ﬁ 1&2 i:' $E365E5H BEHESA

doi:10.3969/].issn.0253-9608.2014.05.002

RRQEARERN NS

2K

oz, PEBEEB LK H SR R S I S, R B R A B KR B L I S IS ST, AR

610041
KA RO bR BISIE ) REANFE

HE EREEREMERARNER TN

HRBRRKETHASM , MURERERINERERARIH

B, MNEIREERARS. SRARRAA—MERFT , F7EMHBAEEFIELEMSE. ERREIEIA3
MYUER , WEMERR ; FFIHUrstEEATF0.5 , iWBIEA—EISREXEKY | RS a2RERED
o, ERBHTREN. AEHTET , RARRERE  RZENRKEBE—ERAITED T, XEASFIER

REERFIESERARRENRANNFEE .

Je A TR )2 B ) # AR i e s
. PR RTINS EER, R,
SIS TR T, AR B R AR
i LUAT I PR 72 8] SE AN 5 (1 LT IR 2532 3l
At AT — S K R IEE), E
AR K7 FBHEER 7 o fEx
LA IR AR SCHL, B A R AR S A
R A S e A AR PR KR, A
RAAE— RN, AR g R

RTFERIOWETE, K2 IRIETAERFE, K
HR g R AT e N AR A R e ml
BRI B Cangh Sy XL B AR A1
TIATAT A IR REAEs), 2 TR
TN G I — AN FEARFAE . FRRAEAE BAT
ANFERPIRA R FAS FEAE, BT
REZIFA A “BHR” ARkDZIBHEN . 92bs L,
AF AT AR e A2 Fl
AL, PSSR ANES:, ARSI, PR
LI AR, B TR AR E TR B AR
J LS, T2 52 H ) ST AT B (A I 25 3 AT R
SE Mo

B WA IS S 509 i 1 3 44 1 e A0 O
s, AL ERSOZER, FEHR AR
109K, HMiR 2wt A F WL . S de A
HL+ 2L A BRI ALK, B A 4 B ik
K, WAL, WEKERE, 405 FErkR
AL 1 ARG S AE R . H 19604 L
Ko o BEURESE e 2491 A0 A U AT 5 3t 0 i 2K
WA TBEAT T FF LA SEF UL, SR T 58 8
ARGt B > Bt s s g 17 R4
FER o B3 0 Bt e AR 7T DLIE W, e i e
T AL E R ST A -

1 IRARR A B R B

5 5% 1 8 A AU N 9 A R 3 S
HW], BRI RE ) = A R )

(US04 P
A W, JRIRG IO TR .
o R T L AR R T AR, T L
PREERICBTRIAL A . FLBRE . ks, LR
KIE . BRRBTT AT 2 8. BT R T
YO HERER T LI (1 AL TR, 50 1 8

319 | [



Chinese Journal of Nature | Vol. 36 No. 5

REVIEW ARTICLE

(T 350 (R — REOC R ACR pR , DAT e A
TR DT AN FEANESE AR 2 (4
P N

B1 s i le gl X oA

QAR BEAVATE I B (30 L4k
BB TEASRAR BN v HERR, AEWKAE R
e, R TRATI, WAL A E T
L VATERERE . W E RN A, SRR
VRRERFEE A MRSl . LABingham AR R 0 41,
TN AL BTV KT IR T, Blz<pgih™,
Horhe g L ARK IR ST, p i %, g AT I3
S, JRIRATLERE, AR TR
. WBh LA RES “SER 7 PR
TR (1 TR 23 AP FE 1Y) o

)iy fe s AR SV YAt 1 i
R, AP ATI . TSI T SR e
ATUL T AN SE SE L Y438 1R 34 38 BL R 25 32
“IRZET o M Ko N TR, 2
W ARERAE BARI) “ImS 5 1E7

B, VI RENL AT AR AR 5 45
FE) T AR 22 ) 22 57 DA AN [ 2% A 1 10 52
M B AR, HE T e A i AU B0 25
R BEHLIEMIANGE PR AL, ) — AU
FEARBLGAT N R EA R AW H AT
LARGHIHE “IEMm 7 e UL E R, (HFER
M et EREH AR ENREE R,
DRV T AT DA A 37 80 4 A B A 8 A 30 B B

MIzh 151 5

2 BRFIINKES R
5 — D A R A LR S L A B

I e 320

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

o BRSO E SRk A IR
Foot . 0L A A A S O 0 R I 3
A S 2 B ) 2 S B LA, S 2 T
AR et k3o AN (S HE P
X={X,|i=1,2,3, N} (1)
STl 2 I B B B, FE (v)
AR IE (p) . ERQFBRE) S, N5
S A7 AL 9 U B 2 M P o 4 R o))

B2 e TR S B A HER

http://www.cnki.net



ﬁ 1&2 i:' $E365E5H BEHESA

AR IR IR A7 i B AT AN R 1) e A AR 2 (1513
N3P IR A1), AHARILH BN IE
AL :

(D) Z BRI EEIN (I 7E50 LA, BRI K
IFTRIZ949100's, i ELIRJ B TRl AL Dm0 A o

() AEA T B “ R I (R K 2 []
Sk 2 HH I 2 I ) o ) R 1A B 2 AN AR B T
CONT BREROREAN).  CORBER” A e
MOBEP>2), NV A T s m & b K
M(p<1.6).

G)MERAT AR % B . T R,
kv ATIR3 AN HCR G

s 801627 s 890803 -

— 940616

N
B3 Ve A1t B ) P 4

M B4 5 25 VarQ(n) Bl BEVn 224k il
(B4 W, PR e s AT A A R .
RN, EXPOGERARIER, A2 R
Mo WAER, —MNFIIIEMT A LI
XFRRFAL B ARAT O SR 3 R BN S B i
BEFE R : 2 (0) = (O, + O, + -+ +0,)/n,

WHE—E BRIz A, BME Q) DA B n 3
I, X5 B T A I B 81 58 4 AN TR
E(J[15]0

2.0

VarQ (n)/10*

=
T
q S,
O®o oo @

0 100 200 300 400 500

B4 By o Ty 22 B R R A4l

3 BiRFSIBHurstigs

KA IR LY UN SRl & AU SRR
P, vl Hursthg SORRGAN . 25 8P4 il %
(R 577 22(S) Z LLBERE R 224k, Tt SR A
R/S (r) ~7" )
H BlHurstf8 %, H A R(r) = max X (t,7)-
min X (1, ) AL EFFIRF IR ZE . R12)LY
Ve A o e R L TA) BRI TR) R0 5 A B
MR HurstiR 20, JLF#2 H>0.5(145) .

1 PRSI Hurst i 4L

E-RUBTRS 910709 870823 890627 890802 890803 910711 910813 940616
N 427 180 120 129 166 253 268 154
H, 0.8503 0.5114 0.809 9 0.809 3 0.734 3 0.988 9 0.8161 0.800 7
Hy, 0.962 7 0.866 5 0.791 2 0.906 8 0.573 1 0.8977 0.767 2 0.9522
Hy 0.739 7 0.4272 0.682 6 0.770 8 0.607 0 0.733 3 0.499 8 0.482 1
Hy 0.876 7 0.443 1 0.7139 0.795 5 0.705 7 0.856 2 0.6420 0.775 3

321 | [



Chinese Journal of Nature | Vol. 36 No. 5

REVIEW ARTICLE

1000

100

&
210
N
55
910709 870823
! 890627 ———— 890802
890803 910711
910813 - 940616
0.1 1 1 1
1 10 100 1000

B5 RS 41 i Hurst5 £ th 2

XT 58 4% BE WL ) A1) (Can B BLE E 54 X
Browniz 4K i, H=0.5, TR A2 0%
HARAT R, MH>0.50F, B F5 BA1IEM A
FHRPE(E6), WETHII EM KK RZRAETE
T A2 B B T 693, Ut BH R A AP — e K
FERIRME(RIRR LR PRV 2 A8 1 5 RF 8k,
I T HAR A B RN A I R — “if
T (Noah) g . ” Hl “ 255 5K (Joseph) s iy ” 17,
WA e AR — M R GAT R (AR AL
RGEATR), W EA R EA W NAERRE, 1
AT IR TR 7 I e flan, DA N AE )

0-80 ¢ R S]]

0.60
0.40 !
B 020}
ﬁ .
0.00
Bz Y
W20} AR
— .. 910709 870823
-040 b ___ 890627 — 890802
— - - 890803 —— 910711
“060F 910813 — - - 940616
~0.80

17 1319 25 31 37 43 49 55 61 67 73 79 85 91 97
R (RO

El6 WiEFIIr AR R

B 322

BRTRASAE, DA ZE R BRSO T, B TR K
U0 AT, T W 4 P TR R i e 0 =
AT

4 RARSBHBMEST

BARE AWK ZHE, Bkixeik, Hih2
IS SLANRIE, 45 AR S BUNMER Sr Ai .
BERE L VRN AR Weibull 2 A", Mo
SO IR RIS PRI T B KU R AE BRI T 5111
SHEH . S Weibull 2 A 1M 55, L I il 2

P(>Q) =K exp (-aQ") 3)

IS, Faib=11l R¥la 5 BRI REATAE
RLEFI T R R O R a~0,, 7, X HB=0.982 1.
H20=00,, Wi hPC0Y) =K exp (- a*0") ,
Hrhar =0, = 0,"7°=1, INTASIH] 51 #8145
S a7 BRI FE B R Kexp (— O9)(E7), X IHEHL
OIAT AT A

T T Yy

0.1 -
O 870823 @ 890627

PXQ)

A 890803 e 910717

0.01 |
+ 910813 = 940616
t

A 910709 O 890802

0.001 1 I |
0.01 0.1 1 10

0/0.
E7 M e 8o i

SR AN e EEMR MRS K
M B SR I s, BE=A S ik
(v)~ iLE Q)M [l [AlFE(z), EATT 7 AR B i
=B s 5l BB r A AR ], U — A
AT A SHCE R A RAIPW, O, 1) (=1,
2,3, Ny NAFREFREE). B2 EE
BER AR BB E SO X = X/ (XD, L (0




ﬁlﬁ% i} £365E58 MEITSEA

SRXAETFE T . LISEDR R A 25
YO A 90 A S 0 TR FR o A I B 8 s o AR &8
ORI AN BRBRIE B W T, T
LA G A AN XA

g
]
L
7]
=

T

B8 {2 a) v (BRI £5.(910709 )57 41))

FESHR A, I IR)AH 4k 1) 5 A B 2 TR

() “TaIBs” , T PSR KB B R KRR . —

ANFERFHI(P,, Py, Py, =+, Py)RER—AN 8] 551

Ry, Ry, **, Ry ))o HEXVEMIEHR T H LY, 90%

L b B B TR B 0 P AE X [R] (0.1, 3)N o HE—25
AT LU BRI 53 A it A2

P(R)~R"exp(—kR) (4)

K19 AR A i SR A e, JLT-#1
WAER 25 MhZe b mTIL, Aelem i A
[FICANFIIBE S RS, PEAE), 1RSIk
MAHIEIRI G0, B EA AT AR — 2

MEim RAE S BRI SR AR, 77 4 BRI [A)
AN TR R KB i R I (W &13),
FENoahZi W 5 Joseph R W 1) LA R . S50 7% (]
(R LA G5 R MR M G54, AT BEZE I e A1 I R ¢
1T AR 2R E

5 LitSitie
AT AR, AT

KHAF. EEZH. kikark, HAZIHS
AR,

1.01

O 910709 ® 890803

0.8 é A 870823 K 910711

© 950715 - 910813

06 - A 010708 >< 890802

=

~ ) X 940625 040721
04 -

® 020820 @ 010813

2 g8 10

B9 i falbe H £ b o)A

(D) FAHOCHME: BEMZSE (i st s R ]
BT 1)) 747 FA Hurst R 204K 170,56

QAR R A1 BRI S A2 Weibull
I3t

G SRAENE . Yef I FAFAE S 0 A
RIA— RN 8, AR B ) I 2% 1] B i
SEAHRIE A B BE AT

L ERFE U] T e A miEsh i RGtk, 2
5% A G0 i A7 7E N oah 5 Al Joseph 5 v 1] L
PRI o AHARL I B R iR A Y A i A AR [R]
(BN 7 2 HLH——IX A FR AN B R AR s
)OS S SRR S AR o4 ) 1 T Tk =1 A
IS RS 8) 1L, 2 SRR G
AN FARIZ BN FH IR B BN 1 F B

DLAE e A Gt 70 2 T2tk S 4, i dn st
A DL PR FREHN 7] 0 UE &5 2 — AN O LA PR 7 1l 7
A, HMNARKIERS RS, A
CHNRI T I A, AR IR MR (R 1l
FroAE, M HIG AR AL T, SRR EA
TE ) o A s b I ik A2 — b B 2R Sk
Fi, SRR BE . BKIE R, BEALE, H
SRAFAL & M S5 AFCan T AR IR HE ), fH
R EATE R . WNREB NS, e
AV R A AR A e A E R 2R 1

323 | [



Chinese Journal of Nature | Vol. 36 No. 5| REVIEW ARTICLE

?2 uﬁ (ﬁﬂ I}%ﬂjgjﬂﬁ% E{J {}giji) s ﬁ_:%E ﬂif%\ gﬁzl_(% E‘I{] [71 SHARP R P, NOBLES L H. Mudflow of 1941 at Wrightwood, southern

California [J]. Geol Soc Am Bull, 1953, 64: 547-560.
N 1 N V25V = P
VS| 'f’t#ﬂ‘ fE ° 'WIJ ﬁﬂ /EE/)IL()E*@%ZE@%&E ’ El] {iJ__E i [8] HARRIS S A, GUSTAFSON C A. Debris flow characteristics in an

oL N AT gE Iﬂj( k% NS N ] area of continuous permafrost, St. Elias Range, Yukon Territory. Zeits

. [J]. Geomorphologie, 1993, 37: 41-56.
N N7y Lk = = N
Vet 1. ARGk, B A AN AEA [9] TAKAHASHI T. Debris flow [M]/IAHR/AIRH Monography Series.

ﬁ %/ﬁ:_l:«@Z:—EF EE*H ]EJ E‘]”@;Ebﬁ . %%\/g /}E Rotterdam: A.A.Balkeman, 1991: 2.
N [10] CHIU-ON N, CHIANG C M. Roll wave on a shallow layer of mud
W25 S i -
E/JIL E,:] %*ﬂé f{jE/JElIE Eﬂ T X /'{—i o modeled as a power-law fluid [J]. J Fluid Mech, 1993, 263:151-183.
(20145F-6 A 23 B #As) [11] HUNGR O. Analysis of debris flow surges using the theory of

uniformly progressive flow [J]. Earth Surface Progresses and
Landforms, 2000, 25: 483-495.

[12] WEIR G J. Kinematic wave theory for Ruapehu lahars [J]. New
Zealand Journal of Science, 1982, 25: 197-203.

[13] BAK P, TANG C, WIESENFELD K. Self-organized criticality [J].

[1] LAVAL A, CREMER M, BEGHIN P, et al. Density surges: two- Physical Review A, 1988, 38: 364-374.

dimensional experiments [J]. Sedimentology, 1988, 35: 73-84. [14] JOHNSON A M. Physical processes in geology [M]. San Francisco:
[2] SIMPSON J E. Gravity currents in the environment and the laboratory Freeman, Cooper & Co, 1970.

[M]. Cambridge: Cambridge University Press, 1997. [15] LIUJJ, LIY, SU P C, et al. Temporal variation of intermittent surges
[3] RICKMERS W R. The duab of Turkestan [M]. Cambridge: Cambridge of debris flow [J]. Journal of Hydrology, 2009, 365(3/4): 322-328.

University Press, 1913. [16] HURST H E, BLACK R, SINAIKA Y M. Long-Term Storage in
[4] BLACKWELDER E. Mudflows as a geologic agent in semiarid Reservoirs: An experimental Study [M]. London: Constable, 1965.

mountains [J]. Geol Soc Am Bull, 1928, 39: 465-480. [17] MANDELBROT B B, WALLIS J. Noah, Joseph, and operational
[5] CONWAY W M. Exploration in the mustagh Mountains [J]. The hydrology [J]. Water Resources Research, 1968, 4(3): 909-918.

Geographical Journal, 1893, 2: 289-303. [18] LIY, LIU J J, HU K H, SU P C, Probability distribution of measured
[6] PACK F J. Torrential potential of desert waters [J]. Pan-American debris-flow velocity in Jiangjia Gully, Yunnan Province, China [J].

Geologist, 1923, 40: 349-356. Natural Hazards, 2012, 60(2): 689-701.

Spatiotemporal characteristics of debris flow in Jiangjia Gully

LI Yong

Professor, Key Laboratory of Mountain Hazards and Surface Process, Chinese Academy of Sciences, Institute of Mountain Hazards
and Environment, Chinese Academy of Sciences & Ministry of Water Conservancy, Chengdu 610041, China

Abstract Debris flow over the world always moves in manner of intermittent surges, which is the most conspicuous appearance
in Jiangjia Gully (JJG), Yunnan. More than fifty years of real-time observations of living debris flows in JJG have achieved a huge
dataset of parameters concerning more than 10 000 surges, from which derive several fundamental features of the surge sequences:
probability distribution of the interval, fluctuation and distribution of discharge, decay of the sequence, Hurst index and surge
concentration in space and time. All these characteristics suggest that the surge sequence is a systemic behavior of some underlying

dynamics and hints at some nonlinear dynamical mechanism of debris flow formation and evolution.

Key words debris flow, surge, spatiotemporal characteristics, systemic dynamics
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