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Table 2.4 Damage by 1993 July floods (ICIMOD, 1993)

Danraged Household 64181
Affected Population | 544958
Death 1148
Atfected Land in Heclares 43100
Livestock 24968
Bridges 207
Dams 34
Public Buildings 399
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Location Denuddtion Comment ‘Author

. mim/year - _ .
Himalaya 1.0 Regional Menard, 1961 _
Hunza Watershed 1.3 From Sediment Ferguson, 1934
Tamur Watershed 5.4 From Sediment | Seshardi, 1960 .;
Tamur Watershed 4,70 From Sediment . Ahuja, [958
Tamur Water‘shed 2.56 Williams, 1977 :
SunKosi Watershed | . 2.50 Pal, 1974
SunKosi Watershed 1.43 Willianms, 1977
Kosi Watershed 0.98 Schumn, 1963
Kosi Watershed 1.00 \Villinms, 1977 |
Arﬁn Watetshed 1.90 Pal, 1974
}\r'un'Walershed 0.51 Williams, 1977
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Table 3.1 Characteristics of commonly vsed satellite and their sensors

Landsat [MOS  |SPOT  |IRS-IB~ |NOAA
Sensor T™ MESSR { HRV/P/P | LISS-IT VAHRR
Spectral Bands 7 4 3/ 4 3
Orbit Type ) Sun Sun Sun Syn. Suﬁ Syn. {Sun Syn.

| Sya. Syn.

Iriclination 98.25 |99 98.70 98.70 93.80
Nominal A!lil.ude 705km | 909%km {832km 832km 854km
Swath Width 185km | 100km |60km 60km 3000km
Recurrent Period 16 days | 17 days | 3-4 dayé 22 days cvéry day
Ground Resolution | 30m 50m 20n/10m 34 m 1.1km
Guantization Level |8bit |6bit |8 bit Stw 106w

SL Ky FGE (FAUH)

9% K9y bRIRAE,RATE 705k, WG 98 HOKBAMERRIGZ LY,

RIS T 92 00a.0. Th . MWHBNIL 168 T, 16 [T Ik I %
B;éudfdﬂuﬁtﬂﬁmxﬁ%ﬁﬁT%Q

| ALRRIIERS h’(w% i, AN FAEREEE (Multispectral Scanner
" System : MSS) .:‘._'-L'?V? 12 ¥~ 9 23— (Thematic Mapper : TM) @ 2 HE¢H A, TH L~

A RURBOATH RIER SR TV, MSSE L AWM 7~ Y OBM L R 3. 21,

MM YR AT -y DR AE KT,
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Table 3.2 Characteristics of the Landsat MSS sensor

Band Name S;ﬁec(ral Region Application
Band 4 0.5-0.6 um Coastal_en'viron ment studies
B Band 5 0.6-0.7 pm Rock soil discrimination.
Band 6 0.7 - 0.8 pm Turbidity of shallow waters
Band 7 0.3 N 1.1 pgm | Discrimina.(ion of plant species

Table 3.3 Spectral Characteristics of Landsat TM sensor

Band Name | Spectral Range | Major Field of Application

Band 1 1042-0.52 p:ﬁ | Coastal water m'ippmg Soit vegetauon
o : : discrimination - L ‘

Band 2 0.52-0.60 um chctation discrimination, and vigor
1 - | assessment ' DR

| Band 3 0.63 - 0.69 um Plant species - differentiation, cultura]

feature identification

Band 4 0.76 - 0.90 ptm For vegelalion. type, vigor, biomass,
- | estimation and water body delmeale

Band 5 1.55- 1.75win | Moisture and deficiencics 1dent|ﬁcauon,
snow and cloud mapping

Band &6 10.4-12.5 um Thermal mapping,  vegetation  stress,
moisture discrimination .

Band7  [2.08-235um Discrimination of mineral and rock
types. Moisture in vegetation
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" Table 3.4 Spectral characteristics of LISS-H sensor

. | - Band Name Spcclral.Reg_ioh - : App!ication
- -Band4' " | 045-0.52pm | Coastal environment studics
;Bmﬂ53' 0.52-0.59 um | Rock soil discrimination.  Turbidity
_ and bathymetry of shallow waters
Band6 | 0.62-0.68 um | Discrimination of plant species
Band? | 0.77-086um | Delincation of water features

MOS-1, MOS-1b 25 (B &)

FE R B 52 MOS-1 {Marine Observation Satellites-1} , M0S-1b (Marine Observation
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2 B WA RO EE (MESSER) |, iliAKGRIE A A & & A T B A2 b o) B ISR 5L KOV B
(VIIR) 35 L UAROKBEA A BT 5 < 4 2 U@ HEEE (MSR) Td 5, MESSR 13 #1H
FORMENHT S 24 2ROFAET, 1B (17855 T2 9 BATRMT 5,
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Table 3.5 Spectral charactetistics of MESSR sensor

Band Name Specteal Region © Agpplication

Band ! 0.51-0.59 um | Water quality in coastal area, plant
distribution and volcanic ash mapping

Band2 | 0.61-0.69um | Geological structure, Plant disteibution,
water quality of coastal areas and lakes

Band 3 0.72-0.80 um | Surfacc . water,  plant species
distribution, geological structures

Band 4 0.80 - 1.10 pm | Surface. water, floods, vegetation,
snow, ice mapping
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Table 3.6 Spectral characterislics of HRV sensor

Band Name Spectral Regiop Appiication
Band 1 | 0.50-0.52 um | Coastal environment sll;dies
Band 2 0.61 -:0_68 um | Rock soil discrimination. Turbidity
' aﬁd bathymetry of shallow waters '
Band3 1 0.79 -0.89 pm | Discri mination of plant spech;asi
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-Figure 3.3 General flow of the remote sensing system
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Land Capability :polygon

- 46 -



5. 4

TER LY A LAGIR T YL,

BEF - 2o

Wi i
AT,

WL,

B b oH, MR A

RUEERLTIFRE T 2L ENDH D

ZORBOTIEES. 2157 T,

Topography

GISEVE~rLLYLITNES

EDBOGREMLAS

GIiS Database Creation

([;gitizing

River, Roads

GIiS
DataBase

Geomelric
Correcticn

Soil Erodibility Modeling

R

bHHE T

W7~ RN RS IR F LA UTMERERICE L, B

MSS 1973 March
MSS 1977 March

TM 1993 March -

MHOBIE ERIIRBOI St @it v,

TAEG, D

TH 1695 March

LISS 1995 March

River Form Change Monitoring

Ficld Daia

Mops
Photographs

Spcctral pauerhs of
Forest cover
Bare Tands

: —17_;—(51:3&(:31 Charaderisiizg‘s' Cxiraclio

Forest densities

(

Creation new information and analysis for soil | -
crosion and sediment arca estimation

Probable amount of]
denudation and
volume of trosion

=

River deposit
-1 Ot sediments

Spectral pattecns

"1 and barcen Tands

of

L

Sedimentation and
planform changes of
:hc river

Fi lgUI'b 5.2 G!S omnlud s'uclhte d'm 'unlym proccdurc for study objectlvcs

- 47



5. 5 BEEWROMH

SHFIT 354 B LR L RO R A 17D 72000, WEMITO 2 b0 ERE A 7 — ¥ B A7 - 70,
LR A S EOE B ERC RO ST 5 REE SR EHOMEE L S Ch b, DD
O, EELAMEANBOLEII AN RRINE, HMORBBIEBWTEGHLTnA S

EXNBBEAOHHILCDI LN S INHFI L AEHETHEEWRT—7dh o Ay v a ko
AR T v (OEM) 28k, Ay L MO CHEORABENE L EHHROEN AT 10

(1) BEEET -~ 7 DIEK

ﬁﬁ%%?—?(mmmrmwmwnmwhnw)ﬁfu)Ftwﬂﬂ@E%ﬁfﬁé
REMBEFAThD, REBTENRZ ¥ —HOSBRT 7 pO DN EERLL, T b
o MAE RO B BEOBRAZHL T, DMOEA T4 X4 108 & Lio 22T,
Ny y—-BoFER (ES) 7725 DEM %1’?&’5‘61’::3&, TI.N(Triang{Jla'ted Irregular

CNetwork)bo X D BB A EF ALY A HIELNVE (B5.3) ,

TIN Meodeling ’ Linearlntcrpolalipn M . DEM

Elevation Data
(GIS line feature)

Figure 5.3 Creation of DEM from contour liffcs

TINGE, W AT % MO S A2 AR KOS MK H (Delaunay triangulation)

' AN 1IN ’ 13 :
rocamianyy-workey N\ WL/ 4B 4
\T\Q“ SO LS conmour 2
\ : e A R ANy
: ,‘\ / /,

—RHORBETTATHS ([5.4)
CONEENE, A RERLT
kA CHFEEORIRIZIE L T
R EE MY A ENTRTS
Bo LEH-TTIN BT BRI,
RAR, KF LTINS BTN

ﬁ%?wﬁkakﬂThw&m

. ‘?: i »“;’_.
(Burrough 1986}, ' . ,','?'{'J'{‘ R SN RN
' Figure 5.4 An example of a TIN structure

- 48 -



LEREDL L x,y,z (5.5 LEFBTO-- U

Ihkoons,
Ax + By + Cz2 + D=0

TIZT, A B C DEREAEOEESDOELES LK

HHRLERTH S,
Figure 5.5 Triangle facet and grid point

(2) #tmoM- oy

SEOMS - HERA DA SBORAIEE P~ 2 2 MOTHIMT S5 EHTE 5, DEM
TR AT AR E OB - S AT 54 2 BIEABERES 1T
VBN, KRBT, HEC ALl LAY O S SOBEF 5 &M Ol

% Tz}“ (Burrough, 1986) # 1M L 7=,

CERME M - HIEE S 6 RT A — A E M ORRCAIET A .

Y _
7"4’-t;‘+l : z.'.m Z-'H-fﬂ
Al B
Zu‘-l.j Z;.,' Zm.j
D - C
Zi-:.,ul' Z:,,‘-: Zul.j—l .
X

Figure 5.6 Kernel used for coniputing slope angle & aspects

49 )



H SR DR
{&]c‘i’(]"‘, = [(Zm.m +2Z:0.) +Zm.;‘-r)‘(zs-f,;+| +2Z v 20 )]/3&

Mmookt . | .
[t"?/&’],._j =[(Z,-n.,-n +22; o) +Z:—:.;n)“(zm.f-1 +22; 5 +Zr‘-1-f"!)1/85y

FHEMiS - .
anG =|(87/8%)° + (/oY) ]}4_

w5

—&8Z)5Y
tand = 6‘!/{5\'
oo,
Z;; 17E
X, T, : HEAEA
S¢, 5 LA OPLRIY

KRG, GDRUFOLIIEL I EMTE L,

(5.1

(5.2)

(5.3)

(5.4)

@5.6CHELDEELALCDEBCE, TRERDEBBERAR TSN,

Ziantliju¥Zi ;v 2, ;

A=
o 4
g ZimtZingm+ZijvZi;
s
i g Y2 A +Zi1 1
B 4
L2+ 2 i Y
4

Ko, x iBIOMESIIARTHALAR S,

C A+D

-
P
™|+
(&)
o

8¢

ik
|

FThbb,

9L _ B+C-A-D
X 28

. 50 .



B T e P A AL TR WL R TR A

L it Y o G e

[Zf.j+1 IETIF TN AL N TR AL WL W AL TS ]
028

Z, o .=Z. .
i-1,J ?1—1,}-l

8dx
WA, RO B 5 x Fuodisig,
| [‘SZ/‘SX},-J -:[(ZHI.;'H +27,,4, +Zi+i.;-1)‘(zi-|.m Y22, 55+t )]ﬁé‘:

R,y HEofiiig, |
[&/(5}’];.} = [(Zm.;n 27 5 ¥ 2y )“(zm,j-l +2Z; ;. +Zi—l.j—i)]/8§f

REgRbohb,



%6 % 7 bf?llld):l:ﬁ i—t&#&ﬁttﬁj HEZ'S‘Z



HOE T b o NOLBEEILE THRNE

6. 1 MRAKOPBN

6. 1. | REOBHBESYK

oMY AN F I OHH SOk IINEL, ¥ )y RMAP BRGNS 4 %
B, 79 A FRIZRIRTL, Ny AViSe i 5208708 BE LA Ch b,
COFMOBEE, EHCREANEEAY R, TMIEADS B SR CH S L
'ai@&&ﬁxwtﬁt<,ﬁwn4¢i4#6TmtumJ@£:ﬁ%m&Lcwa k
THh,

SRDBATH, Jr7NOLBEELHRITLID, HRERIIEUN A Y = 4 2
AL, EKBED 5 LTS . |
F?Jilliﬁ"ﬁb‘brﬁ)@};ﬁi v‘ET‘L simmrwxlll Dst"“”')ﬁ'.f, m?ﬁ"a‘:rﬁk b=

Lﬁ%oumfb URRER ARG bﬁfﬁfmkélb m%&mum&u AT &
-_erwa(Ds1)oﬁﬁ#6rnru‘vrqmum%&%SSkm.mmmﬁg1mm
LT, 4Mﬁmﬂmﬁ1n00<$éoMﬁ%u@ﬁﬁatm%fumsoornhﬁré%
'?ﬁ,ﬁﬁweTmfu mlﬂz~%muwAL,mi@a&ocwao1993 6RO
'éﬁchamru L@n4ol4meﬁzomxﬁﬁmiﬁn&c&arw&,
| mezkmﬁmam*nﬁ-MﬁW$ﬁm®Aﬂh@57bamﬁf3ifﬁm%t&ﬁ
55 km T wrmkﬁn4ol4ﬂ @Bﬁ5#6Aﬂﬁ£TuTﬂM&ﬂMuﬁlmm_
T, EBONEEE koA, MENL Y x A OBﬁﬁ#6Lm$Tu‘$L<&&‘ 
..Mﬁﬂﬁdiﬁﬂ4ﬁl4®Biﬁ$6im®¢//M&@nmﬁifﬁ%lﬂmpﬁ
2 5 M5 ST 1.9km A E T 1/6 7C, B LB 1.9km KD A AH 179 DA
%ﬁLrwé ¥ 7, *ﬁmw wﬁﬁﬁ&u Tmuamn&t@ﬁﬁrb L i
Lﬁhfﬁh’i@ﬁh&?éﬁ@téh(EGS) 4mmﬁﬁtﬁu¢awﬁﬁc1@
éﬁ&Wéhamfu <,ﬁm%kl@ﬁ&méh(wéo
' mm%-bfiﬁﬂﬂmﬁﬁﬁﬁ600~800m®hmﬁ to@mﬁﬁt%:#a
jﬁ4¢%m hmmi%mfﬁmoneu o TO2d, AKBHED R, TAKERL
TWh, 3 bﬁMWmﬁé,%m"mEbWL%ET%Eﬁ&i@mumﬁﬁ%mﬂém
%%bSm%ﬁ%Mu¥@mf&ﬁmmw%m xR D,

. 52



- '.8.(_) ki

"1 : 200,000

RESEARCH REPORT ON THE
INVESTIGATION OF LANDSLIDE AND
SOIL EROSION IN NEPAL
USING REMOTE SENSING TECHENOLOGY

Figure 6.1 : :
Geogiaphical features of Ratu watershed

JAPAN INTERNATIONAL COOPERATION AGENCY




Diszance
tkm)

I =
50

1 .; -§
o 2 %
g
e
-
%
- 35083
o “i
o p -
. Q)
Rt &
e 1
2l
A
o—
O |
®
=
B
.
{1
=
-] [3 e
g Bli<-& o
RESEARCH REPORTONTHE | Figure 6.2
INVESTIGATION OF LANDSLIDE AND : Profile of Ratu riverbed

SOIL. EROSION IN NEPAL 7
USING REMOTLE SENSING TECHNQOLOGY {JAPAN INTERNATIONAL COOPBR:\TION AGENCY

- 54




Grunesize accumulation(%)

Graing{mm)

" . Figure 6.3 Grain size distribution in the Ratu river

7rammﬂﬁu ﬁ%;ﬁm¢ﬁ¢ﬁ& Lﬁw®/0U7@w#6%méﬂé Eﬁii
wétmméFeMu,t%#éi%ywdﬁ%ﬁfm%vvmﬁﬂﬁ;T%9VU7ﬂ@
-.ﬁﬁ$¢5;L%9707@u,yﬁ%#‘afjmnmrﬂ £ S B A E T
Y LBy #@Hﬁ%LPmH@G@bJU/W}EWXmeﬁ@*ﬁob#ﬁ

‘J:maaaap%@u,ﬁga 2L, 1m5cm,ﬁxsocm;&m£M%wu¢@em

;&én5;¢%va¢Wﬂu7bom®m% lfﬂﬁﬁ61%h4¢x4lmﬂ2km
35 ifﬁ&féo@%/?U?E@ulwzcmWP#%&kﬁ mﬂ#bmnwm@~
vwb@&IﬁL%&éh1m5°@~vwkﬁﬁ ‘LéiL,%k?M%~$Mﬁ%%
CMET A, TOAGHERTEEIKAGY TOT%/UU Mmuﬁﬁﬂ4ﬁn4ﬂﬁl
fi L, ’m"ﬂvm@ﬁ’}z:#/)bb B SIS R ?‘i{..!/ﬂf-*h?;}\l,‘('ﬂé E{aﬁ"ﬂii;fi&ﬁa-—
n‘&%fL wmmcuﬁoabmﬁﬁ thTw%e-- _ _
SREDL Y s EEO R ﬁ,&ﬁbmﬁkw~mihmf$6 s;§f§m¥'
WG BT U 5 RHI, BURBOLN A b iE S #hﬁ*nfbh(luw%{ﬁm‘
1%3&8).m%HMWW?474M?M1~L7mum0$®%ﬂﬁﬁ#%m%ﬂfhé
(sh Y 1988)
SO RMBOREEROLEICAZVEIEGRE b MNBEL, Y 2 oW



Mo ibd b 22458 cd b
BE 2 {5 ol A ity 5,

KhoThY,

B @il s A

6. 1. 2

WA, XVUBO AR AT 1R
1 km BBEOWHBREEAL, A&

HLTWwA,

MEE6.5:7T . R EARB > CRTRYPE L DY

{243 a’t?ﬁf’iﬂ]i lili’Eifa

\" vl ﬁffiﬁ‘é) b,

AFROFBEEE LT HBOW%

7 ko LA RIS 4

Bo MIRAMDHEIINE & b0, BIIGIKANE L, Sk AR

Z bl Cit, 1 mi.u[so)x—jlba)kmt,f){ LT ﬁ’ya)’f'?'ff”‘i
R, WAL T oM S TR TR

v(‘/“’?:)c

LEEEE TR

10~15mOFKBAESLIh TS, Lkl
RIERARE L b,
 ERBOTRGA Y v F 26, 442, 70
ML, R
mnwnxauﬁmtrw$a

GREOMTIBIIR, Wbl BmAS

RS
RES S Bm @ AR IR R %
ébt.ﬁmﬂmu, 0.3 f2

1A~/ TORRELN L, BIRME L

: I‘*@fl[&l#%iﬁfmétl‘(m%

£m®$m%®mﬁmAD%ﬂbbLmiDFm%fu.m%%mhzom%h R

CEY Y YR

B LBEARRE
AL, 2185
T EUETTN

'-ﬁ.&F&ﬁL

ky :%-Erﬁ‘mfﬁﬁf}i
LT, 37,
Rmb~7m(
. ?“*”} Edo)}t& ﬁ‘u‘l

Tﬂ iLLwéﬂé

‘4@”b%h5(Cl)o_nukﬁmwﬁﬁﬁmﬁftk
BiEomEslAfi3s waboe HbH, Wi,
B L ARAICHIE T 5 b D¢, REMEIIRBR I - THRES

ﬁmuﬂmLTm%(cz)o:nawmmu.

le!.:tq:ulslu;t'; R s i 1 B
: . Ship it shpe

© Rives sediment

) { : . Aloul 20m >

Figure 6.6 Cross section of the sub smam i the downstr;am of Ralu

° river

DEAZH, 230 co
by 7YY FOMRERL, F250 cn
1 fis 34 AR

L’(?&ﬂﬁiﬁ!ﬂ HEWEOSHHFH S,

« 56 -



Landsiide typa faltures
1§m 2 20m 2 Sm

Landshde type  Falurés ™
‘10m x 0mx Sm_ Y

S

. Undar-tut slope
Hat7~20m L=50~70m

Undeecut siope
C 1t-10m Lag0m

220 m

530

lar\dshda type !a'luus (stairshape)

25m_x JQ;;_Zm;_;f —

© Under-cut siope o
J H-‘OrnL-30 ~40m _
‘ Ueder-cut  sfope
‘ Heso T L=%0m

Aj’ Sh:e:drops on Both banks

.\ HeS~TmL-150m
11~ \

[

e

AR T Ty T

T T Y T

L=1,050m H-250m

[_

- RESEARCH REPORT ON THE
INVESTIGATION OF LANDSLIDE AND
SOIL EROSION IN NEPAL
USING REMOTE SENSING TECHNCLOGY

Figure 6.4
Conceptual gcomolphologlcal map of sub-stream

JAPAN INTERNATIONAL COOPERATION AGENCY

.87 .



200510

%S

0gs 0oL o9 o?. _ | ﬁq.

w1l
1

.
-
ik
e
Ter

_TSN[eL BY1 4O S0RUINS Ay 01 SyUBWIpas sanddns Lo ay ]
“uapest pagqreal Sy 01 JBpUAS

Siweans-qns agy Suoe snjey ays ;0 2wiprS By

317 9L JO 2004 3U1 UO PIISIXS SI ST DAY SMEL

| BUDT SN U1 POPOUE SE

) oﬁ i omﬁ o?

3.n]iEs 193Ys 2y i 9dojs Lodns 03 UoISDST
JSWi0g 81 2ol Ing Japun o1 ueistss Jo yidag

Y J94R] MAJBMIS ;O PRIDSISUOD adOlS BpIS JRATY

k]

00§

§l

Riverbed profile of & sub-stream

igure 0.5

]2‘

:ARCH REPORT ON THE

3
¥

PAL
ENSING TECBNOLOGY [JAPAN INTERNATIONAL COOPERATION AGENCY

-
+
+

k
SCIL EROSION IN NE
USING REMOTE

. RES
INVESTIGATION OF LANDSLIDE AND

~
4
-

1

38



th~ L C i,
RHEMEIES~10
miZfEE b, B
3 i N2 & e Nl
Shil, 612k
{21003 HEONH
2 bomE1S
~20mBEDHE
E’E?ﬁ*ﬁﬁﬁ;ﬁ“% (4
6.7) » BRERAAH

KoHg~ [t :
. B e T S e Bt e
_%.4&, < Yy y A about about 10m abaut

6m - 5m m

BB H-BROL
f%/vvﬁgm
U muiﬂﬂvﬁiIbafﬁftfwé(A)o%muéuzocmhﬁf O

g Figuré 6.7 Cross sec!ion of the Sub stream in ihé Upper portion -

.?ﬁ#i&ﬁ]ffﬁ@l S%F_gtz)o SBEAMLE E’ihr‘ A#id, —-iﬁlifiiﬁ??eh i:i}.{,‘F.{,, —

1_ %d&Ru®TmﬁL—%MimﬁL JH/%mmL,ﬁﬁfélo‘mmLmTLf_:

Wwa, it,?ﬁ&@Twmbf“ﬁﬁLl%mﬁ(B)ﬂﬂw6ﬂ%yb®mmﬁ 3
l::éIOCmﬁﬁf,ﬁWiﬂof B, %wﬁ%%m?%&dw@6L<u(UU 
f'%_?@ﬁﬁﬁbf“%obﬂﬂgﬂﬁkﬁ@#304&m®ﬁﬁ ~ B s ?FOv 
1¢xumﬁﬁuab1maosak,iﬁwﬁﬁhmof.xﬁﬁ@kgn%mmfu.
MY RDEORBHFELCTVD (D) o SOHMIEEL 0 mET, BEBFEHIRE
L. WaiBoE, MOMEAFREL, m&#omﬁmakﬁmpfw;;:mﬁmgﬁﬁ
BRI, L&YYy ETV??T% ~mkﬁ%%%;%%®ﬁiﬁéiﬁ‘
LTwb tﬁin—,é‘h%o | . o

immm%WE&ﬁm%M63meoM686tﬂﬁ&ﬂﬁfm&mﬁé<hﬁ
THIREHEBRYORENDA S 25HMERLTVD,

- 39



o ain- size accumulation

100%

(%

8056

7%

60k
50%

40%

30%

“|-e—€Lss0[
“o-fLs40)| |
“A=EL $38
1o% - 1 1<%~ EL 500 |

206

0%

grain {mm}
Figu_ﬂ; 6.8 Grz:a'inl'size distribution in the sub stream

kRS, TR s NORERTH L EHO LB AEARE KDL S HET AT
MCEB, - | | |

h)iWQEm“H&qu.ﬁﬁLLi%aﬂ i B 5 STB, s
thﬁé PIT ht&ﬂ#fxéﬂ%o»hmﬁﬁf AR E S ~ R
:L%v?ﬂiwﬁﬁmm%T%5kb##bbffw :msoqmv%sIOmb
‘6&$mﬁ@wrz<aﬁroua ﬂk&&@ﬁﬁﬁﬁﬁhﬁﬁ%ﬂb LA bR

' =1N._Fftﬁ[ﬂm‘ﬁ15 ThbHI t ﬂEl\.kJ:iLU: (Di{ﬁ);i-iiitacﬂfﬁi*"i "”;E;L TV 2:

aﬁb%o_nb# snatr@wt ﬁu1ﬂ¥x6h6 ac$504

(n)hkﬁﬂléﬁ%dﬂﬁ@&ﬂﬂﬂﬂn,ﬁ%.ﬁuct f ﬁﬁ: . BT
5 (A . TS Wﬁ&ﬁk@TmmLﬂWMkﬁmLituﬂ WL@E%%T
B, CRHRBHYHACLDBRER (B) AR LT (= RBIELT) B
 ﬁWﬁ&ﬁE®i@%mmT5; |
(ul) m;!’i}h& C LEj % 5A,iiw./}\ii ‘Hﬁl’?hf‘ e, iﬁf: AR MR

kR CnD (c, m

C'ilﬁ%lkﬁééﬁz')ﬁ‘i‘itilil) FRL PO AR T A WIS AE AT E X

R, ML LRBELERLTVAEHIRA,



6.1.3 LEHGK - EREEHMREOHIE

WP, IR TiE, 19854, 199 36MEK, 1995EN3IMAEAK

CRIEbLRTWAS,

DA CIH R R o T, (ERC BB SR D SA L KR L Ay B
Liss i, Ldidbdy 7HETHHO0.5~ 1 mOBMHCARI kAL 2
ufﬂ%&bﬁt;93muu1mLﬁL1m%:toégu,ﬁwamﬂeﬁﬁmx
Find x4 ETREEE0. S mIETEABACHD I &, £, BRI L - TR
CRBNBRAREEETTVE I EAHTL &,

BpHEHIZL AL, o MAROEBEIBBRIRBHABE SR CBY, RHOE
R CIE LRI AR L, SIRACE SN b A S L AR E b, SO LR
_Rw%éﬂb%ﬁwﬁ%&bfﬂT%o56u;$ﬁ®ﬁ&m&u,®63uﬁLtl
*%stmuamm&ﬁmmﬁ:?mQEMﬁ#%HWﬁﬁmurwa Lr#is T,
'xﬁamuiﬁaw$Lﬁeu L HADBIRDI L > B £ 5 0 B LK
kA ERDME

BAOKE ALY 24 b5 FRD T b o INE, PRARGHRISEAD, LA bk

 BHOBEERL TV, in,mmm@n&ﬂ&u.ﬁﬁu AP Lo BIECH B

WKHLg&ﬁ#6TM%H}ﬁImﬁﬁtﬁﬁ?&(@uﬂo:h%m:&ﬁ&

/300~ 1/600
/800~ 171 200

H, (m)

l.=l/5000 Li=1/2 50 ' o :
g I o
) =100 . 1fE00~1/200
. v HRA0~1/300

’ Aver::xgé W:.i_t_g?_ Depth _

Grain size tfR {cm}

Figure 6.9 Stream depth Him, Dr and b

- 61 -



WSS FHRBONEMETH, TR0 LR EHEEOMKIZ L D UEA T L, 2R
MIE L ASER 4 MO LB AREL T b 2 L2k bo MUK (1988) IHRARIEE
T ATEOIME 2B 6.9 K RLCvd, 6.9 LhiE, THHE! an it 5 2

BPHABREIBO TEh L MRS D,

- 62



6. 2 EENAT T A THRBTONE - HURLDE

5 b o MARD - B+ B O TR B T, S5 L b ERAL Y x|
ENFHRBCEH ] 00 3HEDILE - HIEL A LBRLNO AL TIHENS S, 1212,
0 - SRR C I LR AR IS TR A PG 50 B AHIMIS KB VI A £ 7 =
A ETHTHTERO S SRS S HEIE L &G0, B O T 5 FUliEa KN TIETPHRIE oo
ATROMEAE LA & 22 6B, AU BBNE, BVED & FRARIE & T
AUBEEL ZOMEEICHBIRARTTHL, LAL, TRAOLRETAII LT 4
OIKIZEHTH D, BELIHHTLEE T 5720, REBCRMESTRETSHL, 20T,
LT, BBBAEERLIBEY T Y Y VERERS S, BRONE SR
RWBAEZEWKLT A,

CGHENCORE O 8 TR A0 E T ORE m%%mu XU 600, BEAMERY
wmnm,@ﬁa&mamrmﬁpcwaa55L,ummﬁagmx%ﬁf*%;%a,ﬁ it
ﬁwﬁ?iﬁm:ii 2~3¢ m@ilﬂﬁﬁ%ﬂéﬁ—ié i‘L%oiiw 3b, WG L‘dﬁ“‘”‘ﬂfwr‘c@ﬁ;li 130-l40m:

B, EOKEE L LCHEL C v I8 2 0 o % f@aouemn%m&ﬁmMm%mTo_
reMht, %?ﬁmﬁld ATB NG TR A Tl A 4 <&a K 22 ) 320D L8
BREHRL T LI o ZZ tu e, uf.me;%m&tmumf fedy L {,f)p;;:wofw

ki,

level of deposit 1993
(S=about 32m?)

cultivation

- s mmeE ommememememew o w =

v

0.3~0.5m : <———~——-+ N
10~20m

: -='60m(avérge)

L 120m(max) ::. . R

[ 6.10 River cross section of the most lower portinin the loodplane

S X E N OEGEO I S ERT B, T b oo BIER T - GRS AL R, W

.63 -



£ 4@ FVHEBTCNS JEMY, FIRICBI SR TET B L Tws, 2o, i
ﬁﬁﬂﬁiﬁﬁﬁfiﬂfm%Wﬁ%ﬁmThécmﬁﬁWMﬁu.U%*bh?&yy?~?#

5 9.60kat VT B, 2 2C, MEMOEREIEE TFHEMEIL, K611 BLFE6 M5,

- Table 6.1 Length and width of stream in the flood arca

- The width of branch channel in Roodplain Length of branch channels ]
Nummber widthm Nomber width m Number lfength .
No | 3720 - No 11 1800 S 5.7 km
No.2 1080 No.Iz 260 S22 15.1km
No.3 1260 Nel3d 0 $3  9.2km
No. 4 1200 No. 14 1620 54 11.7 km
No.s 3000 . No.1s 300 ~Sum 417k
No. 6 2280  No.l6 2760
No.7 1980  No.17. 1320
No. 8 1630 . No.13 - 480
No. 9 120.0 ' No.19 ‘sum 2862
No. 10 60.0 _ No.20  mean 150.6
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Table 6.2 Failure features in the sub-steeam

Height hm;) (m) Gradient Dépih Wm (Iﬁj Ap’pea.rancc Ratio o
the stream P(%)
A 10-15m (12m) &~ Verlical 0.2 L, x 15% x 50% x 200%
B [2-3m (7m) Verlical 02 L, x 15% x 200%
C |5~8m(7m) - Venical 03 L, x (5128 + 150/1400)
D |5~8m (7m) Vertical | 2 L; x 25/1400
E iSm 60°~ Vertical 2 L,x 10%

L CRED, ZTRZROWHELLLZCHT 2 BER L RTHER TRS D LANTE B,

Vi L, ><15 %X 50% X 200% ><12 i%0.2

‘,vﬁa L2><50%><zoo ; . B Q.-‘ X2.5  X0.2
Ve le(5/23+150/1400) ' ;{o.s'
i lezsmoo o x:é ke
r LX10% x5 xz

7 b o IITHAT & 2FIRIERAL 85 Xikd B,
zew, Uﬂ_fﬁ%ﬁé«x;‘*rAf‘c-%ﬁewszﬁm:‘f;wc%n%fn'l,x,r_z Bk, REEAL b

J%_[ !?} ’\7‘ KOBLRDE IR D

Vi =3 Vit Y Vet Y Vet Ech + ZVD
=0.36L24 0.5L2 +0.601 + 3L2 + 0.25L1
=0.8501+3.86L:
= 0.85%92,162 + 3.86% 573, 558
:22,292,272(x%)
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Table 6.3 Soil balance in the Ratu watershed

Section Estimmated Volume Cumulative | change of sectionad sediment Now chanpel | Residents
93 f0ad © | Pewfonn . | tolalal sediment depsh awikh | atseendord surface slatgments
volume - upper standard volunw ' points area

section points )

Froupper | 320,000 0 320,000 -155,700 . 1413300 . | 018 | tmdoun

EwF 250,000 475,700 725,300 -431,100 . 1156800 0431 b mdown

DiE 160,000 1,156,800 5,616,500 547.200 .} 51000 - | K20,600 R G.Smup

Cub 730,000 1.420,600 §,500.600 1.537.650 1000000 . | 1362950 3075 05mup

EWH 1w C | 480,000 5,362,950 1,842.950 617,300 200,000 1,455,650 0627 tmup

Total 2,229,000 4,116,050 6,406.050 125350 I‘?SI.GOO o | feoded volume

) ) 1,415,650 -
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Table 7.1 Sediment depsoition in the main siream and tributaries using satellite data

1973-MSS 1977-MSS 1993-TM 1995-TM i 1995-LISS

L1 0.1692 0.1548 0.1917 0.1557| 0.1503
1.2 0.3132 0.3744 0.3996 0.4311 I 03636
L3 . 0.9108 0.9684 1.0431 1.0944] 1.0215
L4 3.0564 3.0384 3.2400 3.1383 3.3120
main-5 - to highway. | 0.7272 0.6948 0.6111 0.6273 0.6313
watershed - 70 0.0000 0.0000 006117 0.0171 1.0036
watershed - 71 0.0036 0.0144 0.1440 0.1602 0.0738
walershed - 63 0.00004 0.0000 0.0000 Q.0009 0.0000
watershed - 48 _0.0000 0.0000 0.0090 0.0045 0.0063
watershed - 49 0.0360 0.0468 0.0441 0.0261 0.0306
[watersted - 36 0.0000] 0.0036 0.0126 0.0162 0.0027
witecshed - 91 0.0000 0.0000] . 0.0279 | 0.0108 0.0090
watershed - 105 | o 0.0000 _0.0000 00135 0.0054 0.0054
atershed - 100 0.0000 0.0000] . 00036 0.0027 0.0009
- |watershed - 113 00000 000m2| 0.0126 00072 0.0045
watershed - 117 0.0000 0.0072 0.0522 0.0432 0.0324
watershed - 158 0.8424 0.6156 1.0?23 0.9081 0.9090
watershed - 122 0.0000 ~0.0000 0.0108 0.0027 0.0018
watershed - 31 0.0036] 0.0072 " 00108 0.0027] 0.0036
walcrshed - 74 0.1188 0.1800 03267 0.2727 0.1611
watershed - 94 0.0000] 0.0000 0.0000 0.0018 0.0000
watershed - 101 O.bOOOl 6.0000 0.0243 0.0018 ' 00000
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Tabl{: 7.2 Cumulative area of the riverbed of the main stream

1973 | 1977 1993 | 1995
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Table 7.3 Estimalion of riverbed change Index of Ratu river
o 1973-77  1977-93 - 199395 197395
(sq. km) (sq. km) (sq. km) {sq. km)

Change of area 0.054 0.255 -0.032 0.277
Time interval 4 16 2 22
Deposition Indexfyear  0.014 0.016 0016 0013

1973 A5 1977 45, 1977 45 1003 FiByvCit, MAEHIRMNOmEINIZS 5, 2
RAIA LC, 1993 FEASL 1995 FR AT TR ERESLTWE, o T ki, 1993 Fi
BAELHAIDE o T, HEAEE, BESAL, 2LT, EOEEOO LI 1995 F0
BAMRET S, Z2OMKTHKLA LB 1993 FX DO PR vRESLEHEIGRE,
L L, T 0EEEEZERL IR T 5L, Biio 1993 A 5 1995 fF ¥ 8w C zbe—E%lL%
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