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Mid —Long runoff Intelligent forecasting system of

Ertan Power Station

Major: Hydrology and Water Resources

M.S. Candidate:Yan bingzhong  Supervisor:Ma guangwen Professor

Mid-long runoff forecast is an advantage measure and important step of full
using water resource, implementing reservoir optimal run and completing economic
benefit. Especially under the electricity market circumstance, hydropower takes part
in competitive bidding. So that for set the generation scheduling reasonable and
accurately, forecasting the forture runoff looks very important. If we have accurate
result of runoff forecast, we can understand future runoff by using the accurate
forecasting result and the certain estimate error, therefore, we can get the power
station’s run strategy which is close of the fact on the base of the beginning track of
management(get run strategy and scheduler rule on the base of many years data by
use of optimal arithmetic) so that we provide for increasing generate electricity

benefit and drawing plan of taking part in future power market.

However , because hydrology state changing has effected by many kinds of
uncertainty factor(for example , climate change ,human activity and physiognomy
change), the rule is not completely clear and hydrology information is not
sufficiency, which takes on random . blur and gray and so on . So that forecasting
the future runoff of year, month acutely is always the most difficult of hydrology

forecast.

For better hold the future runoff circs of Ertan reservoir , In this paper ,subjects

mainly focused are as follows:



By analyzing the yearly and monthly mean runoff in many years, the paper gets
the trend and characters of yearly runoff and monthly runoff in flood and drought
period. At last taking wavelet method to analyze the changes of frequency and range
in multiple time scales, the paper get the main periodic portion by wavelet variance

method.

Take optimal arithmetic to optimize the parameter of the models, which break

through the tradition method, so that form no parameter and intelligent method.

Take many mathematics methods to forecast , including: nearest neighbor
bootstrapping regressive model, threshold regression model, artificial neural
network model, auto regression model, dynamic grey model, mean generating
function model, pursuit projection model and so on. By analyzing, get the best

result. From the result, the effect is very good.

Take roll forecasting method to monthly mean runoff, which takes account of
the renovate of the reality data. That is, continually amend the following result

according to the reality so that offer gist to roll optimizing of power station.

Take the technology of Web Service to encapsulation the program, which
ensure the safety of the code and make the transplanting better.

A mid-long intelligent forecasting system is developed, which takes the tool of
ASPNET and the technology of Web Service. It takes the B/S model. This system
can be visited and managed from long though internet, which are facility. wide
opening and strong transplantable; The system is connected with Office and the
chart and the table'may be exported to Office so that it is more convenience and

advantage.

Through forecasting the mid-long runoff, we analyze and expatiate the new
method and the tradition methods, at the same time we summarize the applicability,
the merit and demerit of kinds of methods, and then change the program from
enterprise level to internet level. The runoff forecasting inteligent system breaks

through the disadvantage of traditional program. Following the development of

e




internet it must be have wonderful foreground because of its convenience and strong

agility.

Key words: Medium-and-long-term, Runoff forecast. Intelligent system.
Genetic algorithms, Wavelet network. Ertan hydropower station. Web Service.
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RIBTHEANZERISH.
®3-1 . ATEURRESRZAERNAITERSE

ER:ES BRNMEEY | BAKEEY | BXiEER

wa | TR\ BAME BRI o e | oot | Mamtos
Y 1660 | 1231 | 2412 0.74 1.45 1.96
1A 0.12 518 423 667 0.82 1.29 1.58
2 A 0.17 456 369 558 0.81 1.22 1.51
3H 0.08 444 365 534 0.82 1.20 1.46
47 | -0.34 | 540 431 856 0.80 1.59 1.99
58 | -0.03 | 835 455 1275 0.55 1.53 2. 80
6 H 0.07 | 205% | 932 | 3630 0.45 177 3. 89
7H 0.04 | 3717 | 1970 | 6110 0.53 1. 64 3.10
88 | -0.12 | 3596 | 1790 | 7070 0.50 1.97 3.95
98 | -0.05 | 3587 | 1788 | 5565 0.50 1.55 3.11
108 | 026 | 2310 | 1350 | 3730 0.58 1.61 2.76
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BEF  CRKBAERIELAE I
1L | 019 | 1147 | 831 | 1620 0.72 1.41 1.95
128 { 011 | 708 | 558 | 945 0.79 1.33 1. 69
B ERAGEF HEF KPR RCEES PRER/MEK 3 M, Ktk

B 1.5 fEA, HEAERNTRNARS SR, PR REUERRZR
AERATERIFIER, B AIEREENRZRLERL.

3.2.2 FRELAE

RARMEAZUNBIEREIEE A A THRESIEETFIRENL
. % 3-2 FE 3.5 g0t T Z#KalE BANESETHE, dbRITTELE .
REFEASEFNS, BEAR 7 ARSETHRERDH 371’5, HHEF
itk 18.7%, BeRE A 3 B0 540 m’s, BT ELBINA 22%. B
5EMHHIER 6.8, HTRWLUEH, FH (69 A)KEBLLERKBENLL
BIERIE 65.1%, KiA/KE (11-4 A) 53] 19.2%, L5 (10 AF1 5 B) 5 F] 15.7%.

%32 BREAZATHITRSE

H¥ |(1A|{2B|3H|4B|5A|{6A |7"A{8H|9A|1W0A 113|128
Fi{E | 518 | 456 | 444 | 540 | 835 [ 2051 | 3717 | 3596 | 3587 | 2310 | 1147 | 708
Aotk |26)23(2.2]2714210.3(18.7|18.1[18B.0]1L.6| 5.8 | 3.6
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ERMTRBFENIEALS, MRWHRTRRMERE, Hit, &E
TRV X A B R AET 2 i B RSB, BRI

IR MR R A AR AT 24 .
3.2.3 HERRHBHE

HiZE(11~4 RB)BKBHME/N, RAEEQRENEKE HTK®
HRMDEMBKTES AFHEMNEKRE. HRESEROBLS THE
BT RKEREEFEERNZ N, AJE 1955-1956 4F. 1964-1965,
1988-1989 FAEAFE. F. FRRE, KT ZAERR KB KIS,

MTEFrA, TLLEHEERKHE, BE 4 ARERMN TR, BE
JUAS B TR BBk .
2 1500 |
= 1300 +
1100
900 |
700
500
300
11 12 1 2 3 4
Lr 19564 —-@- - 1965%F —&— 1989@] A
3.6 AREHOKFZRETLE
TR T ZHAERIHHIRKEREE.
FISHHBKRBELE
A& 12 183 28 38 48
BAKRE ©0.59 ' 0.73 0.87 0.96 1. 11
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REEH— N ARFRALANEHRRY, TR, TLEHR 34 A
MEAXRBREZ 5, HALS A4 R4 REI7E 0.9 LU L, BIXJLANA
trz RAFEBFHREMARRR. ERETNAHERENONE, TURBER
KRBT IRERE ) [R5 B 4k [B1 A 7 B AT HE R A T

R -AMMRAEHEXRBELR

11—-12 A 12-1 R 1-2 H 2-3 R 3-4 4

HEAEH 0. 944 0.941 0.951 0.925 0. 473

3.2.4 AiERELRE

T B WK B AT B S R AT B IR0, AT LT
BAMK, HLL 1956 £, 1965, 1989 fE{ERMN. . FREE, L5=ER
$AFRBELE, WFERR, RITUES, =4F6-10 AHRIKERS
WAEE K, BARGHAMBTS, FHAUT BT E S, LRI 6 FR
BRRERTEN. EEFAREENRE (RERERTE), fistg
TRFRMAREZ ENER, B, ERHERE, MRBRRI T,
AFRRRGRMKE, WRREANEHRRGBMINBAE, bk
BEER,

7300

md/s

6300 T
5300
4300
3300
2300 r

1300

300
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|--# 19564F —--- 19654 —a— 19894 |

M 3.7 R B
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PR L1 3T

3.3 /NES T EEA
3.3.1 [hEHER

FER KO R A ZNE T, B RIS R E AR w
a4 BT A E Rk K R, BERNERALRE S, BRSO TR E X
St R BT T v, BERER B TR R F IR T 215
B KR, %) . 1822 4 Fourier 12 1 RS54 7 =—Fourier 25 #2,
A LG 7K SO TR RS B IR R A A, R R B A8 . XK, FE 7R
B EBFANERK ), B R 5N T . 20 67 80 FAH B Morlet
FEARE T RAEMAZ HHTVRER MRS, A UREUE—R B
S BEEFE—MIBNNBER, By EFETE 520 18 7 51484
FetEBE e T HA. KRS (RN, K, 200 LESR£IEFEREN, 2
MEMEERRE. Flin, BERECE, METAER, AHEEMRE, &K
WK ZRRAE S, XL, BOMTTHE— A, TR
Ba—=, HaEmsPER—R, FEE—A. Bk, M EREEK
i )5 7

TSRS |3/ N A EF O T — &S HIBIARE, R
FETKLENAE. MEMTEKLENHFRETEENER, BRTK
SUNBE A TR AR .

3.3.2 NS
.3.2.1 0k

B LR U BN A—FHFTRERE, £E
Fourier T /MR HMATRGTF&S, WHTEERE rOe FR) , HiE
AR AR N

1@&@ﬂﬁ”£ﬂ%ﬁ%§¢ (3-1)

e, 1y, (a,0) RABEREL, quar%w(f;—b)ﬁmam () FH5
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B=EW ZROKRIEAERBERRST

T B — I R, w‘(%)m({—”)mm, o RRESH, -3
BN Lo HETHEs, b AR ASY, RRHELRTS. Ei SEs
B SEhR R — MR R E TR AR £, B/ R BN

BREY, MHXEREOMTRTLUERE £() KRG ERM T EE N B
SERRTAETR, AR BAE, BB SRR Y

- kAt — b

W, (a,b)=|d ””z fAny(—— (3-2)

A, k=127 Ni At HEURERS (] BIRR. W, (a,b) BEIF) IS RIRET B % a
MBIESH b B, TREBEF £()BRE FkAr) B 307 Bk i 57 38k 58
Kifi . ZaBUNET, SR MR, MNHIRAISSERR, Latir,
AR PR R, XSS PRE, Bk, MEERIIT EOMKNE
- JERATZE SR T R

W, (a,b) FERTRIZ B o Fl b UL, ERULAT LU DL b A REA04AR, a o sk
WRIRT W, N _HEEEE, A DETRREAE. B R HETAS
RTHEFFIRME D BENAFE. EREaMRAFRT, MR RSEH
ARSI R T RAE R R FRRMST: TER/ M B R B B T
W, HHPEEERENTROE, METBRABASINEREA; /b
AR REATHERK, ROZN QR ERLREE. ERA NI FE
AT LLRBIFF B 2 B (8] R B iR Rt A ig e 124,

75 3R /BRSO R v K R N PE T B B R AT AR AT AT B
S 64/ R ACA Marr /b3 (225 B3PI /N, Mexician hat /M) F Morlet /i,
Marr /MEFRIELT

o(t)=(1-1})e""? (3-3)

LA PR BE B UENP, E4K(3-2), BRI ETHRERY

RIERH (39, HbAr=1, f) B EVNETLHRE.

b)‘rz

Zf(k)(l (—) e (3-4)

-1/2

W,(a,b)=|d|

19



WKL

Morlet /M SHONGE, HRIER T
() = ™' (3-5)
R, o, AEEH o, > SH, Morlet NERBELER AR, XHTFH

BUFF), %43(3-2), 5 Morlet IS REHFIER K (3-6) . Heb ar=
L f(0) A R ERE TR,

_ k-b k-b
-1/2 imy(—) -(—) 12
a e a

W,(a,b)=|d| i fk)e (3-6)

kb,

w$§@ﬁxﬁ,ﬂm57“’mu§mﬁmﬁmﬁ,%&§$;wgm

WA .
R A EZERRRARZHNER, ENHAKZENTRRREEE
HySEHE .

3.3.2.2 JEFE

et (a3 Lk T RE a MR MERB T H#EITIRS, BNER .
Var(a) = [:Wf (a,bjzdb
HE—ERET, Var(a) KW @ P % RE R H5R55 (BRE KD .
MNETF ZRER BT, RADMETERLE, 2B a8 R B R 75
T RE KA R (R Resh R HORSS (RE A/ BERERLKFE. B
e, BLICER ARG ENER— MRS REREASRE (R .

3.4 ZHUKBIEANERREHE S

K RIS N R AR R 2 AR R AR B O 1953-2003 3K 51
ERZEEAFHRERL, WK R ERRZLR RS REK
HISAEE. AVFHREZRMREMRHANES, BomRE SRS
FRTAEZRE.

3.4.1 ZHKBISANFEEFHARET IS

X ZREK RIS N R S AR AR A4 20 B R A Marr /A
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BZE  CHKRMAERBZEHRES N

Morlet /NEPIFFPDBETER .

3.4.1.1 Marr N ESMER

X ZHK PR B Z G, AR (3-4) , BERARFM a b,
HENEEBRREW (a,0), BHPERBRABHBHELE, WE 3.8

50

45+

40+

354

30+

25+
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B 3.8 “H/kBuETHHBFENTE Yarr NETR AR %

BEHFHELE, TURRXTERMFIELN — L. §—E
MEFHERE EE T FARBRE S, AR/ B AR K AR
RER. AXEEROLEFERETHMERETLBL. EFRANERET
(/MR R B RBEA RN R RE TRREURERHE: MNEREATE(CES
1E2 B LA ) MR RFFIRERE: MREANTE(SELE IS
L) X NEFAKH: MEREATHMT AR A,

M 3.8 ATRAR R KIE H, — MK NI 50 FERMERRBET RN BRR
AR B B RIE I & 7 A R (B0 A R ER BB, o
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FEMRE(~2F)ME, EHTBHEEFIN. ERENI~SELAW
IR, MILT 11 IRERATEATFE. BD 1958 ELARTAIIAKHT. 1958-1963 4
BIfG7K . 1963-1968 SEA A KIEKHE, 1968-1973 /KA. 19731976 &£ £
AREKER. 1976-1980 FEEA KK 1980-1983 ERIF K. 1983-1988
FEFMKE. 1988-1993 AL MFEKE. 1993-1997 F2 [A) k7K B, 1997
FZEMFEKRE. ERES~N EAAMBRT, FEHR T =ZRHEXKFE
WAEIEAE, BF 1970 2 RTRIFEAKH. 1970~1989 2 [RIRAEK AN 1989 4
ZEREKI. M40 ELEEGRRERE, FER0FH ZIEKFE.

& 3.9 BB THEREA 4. 10, 141 B, /R EBER R B0 R.
WU E B AIE XL RE TR0 HERE SR

0.60 1 we(a,b)

0.40 |- a=4

0.20 /\ /\ /\

0.00 ) . . e SN

* \/ \-/

- F < e e £

0.20 f% ‘% Qﬁ %J ‘% 9&

-0. 40 b/E4}

0.60

0.40 ' : a=10

0.20

0. OO 1 1 1 1 Il 1

- F < Ve VY vy vy

0.20 %J %? ‘% %, %, %@

-0.40 * b/ 4

1.50 Wf{a, b) a=41

100 [

0.50

0. 00 - -
% 2 2 2 2 2
% i D bIER % %

3.9 “HKRNFTHARSETRRETAME AR AR
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BEE AR AR
3.4.1.2 Morlet ik R

¥ WK B E TR BTN Z S, AR (-6), B FRK a
b, HEANEERZBW (a,b) FIEH. B, EFHEEL, EidikiEa,
BT FRAB 2 R R EAR . B 3. 10 f1 3. 11 42128 Morlet /Mg 35
R TR AT R SRR,

(1) Morlet /)Nt 38 # (] 5236

Morlet /M R EH B RN BMRETF, FSRBEMSMAR T
fffe B Morlet NERECAER, RARHEERS, HHAEN, BRRRAER
i, WPMNERBHEEET VR R ARRE FREFHAAREH, RAFR A
REFMNENRRERZURARN, DREMERZLUNRRDIREERA
RETHEAEROE/REHN.

MHE 3. 10 TTLAEMIE R, ERRFINEENENEREL N 104F)
MERBFEL (KT 10E), AETTE, REFIIFEENELEL. 8-10FL
HEANHBTHE,

DAL RER 30 FIRE N 8 B A/ MNE RECL LB (B 3. 12, 3.13),
M B TT LUK B & BRI K E R B LR

50

45—

PR -~ N
40— / L -~ ~ _
P -~

B 3. 10 ZHKBIFETTHE Mor let NE TR
23 )



TUJHRE Bk

50 L] i 1
45 -
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b/Edy

3.12 RIEHD 30 SR MERBET R

“0,2% \/11 N \/46 51
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B3 13 REX 4 FH/NERBEIBE LR
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B=R ZHKBIIAERRELRE S

1 30 EREFR T, RRBUHAERTHROFRIES, £ ERME 1970
FZHIHEKET. 1970-1989 2 [E) kLK AR 1989 2 FFRIEK. WER
EAE 30 E4 A RRBIRE, M0 EMRERERK 0 E, EFHHE
B F .

ESEREFAT, BIRFHTAE A K, RITE 1957 F 2 wTHEKB.
1957-1964 F MG 1964-1969 ERIFEKHA. 1969—1975 SE AR A H
1975-1982 ==K HA . 1982-1988 SERIMEZKHA. 1988-1993 EfYF K HA.
1993-1999 FF HIFEKHIAN 1999 F2 fFHIFE K.

(2) Morlet 2% [ 5

PMREABET YT MERER, FUNDMEREBETHRATUE S
ARARMES R, RERDOE, THBRE, %£5-10 EHRARET,
TUHBEE, BEPOETERELE 1959 FLEF 1998 £k, TFH L
1959 G 1998 G4 F 3 E BRI AR KSR K 4E  2E 30 SR AR 69 A 57
FHEEE, SETENNR, RERE. REPON 1974 FL£4H, 1974
R EFAOFEKE (1974 ERLREFIIRE R 2081m° /s, FEPREK
T ZRG BB 2081 m’ /s 5L, 2BIR 1954 FEH9 2330m /5, 1965 4EM
2412m° /5 50 1998 41 2141 m’ /5 )e MEFIET LUE W ATREFEE AR (45
F)MARRL, HBUHFELBTERELWNE, EHELBERTFEIRE
B, REBPOTE 1988 XA,

1.4 1.3 544G F kb

FKRGETEMTFACRSERS, BERREI kBTN H 2
WHEE. AOH ZRELRKAZETER N ETRERBITHRE. BEL
HEFAHRER, AE314 IS WUEY, ERMEEDSH 9 f304E
Ear R, B EREST, TUEENED, PRI FEMUAEEL
HEHRAERTIRE, TACRRNSG LFFINMMRETREH, BREE. RESH
RAI KSR RN PR & R REERR AL AR .

XTI 4, ATLMRTEME B MK PSR B R
AR, X A R T A R A IR AR 4 T RIS
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B3 14 pNEFEELE B3 15 FEBFEER

2 ZHk B ABEE A I RET LS

Z MK e B SR B AR AR PR AT Morlet /MNBEHEAT 24T, BERERA 1953
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T, AFHR BRI T SOV BRI AR, TEX = eE
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(1) HefIR REEE 100 MEHE, AREMFEHRELIELET 8 kEH
RERERE, FHEEEEAE, RRXMASRER, 7F 2004 45 2005 44
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FEROKERM. AVHRETN. AVHREIERY. RRMERERS
HrE LB
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4.2 RIEREFE
4.2.1 BERZHERES

WA (Genetic Algorithms) RMEIAEY FHREMFLTRNRIE
KM —MERER, KUE4EERS. MESK. SEEEHESVE.

BAEREMEATR R A ARG, 8RB, FFhu
ITHE, METRE-ANME RZEN—ME R Res BRERETRE
AREAE “ENE” RFNRAKNER, EREXMREEREEREKLE
&, R, ENEDAREEEERMATEED, EERHEEEEAT R
T—RFPHREFELRNAEFERERE, FEHOREE, B BRY
SuETRZE, SERSTRIFHROE, ZRakiEnmn S
AR AR .

B 42 RoR T EXRBEEENTRE, itEAGN, —258 N DM EERA
&1, AR, KAMMES, e ) BERENUAIIR M, RIRRIBENE R,
HENMERNENE, F—RABMMBARMTET . WRENFELRLHER, FF
SRR — AR HE. ATFEET R, RBENEERME, KRERER
BEHEIMAETR. AR TFRE—EREETR, RA5FANENEXHE
BEIHE, TREBAZIMBESEIRBmAZ, WERFH—RFMEL F
ME2. FAES, oo )o R—IRRMEIAWAT, FEHERMHER A 1L

BAEEET LB AFME LS. B4 EH (&%) SEHEE X XNE
7). BIEEHEEN TERNES AP PEHERNEHELE, #LEENRE
S RF AR E BT E. '

BERESEGRNEEMLL, AT elARnTILA:

(1) BEHERMNBENRLHITEL, MARMNRERREITEE,

) B‘EHENERETHEO—AFE, MARFERAME,

() BfEHERAENERECRITNENRS.

(4) BEHEXANERERR, TARKEEER.
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BHE  ZRAKASERENAZNERHR

¥l o|w
513
x |®
w [\

-

—— e - ————

A 4.2 BEHZNTE

BEEEREMTRE:
() PEMIERRE. BAEEE R R TS R 5 A, 1)
BREENTETR, R REROBEIR, A% AER S fAERE,
L, B BT LA AT R S A AR R SR A
(2) 2R, BTRMEEETRARREE, REEDE, FUL
BEEN L2 REE. Bk, BRAREELEE MK, Bk L HRREE
R REEA R K.

4.2.2 BEEZRETHE

AICKA T BEBERN T HIREEEERRAEE NS, TEME=
HPIREFEMETILE.

(D) REGEHN: RAZHEHRARE, bR HKERRTRER
BEXRAME. XXPERBEGTHERESE, TUE—FZHERE, B
~ NSRRI iR . '

(2) BTy

RIEHHEFREEAENE R, STROGTN, F0hERER
f3 AR R AT LUEHUFRIR 2 P E R . SPIE R BT T E 5B
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O BHREEN ZHBIREEAH T HIRE.

VZ(VI’VZ""ka :“':Vp)_)X1

. : . (4-1)
= (X, X503 Xy X, )k =12, P
H: PAREERAA,
@ WHREMTHBIREELN B EEER.
X=Xy, 00,0, x,) 2> X (4-2)
=(x13x2:'”,xj— "":xp)

@ WHEAEKENE, BEEEUEMEFRNRAENIRETS.

fitness(V) = f(X) (4-3)

(3) RAMRFERE

REREERENEREFLEREAENT RO TERET “@E8” &
PERSTHM . AR FEREE AN —MEE L, XMEFRRMOEER
BR: RESRAFENEN DN ELEREERENEZNMLE, fesd
BAEERHEANT KR, ENEBHAT —RITEERL, K2,
M. BAMUER: MRERAKKNENEZ MEE IR, S RAK
RF\LENMEMNRPISERED HENTE, A5, R, YBEET
KT, TRETFTXR MR EAREIED, RR-KERTRE. FAWESHRE, B
)RR FFENLAENECNE. BANTRLS AERS, PERETEN
EHE

MR EL AR EL 4y A DA 5

O HHEESMRAKRENE:

Sitness(v)) = f(x,), k=12,---,P (4-4)
@ IEMBEPAREENENEZ A

F= i fitness(v,) (4-5)
@ WHEHEANRAKE LR,

_ finess(v,)

k=12, P (4-6
' 7 )
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BE  CRAENEGRRMESENERHR

@ HEE RO KRR
k
a=2.p; k=12,P (4-7)

J=l

AT 5 A A B

© 700, 1R a7 — AN 5 AR RIBEHLE 1

@ FHr<q, WEEF—ARfdky, TN, GBS kK SLEHK
vi(2<k<p)Ef8q,, <r <q ML,

(4) RXEH

FICRARM AR AN, Bk, ERERET AR R O X R
PG HE— SR BB EEENTE, RE, BEVEE—A WA, THWE
W EAEMMEEE, FEFRTR: BF, ATRPEABRIALEHE, =
EFE. 2R TEL T SRR

O WELLEP..

@ XPigE Ky, (k=1,2-,P), 10, 11K (8 7=t — AN 4 A5 B
B o Fr, < P, WG G4 A IEAT S R EMIRNGE 2 — B, k=k+1.

® FE(1, v, IR A=A BE S s o B, v, HROBNER, 57 0
BRI

@ THWELX SEBES, FEEB T,

® FATFREHBNE, HHRFNMHE.

5) ERizH

FREBPAKNEEUTEORERESE, 0170 THER. TR
BRI LAY Bk, RIBRREP BNEES5TROLRLARL,
5 RS 5 URERAKFEMR: RIE, ERRREE EHNHERE
BROGERCEHBTERES, PETREGE TARRGRSERALE
. ERBIENAES BN T:

O HEEREP,.

@ HRSE5ERHRKY, .

@ 7E[0, d, )X FF=EBHE s, MR, 1 s AL BEROREHT 0. 1 e,

® FATFREHL.

2 LS BERT BEEEN—KER, WERT SRk, Rk
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ERERAH NE BT BABRERB LSRN Y, BERIARMNERE
E BN

4.3 EEHHEVEMAER

FFHRETRBE KM TS, REA, HEAEE., MMHEREER
Bz, ZCRAKROHAIME, AR *ﬁzt__\ ANITHEREEER, DEMAE
B, RTINS — MK B A S IR B AT TR .

4.3.1 EEmA

BB E P FU R 1S TR AR SR E TR B ARG, AT B4
BB RICRA DR RN D R AT REET T

4.3. 1.1 HRTRHE

(1) H#

ORISR A G RN R, BT RCR A A BanR, HRE
t(>t,) BT FPRS 518 1, BRI 22 R FRS T, XMfeERATERE. B
AR BRI RN PEE AN <1, <<, 023, B
HXW)=x, ,i=12--n-1TF, X(¢)MHHREEFETEEMEX(C,)=x.,
T, x( )R, B

F(xn;tn|x"_,,xn_2,~--,xl;tn_l,t,,_z,---,tl)=F( ",nlx - ), n=34,-- (4—8)

IR X (¢) A mﬂ%ﬂﬂiﬁ?%&ﬂﬁ X (4—8) H¥HKI&HT AR
¥

Flfe's )= P <Xty =x} >t (4—9)

FADRERMEBIBRER.

RU-DENT:

f(xn;tnlxn—l’xn—ﬂ‘“’xl’tnal =22 f) f(xn tn]x 15 n—l) ,1 =3:4,'"a (4—10)
%ﬁ%ﬁ%X@WﬂﬁMﬁ%ﬁﬁ

n-1
o Xgs s Xastys e t,) = fn(xl;tl)Hf(xk+l;tk+1[xk;tk)5 n=12- {4—11)
k=1
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SWUE MK RETARANEIBIR

HE e HARER,  fx ) RAVIES S (). F£, LRXFEW: K
ERHZTRYEERTEHTEST (F8) AEBER (FF) FRE.
ERANSRKEEEDKE - RENNASEFREHN S TR, TR
SEBIZNEA L, TE L, BARERSEBRASE n KER,: HEETE
B—ANR,(n=12,) X,=X(@,) FTRNHRES (NaTE@E) H
ay, @y, -, ay o IXET, HNFHUE—-9FH:
Pﬁ;=agjg4=a%”~3X,=%}=Ph;=aap;4=am} (4—12)
MRS T X, , —a WEHT, B0 KEBHRa,, BIX, = a,
&ﬁ"%ﬁ$5n%%,ﬂﬁﬂUﬂﬁ¢ﬁ$ﬁﬁﬁ,W
py =P, =a X, =a} i,j=12-Nn=12, (4—13)
HREADREN (—D)BBEE. AL THRA:
© py20,i,j=12,N
n (4—14)

N

ptj =1’i=132:"'sN
=1

AR p, MR, B

Dy P vt Pw
Pn Pn ' Pw

(4—15)

| Pxvi Pva * Pwv]

WAGKENEBBEENE. CRET X, X,, - REEB T EIOBEEN .
(2 NRE R
WIBG/RFIRERE, 27305 MK B REETERERNT B RRHET

PR, HIRE 10%~90% %4 % 10 FEM. BIEFH L RKRBHERS

16, HEHAE EERBNDRMEA—SHBEE,
TRETEN 2003 FEFHRBEREBHRER.
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ENRZ@mEiR

R 41 ZHBRBNEENHBEBHESR

HHRE HBME S PR REXFE/ (m’/s)
<10% 0. 20 BENT 10%HHE AF 2007
10%—20% 0. 00 EE (10-20%) HfE 1922~2007
20%—30% 0. 40 ERAE (20-30%) HiRE 1861~1922
30%—40% 0.00 R (30-40%) KIRE 1758~1861
40%—50% 0. 00 FREZE (40-50%) MIHE 1610~1758
50%—60% 0. 00 R (50-60%) HIHE 1545~1610
60%—70% 0. 20 MERIE (60-T0%) HIRE 1433~1545
70%—80% 0.00 ELE (70-80%) MR 1399~1433
80%—90% 0.20 FEEAE (80-90%) MR 1325~1399
>90% 0. 00 . BREXT 0%MME NF 1325

B3R 4-1 M4 R AT LAE 1 2003 G40 B <LO%HIREZE 2 0. 20, 20%—30%
IR R 0. 40, MAMHTHRATLUE ) 2003 S0 FKEE, T 2003 4EAGSERIEF
BE S 1834 m®s (WK EMESE THREN 1670m’ss), 474 R 5K
FLHEME. '

4.3.1.2 RERT X4

BT RREE—HEKENER, S AMRRERIE T &R K
RREEMAERIARILES. B, WEEESHNEEITHE RIS
BEXHAR B BRI, RE, HATHS B SN BAK X R K
SSMABCKA, HAEIZES . SEMAGERETHRNBRN. IRAND/RATX
MM ELRBAE.

G R R BRI S BN T

(DHERREFSIEH BRXERL ., .

n-k - - n -
Fe = 200 = )00 = x)/ Y (x, — %) (4-16)

R RRE Y QB0 k1) BHXRS: « RFENBORRE, «
ARPREFFINHE n ARREFIINKE.
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FOE  CHKENERANASNERTR

@)X B AR RERHIEN, B

ALY (4-17)
k=]

REAME R BT (BK) BB /R T XERR (m D BTN EETE 31
BAHE) . |

(3) BURME K2 FwrE (G2 F e /R T REERPRASTN)  ARIE B
PRI R R AR B B R AT . B, TRERRES HE. M. EH.
it 5 R IR TRETRHA T ={1,2,3,4,5)) %.

(4) 3 Q) TN FbRvE, HERBFIIh RN BRZRBIRE.

(8) 3 (4) R BRI RIAT SV, THRBRRE S KN D RN R B ER,
ERETRABERSHEBEIREOZEREN.

(6) 2R LLEATE A TR & B MRHE VGRS, 44N M RAR
BREAEFEA AN H 2N BRRERSEELY , iRE, icl, kAW
(), k=12,-,m.

(7) 45 Rl — R & TR B AR A R & 4 T 2R ST,
IF

P =Y wp® (4-18)

k=]

AT HFSELF.

REWBRATREE, ¥ RoKbH HEETHRRNFE F BEETHR
oM, HIE 10%~90% R4 10 FifE. & ERSE, TLERMRE
BARE, BIATII. CUF AR Mok Bl 4RI R 447 2003 EHERHT
B, #RAFE 42,

F4-2 2003 FRKEFENRRABEESR

SERE BHME : 4 FRARR WmEKE/ (m*/s)
<10% 0.20 BRADT 10% 1 AT 2007

10%—20% 0. 00 MEEAE (10-20%) MTiE 1922~2007

20%—30% 0. 40 BREE (20-30%) MR 1861~1922
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BEMKEFLIR

30%—40% 0. 00 WRAE (30-40%) BIHE 1758~1861
40%—50% 0. 00 EERAE (40-50%) MIRE 1610~1758
50%—60% 0. 00 ERE (50-60%) KHE 1545~1610
60%—70% 0.20 BWRE (60-70%) FiRE 1433~1545
70%—80% 0. 00 BRE (70-80%) KR 1399~1433
80%—90% 0.20 BEIE (80-90%) WIFE 1325~1399

>90% 0.00 BMEKXT 90%HiRE AT 1325

LFRERMBRATRBHIMTER T2 2 B 2003 4 H32KE.

4.3.2 EEWN

P 18 R B TR SeVEH A AR R — N BRI R, AICRAK AR
R EENIRER, ATHEMEET ., MENEEREIE 4 PERIIFEF
I BT

4.3.2.1 && GM(1, DR

FRAREMSENEZLE - RN ER BESERANER, XEH
EMERBR A ERVENEEN, B2MEEAERE, TLHUAARRER”

BRI T B SRR 2 e AU T S T
KETNATEREETELS, FERIGMENT @S, FERR,
BEAE. MAUEES. TREHERSRA, BHUs3 T 2N,
(1)GM{, NEBKBERTE
@© —Br BI04
WHEEERN 9 HRGIEHHIEFH:

x(ﬂ) = (x(O) (l)s x(O) (2)’ " 'ax(o) (H))

i F

k
O E) =D xV(@.k=12,,n
i=l

(4-19)

(4-20)

3 RF IR RIS, TR TENEREREEK,
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SNE  CRKERERTRHRRNEILHR

BT LA AR5 O 2 TR —Br & v /.

@
BTy (4-21)
di

AF: aMABBENRESE, RO REGHIEFT O KL R/,
u OVRBEKPHRARE, RIBREFEEORRXR. BEaRlu 2 G, BidkE L
R FRER AT S O BER (8 R .

@ HEGM(1, HBEFHSHRNSH ey,
R (4-21) R BH o Fu HEAT LU TR

‘=B 57y, (4-22)
1
AR
[x©@(2)] ~1/2[xP 1) +x (2)] 1
y - x(ﬂ.)(B) B —1/:2[x(1)(2)+x(1)(3)] | 1
| xP(n) | V2O (- +xP(m)] 1

BT R 0 00 0 A R (4-21)

[() - A
aad +axV =y (4-23)
dt

L DR & X G EI?%EIJE;W&FU xR

@ #ILKABTMPER
R LB AR A-23) 25, EABERMEZ O MKETMBER A .

A0 u. u
x (k+)=[xOM -l +— k=012, (4-24)
a a

X EAEREEE, BRRBE O HREMPER Y,
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A (0) . "

x (k1) =[1-ee* (xO (1)~ 2}k = 0,1,2,---
a

(2) R

IR KB EREN, FMERE 8 ERELETHEARK (TR), K4
BEATERE, XR0h KPR E SRR B 1953-2002 3t
50 £, ENEAIRA 1953-1994 43E 42 EETHRBE TR, KA 1995-2002 £ 8
EEEHHBRHATRR. EHRBERIEK 4-3, 4.3,

% 43 RESDNNSSENTNRERES

FATR2ZE <10% <20% <30% BRRKRE | BDMRE
HEHER 92% 97% 100% 28.1% 0.41%
T B £ 63% 75% 88% 372% 0.47%

3000 ¢ e SRR
-eae - TR
2500 | SLEA

2000

1500 B Y

1000 [

500 | O T T T S I U S U S N I S e | )

1958 1963 1968 1973 1978 1983 1988 1993 1998
M 4.3 RERBRRENLRE E

4.3.2.2 AEjahER

()RR |
—i BENAE R Pl SR BRI R MK, ERELWTF

Q =u+e (O, -u)+0,(0, -u)+--+p, (Q.l—p —u)t g (4-25)
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BT kBT EA BT

AF, w AFF QHIME: o) @ 0, 8 ARQEREIRRE: p HEH
g MBI £ o MARFEFF,

(2) B8

ARBEIIE pr2 NS4, WMo, ¢ o, Ruflc?. §ilH p MEHE
BEIAERY, BERNSEAFFINHERTE. XESBRERARSET,
HTEERES. AURERNE N —RES, AVNANEREHEE. Kb
uMo’ MERBEQ MIRAKE S py v p, BEEREAHXRS 1,
ro o W BRRY e, 0, @, AILR—KTI/RKMR. 8

#$ﬂﬁ:u~§=%ig (4-26)
BAKFE: o~S=4(Q,-0) /(n-1) 4-27)
CEES Y S A L ST N R
;EI(Q"—Q)Z
HUR—RTE/RFER, TTLRRIRERBRE TR
@ 1 P P " 2
¢’:2 _ F:1 1 p;:,-z 13:2 (4-29)
P Ppi  Ppa 1 Py
BETE: ol=0"(1-0p,=0,p, —~0,p,) (4-30)
() EEE AR U R

@ AX AR BRRBEB TR, B —& AR SR EH T 48T
3, EBCRAREEERMN, FENENRGAEERN, RUTRELE

@ A LHRTRIE 8 FIEARBES, LUK 8 FHTRHR R EE
BRMEREBIRES, DEEENZ AN REARHER D HKE BiF,
BB R S R SRR AT,

@ IR R EAMBE WREN I LENAARGYE. FENRAR
.8

@ REBANEESEOTRBERETHRBHTRN, NTOBEHT
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A H A B R BE .

® MNBBAEERENR Y. TRBERMHERRER.

(D ERRH%

K R B T E TR AR BRRIE R A 1953-1994 4E3L 42 SREERYY
WERE, KM 19952002 F 8§ EFEVHRERSATRE. RIBREETEER
WER, KH 2 BRIPEE, BERXRWT:

Y, =3.25Y_ +2.56Y, ,

BERBRERIR -4 TE 4.4,

T 44 REBRPESRENPMNIRER R R

MR EEUE <10% <20% <30% EXiRE | BMRE
BEeWmE 78% 97% 100% 21.7% 0.39%
TIREY B 50% 100% 100% 14.6% 0.57%

3000 r T
- TG R
2500

2000

1500 .

1000 F A A

500 | N 1 Y N W N N T N s S N N T " T [ [ vy s e
1958 1963 1968 1973 1978 1983 1988 1993 1998
4.4 AR BRRIFR{EMERE R L

4.3.2.3 AL REERN

()RR R

MEMSBIEYRER KR, CRZEMAINIG K THEREN—RE L
BRG. EEYART, HEARMZRETRSGHETNIIRST, FHE
JOHE “ER”, WREATTERKMSE . FATHEFMSEH, METLHEFA 4L
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SR ZEKERNE R RE RS

HEAT” B “ALHER”, BREFHHAL “WE7. ALHEBTREEYHE
FTE—ME, BESEFEHTRA. S, EEN. B GERmEED
FRAEMS. METEMEMENESRLEETT, BHFL ML TEEREN
BN HERSE, RSTERERN GHE” A%, 2 “Bae” g g laee]

HAMSHEUMRRME, KO RERRTN T % R L iR S
H { BP (Error Back Proragation) %%,

BP MERIF R : EHETREZNENTMA, HFRHEAT B, 42
TEEMRA, BERE-HHY: RIARSEARERAER.

BP HEMES B URMKEINHHENNYS SHEMmBRENE
W, #REMREGHLEZEIRE, BIHAAENREEETERERNEENE
MBE, BEFRERTIER N,

BT 3 ERTHE MR 2, Bk, BAMLLL 3 /2 BP M4 h 4.

— AR 3 2 BP PSS Hth S E (4. 5) BTR,

Xfa

AR BE CE
4.5 3 Z BP MRLEHTER

He: ABARAR, BEAKRE, CENRHE. AN, AR
BATRE AR, BERNTAEH p A CERUTAAnA. AREBEZ
REERERAY, (=12,-,n; j=1,2,,p)F7F: BRE CRZANER
WAV (i=1, 2, =, p; j=1, 2, =, m)ER. BEMETSBERs, (i
=1, 2, =, p), CEMETRBEAMENC (i=1, 2, =, m).
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BNKEFL R

Q) FRAIHENEERABELR

O HFAIHEMSERMAARS 3. BESAE. BIERY. FIR
A T ERE BT i HImeD, HERAIRRE.

@ EFH BT RE 8 FEMRKESH, LAIX 8 FERTRIIHR REREIEH
CB/MEREHFRY, UBEFGZ AR REENER N ARERT, B
HRREB N REERNSERGHE,

@ w/\ vy by oTECL 1) ZIEE—MER/DHIBENLEL

@ T B EEWRNE B

B =f(2Wfo +b,) i=1,2,-,p (4-31)
s :

Ao X HMAER j A AR KBRS Signoid HEK.
® HEHHENRIL Y

p .
Yf=fQ V!B  j=L2-m
i=1

(4-32)
® HHHLEREE;
Ef =Y/ (1-Y )T} ~¥}) J=L2,m
E, =§:E;‘ | (4-33)
-

Kof. T ABARE AT ANERE: B0 MR RS WA
BRE: B ARATERBES W ARERR, NARAEK.
@ WEBEG MAERTS B A RIRE.

¢ =Bl (1-BfYY V/E} i=1,2,,p (4-34)
J=1
TR S5 B HEE
AJV/ =aB{E; i=1,2,p;j=1,2,-,m

N
AV =Y A/
k=1
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BNE  RANE RN AL

VI+) =V (6)+AV/ (4-35)

AP RRIERKE
© EERL RS E SO EE:

AkcJ.:aEf Jj=L2,-m

N
AC;'—'ZAij

k=l
¢, (t+1)=c, )+ Ac, (4-36)
Lk NS v b upes: 28

A =aX W} i=1,2,n;j=1,2,p

N
AW, =;Akw;
=1

W+ )=W () +AW] (4-37)
@ HERENBE:
Ab.=ap! i=1,2,,p
N
Ab, =3 Aub,
k=1
b(t+1)=b,(t) + Ab, (4-38)

@ BEREE<e, BV, BFUEIE=S.

® MBEFHESLLAKLSTRLEZE, RANENMENEE, SATH
SRS MR S TR SR LURB— AP EEA I B iR RS

@ REMEEENERREDRE, %% TX. ERZERTURE—A
FRE, BEELWE 13 MR, BEREEMNE.

(3) & RiFE

THKEEHETHRBETAMAIHE NG SN EERATE X
1953~1994 3t 42 ENETFHRERE, SRAUTEZ EHRERAEY 5%
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X3, BEWAHCH 15, RHEWAKEN 1, SBERYESR0.85, EIRYE
P 0. 1. BREIBRNE 4-5 A 4. 6.

F 45 AITHEMRER/NRHSRENTIRENRR

PR L] <10% <20% <30% BRRE | BMRE

BAEHE 100% 100% 100% 2.45% 0.05%

T Bt 75% 100% 100% -13.5% 0.25%
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2500

2000 [

1500

1000

500

0 IIIIIIII [ S A O T R P Y T [ [N T T N Y G S [ I " S I |

1963 1968 1973 1978 1983 1988 1993 1998
4.6 ALHEREHRIFRE S LR E LR

4.3.2.4 PEALFBWSALHER

AN T B R LA BRI TEOCIZ A YGRS E R
TR, SRR RS, SRR E S E A AT HEMER
AN, WMEMOEFHREEIATHERNEREE, 20 ATHEM SR
BREMMER.

(DRBEH

ATHERKHERS R E—F, MEEHRMNEESRE=R, THNE
RENETHEE R EFRE.

REMFTREEEHOR A Tous M, &K EF5
ot =12,--,n}, C,()=0( . REWMTF:
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FOE  ZHKRSEETRNALNZLTR

C(t) = ih(k)é,_l (t+2'k) (i=12,-)
k=
pVi(t)=Ci—l(t)"Ci(t) (l=1:2s)
AP (k) ARBIRERESR: C0. W ()({t=12,...P; PHRESYK, —

BB ERMNB)DANAERBEI THNERESHATES., &
W, W, CVRTER B P F BN SRTS). BN, HE ZetRt
BIFFISRRL T ARSRRRE TS 12, BN HFT . X RS SR E
SR ZH B #£K(1/16,1/4,3/8,1/4,1/16).

(DRl s R

ORREHEXFEFHRR OO} ET PSR, BIENESBFES
WO, 0),,C, 0} KB P ANETRITIE, PR log? BUE.

QOATHENEERNMARADMERURENAN Y, WHEX 1, N
BAEFEXNBENML BERFNEIREETRE, SHRE 8 EHHRNME
Mz EBXERMERD EHIREL, MAME&?ﬁﬂJiﬁﬁﬁﬁéﬁﬁ{ﬁﬁlmﬂt B
r, B BREEENERRETRRIEBIRME.

@HEIRE L AT HEMEERHERIR .

(3) &R

ZREK R SRR BT R AR R R R YR Y 1953~1994 4F
KL FNEFHREBRER SRUBETAEN 10, HEEFAHN 1, IE
REA0.9, ZIAKO0.05. HHBKERNEK 4-6 f1E 4.7,

# 4-6 MERSBANHSRENTENRELRE
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=]

K
Hepw,, =100 /0% j), j=12,K.
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OB HEM BT NS ARAKENZERSR, B UHE S
ExRBENKE, NHLERRABERERET UGS SHLTRERENILA
RE, FIRKEMENE W.
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@ BEENREENEESE
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min f{r(1), -+, r(L-1:b(j,)] = D[y () - ()] (4-42)

R ' 6) A (4-41) R AR TS BT V(R TR AR E M vHE) ,
TRETIRE r() ~ r(L - DAE TR X A A EERE 5, 5) FRE: yo) AER
B

@R, KBE i MR BARREE £, £ B R E
%2 fE 1 HR «

@ik, EOARNMEE EFFREENNRIRHF, TG RaIm L
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(1) BB EE ' |

K R — R R

Or=Qoe™” (4-43)
R, OF Qo 4r Bl ¢ WZIREFEBRE, BHEBKEH.

ZEINBKRFEEEEREBR DGR, BERERK, BKMLHE, 8
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_Joue™,  i<0.2r@)

g, (4-44)

Q,.,e7, Q. >r(L-1)

R, QR O 28I ¢ BEZIR -1 B ZIR R L ARBAEEL r () G=1,2, -+,
LD AZERESR: £,G =1, 2, -, DDAFHEBFRBKEE.

(2) BELR

BB HSBEERZBKERIRR. B0} F{OL. HFH -1
IR ¢ 2R, kS BIT.

ORRBHRBEDIEGEARENSRITERER BT, —RERES
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AT AR AL A 220 A g A Y B R I TR T 4

@R RS A TECA R IRK RYEARTHE, B

B 100, /0,)- (4-45)

AICPIRKRBEIR A A TEHER, BMEERS 8 £ERK, BEL
BRARHEK. BASEAREFELEET, MEEMMOLIERHEFE. £
FRIEHE =M, FCCRK MR IFA 2 A 3 (SRR B EEEE A0 10
A).

(3) &RRE
R RIBKERBERNT:
R 49 SRMBAEHFE
B 10 BiRE(Bprm’/s)
>2690 2160-2640 <2160
11 B 0.836 0.724 0. 596
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2A 0.137 0.132 0.1186
3H 0. 049 0.026 0. 002
4 R -0. 142 -0. 205 -0.211
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WIRBE M AR, BN L TINBIRREAT A B R LS R R
HFAPBHAFTM. WERERUFEEHRNMEE, —RATUBEKR R0 L BT
A RIS BTN S MEE. ETXHEMUE, AZER R
£KE A FHRBTHI.

(1) BRI

BRI EFE X (@) = {(X 1), X 2),---, X(VN)}, BN hEAAR.

T 2 A 4 R

TO=S8 X6 s, zs[%’-] (4-46)

ny =0
" N g | N Nlo__ N
ﬁ¢dﬁﬂ$&ﬁ%ﬁ@@%&§d%%kmﬁﬁkﬂ,Eﬂﬁmﬁ?
H%,m%ﬁﬂmsﬁqm%kﬁﬁo

than s =18, X,()=X =%i)((i) B VB P ey 4
Bi=28t,

X,()= infxmzj) =ni[)r(l)+){(3)+-~-+X(1+21c)+---+)((1+2(n2 -1)]

2 j=0

BN 5 2N EN P34

X,(2) =i"fX(2+2j) = i[X(2)+ X+ + XQ+20)+ -+ X2+ 2n, -1))]

By 0 n,
ENEMREN. RXL,OERABN 2 WHEEH. £EHURE
X0, X, X, (), NBET=MK

X, (1)

[0 5@

H (4-47)

X,0) X, - X,(L)
TR H o LW e
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£ =Z(r-1-1NT(¥)) 1=12,--L; t=12,,N (4-48)
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(1) BEREREX
Y=4X+8s (4-50)
AP Y A 12 AR o ARIRER O3 T 51 MFIERE, .
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X R UL, 3T B IEE G — AR, B,
X=(0)
£ & AMSTRENURMPIAERE, —800 R BIIEAREAAR, B:
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