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Figure 1 (Color online) Period identification efficiency and correlation coefficient of different methods under different mean values
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Figure 2 (Color online) Period identification efficiency and correlation coefficient of different methods under different coefficients of variation
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Figure 3 (Color online) Period identification efficiency of different
methods under different periodic component parameters. (a) Semi
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Figure 4 Period identification result under different period lengths. (a) SRPT method; (b) HAM
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Figure 5 Period identification result under different initial phases. (a) MESA method; (b) PSM
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Table 2 Identification of jump variation of annual average precipita-
tion series
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Table 3 The gradation criterion of period variation of annual
precipitation series
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Table 4 Period identification results of annual average precipitation
series at Lancang station by various methods
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Figure 6 (Color online) The curve fitting of periodic components of Lancang station in Lancang River Basin
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Table 5 Identification results of slip period of stations in Lancang
River Basin

. o — .
i e we LR LAl
56018 K% 0.3816 i 49
56029 T 0.4531 h 2.2
56038 Fap/S 0.3864 i 22
56116 TH 0.4003 rh 12.1
56125 Pl 0.3374 5 2.6
56137 SE 0.4047 rh 2.8
56144 THERE 0.3529 rh 12.1
56247 h7 0.3265 LE 2.1
56444 THEER 0.3558 o 2.0
56533 puill 0.3949 e 2.5
56548 4ey 0.3295 55 3.1
56651 TRV 0.4206 e 3.0
56748 £l 0.3643 i 2.8
56751 K 0.4358 r 5.9
56856 SR 0.4073 H 8.5
56946 & 0.3747 r 5.7
56950 WL 0.3916 e 23
56954 HERiEA 0.3994 rh 18.0
56959 st 0.4700 H 3.4
56964 JisE 2 0.3690 e 8.1
56969 B 0.4837 r 6.0

X PR 3R S 7 v R B RCR s ). 25 SRR,
PSMAIMESA J7 i 2Z FEARK B2 R,  TTHAMAFN
SRPT /i i AEFEA K AR AL R AR s 4R 1
TUNRCR I BESA B FIAE 22 ZR 55000 18 RS 85000 JE 3 AR 5=
AN TR, WIS 80h,  BERIE 3 K4 T
PR BRI A B, PSMAIMES A J7 7 UL
R E K B I AR, HAMMISRPT i Lk,
WA AR R4S O IR R IO RCR. BRI, 16
SR HE M ZRsgm R R, SRPT A RHIEL

RPN

34°N

30°N

® BENPER

22°N

0 50 100 200 km
I

96°E 100°E

7 (4 RSUR (IR V8 YL Sl 15 437 Pl B 402 S
Figure 7 (Color online) Distribution and periodic variation of stations
in Lancang River Basin

i B, Wl 1T AR B L FSRPT T AR
AT

() AR T7 5 N TR TR 2 o (Y
W RN AT, 235 RS I LS A o s pry e i o 0 s, e
PR AL BRI, P K 2 AE5~10 a2
A, A R RER I, 1 IO YR Vs ) A R
FEAEZ2 I A] KRB BhRHAE.

(3) ARG AN T EEAE B K STt ) P31 19 52
B A RS A7 AEAR Z2 L Sy SRR S T5
B, w2 AT A% T4 & AR AR 8]
FES B 37 2 CANEMD AR PR3 Al s Fe b A 100 1,
(EARSR IR ATy 5 1 — AP

1 Wang W S, Ding J, Jin J L. Statistical Hydrology (in Chinese). 2nd Ed. Beijing: China Water & Power Press, 2008. 38—40 [ £ 3&, T, 445 K.

BEMLA SC2. H520. Jbat: o EDKRK oL H AAL, 2008. 38—40]

2 Zhang S Q, Ding S S. A Simplified Method of Time Series Forecasting (in Chinese). Proceedings of the 3rd National Climate Conference. Beijing:
China Meteorological Press, 1964, 36—39 [T/, T &, —FEifk T YRS F A TR 2001, 56 =R e E SR S BEE SCE. dbat:

S G4 MAL, 1964. 36-39]

2558



10

11
12

13
14

15
16

18

19

20

21

22

23

24

25

26

Thomson D J. Spectrum estimation and harmonic analysis. Proc IEEE, 2005, 70: 1055—1096

Zhao Z C, Wang S W. Periodicity of drought and flood evolution in China in recent 100 years (in Chinese). Meteorol, 1979, 5: 19-22 [iX 5224, =
AR A AR E R YR AR R A, KR, 1979, 5:19-22)

Burg J P. A new analysis technique for time series data. NATO Advanced Study Institute on Signal Processing with Emphasis on Underwater
Acoustics. 1968, 12—13

Xiao Z G. A comparative study of several periodic analysis methods for hydrological time series (in Chinese). Master Thesis. Nanjing: Hohai
University, 2006. 15-38 [4 Z2 . JUFP/K SCH ] 551 A 5B i 0 FUASIFST. 208 SC. A AT TN K2F, 2006. 15-38]

Zhuang C Q, He C X. Basis of Applied Mathematical Statistics (in Chinese). 3rd ed. Guangzhou: South China University Technology Press, 2006
[HEAESR, (5. NIRRT ERD. 53 )M AR R BT R4 ke, 2006]

Pan W J. Fourier Analysis and Application (in Chinese). Beijing: Peking University Press, 2000. 84—94 [ SC/S. 8 B 381 S H . db st ke#
HURAL, 2000. 84—94]

Yang H. Research of hydrological time series cycle analysis method (in Chinese). Chin Water Power Electr, 2015, (5): 63—66 [#1E. /K 3CHa] 7
BT BTk A9, KRR K Ak, 2015, (5): 63—66]

Cao H X, Luo Q L. Maximum entropy spectrum analysis of historical meteorological series (in Chinese). Chin Sci Bull, 1979, 24: 351355 [
2, BIOIR. G LIP30, Bl2E iR, 1979, 24: 351-355]

Padmanabhan G, Rao A R. Maximum entropy spectral analysis of hydrologic data. Water Resour Res, 1988, 24: 1519-1533

Sang Y F, Xie P, Gu H T, et al. Discussion on several major issues in the studies of hydrological nonstationarity (in Chinese). Chin Sci Bull, 2017,
62: 254-261 [FRMTT, WV, BUGHE, 5. AKSCIRIETPRRAERT s T MEHRN. B, 2017, 62: 254-261]

Pettitt A N. A non-parametric approach to the change-point problem. J R Stat Soc, 1979, 28: 126—135

Chen G C, Xie P. Slide F test of change-point analysis (in Chinese). J Chin Hydrol, 2006, 26: 57—60 [[4:) ", . /K 3078 ST SRS 546
751, K3, 2006, 26: 57—60]

Mann H B. Nonparametric tests against trend. Econometrica, 1945, 13: 245-259

Wu X Z, Wang Z J. Nonparametric Statistical Methods (in Chinese). Beijing: Higher Education Press, 1996. 106—108 [(R =2, FIKE. IESH 4%
k. dbnt A B AREL, 1996. 106—108]

Hirsch R M, Helsel D R, Cohn T A, et al. Statistical analysis of hydrologic data. In: Handbook of Hydrology. New York: McGraw-Hill, 1993.
17.1-17.55

Huang N E, Zheng S, Long S R, et al. The empirical mode decomposition and the Hilbert spectrum for nonlinear and non-stationary time series
analysis. Proceedings of the Mathematical, Physical and Engineering Sciences, 1998, 454: 903—-995

Tang J. The application of power spectrum analysis in periodic analysis (in Chinese). J Shaanxi Univ Technol (Nat Sci Ed), 2013, (5): 71-74 [Fi%.
ARG ST EAE I A AT (R BRVTHE T 24 B4R (A RHIR), 2013, (5): 71-74]

Liu J J, Xie P, Xu B, et al. Hydrological cycle variation classification method based on maximum entropy spectrum and coefficient of correlation
(in Chinese). Water and Regional Sustainable Development - Proceedings of the Ninth Chin Water Forum. 2011. 273-276 [XIEFE, #-F, 1,
A BT RS AR S R BN/ SR AR 54 0 . /K5 K] 358 R Sl —— 35 U Fh [ /KIR IR SCER. 2011, 273-276]

Xie P, Zhao Y X, Sang Y F, et al. Correlation coefficient-based method for gradation of significance level of periodicities in hydrologic time series
and its verification (in Chinese). J Hydroelectr Eng, 2018, 37: 33—43 [T, BXPIV4, FMedy, . IFAH X REN K ST AR 5 0 907 v B
HIE. K H1 & HL 2R, 2018, 37: 33—43]

Wang Q, Mo Z S. Discussions on some key problems in power spectra analysis (in Chinese). J Geol, 1990, 57: 363—372 [ £, 24kt /E. ThiEs
Mo LA B2 ) B E. HBE2EHR, 1990, 57: 363-372]

Wu'Y X, Dong L H, Wang D, et al. Analysis of precipitation cycles in Zhalong wetland based on power spectral (in Chinese). J Qigihar Univ (Nat Sci
Ed), 2014, (3): 79-82 [RAKE, FLLL, £JF, 5. BTSRRI F T, FFFFI R KRB IARIERR), 2014, (3): 79-82]
Xie P, Xu B, Zhang S A, et al. Study on Regional Water Resources Variability under Changing Environment (in Chinese). Beijing: Science Press,
2012. 62-65 [, Pk, T2, . ARIREE N UK PEE AR SRl ss. dbnt: Ble# e, 2012, 62-65]

Li B B, Xie P, Li X N, et al. Joint analysis method of hydrological variation based on Hurst coefficient and Bartels test (in Chinese). J Bas Sci Eng,
2014, (3): 481-491 [ZEMMY, T, Z5HT I, 45, JET HurstZR 55 Bartelst I ik SCAE R4 /M7 1. BEFHIERD S TRERM2E4, 2014, (3):
481-491]

Chen SJ,LiLJ, LiJ Y, et al. Spatial and temporal variations of precipitation over the Lancang River Basin in recent 55 years (in Chinese). J Geo-
Info Sci, 2017, 19: 365-373 [MRER 5, ZEME, 22—, 5. IESSAPARM IR TR I 25 AR (AR SM AT HBR{F R A2 40, 2017, 19: 365—
373]

2559


https://doi.org/10.1029/WR024i009p01519
https://doi.org/10.1360/N972016-00736
https://doi.org/10.2307/1907187

4% b B 209588 Hoess F241

Summary for “HeTHH % R EHIK ST 5 Zh 8 R 5 %

Moving correlation coefficient-based method for the
identification of periodicities in hydrologic time series
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Accurate identification of periodicities is an important issue for understanding the hydrological variability, medium- to
long-term hydrologic simulation and forecasting, as well as water security assessment. Many methods have been developed
presently for handling the issue, including the simple partial wave method (SPWM), harmonic analysis method (HAM),
power spectrum method (PSM) and maximum entropy spectral analysis (MESA). However, the results of periodic
identification are not good as expected due to the complexity of hydrological variability and defects of methods. In this
article, a new moving correlation coefficient-based method is proposed for the identification of periodicities in
hydrological time series. The specific steps of periodicity identification by the proposed methods is described as follows:
(1) Generate a simulated periodic series by using the sinusoidal function; (2) use the correlation coefficient as an index to
evaluate the fitting accuracy between the simulated periodic series and the original series, which generally includes the
periodic components and stochastic components; (3) change the periodic value and the initial phase of the sinusoidal
function, and repeat the above steps to calculate the correlation coefficient values; and (4) find the maximum magnitude of
the correlation coefficient, and its corresponding simulated periodic series is regarded as the expected periodic component,
and its significance is evaluated by doing hypothesis test. Theoretical analysis and formula derivation demonstrate that the
index of correlation coefficient can reflect the significant degree of periodic variability of the original hydrological time
series. Bigger correlation coefficient value corresponds to more significant periodic variability. Results of Monte-Carlo
experiments confirm the advantages of the proposed method compared with other conventional methods such as HAM,
PSM and MESA. The former has high identification efficiency and can keep its stability, even if encountering the
influences of some advance factors, including the sample length, mean value, coefficient of variation, the semi amplitude,
period length and initial phase. By applying the proposed method to analyze the annual precipitation series at 21
meteorological stations in the Lancang River Basin, results indicate that the annual precipitation presents periodic
variations at multi-time scales; comparatively, annual precipitation series in the northern and central parts of the basin
mainly presents a 2- to 5-year periodic variability, versus the 5- to 10-year periodic variability in the south part.

periodicity identification, correlation coefficient, inconsistency, hydrologic variability, Lancang River
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