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ABSTRACT

This study used Kriging to analyze the spatial variety of 1hr maximum rainfalls caused by
typhoons and draw the isohyet’s map for the Nan Shih Creek watershed located on the North Taiwan.
According to the isohyet’s map, we set up the areal reduction factor curve of 1hr maximum rainfall
for Nan Shih Creek watershed. This can help us know the variation of the rainfall on space. The
results, showed that the trend of descending from northwestern to southeastern of lhr-max rainfall
spatial distribution in Nan Shih Creek watershed. On the areal reduction factor curve of lhr
maximum rainfall of Nan Shih Creek watershed had the rapid deviation on interval from 1.0 to 0.75,
repoesenting to the percentage of accumulated area of whole watershed were 0 to 20. The obvious
deviation of spatial distribution for 1hr maximum rainfall caused by typhoons on the Nan Shih Creek
watershed is near 20% and about 80% of this area was precipitated uniformly.

(Keywords: Kriging, Areal Reduction Factor)
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Figure 1. Hydrologic cycle (Anonymous).
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Figure 2. Location of the Nan Shih Creek

watershed.
+ =
xn ER 4 k4
ZOCAER em oy
eS=E A= .Eﬁé\zg
B= KB
=
oE [ B
* .?@ﬁﬁ’uﬁ
I8 5 i
e WEIH ' . 5 Kilometers
O EsEsR. ——————

i 3. TS e B T 7
Figure 3. Distribution of the raingauges were

chosen for this study.
(4) BT U P R 3
SIAE IF L1 Bk B[ e R s fh o (2
N CRIES SERR . L

70

F-" RS S By - S Al T
Wilcoxon w#ﬂlﬁ%iii(%lcoxon rank-sum
test)EFAE » BIETALIEL Wilcoxon R
A Atk (Wilcoxon two-sample test) o £
i AR
(H F%?Jﬁ'ﬁgf‘i;iﬁgﬁﬁﬁt R AR

BA DR, AT I X, G R

} ok artwmgr%mnz R

i X,

(2) AP ‘*'a<1fﬁi UL EISERID . STHI
"F' 55°1,2,---,n, +n pJ: S YE A
Beffipuck evR \_H@'“l?ﬁﬁ’"ﬁ
;;f»,;lﬂﬁ:y,j\ [ﬁjﬂﬁrﬁﬁ& , H jlej/"q E{F]\]j
e o ﬁﬁ'{ﬁJﬁi?t ER B py

(3) SFHETY L SR R
O
ion=n, 0 X, <X, BB -
PRI A SRR L
ii. n<n,» X, <X, m@maufw*
ARG > AL SR 1
X, >X, ﬁztgmﬂulwwé#gu Al
B ST ] -
iii. 01X, =X, 'IJP"‘ A REIRE > A
B SRR |
(4) pwr%:@)p W on, [@EF VST AIE
» FIF W= 0, FHARTENU
u, =, b
2
(5) 2% f BB on, = 0, wE D

Wilcoxon = akHfm T o ,i%fzg oy
(level of significance)t o IJPFFjEJ
o YIERERENU ) T AT Wilcoxon SEREA]



—t

FEER

"HI%‘L N Eil[jr;’ftﬁ;‘j N ?7,7;‘[5%% B

A BB TR R -

I

’/T}?ﬂ t ,7J

Fo0. HIGED | VR B €7 (R R G
Table 2. Typhoons used in this study were from CWB.

FHHRE £ FH|EERE TR R £
2. P15 27. 0 e 28. U 0. Ty T 819U 3L 82,
1971 |1 UF 2 FIRR{1981 |55 29. BU 30, BbREL 31,1991 | 83, ?‘*é”r 84. i
FRL 32 F - 85. B 86. Fmn
33,9450 34,70 35, HT R 87.%E= 88.% i 89. 5
1972 [3.725% ogg [ Y H A ¥ 190 i P
36. B 90. B 91. %7
1983 |37. 7 {f) 38. iy 39. 4 11993 |92, f(f1 93347 94 487
4.0 A S p = J’J - ' }Hﬁ‘f - i .- i' %M rrgﬁi f
B 41 A 40,5 I o 974
1974 |6. 7430 7. F R E iﬁ )
g pts 1984 | S 43 AVE 44 BEECIH(1994 | HEHE 08B 99, BT
R 45 3R] 46 FH 1003314
47,7 B fx 48 F IR 49. 101. f{ 4 102, % B
1975 (9. F'% 10448 (1985 B2 50. (4 51855 52./1995 |103. 7F 4 @ 104, fifﬁ
fit 105
3 ] _ 106. 75 #] 107. 5% 108.
1.9 12,8 53U FI 54 (R S5, [y ) |
1976 1986 . 1996 |FH{F1 109. By %% 110. =
7| 56. 5 L 57, T "
58.F A 59, [EEVE 60,
F » o 1197 112,84 113,
1977 [13.5%% 1987 BRI 61.T4f 62, #15F(1997 -
63. £ |
64. "B P 65. T 66. % ] 114, 5 115, 1 =5
1978 |14.00FFF 15. 804" |1988 | 67.0FH) 68.% if 69.493|1998 [116. 4= 117,44 118,
70. Hip
16.°S & 17.7FF;
K I 119. (1#% 120, 5 L 121,
1979 [18. %3l 19, #H(1989  [71.7p# 72 feskt 1999 ..,
20 BV 21 gt
) 122. ”F*[ 123, BT
22. 3% 23 F1%, 3. T4 75 g Al
_ - 124,51 125, i 126.
1980 |24.21"1 25. (1990 |76, FEHIY 77 HIEF 78.[2000

P 79, Bl

R, 127 F{FI 128, 9
5

71




oot S 38(1) ¢ 67 -80 (2006)

Journal of Soil and Water Conservation, 38(1) : 67 -80 (2006)

fEh Fim U PlIsesd l@?(null
nhypothesis) H o [N SIEE < |~
EE BTV B HF *ﬁg\fgr , % _%TU_
T ﬁJT;jJ B GrE - lR
¢§\’fﬁ' S S 30 Fl"sriﬁmwﬁgglj
Wilcoxon EBAIEEIE » S5 E %ﬁa
Bl -
3. BRI

(1

By R GR R ORL A [H AR FF (spatial
statistics)fL=vfyu— 7€ Eﬁ?ﬁ;» SRS (4,
IR Jﬂ*[ﬁj—ﬂﬁ—-{-iji A 8T, D 2

UL PRl PR 2 F
DA > PR SO PN TR %
- SR B 2
LI (e IR n
R T R 3 B R F
(Geostatistics) » Pﬁ&#,@: 0 (Spatial
Lattice Model) ~ H KT B (Spatial
Point Pattern) °

PR I’?l’ﬂ??a'iﬂ’” '*fﬁl'?@%\'f’ — HEFEEL
Eb“ﬁfal @ regionalized variable) » Eh77
fite (R TR Sl - Fop R
TIL GBS > FE ST T (R A LD
By o6 [ A G py 2 ] AR R 1 (spatial
correlation) » ™ i%E— #3E S k1w
%ﬂﬂlﬁtﬁ;)@gﬂﬂﬁ Jj@ﬁ[ Al Elj“ﬁ'}h iR
?EU(Spatial prediction) » FIZRRFE A~
fv 2 RS ML N ORL P Al & 'ﬁéjrﬁi
(Krlgmg) ' [“**Iﬂi'wﬁ%”“ 73 PR 4

ﬁljﬁﬂﬂzﬁj s E HJLW‘EHJE/\ 7J<T1/
ﬁ‘?i ~ BYET . ‘k*n F“j@ F}ﬁ[/’fﬁ-g&(F”F;
ﬁﬁ‘i 2000) -

()P FIE fFHE (Kriging )

JUFIIE B 2R 1 2 R o -
o R ﬁﬁ[“@%f‘i,m[r lﬁ[(unblased)

PR Bt PRV S o R A W
ﬁﬂ?ﬁ'—d/%“] FOREET (weight) (FHE - |
PN ETS f,;‘/ HEE T%’F?TQE#TJ’ I,FLI?F fifl
(Journel =7,1978) > ﬁ'ﬂ“ﬂiﬁi%ﬁ?rféf ?Jga
FE AL R 15 BT (Best Linear Unbiased
Estimator » [iJ#4 BLUE) o [lIA% 3k ['%T’:Hl‘ﬁdﬂj
£(D. G.. Krige) H-AEn Fofld el v
I'ﬁ[?r PR BE FARSEES4 G, Matheron T+

AR

1] [ B
[EE T YR

[ [ T2 A
[—kl—: E[[.Ig}\

4. T
Figure 4. Flowchart of this study.




RN

1963 ﬁp}{ﬁ"ﬁh & *I/Wt:;:(rlfﬁ[ﬁ—rﬁlwué
1\3’5[ Eﬁ l[ FI JE[ 4‘/ /E{%L'_EE&FAH ?ﬁ.?’;Kriging
— A= Iﬁ["ﬂi

PIAIEEE ST FE  £F [Eﬁr%?x
E%Mﬁuﬁﬁﬁ%ﬁgw%ﬂﬁm%ﬁj
R AR AR 'F\[ » B H' REET [FREEL A
HiRf > B = IAIPYE R E %ﬁﬁ”ﬁa@f“%@ér L
B ] (A T 2NV i L8 i S50
@5(71‘/ WA > i DA R R
EHS 1 PUREE RRCUE S F E“l’ﬁlﬁ@?
g‘?ﬁ'ﬂlﬁ!ﬁffu REIG LR ) VIR o AR
I - SRR R P AR
#w W (R R @Hj\ (5 R
fifl f& 0 AL ’D’@“ R AR R A
SRR ﬁmﬁ S
(1) WYL LT
MORER LI
S0 Y0 SHILI S i (U RN
2 200 2500, 2050)
i Z(x,) #ihoh i Z(x,) E'l k- BLUE
7T IR (weights) A ’F"f lgjitrl
i’[[Th(Z)F% s

2(x,)=Y4z(x) " Sa, =1 -
i=l1 i=l1
i=1,2,--,n

(2)
(i) SR

R R R O Z(x )
WD Z(x ) % @B T | o ]

minyal2(x,) - Z(x,)|| = FlZx) - Z0)]
(3)

B, I REL2) S (3)7 33
Eﬁffﬁ%E'i‘E‘%{f(Lagrangian Multiplier)u °

e st - Rl &

" EE AR B (Lagranian Function) L
4y t‘ﬁj

—l

| ’J/

L= Var[Z(x,) —Z(xon—zu(ixi - 1)

= E[Z(x,) - Z(x,)]’ ZMZM-4)
=min
(4)
oL oL
SHl— =05 —=0 [ HFE £
il o, ou HITH #H Al
AETHFERE S PPN (s) o

Zﬂ’jy(xi _x_/)+ﬂ=7(x0 _xi)

Jj=1
i=1

Z”‘,/l,- =1 (5)
i=1

i ,j :1,2’...’1'1
b e e

Yu Yot Yw LA V10
You V» Yo 1|4 720
7}11 7712 }/nn 1 /171 7}’:0
1 I 1 O] | 1]
(6)

* H[yii = y(xi —xj) = 'y(‘xi —x}.‘) S FE L
i (semivariance) > X, —Xx; = h 5T
il 7 2 R R
FICT) R0 Dy T S S 0 Z ()
4. AR EYER ST (Area Reduction Factor,
ARF)
[ TR R VRR R T [ [ R TR G 55 AT



oot S 38(1) ¢ 67 -80 (2006)

Journal of Soil and Water Conservation, 38(1) : 67 -80 (2006)

TR S SR (= & < Toh [ 1R #ﬁl'ﬁ]
ﬁ»ﬁ I”F‘EF' W“Eﬁ“ﬁfﬂ VI EN »Ekﬁ?ﬁ' ’ %Eﬁ

[REEET J‘/pl*ﬂf E HET T [ M o e
& f:‘]K E.l ’ ?%k[ “fﬁj';@%ﬁﬂﬁﬁjﬁﬁﬁ&d/f&l

J@%P«H HIAEL o

Hershfield(1962) SH7 [ iy b

1l ',Lmlﬂufﬁ—gﬂ”ll ‘o (storm centered) [
JLEﬁ@(ﬁxed area)ng@ D)% %l{
AL T Y Iiufﬁm“ 9t
ET” | B AL [/Plﬁﬁ ) 1‘%PJ—T‘L“F<|§5[ I
*Hﬁ)“m n&aJrETJrARF (2)[#4_1&&@&
@
qth 3 ﬁ%?&'clilj I/E.a@%pl%é% Mpﬂ*“'f
I rm w[@mg; s FIEEETH E] ARF
PR H ml@m@@ﬂ&ﬁ LT
FEE U 1] PR BRI R A
ST

PR [ (37 Jrémﬁmﬁ'@f-ﬁﬂ 1

PEIV = S A0 0 % 1 U T

BZV A 90 (De Michele et al. 2001) :
1(t, 4

ARF(t, 4) = 1A (7
1(,0)
P(t, A

ARF (1, 4) = D) (8)
P(1,0)

il

DIRERCE A

l(z A) o BEFEOES ¢ PO A D SRR
oo

10t,0) @ R ¢ l/gﬁj EL B

Pty A) c TETEERG L R A VR
fE Y 2P, A) =t It A) -

Pct,0)

FEFACR L R R -

PUES i‘sff B;FIL{J‘ WHE ?E'[J%!f‘ | EFER] [/F%?
W[ [P e 00 PRIFTIRG (8) Vs g™ -

74

I(t,4
ARF(t,A) = . 4) 9
1(1, 4,)
Hih
Ay P ENRREAG TS E VA -

5. 24455 Fr(overlap analysis)

2o iPrEL GIS A ’EFF AR R
1;1"13:“[5&711"? V- 3k 2 %[f\_}{’j’?x%ﬁ&
F* (9= E IRl ;%Eq‘?ﬂ'éf*"‘ » fy Gt AR

”:Eﬁ’lﬂf‘j [ESETRFT= SAE S NOL S P
& % it YR (Heywood et al, 1999'
Bernhardsen, 1999) © i &7 L # q%.ﬂl
I 5 AR Ihﬁ“{‘f#lq@a\'(?ﬁ[ﬁw
P 2001) © ﬁ’?‘?;?’%‘ﬂ%é%ﬂ?%ﬁhiﬁﬁﬁj;‘/
TR X R R > A W 0T T BT
EWRIFO ST T B > B 7 TRl O
}}Z?ﬁ%'%& PRI e R PTR eerR
ARG 2 RLER TR - ﬁ%”&*w%’*l(@[” FIHIRT
'iH il e R (UP S Pk ) 7 5 flal g o

[iE2 m}{ﬂﬁdﬂ@ﬁ{ﬁ f;r(ypjc;t* 4 B
#] FJ“EEWE © R R A A
R 153 F) » FORLA VS, (A TR 5 7
LR o LR 5 452 E A

(dissolve) » ﬁfﬁﬁj?ﬁ(merge) TR i
(clip) ~ & & Jifr(intersect) » Efé;\mT’T

(union)= - ‘4&’112[““%” [V 55 = B <TGk
4{ E‘.{"RE’\JJ qﬁa'[l €§J I" FFHVJJT’TE%“F'J 34
H%‘v@[%wg EFTWV&;E,-T j e~ I/qg‘llngL {/L[
qg‘}[ 5 B

BEAHB

L. B

i?‘rk}lm* HVFLJ FEE FEES BXFJLL fé]
%“EJJ/%F?T ’ IEWF*‘%%J‘EH |{EEF) 4 [ E
B RIET - Jﬂﬁ“ﬁﬁfu T L = ket 53
A ERFRRTRIPS O e VR R T



(ST RN (- op

BhE LV E ’ﬁ!‘ TP
Wilcoxon <7k AIAg iw i g
U B HFHE 19 5 F

2. ETFHEIRSGgEE Aghful 14

AP RIS B IR
TR 1 PR R ERR] > R B
ﬂféﬁ‘H[ I/ﬂdﬂjfiifﬁl—:zlr }‘Fﬁ f‘ _J[Fdﬁﬁ
gj[ ﬁgﬁ[@ﬂj:h;;q L,jéﬁl”%, rﬁ UjF
SEE AFBIET 1] RV R ST B
AT T M 7 RSN A i’['ﬂ‘?ﬁ' 6 o Fl55 FradifN B
g ﬁ«%ﬂ@ﬁﬁ&rgurﬁﬁﬁwc
‘/EIH:JIEJE o EURUPNRY s % B i A5 2|
(Digital Terrain Model, DIM)H ZveErif
P EhE & ?@ﬁﬁq@ 73 ﬂJ q‘?ﬁ'é SR
q?f[[ 7 B B?:[“‘E‘[Eﬁiﬁﬁj/ ﬁ,’ﬁﬁ 73 JI:H %5
500 ANt H ﬁ?Eﬁ*ﬁﬁ'Vﬁl %fﬁl 7500
AR T RLEE = a2 UE f/ﬁ:j
S 1,500 2 R R L S
EJ[JEJ@E?I? B i E‘HE‘EEHIQ i Y Ll e
[ i“éﬁ']f{ﬁi [ & pld I?EW

3. O s
JEYEJE I Bk 8 [N LG BEEEL 55 T o A

%F'Jm S PR E
2 ST

4

Ef| 7J H

- [?eqx/ ) — Jﬂg,r b [ RS 9 ‘F{fgi

E 5y mpl%ﬁﬁgu‘rg; U Fug o PR
Eﬁﬁ%r‘”} )Wijah]}’d# E“'ﬂf&]fl J,yi_f —1\%4] o —4:

rmii‘aﬁ“ | Hershfield ?E%['IJ/ ?liﬁﬁiﬁf‘@%ﬁ

B

B3 AN o

s R

AR R [ Bl 2 TR T - 1 P s )

S FER R 1] R VR R
MRS AL SR I 8 - %'Hl&ﬁﬁ%}
AT 55 ARF () + 1 ] 5080 5

il AF S R T 5T B A B
A e R RRIRRE (3E 2F IE
Dy (AU FE R 0.75~0.1  EI APl |
R 153 B 0~200 L BRI FE VSRR 7

BERERAL [ P 2
7 T E |7 SO Eh I35 (77t =[P -

PR

L. Ry R PRV Risk B R T 2
g . PR B
ook UL RS B
ANV G L RO 1
SEIRGE D o F & 5 R
FI e P B GH  F A5 MT
R CS R E T R
S (400 i 8 ol T
s NS S

2. BTGV Vﬁnj HINGE W o H E*"ﬂ;!ﬁ
0.42 > W& 0.65 @ E[FRER T
[EVE=f I/%*laﬂa’ ElIE 7#13&41/%@% ﬁb‘?

SR E BT B Y S I
AV PRI AW S SRR R PR
Ve[ ISEL D Pt > F | PEriets -jn 39 Y
S S RIS T PR -

ﬁ?\‘[[ 5. RV q%ﬁ'

Figure 5. Idea of clip analysis.

75



oot S 38(1) ¢ 67 -80 (2006)
Journal of Soil and Water Conservation, 38(1) : 67 -80 (2006)

12 Kilometers

6. PSR ABh | RSB ST R (FT )
Figure 6. Isohyet map of 1hr maximum rainfall caused by typhoons in the Nan Shih Creek
watershed .(unit: mm)
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Figure 7. Topology of the Nan Shih Creek watershed. (unit: m)
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Table A. Relative data of 19 raingauges.
TER ’flﬁ %%% ,;xafa,@;ﬁﬁrgﬂ i@}’ifggj(m) 1 JEﬂﬂ*%W F/&H(mm)
1 Fjee | s g 1987-2002 387 21
2 A FIER S5 1987-2002 140 22
3 @ | AP | 1978-1999 500 42
4 MR | AP | 1979-1999 916 35
5 i FIER 5 G4 b 1987-2002 90 21
6 TR FIR S0 53 hb 1996-2002 39 27
7 ~ @ FIA S G4 1996-2002 494 19
8 AL | IR 1996-2002 268 22
9 A5y %fﬁ?’?‘%‘ﬁﬂ"f‘ﬂ]%’ 1974-1999 600 40
10 | Z5H GRS | 1988-2002 202 19
1| A AP | 1971-1999 360 34
12| JeRupsl | SFE R | 1988-2002 378 30
13| A= | SFE R | 1988-2002 530 31
14 Tk 4 %iﬁ?fi?ﬁﬂ?ﬁ[J%‘ 1978-1999 200 40
15 | “1p& TR 1981-1989 1220 20
16| (7 i 1981-1997 620 21
17 | [EEVHE | P 1981-1997 1260 18
18 | EE | Gl 1981-1997 350 23
19 | M (A 1982-1997 1070 24
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Table B. Wilcoxon rank-sum test for rainguges.
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