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Study on the Pattern Classification of a Hydrological Process and
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ABSTRACT

This paper is to examine the physical mechanism of different intrinsic rainfall-runoff
processes of river basins and to apply to the flood estimation. Most of the studies focused on
rainfall-runoff process stressing on surface runoff; nevertheless, from the view point of water

resources planning, interflow and groundwater runoff still counts considerably, despite that sur-

face runoff plays the main part on flood. As a result, this paper mainly deals with surface run-
off, interflow and groundwater runoff by adopting filter-separation method to analyze the runoff
process. To find out the amount of rainfall that attributes to the formation of runoff process, ®
infiltration index, basin retention capacity, groundwater separation parameter and the concept
of water balance are adopted. Total rainfall can thus be decomposed into effective rainfall,
which produces the different components of surface runoff, interflow, groundwater runoff and
basin retention, so as to investigate the physical mechanism of each rainfall-runoff process in
river basins.

First of all, the concentration of rainfall in a watershed can be divided into the following
seven concentration patterns. They are, even type, increasing and decreasing rates with time
from the first, second and to the third power. The product of the concentration curve and the
runoff curve that stands for the runoff of watershed by the form of convolution integral can be

integrated to find out the instantaneous unit hydrographs of different concentration patterns.

The instantaneous unit hydrographs are also transformed into unit hydrographs of the specific
effective rainfall durations to explain the runoff function of rainfall-runoff process. Lastly, by
applying those data collected from each rainfall-runoff process, the Rosenbrock’s optimization
approach can be adopted to find out the time of concentration and depletion constant. The char-
acteristics of above mentioned two parameters can be used to explain the intrinsic nature of
rainfall-runoff process.

To verify the appropriation of the model adopted, the paper chooses the upstream reser-
voir zone and the downstream plain zone of Tseng Wen River as case studies to show the good-
ness and accuracy. The results obtained can offer a useful reference and application for the wat-
er resources planning and flood-damage mitigation of river basins in Taiwan,

Keywords : Hydrological process, Method of filter separation, Optimization of parameter,

Runoff analysis, Water-resources planning.
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=(1/TH{I —exp(~k)} .
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(3-10-b)
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(3-11-a)

w0 = [ QrIT Mk xexp(-ke - epdr

=QIT W, =1/ k +exp(—kT) I k} x exp(-k(1 =T )) .
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(3-11-b)

u, (1) = L (7T Yk xexp(~k(1 - 1))dr

SQIT Y =207k 21K =2xexp(-k)/ k})
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(3-12-2)
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+T 43T Jk+6T /K" +6/ k' ~(T.' +3T" /k+6T 1k (3-16-a)
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Ao T, B AERT -
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U= [ w-00/Tyde | T, <1<T, (3-19)

. >r, . I

L‘,(I):jw u‘(l—r)(l/f,)dr+jo u, (1 - 1/ T,)dr (3-20)
T<i<T+T

(/J(,):jv" w(— 1/ T)dr . T +T <1 (3-21)

o wi(o) © Ose<T Mo BRiRe BLAT FEAR
up() + TSR i MBIy BT R, -
(3-10) ~ (3-16) R ARE T [ L Fi B B - B ey B
i FRAs > BREC R HE L T 4E s L7 FEAR - T (3-18)
~ G2D) AKEHHE  THEE A F LR THFH
BR( REAR o ISR RO T 4 IRs BE A7 R R & 5B B K
8 > 2R (3-22) ~ (3-28) PR -

Uy = 0007 ki =1 + expi—4r)}

0<i<t (3-22-0)
U () = {1/ (T TR KT, —exp(—k(1 = 1)) + exp(~k1)}

T <i1<T (3-22-b)
U (y= A/ (TThMVAT, —kt + kT +1-exp(=k(1 = T))

T —exp(—k(t =T )) + exp(—ki)}

T <t<T +17, (3-22-¢)
U, ()= {0/ (T.Tk)} {exp(kT) - 1} {exp(kT,) — 1) x exp(— k)

T +T <1 (3-22-d)
U0y = RI(T TE WK 12—kt +1—exp(—ki)}

0<I<T, (3-23-a)
U (0= RUT TN K T~k T 12— kT, + exp(~k(1 = T,))

- exp(-kt)}

T <t1<T (3-23-b)
U= QIT TN 124 k(U4 kT + KT /2

~k’T 12 kT, =1+ (1 - kT ) x exp(~k(t - T))

—exp(—kt)+exp(—k(1-17,)}

T <t<T +7, (3-23-¢)
U, D) = 2/ (TR ) {exp(KT,) = 1} (kT = 1 v exp(-kT,)}

x exp(~k(1 = T,))

T+T <1 (3-23-d)

U, (0= GB/T TR YR 13-k + 2k -2+ 2 x exp(—ki )}

0s/<T, (3-24-a)

U= BT TEWK T - (KT + 28T +k'T, /3
+ KT 4 2KT, =2 exp(—k(t = 1))+ 2 x exp(—k1)}

T.<t<T (3-24-b)

Uy = 53/ TAOYIK T = 26T 12 =2 xexp(=kT )}
fl-exp(—k(/ =T N} -k 13+ (KT + k™)’
(KT =2k, <2k +K'T 13+k'T" 13

i VAT kT 4 2kT, + 24T, -2 x exp(~k{(t - T.))
+2xexp(—kT)]

T<t<T+T, (3-24-c)

U\ = (345 T Y (expkT) ~ 1} (KT = 247, +2
~2xexp(—kT )y xexp(~k(t~T))

T+T < (3-24-d)

U0y = /(T A 14—k +36°0 — 6k +6
—6xexp(—kr)}

0<r<T, (3-25-a)

Un(n) = {4/ (T TR WK T =k T 124 36T )0}
TGO T A KT 6K T k' T 14— k'T -3k°T
- 6kT, + 6 xexp(—k(t = T,)) - 6 x exp(—kr)}

T<i<T (3-25-b)

U0y = @I TANKT =367 4 6kT, - 6.+ 6 x exp(~kT, )}
(—exp(~k(t =T N} k' 144 (K'T + k)~ (kT 12
$3T 436 + (KT 367 + 66T +6k) —k*T" 14
VKT A kT KT 36T 4 3K°T —6kT, - 6kT,
+6xexp(-k(1 =T ) —6xexp(--kT )] .

T <t<sT+T, (3-25-¢)

U0y = /(T TA" ) (k'T,) = 36777 + 6KT 6+ 6 x exp(~kT )}
{exp(kT,)~ 1} x exp(~k(1 - T))

T+T <1 (3-25-q)

U ()= 2IT Tk 124 (KT + ke —kT -1
+ (kT + 1) x exp(—kt)}

0<r<T (3-26-a)

U ()= R20(T LW T 12T+ kT T +&T,
— AT, xexp(kT,) +exp(k1;) — kT -1} x exp(~ki)}
11T,

U= Q0T ThONKEE 12— (T + KT+ ky + KT 12
VKT 124 KT T, + kT + kT, + 1+ (kT +1-exp(kT)
— kT, x exp(kT,) —exp (kT))} x exp(-kt)]
T<I<T +T, (3-26-c)
U, (1) = 2T(I TR Y (=T, =1+ exp(kT,)} x {exp(kT) - 1}
x exp(—kt)
T +T <1t (3-26-d)
U (1) = B/ (T TEWKR 13- KT8 =k + kT 0+ 26° T
2kt — K T" = 26T, =2+ (KT + 2kT +2) x exp{—k1)}

0<r<7, (3-27-a)

U= BHT TANKTE, - KT =2 T T - 26T+ 6T 13

YRTT kT kT T + 2K°T T + 24T, ~(K°T + 2T,
+2){exp(kT,) -1} xexp(—k1)]

T<i<T (2-27-b)



U ()= BT TA k0 13+ (T +k'T 4+ k< r?
(T 26T T 42607 + kT 42k 42607 ) x 1
KT 34T 3 T+ T T+ KT + 60T
+26°TT, +2kT + 2kT, + 2+ (k'T" + 24T +2
~2xexp(kT,) -k’ T x exp(kT,) - 2kT, x exp(kT,)
-2 xexp(kT})} xexp(=kn)]

T<t(<T+T, (3-27-¢)
Up) = 3T TA B {-KT - 2kT -2+ 2 x exp(kT, )}

{exp(kT ) -1} xexp(-kt)

T+T <t (3-27-d)

U ()= @/ Tk 14+ (KT + k)0 + (367 = 3%°T? /2
30T + (KT 36T+ 6T + 6k — (KT +36°T?
+OKT +6)+ {k'T" +36°T" + 6kT +6} x exp(—kt)] |

0<i<T, (3-28-a)
U= 40T Tk -k T+ (3k' T 124 3T T, + 36T 0

ST RT3 3T 46k T T,

SO+ KL A KT +36T T 124 6'T'T,

ST 4 KCTT 3T T, 43677 + 6K T T, + 64T,

—(K'T +3K°T 4 6KT, + 6){exp(kT, )~ 1} x exp(~k1)] .

T <i<T (3-28-b)

U )= @I TR 14 (kT + k' T+ Ky x " + (36'T /2
A4 3TT 4 36T 43T, 4 3k - (kT
ST AT 3T 43T 43T T 4 6k’ T T,
FOK'T +6k°T +GhY +k* T 14 4 &'T 14+ K'TT
T KT AT 24 30T 4 3T 4360
FKT'T 43k T T+ 6K°T.T, + OKT, +6kT, +6+ (k'T"
+3K°T7 + 6kT +6 - 6exp(kT,) — kI x exp(kT) - 3k°T’
xexp(kT,)—6kT x exp(kT)- 6xexp(kT) )} xexp(-k1)| .

T<t<T+T, (3-28-)

U ()= BT Th Y =k'T" = 3K°T7 - 6kT, — 6 + 6 x exp(kT. )}
{exp(k?,)— 1} xexp(—kt)

T+T <t (3-28-d)

ERE G

—RRAGE BTy I FSE Y - PR AT
ARERFE =EIGEGA T Ak - MEEZ RN
IRAES R R FSE R~ RSB T oK
ERFE-HNCHRAEE  IARAERERCER
BB sk O B B o F ply DU ot By ] B AR B
RBEEREY > PR R - f
FiRH N AGERC A RHE > B RER
& PREGE DU T AGERE -

AP ER R < I RIE BRI - HIRE
HAGRRLRELE OB REE 2 HBR
W TR H R I A 5 8 9 S {4 T
A EYE - HRMEY > AEXHREFEMT
AKE YA E R AR FRERRKIES - W
TEHAR

Qo(1)= Q0(0) X exp(—kgt) (3-29)
= - Qo(0) : FIHITE
Qo(1) © FIHATR IS E I R 18 < BMH
kg © HE T AR Z B KRB -

B ERES BXRENSREZER - H
R B ~ T /K B % BR ) 58 9 30 i R el 1 T
BRI SRR RS RN — X -

R R R RE
1 TR B 2 5 3R B 5

ERHERR BN E > REEEEE
ABREZBENTHIBRABTSME - HEBEHEE
LA B K (Horton) 1V AB MR EE RN E
HRHEHKABHBERZHNERE & 15
REL - B - S 6 A E AR 2 O A B 5 8 (infil-
tration index) » DURENETEREN AL FHELAWE
ARG - AL IREA O ABHBUET Y
R R L TRV E B -

O AB S RN 5 HE RV 4] #8 B (rainfall
hyetograph) | » #&§H—KFE# > g E2 BN
B (rainfall excess) Z AR IT L EAF SRR
(R ) PR DIBGTRRR K EER R > BIR
OABHE - THTAUFEHIRERCERN
B

igs=i—P i>D (3-30)

ipg=0» <O (3-31)

Ao i BERRE
igs | WFEFE G < RN AL
O OABHE -
2T PR P BN B
RAUSHTERRERERECREREHT
REHY A KR 1982 FEATEHRE D) - RHERERWIR
CEAFE FIRERSEEME  HARRZIWIRREA
#hab (o7 B (potential maximum retention) 141 » FL b
W REREES > HHEMRENCRNEREBE
R BH—-EERAFEAFs S
MHEEH R CHNE - HENREM AL - B
Wigk &= BREECRWELES - WD
BHEERHRERCERTNEECNERCEE
B A BT sl R RS < H R
-
MEA T

— 10 —



R — R o R EIART -
TMAHFEH L EE - D RMABARE > B
BT CRER BIEATE  MIMm S FET
CHEHBPEHTE - RERLRRSER S E
LTS o B R T BRI - € 4 A
SRR - '

BRMER —SHEET  AATE (HA &)
BRI R BRI R TR (B R ) R R
B o FATHEBEATR 2 PR 2

R
dRL:(LTU;j&‘)"'dR (3-32)

HAH » R : ZHF & (cumulative rainfall) ;
R, EF{1E 4 & (cumulative lost rainfall) ;
Ry RHIEKLEE LIE(E (upper limitation of
cumulative rainfall) ;
m 2 -

BANR B4 S RIET R BB
W Al MERERECBE > AR e
FHEEERAACEZR - HERHFEAF > mEE
AR AR T 1 LIS Z TR

QWE —#HAFWREM RN

HERmEC SEERT 8 G-32) AP LI
5 QUEBA A T AR -

A E O<m<]

Ry
1-m

_ Ry n
Ri=Ryr{ 1-(m)"*' }> R<

R
R=Ruy ' R2H (3-33-a)

BEm=1

Ry=Riy{1-exp(-R/R. 1)} (3-33-b)
C. & m>1
Re=Rip(1-(— By} (3-33-0)
(m=1)R+R.y
D. & m—ooeZ [
B moeolkf » EFRu/m=Ryc EFEELAT M

R -

dR,= exp(~RIR,)dR (3-33-d)
A Ric " MATEBEHEME - A » HEE
KR FIRER IR FHEE -

#EARS  TRUTZHER

Ri=Rycin(1+R/R; ) (3-33-¢)

E. & m—0

# (3-33-a) Xk HEF m-0 » a[BFTH -

RL=R > R<R.y

Ri=Riy ' R2R1y (3-33-D)

(3-33-H KBUR IO A B BB LR 2 B%
WEHERE -

MR ARE (BATWE ERMERVK
Ric) » BEIR SCS F gt 2 8 & 2 ¥ (retention
parameters) (6} » BIBEERALAHA S - RAFERTER
MBAMAATFTBECBY - A8 - RIFFRZER
RERFRECAB  RERZIHARBAS
¥~ 2 B (rate of transmission) 53| 1
PR SrEARTES - RRAEYREH R
F - —HEEEREN (U—EHRPE8XR—X) &
WAPBRERFECKR/)D - AR HIRHERZLETE
FRHEKXE - FHERATMZ2EELERFEZ
HERREAE > HRUKTHBECEHSHEHM
BRHAZEENRBEHE TR & - FrEEK 3
B = 8 &8 (hydrologic soil-cover complex) (67 £
K3 A SRR BE (soil group) B2 + i fs FH & R BH 4R
(BE) e T1rHEFECECHEE RS
ZEHEARBRHBEDPESERT  —BETEH
M ERERACHE  HEE _-_RE=ZXKZ
% REROSER HEREBRCEENS
HE-BECIHFEHAGHEENS » KYRKA
F—EgEC IR - FE - REEARE—H
HECER RN BFEESHEEEW - &
S BRIFE T EFEE SRR SHIEES
Ol REAAIR BT RE -

QENEAEACRE

R ERERCERNEZ ML 5k
BUERAB—ENE - HANEMARR - B
EG-32) A BEm - FHERERERE (RwlE
Ric) BB id  HPRBRZERENCEH
R R E mE > Fil o B (G-32)
AP am=2 BRI FIBcWEE-#X
WEMEEASeEENACHEX > ERERZ
BUXE  FRILBHHCRE - HLISCS Hik
e -

ASCS k2 fi/
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1972 F 2 F 1 £ 7 2 (Soil Conservation Ser-
vice) % e HH— T (€ S N ERY 151 I R HH % (ab-
straction) & 7 i (1) - 5 RIS RS - U
BN EEP G/ NPRERHEEREEP & [
Mo EREABES  LAKESFWARE ZEM
BEF, B/ NPRERBERARAES - H5T
B R P15 0ER B L, (initial abstraction) 3fi N €r
4B > AT LABSREZ L (potential runoff) F S P-1, ©
SCS kBt s ~HEBRESIE R Z HE
| R

F, P,

S P, (335
PEEE MR A
P=P+1,+F, (3-36)
BT (3-35) sUER (3-36) =, » TIRELEP. ¢
(P
Pe=p4s (3-37)

ERBLLSCS HE RN EHBEN
FRE - E1,=0KF > (3-37) A RK ¢

_ P _, P
Pe=ps=FP prs

B. BA A SCS k<
A TIIZBREAKRIL

m=2

(3-38)

R=p
RLU:S
B (3-33-0) AT FRAS ¢

_ Ry o s ._PS :
RL_RLU{]_((—m'_‘l)R_'_—Ru/)”"‘}*S[]—P—_'_S}——P_'_S (3-39

# PR R AR (A1 (3-39)x) - B2 SCS
FepHEERERCHER (B1G38)R) F—
g IRERAAREBEHEMN - MEERE
KBNS H mAER 2HF - HYE SCS ik
HYHHAR O ZERMAER - A m = 2DEE
HAWEERSE ! -

o de sl Bt S RS20 Ykt

HAREWRIRYRBRERT I EH
WE - BHEHEASEREAHA (n=2KZW
E-HAWEMEL MG330K) <@A
B DEHRE R EE R S HARNE (A
R T AR EHNR - IR AATRHR

FHEECH)  HEBACWNEREZNHELANE
MELERTEZERCERNTWE -
3. TR T KGR N B o
MEEHIREREELPEZERT S B
AR M TWEHEISR R T ARRI
KRR EMr 2538 > AR LEBEHDVR -
BAELR (KBRTE B RA—EEZ
SEIR P HAH M T RE LR T AR S
CHYE
igc= b (igrG—igr) (3-40)
A igg | TR N ARG C HREE
byt T ABRAHCEHSH » B ER
TR
igG - MNEHIREHRIRT S EHW
=g
ig P P RREE S HRNE -
HTRSHES  THABEEE CBIK
o BNt R KGR T - BRDUHIBR R &
HRERCERREELFE T oFE (Bl TK
B MR RERRANE ) AR -
EERRY R
KIS TPELRNERHK @A - BRE
Rt Emd > ATTAREGRE S Rl A LR LE
R - AR h DU SR B (AR H N B
BB - FEE58%2 (convolution process) H] DA & F A 38
# (continuous) Bl ¥ #% (discrete) # 3X, 7 53> 5 BH 8
(28 ,
1LEERA -
B BSE U B [ 43 o] DU 51 E08 R =0 A
R -
Q0= [ M) UH(—)dx

Hrp o Q) - EETRC R

I(t) © BN B 5340
UH(y) © BT AR 2 e RS 43406

T © R R R R ] R B R AR R RS
] RE R FE AL -
2. B A
B BSE L R R 4345 v] DU T 5B Rk

(3-41)

0@ = };I(T)UH(t—‘t) (3-42)



Ao QM) - HESEY
) - BN
UH(t) © BLA7RRAR o
AR BRI AR 0 Wk G-4D)
SR T HRI A

(Z/(;)(//(w,ﬂ) i oi<n,

Oy =) (3-43)
{ZI(/)L'H(I -j+ il n,<i<n,
1

HH o onp, BN 1) BN S FrRRR

iy BT ERAR UR(-j+ 1) B T 20 M -

HE RS -

UH(G) = 0 for (3-44)

Fh O S B R 0 T RS PRE R R AT AR b
F - hERBTAERE=FRXERE T B
bt R B 43 Bl kR T R R TR AT R B R
FRHIEMTRHEEXENET - HR&EN
B BRI B (BB 7 AR ) T &
TOEGHF » BB REN — ERiEE
e S (BEERS) - HEBTRcEX
EHAFRAHEZARENER > THH2H
BR:  SHROR I B 8 — SE R R R
PERES S

YHPER R S R T KB R B -
HERAEC s iRk - Wit - I
E—E2H . ER T {F MEERHRIRE
WKL > i SRR R WA — H 2 B 0 i
T T ES2 W T -

i<l and >n,

OBYEFEZEN

— R R . RS RO E < ALY
B OISt EB MBS H o BB K
RIHESTE — E S8 F (objective function) - {5 &
BETTHE T EE < E AR 0 R R R iR
R R [REIEE - UK R R EER
EHBHE - FREHS —ERABHCHE
HRESERBE AN E R TR B R
HHIME R > PR T E/ER - RIRH
B EF % B ¥ M A £E {8 (global optimum) & & 3%
i fE{H (local optimum) - [T » A B REREY

RAVBH AT G BRI M A E R R - |
LETES] o IV E Sy (i i = v

Optimize max F(xp,xp, -+~ N) 4-1)
£

Uptimize min F(ap,xg, - xy) (4-2;

Subjectto  Grsy<Hg > k=12, M (4-3)

Koo F: HEHEE > v 28 N 20
B o (@B (implicit variables) xyyp, -+ BR Y|
T 55 V7 B B (explicit indepeudent variable) 7 A {f% 1%
B ERASBRTRGAIEFE MR ER I BYWL
B -

BYEREE R REE N T WS
W L 53 S SRR 02 (B v (unconstrained meth-
od of optimization) k7 4 fH #ll 3 & i#t 1/: (constrained
method of optimization) o ZXSZHHR FH 4 [13E] <& HE &%
MG EERELU R AR 28 HHHR
RS O E R RLAMIRH R BT
TR SR T S R R 2 AR
MG EREC B - HENNEERHABR
TvE e RS -

()VHERR 4158 28 7% f7 /& 52 (Rosenbrock’s method) {8 38
i g4y Li0.21)

Rosenbrock [ 12 1966 7F £ $f B4 o B K fH i1
HEYCEM LIS > R RARA S
T e B AT vk - Bk Bk SO B REH L
ERER  SAEMREKES —E2RERE -
RS wER G BITH BT ¢

LG RO RIS b =12, » 51 H
HIZHBIEF -

LW HRE - EPTREERR AL
m—F&h dAREBEEREF - HFFEAR
= M ARSEERD > WAF Fh=am > 5
Fo>1.0 > BT ISR G ETRE  E
FESWE M AHEAREK  EBER/ T &
MCGETHE -

SHHEBE =120 RN EATEIES
ikh » B ER 2.5 BIHEITHE -

4 MEHET B BE 0 HEIFRE A L8
BB BRSRR T B R R WS 1E - B B



BT e -
SHETAMEFMETRY  HESaEEd
— R T — (HPE R -

DU'
(k1)
M= ﬁ?ﬂTT (4-4)
W]
2
Hep
D“' — AH)

qyzAﬁ-Ei(iAﬁﬁﬁAﬁ]Mﬁ”} [=23,N

i

A’l:l :Zd;“'M.l?.
[

R i BETE =12, N

AR =12, NG

K BERE ;

dit E BT — A e A A > {E L
RSB AR

My R LR &

6. 7EFTRU I M e — R R GET R ER

Lo = X IO MY (4-5)

7HE L A B e @R HEW
RATHEEERERE L - G T RS BER
LR -
OBBREIN R AR E R ERA

AR < 4 B SR X AR AR % L B
AR > EBE B R TR B AL 2 g 57
fEEEIW R - EAEERAT 2

Lower Zone @ G, <x, <(G, +(H, -G, )10 " (4-6)
Upper  Zone @ I 2x, 2}, —(H, - 3101 -7
k=12 M

batatE R A — MR R e sa g

THEMLISB R B - & 8 H )5 v B IR
HAC RSB e EREMEE > HEHHESE—
TEER AR - SRR 2 BORHELT

LEERERHIK LR HERERFER
HFO EHERHXEREERIULERT BB
EREHEEMEF  PEFHRESTHER
R EH AR -

2R E AT L BEEMEEMAT - BHAO%

REZHRH A - EBESAMN - &
RBEITRRYLRRS R T ERE SR -
SEBEECEMREREAN  AEEHREETL
;Z[]‘T\‘[Qﬁ] :

F(new)= F(old)— | F(old)~F'} (3A-4124+2)3)  (4-8)
o
G+ (H, -G,) 10" - x,
T (H,-G,) 107

_ X _(Hn _(HA*G.)'lo J)
- (H,-G,) 10"

(lower  zone)

4-9)

(upper  zone)

HERBHECEE  A=0 HBEEHEER
Hi# » (Fnew) = Fold))  ZER&EIX L A=1 >
S Flnew) =F' o g0k H 2 HBE B E IR AT
B BT BEEKERIU > AR EERE
WELT B AEREEBEA I B RIRER
EEMEARE RIEECEEEHETERE
WEAREME -

4 EHEEREENE  RRAEEIEAFK
MRE o HEEFSRESERO LRBBRITT -4
ﬁn

5.8 PR M g HERy > BRI RESF -
wER 2z BRR#

ANEBEREBEECEZERERS  BUA
HARBERAEERECR/NEAHNGBHEHR
B B :

min [z [ Qobs(i)-Qest(i)1?) (4-10)
Hr o Qobs(i) ¢ iBZI BEHIFE (cms) :
Qest(i) @ iBKIC T E TR (cms) ;

n : BHIRELER -

F -~ 2YHRERRE

SR HRBR ST AR CERS
B% - FradRE » SR — MRS e
HREECHRETEBERNENL - RiBRE
B AT RN — B
DEBEREX K2 H RN Wl 288 EH
BESHEABTICLERF - BRIESEA N
e 11 R B PR R 1 2 R AR A1 v e (R R fe e
BYENCSHEY > ACRBE O LK
BEKE K THFREKEBHRE SR - §30%

— 14 —



#F L @R AR mRE

Z

Vs WG oA - LI 4 PR -
(VKX EH B
SRR L WK K& N ERE R
8B K BEHRHEAMEENEN > B
B e 2 Be ok B EE B LR SRR 0 LA SOk
AL R K ST
T PREKEANRECETRES > AE R
IR AR E - HERILEaRAERBRTT
X EHATE LA EH A 8 E R AIR #
YA FHER - BAE IR R - Bk

o H¥is
* KX 3

7
1 4

<

o 4]

4 R R AT

- ,,v; Y EEY R
~ A Bl % |k W2 4k |k 8 [gsxoaiatEmEmE it

R @A k)| 1814 | 424 | 443 | 1287 | 843 110.3 122.7 | 3673
#Ho & 0.38 009 | 0.09 027 | 017 0.18 0.20 0.62

£ 2. PHTRGEt AR

N 7 I R I NN g |EEamiEm 3
AT EN® 2 4

L £ 3 (Billie) 16508.09 4 & F BL A0 (Iving) [ 68.08.16 |42 T
g | B i (Vera)  [66.0731 4 % j: ¥ i (Judy) 68.08.22 |% &
kL& K (Amy) |e6.0820 | | o | W (Norrs) | 69.08.27 | a3
Bl e & (rving) 6808144 | 4 | % b (Andy)  |710729 %
% | X A (Abby) 75.09.19 |#  E] sk oA+ (Alex) 73.07.02 |# &
g 5 384 (Ofelia) ]79.06.23 |1 ]| & A (Abby) 750919 [ &

#  # (Yancy) |79.08.18 [h& iF

5. @ SOE ISR R B R R

HXHENEZMEN R W E T HE RS
ZEAE o DAPE HE I R RS A RS VR sl T AR
HIFSERE KA -
SETEKERN - ERoHE  gh5HA
HWRECEEHETECTFHYNE - FHYFE
X KGIHEMYERACRAKS AR
(Thiesson’s polygons) ¥ * AKX eI 2 L /kEHEK
BRETHPREKESE & SWEIEEHE
Moalgipgl o AR aEs -
OB BB T HEREZ K EH



AR R S EE TIEBBAEZ 134
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