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Optimization of treatment priority for watershed landslides
— A case study of Linbian Creek watershed
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ABSTRACT

Typhoon Morakot brought abundant rainfall and seriously hit central and southern Taiwan. Several
state-owned forest lands in Sinyi Township of Nantou County, Alishan Township of Chiayi County,
Creek watershed of Kaoping and Laonong in Kaohsiung County suffered landslide hazards. Safety of
life and property in downstream areas and national infrastructure are all threatened. The post-disaster
reconstruction and treatment projects are indeed to be of great urgency. The governing ranges of
Forest District Office including Nantou, Chiayi, Pingtung and Taitung for the state-owned forest land
have the total area of about 754,612 hectares. Among them, area of Morakot induced landslides is
25,637 hectares and the sediment yield is about 1.5x10°m?. Due to the vast areas need to be treated,
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only the severe sites of landslides are selected and their downstream nearby villages are considered to
delineate the interest watershed. This study took Linbian Creek watershed as an example to extract
the information of morphology and hydrology, to establish the orientation of protected targets, and to
optimize the sites of priority treatment for the hope of achieving the most benefits in a short period of

time and limited funds.

(Keywords : Watershed landslide, image processing, treatment priority)
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Table 1 Statistics of morphological classification

[ ARl BRESAT UsdEipagit
[ EfE | EEAI mEfE | EEf mifE | EEBY
e 3
(m) (ha) (*%) (ha) (*%) (ha) | (%)

<300 31036 | 7.07 | —&Uf% | 30.12 0.69 | L | 482.96 | 11.00

300-600 915.36 | 20.85 | &R | 70.44 1.60 | 39476 | 8.99

600-900 | 1026.68 | 23.39 | =&kH7 | 228.04 | 519 | FFH | 420.76 | 9.58

900-1200 | 848.36 | 19.32 | VU&7 | 306.20 | 6.97 Fg | 57216 | 13.03

1200-1500 | 73356 | 16.71 | 7&K | 764.28 | 17.41 | Vg | 641.68 | 14.62

1500-1800 | 387.56 | 8.83 | /<& | 2359.00 | 53.73 | 7§ | 677.88 | 15.44

1800-2100 | 155.80 | 355 | #kHZ | 63216 | 14.40 | PHIL | 574.00 | 13.07

>2100 1256 | 0.29 it | 626.04 | 14.26
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Figure 7 Spatial distribution of
protected targets in Linbian Creek
watershed

Figure 6 Spatial distribution of land
use in Linbian Creek watershed
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Table 2 Statistics of land use in Linbian Creek watershed

A FIRER [Eifs(ha) | EREI%) | THOFIAIETD] | EfsE(ha) | EEEI%6)
f=E 62.06 141 | HAnEEEAM | 083 0.02
= 0.02 0.00 BURTHRR 0.12 0.00

M 0.57 0.01 B 174 0.04

RIRK 3503.66 79.82 B OR{E 0.01 0.00
NTAHR 627.95 1431 | HEEAELE | 017 0.00
B 3t 1.20 0.03 INFHES A 0.09 0.00
HP 17.85 0.41 BRORasEt 0.02 0.00

Tl 3241 0.74 ALt 0.94 0.02

R 0.44 0.01 B 3.86 0.09

TR DN 9.41 0.21 PREEHT 93.33 2.13
EES 131 0.03 AT 24.26 0.55
F= 5.79 0.13 ZEEH 1.07 0.02
T 0.37 0.01
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Table 3 Information of landslides in Linbian Creek watershed

FERIERE | ARE | “BIRREE
(ha) (m3) (m)
Ehros | 377.76 | 21,694,209 5.74
JFUHBEE 8.08 103,244 1.28
&t 385.84 | 21,797,453
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Figure 9 Sub-watersheds derived from
the outlets as the control points in
Linbian Creek watershed
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Table 4 Topographic and hydrological information of Linbian Creek watershed

()RR
HKE | HKE | 49KE [ 17 [ ailee | ~
o | o | T TN | PR | R
Wt | mM | AR | BE | RE | BE |
WE | (m) (m)
km2) | (km) | (km) (km) (km)
w0l | 19.74 | 25.60 4.42 6.43 16.35 | 15.00 | 122242 1985
w02 | 2297 | 26.00 522 8.26 18.19 | 15.00 | 1144.92 2053
w03 | 2859 | 29.76 6.38 10.22 2182 | 17.00 | 1045.26 2116
w04 | 4390 | 3872 8.51 13.12 29.76 | 19.00 | 930.51 2171
w05 3.07 10.12 2.63 162 164 1.00 763.19 1335
w06 | 1001 | 17.08 3.83 5.01 5.03 1.00 870.19 1464
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Table 4 Topographic and hydrological info

rmation of Linbian Creek watershed (continued)

(QBREEAT CYHIREAT (HHEHR T
e SoKE .
HIZIIN K| A
=t > eiss REE = 4
ot | v | R T | WEY | EEHE | 4iREE e | g
(%) (km)

w0l | 8131 | 045 3.07 0.48

0.61 0.38 113 083 | 0.76

w02 | 7922 | 0.39 2.78 0.34

0.65 0.43 1.04 0.79 | 0.65

w03 | 7584 | 033 2.80 0.27

0.64 0.41 0.95 0.76 | 0.59

w04 | 7083 | 0.26 335 | 0.26

0.61 0.37 088 | 068 | 043

w05 | 6757 | 0.53 1.90 117

0.61 0.38 075 | 053 | 033

w06 | 6554 | 045 200 | 0.40

0.66 0.43 093 | 050 | 0.10

4 MREEEKEHDUKCCE(EE)

Table 4 Topographic and hydrological info

rmation of Linbian Creek watershed (continued)

GYKSIAT

YU | R | BB
mo% | BERE | RERE | BSRE | o I
(min) | (min) | (min)

Qu Qs Qso Q100

s oo (cms) (cms) (cms) (cms)

#w0l | 157 | 15.62 |17.19|118.86|135.54

148.16|160.78| 488.74 | 557.34 | 609.23 | 661.12

#w02 | 157 | 21.25 |22.82|114.02|130.02

142.13|154.23| 54554 | 622.11 | 680.04 | 737.96

#w03 | 157 | 27.82 |29.39 |109.02(124.32

135.89|147.47| 649.32 | 740.45 | 809.40 | 878.34

#w04 | 157 | 38.88 |40.45 |101.83/116.13

126.94|137.75| 931.41 | 1062.14 | 1161.03 | 1259.93

#w05 | 1.90 465 | 6.54 [129.84|148.07

161.85|175.64| 82.95 94.59 10340 | 112.20

#w06 | 236 | 16.12 | 18.48 |117.71|134.23

146.73|159.22| 245.47 | 279.92 | 30598 | 332.05

it #EKIEEREATY 1000ha - a2 -

1980 & 1,598 ZoKk (% 5)
T mRAR—-H#EKE

HHiat 1980~2009 F Z iz K — H
F P& DL 2009 £ 8 [ 8 [ (311 7 g
B ) ZERK—HRWKE (1,190 Z2°K)
FoEF e R HX R 2007 4 8 A 13
H 866 Z K » 2 AW 72 & N g A —

HR®MEZENER 6 -
= FRIEBEY

FEH AR EIASTE RS SE X
B/NEAT R i B> 5 — H B K%
P DA AR O {E — B 03 A7 By B i E 2 BRR
gy BUEEEEML M R ERAE o &
MERP S RME T AR -
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*"5 MEBEEKEFE EE

Table 5 Summary of annual rainfall in Linbian Creek watershed

£ PRIE(Mm) F FRIE(Mm) T FRIE(Mm)
1980 1598 1990 4642 2000 3035
1981 4321 1991 3917 2001 4868
1982 3574 1992 3221 2002 2168
1983 2893 1993 1785 2003 2851
1984 2485 1994 3887 2004 3120
1985 4377 1995 2748 2005 5163
1986 3926 1996 3133 2006 3601
1987 4475 1997 4267 2007 4985
1988 2991 1998 3572 2008 4766
1989 3555 1999 3988 2009 4108

%6 MRS KEREFRAHFHRE
Table 6 Maximum daily rainfall for each year in Linbian Creek watershed

1980 193 1990 430 2000 315
1981 571 1991 392 2001 398
1982 734 1992 399 2002 149
1983 220 1993 160 2003 411
1984 240 1994 382 2004 406
1985 367 1995 303 2005 529
1986 383 1996 609 2006 612
1987 675 1997 533 2007 866
1988 430 1998 374 2008 422
1989 457 1999 360 2009 1190
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Table 7 Daily rainfall calculated from different return periods in Linbian Creek watershed

EEIRHARE 111 2 5

10 25 50 100 SE

TSHHEERE 231 406 595

728 901 1034 1170 57

—SHEHEERE 231 406 595

727 901 1034 1170 58

R =5 236 398 596

735 913 1046 1178 58

R A=A 227 412 603

730 891 1010 1129 60

Rl E— L 184 417 637

783 967 1104 1239 56

4. LR B

FKERBERAYDERITFER
HEEE-GERESF MHRERAZ
B HEHEOKE BN w22’ o A6
Z HE BN BN > R BT SRR A L
e e JE AT AL AR B e L A B R K B AR 5

AW ER 2 B EEMREIEEK
EHE N EKEZ T ER K
HORER > SR EFHE R ER 3,601
22X HEHIwRBRESENRNELR
2,487 oK » FLAPLL G JE\ B35 [ o &
R 995 50K LIBGREMEET Y
T e

% 8 MR A K e b &

Table 8 Sediment yields of slope land in Linbian Creek watershed

Y 5 FUSEE
KB ymew | U | e | msem

JEMD . — 7 7
KE | X Y T R I N B
JEWbESE JEWDE S

(ha) (cm) 3 5

(toniyr) (m°) (m)

w01l 220241 | 2491858 1,974 651,474 2.36 321,382 128,578
w02 218797 | 2492316 2,297 722,029 2.25 356,188 142,503
w03 217698 | 2491917 2,859 784,304 1.96 386,909 154,794
w04 215297 | 2492018 4,390 929,756 151 458,663 183,501
w05 218820 | 2492339 307 23,925 0.56 11,803 4,721
w06 217659 | 2491898 1,001 121,316 0.87 59,847 23,943
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& | A g Ok 4 =0 (USLE) »
Fi& DEM BER R EE R MERE S EK
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& 2 BB EHIEDEE (R
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2009/10/28 1 2010/10/24 & B & {% I
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Table 9 Sediment yields of landslides in Linbian Creek watershed
SEArT JNUABEE =&
K& AR RRERJERD ARSRE AFERJERD AARE RHERJERD
(m’) EEE(m’) (m?) EE(m’) EEE(m’)
wol 7,802,415 877,887 22,543 809 7,824,958 878,696
w02 12,402,351 1,375,304 22,543 809 12,424,893 1,376,113
w03 17,226,727 1,859,539 22,543 809 17,249,270 1,860,348
w04 21,694,209 2,452,201 103,244 4,336 21,797,453 2,456,536
w05 1,929,403 287,608 0 0 1,929,403 287,608
w06 3,605,181 470,743 80,701 3,527 3,685,882 474,270
7 10 MiEEEKE NIRRT A b &
Table 10 Non-output sediments in each control watershed after typhoon Fanapi
e KE Zﬁﬁfsﬂi ﬂiﬁi@@% ﬂﬁtﬂsi@% e —
(m’) (m’) (m’)
w0l 7,824,958 1,328,656 6,496,302 HefE
w02 12,424,893 1,874,824 10,550,069 HEfE
w03 17,249,270 2,402,051 14,847,219 HErS
w04 21,797,453 3,098,700 18,698,753 HEfR
w05 1,929,403 304,132 1,625,271 HERR
w06 3,685,882 558,060 3,127,822 HEfR

WHEWEEMASEN LWES

CHGRREKE LWESR

et L IEM 8 2 RN R S E b
B DESERWEFEBSEKE DR
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Table 11 Sediment transportation status in Linbian Creek watershed

&AL LR’ A
— w01l 6,496,302 HERE
w01l — w02 4,053,767 HERR
w02 — w03 2,671,879 HERA
w03 — w04 723,712 HERA
- w05 1,625,271 HERA
- w06 3,127,822 HErE

W04

W06

LIRS

Wo1

W02

—
w— 1]
T e

11 M EE K& E Y RETE
Figure 11 Erosion and/or deposition in river sections of Linbian Creek watershed
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Figure 12 Sub-watersheds of Linbian
Creek waters

Figure 13 Spatial distribution of
compartment landslide coding in
Linbian Creek watershed

# 12 M EE K EMITARARS
Table 12 Coding of compartment landslides in Linbian Creek watershed

bR | K| SRS | AR | K| AR
AEl X Y IR X Y
e | ol (ha) | &5 | ol (ha)

L1 2 |JESH| 222171 | 2494673 6.44 L40 51 |4 | 222013 | 2491629 1.28

L2 2 | e | 222794 | 2494240 6.00 L41 43 |JFPH| 223639 | 2491461 | 2.44

L3 4 |JF5E | 220022 | 2494098 11.24 L42 35 221174 | 2491169 | 3.72

Gisles
L4 10 |JF5H [ 220602 | 2493711 10.00 L43 55 | /ERE| 222006 | 2491183 1.24

L5 2 | A | 222500 | 2493508 2.64 L44 43 |fFE| 223180 | 2491249 | 0.36

L6 7 | JESH | 223124 | 2493642 0.80 L45 59 221603 | 2491079 | 1.12

Vises
L7 14 | J55H [ 219667 | 2493509 432 L46 59 |fiFE| 221666 | 2491006 | 1.60
Vises

L8 11 |JE5H | 220995 | 2493373 7.52 L47 50 220277 | 2490500 [ 3.76

L9 8 |JHUH | 222341 | 2493553 0.72 L48 50 |4FE| 220723 | 2490354 | 7.88

L10 4 | FjE | 219320 | 2493600 0.08 L49 58 |JFHH| 222114 | 2490552 | 3.00
L11 11 | fHfE | 220622 | 2493173 0.36 L50 43 |/cf#| 223235 | 2491015 | 0.16
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ARt [ #57K ARERARAS | AR | BEK AR
ARl X Y AT X Y
Gk | o7l& (ha) | 4mok | ol (ha)
L12 | 4 |7| 219367 | 2493573 | 0.12 L51 | 57 |£F| 223280 | 2490927 | 0.36
L13 | 8 |7£#| 222555 | 2493245 052 L52 | 60 |ZE5| 222953 | 2490696 | 1.32
L14 | 15 |/cf| 223123 | 2493167 | 3.92 L53 | 57 |7Z5F| 223371 | 2490867 | 0.56
L15 | 15 |£A#| 222198 | 2493251 5.44 L54 | 49 |/E5| 222860 | 2490820 | 0.16
L16 | 8 |[AfF|222417 | 2493321 | 124 L55 | 60 |4+ | 223160 | 2490850 | 0.08
L17 | 18 |£5| 219120 | 2493400 |  0.04 L56 | 53 |Z5&| 216981 | 2490510 | 3.72
L18 | 21 |AfF| 222942 | 2492807 | 0.88 L57 | 61 |JFEE| 223772 | 2490344 | 4.96
L19 | 23 |75 | 220913 | 2492900 | 5.12 L58 | 57 |JFEE| 223880 | 2490700 | 0.04
L20 | 10 |£fF| 220257 | 2492993 |  0.24 L59 | 61 |75F| 223271 | 2490560 | 0.28
L21 | 11 |/cH| 220847 | 2493104 | 2.08 L60 | 59 |JFHE| 221461 | 2490148 | 4.36
L22 | 7 |7| 222930 | 2493160 | 0.08 L61 | 63 |£F| 218552 | 2490008 | 1.96
L23 | 21 |JFHH| 223374 | 2492924 |  7.40 L62 | 64 |75| 217088 | 2489952 | 0.20
L24 | 26 |75 | 222620 | 2493110 | 0.08 L63 | 64 |£F| 217242 | 2490007 | 0.48
L25 | 20 |/cH| 219409 | 2493020 | 0.28 L64 | 62 |75F| 217540 | 2490180 | 0.04
L26 | 26 |4+ | 222610 | 2493060 | 0.08 L65 | 50 |JFHE| 220495 | 2489673 | 1.04
L27 | 24 |JFHH| 221076 | 2492627 | 4.80 L66 | 63 |75 | 218027 | 2489524 | 1.60
L28 | 25 | A+ | 221959 | 2492467 |  14.80 L67 | 66 |JFHE| 219140 | 2489467 | 11.72
L29 | 32 |JFEE| 223908 | 2492304 | 1052 L68 | 69 |£F| 217004 | 2489602 | 0.36
L30 | 21 |/cH| 223347 | 2492640 | 9.40 L69 | 68 |75 | 218306 | 2488879 | 2.68
L31 | 25 |/cH| 223239 | 2492429 | 9.80 L70 | 67 |7F| 216860 | 2489600 | 0.04
L32 | 24 A5 220922 | 2492177 | 116 L71 | 67 |AF| 216920 | 2489600 | 0.04
L33 | 32 [Af+| 223053 | 2492149 | 232 L72 | 68 |4+ | 218850 | 2488715 | 10.88
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ARt [ #2K AR | AR | BEK AR
Al X Y Al X Y
Gt | orlE (ha) | 4mok | ol (ha)
L34 | 36 |£5| 220790 | 2492060 | 056 L73 | 66 |ZS5%| 218477 | 2489523 | 0.24
L35 | 24 |75 | 221017 | 2492051 | 028 L74 | 69 |75 | 216960 | 2489540 [ 0.04
L36 | 32 |75 | 222776 | 2491897 |  3.60 L75 | 65 |[JFEE| 217542 | 2489158 [ 1.04
L37 | 35 |£AfF| 221358 | 2491623 | 116 L76 | 70 |JFEE| 216730 | 2488803 [ 1.72
L38 | 51 |75 | 222453 | 2491698 | 3.0 L77 | 71 |JFEE| 217134 | 2488846 [ 0.68
L39 | 49 |£A/F| 222842 | 2491489 | 428 L78 | 68 |JFEEH| 218540 | 2488338 | 2.88
— - RS E B EZHRET K LR T ETS

fr > HOGHE B IH P& RWOFE 13- K
ERERPFBHAGEBRENE b - E
IS 2 2% -

KK I K 2oy H GG R M
BIREKE ST 68 i M I AR 8 (A
POMETHEE J5 74 £ A 5 B 1% ~ BE i %
P AL ) B B = N T PR A

7 13 MoE e K@M AR G ER (5
Table 13 Treatment priority of compartment landslide in Linbian Creek watershed

ARt AR AR s S REE ) JET
it A A Ui R e [E58
(ha) (m) (%) (m) (m)

L1 6.44 8.85 6519 | 3664.31 3598.28 12
L2 6 5.98 109.96 3464.85 3562.02 13
L3 11.24 6.45 110.19 1396.28 1463.28 3
L4 10 5.86 117.48 1472.01 14145 6
L5 2.64 5.26 91.12 3134.65 337165 30
L6 0.8 142 105.3 3552.18 3761.81 48
L7 4.32 4.93 122.69 1126.41 1066.21 19
L8 7.52 5.62 119.86 1808.54 1736.66 10
L9 0.72 335 61.72 31477 3238.02 49
L10 0.08 175 55.5 119331 1270.12 68
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L11 0.36 1.39 85.33 145121 1372.01 56
L12 0.12 133 80 1290.74 1341.64 67
L13 0.52 13 62.92 3095.93 3328.48 53
L14 3.92 6.32 89.36 2989.92 3165.12 21
L15 5.44 7.64 72.01 2757.75 2871.24 14
L16 124 4.94 7245 3026.95 3188.23 41
L17 0.04 15 79 1016.07 1160 74
L18 0.88 2.87 75.55 3032.09 3193.31 47
L19 5.12 5.45 118.09 1531.14 1433.88 15
L20 0.24 1.67 67.17 1308.74 1258.73 62
L21 2.08 411 118.12 1540.52 1460.14 33
L22 0.08 1 145 3384.02 3592.1 72
L23 74 4.88 135.44 3351.48 3501.43 11
L24 0.08 15 62 3111.33 3341.86 71
L25 0.28 121 87.14 859.07 7912 59
L26 0.08 2 39.5 3070.5 3298.79 70
L27 4.8 6.32 85.16 1416.05 1627.88 17
L28 148 8.04 74.35 1965.81 2084.03 1

L29 10.52 6.44 100.75 3176.16 3211.04 5

L30 94 5.62 131.66 3106.19 3248.63 8

L31 9.8 5.18 137.32 2106.18 2216.03 7

L32 1.16 3.08 89.45 1065.27 1430.24 43
L33 2.32 419 120.38 2264.33 2336.24 32
L34 0.56 1.29 82.64 930.38 1221.47 51
L35 0.28 1 126.29 1160 1494.66 60
L36 3.6 4.82 120.1 24313 2469.41 25
L37 1.16 2.68 100.31 1046.52 1259.36 42
L38 3.2 419 140.38 2119.81 2129.04 26
L39 4.28 6.11 97.4 2213.87 2213.87 20
L40 128 351 90.53 1772 1836.19 39
L41 244 6.78 70.52 2937.82 2937.82 31
L42 3.72 6.78 79.54 564.62 583.1 24
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L43 1.24 1.95 135.26 1574.93 1574.93 40
L44 0.36 144 74.56 2844.01 2844.01 57
L45 112 247 9171 1184.06 1184.06 44
L46 16 2.02 147.93 1251.72 1251.72 36
L47 3.76 7.27 74.39 20 89.44 22
L48 7.88 5.73 108.9 161.25 161.25 9

L49 3 6.48 82.79 1508.51 1510.76 27
L50 0.16 112 112 2845.49 2845.49 66
L51 0.36 1.56 68.11 2873.67 2873.67 58
L52 1.32 3.76 96.64 2462.03 2462.93 38
L53 0.56 1.04 115.71 2949.78 2949.78 52
L54 0.16 112 122 2380.76 2380.76 65
L55 0.08 1 147.5 2788.69 2788.69 69
L56 3.72 8.56 60 0 965.4 23
L57 4.96 6.61 85.39 2920 2920.07 16
L58 0.04 2 52 3500.91 3500.91 78
L59 0.28 1 101.14 2860 2860.07 61
L60 4.36 7.14 75.56 921.95 961.67 18
L61 1.96 6.61 69.43 778.2 1698.12 34
L62 0.2 14 714 63.25 1556.66 64
L63 0.48 1.38 74.5 84.85 1568.95 54
L64 0.04 15 67 297.32 1621.97 73
L65 1.04 31 81.81 640 7225 45
L66 16 5.27 T74.47 799.25 1963.06 37
L67 11.72 6.1 97.98 1146.3 1396.28 2

L68 0.36 122 103.78 616.12 2016.83 55
L69 2.68 6.52 74.34 1204.16 2252.82 29
L70 0.04 15 80 716.94 2064.75 76
L71 0.04 15 63 695.7 2069.69 75
L72 10.88 6.18 96.68 1253.63 2184.03 4

L73 0.24 1 97.33 1392.84 2178.16 63
L74 0.04 15 7 742.16 2133.54 7
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L75 1.04 3.88 72.77 803.24 2295.13 46
L76 1.72 6.05 71.86 1107.25 2462.03 35
L77 0.68 0.48 93.76 1340.15 2763.55 50
L78 2.88 8.04 61.72 21918 2796.14 28
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