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Fig. 1. The flow chart of MC-DFA.
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Fig. 2. The MC-ApEn results for daily precipita-
tion records (from 1 January to 31 December 2006)
in Huma observational stations: (a) the sample size of

sliding window is 1 year, L = 365 days; (b) L = 730
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Fig. 3. (color online) A test for Wavelet Fisher’s information: (a) A fractional Gaussian noise with H = 0.1

and embedded jumps. Top left plot displays the fGn signal with a single level-shift and top right plot with

more elaborate conbination of jumps; (b) Corresponding wavelet Fisher’s information, there are mean value
jumps at t; = 11384, tg = 21384, t3 = 44152 and t4 = 54152491,
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SRS AR, RSS2 2 BR S G RG24, 32
ESREE OO N IR B Q $8 BT vk, I ER AR [R]
IIHIE T AL R AT 10 R A NI BN 1451, FFR
T T EEFEXIE Bh Q TR BRI &5 s, I
g Mg 75 S0 LA I 285 SR (R S e B /N, H I TE B2 00 A

N —a(m-—1)},

Qzy = lim |In

e—0

R INS b s 5 AL 5 NS U A A Eb gl )
TRAOE AT ARG R P 75 25 S8 A5 5 e s
EE AN

5 ZEFRE R T

SAERG R AR R R AR PR
ALK ) FR G, AR AR b3 BAT SR
FHORAE (B 25 SRHBRAFAE ), SR RIS T RSt
A AFAEA & AN R SR AR S AR T, H RTR R
AR IR I T R R RS 8] 41 AR S 23 b, 2B
TR ARG R — A EAR R AR, R, R
KA I T EE N B I A R . A%
FER S I RS AR BT R T — LA ST AT,
W A A %1% (pattern correlation methods) (6162
e SARARA I I — ) A R Tk, R
A FI 2 8 3 73 B & 52 e B 178 K RUBE 28 1Al RS
Ry R 2 SR, o A B S B0 AR A T RE TR PR
(WX 7y N3G 85 B AR AR F A AL T B AR
Fl); Bernacchia % [63.64 3% F 2B & 5% 1 (cumu-
lant function) &t 7 — R AR HALI T %, (H
JiES B 5 A E AR IS B [, B TR
573 RS 1 ) — B X 3. Mocenni %5 11 (¥ 4F
FALH, FeT 77 8] I P 7V T A 0 SR U 2 )
JIE RGP B I ERARAAE S, I B2
BRI AT AL, T R B s AR S O T R
W, AZEHEE /NI, A A A iR
BT T — 2 RS, (HIXEE T AT A
(I B2 FR AR, DA TR A2 4 A PSS I A R AR
TR L T-iE 2 4

6 & ®

LR M RL 2 o AR N TR ER Y, A oK
TEHE T A SRR R &, LI RAEA %S
D15 EE R R I AR 7 TH, 35 RTRI H — R A
Ty 10601 BRI DAY R =2, 55— 2K F M [A]
J7 50 K FEAH OGP 1) A8 A0 R SRAS I R Ge 1 23
SEER TS RAE T AL, b MDFA, MC-DFA i
A R E AR B 22 TV T B R R AR 7 2 7T BA
J T DFA R 40E. 8 K7k F BT
7] 7 3 ) 02 2 M e e SR 1), 9 2 T I UL
% Fisher {5 5232 H 1) — S35 1) 28 A48 I 77 v,
55 =287V 32 B TR R A1) D A 2 ) AL B S R
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JEmk, Blinzh i Q R ¥0E, IHERESE. T
Rl A IR, 50 Sk AT PRAE I/ 4.
URARGR AR R AR A3
R 0708 AR AR b B I 2 S I B RFAL,
2 )3 B A0 1 AU R GAE N S B ROV AR AL,
FL i 2 R UM R GE K B 7 5 IS B R
I Ta] PP 4. DRI, Bk 17 Ok R 1 I T P 47 B A SUA R
AR MBS, 1B V)7 B — 0 e f A5 1] 3 ) U Ak
RARI 7% HAT, B AR R G IR
AR AR B LF-AE T2 F 352 R SR A
BARRKAE &M —AT5 1.
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Abstract

The research of abrupt climate change is an important field in the climate change. The rapid and accurate detection
of the abrupt climate change has important practical significance and major economic-social costs, which will help us
understand climate change and forecast the future evolutionary trend of the climate system. The detection results
of most traditional abrupt climate change depend on the selection of the time scale concerned, which may result in
the fact that we cannot identify an abrupt climate change until the event has been past for a long time. Moreover,
these detection methods cannot extract the dynamical changes from the observational data of the climate system. As
the rapid development in nonlinear science, the abrupt climate change detection technology has also been improved
gradually. This article briefly reviews several new progresses in abrupt dynamical detection methods developed on the
basis of recent nonlinear technologies, and some applications in the real observational data. These new methods mainly
contain the technologies based on the long-range correlation of climate systems, such as moving detrended fluctuation
analysis, moving cut data-detrended fluctuation analysis, moving cut data-R/S analysis, degenerate fingerprinting, and
red noise. Moreover, some abrupt dynamical detection methods developed by the complexity of the time series, namely,
entropy, such as approximate entropy, moving cutting data-approximate entropy, Fisher information, and wavelet Fisher’s
information measure. Furthermore, there are some other abrupt dynamical detection methods based on the theory of
phase space, such as the dynamics exponent ). Climate system is a complex dynamical system with nonlinear and
interactive nature, which has long-range persistence in spatio-temporal variation, thus the abrupt detection method on
spatial field change is pointed out to be a promising direction for further research in future. Because the spatial field
contains abundance of information about the evolution of climate system which is much more than that in a time series in
single meteorological station, the detecting methods on spatial field will greatly help us detect an abrupt climate change
as soon as possible. And then we will have enough time to take action and make preparations for the new challenges

due to the abrupt climate change.

Keywords: abrupt climate change, abrupt dynamical change, abrupt spatial field change
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