DKEREZEATYS, ZLT, 20 FNHZI TV KRAITBARE LD
REEDELD VDT, HFVEEH» SEREBAOEEEZIT LW THRZ TN EE,
IZa—BRLLwnll, LEOEHCREEZRL TWRLNEEZ LNE, BERLTECZA
DEGE L FHBOEIG LT 25E1, BREABOBEILE Lo TV ANDTRER»E T THE
LIZRICE D a—dB b s, ZROREEEBEIBITIEELRRI A THWENT, #1712
DRELEBL A>Tz a—d% b2 2L DA >Twb, Tabled iz, EHz ao—HEH*
500 km?/10,000 km® % 2 2R DFHEL R L TH B, Thbb, BFEFICERHRICL 2 KT
ELRLTROMAUNLHEL AL TS, ZNLDHEL, LTR~HEEERLY BARMISRL T
W, Thhb, AL E T LA 4 DIRAIEEIE 700 mb, 500 mb & FZEOfHEI, 3L A FELETHS
7, TR EHIRDF AR e » T B, HEH 5 500mb £ TOFXIE LTS 535477
FTOFEER A D EHEPICT VR 4 OEL D) BHIROF L KRE L 5 TWT, BAREETKER
DR ZT TN B ZEHTEEIND, ZL T BABOTFHNEEHH680mb, T7cbbh, =
DB ST 25~ 3 kmIZHET 20T, —RICEOLN TV EXDBREENESH2~3
km ThorZe&—8LTwb, 2, BABNNOERPBARLTERE*ZITTW5EE25
N, TNREBEBOFBMOBE & L L Twb, KIS, TAR 4 EHIROBAIED & FLUIR
ICBEE L2 LT & EOFEHN L BARREETL LOBBKT T 0 72 RBELTAL, 37, &4

Table 3. Typical values when radar echo increases.

TR | R | S TRy
SURFACE 268.7K 261.8K 6.4K
850mb 271.5K 269.0K 2.4K
g 700mb 274.9K 273.8K 0.8K
500mb 302.7K 301.4K 0.4K
Qsur.-500mb 0.779/kg | 0.459/kg 0.25a/kg
Hwmix. 678 mb
Vhix. 11.2m/s
= 9. 9605im




12 WE 5HE - i BEEL

ZE SR ARICEET 2 AR T LA 4 LEEZBET 5 LINET . T LA 4 — HLBRRT
DEAWIEEL ) OREOSAEL, R, TR DRMEZNEN G, GETH L,

AH=Crp [ (65— 6r)dz= —%/(es— 0r)dp

Th5 2 5N %, Cold RENEITHE, p I3 KANEE, SHENMEETH S, EES00mb &)
FZeniBlrE (6 — ) IZ/hE VLo r LT L, T2 —HHEAY 500 km?/10,000 km? % #k 2 72
& EDFHETH b Table3 nf % FV TEHET % &, AH=250cal/cm?® &% 5, KDOEEREHE
FOMEIZ L %) BORALER L, ZoBESAEQH) » TN THRBRHEL» SBHRAT7 7~
J2ELTHIEENT EET S, HLE — T4 4 B BEBET 7 400 km T2 11 % T 5 JHGE
11.2m/s THE% & 9.9 b » TREHABBLZES Z L1245, L2k - T, BAEER
OB BEET T 7 213K 605 ly/day & % B, Z ofEiid Manabe (1958) DB ER-ITS 5155
721955 4 1 B, 2 A FEHgashftsh & 555 ly/day £ 1) XK EWEEZRL T 525 1313 —3K
LIzt »Tw 5B,

ZOWMETIE, Wk LERMCERN SN T 2B E, BFELICH L2 —DEEE/ T
A= =2 LA OBRERR E AREROBREKAICBE L 200 TH B, BAYLH
R b THOENDFGENFEFIIV - —CTREITELHEH LN L AT o b REVWLDLD
TREHEP» SOBMOFHEL T b eFEZHN5, 20L& 2#d, B, LHE(1986)
Lo TlEH LN TN, FEFICHEKECERIME LN TS, SBEIZ, OFEAICHERTS
KHNEEL LHHED L RODT, BENAH =X LO8HE2 L VERDTOL LENH B,

BB AMEICLL > TRELV — 5 —DT— 5 22k L T 20w RSB A, &
U, BT — 2 0ffE L Tl WA RT FREBETHRRDO S R ICEHNEERL .
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