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Figure &.1 The mean droplet size distributions for '
various cloud types. Cumulus congestus (solid);
altostratus (dash, dot, dash); stratus (dash).
Based on Fletcher, 1966.
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Diameter (mm) Number/cm® N D° (nun‘lf'm”}

5 100 1.56+10°
10 100 1.00-10*
15 50 - 5.69-10*
20 25 1.60-107
25 10 2.44-10°
30 5 9.19-10°
35 1 . 4.01-10°

Total = 1.80-10
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Figure 8.2  Marshall and FPalmer drop-size
distribution functions compared with the resulte
of Laws and Farsons. Based on Marshall and
Palmer, 1948.
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Ny = Noe™P (8.1)

Z T T, Ny =8000/(m® mm), DIFWADER(mm), HIRXATEZ LN,

A=41R0%2 (8.2)

RIZFEMNTRE (mm/h)TH 5,

COBARICE Y, HEWEEBED P TEEORFICO W T, BAARE, BAREXHEDS 72
D DI ZFIHRTE 5, FREDMIINO L — X KHFELEKFE (LWC: Liquid Water Content)
DEFREICH b5,
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Wb, RIS SNEMEEZ 7y F LD, 20 0fEHRMHBEZ kDD T L
T, 2 0D 7 A2 DBREZRETE 5, &b L HV OB AR & EIRE DBCEAHIBEIR
3. BUT OREBRIIBIRTH 5,

z=ARY (8.4)

Z ZC. RIZEMEE (mm/h). ziZL — X EHEF (mmé/m3), A& bIIREELTH 5, Battan
(1973)1%. 60 LA o FERIICiE X7z Z-RBIREZ R L7z 5 1973 LA, 2 51c% <0 Z-RBY
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fER 7 TH 5 5 Z-RERIZCORBTH 3,

DVIP L ~NJL
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5, MTIX 75 dBZ L) mnRHIEBHE T NS 25, ¥ 55 dBZ 2B 25 A Il LIFLITE L
B 5 ¢ OB A ST &R E REXFES 2 et @< 78 %,

L—XE5 I3, RKENEOD T hmE 2R TE S, £ DL —XICiF 80~90dB O X
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Table 8.1 DVIF intensity levels based on
rainrates and the corresponding radar
reflectivity factors. Reflectivities are based on

z=200R".
DVIP level Rainrate (in/h) Reflectivity (dBZ)
1 0.1 29.5
2 0.25 35.9
3 0.5 40.7
4 1.25 47.0
5 2.5 51.9
6-- 4.0 55.1
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Color Figure 14
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Figure 8.3 Schematic drawing showing the
effects of particle coalescence (dotted),
melting (dash), and chahges in the terminal
velocity (dot-dash-dot) on radar reflectivity
through the bright band. From Austin and
Bemis, 1950. Zero height ie the freezing level.
Radar reflectivity n is given along the top of
the figure.
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Figure 8.4 Simultaneous profiles of refiectivity
factor Z and root-mean-square particle fall
speeds in light (1 mm/h), steady precipitation
with a bright band. Based on Lhermitte and
Atlas, 1963.
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Figure 85  Atmospheric .attenuation from
water vapor (dashed curve) and oxygen (solid
curve) at standard pressure (1013.25 mb) as a
function of frequency. The water vapor curve
- assumes an absolute humidity of 7.5 g/mv.
From Bean and Dutton (1968)
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Figure 8.6  Attenuation for two-way radar
propagation as a function of range and
frequency for elevation angles of O° (a) and &°
(b). From Skolnik, 1980, \ntroduction to Radar
Systems, with permission of McGraw-Hill, Inc.
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Table 8.2. One-way attenuation coefficient K, in
clouds in (dB/km)/(g/m®). From Gunn and East,

1954,
Temp. Wavelength (cm)
(°C) 0.9 1.24 1.8 3.2

Water 20 0.647 0.311 0.128 0.0483

10 0.681 0.406 0.179 0.0630

0 099 0532 0267  0.0858

-8 1.25 0.684 0.34* 0.122*
Ice 0 0.00874 0.00635 0.00436 0.00246
-10 0.00291  0.00211 0.00146 0.00081
-20 0.00200 0.00145 0.00100 0.00056

* extrapolated

KEIZOWTIE, ERDLCHEEL CW Y AHIFHCTh-7-0 T 285G, 13LAYDL
— XA PERCHEEZEHA T LI TE Ry, Hlz2E, HE 32cm DL —XZFEHLZL 2.
A DEIKED 4g/m3, IRED 20°C, FEOREMES 25km OEDLFHHEIL 10dB 127k 3,

FiCk 305

WD, MICKZWEIIEL VDT oL RE W, K83 L 841k, WoREELrZNT
NIEFRR L L — A FROBBE LTRLTWwE, X NV FL—Z0EERRIE VD, 4D
ORI, FRICEMN CRAN LRI REET 2Rt rH 25, 728 21F, 3.21 cm DFERTD I 2
— 7=tV a— v ORI X T, BokE2 100 mm/h OEMZES 10 km DR CTIEE X
11.6dB ic7 %3, MEAREL o2 VENEL S o720 F5 L, THICEEIIREL A2,

HOHT, XN FL—&2DVIP L_ 6 (Z=55.1 dBZ) T 10 km IZJE2 AL 7=
BH. 11.6 dB OWENIFEET S, ZNEBEZ 5L, RO 5 1CH 2550 % 72 13 HREE O JE A
B S e Wiz EDRE TR VA, @ OROBEITRIEICENH S 5725 5,
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Table 8.3 One-way rain attenuation K’ in
(dB/km)/(mm/h). From Wexler and Atlas, 1963.

Modified | Mueller- | Gunn and
A M-P M-P Jones East
(cm) (at 0°C) (0°C) (0°C) (18°C)
0.62 0.50-0.37 0.52 0.66 .
0.86 0.27 0.31 0.39
1.24 0.117R"™* 0.31R"” 0.18 0.12R"%
18 0.045R""!
1.87 0.0045R"%° 0.050R"* 0.065
3.21 | 0.005-0.007* 0.0053 0.0058 _
4.67 0.011R%% 0.013R*1 0.018 0.0074R%*!
5.5 0.003-0.004* 0.0031 0.0033
57 . 0.0022R""
10 0.0009- 0.00082 0.00092 0.0003
0.0007*

*First value applies at 2 mmfh, second at 50 mm/h, and there
is a "smooth transition" between them.

Table 8.4  Attenuation by rain expressed in
terms of z (mm°/m°).  Except for those from
MecCormick, the values are based on the
modified MFP data in Table 83 and a Z-R
relationship of z = 300 R,

Frequency | Wavelength k,
(GHz) (cm) (dB/km)
15.0 2.0 7.15-104207%5#
9.3 3.21 1.18-10°2°¢
8.0 3.75 1.16:10%0%06%
5.5 5.5 6.9-1052°9
3.0 10.0 1.83:10°2°¢
* From McCormick, 1970
Tk BHAR
FEREEL)DREELRKEZ VD, ZORBIIEFEEHACE 2, FICX3WEINIVWDIE

— RN FOBMCTHHL 20 LRI CER, 2 ) FELROER, W TE @ fFERKE
ER/NT W & —RINICHEEMEREEICH L 2L TH D,

#K851F, 40D HREZHEL 3 ODRELE IEKEEDHEEZ/RL T35, 10 mm/h O
KETEOTZAEBE S0 km@AL T, WEIZDLTH 2 dB THh 5, ERERMELINCIZERT
257259,
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Table 85 One-way attenuation coefficients
(dB/km) by low-density enow at O°C calculated
from: k, = 3.510% R¥/A* + 2.210° R/A. (Battan, 1973).

Wavelength Precipitation rate R (mm/h)
(cm) 1 10 100

1.8 0.0046 0.344 33.5

3.2 0.0010 0.040 3.41

54 0.00045 0.0082 0.45

10.0 0.0002.2 0.0026 0.057

BICL BT

BICX2WEACENICHEE T 5 2 LIZIEHICH L v, EORRRER CHPA, 8RR
Ve ERRICE, BRIFECBLOURGHRTH Y, HECHREL RV, BOPICENFET 2
&, LELIEEFICHLCNEZNES, WeBEOMADIEROFEZ, EXARWEELY b
RPKEL B LTHB,

REDFHIE

Hio® 27 v ayvyTit, & (WERESCRKNERL) 2IEHICHELANE, BEOEZH
ETEDLAREERD L Z e 3bhoT, ZDOHME RIS, Kb G EMIETCE 27255
BPEZIE, AR [7284]) $7203 A 72|

H A XD RADWREEZFRT, #E, BEEZIZRE LT 2 sk oI EER I
Fbrbh\v, TAORMEREFECHETH L, L —LEFORKEEZNIT. TAORES
fHEFICEIR L CHIETE 2133 7%, W& ER TR EKEHT 2 KERTE 2. £ L DA,
BEREZMIET 2REICIT T DEMICRETE 2, b, IhbICX2BERFEAFE» RV /NI L,
LiIFLIFER NG,

ELKHMRIC L 2ELZMIET 2013, G EHHE IR, BE, EldLr— & TR
TERWVY, BRI RATONRICKL2H=ELY LRIZ 8353, —HOKWNIE, &
WL —ATETHELIKL, VRl LHEDEWIRETIE-oED ERRINDG | TNHBRET
Hb, WEFP—-EEBEZHBZ, BROT2ESPR-TI Rl nsdLt, ZOADTa—RHEDRK
KEPHIFIWEORE IS L THL RS2 TEeRhD, LEA>T, L—XPREOM SfilTR
TW3bDld, T TCEREOHEEXZTCVIHEELEDHZ, Ta—2RHI LTV BRY,
BEP PGB EDOTa—MELXEETE 2HEELD 2, BEEZMIELIY ET5E, K
BPR P BKRE OHEE MDA IER CAEMIC R 2B/ D 5, FIEEZRA 25HE 3, RKW R
EMEAEBRICA VDRV S IGEET 2L |

7L, BEOHMICE BT, BR2ITH 20 DRI T o T w3 A, KA
L CHREOMIENERICA 25605 5, flx X, MWEOHEMIZ, HER% EMfEICEE
LTHiET 2 itk veETE 2L H 2, HEICL>-Thkbh iz a—%2itET 2T
EExHb, LrL, Ta—>BEeickhl{zsdl, RELTLIEHREZHED 2 72D Dt ORGE R
HHRAFHCTERCRY, Z0RICH 2 M2 2MET 2 LIIRAGETH 2, & 21F, Hlo
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FarbEEPERT MO (71322, 320) L—X%2FHT 3L, WMEEBELZHIET 2D
o REmREiRftcE 3, chid, L—FX A3y VT —2DTF— X EEAET I, Ay Y
— 7N THERLBOHBEZRAT 2L ORETH 5,

T DTFTE DR

L— X ORESMEE 2 56% BT 2725902 72F1c, 2k, RBESBRK
DR, M, BLOBEIKTFET 2, ENCHEFICET 2 DM TlZ, H 5EEOMEN
L3z EiRigiEETH 3,

WREPRETH 5 L PHL 2 RGEEYRD 5, FEFICHEAGHELHKET L, Ta—-D%
WKIEFICHWZa—F -3z a—2BE oL ETN TR WEHREA X RET S, 2o
WED [52] 13, WRE2REILIEPIEHICH LV LD TH L, LL, HDFZ )
I OFERBFEL T B2 E I IFHL2TIE R, BLIIREZ LA-EBELRHDD L, &
ITNITENE RS T ZZLBTE L2522 HOAI SMICHOEAL R WG, oL
—XCTHAT 2D L wAD Lk, EHICEPEET 256, 205 XT3 KR
K2 L T30 O0WTCOFERLY 25220 d Lk, £ TlEEa0A2d Litkn,

515 —DM 11 X, UND L — XDl 20~40 km 12 H %, @& A4 3 BAER DM
NS 2 HEBEIHZ R L T b, 55 0T, OO RKETEHE L HER O T TIH S
DTHDL, BRLIEGFOREIZIEMHICHIEST 2 2 LIZREZS, 2a—0—fABRELT
WL REDICHERTE S, BRI TOBALELADT a—DRFERLEDOH 5T
B I N R T 3 &, mEDHEIL 10~15dB b DEEL2F 2 Lz X9 IRz 3,

Color Figure 11

RATHE TR, L — X OBRFIC XV BREOFE 2T 2 itz E0 o N5, ZDDIC
. TV 7 FE PICET TL — X ORRHEHMN T R I N3 XHicd s, L—X Dk
KEPHE COMICABHFEL, ZOHRICHIO L a -2 T niE, BEIFET S Z L D
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TR E 7 B, Z 0T, Archie Trammell(1989) 2328 L — X DfFHICBIdT 2 L —= v
7a—ATRELL, L— X o KHBMATH Foza—%2BIBT2REICT v 7 F %K<
[ CRITS 2 L I ROREIR, L —KXEUNCHEREL T2 2 L 2T 5720 T <,
IEFICKRE RPREBEL T RN ELE T BN TETH 5,

Z oD KREBE

T T L 72 D O DSMC  ARAICHRIE WX — Ty b 3d 5, FEERINLTA
WhODOHICIE, BE, NV =V, AVYNRR, BIXUOIEIERBMOBRYH 5, WOH
RICOWTIE, ROETEALELRD X —7 v PICOWTEHIHT %, 1953 FicA Y 7 4 MKE
FHEFTD Don Staggs 2L — X CRAIOEE LB L CLUk, @&l L —Kick-o Tl h,
INAgEENT &7z, R ZchnEENFKET 2 Z L BIEFICENTIEH 523, KE
FECIE, IRIEHE, B0 L — X O BHEANCTHEER LT L2 L3272 B L RV,
TR, BEBIKEHNTELAEETZ30T, Thoz XV RIBMTE 2 X9 Iic, WSR-
88D(NEXRAD) L — ZIC i F v 77 — @ 2 HIiE 3 2 BREA G- 2 b 47z, NEXRAD 7 A=) X
L, FFCAYH A rn v e BEOMBICHERNIN TV,

7= 111x, IX=VMAVYFRT 4 H#ilo UND C Ny FL—Xic k> Tt ah
7= BRI BT % % % — v (TVS: Tornado Vortex Signature) Dl %7~ L T\ %, FREER 35 km,
FLf 215° (LB 5 /N X ZRfEAS TVS 77, 2 oFEf i, JEHIC/N & RfE N Ic &I
KT 284 eliER R ON2, KEKOEER T, 24 v OREOMEEHICT 2 -0 EY2H
D, Zvrza—ofMrd s (KR [7yr7xza—] OFLEARHFITRR V) . 2771,
AR X Hic, ZHIFHEIRZ > T RHEBOIRICH 5720, WEHIRT a2 —0 BT ok
ICHLG LT B H[HEMED B 5,

L — ZICBARE R #iICEOE L T, N 7 — v b gL —XIC X FEICHEL
Wb NY T =V RINIC, B OEEF e A - PAEAEET ¥ e A BN BT
THRAET S, L — X OEMTRER PR IZA 400km BETH 2720, NV 7r—vid, T TIC
M & 7 213 CEEHICEO ol kv, —H, MERCERINAEZF Yy 77 -5A%RL
—XZE, NV T =Y ORICIEF IR T A Tw 2 (Ud LbicKkEoTiIE, b
AT RL ) o AT =B L —XORBENICASZ L, L—XF (AZEZLENLY;
Gl AV = vHICELZ REOWNAMIE ST 2 D ICIEFICHKTID, 72, D) r—Vv
X, EBEEZICI DU FoEE A2 0 INblE, RO T AT ) XA 2L TR X
. BEERILLDTE D,

8.6k, L—X2bigglin) r—VvOEHEOHFT, AT oL RICA->TEHDD
1 27, THIE, 1992 FlcA~AV 7 —v « Ty F Y a— Il XoTHEI NI, =47 3ID
WSR-57 L —Xic X o TIE I -tz o Mg | BEIE, 70 ) KMOF—LRT v F%E
FHMT S OFELICBEIT2T Y F)2—DH%2IE-2 &V LRLTW0D, 2DOL—XTZ Dk,
¥ L WSR-88D L — X ICiE X 1z b7z,

A V5% (MCC: Mesoscale Convective Complex) 1%, ZHIDREDHIENRT X I 1T,
EXga=y e LTHET 22 OEDESHERTH 2, 2D, T E I RMNRERIT.
RN FAE L 72356 L Rk cRETEETH 5, 7272 L, MCC IZJEHIcKRE WD, 1 2DL—
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BTCARY FVEIKEANN—TERVEELRD L s ZNOIEH IV ICHAEHHTH S, FEnikl
i, HBEOL—EZh 607 — 2 3ERNICHA A EDbINTw L2, HikoL—X%y + 7
— 7 TARY P 2REEHTE 2, NEXRAD # v b7 —213, 3 CICHIHRTRE 2 SR HIE I
HEHEZBIML, ThHDARY P EET 57003 biIcHEAREHREZ RS 513372,

o

Figure 8.6 FPI from the Miami, Florida, National
Weather Service WSR-57 radar just before
Hurricane Andrew destroyed the radar.
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