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MEKREGZRMERERER, BRFLFTAESHNERLIZERGRER, BERER
FMHMERXBRARMER. RAEFEEERGBAMTELNEERTE, B2 T HRE
B, BARWERELSARE. 2WETHN EHFRERAKRERE, PHESTRAMEH
BEBERERE, AT, HAMKRSHRBE. RARRERE: LEHBBRARA R
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X 8 W. BBEE; BAW; ANAE; BRER; BEMR; WERATTS
PESES: P642.2; X43 MHRERIAE: A
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SHHEETRMAMM EZEH. HPRALZ 108 HRBMAKY 270km, AIREE. BA
BARE . MEER. EFERE, BV B 8 05 24 FURK B R — > K
B, MEEAEITHFR .

(D ®AF. FEA WL EFHRHN 5500~6000m, FLLUEIE 4500~5000m, WHFEHIK
N AAMMBZTHRERRR . BIKKIIERAMEERRAL, BB E 2 S AR
ERHRES, MZAWREE, BmKB. AOKIUR, SB%E. #E. BRSRBOERY
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MBS B R, FEONABB; MRKED, SR, MM & ZIE 2000~
4000m, BN 35°~40%; FEEMIWK. KERKTBRTREFH T, LRAHB. &
634k, HohA KBy, 102 BHBHBHMEEKX.
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. WEERMRMERNE, HRESEHIEMGEILERERRSY .

2 WABEAR A AR SR T . VR0 R OIS A AL

2.1 MHEBGISERHAERSR

REZFAERS (81~104 BYD BIHERA T, BB HRHUT 3 MK
(B D,

(D T (8 HEMUT): WA, BMEEE VA, ZMOM4K 90km, HFH
HEEXRE, PHHAB 11%. BEARBHEANBESBRGIAREEZERNAWES
B ARBIRIR T BT OiE E R

(2) H LB (98~82 HP): K 157km, &2 1350m, HHEANT ML, ¥
PP 8. 6% . BT THFERIFT R MU E AL BER b EHFE, #04 T 57— R miE E K
B RN, RMRAR N EEE R, MALE, SR, WA MmRKE RN EHFKRK
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1V Rl (86~82),

(3 HLE (ZEH#: ZBHAIKIH, K 11km, BEFRAZHE, MEH 1km, 2
wAHER.

b, 104~108 GEPEERBXAL FIHRE A X MBL A th T dpme A B, YAEER, B
HhE, AFEMRA,

HIBBEAMRARNEGERAAAETESEFERNRESEEMUER. HRE
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B 05 B AR T B # A BT R A TS B, &N B K A A 2R R R R
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D =33 [xs - x (%, (a=1, =+, i35 b=1, ==, j)

X, a FEBERE, b AR, x, () =3xu/ Gi+D. BEHFEFE LR
[6]. UTF#HMERITMRITILEFREE . BIRBWMBARF SR FTHEmRK 6
MEHHT RN E .

2.2 WEATHHBEBEE. RARZASHFINRMASE

RRBBRRIEI L R BE 2000 4£Fr s 1+ 50000 BRMTE, Wk 1, X 2BE
(81~108 JEHE) It 27 NMEBEXE, MU B3R PR L HR 0T RA WK AW —TT
Fol, URFINEEBARBHERSE. BRARKRBEN - TFAHTRMETE, FROE
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1 HERTHAERBARESRARRAY (ME—EHSKRRSW—EHERNY 10km W)
Tab.1 Number of collapse—landslide and debris flow on south and north banks of Polongzangbu river

Wk 82 83 84 85 86 87 AT 88 89 90 91 92 93 94 95 96 97 98 99 100 At 101 02 03 04 05 06 07 08 A
10 01002 302001201000 3 21156 2 1 2 5 8 6 35149
1 3 1115 01 0 4 1 5 3 3 1 3 1 2 4 1 2302 4 5 5 5 4 1 4371
1 31 2 15 21406 15 45 14 1 2 4 4 441 7 107 6 7 9 9 1065120
2 0 0 00 011 00 0O0O0OO0CO0OOOO0OO0OO0OT1 15010001 51214
21 11 2 0 0 5 6 0 1 1 2 1 1 3 1 4 4 2 026 3 1 0 4 3 1 2 0 14 45
2 1112016 6 011 211314 4 2 1278 1 1 4 3 1 3 5 26259
® 001 0 0 3 402 001 2 01000 3 312106 3 1 2 5 9 11 47 63
® 4 2 2 3 5 0166 4 2 6 5 4 2 6 2 6 8 3 2565 5 5 9 8 5 3 4 44116
M 4 2 3 3 5 3206 6 2 6 6 6 2 7 2 6 8 6 5 681511 8 10 10 10 12 15 91179

H: 1R, 2—FRE, BB, B, B—RAR, I—JtER TR, 2—mEE TR, m—FRETE.

WL, BBBNHESRABRARMFEINNIE L. FEBREEETA—F, BRI
MEFBR. BREREFT T THALAMPREE, FLEERRD; RO REENE
F e B WHREMR AR T Wr bk B, R A M SR A B, b kAR B DU R
SZERBEFEESRAMOPWESAE, TWHMELA dPsRABAR S, i 554 F1 58 kA 15 45
BZ, LifRAEERE.

2 HERBE. RARZEASHFIINERSELER
Tab.2 Results of the best cut apart for distribution succession

of collapse-landslide and debris flows along the valley

3 BESEAD RASEIR BRI AR KA GEEAR %6 /10km)? MEBEHED
iR E 100, 106, 102 100 82—100 (0. 84, RFEHE); 101—108 (5.9, HHFLE)
R RAR 87, 86, 103, 106 87, 103 82—87 (2.7, ¥F4E); 88—103 (4.4, HEE); 104—
108 (5.8, W®FL
&iF HB|®S 100, 106, 103, 87 100, 87 82—87 (3.3, #MmME); 88—100 (5.2, f4E); 101—
108 (11.4, |FL
HiRE s 102, 98, 100, 102, 98 82—98 (1.4, PYHmMAE); 99—102 (4.7, H/); 103—
106, 104 107 (11.7, |EL
Rt RER 103, 86, 90 103, 86, 90 82—86 (5.2, HBAE); 87—90 (1.0, RHAE); 91—
103 (3.7, #4);
Jp 104—107 (5.6, H®BE)
HER 102, 86, 106, 102, 86, 98 82—86 (5.7, HMEM); 87— 98 (4.6, WEE); 99—
104, 98 102 (8.3, W4E);

103—107 (16.8, ®HWE)
E: D ABENERHMERGRE: 2) FRRVLOE, WRRAREY: 3 BEEIRRENN: O HBHR
EhAERA 2 fF.
2.3 ItREBEE. RARZASHFIHRMLSE
R 1BEREERNSIAERE, B RRH. SH, PEBSEREILMBRE ST
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FATESE MR ELEE OIRABTEREN LK ESHE) (1: 15 7)) Mo T RE
M GR3, URHETRRAFENER. BEXRTABRFENILE, SES5WE B/
BN ABERERIAT. AL 81~107 HIF B FHIR T . AR, MBS R
WAL, HERERNEE S, HRI SRR R B0 R R0 W R R B —JuF 51
URFNERARER. BAORK _TFINREIFISERIN TR 2 ZTI.

x3 HERTLFHERESRAERRSE (USH—EHE AR

Tab.3 Number of collapse-landslide and debris flows on the north bank of Palong Zangbu river

KAD FME 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 01 02 03 04 05 06 07 /it 1 IN
BB X 0O 00O O0OO0OO0COOOO0O OO0 O0OO0O0OO0O OO0 O0OO0O0 1 1 1 0 0 3 412
w¥ x o000 0 0001 01 1 0000001 0001 1 00 2 8 216
/0 01 00 01 00 01 0001 1 02 4101 00 3 42 1 20
i+ o0 0o 1 00 0 1 1 01 2 00 01 1 0 3 41 0 3 2 1 3 6 31 48
RER MW 0 0 0 1 1 0 0 O O O O O O O O O 1 O 0 O 0 0 1 0 0 1 5 8 40
¥X 1 1 0 01 001 00 02 0101 1 0212102 1 018 472
A 2 2 2 1 2 0 0 1 0 4 2 2 1 21 2 03 02 01 00 4 23 272
MNMEggO 2 3 1 1 0 2 0 0210001 1 0000 01 3 2 0 121121
A3 3 5 5 35 0 2 2 0 6 3 4 1 3 2 4 2 3 2 3 2 3 4 4 5 480 205

R, SHEETHHELY, LEBRBRSRARARMFINTER . TBEREEE
WA, BROMEFDR, LERBBREREERERT T RAA A kA B,
TR BEA MR WA A LA B A fk AR R, T lirsk s BRI A B
TR, LFSERERSERD. SRR, BORELRERS MG, THks BfhA
B A RFEEBZELR, HRTERER.

2.4 HiFERN. BARBESHHARELE

SZAaPEBBREAMILEATRERRLHISER, WERATARREN. BEaR
B A T

(1) FIR AR AR T kA Be R SR BL A sk SR 4R, WA REIRAR F L ilp B
PEE, AR AR T i LiEmR, LT REEEREZBH.

(2) RAWEDLA MRS BEARTR, WMEMMA L. THRRSBEEE, KEEMNRT
B, AR, WREBBKUF R, AEDER 2300m DL EXF EHFRKEARES.
AT MK R4 RS B .

GAAR LM R FERIG TR, TR A R AR % B o O DA Ll 3t K B

(1) E¥pses B (81~87HHD): LIRAW. TH. AB#ERE, BRKMHE. REF
ERITME.

() FHEFRA. BE. WREE B7~100 B : BROMABBEEREEN
B, DRAHAE, REAEREHEERRNER. BX 3 MERIFE KRR B
e

(3) TUFMALA MPIBA B (100~108 B : BAIRIEW . WORBEETE, M
BEKR. MDHER., EHRWRARM 102 BB, B KB HTMERTE,
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bRERAFHGERE MR RFRG R EA B, WERH R LK E 4 BB

3 WHEEMCAR T A FRSR M3 . TR A0 U o A B3 1l 22 5 L A

3.1 i RESHHEEERRE

EAHRERAY, 7EH BB RARCNBERT, BN E R, KBS
S8, [EE, BHEEKR, ZREI, BEMRK. XMHARKOEHPEHERSBHEE. K
X, . WS EAMBERNAEELSR, AME R, A RKSHE2I L2
FAME. ETARTEREIAERR, LEABYEY, HEABCIAY, FWEREME. B
. K. SBEAGMHEMUM, MAAMBEEZRNR D RRAL., LESHEEML, E
HRACERR, FR. RERE, MERE, HERG, LERHE, RBREAYRERF
H, WRBERSKERAKES., HILAREN. BRORELFLEERES. BEX.
3.2 HIERE. RARSHHEEAERNEABFHAESH

FRAFRBENRERBRMBERE (RD, X2BWAERBEE. BARAHES. d
PR AT R T 208 . KRB EIB3h Sg A ENE 75 F Sg 2524 -

Se =32 (Y;—Y*=Sg+Sa; Sy =272 (Y;—Y)*

A, i EHXEH (=1, -, 20D, jAH. LE (=1, 2); Y, 88, LESE
—EHERXEHRSEG YR YEESE, YoAE. RS ERR RSB ESE. 7
F= [Sg/ 2—1]/ [ S/ [2TX2—1— @2—D] = 52XSg/ Sa

FEMABHREN [2—1, 2X QT—D] B Fourzx@—n— 0,

BRFHUESHGERWE 4 TR, BBEYE. BRORERERITBERBENE
FiE, RIEREHR 95%; HBBHMBARERENSANAERSERZEFE, RIER
®E 99.5%.

x4 HERE. REOREAIRNARTFRESNR
Tab.4 Results of the single factor variance analysis for distribution difference of

collapse-landslide and debris flows with aspect of slope

HREH RAR BIREE - RAR
EERE EH Sy 4 Sn BiSy HHESy LSk BiFSy HHESy #LSe B Se
SEH 22.69 179. 45 202.14 12.52 136.29 148.81 68.90  324.75 393.65
BHEE 2—1=1 2X(@27—1)=52 52+1=53 1 52 53 1 52 53
F 6. 58* (>>Fo.051,52= 4. 03) 4.78* (>Fo.051,52=4.03)11. 03* * * (>>Fo.0051,52=8. 59)

3.3 HBEBE. RARSHRAHNEERMER., HAZRHONETFHENF
AR 3 N (82~87. 88~100, 101~108 EPEX [H]), [FlAt 2 & #5315 8 ¥ .
ROAFLEBBIRHBER (A, FEER B #TNETFHFESN, WIS SRS .
S =333 (Yyu—Y)?= S,+ S+ Sucz+ Sa
X, i NERXFEL (=1, =, m), j AR G=1, 2), k . b (k=
1, 25 YpA®E. LRSS KM EBERXFMHREE; YHh YulPHE, &Y. AERH
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BHEHBXEFHEGTRA BN EHME (=1, 2, Y.. . AHB. LEEERAXEARKME
HRABHEHE k=1, 20, Y. ASFERXERL BN EHME, WEMH. 2HH
EEFJ5F0 Sav SsARFIRTEHH Sa 3514
Sa=2m3 (Y.;. —YV)?%; Sg=2m3 (Y..,.—Y)?; Sp=335 (Yi— Y.;)?
Fame= [ Sama/ C—1] / [ Su/ [2X2 (m—D)]

FEMBHEER [2—1, 2X2 (m—D] B Foyoxzmn —3 .

WEFHFESHERMES, AR X8, BREHESRARE K SHNEF T
BE, RIERK99%; BH. ARRESHNERBBREE, FRIERE 99.5%., W,
fE82~87 B, WRMAMFHERMMEE, RIER 90%; M. LERASANER
HHMEE, RIERMN 75%. 7 88~100 B, MAMAOGHERUREE, FIERE
99.9%; WREREASMNERUHMEE, FRIERMN 75%., 7 101~108 W B, WKL H
MERUABE; WRKRIHNEFEE, RIERE 9%.

R5 HERE. RERNRHEZR. HASRONETFHFEIFER
Tab.5 Results of the double factor variance analysis for distribution difference of

collapse-landslide and debris flow with aspect of slop and type of disaster

£ (82~108) 82~87 A Bk 88~-100 i Bt 101~108 ] B
SA SB SaxB S Sm Sa SB SaxB S S SA SB SaxB S Sp Sa S SaxB Sy Sm

M 26.0 34.45 0.75 317.1378.3 6.00 2.67 0.67 24.0033.33 37.2 3.77 0.69 79.4 121.1 0.28 47.5 1.75 106.7 156.2
AEE 1 1 1 104 107 1 1 1 20 23 1 1 1 48 5l 1 1 1 28 31
F 7.15* * (> Fo.011,104=6.87) 3.60* (>Fo.11,20=2.97) 14.8* * * * (> Fo.0011,48=12.3) 0.05

9.47* * * (> Fo.0051,104=8.21)  1.60(> Fo.251,20=1.40) 1.49(> Fo.251,48=1.36) 8.52* * (>Fo.011,28=7.64)

3.4 HBARE. RARMEASRAE

SERARTARETRTZMNSER, BHEERATSBREN. BARN TR
Iiq 7 5 LA -

(D FREY. RORELFLEREES, MEX, REFE. FLRABKMEBI
HELE.

(2 /MBI, MERN. RORSHRFEHERME 6, FHENILREYLERES
Giik: S

x6 HERTTEHEARE. RORNPSTHE
Tab. 6 Distribution regularity of disasters of the collapse-landslide
and debris flows along Palong Zangbu valley
A BIRR RS B VR ML A BB R B RS B
81~100 100~108 8187 87~103 103~108 81~87 87~100 100~108
bR 0. 74 RYBE 4. A0RFE 3.50FE 2.63HE L 20BE L 00HE  3.46FE .00 RFEE
B 0.11 A4 1.50 B4 0.83 fy4F4E 1. 88 4L 2. 00 B4 1. 00 RYZB4E 2. 08 4R4E 3. 25 4R4E

E: JECHE 10km MRAM. FREAREE. BRRAGALKIER L LRREGRLHEIER 3.
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4 4

(1) e B0 Mo B3 TR 3R 038 mE T WA B SRAR T A5 R A0 0 A 3R 3 3 48 L 3 R Ay LRI
FmESE, EFRINMREFRRAEEEERHRENG: RAR. BRER. SH. 5B%.

(2) PHEEAR A BRI, WA MK, BAEHMRKREFER AR
BERKNER, BR-ENERER, RARRTNRESHERSR, XBREBRERMN
B BTRERKMARME, —ERNOAXERERE. SEERAR. SREE LMK F
B, AXRAAFERRRIFNTZONEERET L, B2 T WK EF ST
ERMAE.

Q) BEWHER. WEERNKMER, 5 IR RSB, BORKS AR
Yk

D «W B ok EiksERE. THEESREREN T, fLA kS RELEE.

2) AEBBREFEANRORLEEEES. AEX. REE. BIBBEERTIEX
WLz, ROMAHETIHRSR. kA B, s aRIIUT D m &S

L B, MR MA k. ABKNPERREMNER. 2BEHE, BHRER.
GrBeE PN

D bk BSRAR. FH. ABEFEETE B1~87 BHI), BENRAR. &
BHEgEELE, BEEEAWETHNREEMBE Y, KREMHUELREAIZ.

2) FFPRA . A, TRERARARBHBEFERETE (87~100 BID, URA
BAE, LEROREBERERET, BEUAAKNMBILERES, WEBSEILE, HILKE
HAHRT—F, BUSREFRESFRARENN R, Fo8Eh S BRGREEKR
KR o

3) TUFAIHLA MRS IR T RORKERERTE (100~108 BID, JLERXR
EHHEEE. CEH, KBEA LTRSS, ERIKKRS NI SRR

BE Nk

(1] RP—.BEE.FH, §. IRABEKEBREPDILARERGHXR. JL5. B R, 1995, 179~252.

(2] RP—MATFLERES. IBRABARIMRETR . BB BB IR, 1999. 35~51

[3] BfFM{.ERXKP—. GREAHSTHE. RE: REBBHA 2 MM, 1999.

(4] BREr. BBBEALABTHANMARERRE - HEFF, 1982, 1 (1) : 40~48.

[5] BikBr. TEBEA AWATRBA K RAREFEMRE . MIEBFF, 1999, 18 (4 : 342~348.

(6] #HEfF. SBEFIKNRAIESREMORERI . ARREFEMR, 1996, 5(4):89~97.

(7] #BfFE. sEBEIAHFEEERT . BERRSELTREASTOEXE - RGEPETRE B MR,
1991.
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Differential distribution regularity of collapse-landslides
and debris flows along Palong Zangbu River Valley in Tibet

JTANG Zhong-xin
(The No. 2 Survey and Design Institute of MOR, Chengdu 610031, China)

Abstract; Collapse-landslides and debris flows are main types of mountain disasters in Pal-
ong Zangbu river valley of Tibet. These disasters are large in scale and serious in harm-
fulness to the valley. Differences of hydro-thermal conditions related to aspect of valley
slope lead to differences distribution of the collapse-landslide and debris flows. Differences
of the geomorphologic evolution and morphologic processes of the valley lead to distribu-
tion differences of the disasters along the river. Differences of growth conditions between
collapse-landslides and debris flows lead to distribution differences of the two types of dis-
asters. For control of mountain disasters and site selection of highways and railways along
the river, distribution regularities of the collapse-landslides and debris flows with the a-
bove-mentioned differences are identified, by quantitative methods including orderly sam-
ple optimum cutting method and the variance analysis, method. These regularities are:
(1) the whole river section (from Ranwu to Lulang) can be divided into: a) upstream
gorge section with concentrated distribution of debris flows, avalanches and debris cones;
b) midstream broad valley section with more concentrated distribution of debris flows and
collapse-landslides; and c¢) downstream gorge section and the tributary of Layue with ex-
tremely concentrated distribution of debris flows and collapse-landslides. (2) Quantities
and scales of collapse-landslides and debris flows on the northern slope surpass those on
the southern slope of the river valley. (3) The collapses and landslides have an increase
tendency towards downstream and the debris flows have a decrease tendency in order of
the downstream gorge section, the upstream gorge section and the midstream broad valley

section. Further, some suggestions on site selection principle of road plane are advanced.

Key words: collapse-landslide ; debris flow; distribution regularity; difference with aspect of

slope;difference along river; Palong Zangbu river valley



