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Studies on Box-Cox Power Transformation And Its Application
on the Analysis of Monthly Streamflow Series
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ABSTRACT

Most of the hydrologic time series are non-stationary and non-Gaussion process.
The power transformation proposed by Box and Cox ( 1964 ) was used to transform
the data in the present study. Then, the transformed data were analyzed and fitted
the model. In this study, the subset autoregressive model, denoted SAR in brief,
proposed by Yu and Lin ( 1991 ) was employed to fit the data and its transformed
data. The results indicated that method proposed by Box-Cox can estimate the
transformation parameter in accuracy. However, the noise term of transformed data
could not pass the normality test in general when the series are generated with non-
Gaussian noise. When the monthly streamflows were studied. It showed that most of
the noise term of the transformed data pass the normality test. This results indicated
that most of the observed monthly streamflows contain Gaussian noise terms. Mean-
while, SA Rmodel for transformed data can forecast the low flow ( Nov.-Apr. )-
much better than the SAR model for the original data. Based on the properities of
Gaussianity, a methodology for estimating the transformation parameter without
modeling the data was proposed in the present study. The results indicated that the
proposed method and efficiently estimate the transformation parameter and save lots
of computation time.
Keywords . Box-Cox Power Transformation, Stationary Time Series, Non-Gaussian

Time Series.
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60 64000 13838 10
120 67000 L 03152 23
8 240 65850 00824 46
360 64150 00414 63
£S5 X IRR B LTk LU AL 7 ¥ B Bootsrap B T Rl AR Wk FE £ & CETRT
% e T ¥y E B R ¥ i 1R & OB F OB
_ FEfE | MRS | FHE | BRE | FE | BRYE | FHE | BREK
B oth ' R [1.066 | 022 [1.148 | 002 | 3.643 |2.485 | 24.150 | 608.180
Eg MO S 1531 | 024 |1.205 | 005 | -.234 | 001 | 008 004
Wil geSUE 1167 | 027 |1.124 | .16 | 3.252 | 1.923 | 18.528 | 327.050
i poy-cox | PEEATEE|1.577 | 034 | 1.389 | 066 | 1.689 | .052 | 4.297 1.629
e | Bootstran] 202 | 032 |1.567 | .413 | 3.832 |2.201 |24.344 | 441.681
M
” ;;zz:;; 741,571 | 033 [1.342 | 056 | 1.634 | .064 | 4.014 1.875
et | 1198 | 033 | 1.511 | .366 | 3.252 | 2.054 | 23.358 |399.561
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6 BWMAMBIOH 1 ZHAH

B | RE&K® ¥ % |Box-Coxf ¥ EWHAERRZF B
& | F020001 | 3% | - .40 -.20
F030002 | E# -.45 - .35
F030004 | %= # -.50 - .35
FO30005 | & % - .45 - 40
FO30021 | = ik -, 05 | .00
FO30026 | #& 1L - .25 ~.20
F100013 | W8 X 4 -.15 -.15.
F130014 | & & -. 05 .05
F180001 | i@ - .40 - .40
@ | F250003 | W - .45 -.30
F250004 | MIUAKE | -.35 15
F250006 | 4 2 ¥ - .45 - .30
F270014 | #f F # - .45 -. 45
290009 | # 5 -.20 - .15
F290042 | #% & - .15 - -.25
B | F220013 | &Kk - .60 =50
F300012 | 7= # -.175 -.60
F300037 | { %48 - .60 - .50
F300937 | { %46 £ % - .40 -.50
F340011 | 3214 -.55 ' -.70
F400016 | JE 7 . - .55 . -.50
F400020 | kg | -.10 .00
M | F390011 | #® 00 : .00
F510010 | & B K #§ -.40 -.35
F510031 | B & .00 05
F510036 [ % B A 16 -, 10 -.15
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®1 BHARERER SRR

B X ®3 & %
2 |BE| RS R2 .
W % 15 E2e el Ea | " i
Q Testlc-P Test| KRB |MmeaE
5 B | (1-.197B+. -.1788" -, .336 | YES| YES |. N
wAmE | AT | (1-.197B+ 14985 - 178B" - 162B" ) 36 YES 1.180 | NO
EF (Zt-0.704)=at
F030004
@iwe | (1-.5808+.21284 -.178B'! ) 458 | X0 | YES |.469 | YES
(Zt-0.906)=at
g | (1-.345B-. 159! . 289B'% ) 26.388 | YES| YES [.335 | NO
i[53
ﬁl%j(ﬁ (Zt-6.640):at
F100013 | #ase | (1-.549B+.129B5 -.268B' -.109B™ ) .247 | YES| YES |.457 | YES
(Zt-1.281)=at
T | (1-.194B+.145B2 - 1284 -.112B5 ) { 33.885 | YES| YES |.330 | XO
ﬁ§§§$* - 131B1- 18882 )(Zt-5.468)=at
F270014 | mmwese | (1-.610B+.232B¢ -, 1538 ~.125B ) 0.087 | YES| YES |.697 | XoO
(2t-0.786)=at
EkE | #ET | (1-.196B2 +.140B4 - 1998" - 45187 )| 4.454 | YES| YES |.438 | YO
R (Zt-1.959)=at
F290042 e
e | (1-.445B+, 22985 —.16381‘—.224Bf8) 426 | NO | YES {.785 | YES
S— s | (1-.255B-.214B 12)(2t-3.368)=at 7.858 [ YES| YES |.112 | NO
&M% | &g | (1-.525B-.15385 ~.100B2) 0.071 | YES| YES |.346 | YES
°30003
F300037 (2t-0.673)=at
o s’ | (1-.340B+.149B5 - 2558 %) 121.793 | YES| YES [.281 | MO
BRAM (Zt-9.960)=at
rao0020 | B | (1-.587B+ 17685 -.2538 ") 468 | YES| YES |.620 | YES
(Zt-1.355)=at
et | (1-.2932 +.167B4 - 281B " -.322B'2)| 586.889 YE§ NO | .450| XO
BRR
ERAAE (Zt-24.37)=at
F510036 e | (1-.576B+,204B5 - 208B11) 282 No| YES{ .761| O
(Zt-1.980)=at
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#8 ARNERFAMAATRSAMEARRE - EFERAERMRZZNSE

WE(5-10H) %% (11-48) ARSEE(-10H)

% W ®m &
mo | mms | mien | mees | SR Lok | awase

- F030001 .181 .213 .054 047 17 .130 17
F030002 2.123 2.437 .406 .310 1.265 1.374 1.361
F030004 .346 .551 .039 .052 .192 .301 .293
F030005 6.149 6.912 1.175 .686 3.662 3.799 3.787
F030021 ;497 .610 .158 119 .327 .365 .361
F030026{ - 6.198 7.450 .591 .300 3.395 3.875 3.844
F100013] 26.391 | 27.001 5.464 | 4.154 15.928 15.577 15.577
F130014 2.683 2.938 2.517 | 2.351 2.600 2.644 2.612
F180001 .310 .478 .054 .001 .182 .244 .244
F220013 7.082 7.983 .829 .419 3.953 4.201 4.155

F250003 17 097 .067 .027 .092 0.62 .061
[250004 .655 747 .233 . 196 444 471 .484
F250006 .099 .091 .118 .076 .109 .083 .083
F270014] 18.157 | 28.092 2.541 | 2.148 10.349 15.120 15.120
F290009] 17.618 | 17.287 5.275 | 4.707 11.446 10.997 10.985
F280042 8.928 5.911 .289 .054 4.609 2.982 4,130
F300012 1.123 1.677 .400 .097 .761 887 .874
F300037 3.168 4.625 1.135 .369 2.152 2.497 2.444
F300937 3.015 4.267 .856 .129 1.935 2.198 2.256
F340011 5.644 7.173 1.073 .146 3.359 3.659 3.403
F390011 1.638 1.642 -.044 .009 .841 .826 .826
F400016] 21.008 | 34.864 2.179 .916 11.594 17.890 10.322
F4000207 109.879 |108.161 6.326 | 4.385 63.103 56.273 55.867
F5100101 38.390 | 50.411 3.127 .399 20.757 25.405 25.110
F510031 9.878 | 15.370 2.314 .263 v 6.096 7.817 7.781
F510036] 910.158 (991.211 4.831 1.697 1(477.494 496 .454 496 .548
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-10H ) REAKEE (5-107 ) ZMSEE@HER
AN RIPGERZEE (11147 ) BRI RRBIN AT
ZMSER/IN » G RBURFIATR Z SAREA TS
MOKFHRESEEC TSR 8RR
SARBIARL R FHRERE E FIRSR o

@W FEHE R BN - WAT RO B TR Rk

BootstrapE FT R i 4 & SIRFF Y et
REELER RSB > WS F5I
Bootstrap fif 7 4: & 8 HE R 5 B WKL 2 HERH 45
1 o Bk ORI ER DA /5 B A B MR ER AR
RO M > ORBZ, ) 118
ERBERAERER (2, 1+ g
oo BHERENE » REMAHUHCHE 2
W BB < SARBR R DI £ G KT
5 o

FIR E
BB AHES T SRR R HIZR SR
BT LT 2 A
(DBAFE R REA BB TR B A T TSRS - FRTIE
PSRRI TR AR
7@ o
DA G RIFTIEE i L - Eisa AT &
PSR S & » MiBootstrap BTl H: X
S T PR o
QEH B FRRFTIAE G B HESH » i
% SAREA RS HE ST ©
(AL P52 SARBER D EC R AT (1147 ) Tl
FEELELEE » RS SARBI R MARE (5
104 ) TR St o
(G 5 SARR ML I DL A AR FFF
@A TH AT R MR R A R B S B 7
B > BESE RO (IR B S - HERE GRS v E
ﬁ%ﬁaﬁ °

5 =

PO

&

AT AT B NSC-82-0115-E-032-0
3ORRFEET BRI AR E R - BRI B o

2E XK

. LEREE - BEEE - TSR ERZ ¥ T —BootstrapE

Fhikik, o BRERTREH 38 4% ~ H3H
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