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Radar Echo Morphology and Airflow Influenced by a Mountain Range

in Winter Monsoon Period.
— A Case of Cold Frontal Precipitation —

By
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Abstract

Radar echoes passed over the Dewa Hills (mountain range whose averaged height of the ridge is
0.6km) in winter monsoon period were observed utilizing a Doppler radar to investigate the process
of orographic modification of precipitating clouds. Rawinsonde observations were held on both sides

of the Dewa Hills simultancously. A series of echoes appeared after passage of a cold front were

analyzed.

Reflectivity of the echoes increased and the echo top descended above the Dewa Hills. The echoes
showed characteristic shape and the echo top ascended to the leeward of the Dewa Hills. Inversion
layer depth on the windward of the Dewa Hills were the same as that on the leeward. Height
difference between the echo top and upper limit of the mixed layer showed the same characteristics.

Stratification change, precipitation particle growth and a mountain wave on the leeward of the

Dewa Hills are discussed and the conclusions are as follows.
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Airflow above the Dewa Hills near echo top level was curved downward. It is suggested that
falling velocities of part of precipitation particles increased because of riming growth accelerated by
dynamical alteration of the airflow. Part of the remained particles were blown up by the mountain
wave and sorting of the precipitation particles occurred on the leeward of the Dewa Hills. The
mountain waves were characteristic of extending downstream in the layer below the inversion layer

level.
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Topography of the observation area and arrangement of observation sites. Radar observation sites are shown
by ‘IR’ : NIED: National Research Institute for Earth Science and Disaster Prevention (Doppler radar),
ILTS: Institute of Low Temperature Science, Hokkaido Univ. (Doppler radar), PWRI: Public Works
Research Institute (dual polarization Doppler radar). Effective coverage of NIED Doppler radar is indicated
by a sector. Rawinsonde observation sites are shown by icons. Meteorological stations and AMeDAS
observation points are shownby ‘@’ .
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Fig.3 Surface weather map at 21J8T, 3 February 1990. Fronts at 09JST, 3 February 1990 are shown by open marks
and broken lines.
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Fig.4 Temperature (thin lines) and relative humidity (bold lines) profiles from rawinsende observations.
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Fig.5 Time-latitudinal cross section at the height of 1.5km from 16JST 10 21JST on 3 February 1990. Contour line
and black area shows 14dBZe and more than 20dBZe, respectively.
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Fig.6  Time series of surface wind at Sakata and
x ; ’ Tsuruoka from 12JST to 24JST on 3 February
24 12 1990. AMeDAS hourly observation data are
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Fig.7 Time-height cross sections at 4 points (—31km, —26km, —21lkm, —11km) along the X-direction
(AZ=295" —115") from 16JST to 21JST on 3 February 1990. Height of the radar observation site was
(.14km above MSL and ordinate is indicated in height above sea level starting from 0.14km.



W GO RS0 A NO L — ¥ — - OFE & S —H3F - =ik

DIEE I fE o TI18dBZe L LD T I3 — a3 Hirlobl o Thwi 2 b a5

[LEIS8IE DEE DAL =L o TR - Tz, F0OBAII 550, bbbl
HIEEE EZeoiBicfE S 2 - OFEBEOELII L TH— O sh b, X=—31km
2, X=—26km3 & UX=—21km Tid S A B RE2. 14km DL BT L, @iE1.64km 2
TTEMLAEAs S5, $72, X=—21kmillT, X=—11km TiZ&E2.14kmbl R CTX
EEEOEN LI - LI Eihrb,

IO TS 12.7dBZe TR T 5 &, SEMEMEII N onFETFbNE, #lAIE, T
I-—TEHEFEIIX=—31kmTIE LIF LI 14km % 2 T\ 525, NELEP- TERCZD, X=
—21km TR ML LoTwid, F77, X=-3lkm&X=—26kmiZlE_"TX=—21km £ X=—11km

TUHLI-—TEEEOEL2&8 04w, ZTA6oEEca-HAREOLA 7T 4 (M
) IChiFo X EENRNTWS., HAOLI— I IoEMA2LANELOLH L. FAE
TI- ] 3SR T3 kmAiEO I —THSELHFL TH), BARRLTEZEELICHED
LIiEs ifiiGEa "z oz b EBZ NS

3.5 ERE#ACESTI-MOFEOE(L
INEFTCHRSRTES CEOITI—OTHL, HEERAEI L 1 2 TR

——h=—gllm e X==21Km

—— X=-26km - X=-11Km
5. I4 T T T T : T T 1 T T T T

g 414 1
X |
— 314 :
I
O 214
wl 5!
ZoL4 ﬁ
0'14_,_, | 1 1 1 I ! I
0 5 10 15
NUMBER
B8 [ 7 12 BWTI27dBACEA LT I—EEIEO L A 7T A, Hli3s

Fig.8 Histogram of echo top height defined by 12.7dBZe in Fig.7. Ordinate is indicated in height above sea level.
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Fig.9 Reflectivity field at the height of 1.5km at 2024JST on 3 February 1990. Contours are drawn at 14.2, 14.7, 16,
18, 20 and 22dBZe and areas more than 20dBZe are shaded. Dotted line indicates the altitude of (.4km above
sea level.



WEARO BB EZ T A MDL — 5 — 20— ORI L Kk —— b3 - #R

2013ISTIZ T TREIZH A, 2024ISTAH2035ISTIZ A Tk L CEB Y, HELLkmTId
Ia-MIZHHEEREFECREL, BPEEERERICERLAZLHIICRZS.

2) SRIETIC BT 5 2 KIGH e S

IZO-MIZ2WTHLAZ29 OHMEBEmMORRAIZRINIRYT. COFMITHTIEED
EMETE, TI—MDONY FETOC DAFEERLTEY, BRI LT 2 RTH
WCEABLZENVWETHL., T/, TI-OBEHMERTARII3L THY, ZOEAT
DV % 23— OBEHAEII143ms L REL o, CoBEERELZE LTI —MD
AR 12D\ TIEE I I 3G V) 72 B Bk R 4T - 7.

BT, VKO ENIMEHTEL (a, bBLFe) . a, bR LAY F
WHIETA2LOTHY), cdIhbDBEAMICERENALZLOTHSL, ik, chbzny

EAST-WEST DISTANCE (km)

40 30 20 10 0 10

40 snilwo AN

| g072s2

30 4 G
A
qQ

20 |
©2024 035

10

NORTH-SOUTH DISTANCE (km)

10 ¢ CAPPI
HEIGHT 1.5 (km)

10 5. 5km D RS RIE20dBZe LA L ORI O ZE L. Ml Ao g8 1 20031ST, #5745 0 20131ST, &
% 0 20241ST, Hlv» 2338 © 20351ST. 9245 | #2050 4km D E B

Fig.10  Time series of areas more than 20dBZe at the height of 1.5km. Fine shading: 2003JST, cross stripes:
2013]ST, hatch: 2024JST, coarse shading: 2035JST. Solid line: contour for 0.4km above sea level.
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Fig.12  Schemaric stratilication and hydrometeor ensemble above the Dewa Hills. Locations of rawinsonde launch
sites are projected to the plane of AZ=205" —115". Topography is the cross section along this plane.
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Fig.13  Distribution of reflectivity and horizontal velocity on the vertical plane of AZ=295" —115". Echo arcas
more than 10dBZe are shown by light shading, and more than 20dBZe by heavy shading. Positive values of
horizontal velocity represent airflow toward AZ=115" (rightward in the figure) and contour lines are drawn
by 2m/s interval; solid line: = 14m/s, dashed line: = 12m/s.
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