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RECENT TREND OF HYDROLOGIC STUDIES
IN THE UNITED STATES OF AMERICA

By Mutsumi KADOYA

Synopsis

A recent tendancy of hydrologic studies in the U.S. A. is viewed here in brief based
on various publications, some of which were obtained when the writer has stayed at the
Massachusetts Institute of Technology as a visiting engineer. This description consists
of the following items: concept of system hydrology, parametric hydrology containing
physical and system approaches, stochastic hydrology and the methodology for hydraulic

planning.
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EED, FLTABFRINLZAEEOSY, MSFCKTAERITFNFE - OR WFEOERLHE
EHVF o T, KMERROESMEAEMR SN, T O LR 5KEOHRES, HER LTS
o d L 5o TER, Ok THER LOKERHEOEEENERAINLIEL LI, Zh
DDV AT A ERE U THEHBERAKBRELY BV Z - THFMCEFAMEL, BEvAT A, BEVAT
ARNCHZET AEAN /S —BERZHE L W2 5 L3581, BEOBMIEI v ERL T2 5 &7
LEIE S, 1960FRTH L DIERICABNS L 51T/, ThEh parametric hydrology group (1964),
stochastic hydrology group (1965) DEEERHHIEs/ V— T DRKREARDBICE T, &5 LicBhE LAHH
HBLT7 2 0 HhAR%¥SE (ASCE) KEADKXERLTIL 19635FH X D ASLFEHIE DS B LA, 19655
#3% D synthetic hydrology D4&Fi% BEik LT #ifzic parametric hydrology & stochastic hydrology
DEFHHIERICRED L, fiBIAERCEENPHE T 2 — 2 —HOBHEERL, ThbaF
FAL TR AYEERE O LIBA LT 2B SE, BEIKCERZOBRRWEREYERL, ThiTip
CHFIA UK ERSRIIO BES, REDEHS O BEERT oo FIR2T S IRsF L BRI LT
b, BHAZRL DS RFNERIL DI Tikie\, 19674 2 » 5 FHLRFE T R A EEAKIE >
v# y A (IHS) T, deterministic (parametric, dynamic, physical or analytical) hydrology,
stochastic (statistical) hydrology s X OW#ORESEM & 3 DAL, LoAATRIC SR
758, SEIFEERLOTH BN, TNTOKIENFY parametric hydrology & stochastic
hydrology DUWFRMNCHET 2 = it Sm LW, &5 LeBRRETTIRE L DAL X » TEHA <
FHALR TN B ERATIVL S TH S,

BT LAEHFLOHESIAL, BARCOLTEIMEXRB L TTHFHM5Z LXTEDL, iobrEOK
WEOWRCE & 5 LicROBAAT SRR ER T BbITFTH B, EFZICELEIMEFIALY 14
BI7 AU, +5 v E~NEAFERELCHEL, IHS %10t ASCE OASCFBEHROBEAICHEL,
F-THE DS  OWREXIES L TATF LA XBRE AT T 5 /s S S O ASIH O— & EH#D D L
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LD ENTEI, COTIET7 A Y BT HEE LTINELREOREBMEYBELT, FOWRHHY
BEL X5 LB,

1. System & UL T® Hydtology (D33

HIER LT 5 KOKRBEREOZE, CHEEILLHLhETOEANL S DRBIZWA WA THErN
HEIN T35, Bt Fig. 1 Xz eswbhs,

Ri Rob Rb, |Ri
l t Wi P
Atmosphere | ____ Atmos.
gl |p
PHYSICAL
LAWS
Ocean
INPUT SYSTEM OUTPUT
OPERATION
_ : i? NATURE
[ Lithosphere f--z--{Lithos. l OF SYSTEM
Fig. 1 Schematic diagram of the hydrological Fig. 2 Block diagram of a system.

cycle.

—FHBH—D2D system w#Fx 5P (Fig. 2) &, 2O system 75D output {IX4R 7435 input O
B, system WANETLIYEELAE system HEOWEICEKET S, Fig. 1 0FHRCcHIA T vy /T
—ODWREYFED L, Thik—D2o0 system & Hfc#f, physical hydrology DI#C input, output O
a3k U B Icik Fig. 2 OfED 3 0DEFRXEBI AT LL b7V, LA L system hydrology ¢
EAFL L system DFEMD D VCIIPEEAMOTRTEEETILEILV. ThHTRTEEFLTWT
BWDETR- THRTRELY, LB OEREOEFICLORV2 DL, GELERVERTV
LFh% 47 output % stochastic DRI L LTEL T T TH 5, TORBYLATEMNRTH
2T, Thit Fig. 2 OBORETEEL TV 5, b LEMRKE TR, OBEMAOKEEDO TR 4
RESETHI D 53 OTHhiuE, FIROMRL LYBEACERERCBIREXFIATY S, LAl
MEOBRCEMD L Ich 288, H5WIBEBEARI% RS 25570 £ T, Fig. 2 OREDROMIEI D
s, hBRAOREX I LT, HEREDOKDVA 2 A4ERIEE, O system % closed system
EW 5, —OOWMBE Tk #E %2 Th open system ThH5,

& o AT system approach DL, input, spstem, output OHERFRICIVC, Table 1 DX 5

Table 1 Classification of system approach

Problem Input System Output
Analysis
Forecasting given given ?
Idetification given ? ) given
Hindcasting ? given given
(Detection)
Simulation . given ? given
Synthesis ? Simulated ?
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BEXN5, =T simulation & synthesis [3BE—ADLDTHY, D systen analysis L Hik
o LRWERELDLDTH B,

DEDE37cBEH LT 5L, L UBICR~F parametric hydrology & stochastic hydrology @
O, X5RIBEOYENEE %Y X+ Ll physical hydrology i system hydrology & ¥d kX 5ic#
U2 bhbh, PLEVEVR DB THB, physical hydrology i3JA\s Hik#x > parametric
hydrology 4% 5 DMEFETH A3, Amorocho® (IR, Fik% Fig. 8, 4 DL5BEL T
W5, ZOSETIE parametric hydrology %3 - & BRI R L TWBH T LT, LHLLUTFTIR
system OILRICHER/MERED physical hydrology % parametric hydrology &3 T2 DB
BRrEETHILRL, WhYLREYE, TEPRY, KEE, WTAESFCOWLTUIBA LhinC
i Lo,

[ STUDY OF THE HYDROLOGIC CYCLE |
[

[ |

PHYSICAL SCIENCE RESEARCH SYSTEM INVESTIGATIONS

(PARAMETRIC AND
(PHYSICAL HYDROLOGY) STOCHASTIC HYDROLOGIES )

COMPONENT PHENOMENA DETERMINATION OF INPUT—
AND THEIR RELATIONSHIPS OUTPUT RELATIONSHIPS

Fig. 3 Divisions of hydrologic study.

PHYSICAL PARAMETRIC AND STOCHASTIC

HYDROLOGY HYDROLOGIES
TYPICAL TOPCS OF STUDY PARAMETRIC METHODS
METECROLOGY AND CORRELATION ANALYSIS

CLIMATOLOGY PARTIAL SYSTEM SYNTHESIS
ENERGY CONVERSION ﬁ WITH LINEAR ANALYSIS
AND TRANSFER GENERAL SYSTEM SYNTHESIS
BIOSYSTEMS GENERAL NONLINEAR ANALYSIS
WATERSHED HYDRAULKCS
AND HYDROMECHANICS STOCHASTC METHODS

MARKOV CHAINS
MONTE CARLO METHODS-

Fig. 4 Topics and methods of hydrologic study.

2. Parametric Hydrology

2.1 Physical Hydrology

2.1.1 BREZOEN

system O input &5 EICkWT, WA ORERIAHEA R D, FEIEEO —BER2Es 2 Lk
HELRMETH DA, &5 LIEPFRILT L8 7, M ORLERBECS LT Amorocho BHDH
AERIBEED® 535 5% Eagleson (L input, output DINEHEEER L CHE, KAFHOBELRLY,
F 1M EORRIN AR & O BA Rk L A T A S bR R B R B 3 A H - F
ERRLTWAY, EHECRTHFEGIRIETL 2 LWELS, FOFBCIIBEETRELO5HA
5, ¥BORMBCEEMA AV 5F7EN Penton!? Hiz Xk hiRdh, FBdEEC I 2BEREL T
bh T B, R KA EE, BT X > GEM S B, ERMILE L EBINE
BLIIR#ETH 5530719, [ORMLMEOER LBEESITH-RAR®L H 5,

2.1.2 WMAKDBALERK

+EROXKOTEMBFEOMEIL Gardner LI P Sh, HBEXBEAENCE I AEERD
HIELE, & v~ —@e2FELcER, BTHERC X 5 IR HER O BEMRE OPFF/x LT 2 /o R
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THbhH, “hbDFA it Soil Science Society of America, Proceedings i, Soil Science iEic#h
L, B Water Resources Research 24 27 D DRI HRBIDE, LTDOPRTHADBA - BXEBER
DOFRERECHR E LICEKRD AR DRELR DA, WTFh I WKOMBEEXFRE LD
DTHY, BEEZOM UCADEEY -2 Peck®™ ORMAL EAKRMTIIZT DO BE IRV, =5 LicE
i, Dis LA REORRTIE, “TWAKDOTEFE AREAABIEREORESL LTHRE 5 L3500 R
iR’ ERTIVWI ERRTLDEVZAHTHA SN,

HEWEEIC ST A 2 5 LIcHRE, W B piecewise B CchH b, ERE~OIEHAE
VO ETRARBEECEWV IR UL BB, &5 LIcERT, Ibrahim & OFf7E22 (1fE
FRC—BEE b TN EBRITERRE L, 0

Breo =+ B LOG Beevrerrereenmtrminties it (1)
e DM TEHEAE drec ZEFHL X 5 LRALREADLDOT, S$EOHRBIC—2OOFH Y HEZX TWBH LT
Bbhb, LELIZK a,b 3T ¢ XBEKRTHA X D OBERT,

Wbk X b OFEFRBUILEK D EHBE L L TIEL DR WRBETH 5%, Kl & b DERE K- 7o) D%
3, HRENA L NEETOERREOEVD, fHERIRE USRS, T4 24— 5 — LK X D OERE
FEBAHE L7, D L H %5, F1- Potential Evapotranspiration (PE) OHEEkE X s L T, (EHERE
DO T ARREBEDOHTIC Penman DXL\ 2 L& BN O, BUNA % 4 #55 LC Penman
BOURYRALI L O0ALIR S, FMTEROEECHELBEEG, BTEO=FAF -5 v AOME
FRUICL DL ADLRBA, FOEIT Do 219,

25 LIcRERDOR A, AREHICBET 285N, EROFRICFh 0ol ETERL S gt
fewdd, BEDOHAY N TELDIH 5 VIIRETE L2 Lhisw, MHEEEDHOLBIEHE L
T, 7 A ATREKRE LT APL OGRS FA IR TV 545 Saxton'® Sk 2 dudBRICIL ARI
ThFhidle b L LT ET 25 4%#F2 T %, ¥ BB cHERIz < S FERNESL N
TOBHRELRBNh %Y, BB f OKX & LT AREML Horton OX LM UTH % 23, Holtont"®
Overton®® (1K & LT 5,

Fm et @(S—F)m oottt e (2)
L, fe: RARRERE S: EBHKAE, F: BREER, n=1.4, Huggins® b L3 @gEoX v A
CTRHBRHE L L 5 & Lic, —7 Bell® 3BBREOH S 2 il ORIEICH 0ol X<, retersivity
function, evaporative function OEEHREL T35, HEEXTFEE LI LW 5 EELOTREINL
TLHMF LAV S DA Betson®® DOIERIE £ F 4 OFNEEZE L, Bouchet © PE B#HsFIHL
7o Solomon®® DEFEICEAT 5 FHERMERIUL—DDBHEIT /L D, KD BA LT KD recharge’”,
HI®, OPFRIIHEHH WX 5 Bbh 5,

2.1.3 FREREHKERH

WS AHE LW & KBNS LT CIR1954EE) b RA B LT 5, BIRID 7R3 E B H K
REREEHENE 5 L 0T, FHEMBELAGSEE, £EOOMKEHEIRMOZ LTHD, TDX5K
Jikix kinematic wave ¥ (—#8Ci hydrologic method LT\ %) L LTAATL MR
T\ 5%, Henderson, Wooding®5” 53 Lighthills® #gn ka8 L CEBRTE~DFEBLEY
PR LT 230 BEEMNE EOWN e ORI L, ZOHEOERBNOBRCHIY, HIROKAIH
BRE S ELERT LT &, KK TIIZIIOBE T lumping 28R 2 &, HRTAERCEbRS
ZEdBHHOHI L, BEEEB LTS, —F, Ding® 13EEESP:T /et Bakhmeteff OB(LHK
BIEAFIA LU CGHET 2% #REL, Morgali®® LIRFEEDOH T M Z L &##%, Zh% Stanford
Model ~FIFIL T\ %, %/ Brakensiekt6? b3S 4 IR L B HIR & —RHE~S L -
fii#1t. L T kinematic wave IHEaHEACHET A —FERRL T 5,

EFHRBEOFAABFEL LS B T, h2IEEFEK L LTk 5\ P % dynamic wave (O D
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Aicd e CAILIERHHEE S HER L BRESHCE L CHEHET 500 E B TH D, Brakensiek®™
1EFO—B AR U T 5, Ragan®®® (1A DO H 5 EHEHROKEM e\ L hydrograph DEfEZTE
R L ENEREE O E L HERE L, Abdel®® 1 Izzard OfsE 4 H#E L, Manning OHEREH,H
HTXADIBRMEBAINCIE 2 &5 L T 5, Machmeiers"®® 2 kigE D hydrograph ~ D
SEATAN, Chen™ [IHEFIRTOBMKER L LT, HE LS OHbh 2R SERE Tt E
U ETH R ERBNT B, Diskin®™ (23K E AW TF RN ORIKEFORMEXBEL L5 L LT %,

7¢343, Woolhiser™ (% dynamic wave (EiZ X Af#HHEE X b kinematic wave tkOEMMER LR L,

k=L;;‘12g ................................................................................................ (3)

TEFEIND kOfEN k210 /e 61F kinematic wave ENER EHSIETHATESL LW 5 8%H 5
HRARLTWS, L ERck T LIigil#ER, sinf 1llc 58, k23KE Fi& Froude T
H5o

TS D BEACERRORIRE T, BT & % 2 T T8 DA & i~ b 0™ O3/, Muskingham
BB LER(EAY R L ORA LR B, Dooge, Harley™ oOBFgi REMOAA#PLL T
R DOBRIITF D BB OF 4 0 5.2 T\ 5%, linear system analysis {2351} % identification ~
DEEERRIDDEB VL D,

LR OB & GBS O BIE D, FBROBEXRLICLDOLW L 21HRLA L,

2.2 WMKOFH——system approach

2.21 ®KEETL

4D X 5ic linear time invariant system -CiX, Input x(#) & output y(¢) & DORICRDOBAFRHEL
AT

y(t)=Siwx(r)h(t—r)dr .............................................................................. (4)

system operation |3BIE A() L THEHESITHh, AW X impulse response, H5\ L systen
function ¥\ b5, KA —>D linear system &AL XRAEESTIL, ZhidBEEEME (instan-
taneous unit hydrograph) *FEIh 5L D TH B, hydrology system Tix (4) ROETRALThEZ R
HRER L BRI 0T Lo TR ENZLBR D,

XC hydrology system #4&KE-3i3 % system function XK EFA B ED L SRELDMT I DR
Bo b & LBIMITHWEF AL Zoch®™® (2 L » THEHAIW—2D B Ath® 7 4 (linear reservoir
model) THoT, TOBEHD h() FKATRIRD,

h(t)zie—t/lc ............................................................................................. (5)

O v IR, RIIEERLV LIMERRETH B, o F A Lol n o discrete IR ER
WY D E, HERRKEE B,

1 C \»
h(n)—C-l-l <C+1) , B=0,1,2 oo e (6)

ZORT, t=ndt, C=k/dt=kn/t LI HTELIBR H)={/n)g(t) T n>o0 OEBHRE KD
e (5) AoMfEnh s,

—DDYiK A — 2D linear reservoir “CEBRT 5 DIXAR+4 & LT, Nash® ;¥ Fig. 5 DX 57 pfD
B K hOBEI € F A EEx fe, TOBEED system function 1ZKKTH %,

h(d) = ve (i) B=17E/K  ereceeiereeteererrrrtrerr . aaaaasterrarr i aaaaaaeaaaeeaees <3
ko \k

h(n)=

(n+p_1)p—1( c >" , #=0,1,2 «eerr e (8)

1
C+10eIl C+1



6 HAR R FEEE125B (. 4. 3)

Zoch's Model )
L0 I

t
Nash’'s Model e N
e A

: - ‘r
Dooge’'s Model ht)
loz  los Top

i {2 ]

t

Fig. 5 Conceptional models and their instantaneous unit hydrographs.

shiest L, Dooged® (1 Fig. 8 DX 5B TEHEETEX % X 5 iE (linear channel), Sk
MOMAEREFAFRRA LI, ZDBE () OFEBIILSH LV, B 2BBROBTERHLTLRDLS
Wicis s, '

p
hg(z)=zril='11< Cilll—l _IC—iz ) ............................................................... (9)
Ci+l

FofEL h9(2) i 2 BRI S, v (IUTLE OBEER, C IBUEKBORERTH D, hbb (D),
h() ~OBEBRIT—FrSh L%, AL A 12 Fig. 5 RS h 3% £ b, Wooding®™ #
kinematic wave ¥ AW TRLABRCTEV2 D Dooge D& FARFT LI Tn 5,

ZDixA linear system DEF AL LTI Quick®” X Jackson®® ¢ dissipative model 43D,
Jackson 3D FAKFMFEET A LD~ BHEAL SO LERL TV 5, EAMIZAE3 7%
REBEATIVTHES D, MEICDOLIRBEENET ALY HWTEL bR, input i L output
HEDBEEROLFNIGELMTE %5, $T7hd indentification DREETH 5, identification TiTv
¥—, model parameter ¥ XD X 5ICHEE T A DOMIBELD b, THITITKGIL CE#E: L HEERD
%, Nash®® |3fE#H:, O'Donnell®® [ XFMENE, Levi®® (37— v - B X 5 J5g:, Diskin® i3
77 7 A%, Dooge®® (1 Laguerre BIFIC X 25 REL T 528 ThHiXFIEOZHICAS, &
DL 5 IHEREA R &\ S HIEH TS0 Ly, SRCERESR/INCTE D X 5 e B TUID e X
bhb, &5 LEALD Snyder™ 3B/ EREC L 55 Titd, Eagleson™ LR RFIERC KT 5
Wiener-Holf iz & 5B@ERDBHEXFAL TS, ChbIIHBEBCE T2 LR TIV,

EEOWIRTIEL Dl ) L ARERAREL TR Y, system (IAERCIHRAER AL LidhL
LRABORNCETH D, MBI ORETH D, HHARYEFATRV S 53 Olchid % 02 Rl
KIFE LV DD, bod ) LEMERRFTNEL LW ) BRI FEOEBKIF Y v ALY AT L4
MaXhicl, 25 LGB TOHRL WL OhHbh 5%, ¥ GBI EE L D IERBELRD
7255 % peak LEHEIISMAYER L T BIEFEY & -7 Eagleson®®% 3 5\ 3fiih o ERA L HH
{£ LT linear identification DWJEEM:Z #:3$ 7= Barrere, Parkins!®® DF%E, I LICITEREOFRME
w3 L7z Diskint®h 102 & OFFFE 4 BBREE




AE: kEic s 3 kTR ?

BRI LBRHBEMRO parameter ZHUBEMEICEODUT B\ o 5184 BALEIAY ¢ BIE & kR4
& 7\ 108,100

222 EBEETNL

19604ELLFMC 38V Tl linear system & L COBMEDO RN DL DTH oo, EHNARICLS
RGP, BABNSYELT RECIHFRUNELYERLERV S LNEBRIhD L5k T,
7ok %4¥, Minshall® MFFOE — 7K, ©— 7 BENBROBE, WiEkET5 o L3RS 0B
PHEE X bR LTI ERED—HERRAR L, Amorocho® Henderson!®? 7% 011,19 i, &S D
CEEFRAL TV B, ShkTAEREE L LTY, SARRE L LToRVTiebb BT L 5l
L, RRGEh% parameter RBELTHE 5 LFHHHEIMD 1k LLATED, AV /4
REBRTZ ORDOTZRH S\ Tinbd Laurenson'®19 ) 3z, FEES LMliE Q OBIFY

S=K(Q)Q+++++veerrsrerrsersitrisiniiiiiintiitiiit i bt ssn s e s se s sb e sa R (10)

&T 5K, Singht'® 0 X 512 2 DORIF KL L HE CEE L, 5> parameter % input OB
LB LTk VISR AT 54, Kulandaiswamy!'61? O X 3 i ARY I L LT

dQ d*Q dI
S=aoQ+a,7t—+ as ar +b’F+b"I ............................................................ an
LI X, & parameter @, b ZE(LE ¥ 55k, Prasadisi® X 51
S=K,Q"+Kg%— ................. 12)
EELFEREIFRIA T B,

DX 5 HERR L Amorocho!?-122 3 Wiener #{¢®> nonlinear system HEFLYEHTEZ E%F
HT\ B, Tiedob input x(#) 15 output y(B) %

9= E;;IS": BaCes, Tz...,,,)jﬁl PTG IRV S S P as)

LFHL, BThH% system function ka(¥) % Tayler OB TELTLIDOTH D, FLTCZhiCE S
WTHBEO—BIEYRELTWAEY, -/ Uih% %I Jacoby® i linear system i inemory %
ol EEY P Ay — FEES L, linear system {23 Laguerre B§¥F%, nonlinear system iZi
ZFFEG % system function & L TRATH—20OHEERL TV 5,

KXY A 7 VZABRCHERECH R RTR, SRS LAMRIETETE LoD LIRS
ha,

2.2.3 Simulation & Synthesis

simulation OFEIZEEN, ¥BEER, MENO 3OCHEIREY, WThLBEYESNeF 1%
ML CHAY simulate -5,

EENThE LY, RRECHEREF VLD, HHVILHEOBEMTT e 27 vk ED, By
simulate 353 D TH 5, KREMDOER S BEER simulation DS ABZREMLENAWY, 2T
GRS LOCRET 5, BREENTREIRTER LIS ORIE Wool® OBRRS B, &
WieiB BT AME - T A DL, Amoracho®® Eagleson!®-129, Chow!$%130 DPRETH5, Chow
DREZDENEYREL, 13mx13m, §i2HEE 1~2m? HEKOEE;\ERATEHBETH B, Wi
AHBERREEEE, HRRECSNOBRALIhS, 3w F FHILKE CRREMCERBLREL TV
%25 BEORVWHRBIIFHTERVIOSRRS, &5 LR 27V ORBR TS/ 5 DR cd
%, Eagleson®2" OPf58I3h 54, SHEBEI LT BRIEIRPLL v,

BRM7 7 =7, Hele Show #EL A\ TOREENPRL, MTAHRTIEL »OFabh T3
2% EFEORIECHELARIE Lic Bower™ DO#if, MRBEEKERLHELLEE® REbAbh5,

R simulation B2 © & LT, PENHERELXLTFSFEL, »oBFHERYS
parametric simulation (digital simulation) ®#f7/co T BAZ V7 + — FAEOWENEHEL S, &

—_— —
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OPFRIREK - BE « K - A CHIBROKLF 1 7 A B EL BDTNBOERTH D, input L LT
BWE L PE # A\ CHER Y %4 27 Stanford Model 11 13, Kl synthesis $EED S CA1+4
THotohy, VHHLENE, BERET — 2%\ Model 1116180 22T, FEHIC OV T kinematic
wave BEHFEAL, XLICEIERE T CHAR: Model IVS® 35k D BEENE W EWbHbR TS, T
BRECIIREOBHEHEOBEI€F A T, Model IV /Il T simulate LX 5 &L CW\W518, &
ofh Dawdy, O’Donnel!*® I Stanford ModelelV # 4% T, simulation model @ peremeter D
HEEERREL, Stantord Model IV ¥ {LL o= 57 L THEMBEDROBIBE AR L T 5, fcLhic
Stantord Model % parameter DEDLBWORIETHA 5, —HCLTOAELXHL Bicv,. i
Fiering"? pif <% 2 2 v OEEMO BRI~ OEAD ME AT ERA VT simulate LTW23 DL
BXns, chbd simulation ki3 LR B, hybrid computer (& X B FAK D simulation %
fTis o164 L .5, S
7t3s stochastic FFEEIC L % synthesis PIEILHEGR T %,

3. Stochastic Hydrology

31 —EHHE

Yevjevich!-14 g3, FERKILEDFIFICIRA EIBH STV Tah o fodl & EI B OB R 2 B K RIE NG
AL, #EELTEKES X 5 IS E ORI/ SCH LOFEARE Lo, ETHEROLER(LLH-
T, FREAXEECHEEYHRFIL LS ET5RLALW< 2055, Majumdar*” (IEESAE, SPES
54, Foster III Bl43Aicov s T1000@ OE B A VG CEEEY T, Zhizx L Kibler, Yiujevich!4®
BIRIESRELE Y B T OBEEA 4 hiE U, & 4uc Gumbel 5% HTids, BEREIT L\ 2%, parameter
DENRT — 2B L » THIEL T LIERL TV B, L L Z DR TIIEE L O 313 5 BIES
fEAEBETRE BELECTEEN ADND, TOMICIAMDOS Tk, FHEME\L plotting
position & FR UICHFFEAS 2, 3 AL HEEM 19 ThH 5,

3.2 iEEER

MBI A FIA LMY E RO 12, WIRLILHHETH- T, FILOWFEOBELVLS LD
1FRA ERBRIT SEMRBTEHE EOERICO T USRI & 1, 2 8 T <,

3.3 BRIRIREIGHA

stochastic hydrology ~ DO E ¥ 51 oW THE L OEREL D D, BERTIENTO Ty Bl L
To b OB KRR RT EKIBR AR E OHBIYANEB SR E B oo b 01y, JRKE, A
Vil BMBRRIIORKHEL RIS DI Li3nie ) HHHI®, WFhLEC VAL ORETHD,

hbod DICKL, KZHEED simulation 7gus L synthesis 1B+ % b DICILEH Shp b0 2,
3 Rbhb, Matalas!™ GIiEAKTRERIA B~ 2 7B L A CTEEARE LR, FTHMoBRCEET %
Wi Hurst ZhRAMIKL, Wiser'™ JREAKBREC T2 BEFTAEXEEL T 5, @)IIRRED
synthesis 2B A HZ2I\ {023 17271 Fiering OB 4 55, & RO L NERLL
DELTETFTINTHA 5, Ramasseshan!™ | ZFEH{AHBELY U5 FWED synthesis FEL, shift
analysis & Biffi~</L = 7 & simulation % fF/c\s, Pattison!™ (3 RS & D synthesis & Bffils L 06
m@vwzy%?ﬂgmvam@tﬁﬁkﬁbtoit(hnmE%wmmwm>umﬁméoﬁ%kﬁﬁ
FEATE, RIVEBIKHE, e FARFH L TRERIIO synthesis #1T7c-> T %,

—75 Mcgilchrist!®® 53K DO A BRI~V 2 7 e F A 2FHAT5 2 &, Bagley!ss8 i1
BR—HHABCHERAROMELYEA TS - L xR A T5H, ¥ Todorovic!®18? XK HKH FA
WERELUTEEL X5 23 5H LWL, KOBRKRT TR LWBEH L OMOMBEC LIRETE S, &
LIZRE DL, D & LT Mandelbrot!®8 190 ¢ self-similar process D x 3, [\, stochastic hydrology
FECBTBIRA EOPMEITERORRFIOBB/ KA OBE LB A I\ ixxf L, Todorovic X Mandel-

— 8 —
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brot OPFRICIISHEOF LW IBAPIEEN D,
4, Xk I & &

ERA IS EROERIL OR BT, BHRIENTFELEALTRENREBORYELL LS T4
T#H5bH, parametric hydrology % stochastic hydrology OERIXMRZ 5 LK HECRBEI it
b, REATHEOECIIIER IhB~XER S, E4E stochastic synthesis: 5}‘-&0)
BANNL BARShBBRET, —BANCIIAKCEIER 2B LR %0,

S CABRME~NREBCROBEXYEAL X 5 LW ERFHEROMEL LT, S OFHOEMRY
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