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Abstract

Changes in a catchment-lake system are discussed through a stream net model, a
sedimentary model and some physical properties of lake bottom sediments. Stream
net evolution in a drainage system is modeled with the assumption that stream elon-
gation rate is proportional to the stream length in the system and the elongation is
limited with minimum catchment area which is necessary to cultivate streams. The
evolution may be connected with change in sediment discharge. The sediment dis-
charge significantly influences some physical properties of bottom sediment in the
downstream lake. Information on sedimentary process is included in some physical
properties of bottom sediments; a model for the process using some physical pro-
perties of the sediments also is effective to reveal the system.
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1. & C & I

BRI E 5 THEIL, SRR EELRIFT—200REStEE L TEL L bR (2,
HTEZAs, 1981), ZfhE UL TOMPRELIRTHEN SV X5 ThHB. DFbh, KRDFKE
PREREFE ) WHIEEY LEEREERT 0 ik, HEOBMRY ML L3R
THHBAREEE LTCOMF (B CHAVWHLhTW3 X5 Chs. HAHIMSES 1995 F5
BREVVRY Y ADT —=EHDH “KICGUBERE" L5 SECBL T UL X 5 nEEL
E2 b5 KHE L5 BERITVC L ONDERENE L BTV 5 X 5 Th 5 (Scheide-
gger, 1973; Fil, 1981 7¢ X)), HIBFRED KIFEM 2B BT 5 % 0 —4F (Dunne,
1994) &5 IR B ENAREZR D E 2 bR T 5. T8 (1991) 28+ 2 X 51, K
S O W Bl 53 2 Rt Bk T 2560 5 5 —75, ) O FE R T
BZRNERECOHEAEREHELNCT 20T KITHEEL LTBZE4HD, $HETH
5.
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TOFEHRTI O “KIGUPRED” L\VWOHFELDHE VRENARERN S 2 bhTW5birT
gt T2 Th, HEMPIRELEBITT X 5 IeKLEML LTKFRL DO KL LD
HICBRT 215 5\ I3HIEHE L W 5 oD BHRESAL LD L LTE L. B2t
RO L > T, ThFhOMBAD IR IZRE - T 5. Pl EHHERE ORI I
TiX, ERACANEER R OZHL L ditoT0 52, EWOMHEPHROLES)
WREZ L LTV 5 b DI KRG IRENVESY ZRThs (i, WMaEs,
1988; Kashiwaya et al., 1995a) DL, BIFENSETFEDO WM I 5K EMH4ED
ERE IO BB L, LR OMEPHERC RS h 5 K& BB “H
WRE OBBIZIEELTWAZ AR ED LIS L 5 i/ (Kashiwaya, 19836; 1987).
O LIERPMOBEE ERBMOER Y £ LTEh b OBRY MY+ & & oXLEM
ERBRLTWA.

—f1iz Kk 7 » A (hydrological process) & #ijif 7 =+ 2 (geomorphic processes) {4~
TADOBERCH D LSV, 2 TRHHEANREL I FDICHBRECOLE), Wikt h
TR BT 2 MR E T2 b KBEL B EIC F CBRT 2 XKRFEADIEE £ LT oI
BEYRELCHERLEDS. WHOBE (LBoERE - Ei - #8K) <BHTrBELH VX
YRET AR EIRLID, I TRRBE—WEBEREVS WbIE B FSREE L, —20fl
& LTARRDFE L WBOHEFLAR X Y L T4 5.

KXBEOTHRFRT S, Plaiific DAy — LOKBELEHOHRTOWTIL, HIBEL
D “NREY (BlzE, B E B, Kashiwaya et al., 1989; Kashiwaya and Okimura,
1990) = “MH” (Flzf, KFoREs: 35 vav, » F9 4 7,1, Milankovitch, 1941;
Berger et al., 1984) #E%&F 2 HACIARBNC/L D20, & & TR REEEY PO
T Bl DEIE Y BT, Rloac@ne L.

2. kRO mE

MBAOTB O FEL, HBCHREBEOANE NEEE L T IVWBAIE, Ky
WECT BRI Ot & Thic B BETT UK EN) X - THEShS. #-T,
CDOFREREE T T T B0, B0 BRETIE L TERD ORRINEIC
B3 24BN NETHB.

ZZTRAREEOREENEMCOWTEZ X 5. ERNE 2L, KRORKEEZ, B4
DWHBBAERDOHESL B VBN LD DD TH Y, ThIMBEORERCILGIT 52, ks
HETHDORFEDEKELANECH LD, FORRCIIFKBREAIGE LD SRAEND
BEwsZ EThs. BENLKROE(E Fig. 1 wrd. HinRix

dD(t) D(t)

o =pr{1-Ge Dl L 0<Di<ole) (1)

TEEEh % (Kashiwaya, 1987). {HL. D(t) XX t BT 5 KREE, B(¢) XRAT,
7 RIRERRE A R oWt (FREEEYIRT), o) REKREECTHS. %, DO0)=D, %
O p)=8t)r FEXMBES) L LT, HBEREMHE
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Streams at time ¢t

——————— Elongated segment of streams at time t +A ¢t

Fig. 1. Model of stream network evolution (solid line; stream at time ¢, dotted line;

stream elongated during (¢,t+4t) (Kashiwaya, 1994. Copyright by John Wiley
& Sons Ltd.).

K[g@emﬂﬁﬂ(m}}h+%i (2)
Lich.

DERK(QZ) TRIN D KROBFEBYBECKRT L L 5. HNNRRAEN 2 EHIT
ZEL, RAKREEL? DD —EDEYR L 25E, b

B'(t)=psingt+r (3)
0(t)=0, (4)

OEEHELTHLS. HEHEEDO—F (D,=1.0, p=0.7, ¢=20.0, r=0.7, 4,=50.0) %
Fig. 2 wrd. REHNORIMCHIE LICIREIDREARIC b BD b5 h, EEOKRICE
THERNS Z OEEERHRIT S Z L ii— BB chHAH > (Kashiwaya, 1987).

Richard (1989) »% Colorad State University o[BS ERIER (EAE—T, BEH—
E) THRLARKROERICHT 5 EBRERL, BAKRBECOHFELRLTEY, RX2) %
FTEL T3 (Fig. 8). RILEEE LIHMER TR A - CKBRTH B, BHEDI L
7 VMO X 5 I IR THEAT 3 5 N RO RBRO —HMERE LTV 5.

Willgoose et al. (1991) % ¥l & Rl i) 2 HEDOERICBI$ % B A

.a_z_ 1 aqsx aqny) < 622 82z )
P =co(%, Y, )+ —— o) ( +D T (5)
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Fig. 2. Examples of the simulation, a) temporal change in erosional force (p sin qt
+7) and b) temporal change in drainage density.
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Fig. 8. Changes in drainage density. Data from rainfall erosion facility.
D=0.225/[0.15+1.85 exp {—B(t—0.5)}] is used for calculation. Curve (1); slope=
0.0075, 8=0.29. Curve (2); slope=0.032, #=0.79 (after Richards, 1989. Copyright
by Arnold).
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Simulation data

Kashiwaya (1987)
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Fig. 4. Change in drainage density for simulation data using eq.(5) (after Willgoose
et al., 1991. Copyright by John Wiley & Sons Ltd.)

({BL, 2z &X, ¢t Bl colv,y,2): BEEE, 2,y KFEHADERE, (. ¢, RECRGT
BHALIEN 7 b O EERERE, Dy &SI BT HIKEGRE, 0.0 WEOEE, n: HHEOZE
BREK) #HVCTKRORELHAL T 500, BIEER O FHRIIRNQD) LFELLVIOICHK
S TWw5% (Fig. 4). R(2) BAERYEANSHET IhLI0 TR, WhiBg&mbes
(Richard, 1989) Th %4, KROREELBANE I CMIREZ R T 5RO 0%
RERTHDREHLED LIVWHREL - T B. D% W RELT L&D KT BRED %
MBIREABRE L > T 5.

3. KROmELAHLIWDE

WE, WERALOHHEEDE (QF) 13EE LTKARMEORER L 75 RO BEEER
BRI 5D EThiE

Qit)=m { C(t -+ 4t)(t + 4t) — C(t)(¢) }

4t (6)

Lien. ZzT C) o B, () b sk (MREE A) 0ROk
EETHD, m, n ZEHETHS. WE, WO FEMABBEEILE VELEVED &
FHE (Clt+4t)=C(¢)=C), D(t) iz Ut)/A THB»D
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Fig. 5. Temporal change in sediment discharge using eq.(8) with erosional force

(p sin qt+71).

| PLEBIY (250

TEIh3. AL m'=m(CA)" TH5. oTzhieXl) 2RALTHIE

- B'(t) exp S;.@’(T)dr} B exp {ts://gf(r)dt}[%(:)) eXD{g:ﬁ’(t)dr}] »

S:%(;))— exp {5:,8’(/c)d/c}dr+fl)o— UO 5((:)) exp {S:ﬂ’(x)d:c}dr +DL0]2

(8)

s,

Fig. 2 oL L EEDOEHE (B (t)=psingt+r, 6(t)=06,; Dy,=1.0, p=0.7, ¢=20.0, r=
0.7, 6,=50.0) A\ CEHELIcERY Fig. 5 iR, HHIDEORENETEHIINAKC
B5. FLTEOEHIRNE) TRE N 2 RBENOETHIELTW5 (Fig. 2 ). o
CLRBEHAMERYENNC e =2 T3 LRIV RARNOLEH L REL B 2 &N TE 5T
MR RELT 5.

FRTREoREEWEOEMMNcE =2 — 125 THIETRE.. HE LRI THREO
TR 0% L T—MIEME S S BEFCHRT 5. & hbIFHESD 3\ IXEAEN A
BB CEE IR EWORKENAHERRE RS, o THRE—IMRRE VS HEREE LR
iE, FoToRERHCIRELWESZVCIREAEICHT M BER ERNCE TR T
AR ENC LS. D W EBRHOBY RATE AL DEREPFLLICT B DT
BARTREFEC/IDEVWHZ LS.

BAENIXECEFATEE LIS CREBEWEX KPR L TS 235, Z L THE—
WERD X 5 ISR TR Z O LW O FEHKISHERIR TH » IR D ED - Z DR DEH
DEFBIRTHS. Ko TRENDED, 0% b2 2 TIHHBBRIECE (LR R TEHOL T % H#
BROBRMADVWIIRE DIZTHEWSEEL LS. MOFEFL IR ENS L 5 IeHERRK
TIHERYBEOHRE L L, fI IEMFE TR REO LW OB A - #H - BHEE/HEZIRS.
EVBLAET oI COHBRYCE TN THEOHRCIIRAMALTFHEINS. @W%
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BLTOERIRTELIWDD 5D, £ ORI I 0 AT HER T 5 25, HBRIERA 3
LDOFERFEFERINS. ZLUTHHEMEDOKRE W & 2K REDO K S B S HI0
MR EDFEOHTERINSZ THA 5. WO CIZARR T2 .0 & Lic B EFAICHE
BLTWBZEnELLRED, ZOWEONRCIRTHELWED K/ K E TV 5 E]HE
W2®ss. 2 WRAENEE X HIcdi, WHEOEELEBIBI BT 2R it
BRI ST 2 HER AR (KES) BT 2 BMIATRTH 5. WiRH
BEHORELHKES S VCIRBNCHATIE /I EI T TR TED, WOhDOHEF|
NWEXR TS (Flzi¥, Yamamoto, 1976; LAz, 1984; Yamamoto et al., 1985;
iz i3, 1988; Kashiwaya et al., 1991a; 1991b).

4. HAMRYDONERR L MRBE

HERY DKL E IR BT % HEENERNL — B WELS R = 7R B LT ER
5. YEEAGANLELRIBERCIECBIHNED X5 CRAN (BAE) RRET53
DREKRED X 5 REOBER (Pl EHES BT S) REBCET HEHRLELIOLD
b (Kashiwaya et al., 1991b), fhiE#H (4%, L%EF) L L DBEOBEETCAVS
B ENE (flx i, Horie, 1984) 2%,  Z Cit#fw 2 7RO EBSh o EEYH#
FRBEOBFCIBVTHIS.

TR ESEE LTHEE LTV ARMEEHEE L TETF AR L, FORRBRCE
NHHEIMDERERCDOVWTEZTRS. WBFTHRNYBEOh LY —KRITTE ThiE, &t
Rix

ai.y; aQ"’ —
ot = B(l—21) ox

Linh. 22T 2 WEMFEWORESE, B: KHEORE, 11 MIKOZEREK, Q. WNEME R
B MEDOHEETHSD. WELADHEDEFAERFIFALT

aQw =—w A Qw
ox  h Q

E35. BL, w: FTOWMEE, A: W&RETHHAOFROMMEE, Q: WEOFREK
B, h: KETHDH (BHIED, 1983). Fi A+ — 27 20 EAlORY#RET T

(9)

(10)

___ps_tow 2
=Ll ga 1

Lieh, 2T, 0 RFEE, 0, KOEBE, v: ¥k, 9: BEHomEE, d: FRTHS.
A B=Ah, 1 & g 13—, Q,<Q (Wilson, 1973) &3iu¥, R(9) i

dZ Ps— Ou 2
i B =0 (12)

Liesd. 22T E=cg/(18y) T ¢ iXHBIFREK (c=Q./Q) THB. Zhb
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: calculated curve using €q.(13)
® : '4C dates used for calculation of eq.(13)
O : C dates not used for calculation
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Fig. 6. Relationship between depth and age estimated by using eq. (13) (solid curve).

Solid circles were used for the calculation (Kashiwaya et al., 1995b. Reprinted
from EPSL with kind permission of Elsevier Science).

4 1 (2 1-2
T_tl—“ti—s'tidt_fgzi (ps_pw)dZdz (13)

T B, BL, &, 6 BT, 2, 2 RERTROBIHNEHIELICEITHSD. 0., 0w, d,
2 EERNSBLRIZERTH LMD (0,=0,2), =10, d=d(z), 2=12(z)), F£EED 2 KOF
fnEshiug, E 2RE5Z LIXmiEThs. E 25 bhEEEOMEOFERIHE
T3z Eicib. Fig. 16 2\ 2»0 M TEARNE LR TV 2 EFEMAPROH HER
MUt 2 738k R(18) 2FA L, EREREHBK LSO THBrEURCIE WG R

LT\ % (Kashiwaya et al., 1995b). El%, & 2 CoOBREIIMEHEN XL LTHETS &
5 BT COREBRIIE LM RO) TREhDHZ EEEKRLTWS.



FIRIC B 5 B BE O Th & #iE O HeFLE e 273

5. % & &

WHESHE - KB EEBOBEME T Y, WREHEX KL TV 5 LRAKBCKE - KB
DEADREERLT WA, FIZ ERECOTEILIKE, K, BKEFOLE(LEEL CHIZE
B b RERPELRIZLTW5. BEMETHLLIEORAMTOE/IITIZE T KX
RENKE EEERICT. BLBEDORBWELIS O KN & T T BUR B O Mtk
RFRR I I, MRS OB ZE LT by 0T, BKEECEbLLRE
HHELFLHBEBCRIT S Tlev2%, B s#E42 AT 5 B0 S-ba E T,
BABCBANINEM LTV AEAELS . o TIDBARIBARD KN (LE HEI
BT 52 LRI VBAITORNOBERRNELEHTET S Z L2TARICIS.

BAINCHWEIMNECHRCHEE Lich, BRBSL=Z=AMOBRCE G- % i THRoM
ERLHECHET 202055, RARNKEVEAGCI—BRCLIDHEHED K& S HBCE
HEFCERIRIBEIRE. FLHHIMEORINI—BCRED KIS KIT5 LE 2
BT\ 5O THIERSHEICHER LR ORNEMRE T b 2 0B hoEx B T5 2 &
XAEETHD. S, HEHOWEAEERIHERELY KM L Tk ) #Tke T E2RET S
X VHECKTAMEOBE) - A TX 5. 0% hHIEMREHOWEE LN
LTRAEN (KBRER) L2 L CERAROMREHERTHZ LR TH S Z L2 RE
LT3,
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