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Abstract

Information on the distribution of vertical air speed and precipitation parameters such as hydrometeor size
distribution (HSD), rainwater content and precipitation intensity is important in the study of the microphysical
processes of precipitation. An accurate estimation of precipitation parameters is required not only for the
study of cloud physics but also for climatological studies related to precipitation, such as the Tropical Rainfall
Measurement Mission (TRMM). A method for precipitation parameter using a vertically pointing Doppler
radar is proposed. The method assumes

1) Rayleigh scattering of electromagnetic waves by hydrometeors,

2) HSD is expressed by an exponential function,

3) the relationship between the two parameters in an exponential HSD, N, and Dy, is expressed by No=

@D’ where @ and § are obtained by in situ measurements with a Joss-W aldvogel type disdrometer, and

4) the terminal fall velocity of hydrometeor is represented hy a power law equation.

Estimaticn error is due to the following factors:

1) uncertainty in the No-Ds relationship,

2) the exponent b in the terminal fall velocity equation of hydrometeor,

3) measurement error of radar reflectivity factor.

Error analysis shows that the estimation error for the average terminal hydrometeor fall velocity W, and the
median volume diameter Dy are smallest when the @ and 2 values proposed by Rogers (1964) or Sekhon and
Srivastava (1971) are adopted. The estimation error in W is 20~~309 for rain and about 30% for snow. The
estimation error in Dy is about 30% for rain and about —50~80% for snow. According to these estimation
errors, the precipitation parameters, W; and Dy are useful in quantitative analysis for precipitation processes
in rain. However W, and Dy may be used for qualitative consideration of precipitation processes in snow only
when the type and shape of snow particle are known. The estimation error for other precipitation parameters
is greater than 1009% in rain and greater than 200% in snow, which suggests difficulty in applying quantitative
analysis using these parameters.

The theoretical basis for the estimation method using a vertically pointing Doppler radar is presented along
with the development of a formulation that assumes a 3 parameter-Gamma function for the HSD.
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Table 1 Values of « and & in w.(D)=al® /o)™ for various hydrometeors.

Hydrometeor a [mit gl b Source
Raindrop 142.0 0.5 Spilhaus(1948)
Raindrop 267.8 0.6 Sekhon and Srivastava(1971)
Raindrop 842.0 0.8 Liu and Orville(1968)
Raindrop 386.6 0.67 Atlas and Ulbrich(1977)
Snowflake 8.629 0.31 Langleben(1954)
Graupel (conical) 692.0 0.84 Locatelli and Hobbs(1974)
Graupel (hexagonal) 47.1 0.54 Locatelli and Hobbs(1974)
Hail 114.5 0.5 Matson and Huggins(1980)
Hail 368.3 0.8 Pruppacher and Klett(1978)
2.0 12 =
- S L) e " t RAINDROP
g | (po/ p) 5
L 9
16 - !
Q - 7+
™ I ~ r
o ‘_E/ 5 -
Q14 r .
i 4 — Spilhaus(1948)
1.2 r 3 - —— Sekhon and Srivastava(1971)
------ Liu and Oville{1868)
r 2 —-—- Atlas and Ulbrich{1977)
g ¢ L E i . = Gunn and Kinzer(1949)
10 1 ! Atlas et al.{1 9276;)
0 5 10 15 0 - f o on v o g |
HCkm) c 1 2 3 4 5 & 7

D{mm)
3 ERFEOEEZEEL
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Fig. 4 Terminal fall velocity of water drops with
various sizes.
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Fig.5 Terminal fall velocity of ice particles with
various sizes.
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Table 2 Values of & and A in No=aD,* under the assumption of an exponential HSD. Units of
No and Dy are m™*mm™" and mm respectively.
Precipitation type a [m-*mm-1-4] B Source
Stratiform rain 8.00 x 108 0 Marshall and Palmer(1948)
Convective rain 7.67 = 102 2.64 Sekhon and Srivastava(1971)
Snow 7.35 = 108 -1.81 Gunn and Marshall(1958)
Snow 6.70 = 108 -2.09 Sekhon and Srivastava(1970)
Hail 1.29 x 10+ -3.63 Chang and English(1983)

*3 W, —Z. B oi 2 il an s N=al)f® Da, BOE. No, Do QBT 2 m*mm ™,
mm ThHa,

Table 3 Values of @ and 8 in No=al)’, derived from the empirical W, — 7. relationship under the

assumption of an exponential HSD. Values of a and b in w.(D)=aD"(ps/p)™* are for
raindrops. Units of Ny and Dy are m *mm ™' and mm respectively.

Joss and Waldvogel(1970) Rogers(1964)

p=219, ¢=0107 p=721, ¢=0071
a [ml'bs'll b a [m-3mm-l-ﬁ] B a [m-3mm-l-.ﬁ] B
142.0 0.5 3.55x10* -2.383 9.63x10° 0.0423
267.8 0.6 3.88x10* -1.39 1.09x10* 1.45
842.0 0.8 1.50x10* 0.477 2.62x10° 4.27
386.6 0.67 2.01x10* -0.738 4.07x10° 2.44
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Fig.6 Various No— 1 relationships for raindrops.
Exponential hydrometeor size distribution is
assumed.

108 i NO-DO RELATIONSHIP (SNOW AND HAIL)
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E7 K6 rELU, 72720, KT (FHLE) OBS.
Fig. 7 As same in Fig. 6, but for ice particles (snow-
flakes and hail).
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Liquid water content: M Vertical air speed:
Precipitation rate: B Wa
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Fig. 8 Flow-chart for the estimation procedure of
precipitation parameters and vertical air
speed.
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4.2 No— D BFRADOTHEN S I & DHERE

(1) «l8

HED~AGBe) oS & ") o, Bkoko A—%
L dofe OFIC IR OMGRH 5, BAIXTA—FD
HEHRZDWTIhOBETH, da/a DARE I T me/(7
+8), (m=1,3,6, )fJ)z’Pin'_;’CwéO)’C‘, 8 DIEHIE
TREREORCHEEREZ TN kD, BAID A—
FoHT, Dok W Wfﬁé’@?ﬁﬁkfﬁ)ﬁh X dala @
RS EHCRBOTa 2 RAGHMLIEE, Do LW, id
NI S S Z L2 s, ZhIAAORK N NZ A -5
DBE, o DEKFTHMIZZ DEEK/ ST A —F OMAFH
oL, RE W OBS, OB THEL DR
KEFOEFHEEZ2RE T REBRAORIER b OES
BRLTL 3. bDfEIRFE LI TRLELL D 120.31~0.84
T, RIZOWTIE b BBREWEE, #iz, W 22w Tid
bBPNSWEEFDMTEEZIINE B R, a DFHEE
AEFRY dofo DEBEIIABETHE LD, X7 A-Fad

ZEMANE2ERITHRLELL I S 10° D
F—F—THiIEREELT, daja=—2~2 L LB
DEBEANT A—FDHEETBEEDRESSIFHI EE W
wakLie, BRI T OSRMOSE (B99) T, #HEREDL
Huoizs —A 40 Rogers (1964) & Liu and Orville
(1968) D /8% A — % Z#RHWI-BE £ 7 —A 6 D Sekhon
and Srivastava (1971) & Atlas and Ulbrich (1977) @
NI A=V E2MWEBETHE, ¥Y—A4DOEH,
dajfo=+2 OEFBH oI L 3L, BFEKITA—FD
T BEE AW/ W, ==+0.14, dDo/Do=%0.18,
dNo/No=*1.24, dM/M==+0.53, dNz/Nr==1.07,
dRIR=+0.39 Th 3,

AR FREOES (B10) 12, HEEESRLOD
it 7 —A 7@ Gunn and Marshall (1958), Langleben
(154D RF A—F 2HREBET HEMER
dWi/W,=%0.12, dDo/Do=10.39, dNo/No=+2.70,
dM/M +1.16, dNzNr==+2.31, dR/R=+1. ()4"635

W, DHECEEZEIRFEOB S LREETH L, £
wm»\“w IR OB kb«\fjcé v, AR
FREOHS (10), #HEBERRVLDIEZr—2X 100
Chang and English (1983), Matson and Huggins
(1980) D X7 A—F Ak BET, HEHER
dWe/We=%0.30, dDa/Do=+0.59, dNo/No=+4.15,
AMIM=+1.78, dN/Ny==+3.56, dR/R=+148 T
3, COEE, RPSICHAT, TXTOREKNT A —
F IO W THEEF DR Z 0,

(2 B

RED~RGE) SR E ST, B/ ST A—F
L dB/(T+B) ORI EBEOBES S 2, WOk
R A DOBEWXH DB h->T WD T D=1
mm Dk X ICEHEFTEEHRANC0 285, Bk z
A—F OWEBEFEDOHS X dB/(T+8) DFS L HE A
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F4 REAAND A — 5 OEERAEDOTEICH W 8 & b O—T.

Table 4 List of parameters 8 and & for the calculation of the estimation error of precipitation

parameters.
Case No. parameters Precipitation type Source

1 B=-233 b=05 rain Joss and Waldvogel (1970)
Spilhous (1948)

2 B =0477, b=08 rain Joss and Waldvogel (1970)
Liu and Orville (1968)

3 B =-0.738, h=0.67 rain Joss and Waldvogel (1970)
Atlas and Ulbrich (1977)

4 B =427, =08 rain Rogers (1964)
Liu and Orville (1968)

D B =00, b=067 rain (stratiform) Marshall and Palmer (1948)
Atlas and Ulbrich (1977)

6 B =264, b=0.67 rain (convective)  Sekhon and Srivastava (1971)
Atlas and Ulbrich (1977)

i p=-181, =031 snow Gunn and Marshall (1958)
Langleben (1954)

8 B =-2.09, b=0.84 snow Sekhon and Srivastava (1970)
Locatelli and Hobbs (1974)

9 B =-363, b=08 hail Chang and English (1983)
Pruppacher and Klett (1978)

10 f=-363, b=05 hail Chang and English (1983)

Matson and Huggins (1980)

VT UHERImm EDKEWHAE Iz Lo TR
23, kAT A—s 0BT, D) & W, DEBEEDH
FRFEEAC T VEFES Imm D AS vl i d(T
+8) OB EHIZ Y, f 2EAKTM L S 8E, Dy &
W i3 NGBS 2 2 b b, ThSORK S
A—F DG, B OBAKFHINEZ DBEA ST 2 —& Dl
KNEEMic 2% 3%, A7 v EES Imm L D/hE
WEEIZE, Jhi#ofETELs, R W, 085S,
a T &Rl 2 OB F OB THEE #4581
OXEHEHODELBERL T 3, ¢HWOBEE - B
W, RIZDWTI RS WIEY, i, W imonTid
bBINEBIEEZDEFERA T NEL D, N5 A%
BOEOE 2HEAIZE2 LRI TELE LS CHEOS
BT —2.3305 4.27, ESHFPBEOBSICIE—3.63
5—1.81 DMETH 2D, EEED df OEL Y ORE 121 2
it o OBG ERBRICTETH B8, di=1+ 1L,
AT CEERS 4Amm OO &K ST A—
OHEFZORE 2K LM 1200, Hoshhn
LLE51, WFROBKNRT A — Y DBEETH, hREA
T CYEENP ImmAEEE D A E R D EHEERE
D2 G2 2, WHEOR(M11), Fb#EERE
B e HOBEERIUTYr—A4 35 —A6

DINTA—=FERHLRBETHS, 7—R 4 0L,
Do=0.2mm~4 mm OROFFEK/IZ A —% DT
A3 AW/ We=40.11~—0.10, dDo/Dy=+0.14~—
0.12, dNo/No= —1.00~+0.861, dM/M = —0.43~+37,
dANr/Nt=—0.86~+0.74, dR/R=—0.31~40.27 T
%,
BAKT2E, BOHE (K12) ik, HEEEENR
WO eHERBRICTY—RATONRT A—F 2 iz
HATHS, CORFOHERZEE Do=0.2 mm~4 mm O
B, dW:/W:=+0.10~—0.08, dDo/Do=+0.31~—
0.27, dNo/No=—2.17~+1.87, dM/M=—10.93~+
0.80, dN/Nr=—1.86~+41.60, dR/R=—0.83~0.72
THL, W OHEHERTEHOBE L ARETH 2 25,
THLIANDRZ7 A—F GEEOBSICHEATRE L, B
KREFBEOGE, HERBERRLDIZ Y — A 10 D35
A= mHWIEET, HERZEL dW/W,—0.24~—
0.21, dDu/D():_O.ZlS"‘*O.Ju, df\ru/AT:_:}.SLl"'Jr
2.88, dM/M=—1.43~-+1.23, dN+/Nr=—2.87~2.47,
dRIR=—1.19~1.03 TH 3. BOEHESICREHLS I
HART, §XTOFEAK ST A—F D THEESENK
EL{RB,
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Error of estimated precipitation parameters from
uncertainty in the parameter o in the Ny—1D)
relationship for rain.
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Fig. 10 Assame in Fig. 9, but for ice particles (snow-

flakes and hail).
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Fig. 11 Error of estimated precipitation parameters aris-

1

ing from uncertainty in the parameter 2 in the Ny
— Dy relationship for rain.
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Fig. 12 Assame in Fig. 11, but for ice particles (snow-
flakes and hail).
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4.3 ML —¥REFRTFORIEEZEIC L DHTERE
VY AT LADN—F T TTOF¥ )V T — g
DUEEE A & LT E L — ¥ RAHHETFORITE
ERFCRODLI>BEIEPEREL>TEL S,
o L—F R A E E BBz e & i Rayleigh #
GLOARSE HSERAL L 2 b,
< ZEHEA TOEROGHBIEROFMmRE.
cBWOBEARTh AR T LY ) 2 — 3 UK
D2 —APICTERE L TWwign,
s B sl A TOBEKRFH
D2 —ARREEL TS,
s KA TOBEH DGR ORE O T,
ABD~ARB6)moH] oL DT, BANRT A—F
L dZe)Ze DRI 3EEOREERR LD, Z. OBKFHE L
Bk ST A —% Dy, Wy, M, R OHEEOBATHIEIZ D
L, No &k Ne OBHEYy—RAckoTE RS 5,
Zv — VY RERTFOBRE% Z.,, AlEEY Z., Rx%x
O =7 —Z) T B E

Z Z.—1

VAVEERS I o

8ZelZe=

LEEND, HliL — 5 KEHEHNTF Z. DfEE 0(mm®m )
POIFEFICBOEPLEOEBES® 10°(mmm ) O A4 —
¥ —OWHEICE TREDT, #F, Fiv— 5 KEETF
E RS E L - T 0L, T2abb, dBZ DHAT
THEMmEIND, IDLIREFEHOA - —CblzoT
ST APHEHEANEY 2854, MERE LFMHry—5
KEFHETORE S &L b ICBHEHCENnT 5, £2
T, v — ¥ REHEFORHTEEE L L CiE, 6Z.(mm®
m™®) Tlk % < 10log(Z.' /Z.) (dB) TEEw 3 5 HHBEYIT
ha, WEBLrEEDL(Z/Z) £ LTI (=—5
dB) 5 & 10%°(=5dB) D & 2 DEFAK T A —F OHEE
AR IS R4 Y, BEAKR T HEEOE (K
13), Do & W, DHEEBEIZ Y —R 4 D87 A—F % H
WIBES LT — A 6 DT A—F EHOEESITRL/D

2D, r—RA4LOEE, 10log(Z (Z)= —4~+4dB
DEFEH -T2 L & OWEBREL dW/W=—0.04~+
0.11, dDo/Do=—0.05~+0.13 TH 3. D £ W, LIHD

R A= DHEEBRE R r —A 4O 7 A= 5EEAL
EE, BHAREL LY, dNo/No=—0.23~+0.57,
dMIM=—0.44~+1.11, dN#/Nr=—0.28~+0.71,
dRIR=—0.48~+1.22 TH 5, Effv -y KHEEFO
mEﬁZe%ﬁd?ﬁuz%ﬁm%ﬁmgggk%<ﬁ
VI LRV IKEEFOEES dB TiEam L TW
LI EEREZNTLBRTH AL, 20T EIFEVEKI
AZEBHOBREOHELEZ L LS ICENTHS, HZ
EERIZ L BEROWEO D, Z. EOfHL
b4 5dBZ/ANEHIESRILLTY, BT —A
THETOMKNT A —FHEREZ R L0%LUTTH
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(Zd|Z)=—4~+4dB DBRER Doz £ EOHERE
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dNo/No=0.21~—0.53, dM/M=—0.25~+0.64,

It/N+=0.09~—0.24, dR/R=—0.29~0.73 TH 3,
BHOBSICERTEPEIchRT, TRTOBEANNT A—
FIOWTHEERENAS RS, ¥—A 10 DER,
dWi/Wi=—0.09~0.22, dDdDm—A018N04J,
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4.4 HEREOLEH
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Fig. 13 Error of estimated precipitation parameters aris-
ing from measurement errors of equivalent radar
reflectivity factor for rain.
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Fig. 14 Assame in Fig. 13, but for ice particles (snow-
flakes and hail).
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x5 BEARNT A —F OHFEFE (%), WOHEG. ( )NOBERRERRE.
Table 5 Minimum estimation error of precipitation parameters in the case of rain.
Figures in ( ) represent the maximum value.

Error from uncertainty in N, — D Error from Z, measurement

dp =1 dp =1

dala= -1 dala=1 Dy =0.2mm Dy=4mm Z'elZe=-4dB Z'p/Z, = 4dB
= e 5 % -b % 10 % 10 % 5% 10 %
dW. | W.
T (10) (-10) (15) (-15) (-5) (15)
dD. I D. 10 % -10 % 15 % -10 % -5 % 15 %
v (20) (-20) (35) (-20) (-15) (30)
NI N, 60 % 60 % -100 % 85 % -25~30% -T5~55 %
¥ ? (-1560) (150) (-240) (210) (-25~30) (-765~H5)
-25 % 25 % -45 % 35 % -20 % 55 %
aM IM (-65) (65) (-100) (90) (-45) (110)
dN /A;r '55 % 55 % '85 Y% 75 % '30’”15 % '45""70 Yo
3 3 (-130) (130) (-210) (180) (-30~15) (-45~70)
d -20 % 20 % -30 % 25 % -30 % 70 %
RIR (-55) (55) (-85) (75) (-50) (120)
6 HEER T A—F DETRE (%), FOBEE., ( )HNOHHEITEAGEE.
Table 6 Minimum estimation error of precipitation parameters in the case of snow.
Figures in () represent the maximum value.
Error from uncertainty in N, — I, Error from Z, measurement
dp =1 df =1 ' o
dala= -1 da/a=1 Dy=0.2mm Dy=4mm Z'¢lZg=-4dB Z'¢/Z,=4dB
e 5% -5 % 10 % -10 % -5% 10 %
dWT/WT (15) (-15) (30) (-25) (-10) (26)
dD. /D 20 % -20 % 30 % -25 % -10 % 30 %
& T (20) (-20) (35) (-30) (-10) (30)
dN. I N -130 % 130 % -220 % 190 % 20 % -55 %
o (-140) (140) (-230) (200) (25) (-65)
-60 % G0 % -90 % 80 % -25% 60 %
dM M (-60) (60) (-100) (85) (-25) (65)
-120 % 120 % -180 % 160 % 10 % 25%
aN. /N
r T (-120) (120) (-200) (170) (15) (-35)
AR/ R -50 % 50 % -85 % 70 % -25% 70 %
/ (-55) (55) (-90) (75) (-30) (75)
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Table 7 Minimum estimation error of precipitation parameters in the case of hail.

Figures in (

)} represent the maximum value.

Error from uncertainty in N, - D,

Error from Z, measurement

dg =1

dg =1
Z'/Ze=-4dB Z',/Z,= 4dB

dala= -1 dala=1 Dy =0.2mm D0=4mm
— 15 % 15 % 25 % -20 % 10 % 20 %
& 1 (25) (-25) (40) (-35) (-15) (35)
db, / D, 30 % 30 % 59 59 % -20 % 45 %
(30) (-30) (50) (-50) (-20) (45)
aN, /N, 210 % 210 % -330 % -290 % 65 % 2160 %
(-210) (210) (-330) (290) (65) (160)
-90 % 90 % -140 % 120 % 5% 15 %
am /M (-90) (90) (-140) (120) (-5) C15)
-180 % 180 % -290 % 250 % 45 % 120 %
N7 I Ny (-180) (180) (-290) (250) (45) (-120)
-65 % 65 % 110 % 90 % 15 % 40 %
dR/R (-75) (75) (-120) (100) (-20) (55)
FolE Ry 77—V — S OBEATIZIZ->ZD L
T4 PRy FHRE G, BiREORK: B3 20
TE3, M15 O&SIFEE 24 BEOR T 1 4ME I iE
SNk T—FOSHTFHETH S, ZOEFO N,
10°| TKB96(07/09) DR D e, FAERN2EETRD 2 L a=4.47X%
No = 4.468 X 10° D, % 10° 8=—1.08 T, HHBIREIE—0.301 THB. Z0HK
[ cortelation ==0.301 Bl B OfEIEF 3 T Joss and Waldvogel (1970) D a=
10°] 267.8, 5=0.6 D¥ —AIEVEEZ-T W3, a b 81k
2 BEAKDI A Fizk o T T2 L2602, ZOH
g 4” DHiIEODTASHETAWHEDWTHEREIC e & 8
%10 ROz, TOFHEREFERSITRT, WL BRI
o o kEKT, BAILTWaORFLIEHEL TWED TR
= RALEI%s 4 7OBAEERL T3 EEL 505,
107+ HE, 300HFAC BT o O IIZIZREE OE L
o TWwh, —H, AOMEIRTH 10 OZEHF2 0 12w
&% ->THED, #2 @ Marshall and Palmer (1948)
s e e — DA — AT EE - TWE, 2%, BeenSEiico
0.5 1.0 1.5 WT No— Dy R TEARELENH D,
Dg (mm) 5.2 MEDHEINTA—FH TR TRLIZE X
DIEEFH*E
[X15 Joss and Waldvogel ¥ 4 707 4 A F o A — 3ETHRALHEEFER, BANTFOREIE LT
] el T STuEu, KB RIE L L EDbOTH T, & D—RHKA
R BEAGREIGS ¥ < H5(R () THREhD, 22T,
, o ' , BAK T ORENMTE LT 355 A= Hr<idi (%
Fig. 15 Distribution of Ny and ), obtained hy Joss

and Waldvogel type dsidrometer measure-
ments. Exponential hydrometeor size distri-
bution is assumed. Data from precipitation
associated with Bai-u front of November, 9,
1997.

(DT y=1) ZRELIHEOBEAI ST X —F ORETEH
EBICDWTEZL, 2OBICEHEIhABA T A—F
M OERM L BEFEE T8 3 csiak L7z,

RSB D & 2121k (15) Ko No— Do B
HBHTE LN, 357 A2 HoefhiTHahd b
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x8 F 4 A RaXA—FOHlED SR SN No=aD® Da, 8, D, 154 ORFES A #1RE.
No, Do DB #F A+ m *mm Y, mm Thb,

Table 8 Values of @ and 2 in Ny=aD, obtained from measurements by a disdrometer. The

exponential HSD is assumed. Units of Ny and I are m™*mm~

' and mm respectively.

Date a (m3m'?)

Correlation between

NQ and DD
1996 July 8 6.46 = 10° -1.25 -0.378
1996 July 9 447 x 10° 1,08 -0.301
1996 July 10 5.43 x 10° -0.107 -0.044
iz, ZOBRFERDIENZRO N, & p DM OBEFRR 1 dep YHEALEDYTEALE
RRET 5. R:KM%EWTHJ}
No=Cnexplgp) (37 T{d+p+0)[ 00 | weusaronirenss :
G ATD 0 Ze (43)

ZIT, Cy kg 3BERANICRY &3 EH T, Ulbrich
QTN IR T THRL ZWAFC L > TRESINT WD
N7 A —F OB, #l2iE, vy REHFE
ek OBRER 2T Cy DE L LT 6x10%(m*m
T, g DEELTTYABEELTWS, IRH0MIE
CHETIRESRTWEEH OS2 b L iz LTEH
anEThy, N, BENCEStahcT—%
B LTEHEINLDOTHS, H5-D0ORKIC
DWTHEA S WREMO T —F 122w T b, Ulbrich
(1977) i3 No— 1 BME R TV BH, ZOBE, Cv, g
DERFAFN1.5X10°mM > m™>*), 7.99TH3 &L
T3,

AR TORESFELTINIA—FH %
RE LGS, BEKNANTA—FRUTOLIWCZ: &
Mgl ehns,

W, =4 I'{(T+u+b) ( G+ BITH 4B
TCT I [d T

Zgb/(?-v—,u-v-g,[mJM .

Jol

GT+# 1T+ p+8) -

nlalrim) (39)

CH,« Bi(T+e+8)
Nn“' G[T&-}- ,u} } Ze::‘p(nyw) (40)

NTip ](4+ﬂ+ﬁ)ﬂ(?-—.ﬂ—.ﬁ'}

1
M= 6 014;??&‘{7QF(7+’[£)

A (A3-2), (A5, KRB S Noy Do ZHEHET B EXR
DEHRAEET 5.

(T+u4+8)8 14
Ze—a{ (’;’N exp(g,u)} ! (E'Jr #) (44)

SHOFELE L TR, FT7T4 AR A=Y ICX 2N
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BERGYMHEFTEENLE Y > 7Y » 7R 2 —ANIZ
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H BRENy 77— L —FEA) »oREKRAZA—FD
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R A—FeMETETLT) XA, BELEESFE
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BELE7VIT) ZATERUTOREEBLT S,
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- {2 OEEARI T OMEE PEEIEREEATERZN
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s BARL T OREMIIBRAMTREND,
- EEHET A 22087 A—F WIRZ
A—F Ny LR A 7 VEE D) OB No=aDy
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- Fil v — ¥ REEFOHERZE,
IhETRESNTVWIHEGBERD S B, Rogers (1964)
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(1971) D a, B DEEHWIGENR GBER Tk
B THE W, LAY 7 VERD 2R TES 2
Elbolz, B2, BRRFOSHEOSES, S
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Ry 77 —v—8FO8BHD#EFES R E Do DX
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E#ahd (Doviak and Zrnic, 1993, p.82).
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P ¥y EE (mW)
P REEAEE S (W)
g7 7T FEdB)
gs . RFHED > A T LA BS1FE (dB)
7 2V (us)
& E—Alg ()
K AR FOMBRENE (H250ILHEEFR) i
RE BT A=Y
K=(m*—~1)/(m*+2) : m Z@ANTOERBEIETIL
HEEF LT3 L mP=e
Ze L i v — ¥ RA R T (mm®m ™)
1o . >3 (km)
A DR (em)
[T KSAHARUCBEART C & 5 BEOEHHE
(dB)
L D ZEEO Y FIBIC X 52EESE (dB)
bt 74 VHE (EEHEOLSZEZADEITOH
EiHk) (dB)

B KBV ABRI T OAME K » 77 — v — ¥ DS
ix
P, =40(kW) =40,000(W))
101og(g)=42(dB)
101log(gs)=0(dB)
7=0.5{us)
01:1.2(")
K*=(.93
A=3.2(cm)
10log/=(101ogk, +10logks) ro
10logky=0.01(dB/km)
10logkp=0.01R"" (dB/km) RIZ[FEATEE (mm/h)
10log/,=0(dB)
10log/,=5.8(dB)
N (AI-1) OEEOEEEE T 10fET 5L
101og( P)=101og{z"10"'")+10log P: + 20 logy
+10loggs+101logr+201log b
+10log | Kw | *+1010gZe
—1010g(6.75 X 2"In2)
—20logri—20logd—201og/
—10logl— 101ogiw
FHNFG AT DEERALT
10log(P)=—145.15+46.02+84+0—3.01+1.58
—0.32+101logZ.—48.85
—20log7o—10.10—2(0.01+0.01R™*" )5,

kD EE)

—0—5.8
-7,
10logZ.=10log P+201log#+2(0.0L + 0.01LR"*") #,
+81.63 (A1-2)
Ed, ZEBROALDETESR, S
101og( P)=DND X D+ San (A1-3)

THbH, 2T, DiFF+ ¥y ME GUEHE), DND I3
AHTTFEMEOES OEHTH S, Lizdt-> TEHM
L — AT
10logZe=DND X D+ Swmia+20log#
+2(0.01+0.01R**) 3+ 81.63
MHEFEIND,
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EHET
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Debye @ EGmic &L 4id

&:ﬁ M; Ko M, (A 2_4)
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ED, 0:,=0.92 [gecm™], |K:|*=0.176 £ LT,
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| Ko | 2=0.243 047 (A 2-6")
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Zezi\’roDn?_u F (7+/-1)/?']

YG(H#)!}'
(3) BE{uFBROKOE (M)
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(5) Rk (R)
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(A3-1)

(A 3-2)
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/ 0.4
R="1-zaloDst+* Lﬁ%@[ﬁ’?} (A 35)
05 MEHER

N(D) : BB FORAZS B (m® mm!)
Distribution function of hydrometeors with
diameter (m 2 mm!)

D kR OBEE (mm)

Diameter of hydrometeors (mm)

No I PR =S 4497 A—F (m™*mm~'*)
Parameter in distribution function of
hydrometeors (m=* mm~"*)

Do gAY 7 »ERE (mm)

Median volume diameter (mm)
w7 RESRERE ST 557 A%
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Parameters in modified gamma distribution
function
CEZ OFKRF O THEEERTNEERON
ZA—% (¢ DEALE (m°s™))
Parameters in w.— D relationship
No & Do DFEOBBRERT AT A%
Parameters in No— [y relationship
P Wr k Z. OMIOBEHREERT AT A —F
Parameters in Wy — Z. relationship
G.pyPo—HRWTREB T A—F
Exponential factor determined by parame-

a, b

a 8.

ters ¢ and y

Ze D F v — VKT (mm®m?)
Equivalent radar reflectivity factor (mm®
m *)

Ve DRI F w75 —HE (ms™)
Average Doppler velocity (ms™!)

We: bV )a—varyRla—ARNCHsBREF
OFEfE THE (ms™)
Average terminal fall
hydrometeors in a resolution volume (ms 1)

W @ R OMERE (ms™)

Average vertical air velocity in a resolution
volume (ms™)
we D A< OREARBLFOETHE (ms™)
Terminal fall velocity of a hydrometeor (m
s

o 2 EE (kgm™)
Air density at arbitrary height (kg m—3)

o0 - M ETOZEFEE (kgm™)
Air density at sca level (kgm )

ow : ROEE (kgm™)
Water density (kg m=)

M BiEEAOAOE (FAZ) (kgm™)
Liquid water content (kg m ?)

Nr D BAMAREA QREARL T O{RH (m*)

Total number of hydrometeors (m—*)
R EAREE (ms )

Precipitation intensity (ms ')
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