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2) N7 (Independence)
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) FETOEAACHEREEZRD T, 2055 2, 3L ENEEBRIINE 250, LEBE
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FENTSEIZ &0 ARy 2 bR 2s U COKSUHEE ST 21T 5 MEBER H D,
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KSCBEZRFNERI N Y v o T T 5008 9 0 OHWHIT I, t—#E =2 Mann—Whitney #E &
HENTE D, B, Uy U TERBRHMOREICI VB SN2 o720 | s hizY
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BALTWARWEARIL, Yy o728 LW anWeRid, £/, VX 7 ORNPHKELREA .
BUAM 2 0 F 2R B LETH 5,

Bz IE, FEREKE, BOKBIBKE, ARBKE., SRR HWNE, 45 KRR N 2% O KRR
FIGERIZINELIZSHAE, 2NH60) bRV LEENEEZEZLNDDIXERKETH D, HEKE
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ET D/ RN TARN) I RFETH D, AREDIFEMRG H, &, LG H &, LUFISRT
B THD,

Ho @ n HOT —% (X, Xy, -, Xp} DNMSE CRl— ORERSARIHE D

H @ n HOF—% {X1,X,, -, X} DA — OHERSARIHED 720,

Mann—Kendall BEIZHB W TlE, X (3-1-4) THEAZAONIHFHE 72 EHET S,

1 n
S= Z sign(X; — Xx) (3-1-1)
1j=k+1

x
Il

160>0
sign(8) ={ 068=0 (3-1-2)
-16<0

Var(s) = % <n(n —1)@n+5) - Z e,(e; — 1)(2e; + 5)) (3-1-3)

i=1

[5_1 $>0
z:{\/m

0 S=0 (3-1-4)
S+1
l S<0

+/ Var(s)

T, e BT (X, Xy, Xy} BRIMEICIE A X R UESERE L CHELT A K%
FL.on FZOMBERT, 2 2 COEEA ERakl Lk & EWERERZ B |Z]> 21 4/, O
L EARBLH A SN D, T IIT zyogyp EEEBA OBIBRERa/2 LT D2 4
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2) HrElsRERE
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(3-1-5)

ZZIn IEAIEE (FRREEGETHEAEIEL ., yI3F A 7 —EHTHY . K
0.577216 Tl 5, FERFINEEIME N ThiuX, BHIED 55 50 2 FEts 0T m M % Lnl
O AR T HIUZIC FES 2 Lok b, BlAE, AEKEE 5%0 & &, n=25, 50, 100
(o5t B B OO EREIEE R EN T, 8, 9 Th .
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<Bl =>
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a) Gumbel 454
x—¢

oxp-
exp [—exp {—

) = x —-E}] (3-1-6)

F(x) = exp [—exp {— ad ; f}] (3-1-7)
b)  —fxAERAE 5> AT




2)

a)

b)

3)

(3-1-8)

_ 1—1 _ 1/k
) = % {1_k(xa f)}k exp [_ {1_k(x E)} l

a

F(x) = exp [— (1 — kx ; 5)UR]

(3-1-9)

T ELERE, a RERH. k: BRBETH Y . k=0 DHED Gumbel 541 ThH
bo ek, —AMES ATk >0 OBA, EREEAT S,

x<&+alk (3-1-10)
R E B (POT : peaks over threshold) 1%, B Z BT DM Lo — 7 fHEE 2T
B LG TH D, Fi KMEEE DML OEDFER KME LV K& ARERE 2 (20 3 i
REDT =R EMDT, T, FEICL o UK E R RN E S RERE SO
L., WOICEMERXZO L D ITFED R 5 KSCER Z & 2 & AT X 55
Ndo, BIEOREICEISHOLOND TEE LR, EAEYBEEEEE HV D FEN
H 5, LTI, — M Pareto 0 2 HilR1 5,
— % Pareto 3 AA DR AL 0 DGEPEENATHY . x 2 ERELTDHLE, 2T
AU LRSS (). FER A PIEF ()IZRDO L D IcREN D,

icp il
x—¢
expl———= 1
) = {aa} (3-1-11)
F(x)=1-—exp {— ?} (3-1-12)
—fi% Pareto 434
1,
=L =8 —
1/k
(3-1-14)

F@)zl—(l—k£§£>

T, EALERE, o REER, kK BIREBHETHY | k=0 DEERRESMTH D,
723, —f% Pareto /3 Aildk >0 DA, FIREEZHT 5,
x<&+alk (3-1-15)
I<monTnas kric, BMEZERSMAICHKY, £, —EHMNOBBKESDOH
REET K B IT R AT TR END LA DL, FBEDIMIHED —SOEEOFIIN v~
DATREIND, ZDXIITHEDH ORI D FHI72 EA B E 2 IR LT 5K
B OITICBWTILEY E B2 b 0MmaszEd 5, LLTICERS A, Pearson I
T G3 AT O e B FE RIS, (x) . R A BISF () 2 BIR T %,

a)  IEMOAM
(3-1-16)




F(x) =

v%%ox[ineXp{”%<£iiﬁ>2}dt (3-1-17)

ZZiCu P, o BERAETH D, FRZ, =0, 0 =1 OEEEEREIEH A & FEOY,
ZHCKRET DR AAEBOBESIHE STV D,

b) Pearson IMZA!454H
TR y 23 0 TRT VIR OEBE 2175 &
4 20

1
2 ﬁ=§ﬂﬂ, €=u—7n y#0 (3-1-18)

a =

YDOIER T LiZx OoAHELDH, fERE RS (0) M OHERABAEF O LT O & 9 12%k

N5,
y >0 DOHBE . xDAy A E<x <o
f(x)=:(x__€)a_;fﬁi;§x'_§)/ﬁ} (3-1-19)
FG) =G (a,xf)/F(a) (3-1-20)

Yy <0 DEE. x OHAHIPH 1 —0o <x <&

(€ =0 Texp{—(§ — x)/B) L
fx) = Ber @ (3-1-21)
F(x)=1-G (az,f ; x)/F(a) (3-1-22)

22U, Gla,z) IR o~

z
G(a,z) =f t* lexp(—t) dt (3-1-23)
0
Th b,
Pearson MM /3Afidy 73 0 [Zdr25< & &, EHRGAMICHIT L, y=2 OHE. BEA L
5,
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oo

u:f xf (x)dx (3-1-24)
0% = f x2f(x)dx — u? (3-1-25)

Y=f x3f(x)dx/a? (3-1-26)

LREND, —H. ERX, Xy, o, X3 D% DAL DAL . RIRS 862 FIRTE I+ PylE.

1
fy = ;Z X; (3-1-27)
i=1
1 n
A 2 __ 2 1
8y _n—lz(X‘ o (3-1-28)
i=1
n
Py = n Z(X- - X)3 (3-1-29)
T =D -2)6° 4

i=1

EREIND, N 2 BEDOEA. (3-1-24) & (3-1-25) DN % (3-1-27) & (3-1-28) ([T &
Bz CHN HEAEZMS ZEICL, BEERDDLIZLENTED, 3 BEOHA, (3-1-24),
(3-1-25) Fe N (3-1-26) D % (3-1-27) . (3-1-28) K TN (3-1-29) | & = #a 3 Ty S i
KZEIZEY, BHERDDZZLENTE D, 2B, 3FREOEA., ix DELOHENREIN
T3,

2) LFERIE
RELHANTET R EENEATLEKRKLERICHLT HT-DICERZI T FERN
PWM (probability-weighted moments)<° L #&= (L Moments) Z WA FETH S, LERITIET
M EOBIEI TR IN D5 &2 F> (L 1X linear combinations (ZHKT %),
Xi(G=12,,n) ZIEAP O/ ONTMFRE RN, = X, =2 X3+, 2 X)) ETDH L& P IEK
ANCELEIND,
1
B = E{X[F(X)]"} = f xF"dt (3-1-30)
0

PWM OAZARHEEE 2 FET HITIX 2 DO FIEND D, i b Bl 72 5 I IS5 A RS F ()2~
Oy T 4T e RO a w2 HIETH D,

n

1 j—0357

fo=y 2 5[ sy
j=1

n

b9 = ODHEFINRHEEEZ RO DL HIETHY . WATERKSND,




pr= -1y m (3-1-32)
Jj=1 (nr ) j=1 (T‘-I—l)
ZOXZEr =0, 1, 2, 3IZOVTHEAMIZES RO LD 1Tk D,
fo=X (3-1-33)
n-1
5 _ (n = )X; N
b=l nm—D (3-1-34)
j=1
n-2
s N (= Nmn—j-1DX; B
ﬁz_; n(n—1)(n—-2) (3-1-35)

B

-3
. @ )m—j - D —j -2 -
hs = = nn—1)(n-2)(n-3) (3-1-36)

ZOEHITLTRDTZPWM ZHWTLEERIZ, RATRDDZ ENTEX S,

A = Bo (3-1-37)

A, =28, — Bo (3-1-38)

A3 =6, — 6B1 + Bo (3-1-39)

Ay = 2085 — 308, + 128, — o (3-1-40)
7, =1/ (L—-CV) (3-1-41)
73 = A3/, (L — skewness) (3-1-42)
T4 = A4/, (L — Kkurtosis) (3-1-43)

IO L BEREZSHERSAHET VO E L BEROBEGRE R TES FRRUCATS Z
IR BERDSHET VOB ERO DL ENTE S,

a) Gumbel 43Af
a=2A/log2 , &= —ay (3-1-44)
Iy AAT—DOEKTHY, £ 0.577216 TH 5,

b)  —MRfES>AE (GEV)

k ~ 7.8590¢ + 2.9554¢? , ¢ = 2 1082 (3-1-45)
- €T < C_3+‘c3 log3
Ak
= AT R (3-1-46)
E=4 —a{l-T(A+k}/k (3-1-47)
c)  FEEROY A
a=21, &=M—«a (3-1-48)
TRRAEE MBEEI DA
a=2A—¢ (3-1-49)

d) —fi% Pareto Z3A%




_1_3T3

k=1t (3-1-50)
a=0+k)(2+ kA, (3-1-51)
=4 —-(2+k), (3-1-52)
TRRAEE NEEH DG E
A —
k= =9 2 (3-1-53)
Ay
a=1+k)(A -8 (3-1-54)
e) 1EBAR
u=21,, o=+l (3-1-55)
f) Pearson M4
1+ 0.2906z 1
~ = 37,2, f - (3-1-56)
O 0188222 + 0.084273 L = s for0 <l < 3
036067z — 0.5956722 +0.253612° el for L< 1o <1 (3-1-57)
& ¥ 1278861z + 2.5609622 — 0.7704523° 7 — - 131101 3= 113
a WEZONA5EI1ZIT RO FN I,
2 1
y = \/—_sign(r3)/11 , 0= Nanl(a)/T (a + E)' u==xA (3-1-58)
a

3) mAlE
WeRBERRENf(x) = f(;0) THEZ LN, B bLvEoL 45L&, RATESNDLE
B %%

L(B) = L(91X15X2':Xn) = l_[f(X]; 6) <3_1_59>
j=1
ERRKIZTHREAR T hv
L(6) = maxL(6) (3-1-60)

AHEEME &S T2 FENREETH D, BHITLERERO B ARSB 2 & o 7o 808 B R = i
RICTDHZEICEVRAEHERZRD D,

1. 3. 3 WBREEESTETILORYY—=24
<l =>

WA € 7 v DENT X R AKCE B~ D A Z FE 95 Fik & L T SLSC(Standard Least
Square Criterion) NHWHN TE TW5DH, SLSCIIRATERIND,

SLSC = \/? 2 = 1271: )2 (3-1-61)
_|599_So1| »§ _n. 1(51' si')
i=

Z 21T, S99 M Wspy 1XZNENIEBIEMER 0. 99 & 0. 01 (2659 D Yk OAEHEL & n:
BERORE X, s PR EEZHEERBCER L IEELE R, s)  ESMET L TROIZS




By T 4T Ry a CRIET DI v AANEHERBIC L > TEBR LT IEEERETH
Al

SLSC IHMERA /NS WIZ EHAER B W EHI SN L HETH Y | ZhBn—EDOKAEET =5 2
CIZEV ATV —=0 7 %4772 ), SLSCIZ 0. 04 L F ChTHEAE 2L T DL LTHWLR
TETWVDHEANEL,

Ty T 4T R arE LTUIINE TICWANALR KPR EIN TV D, KTEER
NHEELNTIEFRKEEX, =X, = X3,-,2 X,) D i & HOMOBEMHERp, Tz ky, #H—
BRI ENTE D,

i—a
“n—2a+1

T n  EmBRY AR, a Ty T AT ROV a B ROLTERTHY . BEHICK
D725, Weibull:0, Blom:0.375, Cunnane:0.4. Gringorten:0.44, Hazen:0.5 %2 H 5,

SLSC ZRDABICITT v T 47 « R ard LTEL DHMICE<#AT 5 Cunnane
Ty BREHOWLNTWD, ok, /IMERDLEIEL, Weibull vy FEHWDFERD L,

7235, SLSC IZ &L i & OFHM & Jf Tl bl Ze R fkic 7' v N L CTET VO A B % i
TAHRERHWOLNLTWS,

pi (3-1-62)

<fl w=>

MeRDMET N OWEEEZMERT 2 FikL LT, Gumbel FESRHMEN OFR B Rtz H W76l %
Y,

Gumbel Probability Paper i Exponential Probability Paper
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1. 3. 4 TERKIXED/NM7AWIE & REMEDM
<Bl =>

—E LNV OEEE AR T DMERSMET Ve RIT, BEIGCTY 7Y o7 Fik
ERNDZEITE Y BERDGAMET )VOMEFRKLREDNA T ZAZMIET D & & I OLEN

E3IEE1E — 10




Pl 5 FEE L LT jackknife 150 bootstrap IEDNH 5.,

jackknife JEIIKRX Sn{HOEAD I L i ZBHD 17— X DIk /K= TF — X ¥n — 1{H O
AEETOUIZOWTERL (n &y MERTHZ LI1C725), 2D OEANLRD MG E
EHEICARHEEELEONZDOE LY OHEEREZEZHET S5 TFIETH D,

—J7. bootstrap {EIFI R E Sn HOEARNLEME LT L TEEIIn BEY H L 72AER 2 EEE
L., 2D DERNLRDI-FHEEL RN RECHELOZEDOEDLY ORERELHET D
TFETH D,

Jjackknife VEIZFHRIEIF A D 70 < | VERLT DAEARLL, RIRHAEE K OHEERR A — BRI
% DIZxf L, bootstrap VEIIIER T HAEATAMER IR E TE | AET DA _ioTT{ﬁd@
E-PHEEFAZEN R D, MFIEICE D0 7 2 () MIE&EIL, bootstrap D /SA 7 A4
IEES jackknife JED/ASA T AMIEREDOMm —1)/n L7255, n BRI/ S < RITAUEZO
TN E D,

jackknife {EO BAKMFIEILL FTO LB THDH, KESn OFEROET — X %X, Xy, Xn &
T5, ZNEHNTRD D REMOFREZHEE T o MEHEL

=Xy, Xy, Xp) (3-1-63)

ET D, REEnNEOERAD I BIFBRD 1T —F DI ERNTZT — 4 Hin — UEOFEAZ W

TRt B %
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HEND D,

<BEBLLGDHEN>
T O BEO ROV TIE, FTrROBENREEB LD,
D) EARFRKEEA S  KBAXSE PR 11 4ERR], p. 36, HLF, 1999.

<Bl =>

HRERIC BT 2 850, BEED 5 18 5 i 5 A O KK IC RS X kw5 = L 8T
%73,

F7-. BRI N R Sh D BES AR LS N HRD LN A, CNE AR
FOE I A AN 3R AV 2 L BT 5,

<BBLLGDHEN>

HREROR M FIEDOE 2 HFIZHOWTIEL, TRROBRNRSE LD,

D AAZEM S B IR T /L« RS K OMEEIC B 5 I8 22574, pp. 5-6,
2010.

2. 2.5 #HKRHETFTILOEKMEN &R
<EZH>

BOKGEHE T VO EBMNT. REEO 7= OBKEGIL, BEOREE B2 2KkOE—7 i)
BEOTH, KA F/NKETONAS K77 7OFBEOHRHFREO BHSHHATE 5
BINEHEZHRE L TRET D,

ERFENT BN AT O Z L iE, BT E L HHRERELZ KT 5 2 & THRET 5,

MREER OWAKEGI L, BB & B 2K FLERET D2 ENEE LA, Rtk
DEGENPROND5GE. BT T ADERL R CHRIESNTZER/EATHZ a2 b o
THREEZEME L. K02 DWKERZEBMITICHWD Z LIV ZDEELZR LS5 D
DETD,

<@ AE>

BOKFEHE 7V O EHIT I, BB OREICRE HRFT L0 T, HBCFERESOA
IMESTBAR R ORFE R E L RV LI SN 256, EBBITRHENBRAT L b0 & T
éo

<gE #>

YRR E T L D EBMATIC Y T2 > TR, BIZIEKREAKRD B — 27 i EOHFEL & vy i HE
ATHBELEY LT2HRIIONWT, BHEOWKEZO Y-/ B ZEIICHIATE 5 & 5%
RUKZBETH L 2ERELT D, EL, EOBKEZOHIROPERE 2 LR E D HHID
Gl EZ DR Y TRV,




<# £>

K E T VO EBIEITIZ S 72> TiE, TEXHETEL DWKEGENRLETHZ ENYE
F LUV,

<Bl =>

FHEME LB E L OB A E L2 EEIORTEERZE L LCE, E—7MEfiroiaEIz
HAZ B < FGREUE, FHARHIEYNE, fHxF 2 e FEUE Nash-Sutcliffe ZhRENH 5,

<BEBELLDHEH>
WEEZ R TEBMEIEEIC OV T, TROERNEE LD,
D AR N OIEKEE & Z D> 2T AT 2R, AR FE LRI, 1970.
2) AR, KB R ART FIE (20 1), B TR REE, 5 48% 5 11 5, pp. 851-856,
1980.
3) Nash J. E. and Sutcliffe, J. V. : River Flow Forecasting Through Conceptual Models
Part I — A Discussion of Principles, Journal of Hydrology, 10, pp. 282-290, 1970.

2. 2. 6 HKREOHE
<EZH>

‘ MEOFFEIZ, FESNREET VICERNZ AT LTIT 9,

2. 3 BEXKRHEEHE
2. 3.1 #&
<EZH>

(ROK L AT O — iR ) FNEIE . BEARICHAKREBITO FIHE R CTh 5, LT, #oKitt
AT LR R DB OWTRIR T 5,

<EXH>

Tl 1950 AL DFLERA L\ AN, R D FLEKIIF Y RN DT > TIFEET D, KT HIE
R, REARBIIMIE OWEEEOME (Bx) OHNTHHASND Z EhZ0,

<g #>

| KPR, . F A 5 ORI TIT D - AR 5,

<FE #>

HEB) i (n?/s) Z2 0t (nm/day) (I8 #3 B, HNE., BEO B RAZ2EE L. G
HRFOBEFREL L Citskd 5, BlxiE, HIEEIX, Bt /KM@ HIFTO%E1T 1 D
24 K E TOMIERF O & O 2] KAAED BT O5E 13185 6 KN 18 FFD It & D ) Th
Do

2. 3. 2 HARUBOIHE
<gE #>

EKTHEHE TIX, BREAOMELZ AL, I bEEELE LW ESRRHZ 2T Tl
HMT2LBZ, TNEBHEETLIOR R TH D, HERIZ, BEBUIT L D KRKI~DAKBE),
T TR B2 CRIEHL T KA KE 208 L7~ Dk T %, WA R E 4 55




Al BE, REOMKITER TELLEZ 20N RN TH D, /o, 1 KIFEDIBED L&
DT, REITE EAITERE TE L2 LB X ZOMOBERITTATEERTHDL L L, 1 KX
ORI E D KO ITERBBBEELHTET 2 T2 EARET D,

<F #>

ARFECEIL, FTREZAR BOE TR &K B RO TR AT TR 2 L %
ERET D,

KB ARA 2 GEE, mEORMEFFH O, BLRBA~OBEAN 2L EEX LN DR K%
EHT %,

2L, EREVEERNSWEEZONLBHMMTON T LEGE, TR HRIMT 5,

<fl >

HRADOKGOMIED A+ IR END EIRE LTGAOAIRRABRELHET 5 HikE L
T, ZLOANEWEINTVD, [UREBETRE L ARELOHEE T S Hamon A,
Thornthwaite AZE WV o 7RERAY R AKX, KV FEL WA R BINE®RZ LB L5 % Penman
AT, Penman-Monteith AFZg EMERER I LTV 5,

BLAIZREIT, [REITEVRBINT 2 N AREPRHTE 5,

<BELLBHEH>
T REAR TS & OHEEIEDZEIZHOWNW T, FilOBRINRREZ LA,
) tEARZEKEERS  KEANXE [CFERR 114, pp. 16-18, FL##, 1999.

<Bl =>

)RR D KIS 2 6 3RO 7o B AR O 22 IR R B (3, A [E 45 THI 500mm, JEifEE T
#J 400mm, A « JUM TR 600mm FLEE & S FAERER DT ONTFHR H 5,

<BELLDIEH>
IR D KU S > 6 3R D 7o 22 [E O S 72 F R IR R R OFEIZ DWW TiE, FRiO &R
BELRD,
1) A FINTES (W) « FUKGHEICE T 2 R MAER O/FZE, 55 23 R A FITArgE
SRS, p.4, 1970.

2. 3.3 mMK-ExEFOHETE
<EZH>

FMIKGEHR B B9 TOARKFHEI R 217 9 BIZiE, Bkl X 2 & it TOBUK « Ee%E o
NZWIFBN RN OHRRREZH LN COEN L, ZOoBEKXRELZ THT 2RHET V&
WES D,

<FE #>

Hrokhic & 2 FE, Bok - BRI iEEfHT s L e kAR 425,
BUEBI2 20A 1%, FF AT ACHIAE B0 X T ORI DI M b HEET 2 b D &7
Do ZOERBHAMTE WGEIE, )| TORFEREGIOWENE 21T 5,




<# £>

MK DOBUKEDFFAMED o6 LIRSS 2 HiE%SF THUKBEZHEET 2 Z ENEE
Ly,

1) KIS L

FEEFRKBUKA 720 EARE LFHE U721 & & 6] — H S C OB & 0 75 % IER o 23
KEUKE (=BERKBUKE —&7TKE) &L TRDDHIE,
2) WIKGE

K Z OO EHHOBKIEICZEOmEZE U CEERAKEEZRD, ZhE2BUkEL T
%,

<BELLDHEH>
T RFEICHB T D ROKEOFEEIZE L CTiE, TROBRNREZ L5,
1) ik REFZEGH R IEYE TEE REMKOKH) L, ER5FE 5 H, BERKEEIER
#EJ5, pp. 33-56.

2. 3. 4 WRE-RMEEOHERTE
<EZH>

AU SRR O B DI T, BE - S - S ELHEEL.
5B, MHETREIT O OB RN TH S,

BRI S

s

<gE #>

BEARBLIIZ, —MRICIT, B - BN KIS FICBI S TW Do, BoKik o EAR B
HMEZ D BRE L COM EXIRZHEE L, S - BROHB 21T 2 28R ET5,

BEREIL. BREENPOMERLZEZLIIVWEEZHE L TRD S,

AERET, JROANLMERZHEE T 2SR TETH 2 BAEREE (degree-day )
TRDD, LVKEZROLGAIE, MEREOBWDNORO DL GIEFER DL L,

<BELLBDHIEH>
FERELEOFEMICOWTIE, TRROBERNRSZE LR D,
1) EARFEKHEEA S  KEASXE PR 1R, p.27, HLE, 1999.

Al
\%

<4l

EEEOMIL, MESCMEREN LDV T— e VU ZIERN OB A HEE L, #EEK
EERENOCHEZEREAMEALE LD, ZOHFIET, BKENPOHAELEESESH - S5 &
EDZAVEERGET 2 FEBRELTHNWDZ ENTE D,

EEROBUN ) OHEE SN D@EREIT, MERE COMSIN, BAE - RIS, BRI
IV EZONEE, BERKEH COLENLOBMEENSHBIND, TNOERBTT AL
AEDOKEBIE GHEET A SN RBINSIETH D [HHE - &R - BKEE WS
ETV] bIEEINTVD,

<BELLDHEH>
THH & - %R - BKEZHOZMETT L] OOV, FTRtoBR»RSE LD,
) EARZEKEERS  KEANXE [CFERR 1AM, pp. 27-28, HL##, 1999.




2. 4 FERBREETILOEH
<@ FT>

WMHETZTVIFAAZICLIVEERREND ZENEL<HY . F—EHOREET LV Th-oT
bERLDFHAFEERZLDZEH LD, 2 TIHINEOHRHE THHAEEFD & L iRHET v
ZOWTHIRT 2, DI, WEMEPED LNERFI G2 S>0b 20 MERRET L D—
DEPIRT D, TR LIZRIHET AL BN TE S DIIEE T A RE ST
W5,

1) A##C

HHATBAKO -V MEBLZ R T 27O OM# 2 Lk TH-> T, ITEBIREZEET HIHLE
DRI TE =7 EO LD MLE L SNHGEIE HNWLRTWDS, E— 7 iEa e
LAt —RICTHIRmE O E Lo DnZw, it &IED Creager HiftH ED—>T
BHLN, RRWEITD & XV FIREBEOA O TIZR 0D, OWANAREFR . Fl 21
W RBRECTRIR O A, HEARIOE G W EE BB LI mHETRIESLE L S, £2, Bk
EEZ D BEROHFIZAN G NAVTTFINEDFEICSK s THIZER D, ZOL )R EBE
L7 ERE L TR BRI, ZHIRHREOE 2 WhEIC s LT E )
BEBz, MAKTERHZ —ERETHFL, FHEICASZ DO EBE XD, £ L Tiiko iz
TR S T2 NI O H D23 T 5 £ COREE 2 K BER R & FEOY, RERE] N 0O B RN 58 B L2 3
o HHIFI IR U iRk 2 . UGl &2 HHE T 5,

A — I mEFKRATEZbND,

1

=— (3-2-1)
3.6fRA

9,

22T, @R —r e m’/s) . LTI HEARE, RIFPKBER N O iR (im/h) . 4 1%
Tk g (km*) T D,

HEAT, WORED EITER SN DO TH LD T, WHICY > TiE, ZhbDREIS
TE DT EWTRHEREZ R TIRICH VD L9 ICER Lz b,

a) HOMENEE R OBEMICE 2HHE Q1% £ DOFREDORENABKEIZEREZ L Lo
pfElk e 9~ 2 & T /RRITR D,

b)  FEROMERCRF S UK BIZRFRICE LW, 2L ERW, HOBEWNHRE £ICX &K
Tt & @132 ORENIRE £ L EMRERICH D,

o) AU E @ OERMERIT, 5 A DITZUOKBER I3 5 BENRE £ O A RHERIC
FLU,

d) WHARE AT EDfEROBERIZH L THREILTH D,

e) WHARE F135 A DNTZBICEDS 2 TORRICH LTRITTH D,

INFETORBM SIZB ARERRICIE. 2D ORISR LLEAOUT VW H AR
ol & LT, B ORECITRE OV e Wil S ik o b, — RIS
FNKEL 722 ERTRDIEDBKEL 720 | BEROBIAEDS AL LR 72D D THEE LR
U7 B0, AT REFIKO K E Z X 100kn* FREELL R CTH 5 2 &R,

Y ELTIBAF A DU AR E K QK BERFFIE, B E DK CBIERI N HRD D Z LN TE D,
YK BEREEIIBE R TREE DN R R & 72 DIREZ L IR K & 72 DIREZ OREM 22D 2 5 & L TR
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LEENSH D,

WD KSCE B 72 T, VAR & SR BLEREM 2 ik o g, REAE. Rk, B
W2 2R L CTRET D2 0ENH D, T HRE & POKBZERFEIZ DD TIW AN AR AR
BEINTWVDEIN, ZO—HEZ2TRTEROLI THD, ok, FHEHICHV LD IR OE
WZDWTIE, GHEfR B2 EHZMTHZ LN TE D,

a) WIS &% BRI oW R R (EB, 1933)

F&3-2-1 BARRAMEI DG H R

H iz DK Fp
2Ll ALt 0.75~0.90
=% =) 0.70~0. 80
EIRD B 5D T E & U At 0.50~0.75
SERAE i3] 0.45~0. 60
EEhaKH 0.70~0. 80
(1T b P 0.75~0.85
T3/ 0.45~0.75
RO HFLL LA F T H D KA 0.50~0.75

b)  TR/KIEM R - B EHER & MR O HAREL

F&3-2-2 TREAMNERTEFRBOZEE (BAT/KERHE. 2009)

TiE TR
E1R 0.85-0.95
18 % 0.80-0.90
ZTDMDARFEE 0.75-0.85
K 1.00
il #h 0.10-0.30
P NOE ARYNES 0.05-0.25
COBEDHRL LY 0.20-0.40
OB A% L 0.40-0.60

FEBER RS - Mo ST A TR O & o AR

£3-2-3 HRNBEREFRBOZEE (BRTKERHSE. 2009)
X HRFER
R H &R
bR ASIE R 12 DA U B E i R U O Eihis 0.80
EEAOBRNMMEEZDORMEREFLOTIE MR UEFENH DT EHIE 0.65
FEAFARMEOFBEERMEN 1 FETEED S LIS 0.50
EE%Z<3H 05 HRF EithiEs R Uit FEAE| S E>TLV SR Hhis 0.35

ARV AR AR « TR O & o LR AR S A2 TREm AT L TEAT T LT L 723 AR 2K

HIE H2H 11




c) T AVUBERFEEZORHSRE (ASCE, 1993)

K3I-2-4 T AUHDEIRZLDFRHER

T #hFI| AR D #a1E F H R Hx TR D — ARy SR B+
Hh iz D 52 THERE HEREDFE THERE
[HES:) ik
EERIE 0.70~0.95 FAIZF7IEETVD)—F 0.70~0.95
[SES:=40R i 0.50~0.70 Lo#f 0.70~0.85
fEEHhig ER 0.75~0. 95
1REFEE 0.30~0. 50 wEXTOZE
BHEEE. —FET 0.40~0. 60 EE (2%) 0.05~0.10
BEEEE. ER 0.60~0.75 ZHE (2-T%) 0.10~0.15
EE (KR4 0.25~0. 40 2258 (T%&YX) 0.15~0. 20
FIi— k 0.50~0. 70 BEtozax
TXERXiE EE (2%) 0.13~0.17
AT S Hhig 0.50~0. 80 ZHE (2-T%) 0.18~0.22
BE I FEHhig 0.60~0.90 2258 (T%&YX) 0.25~0.35
~NE., B 0.10~0. 25
TLA4I5 2K 0.20~0. 35
BEEREN 0.20~0. 35
R R i 0.10~0. 30

*Z ISR REGRROEOEREIE, V23— EYF F2-10 FIcxd L TRENTH D,
REVBOKIBEIZ, &YKREHHRHABEMICERSN S,

d) R E AR TR R KGR E X RIE AT BLA THUE 3 2 W K B O R K E 2 FE 3 2 BRI
W5 BRI RE 2 & it AR L

F&3-2-5 BEMHANIZKBEERMEKE (FR IS FERETI S, UT Rl £0h50)
F2XEIEICHRES S M) ITRAT 51 GEEIEE 1 SERKR)

TivFIAORE Tt R
Eith 0.90
plipez] 1.00
K& 1.00
f=&ith 1.00
ERGEEEZELEVLOIZRS, ) 0.90

FEE QU MEOFBREROHBICIYBDN - ZEO R R
1.00, ATHICERSNEEICBEDN - ZEOREHEX0.40L9 5, ) &
WSEE SN O L3 (FRHE FEX0.90£3 5, ) DEBICKYMEFHLTE
HEhbiE

SERER CGEEEALLEVEDICRS, ) 0.90

EE @V FEOFREBEOMBICEYBON I EZEO R R
1.00, ALHICERSNIEEICEDbNEEO R HEL040695, )
RUSEE IS O i (G % $01%0.9065 5, ) DEFEICKYMEFHLT
HHShb(E

RATIE CEEERLLEVLDICRS, ) 0.90

EE @V FEOFREBEOMBICEYBON I ZEORE R
1.00, ATHICERSNIEEICBEDN - ZEOREHEX0.40L9 5, ) &
WEELN D L GRHFEE150.906T 5, ) DEBICEYMEEHYLTE
HEh biE

ERCEEERTHLDICRS,)

BB CEEER T HHDICRD,)

RITIH CEEERTHLDICRS, )

&3-2-6 MWEIhf-th CEEIEE2SHER

THFAORE TR
AV EDRERBHEOMBIZEYBbA T GEEERL,) 0.95
AVH)—FEDFEBEOMHIZKYEBEDLNIEER 1.00
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#®3-2-1 ZTOMIMALDORERKEZBEMSELIEETNDHDTAICERDSLH
CEE IEE I FHRKR)

THAADORE &R
TG (FKEBRT 5= D KIEZREFESIBDICRS, ) 0.50
EEIGZOMCNIZERT MR (FAKEHR T 5-ODHKEREEITDIZRS, ) 0.80
O—5>—Z DM nICETHERBEMEAVTHOBE O N - T i 0.50

#£3-2-8 £3-2-5MhHFk3I-2-1ETICHIFH LU D L

THFADORE gkt Y
Lt 0.30
AIWISERShIEEICEONTIZET 0.40

it St REFZOMO—5—FTDMINICET LREEME
AWTHEOE SN TLVEL i

0.20

AHERUTHW SN D P KBERF X, kORI T-RAZ OO 0icET 5 £
TICHET HHM E L CERIND, PKBIERFEIT SR O E2 T L CRET L EH T
HDHN, WEIKRD 2 FIETROENTWD,

a) FERDKEEICAD ETORM GEARER) LKBOHREZ FHiMmICET D £ TICET L
M Gt FHERD) ofn & LTk b Fik
i, BHFAKEOBRFHCHWNONTEZHET, IS/ THER SN Z b b
Do
O  WEAREH
WA IZET 2 £ COPKKOBRCHEE DO K/, HiFRm Ak, HRE, i
TEREE, BERIRE 2 E L2 OBEBICALIN D, BIE, FPAKEORFHIIZ MICE 3-2-9
DOEIRENRHANEN TS,

&3-2-9 BERET A WDRARR (EKFE&. 1968)

ELNETRICAVLNTSIE FAIhERESR
AOBEERGDHR : 55 B8R - 559 SHMETKERBOEEHRE : 55
AOBEBHGHHE 1059 | &R - 7~10%5 | KEMAERONSVEEHRKX  10~15%)
T C 15 PG EEH K :20~30%}

© it T REH]

RIS P Bl L, ER R E CET 2 ICET 2R TR Th 5,
FEICB W IR Manning O FEARNTE FlHE L2 52 5 LI0E L CHE ST
%o FAREIZEBWTIX, ENOTEHFENH OO D A, FHHTIX0.9~1. 0m/s, AELO
LA TIE 1. 15~1. 26m/s K AR TIL 0. 6~0.9m/s BN —IED HZ & LTHWSRTWD
(EARF4x. 1968),

b) BB E MDA
PR EBER I 2 KD DAL, WANASRBRERINTETWNDIN, TOEITHKE &
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Al EHWERBL L 7p > TN D,

O WKBIERR 74, WKE L & HOKRHERE 7o R 5 5k
T=L/W (3-2-2)

ZZT.
L : iz (m)
T : BKBER (s)
Wt KRR (m/s) TH D . # 3-2-10 X (3-2-3) EoRko oD,

IR ETRNT HAKOEE (0, 1957)

F3-2-10 AIBZHENTHKDEEDR
/ 1/100 AL | 1/100~1/200 | 1/200 AR

w 3.5m/s 3.0m/s 2.1m/s

ZIZTC, T ARTH D,

s NA VUM TEWVES Sz GRa, 1957)
=20 (h,/1)" ¢ (3-2-3)
- T,

h: %7 (m)

@  EARWFFERT T OIS & D POKENERF O (FEF - KH, 1973)

I T T
T=240x10*(L/s)" (3-2-4)
AR T,
T=167x107(2/s)" (3-2-5)

TRINDLEFEINTWD, 22T, T dokBIERM (), L il i
RS E TOWMBE (m), S fildkE A G EFAMAE TOFHARLTH 5,

Z O A o P A R C R ik i A A<10km? . S >1/300 . H R T
A<50km?2 . S>1/500 TH 5,

2) RrEEBasE

PP B BOE IR e W LIGE 2 O L Dokt & & 2, e & Lo R (r B
wiEEh HREAL L, Zhzd i MAaabe T, MHELEBIT 2 HiETHH, BMHE
TIE, 1961 AEARRE & o THE S iz, BB & iz % LR HEHR 217 5 BT BIE OF
K, 1961 ; AAF 1975 ; FFRE K SCHFZES M, 1962) BNIAK FIH SN T\, Fiz, RFkk & i
Ik BT H R Z2850E L O Et R 217 S I BEEE b s hTnd, kol
0. IFRBEBGEFERAETINE TEEOFE CHE A EEE R o COTCEEEND D FIETH
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éo
£ AN OITRBISIEZBRAT 5,
Tk DT R BRI K DN UL, Th TR P A TR SN D,

s, = kq,” (3-2-6)
ds
—= = rave - q( (3_2_7>
dt
ZZ T,
S, 0 AT OUIEAT R E (mm)

g, TEWIRERN & R L7 M © O A (m/h)
Foe  VRBRTAIRE R (nm/h)
ko p o ERC X B R

ERT,

T3 X P 0 B R B R O BRI, 2 BN TR TR SN B,

S,=KQ,”-T,0, 2% S, =KQ," (3-2-8)
das .
L= 1. — _o9_
7 ;ﬁ, o, (3-2-9)
ZZ T,

S, BT OIERTEE E ((n’/s)h)
O, IR A B RE L 7oA DR T B T i (m®/s)

T, B (h)
I RAERE(/s) o P, SONEED B GNE X RIS 2 B SUIRNE X H L
it B it

K, P {HEIC KD EE
fi AR
EERT,

X (B-2-7) DT s LR ¢ & ORRIZEEIEOUKIRHERI 2RO BN D, —MRITHEH
NA R 7T 7 OHKEEEKE T s & ¢ ORRITEZR D23, BERHET, 2 8ALTIn%
—lBEIEIC I TE D XD ITEIET S & Z AT BEBIEOR R H 5,

B8 BASIE TR x5 — > D IF R Bk o3 H BRI TR 2N I E S D, ARAHEHT
WEAE 10~1, 000km?, P& & T 10~100km F2ER HIX R EENGELNL E LTS, T
FTOEFITIIIB BT 300km® LL T O/NEIIZ3EI L CTEHEAEZIT > T D HIR LV, /il
RKETED LN OH-CHEICHENETUZY, WENELS RS Z EICLDINER FOE
BRBNDOT, IR COTHBEKOBEAICEENET D, LB o T, MG L3 5 imikimfd
& LTI 100km? RifZ DS DONREE L, 728, IitEMRFEH AR < ED Wik TlEnEl % %
KT D EEBERELHEROT ZLICRDHOT, FROZEMEOKRIEDHE L WEELH D Z LI
BEET 5,

AR OIFREBEIBIETIX, FITBMRE r,,. ([CRAHRETCIER <, FREME 4 IR 25155 CH 5
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LEZR D, T0H, BRAICIE = QXIEEEE VWD) & LT 14 OmfEGEHEE WD)
OIS REET S E L, BINNEN £, fIR&E) 2825 & ALERTHE) & eo T
0D (1-1£) A DSy (BB D bIRHMB AT H B x5, 772 L, fiik & i2@E i & 13tk
DD EFTHMEICHHFHEZIT) b L L, JiHiEs b ot & & RFER» S Oy &Eof
IR EZ M ATl %2 b - Tt & & 5, Wik b OF R HE 0m’/s) 1T R K &4
Mz T/OAXTEHEZBND,

1 1
Q=%J{1A% +g(l—f1)A6]sa,1 +0, (3-2-10)
Z Z T,
£ D1 RPEH R

A syt A (km?)
q1 D RFERIC X D3 (mm/h)
Gy - BFARLAE ORERNIC L2 FHIE (mm/h)
@  FEEWE (*/s)
Th D,

Bk & IR BT AR 2R ET DIFEEBEOHERIRO LB THD (A
B e KIE. 1980), WRIKORTRIBEEIE (3-2-6) LRI UK TH 2 — 7, Wik iR e
8B,

— =4 (3-2-11)

S, o FRIT O FTIEHT R (mm)
re @ IOV RNERNREE  (mm/h)
q, : BEIER] 2 5 B8 L 7o i © O B H i (mm/h)

ARENOFEHIT VR 2 FIEOEM b AR TH 528, AR ORTREBEEIEIZI T 5 — kit
REPIMNEDOE X T2 BER L. RINEED £, () (ZFEF 2 X THRHEL £, LT, Thz
A5 EMHERIT 1L L LT, r,2RB T 25REGEZ L 2HERL W, Tl b ORI &
Qm’/s) ITRIEFHEZMA TROAXTHEZ BN D,

1
0=361179 (3-2-12)
T,
g :AtEWEHE (nm/h)
O HEERE (n°/s)

3) “EfHH)E T (Kinematic Wave 1)
Kinematic Wave #& (¥ ~T 4 v 7 - U x=x—7F5 /L) A, 1955) &k, IIFIIZRB S
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DO NA Fa 77 TNENA a7 T 71285 KO ICHERKEZRET S, 202 &
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B2 IR AR 2 6 OB SIZETT AL L CTERD |2 528, M EE (Kinematic Wave
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CRINALRETIVE., XG2-15)1F KDL HIcEXHLI NS,
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