PENZRBSHRES BT

KL%
W RESNLAKRMEE

Atlas of Mountain Hazards and Soil Erosion
in the Upper Yangtze

Chief Editor ~ Cui Peng

& 4 % B

|



mF B

4 ;I_J::ﬁ?iﬂ’.iiﬁ:ﬁ .................................................................................................................. 2-3
II.J:I ?:EE%%% .................................................................................................................. 4-5
/I_t/ﬁ? ES(EiZlJ .................................................................................................................. 67
ﬁil_t;ﬁ?%]m*%)% .................................................................................................................. 8-9
J['/V";I_l:iﬁ?ﬂﬁ% ..................................................................................................................... 10-11
'&”}I.t;ﬁ?kl:lﬁ\ﬁ ............................................................................................................... 12-13
&515&'25%%1# ............................................................................................................... 14-15
KT B A TS S LT BRI L5 oo s esseseereeesee et e sttt 16-17

B BRERSALED

Hb B b 3R
T T M B - v e e e 20-21
‘&fliﬁ?i&%ﬁ ............................................................................................................... 22-23
S1BkT |
/I_l:/]}"-?“\,/m ............................................................................................................... 24-25
-L/(/I_]:jﬁ—]ﬂj( ............................................................................................................... 26-29
_&/I_tﬁ_;jgﬁ ............................................................................................................... 30-31
‘t’(/lif]ﬁ?ﬂl(? ............................................................................................................... 32-33
-&/_T__tﬁ_zkx ............................................................................................................... 34-35
TIRHEK
BT E g R B o 36-37
{(/I_J'_ufj%—%ﬁ;fﬁ ............................................................................................................... 38-39
%Jliﬁmi&%:ﬁﬁﬁ%w ........................................................................................... 40-41
RN
.&/I_tﬁé%%;ﬁ;& ...................................................................................................... 42-43
‘&Jliﬁ?‘]ﬁﬁﬁfci’&—% EI ;}E{%i&}: [ -+ eeeeeeesemmm s e s 44-45
T F B
'&/I_[:Iﬁ?:l:it@ﬂ)ﬂ ......................................................................................................... 46-47
'lf(/l_t/ﬁ—}tﬁ%#ﬂﬁéj\ﬂ? ...................................................................................................... 48-49
BEFLZETERE
‘fﬁ/l,tfr’?}f(ﬂkﬁﬁﬁzﬁl\’?ﬂlﬁi/\lz .................................................................................... 50-51
’&Jliﬁ?ﬂ(ﬁﬁx Zkﬁlé«ﬁ&ﬁ&_-ﬂ;%;k ................................................................................. 52-53
‘&/Ijllﬁ?@'}—‘tﬁ/ﬁ ......................................................................................................... 54-55
‘K/I_tlﬁ?(}lllﬁf)/ﬂil’:\.“yzf/}? }iﬂ‘%i ....................................................................................... 56-57
‘&/Iiﬁ—?ﬁﬁj)ﬁ’ﬁ]ﬁ L JF H e 58-59
_&/I_t“ﬁ)& 51@1&1’7] 45,} ................................................................................................ 60-61
LR
RESHEET
‘K/I_J:ﬁ?l’ﬂﬁ%}i ﬁ%ﬁ ................................................................................................ 64-65
_&Jliﬁ?%%‘mb%kﬁé}ﬁ ............................................................................................. 66-67
/I_tﬁ?LlJ/ﬁ%k}?iﬁ‘XF ................................................................................................ 68-69
RERHBRESH
%lllﬁf%ﬁ&ﬁﬁ@f;ﬁﬁ .......................................................................................... 70-71

'&Jliﬁﬁgyﬁ&ﬁﬁ@fgﬁﬁ ....................................................................................... 72-73



7 J S A AR R AR R R i 74-75
-K/I_I:/J? !JJ /}%ﬁ[&&fgﬁﬂ; ...........................

mEELeRE o
)”/ﬁlﬁliﬁﬁ\*ﬁﬁﬁ@‘ﬁﬁﬁ ........ 61
)lllﬁ?ﬁgfuﬁﬁ\ﬂ?—%ﬁ]@ﬁﬁ\g ...........................................................................

%Wi{h@/’%’ﬁ\ ﬁgﬁ.ﬁﬂ?—%ﬁ@‘ﬁﬁ\z ........................................................................... 80-81
%Tﬁ/ﬁ'}ﬁ\ J)@.Eﬁ@’f{%% ............................................................................................. 82-83
%ﬁ/ﬁ"fﬁ\ %Eoﬁﬁ\ﬁ?ﬁ %k‘fﬁéj\g ................................................................................. 84-85
E%E—BJ’%’%&@‘W&@F&‘&&]\E ....................................................................................... 86-87
é/&/l?/ﬁ/ﬁ'ﬁ\ J}%Eﬁé]\ﬁgﬁ@’&ﬁ\g ........................................................................ 88-89
ﬁ:/&/l?/]ﬁ?ﬁ/ﬂguﬁﬁ\ﬁiﬁf‘/’/'gﬁfiﬁj\[z ........................................................................ 90-91
/J\/I/ﬁﬁk/ﬁ'}ﬁ‘ V¥l I/IKL&}‘ZF ............................................................................................. 92-93
N /l/ﬁﬁ@‘/}é%—lﬁfﬁ {t&_}‘]\:;ﬂ-/&ﬁ%%&ﬁ%é@ B U e 94-95
ﬁ?ﬁ/@/}fﬁf&ﬁf@ﬁ]—%$ﬁ/’/’ ................................................................................................. 96-97
%%@%Zﬂ—lﬁﬂﬂlﬂj ......................................................................................................... 08-99
ﬁkﬁlékﬁg\m)]lfﬁ%%‘/ﬁﬁﬁ .......................................................................................... 100-101
iﬁG?}lSﬁ‘ﬁ?—%}%%’i‘]ﬁ”iﬁ\ //@.Eﬁﬁj\ﬁ ......................................................................... 102-103
2010@ “g.8” lﬁl%j(ﬂ.!/}l%/)%g/ﬁ .............................................................................. 104-105
7 S nb TS

3K U
&fliﬁi%ﬁ%@%'}iﬁmlﬁ% ................................................................................. 108-109
Jf(/l_tﬁ?:}:ﬁ%7k@§5{ﬁ$’t¢. ............................................................................................. 110-111

TIEERMOH
JE T b BB A A AT e e e e 112-113
5@%&@:‘:%7}(@@%}7 ................................................................................................ 114-115
B IR T B A HIE ZK A A A oo e 116-117
@)][ﬁi&i%ﬂ(%%\ﬁ ................................................................................................ 118-119
é&b/l'lﬁﬁ?iﬁ%*@éa\’ﬂ? ............................................................................................. 120-121
JNTL 83 A BB KA R e oo e e e 122-123

RIMITN SRV
TR T e LI e e e e e 124-125
i%f?”(ﬁl?%ﬁ& ...................................................................................................... 126-127
-&/I_}:ﬁ-?%@)ﬁ%//) ................................................................................................... 128-129

5 iR EFESKERKBAREAR

Lt R ERGIA
L) R B I T B R - v e v e e e e e 132-133

iR ERE SIS ELE
Ly R B TR g AT - v e e e e e e e 134-135
Mi&K%MF&%IE ...................................................................................................... 136-137
I I e o o L o R 138-139
fﬁ)‘l#ﬁk@fﬁ.gﬁmfsﬁl?@ ............................................................................................. 140-141
T T X W B U A B e e 142-143

L3t 9 3 A T
VI B T T T g R e 144-147
T BT M TR L (BT —ZRIE) o evveermermrrre ettt e 148-149
L T T T 2 - e e v e et e 150-151

FHERE IR
T T8 B R TR e 152-153
T B B A TR v e e e

154-155



%wﬁigﬁfji?ﬁ&j{ ................................................................................................... 156-157

/g@ﬁ%ﬁkmﬂiﬁpﬁ/é‘&ﬂ( .......................................................................................... 158-159
;ﬁg'}{%z@ﬁjj#%,/@}g Fj]‘jé‘&j( ........................................................................... 160-161
jﬁgi% ;b:}lﬁ&j( ............................................................................................................ 162-163
¥ =pipic)
%E@ﬁjéiﬁ&ﬂi ......................................................................................................... 164-165
%ﬁ%;ﬁﬁpﬁ@;}im ................................................................................................... 166-167
ﬁg@%gﬁwéﬁﬁ .................................................................................................. 168-169
[)(‘(‘% z%gl/ﬁ@’@&j{ ................................................................................................ 170-171
%E&ﬁ%ﬁ;i@i%&ﬁﬁﬁ .......................................................................................... 172-173
WLitpaia
UJ/}%F]}J{;?&?*( ............................................................................................................ 174-175
K RFF
T T A R B T e e 176-177
KILE Bﬂ(i%%ﬁﬂi ................................................................................................ 178
W}"ﬁi&ﬂ(iﬁ%&j{ ................................................................................................ 179-181
ﬁ»‘/l%%ﬁ@gﬁiﬁ%éé{éﬁﬁi ........................................................................ 182-183
/%*ﬂﬁ@gj(i{%%&j( ............................................................................................. 184-185
u%%ﬁ%}&gmiﬁ%&* ............................................................................................. 186-187
5@(}? E{*iﬁ%&ﬁ ................................................................................................ 188-189

SRR E LR E

2008$/X)l]i&%i&)ﬁ%%ﬁi&%ﬁ}ﬁ% .............................................................................. 192-193
S 57ED)
i&%ﬁj’f)ﬁf’%i}i\ }f}%iﬁé}‘?fﬁﬂ(ﬁ%ﬂ% ................................................................................. 194-195
i{@%’ﬁﬁ)ﬁﬁgﬁﬁﬁ%@fyﬂﬁﬂ ................ R 196-197
%Eﬁﬁ'&/jﬁgﬁ, ...................................................................................................... 198-199
%)—’E}E%jﬁﬂﬁqﬁ ......................................................................................................... 200-201
i&%ﬁﬁﬁi%fi@ﬁ{t ........... P R e 202-203
EE
;by\z‘%gj;bﬁ% .................................................................................................................. 204-205
lﬁﬁﬁiﬁ’}ﬁ% ............................................................................................................ 206-207
7}(%1&3&% ............................................................................................................ 208-209
ii&ﬂ}fﬁ%ﬁﬁi ............................................................................................................ 210
ﬁ;ﬁ(,@i% .................................................................................................................. 211
M= [Z’ﬁ&ﬂ; ............................................................................................................... 212-213
Bak]
?ij’(g%ﬁﬁ\ )’%‘?)’E‘dﬁ&%%ﬁl‘&'ﬁ&}z ........................................................................... 214-215
ﬁﬁjﬁglﬁ'?&\ ﬁﬁiﬁﬂl‘j‘zﬁ{ﬁ ....................................................................................... 216-217
ﬁﬁ%ﬁ%%oﬁm‘&wﬂé ............................................................................................. 218-219
i&%ﬁ IZ/A\E%/)E;EIJZIEMF_&Z1¥’% ........................................................................................... 220-221
%%mf@%ﬁﬂﬁ&ﬁ% 71(7&@[5&,&1¥/{é ................................................................................. 222-223
RTEFRIAR
Eﬁﬁ%ﬁﬁﬁiﬁ)ﬁé/ﬁfiﬁ/&ﬁgﬁﬁ&ﬁ ........ T R R R 224-225
%Eﬁ%ﬂ%ﬁ%fﬁf%lﬁﬁﬁ .......................................................................................... 226-227

éﬁ%“ -ﬁ‘ﬁ‘ﬂﬁ .................................................................................................................. 228-235



Contents

Introductory Maps
Satellite lmage ................................................................................................................ 6 7
Admln]strat‘ve DlVlSlOns .................................................................................................. 8-9
Natul’al Landscape Features ........................................................................:. ....................... 10 il
Topography .................................................................................................................. 12-13
Popu|atlon Dlstnbunon........ ......................................... _
Natura' Environment in the Headstream Of the Yangtze Rlver‘ ......................................................... 14_15
Scientific Observation and Monitoring Network for Eco-environment  ««««-xeererrrsressmermmmmmmmmmrs s 16-17
Background and Human Activities in the Upper Yangtze
Geology and Geomorphology
Geology ........................................................................................................................ 20-21
Geomorphology ............................................................................................................... 22_23
Climate and Hydrology
Temperature .................................................................................................................. 24_25
Precipitation .................................................................................................................. 26_29
Evaporation .......................... R R R R e 30_3 1
Drainage System ............................................................................................................ 32_33
Hydrology ..................................................................................................................... 34_35
Soil and Vegetation
SOll Types ..................................................................................................................... 36_37
Vegetation Types ............................................................................................................. 38-39
Vertical Plant Spectrum in MOuntains .................................................................................... 40_41
Biodiversity and Reserves
Biodiversity .................................................................................................................. 42-43
World Natural Heritages and National Nature Reserves ............................................................... 44_45
Land Use and Land Cover ’
Land Use and Land COVEr ««e-«retrerrrsrmerersmemsanee ettt ettt ittt ettt sttt ettt 46-47
Slope FAITOIAINA  cv v v v e e reee et e ot e e e e et ettt et 48-49
Resource Exploitation and Construction Engineering
Assessment and Development Zonation of Agriculture Resources =«-w-ererrrrrerrrrersemrasesinerreeeeeeees 50-51
Water Resource and Hydropower ULIHZATION  frrrrrrrrrromer e s n e ettt ettt ettt e e e e 52-53
Mineral Resources ............................................................................................................ 54_55
Petroleum and Natural Gas Exploitation ................................................................................. 56-57
Tourism Resources and Exploitation ....................................................................................... 58_59
Transportation and CommunlcatiOn Network ........................................................................... 60_61
Mountain Hazards in the Upper Yangtze
Susceptibility of Mountain Hazards
Susceptlblhty Distribution of Landslides  «cccccrerrereerrim i i i i it ra e 64-65
Susceptlblllty Distribution Of Debris FlOWS .............................................................................. 66_67
Susceptlblhty Distribution of FIash F1loods  ccccccrereerem i ittt ittt et aan st aneaes e 68_69
Distribution and Hazard Assessment of Mountain Hazards
Distribution and Hazard Level Of Landslides ........................................................................... 70_71
Distribution and Hazard Level Of Debris FIOWS ........................................................................ 72_73
Hazard Level Of Flash FlOOdS ............................................................................................. 74_75

Mountain Hazards in Typical Areas
Distribution and Hazard Zonation of Landslides in Sichuan and Chongging —«-+--++erereemremrnenii. 76-77



Distribution and Hazard Zonation of Debris Flows in Sichuan and Chongging -«++eeeeeevvii 78-79

Distribution and Hazard Zonation of Landslides and Debris Flows in Panzhihua-Xichang Area -----+---+-------- 80-81
Conditions of Landslides and Debris Flows in Southern Gansu PLOVIICE ««-+«««++«+-+rserrrrererreeeerresreneenns. 82-83
Distribution and Susceptibility Zonation of Landslides and Debris Flows in Southern Gansu Province «--++---- 84-85
Distribution and Hazard Zonation of Landslides in the Three Gorges Reservoir Area «-««v-veeemeeeeennnnninnn. 86-87
Distribution and Hazard Zonation of Landslides and Debris Flows in the Lower Reaches of Jinsha River ----- 88-89
Distribution of Debris Flows and Intensity Zonation of Sediment Yield along the Mainstream in the Lower

ReaCheS Of Jinsha River ................................................................................................... 90_91
Distribution of Landslides and Debris Flows in Xiaojiang Vallgy =ooeveremmerere 92-93
Debris Flows Evolution and Damage to Highway and Railway in Xiaojiang Valley -+t seveeervemnneiins 94-95
Activity and Sediment Delivery of Debris Flow in Jiangjia GUILY “##v v e e 96-97
Debris flow Observation in Jiangjia Gully ««cocoeoeemere 98-99
Distribution of Debris Flows along Chengdu-Kunming Railway in Sichuan Provinge «««-«-+--+sssseeeeeeees. 100-101
Distribution of Landslides and Debris flows along the Ya'an-Mangkang Section of National

Highway G318 ««cveereren e e 102-103
Mega Debris_ﬂow Disaster szhouqu on August 8, 2010 ............................................................ 104_105

Soil Erosion in the Upper Yangtze
Sensitivity of Soil Erosion

Sensitivity Assessment Factors Of SOll Erosion ........................................................................ 108_109
Sensitivity OF SOI] FrOSION »x v v retrer ettt ettt it tttetae ettt et eeaae s etteeanantnrantennneensennenaenn 110-111
Soil Erosion
SOll Erosion il’l the Upper Yangtze ....................................................................................... 1 12_1 13
SOll ErOSiOIl il’l the Three Gorges Reservoir Area ..................................................................... 114_1 15
SOll ErOSiOH in Jlallng River Basin .................................................................................... 116_1 17
SOII ErOSion iIl Sichuan BaSin .......................................................................................... 118_1 19
SOII Erosion in the LOWCI' Reaches ofJingsha River .................................................................. 120_121
Soil Erosion in Xiaojiang Valley  c«ceerrereeerore e 122-123
Soil Erosion Assessment and Sediment Transportation
Observation Of SOI] Erosion ............................................................................. ereeeecessenanas 124_125
Assessment MethOdS for SOII ErOSiOﬂ ................................................................................. 126_127
Transport Of Suspended Load ............................................................................................. 128_129

Prevention Technology of Mountain Hazards and Soil Erosion in the Upper Yangtze
Mitigation Methodology of Mountain Disasters

Mltlgatlon Technology Of Mountain Hazards ........................................................................ 132_ I 33
Risk Analysis and Risk Management of Mountain Hazards

RISk AnalySiS Of Mountain Hazards .................................................................................... 134_ 1 35

RlSk Management OfMouIltain Hazards .....: .............................................. 136_137

Risk Assessment of Simultaneous Debris Flows in Mountain Townships ««+«cocescererrreaeeareaani.. 138-139

Risk Management of Mountain Hazards in Urban Area of Dongchuan District ------ e 140-141

Risk Management of Flash Flood in Urban Area of Xichang City «-rereorerrereerrereeesreiiininne. 142-143
Monitoring and Warning of Mountain Hazards

Monitoring and Warning Technology for Mountain Hazards «««««««-«-sr-srrerrmrrmmmms 144-147

Monitoring and Early Warning Network for Mountain Hazards in Southern Gansu Province ««-«--------vv+ 148-149

Monitoring and Early Warning for Flash Flood ««---rreeerermrmrmenremanennni ettt ettt 150-151
Prevention Technology of Slope Hazards

Techniques Of Landslide Treatment .................................................................................... l 52_153

PreStreSSCd AnChOI’ TeChniqueS .......................................................................................... 154_155

Pre—reinforced Techniques Of ngh Cuttlng SlOpe ..................................................................... 156_ 1 57

Control Techniques of Sand-sliding SIOPE ++r+eeeee e 158-159



Techniques for Rockfall Treatment .................................................................................... 160_1 61

Botanical Techniques for Slope Restability ........................................................................... 162_163
Technology of Disaster Mitigation of Debris Flows
Techniques for Debris_ﬂow Treatment ................................................................................. 164_ l 65
Techniques of Debris-flow Treatment for Protecting Townships ««««rerrorrrrreremrrrmrmsrerreermreereeee: 166-167
Techniques of Debris-ﬂow Treatment for Protecting Roads ......................................................... 168-1 69
Techniques of Debris-flow Treatment for Protecting Landscape and Scenic Spots ««--«reerreerrerrerraseceees 170-171
Soil Reform Techniques 0f Debris-flow Fam «-+««-x«wxvereeersemmmntniim sttt 172-173
Technology for Disaster Mitigation of Flash Flood
Techniques for Flash Flood Treatment ««--««««-tereeeerereme ettt 174-175
Technology of Soil and Water Conservation
Importance Assessment Of Soil and Water Conservation ............................................................ 176_1’77
Techniques of Soil and Water Conservation in the Headstream of Yangtze River ----cocoeeereeereereeeeeenns 178
Techniques of Soil and Water Conservation in Sichuan Basin ««cc-eocoeorrsrresmeermrnernieeens 179-181
Gully Erosion Control and Eco-restoration Techniques in Arid-hot Valley of Jinsha River --«-«-eeeeveeeeerens 182-183
Techniques of Soil and Water Conservation in Deep Cutting Gorge Area «««-«-«w-c-resrsrmersesreceeanacaeeeees 184-185
Techniques of Soil and Water Conservation in Karst Area ««-««--«--«ereeereemememmttanii e 186-187
Techniques of Soil and Water Conservation in the Three Gorge Reservoir Area -«---ecoreeeeeeseeess e 188-189
6] Mountain Hazards Induced by the Wenchuan Earthquake
Background
Overview Of the 2008 Wenchuan Earthquake ........................................................................ 192_193
Distribution and Activities of Mountain Hazards
Distribution of Rock Avalanches and Landslides before and after the Earthquake --«-----c-revereeeeeneen 194-195
Distribution of Debris Flows before and after the Earthquake -« +---+-veermerernmei 196-197
Debris_ﬁow Groups after the Earthquake .............................................................................. 198_199
Distribution of Landslide-dammed Lakes Resulted from the Earthquake ««--«+-+++eereeeermeemeinni 200-201
Variation Of SOll ErOSiOH before and after the Earthquake ......................................................... 202_203
Damages
Township Damages -« e rere oot e 204-205
Road Damages ............................................................................................................ 206_207
Hydropower Project Damages ««--- e crre ettt 208-209
Land Resource Damages ................................................................................................... 2 10
Forest Damages ............................................................................................................ 21 1
Scenic SpOtS Damages ................................................................................................... 212-213
Assessment
Hazard Zonation of Mountain Hazards before and after the Earthquake
in Severely Earthquake-affected Area ««-« v rrerrmemmmrmmm e 214-215
Risk Assessment of Landslides in the Severely Earthquake-affected Area «++-+++++++=seeeeeeeerememeruemnnnenns 216-217
Risk Assessment of Debris Flows in the Severely Earthquake-affected Area «««++«++++sseeererrrmemearerrnnns 218-219
Risk Assessment of Debris Flows along Highways in the Earthquake-affected Area «------voevoeeeeiniini, 220-221
Hazard Assessment Of Tangjiashan Dammed Lake .................................................................. 222_223
Techniques of Disaster Mitigation
Techn?ques of Lands}ide Treatment for Emergency Road Protection in the Earthquake-affected Area -+ 224-225
Techniques for Debris-flow Control in the Earthquake-affected Area «««+««--+--s-vvrveeeeeesearosruumrrernenn... 226-227

Preparaﬁon INSFUCHIONS <+ - - v e ereermrene e ettt e e, 228235



