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RADIO WAVE PROPAGATION EXPERIMENTS AT THE MTRS
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The wave propagation characteristics above 10GHz are affected by rainfall or other meteorological
phenomena. For the establishment of high quality satellite broadcasting service operated with a
band above 10 GHz, it is indispensable to have detailed knowledge of the meteorological effects on
the radio wave propagation characteristics along the satellite-to-earth path in these frequency bands.

Radio wave propagation experiments in the BSE program started at the Main Transmit and
Receive Station (MTRS) at Kashima in May 1978, using beacon signal (11.7125GHz, vertical
polarization) from BSE. In this paper, various analysed results on the propagation data which
were obtained for over 3 years since 1978 are presented.

The statistics of rainfall rate and rain-induced attenuation of the beacon signal have been ob-
tained. Using these results, effective path length was derived to be about 5km with elevation
angle of 37 degrees.

The relations between up- and down-link attenuations due to rain were also obtained. It was
found that the attenuation ratio(dB/dB) at 14 and 12 GHz varies from 1.3 to 1.9 with each rainfall
event.

Rate of change of attenuation was also discussed and its cumulative distributions were obtained.
It was found that large rates of change correspond to the large attenuations. The observed rate
of change reached about 6 dB/sec at the maximum value during severe cumulus rainfall events.

Attenuation of the beacon signal and increase in outband noise temperature measured with
the same 13 m receiving antenna show close correlation in many rainfall events. The fact shows
that the attenuation measurements by a simple radiometer can be a useful method to predict the
attenuation along the slant path.

Cross-polarization discrimination (XPD) measurements were carried out by using the beacon
signal. It was observed that the degradation of XPD was worse than the predicted one based on
the theoretical consideration using a deformed raindrop model. The analysis using rain radar
echoes suggests that it is caused by the ice crystal or melting layer what is called bright band.
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Otherexperimental earth stations (Wakkanai, Akita, Kokubunji, Yamagawa and Okinawa),
which are located all over Japan, made starts of their propagation experiments in 1978 or 1979.
At these experimental earth stations, the TV signal at 12 GHz transmitted from BSE was received
by a Simple Receive Equipment. The receiving level of the signal was recorded on digital cassette

magnetic tape together with meteorological data, such as rainfall rate and ground temperature.

The recorded data of each experimental earth station were sent to the MTRS for statistical analysis

of propagation data.

In this paper, the statistics of rainfall rate and rain-induced attenuation of the TV signal at

each experimental earth station are also shown. According to the results, local dependence of

attenuation statistics over Japan at 12 GHz are clarified. Cumulative percentage relation between

the annual and the worst month attenuation statistics are also derived. It is found that the

percentage relation between the annual and the worst month statistics is almost independent of

location.
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x==———x 102 —a— .
X lgg/g NA—A—s—B=d \A\/L\_a\
A A 1% 8
—-1.0 —
| 1 1 ]
0 2 4 6 8

BSt — o v ikREMEE (dB)
W17 11.7 GHz BERRER & £ DEALE

ARIEHRICOVWTO_E T ERERBZEOMEE, XU
CEEE O T 0 EgREREEEH 14, 15RICRT.
NrhoEs, WHROERRE BREAKTHS. Th
SOEM D, BRREMENTZICONT, BELD
1.5~1.7EE~ LN 5 &8bhb. DT LR,
216 RicRTBENREREMES5 LHLDLTH 5.
zORiciE, FTEMEEREMIOEIRER, LT
—EDRELEAOTT O EROSED 5 LD B0
e e L EISRIN TV S. BEWNSVRET
BEERE 1.5 & Lo HhERIE & e & {—H L
THBY, BEBSAELNEERE®RELTLTIZAL
T ERBO—EER LTS, (EERIITRENES &
LT{Andbhs MP 4% RETILEBEL R
1.5BELEE0DT, K&BEOHMI MP 4/ %
K5 U TR BRIk R a5 C LI3EYITIR
wokictisd. tsLa, J-D HHERE LI HEY
ThbD. CDLSC, BEESEATIERE LTI,
THEEEAMGOE(LSEZ O3, 22T, BRRICS
VT, WEHERAMHRERE (F4AFx—4) O
F—2 2R UIcREET-> T 5.

e. BERBRZEZELEY

YW, ) EHERERAOCCERERE - RV X
5 ACBNT, BREOKEBRICHESEEFEDSHL
ZEBT B0, 4 FEAN—vFHEX, HEE
HEEEOHELRE INTNE. ThdOBINEREL
TEDHICE, BRBEOBAEMS D OELEER

SHYICIRBT 2 R ERDH 5.

CZTIL, BERRD 10 HH7-0 11.7GHz © B FR
HELRIC D VW T EET- . SEHEONREL
7-RERIE, 19794E1 A5 6 B3 16HITH 5.
17 NicEmmR & 2 0EtREDOBEFERT. AR
T, ZALROBEBRE 52 -2 E LTS, &
DR, ZLEF 0~7 dB OEMHRRAI BT, B
WRESKEVEERENT EBDD 5.

RERREOD 1 BT & ORIERRH O BRNRTE(LED
BRERTERTH S &, 197949 A 4 HiTiX 2dB/sec,
19794E 7 B 27 Aicid 6 dB/sec DE/LEDERA S h T
5. COXIBWAIVEL K, BEREFERH5dB
DI Ok &ISERREE S SRR OB &I S < #
AlEhic.

f. ¥&9

P EDENRREEOEER TOMEEREENT 5
EUFOEBDTHS.

(i) 34Ef0 BS & —a Y EERBREAEERY 5,
12GHz #EWHOBRBFIIFRIE0.1% T 2dB
PLE0.01BT6dBYLEEIEB T Edsbh T,

(i) RERTREE, BEMBMEOSMARESMIINEER
AECENUTES. ¥/, 2hEhofmERIOS
HH BRSO RERIGTHAUTES.

i) ZMERER, BEFBRED10~40 mm/hEET
12, WA 37° THRSkm &80, RERHREELEIINY
BERERDT BEANDS.
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v BREEEESMOHEEI VT, FEEK A7
— ) v EOFRMELRED S,

{v) 3ERIOREREEANT, BREEOFERRE
R & R A RREEEROBRE RD .. Ok
B, zhZhoBRRREFHERTAIUTESC L
DEED b, TOELP T A —2hRD ol

vi BS LFTFEHROMREEEEERE LR L
TEESERRSEL (14.4/11.7GHz) 13, BRCE
ICRIZD, 1.3~1.90MMAIcHmT 5. £/, BN
BREMWNSWBETRRRELI 1.5 BETH 5,
BRESESA S5 L, MELR L7 EE M
T AEAND 5.

i) RERIIRE OB H 7 D OE/LE BEFREED
KEWVZERE LA EMSH Y, B K 6dB/sec
DELRBEI S h .

2.3 7UFFHERENNEEREEORR

a. FANX

BEERICEDAEHMERT R, 1.7TGHzt —a vk

OMEWREEZAET 3 LAKIC, BS FADT V77
HFEED flsE: 11.96 GHz i TfT» T /. WED
BELEOHOERICOVTHAE LR, BOEEND
BT Edbbotz. L, B YEHTIR, BREE
M, TV FFEEEREn SRR O BOERE ORINEBES O
T, BROBIRBREDEINTL /®, ALTV
FHHFEERNESBRIN TS, BRIC X > TEEL
BEOFEMNES S LEREER /LT 2 ThElsd
3. DITT, 11.7GHz BRiRE & 11.96 GHz itk 1)
BT VI MSRERNEEEVHHLETS C it &
D, HEOBFREERMICRETT 3.
—RICHEREED DT v 7 F MEREINE T.(K) 1X
BEREE A(B) ZHVWTUTORTERE L 3.
Te=8:(1—Br)Tm, Pr=10"471  .cone {6)

ZCZT H B, TYF+74—FEOBBE B it
EROBAE, Tn IEMFHEETDH 5. Tn IH
L, B #EE&KIR0°C DEEE ORI BEET2C
I, HLEEL 213K LOVHEEE Tn LT5%
BEHEREIN TS, EBicid, FIBOBELI X2
=, K7 v 7+ v —afHh s OREE, BROR
H—HOZENHY, LTUORBEERVILL. #E2
Y, IVEHBOTE, AEEREED Tn 28
HIiICHRE T 2 40 E0H 5. SFEY R EEOBES0E
EArE@ I TCI11.8GHz icB353 T. & A LOBEFZE
HEL, ¥V 539 AR VA A =2 i KDHEIELE
Te, A EHBET->TVAD, RAMEESFEMITHE
MR —HLTWA. F/ Mawira'® (34 ERED
BREFLVERAL, RIID11.8GHzTD Tn OFH &

BB F®

Eff-T05. ChoDstERES5L, Tn DR
S XD BRI BD, Bithi KR L 0°C (273K)
EDFHEME LD 10K BEELE->THS. 2T TR,
ChBOELERE 5F 2T, BS EMERTORAIERRE
e, Tm iICET2HREETS.

b. HIEYRF &EF—2NE

7V FFHERER ZERYTEEIEDILVRT
LUMEREE LT, BERT VEZERICHRINH
BAINE S U4 A —2ICEDREINDE. A5 IA4 A —
2 DRIEEBRROREICONTIE X #@) 28RINik
(AN

WS —2 OMFIZ 1979458 A5 1981 4E7 AE T
D 2EMIKB TS 1THERTHS. RO BRI,
(1 )EREENA ST &, (i) BS ZELHic kb —2
VIHERELSVERDUNSNC &, i) —3 v ERER
BOEERE L~V EZERELLHEELPT VLS SR
TGRS BRSO ER E L, #EER, ©
—a VHSERELD, 1 DEEFEERELL1HCL
DOF— &% F — 2 EICAVE.

T, BRD fiTm ZHDT T’ &L, T
ZREMORDI. THLE T BT VYFF74—F
EBLD BEEZ T T TH5H. T EESIRERMN
B T. 3 KR Ty KIRETREEZ LN 5 12D,
Ty=288K DIEic#HEKEILT 5 Lic kD, HIEROH L
BEDBWNCES Tn OIELDE% BFEIEECEE
Ui, #sfbich iz -Tid Te b LIEEE 273K &
DOFEEEIZHHIT 5 SIRE L.

250 LILELEL T T T T T T T
< Sept. 30, 1979
o 200 21-23JST 7
s .
1]
" 150 %, .
@ M
S 100} Arg ]
x5
2
W 50 *‘&%x i
O Xéxx
< L
w o I N B [N 1 1 1 |Xﬁ?ﬁ
™ 10 5 3 2 1 0
ATTENUATION (dB)
0 02 04 06 08 1

TRANSMISSIVITY

W18 E—o vERBERRE (11.7GHz) &7 v 5 FHSREE
¥in (12.0GHz) DR
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Data Number =1411

6 r

oD

vwe il
-g o)
Sy 2 Lk
Z 0

220 240 260
Tm’ (K)

FEIIK BEHA XY P EIRREL: Tn’ OEEST

250 T T T T
c Ko Aug. 1979 - July 1981
o x &x

* 200F x % 17 Events
o %0
= =N
H ik

150} % R
w R X
9 s
S 100}
?
w 50
(@)
x
w

"% "3 2 1 0
ATTENUATION (dB)
0 02 04 06 08 1

TRANSMISSIVITY

WO 2BFHA <Y MCONWTOE—a Yy RS (1.7
GHz) &7 v 7 F#FEEEM (12.0GHz) O

c. mEgkeR

197949 A 30 EOBEMic B33 Te & A EDIEE
2B IBRICRT. TOA XY+ Tl BERELHIC
A —a VEDOUSVERMVNE S, HERIEREICRET
TH3. HHIIBRE (Br) ) =T ThHEIHELRII
HHEEENELNTVS. T OBEEE/NEFETEL
L, 20&EHD Tn' ZROIER, Tn'=23K &
BEINK. DA RV PiCDONTHE —a Y EFEL
NNVEBOEBICL/LDERSH B, FIFIDA RV
LEBBWEERELN. THLTARY ML
E¥hik Tn' OEEAMGEE ORI IKRT. £0FY
i 234K, EERFEIL 14K ThHo 7.

FEHARICAERARYMCDWTD Te & A LD
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-~
£ 2 . ' . i
E | Aug. 1979-July 1981
Lgl'los‘\o\ - .
1L S\ o6l RMS dB
g sl % 8o Dev. 1
=< \3 0.4+ \0 /O_
. o
u 0{“‘. 0.2f o §
@ W ool
< 2 Ry 225 235 245
%) \A;\"-a Tm' (K)
2 102 W
= 107 23, -
O N
%) NS
s} NS
< 5 B
w R
= —o—Beacon Att. Q%™
o, |
Estimated Att.
gL Tm=225K
1 235K
—mA— 245K
5} i

0 2 4 6 10
ATTENUATION (dB)
BAN ERRCT Y FFEEFRERM» S HEELIE—a Y
BEHREERNST (11.7GHz) OH#

HHBEERT. FIBNIKH~NT, E5D2&RKREONE
NORESERBELNTNS. ZOHENS Tn' %2
WET B E 232K L7,

Wi Te > bHEE L BERRBERBRAHOEINE S &
BEL—HTB LS Tw ZHREL:. EARRBE 4
O Tw' % Wi HEEREMi %2 ERIRESH & B L
72 dDTH 5. ERSTE & HEEDTH O—Bkk DF i Hcne
E LTI, M4 D RMSAB REX R, Tw' it
9% RMSdB REDZE(LEE 21 RodicRg s, T’
=23 K TR/NEW >TNB T EWbh3b.

RO XS iIciRE S e Tw'(232~235K) 13, X
gy 2 7 4ic kD 11.7GHz BEFRBE=HET 5 HE
DEEETHBH, —RiICERINDE T £ RDBIC
2, KY2FLD7 4 — Fifigs%k 0.65dB (8,=0.86)
&, -2 vERBEREEFEAE LT 2 FAEKED
ZEWIZEECRHET ALEN D 5. (AEHEORE
3% 3K, Tn' ZBAFHEXETU3,) 205 DFHEEZE
75& Tm i3 266~270K E75338, T OHEIZELHE,
Mawira ic X355, EHEREBBLh—FHLTL
3.
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d. ¥&®

11.7GHz BfiE L 7 v 5 F BSEEENE & O
B PERERUTOC EdsbhoTe.

(i) 11.7GHz BMREE 7 v 7+ Mg e ot

BERIEFICBIFTH - 7.

(i) BEEHAEIC LDk iz 12 GHz HOEREE
BE Tn 12 266~2710K &750, TOfERECh
FTIHE SN TOAER, SHEHERLZR—HL
T3,

2.4 TERERSYE

a. FANE

BlEEEOMIMCHNT 570, EXEEREHOCEE
BHEAREROEERSEE > T3, Z08EA, B
W L A REREMBIE (XPD) 0F{bFtEEES
BT EBNETHS. Bk XPD $1kid, EHWH
EFNEROTELOERSESTLAY, #h EER
DFEAICIEAEE SHBH L —HKT 5 LDBHED DL
NTVBH0, FHEARICE N TRMEIC L35 TR
ST & XPD S L LRIt h, EEOW
HUADRSENT KEE) KERTZd0EEL 50
T3, DHbid BERRE S H T 0 HEENEL,
POAMIEFTEIbDbHD, HERBRICLT S
XPD ${tOFRICEE UK ESRRBELT > TW5b.

BS XT3 11.7GHzBS £ —zx vIEE AN, HE
ERic B 1 5 XEREEED Iz fT- T, BS
E—a YBRFRBIEBOVTEREZEEREER - THED

GEEHETRERI T ZEE S OREEID IC, 5~6°

B ERMER), ChETHEBTREIN TS/ ETS-
I, CS b—2a vikic k3 MREED XEREEEE O
BOREKOMRETH - 7obs, HEHMBEET- 1R, R
UElETH 5 ETS-T 11.5GHz £ — 3 Y D i
A0 L T, RERERDORENHIZD NI N T
EMbpotc. FIET —& ODMBICY Tz - TR, EHE
K-t L—F F—2 P BREEE HkTsC Lick
b, WD BVRENDADEBEKNTFOEERDVTH
U7, MEUAORIKNTFICED EEL ONBRE
RERSORESPIEVEIINS Z Litbh T,

b. AlEYRAF &

BEERTR, RERPRAORIE 48 (WThbdE
IR T 2 180ME) %2, ZEEROENRERS

(ERREEEHHRRS, 2) RORRAEOE L (4
0) ZAIEL, DTIGRRBEEET->TRDTN3S.
BEIN TERERS X 11, 2OXRRICHT BIR
8% 7, FRELOMEEE o &L, BREEUER
BTOEE, ThZThERE f, » TRAFTEL (B22
M&R), RTINS,

BUFEREH
4@

A
_l \‘ 1 -I

1

><
]

reexp( £35)  Xo=ro (@)

f .
=+ rf
P =t re Py = b/a
Pol. angle = @f Pol. angle = @r
4@ = @r‘ - @f

o2 WERME (f) RUEEME (r) ORERPRS

Xr=rsexp (tjn'/Z)}
Xr=rrexp (Jor)
7, ¢ & p, 40 OBRFRIL, BRETIUTOLS1KE
5.

pr=xn/2
40;=0
T, ERERSOERFIIZERROHEMIRER
WAMEERTS. T, BERRICE, 7 <1, [40]<1
ET 5L (BECORHRTIHE-IhTNE),
pr=rrsin @r }

ry=\psl ]

40r=—7r coS ¢r

rr= DA+ 40,

LV SERDBERDILODT, P, 40 ZRET B LiC
0, RERBES Xr BSRDHONB.

UL, BS EBY 27 LTR, HEOLBEHEIC
L0, 46, BEREICBNTS, *=0.5° BEOFHT
EBILT NS, BEOMENICLS 40 (LR IRE RN
RIPTEFEINE T & 5 (80 R2BER),
(ORD 46, ZFERECRET A IZHLL. EBE, #
OhO BREAIERR LD, 40 BB XKD 460 O
EECIZZT R/ SNBTEMERIh T B, 2L
T, AERTIZ, BESERTCORERPEIOHEE
Wa L, BRREEOEHFIRIZHEL, BRIREER
(—20log |p]) IKONWTHRET A LicT 5. TOEH
HHEBES P icid, BS ROEBRT ¥ 7+ BEORER
BRI KO RELRSDETNTED, HRENICE
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EEEOEMREERNERETS 30~35dB L3> T
3. 2T, BRI X2 EH ARSI OREE KD B/
BT, BERRRICRIE SWOGH ARSI S, BRED
i AEZ LI KMBEETY. COXHILTERDS
NERIC X 2EHREESRE XPD, L& %, UToR
TEHRT S
XPDy=—20log |pr*ps|

XPD; 3, BRICXORETIXERERSD S5,
FIRBERS & AESER T 2RMedE L, XPD &0
%13, XPD, % 40, 35, 30dBD& xic, #h#Zh,
2.5, 1, 0.3dB #ELILS (46- %#0.5° &{RE). L
7288>T, XPDq d/N& W& T AT}, XPD & XPD,
RTE UL, XPD e REREHAELAIZLTS,
EH_EIIRER .

zokS5ikc LT, XPD FiEicBI3HRET VT
F ORBRIBRETEEY, BERREEDEES HET VT
F TRETARERERS D 5 LBEEETEW. L
»L, BS b—a Vo4, ToEETHHMNENE
EZ2 o0, UTCTRZOEELZE R LTS,

c. BRZ 41 7DHE

BWHRFTIE ETS-T mHSERIIE, BW L —%
i & 0 RIE SN HEE FRERRESRDL b, BEREX
Wk, ik, 2OMOBRS 1 FiIcHHEL, BNEE
PRERBEMOBITEED T &/, ZOHEER,
0°C BE LD FTORREL,>ORSE 0°C BEMAD

Event 1 (Cumulus)

(A)
Sept. 10, 1980
11
-9
7
5
10 0

Time (JST)
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KEBD WEICRERET 28 BB, 754 bxVF)
PODORHDORIZHET 20T, FED 3V IZEE
B 5 O REHEIHICROERE, £ h £ hdimk
(Cumulus), @B (Stratus) & EDTNAE. Lids
> THEHRER CRTEY, BRERNTRKELPERS
DOREAKIF IR IR O A T T b D LR X
h3. 4EbZ20HEIC L > TEREHEL, BRO
MWH & XERBEEOBRE R L.

d. KRS REs

19804E9 H 10 B, EEKBVWTEIBWHERNZH
7-. 5.3GHz EER L — &It &b fE &7 BS [ & 1=
ek FOBRBEMESE 23K ) iRT. ZOREREA
(Event. 1) {3 BifENNIE & A E3H Shis AR
HGHBERNTH 5. €0 & SOEHMEEE 24 K (A) i
RY. CORTHEAREEHEFARS, REAEOZEL
BHEROD & 3 ik 2 W EhERERRS I UTERAAE,
RMHORERERSDOREICHIGT 5 LiIKERIN
720, BRREEESHFARMIELSK &L, »OBER
g EBOEERS DI L, REAEOELIZE
LIS I BT B +0.2~+0.5° DEBic< 2 7 &
h3EETHS. AN, BEickEOREEEHS
BRI 53K b iciEAREER XPDy & /R3NTH
D, ERBRRLOHEBEOIRNC Ebh 5.

BERIC L B XERERDORER, WHEMNAOIEA
i (EHARICEESTEFRATOBR FNEASFHTFE

Event 2 (Stratus)
(B) sept. 20, 1981

Time (JST)

10

Height along the BSE path (km)

B23R Sk (A) RUSERYE: (B) MO BS (xiftek LRWMENHNES
(® (A) homidh EKE» SHEELL 0°C BED)



50 BEEHAHTEH
(A) Event 1 Sept. 10, 1980 (B) Event 2 Sept. 20, 1981
§ 20 ’\
S A
8 dﬂ |
~ 60V Iy % W M /—/MW
g 40 %u”‘\b AA m!\/\fh [\n J ’\n i ’\“ Q'AVM v
g AT ¥y
o
. o
o . N P"’\ ...... O IR S oo
g 0 PTG e i) \’\N \”"Af\wav/\,m wa
S 2 N WA Y A
R | |
-.025
§3 O
- 0
RS 0
52 A My miatti A B IRV VAVE PRPPR AN VI WP
O ¢
[+ B
-5
2 3 4 5 6 6 7 8 9 10
Time (JST) Time (JST)

2R WU (A) ROTREE (B) M OEMAEER =G
(HERRERS OB RIEL ~ov. 7 -2 DEENTO BT BS BHITHAS - 7M. )

WHADETH, DT 6, LET.) RU Z0i@kkFEE
o WIKEEL, @0 K &\ iF & 45° THEADLHIL),
¢ BINSWVIE ELIEMBRE. 0,=3~T7°, 6=20° & |
T, ZEWEICLVAELS BS ©—a v o XPD R
RIEE (XPDy), REEEAZEXE (16) ICRIh-E
WESE AT L. 2 0REY 8 25 HicRd.
0y % 3~7° & L1:DR, WEHBFLHMICIIEREIC X
THEEZONBCLEERTEE 6, BT IZREEA
(BERBKBUHHREHMER —5.4°) BEKE 2 ETFREIN
M5 THB. 0=20°&L7DiE, 0 OFHEEEE

@~7°) TImHERERIAE (R © HiElE—3
T5LD 0 ZRDIKER, 0=20~30° L1577 T
H5. 0=30° DIFA, O,=5~11° T, ¢=20° DEA,
0y=3~T° TORKL BBhh—HT5. FLBEBK
IRY &5 IR EEA I HEETS BRI BETH
D, BIETEEAERHTERNNC ELHPFTES.

— RS LR RS OEENS E D B 12
VER S LIS LIZBIRI S W, 20 X5 H & LT 1981
£9H20 8 (Event.2) DRIET—4 %% 24 X B IR
T, F2 DL EDEMK FERRESREE 23K ©®
IGRY. #4km OEFICEEIICAD SNEHOE—
IORIRETH Y, T OERBIZIBNT BIREER T
5. BENBERRIBK25dBEETHD, HHFE
TiZ45dBEE T TULD XPDy BEHLLITVIZTTH

50 —— 7
11.71GHz Vertical pol.

IS
wn
T

>
o
1]

XPD, XPDq (dB)

(deg.)

Pol.angle
rotation

Attenuation (dB)

PR ZBWHET vick B XPD, WAIRER, FikEE
A L BT OB

0o, o IHMEWMBICEE LA TONMBEREOE

HRU R % R85 B ORGSR A OFY

i3 37° (BSoif),
3.

% OFHE(REI 20° L LT
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5%, EEEIZ0IBEETTHLLTNS. TERE
HEOEBEDIBRLL. 204 XY+ THREAZEIIR
BRHEBRUTTHY, HHRERIBERICHEL TN
I ED 5, RERBERSDOMABERICGEL, i
e 4 FERIFOAARICH UCREME, $EE aicgb LT
VW3 (24K B) icZEREREITRY) T Edbh
3. COXIBHERIINE TOHECRHERTIHE
INTBY, BKKFORAHASEMICET S0
EEZ bR TINEUe,

e. BERiREE XPD, DFEE

BERREE XPDy @ IO TiE d. THEED
ARV MEDONTRRATDS, 19804E 4 A S 19814E 3
HETO 1 FRDORBRERICONT, EREEEDHEE

(B IS) 2 F~Tc.

%26 ic, Xk &k U BIRMERERIE © BRIRE &
XPDy DFEER%ERT. RrhDERKIT 0=3~T7°, 0¢=20°
& U7cEtEME (88 25 Rl LR RS ER L)
Th5b. XPDy i3 Bblvh HEEEESIVRENE
DHLHKR EREHEICHHRLTE Y, SHEMELDHEH
INSIEFIRADIS. BRI 4 78 LS, st
Tl BRERES LEBHA &L, XPD, 21312518 HEIC
FENHLERT Dicsd U TR CIRERREINE D

April 1980 - March 1981

T
Cumulus

6o=
3=

5

XPDg (dB)

7

T
Stratus

“\\\
AN _
{ zi\ki\ 9"3::

* \\’\ qu-
T

XPD 4 (dB)

2 4 6 8 10

Attenuation (dB)
BN -3 vEOBEmMEES XPD oMl
(EHr st MU AR 6o TH5.
E2BXBR)
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DOIIEAEL XPDy 3467 3 & SHERTHEE S b
IKEBDOND. COFERIIHHRHEDOESIIRTEL, B
HEDBE K BFEDOTHEISN DR T OFEIK S0
EVIHEEBRYTH B EERLTHS. Lb Ltk
HOBATOEFMICH~, HYKET XPDy ${t%
HEUL2ZEMb5. COERELTIR, BHELTHE
WM& A THEEDR, WTFhbhOBKNT B TRNLE%
Bo4~Y b ELT UbEAICHE, 28T LRME
SRNCE, HBVRBEHEIAN/CT A — 2 DBEROD
EF VLD AT X > TIIRE Y S ATREME S H 5 € & 13
ENELbNB.

COEHRELDERIH B, BEREZEE XPDy
BOMEEERTESR d. TORN LI Bp=4~T°,
0=20~30° &9 % & FHEMEE EAEINT—FT 5.
ZD o OfEIX CS, KNV FE—a v XPD ORlE
RO OHEEME Ld—HLTHD, BYUTFERLE
Bbhd. %7/01979 4 10 A OxtshikREmg (54 ~ v
}) kB33 BS b —a vEOKERESY XPD, 0o
ETHIZZEROBERIBOLNATEDY, FEOLE
BXEMEEZ GN BB/, BREELE XPD, 0 #
BENRBNC Edbhd T,

f. XPD, B

19804F 4 AH 5 1 FERIDEMIC L 3 XPDy DRES
a2 KICRT. AIERRIEH 6946 Bl (77— 4R
BERKY X)) TH5. FUAEHEO EREERES
T 58 25 RUCRTEHEME (0=5°, ¢=20°) Z
THEE L XPDy DR ZE H2TRIC B b E TR

RIERR EHERROER, MRtERNOBEALE
NV, BIRETRIEEIK V. 2BRREh LD
thRRIS AR L, SHRETS~TIBEEDELN

10. T T
— WEE
- TR

L S5 b DHEET
S
~ A A 2R,
#t N C : xtktE
2= g S : Bk
i
e CN
9 SN '\\\ |
A -l )
)L . 01 \\\
= \
% 001 ANA A
® |8 “\\_‘{\_c _ﬁ

\

\\ LS .

. 0001
45 40 35 30 25 20
XPD, [(dB)

#AIX b—a vk XPD ORBSH
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April 1980 - March 1981
6, : mean canting angle

o : standard deviation of @
) 1 T

45 T T — T T
theoretical\ (6,=5"°)
cumulus a-fo" \o=20°
(46.7,14.5) s\ (52.6,18.4)
40 - A\o \. S -

N

N,

N ~

N
L N
.‘\ N

X P Dy (dB)
/0

stratus
(44.6,22.3)

total
(42.6,11.7)

(49.9,17.8) |

30F WV :see text.

T2 3 4 6 § 10
Attenuation (dB)

W8l b —a vEOKMEEEE XPD O&RMSHICET S
LRERBEOBEER

>Th5.

28 Kic i3RIz & XPD, OEHEREOBEFETR
7. MrhORIE 25 RicRTEHEME, EREAER
ERATHRNEFEEU LI DDTHS.
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