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Table 1 Sediment yield in tributaries before and after the eruption of Mt. Kelud on February 10, 1990

River name Catchment area (km?) Sediment (m®) Sediment, (m?)
before 1990 1990-1997
K. Konta 203.597 3,487,932 239,000
K. Serinjing 150.248 772,826 1,594,100
K. Ngobo 40.364 3,039,146 3,254,500
K. Sukorejo/Petungkobong 68.0133 213,333 15,333
K. Gedog 89.2472 221,538 872,600
K. Badak 61.5468 12,100,351 12,057,445
K. Putih 926.8447 6,353,339 10,582,015
K. Semut 37.4579 3,442,906 4,236,879
K. Jari 41.9643 - 1,646,875
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Fig. 2 Land cover classification based on MOS-1/MESSR images (left) and JERS-1/8AR. images (right)
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Fig. 4 Digital number map for the Ngobo River (Band2) (a) Sep.28, 1988 (b) Nov.2, 1830

Fig. 6 TIN{Triangulated Irregular Network) based
on contour lines generated by ARC/INFO

5.2 DEM %R EKBEROER

(1) EEOAEE

RTHI TR AT 5 500 1 DHBRZH i Em L
7= DEM ZH W THKBEEERT 2, £OBRIZ, £

Fig. T Approximate channel network

FET—FR®ANT B ENEE LW (JR5,1998).
7256, DEM D22 AR S #IE ORR SN
IZEo T, EREEBR S HERNEREING
ZEBDRTBWRETH S,

—297—



o
— ey

— == = <
’w—-‘-/rf_'-:tx_r&»ﬁ 7/: Q\t{zﬁc i

1 4, —
e —
-

i
e

e e =
2 =

s = 5 /4_—- /'
= é;; 7

=,

F/é/

Fig. 9 Geo-referenced land cover map {250-m resclution)

S OHET— S, AHERL T4
PEROTEAETS, LhL, B5h3EMEoH
B (EEET—5) 1, £<0HE, DEM®
20y RS ER—BURN, EIT, EREOH
B8 %, FIEBFNS ) v R TE S
RBEENRBEE B, ZOES K LTHRSIER
LAEF —5 % Fig. 7 Rd, HREEERT S
L EDFHO MR FWET BEICER TS,

(2) FKRRDIEK
WML, DEM SIERMET -5 2RV TE
TORANHE > TERT 5.

o DEM OEZEOER 8 FED 55 DR
FRERD, EOFMICHEKEERE,

o BAREAMNERDDES, A8 Aok
OFESNO T ) v RRRAOEEERENR K
WEFIANERRER <,

o EEENEEOSHOETEINENEE, DX
D, EEBoTWAZT D w REEHTH, BFE

—208—



24 HOPFTREHENS Uy RREDFHNGE
KEERH <,

o ELUAE T, DEM &K ICERR<,
AETE DR T AHRANFKRER <,

ZDEI I UTHERENE%KRRKAD Fig. 8 T
H5, WELENTERAFHE LROERIR ST,
MR & Hrag LT IEREREKBRRARHEITTNS
EHFERTES, HL, XYY IITHRECBNT
HAKBPWHEL TWBEICRABEFNDH S, &
B, EOLDREKRSEIMBONEXL OR
ZOWTIIHMERZ RSB TRHKTERN,
i, WBRICPTSEEREBINANZDIC R
o FEs & e U TAER TIN MMERE TN
% (Fig. 6 ) nHFEBEILND,

i, 22 THELN 31-130W E# & 31-130E
B O T HHBENEE TN THEMHEL, Fig. 8
OHEXEHTESNERBERCER S EEHRY
Fig. 9 TH 5.

6. EASHERLETINEBOERRERN

MOS-1 Eifg & GIS ZFHTHZEICLDT, 7
N— KPR DT Ay —BEEERE L TRLNE
250m A w i 2@ DEM, %/KRK, i@ E
ME, SMERGTFIVCGERL, BRRLRTE

7= =

172,

6.1 TISHEEREETNORE
FHFETHW S I AMMREHRET IV TR, DEM
DB REEC DB EHFOEEE—D ORY
ﬁﬁt@m&%ifﬁﬂ,:hémtw®%QWﬁ
Ttk e 2%, —20O)IH 5 OFKHIZ, DEM~»
BIERL L = AR OF FH ROV ICOAMEZ S &
LT3, 51T, 8DDEKBRORK FAMON, Lk
FTEAEFANFRET 5L TR, fEk MEEE
EBITHREEERI L am &L, ROAHRARTEIV
i, AEEE V2am &L, PEEIe/V2mET
3, £, &I TR, ERAELVHEOHEEOE
BN H—HOESBERZ AN & U T, kinematic
wave B ZE AW TEEEITS (J2R,1998), ZIT
12, kinematic wave FiHlDIEBFZ Lax-Wendroff 2
DEMEEE AT (HE3E,1983).

6.2 HMEEDRZEICDONT

(1) THHESER

EHEICBNT, RISHAERHETIVERWE
FHETEL, ZERMRRE20m E L TITI Z&EL

7r. TH#EESENZE DEM, EKBRK, FEERK
DB L~ IV DNENH DN, EHEEE—
BEBBHE0, BAEERCKD LMEET—5
DAL=V 7 v TeTIRN, Uy MrEZdbhtE
BT, 7528 ANOBEENRRIC GCP 21T
D, THEET— & EHKRK, TENEROEBRAL
BIzEIXDRERL I,

(2) $imwid

HEAE T3, DEM 5 RD 5B, IV BT
BIERE z;(m) &, HAKBERASONDE ORIV
5OHRHUMMAT S EI j BV BESH 2;(m),
BILHRLE DS S(m) S, BV i BT SRE
AEL I; Y,

— k4 7
BV cErn 2y 2
ZRD, AL, HKEREERTSERICEROL
Bold, ENERERS TWBHEKENEFET 5.
ZOBEITIE, B 30cm O T DA EARLT
SHEETOR.
(3) MEET—%

IS HHFHEFNICBN T, &I OHRK
ERTOEVTR—THD, 1 20BINITHL 1D
D IBET— F N E D EMRE 2 5 Z it
SHEETY, BARBRICKDRINSHAIENTT
T3, 20—, FAERBWTHEKT, ME
MR (HHHEET -5 LD bBEEND) KB T
BTHBHEINEEIVE, THHEBRBMNIITHSIT
TEY, ERETT Uy RAS—IVTH S 250m(#&
IKEEDBDFENCH T 2L T 176.8m) DiF
OIMBEREEL TWB I EITRB, 22T, ERO
MEORMCED &S IMERERELATT—S
LT B, PRV THEIET -7, BHEE
L BERNS, DEM OEEIRCZ (BEMME
WIE ETNERRATR W) FEEERE L,

(4) SSHHEE

HIL OBREE N3, L#HEICK > TRE
2hsbned s, tgdEld, ATHEVE—H
VY TEKRT S 2RV TR SN LR
SDERICHES, 2DV T AR, Fdk (Forest), Bt
(Field), #kih (Woods), /B8 (Residential), £/
HERE, (Soil), I (River) TH Y, TNTNICE
HHEES5X 5,

(5) A=y MNAROIST7EDLE

ZZTHOWSRTWSIDY M ROJ 571,
E—ERICHLT, LTFOX5R2RNTHRENS,

Q)= 22 0<t<T,

—299—



= Qpe VK T.<t<TB (2)
BL, QptY—0RE, T, HkEERE, KB
R, TRk TH 2, Zhs 0B,
FEOMBPIROKRE, REEFD/INT A—
FEEATNSRED, FAMFATIIEAMET S L5
ATz,

NRELEOWR, 74— BROY > RRT
k KL — 1(Kantong Lahar) ¢, 77 —JII#0O (7
FUHAMEDERR) MEK Tkm OHMRFITH 5,
BN EENEN S BN HET, YRRy bR
ThH, MEP, KBHIKKSWESTONTNS, &
HE L 18.6km?, FEE 17.4km TH 5B, F/z,
Ay "N RFOTZITDOENTA—FE,

Q, = 0.8013 (m)

T, = 1.8452 (hr)

K = 102451 (hr)

TB = 24.6459 (hr)
ERHDTNWA,

EFVERICI, 10F/RRERICHZD HEKE
#)200mm &72 % 2 BEORERENET L2 ERL
5z, (BERFEEEEZEEONS A5 K0 10FR)
EFIVEER 1: 10 R —EBER 20 mm/hr 4% 1

<s
EFIVEE 2: 20, 40, 40, 20, 20, 20, 20, 10, 5, 5
mm/hr ORFRIZE(L/NS > DEER.
2 DODDETIIVERIL, MNRHIE TEHRAD—
INERBER T, BOROMS 2~3RRlICEEE-
FRERNBEZENBNOREA LR,

ZRENOETIERICHL, 22y b RO
757 #HVREREFREICE > THESNSRHENT
RO 7kad &5, BIVAGRRHET VO
SEHEZEZ TREFEZTY, HRESICRE
RAEEHEE EREL 2,

Forest: 2.0

Field: 1.5

Woods: 1.0

Residential: 0.2

Soil: 0.1

River: 0.1

EFIVER 1 8T BN ks> 7% Fig. 10
i, EFIIVERN 2 THTAENT RO/ S 7%
Fig. 11 ITR7T.

0 10 20 30 40 50

0 —
= 5
=
E10}
E
€15
o
& 20

25 L

100 ¢

r —UHM

80 ( —- Simulated
- 10
S
‘E or Forest 2.(5)
s Farm 1.
% 50 Woods : 1.0
< 40 } Residential ; 0.2
8 Soil 01
Q 3t River 0.1

20

10 P

0 "

0 10 20 30 40 50
Time(hr)

Fig. 10 Comparison of Hydrographs by the unit hy-
drograh method (UHM) and the kinematic
wave model (simulated) for Model-1 rain
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Fig. 11 Comparison of Hydrographs by the unit hy-
drograh method (UHM) and the kinematic
wave model (simulated) for Model-2 rain
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Fig. 12 Schematic explanation of sediment yield on
a slope covered with volcanic ash
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Table 2 Forecasted sediment vield flowing into Wlingi Dam

Tributary name Annual yield (x108 m?/y) Annual yield (x10% m®/y) 15 years total
for 1st-3rd year for 4th-15th year (x10% m?)
K. Putih 0.80 0.37 6.8
K. Ganggangan 0.53 0.27 4.8
K. Jali 0.41 0.17 3.3
K. Lesko 0.93 0.83 12.8
Un-affected area 0.43 0.43 6.4
Total | 3.10 2.07 34.1

voleanie ash depth = D {em]
n hot efoud
D250
“i 20<Ds 50
10<DZ20
1<D=Z10
1<D=4

Fig. 13 Distribution of eruption material and the hot cloud
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Fig. 14 Cumulative daily sediment yielded after the eruption of Mt. Kelud on February 10, 1990. (Case 1,2,3)
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Table 3 Cases considered for sediment runoff computer simulation

Case Channel | Year of dam Surface Suspended load
No. width (m) | incorporation | layer depth runoff ratio
Case 4 3~10.5 Completion 5 1.0
Case 5 207 Completion 5 1.0
Case 6 414 Completion 5 1.0
Case 7 3~10.5 Completion 3 1.0
Case 8 3~10.5 Completion 8 1.0
Case 9 3~10.5 Completion 5 0.7
Case 10 3~10.5 Beginning 5 0.7
Case 11 3~10.5 Completion 5 0.5
Case 12 4~14 Beginning 5 0.5
Case 13 3~10.5 Beginning 5 0.7
Case 14 | 3~10.5 Beginning 5 0.5
Case 15 4~14 Completion 5 0.5
Case 16 4~14 Completion 5 0.7
—
e
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Fig. 15 Cumulative daily sediment yielded after the eruption of Mt. Kelud on February 10, 1990. (Cases 1, 9,

and 10)
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Fig. 16 Cumulative daily sediment yielded after the eruption of Mt. Kelud on February 10, 1590. (Cases 4, 5,

and 6)
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Fig. 17 Transition of spatial distribution of volcanic ash in the Putih River (Case 4, D' = 5 mm)

7.3 JI—RKLUEADER

TSR IRFEEETINE 2 )—KISITE A
L, BB T8 ANORATRE, B
VB LR ORDERD B, RIS L, BRI,
W OMFITIERTETORND, BELEIC
freizadl, 790y A0 OERA, T
OBEEBPEDCTRDPENESZBIENT
5,

BANT—FEUTOEBNTH S,
a8 13370

SEIPELE] : 3m ~ 10.5m
EZBE ! 5mm
E(FHE . forest 2.0, fleld 1.5, woods 1.0,

residential 0.2, soil 0.1, river 0.1
BERF —4 : Sumberagung I2B1T AR EBRE
FHELER 199042 A 10 B G 1997 £ 12 A
31 H
T HERES A E Fig, 20 ORT, RHT®
DI—FICAEICHAL, BRLITHH, LHSOHER
TR HHFLICEP LTSI Ehh 5,

74 E =

TS HEHRHEF IV ERNT, BoMOETI
ERERE L TR EZfT o7, KILORKE
3~ 4 FEORIZE DRILRERLRAHL,
OETHFRHEE S EEEFREBIIETICENDSE

—306—



1 week 3 weeks 10 weeks 25 week: 50 week

75 weeks 100 weeks

125 weeks 150 weeks 175 weeks 200 weeks 225 weeks 250 weeks 300 weeks

: S l

s} 20 40 60 80 100 (cm}

Fig. 18 Transition of spatial distribution of voleanic ash in the Putih River (Case 7, D = 3 mm)
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Fig. 19 Transition of spatial distribution of volcanic ash in the Putih River (Case 8, [ = 8 mmn)
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Table 4 Sediment stored at cach check dam (m“)

[Jan Ch. D4 D5 K133 KA KL.2 DP.3 P2
Capacity | 1754520 | 2787900 | 1169250 | 522000 | 390000 283300 | 1419045 | 2256000
Case 1 8845 23 1538217 | 350160 468 3768 15644 16872
Case 131 2 141667 | 317443 157 487 2991 7883
Case 6 196565 9% 175047 | 522000 413 11148 46504 33089
Casge 7 51819 23 157808 | 351093 168 3790 16222 16887
Casc 8 388413 23 158216 | 350160 468 3768 15644 16872
Casc 9 250648 18 | &74588 | 476179 3406 | 24448 48840 | 902209
Case 10 BH8H36 46 | 1133581 | 522000 8511 16587 RO322 | 1041702
Case 11 603613 14 | 1169250 | 522000 | 324254 | 22150 39398 | 1158140
Casc 12| 1627221 68 | 1169250 | 522000 | 390000 | 163493 | 107394 | 1584114
Case 13 801881 35 | 1140716 | 522000 8731 45962 90121 | 1070616
{lase 11 1441759 27 | 1169250 | 522000 | 390000 | 41300 69606 | 1407625
Clase 15 BAHE2R 49 | 1169250 | 322000 | 329705 | 79236 TO017 | 1445678
Case 16 449466 60 | 008604 | 532000 | 17049 | 100142 95479 | 1095602
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Synopsis

This paper describes (1) a method of land cover classification that uses both multi-spectral band images
of MOS-1/MESSR and multi-temporal images of JERS-1/SAR and (2) a grid-cell based distributed runoff
model that can estimate sediment runoff from volcanic mountain slopes in the Brantas River basin, East Java,
Indonesia. As for (1), this paper indicates that the use of multi-spectral band images only does not produce
very good land cover map, and the combination of MOS-1/MSSR and JERS-1/SAR can obtain more accurate
land cover conditions of-the basin. As for (2), the runoff model, which uses land cover information as well as a
250-m digital elevation models, can evaluate transition of spatial distribution of volcanic ash on the slopes.
This paper illustrates the results of computer simulation with this model on temporal and spatial distribution
change of sediment yield in the Putih River basin, a tributary of the Brantas and the basins on the south slope
of Mt. Kelud, which erupted on February 10, 1990.

Keywords: remotevsensing; land cover classification; GIS; sediment runoff; grid-cell based runoff model
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