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Abstract In this paper, we fit the time series, which likely has abrupt change processes (ACP), with piecewise function
deducing for describing the mean abrupt change from the logistic model. Thus combined with the theory of probability
distribution formed the basis for considering the process in which abrupt change amplitude is maximum, as is the ACP.
The parameters reflecting the beginning moment of the abrupt change, abrupt change amplitude, abrupt change rate,
persistence time, and instability are determined and analyzed. By testing the time series in a 500 hPa temperature field
during the period 1948-2012, we determine the following results: (1) Abrupt changes started in 1956-1959, 1970-1979,
1986-1994, and 1994-2004. We considered more probabilities by testing the start moment of the ACP. In these changes,
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the temperatures of all changes in the means show increases except for that in 1986—-1994, and the rate increases if the

abrupt change amplitude is large. (2) In spatial distribution of the abrupt change moment, the moment of the grid points in

which the abrupt change occurred in 1956-1959 and 1970-1979 above the sea occurred earlier than that in the grid points

above Eurasia, whereas the abrupt changes in 1986-1994 and in 1994-2004 show opposite behavior. (3) The abrupt

change amplitude of temperature occurring in low latitudes is lower than that occurring in high latitudes. (4) Under the

context of global warming, the statistics distribution of the persistence time shows that an increasing number of grid

points require shore time to complete an abrupt change. (5) During the abrupt change process, the instability of the system

was enhanced significantly.
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Fig. 1 Evolution curve of the Logistic model. The curve has been divided into three sections by the dashed lines, the diagonal represents the abrupt change

process, @ represent the start state and £ represent the end state
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Fig.2 Statistics distribution of probability of the abrupt change amplitude. x-axis is the amplitude of the abrupt change, and y-axis is its statistics probability
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Fig. 3 Statistics distribution of the global grid points’ abrupt change start moment, x-axis is the start moment of the abrupt change, y-axis is the statistical

probability of the abrupt change detected by the extreme threshold value method (Eq. 6)
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Fig. 5 Spatial distribution of the abrupt change start moment in different processes, deep azure areas show that the moment of abrupt change is early, orange
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Fig. 6 Spatial distribution of the temperature abrupt change amplitude in different processes, magenta means the temperature increase is more than 3.5°C,
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WHAE A ERIIE T 50T, BOREEZ (A% i 58— K
KA FF BN A AELG R, FF BRI AT R 5 2
AIRFFAAE

F1 REIEFFEERTE 5 5

Table 1 Statistics of different kinds of persist time in
abrupt change process
ARRAELL  BRRELE  CERIELE
KA FAZT oy FRAZH Iy
1956~1959 4= 19.71% 19.90% 60.40%
1970~1979 4F 29.42% 17.54% 53.04%
1986~1994 4F 22.63% 17.63% 59.74%
1994~2004 4= 25.75% 14.31% 59.94%

3.4 RTINS IE AR E EIRIT

FE S (2012) X SHx AT EUEG T R I
|| o, RGO, B I R E
PEREE . ASCAENT 500 hPa T 375 4%t FE IE 4]
S HEERE R, SR S5« AT e 5>
M1, DAT fif RS R T AR E

Kl 8 45 R it it v 5k (MG 45 1
A RUR I AT L AR, Hoh e fHAE[—0.5, 0.5]
Z I, 1956~1959 4E574% 7 87.4%, 1970~1979
RS 78.6%, 1986~1994 4FE58745 1 85.2%,
1994~2004 F534% (5 80.9%, 2 WKt 4 v A
SRR PR AR PRSI, B IR AR
EMG . MR K, 1956~1959 4E54, 1T
AR A, MEZRMORAL B AR 0.12 BiHE: 1970~
1979 1 1994~2004 4534 Wi [a] (1) 240« LU — 2,
BRI, MR B AE—0.20 Fftir; 1986~
1994 TESAR I IEARA G, BERICALELE 0.40
. KW 1956~1959 4l & 741 Kk A= 588 4H
SFEL IR, 1970~1979 F1 1994~2004 43 1a) &
A S AR AT E PSR, T 1986~1994 SEAR AN ER
MR T

B 9 i RS c 5 RS “ih—
HRRE” MXRME, HLRBAFRSH Y LRl
TN ISR R FE R I Aa RS, PARR S M R
RS O SR AR S R I ARCIRES, “UR—AR
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TPUSRBR, RUISAR R AR R SR YA
F7 ) CRRESNIE?, B “HHENIE” W) “R
R M7 RAE AR 4, RORA L B th 47
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Bl 9 g (A RIZL 3R R 2 50« BUE 70 il AE —
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Fo e MR o YRR AR 3 3RO e UEAE —0.5~0
I 0~0.5 Z 54, N 588 R h R 48 (1) A
PR B9 TR AR PR UL R AR e 1
BRI AR R B AL A V ARBRE . AR
(EE A5, 2013) 23 HTIA R ST 1 A 9848 kA
(1) “U—AIRE” A e AR bRl bR B I R 48
REA VYR BERIAAAEIRES: (1) #=0, v>0 1,
SEARME TPk D P EIRES; (2) =0, v <0, A
AT A PERRA; (3) 4>0, v=0, Akb
TP G o7 ) eds s (4) #<0, v=0, 5
AR KbV 25 TR kb T 2R . PR 500 hPa i )E
YR 54 RGA T X PUFP S ARRAS I, LR
G AEAFLE N

R2 TREMSY BREBESE L -V HFEITRE
Table 2 Statistics distribution of the unstable parameter x
with the abrupt change amplitude parameter £ —V changing
pu=v >0 B v <0 RSB
k>0 © <OfEm x>0« <0f5u

FAENE  RBHER RELE REND

RAMB  REESH EEAEL REOSE REASH
1956~1959 4F  17.4% 29.9% 20.2% 32.4%
1970~1979 4 30.6% 38.0% 19.3% 12.1%
1986~1994 4£  15.9% 42.7% 24.0% 17.3%
1994~2004 4£  30.1% 38.0% 20.3% 11.6%

B0 NS H x B IEFORE, W1k 2 o,
fEH >V X CGE 3R, TS5 54
KBTS A DY R S AR YT TA] AN [ RE ) HE
K <O MR HZ KT o >0 EH, g Scmk
(USRS, 2012) ZMHT4iREN], 4 >V, Kk <0
RGGEARGEM, PRt — BRI AERAIN, &
Gt AERUE R RIREAE H <V [RIX R IS
BZ I SRR Rt P 4 <V, kK >0, £
ARGRAL R IATENE

4 Zig

FIH Logistic B HE S H 7 B S AU 2, XF 500
hPa I3 #46 mi il 2P AT RAS SR, A
M SEILNF SR R . g R RILA
1948~2012 4, 500 hPa i, /5 3 HU B0 I v W B 1 58
AR 1956~1959, 1970~1979. 1986~1994,
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